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Abstract

Purpose The surgery clerkship rotation is known to broaden anatomical understanding and enhance interest in surgical
specialties, but little is known about effects of earlier pre-clinical surgical exposure. This study evaluates the impact of a
hands-on surgical skills course on pre-clinical students’ confidence in the operating room (OR), suturing, identifying basic
surgical anatomy, and establishing surgical mentorship.

Methods Forty-six first-year medical students at an academic institution self-selected to participate in this IRB-approved
course. This 3.5-day course was offered three times during an academic year. Students participated in a 2-day surgical
education workshop taught by general surgeons and spent 1.5 days in the OR with a surgeon mentor. A 15-question 5-point
Likert-scale pre- and post-survey was administered. Wilcoxon signed rank, Kruskal-Wallis, and Mann—Whitney tests were
performed.

Results Students reported improved confidence with scrubbing, gowning, gloving, suturing, knot tying, basic surgical
anatomy, and maintaining sterility in the OR after participation (p < 0.05). 90% of students reported increased confidence in
scrubbing into an OR case (p <0.05) and 81% were more confident in identifying a surgeon mentor (p < 0.05). There was no
difference in confidence for scrubbing into a case or demonstrating suturing between students interested in surgical versus
medical fields (p=0.26, p=0.38).

Conclusion Early surgical exposure improves students’ confidence with skills training, hands-on OR experiences, and OR
mentorship. This 3.5-day course provides an effective foundational introduction to surgical education for pre-clerkship stu-
dents and improves overall confidence in the OR regardless of future residency interests.

Keywords Surgical education - Preclinical exposure - Surgical workshop

Background

The surgical clerkship is a core academic experience for
medical students which significantly impacts student career
choices by cultivating interest in the surgical field [1-3].
In the previous decade, however, there has been a declin-
ing interest toward surgical careers [1, 4-9]. A 2021 report
released by the American Association of Medical Colleges
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projects shortages of 15,800-30,200 in all surgical special-
ties by 2034 [8]. The literature has cited many reasons for
this decline in interest, including but not limited to the dif-
ficulty of surgical training, demanding lifestyle, and chal-
lenges of balancing career and family life [1-6]. While the
reason for declining interest is multifactorial, one factor is
limited pre-clinical exposure to surgical careers. There has
been a call for surgical departments to incorporate more
exposure, and the literature has demonstrated that pre-clin-
ical observership and simulation-based learning improved
students’ interest in surgical careers [6, 9—11]. However,
there are limited data on the effects of pre-clinical basic sur-
gical skills training, hands-on operating room (OR) experi-
ence, and mentorship combined approaches [12-14].
Medical school curriculum has transformed over the years
to include more interactive clinical training with limited
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improvement in pre-clinical surgical training [4]. This has
significant effects, as one study found that 59% of medi-
cal students already decided their career choices before the
start of the third-year clinical rotations [5]. Additionally, the
literature shows that the number of residency applications
for a specialty correlates with the amount of early exposure
to that field [11, 15]. It is, therefore, of the utmost impor-
tance to expose students to surgical careers earlier in their
pre-clinical experience. Third-year medical students can
be intimidated by the OR learning environment and fear of
harming patients, affecting their participation and interest
in surgery [16, 17]. Early exposure to basic surgical skills
and OR etiquette outside of the clerkship rotation has been
thought to promote confidence with these skills since per-
formed in a low-stress, non-threatening environment.

Medical school education has transitioned from cadaveric
dissections to other forms of anatomic teaching, including
technology-based curriculum with a reduced amount of time
spent on clinical anatomy. While technology-based anatomic
learning is more commonly used due to reduced cost and
improved availability, the literature demonstrates that cadav-
eric materials are the most valuable teaching resource for
spatial awareness [18, 19]. Anatomic knowledge is crucial
for the foundations of surgical education. Obtaining ana-
tomic knowledge solely in the operating room during third-
year clinical rotation does not provide adequate exposure to
the students due to time and safety constraints.

One of the most influential factors in shaping students’
interest in surgery is mentorship. Students who are more
interested in surgery are more likely to report positive sur-
geon role models [1, 2, 4, 16]. Surgical mentorship that
begins during 3rd-year clinical rotations does not sufficiently
interest medical students in choosing a surgical career [4,
17]. Early surgical mentorship provides students with the
opportunity to learn about the rewarding aspects of a surgi-
cal career while also gaining a realistic understanding of
the career lifestyle. Establishing surgeon mentoring during
pre-clinical years can be challenging, as pre-clinical students
do not always have sufficient opportunities to interact with
surgical faculty.

The purpose of this study was to describe and evaluate the
effectiveness of the Beyond the Red Line (BTRL) program,
a 3.5-day surgical training course implemented at a single
academic institution for pre-clinical medical students. The
goal of BTRL is to teach pre-clinical medical students the
fundamental surgical skills and anatomic knowledge to be
more confident crossing the red tape entering the OR and
assist them with the development of surgical mentorship
relationships.
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Methods

The Beyond the Red Line (BTRL) program was imple-
mented at a single academic institution during the
2021-2022 academic year. Enrollment was limited to 229
first-year medical students. The course was offered during
the school of medicine’s student enrichment week (SER),
where students are required to participate in a 3.5-day non-
graded experience. Students rank the various enrichment
experiences, and based off a lottery system are assigned
to an activity. SER occurs four times during an academic
year, and BTRL was offered as a SER experience 3 of these
4 times. Based off student ranking SER week experiences
and random selection, up to 15 students were selected to
participate in each BTRL session. A total of 46 first-year
medical students participated. This study was approved by
the Institutional Review Board and informed consent was
obtained from all participants. Data were securely stored
in an institutional REDCap database.

Curriculum development and implementation

The BTRL program was designed by three faculty mem-
bers of the department of surgery: the surgical clerkship
director, associate clerkship director and director of the
anatomy lab. The course curriculum was designed based
off the most high-yield basic surgical content. The cur-
riculum consisted of a 2-day in-person training in the
cadaveric anatomy lab followed by 1.5 days of operating
room exposure with an assigned surgeon mentor. Two
board-certified general surgeons taught the 2-day training.
Six sessions on OR sterility, suturing workshop, surgical
instrumentation, basic surgical anatomy were conducted
(Table 1).

Session 1 involved an in-depth lecture on OR etiquette
and sterility. This was followed by student practice and
subsequent demonstration of proper scrubbing, gown-
ing, and gloving. Session 2 included a tutorial on sutur-
ing and knot tying methods. This was followed by stu-
dent practice and subsequent demonstration of suturing
techniques using suturing pads. Session 3 was a review of
basic surgical instrumentation with discussion and dem-
onstration of how these tools are utilized in the OR. Ses-
sion 4 divided the 15 students into four groups to practice
prepping and draping a soft-embalmed cadaver for various
surgical cases. Session 5 divided the students into 2 sepa-
rate groups in which they were taught clinically relevant
abdominal and cardiothoracic anatomy on soft-embalmed
cadavers by a board-certified general surgeon. Session 6
allowed individual student practice of suturing, stapling,
and knot tying techniques on soft-embalmed cadaveric
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Table 1 BTRL program
objectives

Objectives

Cur-

riculum

time

Session 1: Demonstrate proper scrubbing, gowning, and gloving techniques and describe proper

OR etiquette
Wet and dry scrub techniques
Gown and glove with the assistance
Self-gown and glove
Maintain a sterile field
Describe members of the surgical team and their roles
Deglove and break sterile field
Session 2: Demonstrate proper suturing and knot tying
Describe the different types of sutures and indications

4h

4h

Simple interrupted suture
Vertical mattress suture
Horizontal mattress suture
Interrupted deep dermal suture
Subcuticular suture
Instrument tying of suture
One-handed knot tying
Two-handed knot tying

Session 3: Identify surgical instruments and demonstrate proper handling
Needle drivers—Adson and Debakeys 1h

Mayo and iris scissors
Hemostas and towel clamps

Retractors—army/navy, ritch, sweetheart, appendiceal

Cautery devices—bovie, bipolar, photoplade

Suction cannulas—high capacity, pediatric

Raytechs, lap pads

Session 4: Demonstrate how to properly assist with prepping for a case 1h

Demonstrate proper draping techniques on soft-embalmed cadavers

Demonstrate surgical prep application

Apply Bovie pads, sequential compression devices, and Bair huggers

Session 5: Identify basic surgical anatomy on soft-embalmed cadavers 3h

Abdominal: organs, vasculature, and innervations

Cardiothoracic: organs, vasculature, and innervations

Session 6: Practice suturing techniques on soft-embalmed cadavers 3h

Demonstrate basic suturing and knot tying

Demonstrate skin stapling and removal technique

tissue. During all six sessions, the staff surgeons provided
the students personal feedback on their basic skills and
were able to answer any questions. After completion of the
2-day course, students spent 1.5 days in the OR. Students
were paired with a surgeon in various surgical special-
ties, based off their current surgical interest. If no surgical
interest was identified, students were randomly assigned a
surgeon. Establishment of mentorship was assessed with
student confidence in interacting with surgeons and creat-
ing relationships for professional growth. Surgeon faculty
that participated in the course were notified that this was
more than a shadowing experience, were informed of the

training that took place earlier in the week and were asked
to actively involve students in the OR. Students scrubbed
into OR cases, assisted with prepping, draping, retraction,
suctioning, and sutured as their surgeons saw appropriate.

Evaluation

Students were asked to complete an anonymous pre- and
post- survey to evaluate the BTRL program based off their
confidence with the learning objectives. The survey included
a series of questions on demographics, current career
interest, previous anatomy exposure, and 15 Likert-style

@ Springer



28 Page 4 of 9

Global Surgical Education - Journal of the Association for Surgical Education

(2024) 3:28

Table2 BTRL survey

Rate the following statements. I am confident:

1: Not at all
confident

2: Not very 3: Neither

confident

4: Fairly con-
fident

5: Very
confi-
dent

Demonstrating proper surgical scrubbing, gowning, and glov- 1
ing technique

Demonstrating proper surgical timeout

Using CUS tool for communication

Identifying basic surgical instruments

Demonstrating simple interrupted suturing

Demonstrating vertical and horizontal mattress suturing

Demonstrating interrupted deep dermal suturing

Demonstrating subcuticular suturing

Demonstrating instrument tying of suture

Demonstrating two-handing tying of suture

Identifying general abdominal anatomy

Entering an OR

Shadowing a surgeon in the operating room

Scrubbing into an OR when asked

m = e e b b e e b e e e e

Identifying a surgeon with who I can mentor

2 3 4 5

[ S S I S R S O S v
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questions on confidence with basic surgical skills, sterility,
and establishing surgical mentorship (Table 2). Likert-scale
response options were ‘1: not confident, 2: not very confi-
dent, 3: neither 4: fairly confident, 5: very confident’. Stu-
dents were given the same survey the day after completion
of the BTRL program. Students were given up to one week
to complete the post-survey. Survey responses were stored
in a secure REDCap database.

Statistical analysis

Descriptive statistics were used to analyze demographic data
and career interest questions. Variables were analyzed for
normality using the Shapiro—Wilk test. Visual histogram
evaluation and non-parametric procedures were subse-
quently conducted. Change in survey responses were cal-
culated as the difference between raw post-test and pre-test

Fig. 1 Future career interests of
BTRL students

values. Pre- and post-test survey variables were analyzed
using the Wilcoxon signed rank test. Rank differences
between groups were assessed using the Whitney U and
Kruskal-Wallis tests. Statistical analyses were performed
in Excel. A p value <0.05 was considered as statistically
significant.

Results

Of the 46 first-year medical students who enrolled and par-
ticipated in the BTRL program, 19 identified as male, 27
female, and O as other. 44 students (96%) completed both
the pre and post-test survey, and the other two students (4%)
were excluded from study due to incomplete surveys. In the
pre-survey results, 32 (72%) stated interest in pursuing a
career in a surgical specialty, 1 (2%) in OB-GYN and the

[Future Career

Interests
T 11
I 1 1 1 1
Internal .
Surgery or . . Pediatrics or
Surgical Ml\?[dldqm.e or OB-GYN 1\/? a(tll'n!y Pediatric Other
Specialty edicne edicmne Specialty
P Specialty
Pretest Pretest Pretest Pretest Pretest Pretest
| n=32) |1 (n=7) 1 (n=1) | (n=2) | (n=1) 1 (n=2)
Posttest Posttest Posttest Posttest Posttest Posttest
L { n=31) | (n=7) L{ (n=1) L | (n=2) | (n=2) L{ (n=2)
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remaining 11 (26%) in several medical specialties (Fig. 1).
Fifty percent of students stated they had taken an anatomy
lab prior to medical school.

Table 3 shows the differences in perceived student confi-
dence with learning objectives before and after the course.
Statistically significant improvements in confidence were
observed for all questions (p <0.001) including scrubbing,
gowning and gloving, various suturing methods, instrument
tying, two-handed tying, identifying abdominal anatomy,
scrubbing in for an OR case, and identifying a surgeon
mentor. A mean increase of 2.0 + 1.3 was observed for all
questions. Students reported greatest improvement in confi-
dence for subcuticular and deep dermal suturing (97% and
93%, respectively) and lowest level of improved confidence
with identifying general abdominal anatomy (75%). Most
students were more confident scrubbing in the OR (91%)
and in identifying a surgeon mentor (82%) after completion
of the course.

When comparing students with reported interest in
a surgical specialty (n=33) versus medical specialties
(n=11), there were no statistically significant differences
in confidence for scrubbing techniques, identifying basic
surgical instruments, demonstrating simple interrupted,
vertical and horizontal mattress, and deep dermal suturing,
demonstrating instrument and knot tying, and identifying
general abdominal anatomy (p > 0.05). Students not inter-
ested in a surgical specialty were as confident scrubbing
in an OR case (p =0.26) and establishing surgeon mentor-
ship (p=0.31) as those interested in a surgical specialty.

However, after completing the BTRL program, students
not interested in surgery reported greater improved con-
fidence with shadowing a surgeon in the operating room
(p=0.02) (Table 4).

Students who identified as male (n=17) and female
(n=26) were equally as confident shadowing a surgeon in
the operating room (p =0.63) and identifying a surgeon
mentor (p=0.71). Additionally, there was no difference
in confidence with demonstrating proper surgical scrub-
bing (p=0.12) or identifying basic surgical instruments
(p=0.06). Male and female students were just as confident
with simple interrupted (p =0.13), subcuticular (p =0.14),
and vertical and horizontal mattress (p =0.66) sutur-
ing. However, female students reported lower improved
confidence with deep dermal suturing (p =0.01) and
two-handed suture (p =0.03) tying than male students
(Table 5).

Confidence scores were evaluated between students who
had (n=22) and had not (n=22) previously completed anat-
omy and physiology courses. No differences in confidence
were observed for identifying basic abdominal anatomy
(p>0.05).

When comparing students between session 1 (n=16),
session 2 (n=14), and session 3 (n=14), there was no differ-
ence in confidence in demonstrating proper surgical scrub-
bing, gowning and gloving technique, scrubbing into an OR
case, identifying basic abdominal anatomy, demonstrating
all suturing and knot tying methods, and establishing sur-
geon mentorship (p > 0.05).

Table 3 Baseline, post-test, and change scores on the BTRL confidence survey, N=44%

Survey question

Students with improved
confidence after BTRL (%) scores, mean (SD)

Baseline confidence Post-test confidence
scores, mean (SD)

Change in confidence
scores, mean (SD)

Using CUS tool for communication 91
Identifying basic surgical instruments 89
Identifying general abdominal anatomy 75
Entering an operating room 86
Shadowing a surgeon in the operating room 75

Scrubbing into an operating room when asked 91

Identifying a surgeon mentor 82
Demonstrating
Proper surgical scrubbing, gowning, and 91
gloving technique
Proper surgical timeout 91
Simple interrupted suturing 86
Vertical and horizontal mattress suturing 91
Interrupted deep dermal suturing 93
Subcuticular suturing 97
Instrument suture tying 84
Two-handing suture tying 84

1.6 (0.9) 4.1(0.9) 2.6(1.1)
1.9 (0.8) 3.8(0.8) 1.7 (1.1)
2.9(1.2) 4.2 (0.8) 1.2 (1.0)
2.6(1.3) 4.7 (0.7) 2.0(1.3)
3.1(1.3) 4.6 (0.6) 1.4 (1.2)
2.1(1.2) 4.7 (0.6) 2.6(1.3)
2.4(1.2) 4.0 (1.0) 1.6 (1.5)
2.0 (1.0) 4.6 (0.5) 2.5(1.1)
1.5 (0.7) 4.0 (0.9) 2.4(1.1)
2.4(1.3) 4.5 (0.6) 2.0(1.3)
1.6 (0.9) 4.1(0.9) 2.4(1.3)
1.4 (0.8) 3.9(0.9) 2.4(1.2)
1.4 (0.6) 3.7(0.9) 2.3 (1.1)
2.2(1.3) 4.4(0.8) 2.0 (1.4)
2.0(1.2) 4.0 (0.9) 2.1(1.4)

*All changes were significant at p <0.001
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Table 4 Differences in
confidence survey change scores
by specialty interest, mean (SD)

Table 5 Sex differences in
confidence survey change

scores, mean (SD)

Survey question Non-surgical ~ Surgical (n=33) p value
(n=11)
Demonstrating proper surgical scrubbing, gowning, and 2.8 (0.8) 2.4(1.2) 0.40
gloving technique
Demonstrating proper surgical timeout 2.8 (1.1) 2.3(1.0) 0.13
Using CUS tool for communication 2.3(1.3) 2.7 (0.9) 0.37
Identifying basic surgical instruments 1.9 (1.1) 1.7 (1.1) 0.58
Demonstrating simple interrupted suturing 1.9 (1.2) 20(1.4) 0.91
Demonstrating vertical and horizontal mattress suturing 2.5(1.2) 2.5(1.2) 0.97
Demonstrating interrupted deep dermal suturing 2.2(1.2) 2.5(.2) 0.33
Demonstrating subcuticular suturing 2.3(1.0) 2.3 (1.1) 0.77
Demonstrating instrument suture tying 24(1.2) 1.8 (1.4) 0.23
Demonstrating two-handing suture tying 2.4(1.5) 1.8 (1.4) 0.24
Identifying general abdominal anatomy 1.4 (0.9) 1.2 (1.0) 0.41
Entering an operating room 2.3(0.8) 1.7 (1.3) 0.06
Shadowing a surgeon in the operating room 2.2(1.1) 1.1 (1.1) 0.02
Scrubbing into an operating room when asked 3.3(0.7) 23(1.4) 0.26
Identifying a surgeon mentor 2.2(1.4) 1.4 (1.5) 0.20
Survey question Women (n=26) Men (n=17) p value
Using CUS tool for communication 2.9(0.9) 2.1(1.1) 0.02
Identifying basic surgical instruments 2.0 (1.1) 1.4 (1.1) 0.06
Identifying general abdominal anatomy 1.4 (1.1) 1.0 (0.9) 0.25
Entering an operating room 2.2 (1.3) 1.9(1.4) 0.57
Shadowing a surgeon in the operating room 1.5(1.2) 1.2(1.2) 0.63
Scrubbing into an operating room when asked 2.6 (1.3) 2.5(1.3) 0.79
Identifying a surgeon mentor 1.7 (1.6) 1.5(1.4) 0.71
Demonstrating
Proper surgical scrubbing, gowning, and gloving 2.7 (1.1) 2.2(1.0) 0.12
technique
Proper surgical timeout 2.8(0.9) 1.8 (1.0) 0.001
Simple interrupted suturing 2.2(1.2) 1.6 (1.3) 0.13
Vertical and horizontal mattress suturing 2.5(1.3) 2.4 (1.3) 0.66
Interrupted deep dermal suturing 2.8 (0.8) 1.8 (1.3) 0.01
Subcuticular suturing 2.4 (1.1) 2.1(0.9) 0.14
Instrument suture tying 2.1(1.5) 1.8 (1.2) 0.43
Two-handing suture tying 2.4 (1.2) 1.6 (1.5) 0.03

Discussion

Traditionally, medical school curriculum has not provided
adequate early exposure to surgical careers, as pre-clinical
years have mainly focused on lecture-style education. While
there has been a shift to incorporate more clinical-based
experiences earlier in training, surgical curriculum is still
lacking during first- and second-year training [4]. Bernholt
et al. found that only approximately one-third of institutions
have some type of exposure to surgical education within
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pre-clinical curriculum [5]. Less time is being spent on ana-
tomic dissection as in previous decades and there is reduced
access to cadaveric dissections [18, 19]. The literature dem-
onstrates that surgical mentorship improves student interest
in surgical careers. However, one of the biggest barriers to
surgical mentoring is time constraints and accessibility of
surgeon mentors [1, 2, 4, 16]. With these changes in medi-
cal education, it is imperative that medical students get early
surgical exposure to anatomy, surgical skills, and mentor-
ship to improve their confidence, improve understanding of
a surgical lifestyle and foster interest for a career in surgery.
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The Beyond the Red Line (BTRL) program at our insti-
tution provided first-year medical students with a 3.5-day
structured surgical training event to give students the early
anatomy and surgical exposures that they have been lacking.
After completing the course, students with surgical inter-
est as well as those interested in medical careers reported
improved confidence with skills training, hands-on OR expe-
rience, and mentorship (p > 0.05) indicating that this pro-
gram was useful for all students regardless of career choice.

Students who were not interested in surgical careers did
report greater improved confidence with shadowing a sur-
geon in the operating room (p =0.02). The reason for this
result could be that students not interested in surgery may
not have had significant previous exposures to shadowing in
the OR or have preconceived notions about surgeons prior
to BTRL. The literature shows that pre-clinical exposure
to surgery improves perceptions of surgeons, and after pre-
clinical exposure, students are less likely to find surgeons
as intimidating [20]. Students who are interested in surgery
may have had previous exposure, creating higher confidence
with shadowing a surgeon mentor in the OR prior to BTRL.
Additionally, this study found that both students interested in
surgery and not interested in surgery had similar confidence
in establishing mentorship (p > 0.05). While there is not a
significant amount of literature on this, Braun et al. found
that surgeons are able to create positive teaching environ-
ments for all students, irrespective of surgical interest [21].

There was no difference between students identifying as
male versus female when comparing improved confidence
with many learning objectives. Interestingly, female students
reported less improved confidence with using CUS (com-
munication, uncomfortable, safety) tool and demonstrating
proper surgical time out compared to males (p <0.05). These
results could reflect that female students felt less confident
communicating in the OR, as the literature reports women
are more likely than men to experience less respect, feeling
unheard, or perceived negatively for speaking up in the OR
[22]. These are factors that can lead to women not feeling
confident to speak up in the OR.

Review of clinically relevant abdominal anatomy was
useful to all students regardless of previous anatomic expo-
sure and knowledge. This could be because undergraduate
anatomy courses provide general anatomy, whereas BTRL
provides broad clinically relevant surgical anatomy. Addi-
tionally, anatomy is taught on soft-embalmed cadavers,
which many students, even most medical students, have not
had the opportunity to learn from in undergraduate anatomy
courses.

Comparisons between the three BTRL sessions showed
there were similarities in improved confidence between the
groups, irrespective of which session they were in. This
decrease the possibility of other external factors, such as

student interest group events or other electives impacting
student confidence a throughout the academic year.

BTRL shares similarities with Cloyd et al.’s “Operating
Room Assist” program, where first-year medical students
were taught basic surgical skills and then participated in OR
cases. However, this program did not include an anatomy
component or utilize cadavers to practice suturing, stapling,
and draping techniques. Additionally, the primary focus of
this paper was on students’ evaluation of scrub nurse and
attending as role models as well as the attending and scrub
nurse’s evaluation of the student involvement in OR cases,
while BTRL focuses more on the student perspective [14].

Schoeb et al.’s “Feel like a Surgeon” program demon-
strated that exposure to basic surgical skills on cadavers
improves student comfort, which aligns with our results.
They found that their program had little significant effect
on the number of students interested in surgical careers [13].
Similarly, BTRL was also successful at improving student
confidence in the OR and with basic surgical skills; however,
there was not an increase in the number of students inter-
ested in surgical careers (Fig. 1). One student transitioned
from interest in surgical career to a non-surgical career
after completing BTRL. The literature demonstrates that
other pre-clinical exposure events had similar results, with
decrease in number of students interested in surgical careers
[4, 11]. This is likely because these events provide students
with a realistic view of a surgical career and the stressors and
challenges of the field.

With the lack of surgical education during pre-clinical
curriculum, there has been a push to incorporate more extra-
curricular surgical education through suture workshops and
simulation learning. Beyond the Red Line (BTRL) offered
first-year medical students’ comprehensive exposure to sur-
gical skills that successfully improved confidence in the OR.
Similar programs should be implemented at other academic
institutions to help stimulate interest in surgical specialties.

The authors recognize there are several limitations to the
study. All data submitted were limited to pre- and post-inter-
vention surveys. Self-reporting has its limitations and biases.
A significant number of students who participated in this
program had prior interest in surgical careers, which could
be a factor affecting confidence levels with learning objec-
tives, as they may have previous experiences that improved
confidence. There are no data on students’ proficiency with
basic surgical skills, identifying basic abdominal anatomy,
and identifying surgical instrumentation. The students who
participated in the program were selected based on voluntary
interest, therefore allowing for selection bias. The program
did not include the surgeon mentor’s evaluation of student
performance and participation in the OR. This is a weak-
ness in our study, as we do not know what level of engage-
ment and participation students had in the OR and if this
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could have affected their perceived versus actual observed
confidence.

Our results provide important data on the efficacy of a
newly implemented surgical exposure course for pre-clinical
students. Future studies will evaluate student performance
in the OR and proficiency with the learning objectives of
the course in the upcoming academic years through surveys
for surgeon mentors and OR staff as well as gradings on
suturing skills and clinical anatomy knowledge. Based on
the feedback given by students asking for more time spent
in the OR, changes to BTRL course have been made for the
subsequent academic years and comparisons will be made.
Long-term studies will evaluate how this early exposure
BTRL course affects academic performance in clinical years
and match rates.

Conclusion

Overall, the Beyond the Red Line surgical course success-
fully provided students with skills training, hands-on OR
experience, and mentorship. Other academic programs
should consider implementation of similar programs to
improve pre-clinical students’ confidence in surgical set-
tings and ultimately enhance students’ surgical experiences
in medical school.

Data availability Not applicable.

Declarations

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

References

1. Al-Heeti K, Nassar AK, DeCorby K, Winch J, Reid S. The effect
of general surgery clerkship rotation on the attitude of medical
students towards general surgery as a future career. J Surg Educ.
2012. https://doi.org/10.1016/j.jsurg.2012.04.005.

2. Berman L, Rosenthal MS, Curry LA, Evans LV, Gusberg RIJ.
Attracting surgical clerks to surgical careers: role models, men-
toring, and engagement in the operating room. J Am Coll Surg.
2008. https://doi.org/10.1016/j.jamcollsurg.2008.08.003.

3. Chen H, Hardacre JM, Martin C, Lillemoe KD. Do medical
school surgical rotations influence subspecialty choice? J Surg
Res. 2001. https://doi.org/10.1006/jsre.2001.6135.

4. Zuccato J, Kulkarni A. The impact of early medical school sur-
gical exposure on interest in neurosurgery. Can J Neurol Sci.
2015. https://doi.org/10.1017/cjn.2015.332.

5. Bernholt DL, Garzon-Muvdi J, LaPorte DM, Yang SC, McFar-
land EG. A survey of current policy and practice of surgical
exposure for preclerkship medical students at American medical
institutions. Am J Surg. 2013. https://doi.org/10.1016/j.amjsu
rg.2013.01.032.

6. Thivierge-Southidar M, Courchesne M, Bonneau S, Carrier M,
Henri M. Effect of surgical observership on perceptions and

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

career choices of preclinical medical students: a mixed-methods
study. Can J Surg. 2022. https://doi.org/10.1503/cjs.019419.
National Resident Matching Program. NRMP historical
reports. 2010. http://www.nrmp.org/data/historicalreports.html.
Accessed 15 Jan 2023.

Association of American Medical Colleges. AAMC Report
Reinforces Mounting Physician Shortage. 2021. https://www.
aamc.org/news/press-releases/aamc-report-reinforces-mount
ing-physician-shortage. Accessed 1 Sep 2023.

Debas HT, Bass BL, Brennan MF. American surgical associa-
tion blue ribbon committee report on surgical education. Ann
Surg. 2005. https://doi.org/10.1097/01.s1a.0000150066.83563.
52.

Kirkham JC, Widmann WD, Leddy D, Goldstein MJ, Samstein
B, El-Tamer M, Harari A, Arnell TD, John R, Hardy MA. Medi-
cal student entry into general surgery increases with early expo-
sure to surgery and to surgeons. Curr Surg. 2006. https://doi.
org/10.1016/j.cursur.2006.05.005.

Kimura T, Kojo K, Shiga M, Chihara I, Ikeda A, Kandori S,
Kojima T, Haruta J, Nishiyama H. Impact of early exposure to
simulation program on undergraduate medical students’ interest
in urology. J] Med Educ Curric Dev. 2021. https://doi.org/10.
1177/23821205211020750.

Karmali RJ, Siu JM, You DZ, Spano S, Winthrop AL, Rudan
JF, Reznick RK, Sanfilippo AT, Belliveau P. The surgical skills
and technology elective program (SSTEP): a comprehensive
simulation-based surgical skills initiative for preclerkship medi-
cal students. Am J Surg. 2018. https://doi.org/10.1016/j.amjsu
rg.2017.09.012.

Schoeb DS, Brennecke E, Andert A, Grommes J, von Trotha
KT, Prescher A, Neumann UP, Binnebosel M. Assessment of
a course of realistic surgical training during medical education
as a tool for pre-residential surgical training. BMC Med Educ.
2016. https://doi.org/10.1186/s12909-016-0568-6.

Cloyd J, Holtzman D, O’Sullivan P, Sammann A, Tendick F,
Ascher N. Operating room assist: surgical mentorship and oper-
ating room experience for preclerkship medical students. J Surg
Educ. 2008. https://doi.org/10.1016/].jsurg.2008.04.002.
Kozar RA, Lucci A, Miller CC. Brief intervention by surgeons
can influence students toward a career in surgery. J Surg Res.
2003. https://doi.org/10.1016/s0022-4804(03)00104-5.

Stone JP, Charette JH, McPhalen DF, Temple-Oberle C. Under
the knife: medical student perceptions of intimidation and mis-
treatment. J Surg Educ. 2015. https://doi.org/10.1016/j.jsurg.
2015.02.003.

Chapman SJ, Hakeem AR, Marangoni G, Raj PJ. How can we
enhance undergraduate medical training in the operating room?
A survey of student attitudes and opinions. J Surg Educ. 2013.
https://doi.org/10.1016/j.jsurg.2013.01.008.

Ghosh SK. Cadaveric dissection as an educational tool for
anatomical sciences in the 21st century. Anat Sci Educ. 2017.
https://doi.org/10.1002/ase.1649.

Selcuk I, Tatar I, Huri E. Cadaveric anatomy and dissection in
surgical training. Turk J Obstet Gynecol. 2019. https://doi.org/
10.4274/tjod.galenos.2018.15931.

McKinley SK, Kochis M, Cooper CM, Saillant N, Haynes AB,
Petrusa E, Phitayakorn R. Medical students’ perceptions and
motivations prior to their surgery clerkship. Am J Surg. 2019.
https://doi.org/10.1016/j.amjsurg.2019.01.010.

Braun HJ, Dusch MN, Park SH, O’Sullivan PS, Harari A, Harle-
man E, Ascher NL. Medical students’ perceptions of surgeons:
implications for teaching and recruitment. J Surg Educ. 2015.
https://doi.org/10.1016/j.jsurg.2015.05.014.

Etherington C, Kitto S, Burns JK, Adams TL, Birze A. Brit-
ton M, Singh S, Boet S. How gender shapes interprofessional
teamwork in the operating room: a qualitative secondary


https://doi.org/10.1016/j.jsurg.2012.04.005
https://doi.org/10.1016/j.jamcollsurg.2008.08.003
https://doi.org/10.1006/jsre.2001.6135
https://doi.org/10.1017/cjn.2015.332
https://doi.org/10.1016/j.amjsurg.2013.01.032
https://doi.org/10.1016/j.amjsurg.2013.01.032
https://doi.org/10.1503/cjs.019419
http://www.nrmp.org/data/historicalreports.html
https://www.aamc.org/news/press-releases/aamc-report-reinforces-mounting-physician-shortage
https://www.aamc.org/news/press-releases/aamc-report-reinforces-mounting-physician-shortage
https://www.aamc.org/news/press-releases/aamc-report-reinforces-mounting-physician-shortage
https://doi.org/10.1097/01.sla.0000150066.83563.52
https://doi.org/10.1097/01.sla.0000150066.83563.52
https://doi.org/10.1016/j.cursur.2006.05.005
https://doi.org/10.1016/j.cursur.2006.05.005
https://doi.org/10.1177/23821205211020750
https://doi.org/10.1177/23821205211020750
https://doi.org/10.1016/j.amjsurg.2017.09.012
https://doi.org/10.1016/j.amjsurg.2017.09.012
https://doi.org/10.1186/s12909-016-0568-6
https://doi.org/10.1016/j.jsurg.2008.04.002
https://doi.org/10.1016/s0022-4804(03)00104-5
https://doi.org/10.1016/j.jsurg.2015.02.003
https://doi.org/10.1016/j.jsurg.2015.02.003
https://doi.org/10.1016/j.jsurg.2013.01.008
https://doi.org/10.1002/ase.1649
https://doi.org/10.4274/tjod.galenos.2018.15931
https://doi.org/10.4274/tjod.galenos.2018.15931
https://doi.org/10.1016/j.amjsurg.2019.01.010
https://doi.org/10.1016/j.jsurg.2015.05.014

Global Surgical Education - Journal of the Association for Surgical Education (2024) 3:28 Page9of9 28

analysis. BMC Health Serv Res. 2021; https://doi.org/10.1186/ author(s) or other rightsholder(s); author self-archiving of the accepted
$12913-021-07403-2 manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.
Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the

@ Springer


https://doi.org/10.1186/s12913-021-07403-2
https://doi.org/10.1186/s12913-021-07403-2

	Beyond the Red Line (BTRL): a course to provide the foundations for medical student surgical success in the operating room and beyond
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Curriculum development and implementation
	Evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


