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The Plastic Surgery Learning Module: Improving
Plastic Surgery Education for Medical Students

Meera Reghunathan, MD*
Rachel M. Segal, BSt
Chris M. Reid, MD*
Amanda A. Gosman, MD*

Background: Medical students receive limited exposure to the field of plastic sur-
gery because most students will not rotate in plastic surgery, especially those at
schools without dedicated plastic surgery residency programs. This study aimed to
create and validate a plastic surgery learning module for medical students to dispel
media-propagated myths and misrepresentation of the breadth of plastic surgery
and equip students with referral-making capabilities.

Methods: The plastic surgery learning module was created using Articulate
Storyline 360 (New York, N.Y.). Student participants were recruited from a single
medical school across all four classes. Pre- and postmodule surveys were adminis-
tered via Qualtrics (Provo, Utah). Scores were computed for the general surgical
knowledge section and for each specialty referral question.

Results: Twelve students completed usability testing and edits were subsequently
made to optimize the module. The module took on average 66 minutes to complete.
Sixty-five students (19 MS1, 16 MS2, 15 MS3, 15 MS4) completed efficacy testing.
In the premodule survey, students were nearly 100% accurate in identifying breast-
related referrals, unlike pediatric/craniofacial (avg: 68%), reconstruction/micro-
surgery (avg: 64%), and hand/upper extremity (avg: 30%) referrals. Students of
all classes exhibited significant improvement in all testing categories except for
the breast category, with the most improvement in the hand referrals category.
Prior exposure to plastic surgery (57%) correlated with higher premodule hand
(P=0.003) and breast/cosmetic (P= 0.01) referral scores.

Conclusion: The plastic surgery learning module shows promise to be a comprehen-
sive yet affordable and time-efficient tool for medical students to learn about basic
surgical principles and the scope of plastic surgery. (Plast Reconstr Surg Glob Open
2021;9:¢3980; doi: 10.1097/GOX.0000000000003980; Published online 10 December 2021.)

Plastic surgery is a diverse surgical field. Public percep-
tion of plastic surgery is influenced by the media, which
misrepresents the field as a whole.' The terms “cosmetic,”
“plastic,” and “reconstructive” continue to be poorly
understood by the public and medical students, causing
an identity crisis in the field of plastic surgery.*” Even
healthcare professionals, including most medical students
and primary care physicians, fail to recognize that hand
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surgery, reconstructive surgery, and nonbreast-cancer sur-
geries are routinely performed by plastic surgeons, and
are thereby unable to identify appropriate referrals in
clinical scenarios." Plastic surgeons are all too frequently
not identified as the primary surgeon for procedures fun-
damental to the specialty.” There are significant strides
yet to be made in dissemination of knowledge of plastic
surgery both within the public and amongst healthcare
professionals.

Medical students’ exposure to the field of plastic sur-
gery continues to be limited and inadequate because
most medical students will not rotate in plastic surgery
and many students do not have plastic surgery residency
programs at their medical schools.® Evidence shows that
improved medical student education about plastic surgery
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leads to better referral patterns, especially in the areas of
hand/peripheral nerve surgery and general reconstruc-
tive surgery.” Although medical students interested in
plastic surgery can purchase textbooks or subscribe to
online learning, there is no standardized available online
resource for medical students to gain a basic introduction
to plastic surgery in a concise and time-efficient manner.
This project aims to create and validate a plastic surgery
learning module (PSLM) for all medical students, with
the goal of improving medical student knowledge about
the breadth and depth of plastic surgery and referral-mak-
ing capability.

Creating the Learning Module

An investigator (MR) was responsible for creation of
the PSLM content using Articulate Storyline 360 (New
York, N.Y.). Learning module topics were chosen to address
the components of plastic surgery that medical students
should be familiar with. Some topics highlighted general
surgical knowledge—designated “surgical core topics”—
and were allocated more module content than other
topics that primarily focused on introducing students to
the breadth of plastic surgery, designated “specialty top-
ics”. (See Video [online], which shows an example of the
learning module. This provides a sample of the learning
module (including the narration included in the module)
by reviewing the table of contents and a select subtopic.
The content was curated based on information from the
American Society of Plastic Surgeons Education Network,
an online educational resource for resident education
in plastic surgery.'"” Essentials of Plastic Surgery, second
edition by Jeffrey Janis and Plastic Surgery by Grabb and
Smith were also referenced.'"'” Graphics, animations, and
voice narration were created by one of the investigators
(MR), and photographic content was taken from open
access research articles on respective topics and surgeries.
Content was curated and presented to be at a reading and
education level appropriate for medical students at a first-
to third-year level—specifically, content was not curated to
be detailed enough for a plastic surgery sub-intern. The
learning module content was reviewed and edited by two
investigators (AG, CR), both of whom are attending sur-
geons in plastic surgery.

Study Recruitment and Usability Testing

Institutional review board approval was obtained at
the authors’ institution. Students were recruited from
University of California San Diego School of Medicine for
the study between October 2020 and March 2021. Students
were recruited via medical school email addresses and med-
ical-student-specific Facebook groups. Participants signed
a consent form embedded into the premodule survey to
participate in the study and answered premodule survey
questions without the use of other resources. Students
were considered underrepresented in medicine (UIM)
if they identified as Black/African American, American
Indian, Pacific Islander, multiracial, or Hispanic.
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Question: How do we educate all medical students about
the scope and fundamentals of plastic surgery in order to
improve their referral-making abilities?

Findings: This study included the design and implementa-
tion of a plastic surgery learning module amongst medi-
cal students at a single institution. The module takes 66
minutes on average to complete and improves students’
general surgical knowledge as well as referral-making
capabilities in craniofacial surgery, hand surgery, and
reconstructive/microsurgery.

Meaning: This plastic surgery learning module is a prom-
ising, affordable, and time-efficient tool for medical stu-
dents to learn about plastic surgery.

Usability has been defined as having four compo-
nents: easy to learn, useful, easy to use, and pleasant
to use.” One of the most prominent models used in
usability evaluation is the FRAME model, developed by
Marguerite Koole in 2009."* The usability questionnaire
was conducted using a questionnaire adapted from
the FRAME model, focusing mainly on the device and
learner aspects given the limited social aspects inherent
in the online learning module. From the cohort of stu-
dents that expressed interest in participating in the study,
three students were randomly chosen from each medical
school class to participate in the usability portion of the
study from December 2020 to January 2021. The usability
portion of the module prompted students to critique the
usability and readability aspects of the module in addi-
tion to its efficacy. (See appendix, Supplemental Digital
Content 1, which displays the usability survey. http://
links.lww.com /PRSGO/B857.)

Students in the usability group were incentivized with
a $15 dollar Amazon gift card that was received upon com-
pletion of usability testing and an additional $10 dollar
Amazon gift card sent upon completion of the 1-month
postsurvey. Once usability testing was completed, feed-
back was incorporated into the module to create a final
draft used for further efficacy testing. The study cohort
and testing design is illustrated in Figure 1.

Efficacy Testing and Data Analysis

Efficacy of the PSLM was quantified by asking didactic
knowledge questions and calculating scores from this sur-
vey at three time points: before the module, immediately
postmodule, and 1-month postmodule to assess retention.
Efficacy testing was incorporated into the pre- and post-
surveys administered to the usability testing group, and
additionally administered to students who completed only
efficacy testing. The efficacy data from both cohorts were
combined, as the changes made following usability test-
ing were minor. Students in the efficacy testing only group
were incentivized with a $10 dollar Amazon gift card that
was received upon completion of efficacy testing and an
additional $10 dollar Amazon gift card sent upon comple-
tion of the 1-month postsurvey.
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Fig. 1. Study design. This graphic describes the study design and participants in each study group.

Scores were computed for the didactic knowledge sec-
tion (score out of 16) and for each specialty referral ques-
tion (hand/upper extremity-6, craniofacial/pediatric-6,
reconstruction/microsurgery-5, and breast/cosmetic-6).
Pre- and postmodule scores were compared via paired
ttests. ANOVA analysis with subgroup analysis was used to
compare module scores amongst a variety of demographic
factors, prior participant exposure to plastic surgery, and
whether the participant had any interest in pursuing a sur-
gical career.

Usability Testing

Participant demographics are described in Table 1.
Twelve participants, three from each year in medical
school, completed usability testing. The module took
on average 66 minutes to complete. The table of con-
tents is displayed in Figure 2. On a Likert scale of 1 (not
usable) to 5 (very easy to use), all usability criteria and
the usability of every module page were rated easy to
use (all averages greater than 4.6/5). All participants
agreed that the learning module is easy to navigate and
that there were no broken links in the learning module
(5/5 average Likert score). Most agreed thaticons in the
learning module were easily identified (4.8/5 average
Likert score). All pages were rated highly for usability
(Table 2). Minor edits were made to the module based
on written feedback in the usability survey’s free text
answer space.

Efficacy Testing
Surgical Knowledge

The pre- and postmodule surveys contained 16 surgi-
cal knowledge questions, which included multiple choice
questions about wound healing, skin grafts, sutures and
knot tying, local anesthetics, pressure sores, and skin
lumps/bumps. (See appendix 2, Supplemental Digital
Content 2, which displays the premodule survey. http://
links.lww.com /PRSGO /B858.) Before the module, third-
and fourth-year medical students scored significantly
higher than first- and second-year medical students in
general surgical knowledge (P = 0.04). Student gender
did not affect scoring. UIM students scored significantly
lower in both pre- and postmodule didactic knowledge (P
< 0.05). Students overall significantly improved on average
approximately five points out of 16 (Fig. 3), with the most
improvement seen in the first- and second-year classes (P=
0.02). Students with an interest in surgery (59%) achieved
higher postmodule surgical knowledge scores than their
counterparts (P=0.01).

Plastic Surgery Referrals

There was no significant difference between classes
in identifying plastic surgery referrals before the module
(P = 0.13). Students who identify as under-represented in
medicine scored significantly lower identifying breast/
cosmetic referrals and craniofacial/pediatric referrals
(P < 0.05) before the module. Prior exposure to plastic
surgery (57%) correlated with higher premodule hand
(P=0.003) and breast/cosmetic (P=0.01) scores. Students
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Table 1. Participant Demographics

Variable N (%)
Total 65 (100)
Age (average + SD) 25+2
Gender
Men 20 (31)
Women 45 (69)
Nonbinary 0 (0)
Other 0 (0)
Race
White 26 (40)
Black/African American 4 (6)
Asian 25 (38)
American Indian/Alaska Native 1(2)
Native Hawaiian/Pacific Islander 9 (14)
Multiracial 0 (0)
Ethnicity
Hispanic or Latinx 5(8)
Not Hispanic or Latinx 60 (92)
Medical school (MS) class
MS1 19 (29)
MS2 16 (25)
MS3 15 (23)
MS4 15 (23)
Highest level of education
Bachelor’s degree 59 (91)
Master’s degree 6 (9)
PhD
Other
Prior experience in plastic surgery
Any experience 37 (57)
Clerkship in plastic surgery 10 (15.4)
<2 weeks 6 (9.2)
3-4 weeks 2 (3.1)
>4 weeks 2 (3.1)
Shadowing in plastic surgery 6 (9.2)
Attended a PSIG event 23 (35.4)
Research in plastic surgery 6(9.2)
None 20 (30.8)
Interest in surgical career 38 (59)

PSIG, plastic surgery interest group.

were nearly 100% accurate in identifying breast-related
referrals in the premodule survey, unlike pediatric/cranio-
facial (avg: 68%), reconstruction/microsurgery (avg: 64%),
and hand/upper extremity (avg: 30%) referrals. Students
of all classes exhibited a significant improvement in all test-
ing categories except for the breast category, with the most
improvement noted in the hand referral category (Fig. 4).
The largest absolute improvement in identifying craniofa-
cial/pediatric, reconstruction/microsurgery, and hand/
upper extremity referrals was achieved by first-, second-,
and third-year medical students; however, fourth-year medi-
cal students did significantly improve their ability to identify
referrals in the aforementioned categories. Neither gender
was associated with a higher postmodule score.

Retention

Retention surveys were sent to students who com-
pleted all three portions of the module 1 month after
completion of the postmodule survey. Forty-seven stu-
dents (72.3%) from the original cohort completed the
retention survey: 13 first-year students, 12 second-year stu-
dents, 10 third-year students, and 12 fourth-year students.
First- and second-year students had significantly lower sur-
gical knowledge question scores and hand referral scores
in their retention surveys when compared with their post-
module surveys (P < 0.001). There were no significant
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differences in postmodule scores and retention survey
scores for reconstruction/microsurgery, pediatrics/cra-
niofacial, or breast/cosmetic referral questions for first-
year or second-year students. There were no significant
differences in postmodule scores and retention survey
scores for third-year or fourth-year students.

The Importance of Medical Student Education about Plastic
Surgery

The creative and innovative nature of plastic surgery
expands its scope to the limits of the imagination. Every
day people discover new materials, instruments, and
techniques to innovate new and more efficient methods
to accomplish old solutions. Unfortunately, the broad-
ness and versatility of the field can cause confusion for
both the public and medical providers."* The media’s
portrayal of plastic surgeons as only cosmetic surgeons
propagates some misconceptions about the field of plas-
tic surgery; although cosmetic surgery is a significant
and important portion of plastic surgery, especially in
the private practice sector, media often does not repre-
sent the complex reconstructive, craniofacial, or hand/
upper extremity careers in plastic surgery."” The lack of
medical student exposure to plastic surgery is important
as studies have shown that medical schools that provide
greater exposure to plastic surgery have a higher per-
centage of graduates who apply to plastic surgery."”” This
problem is doubly crucial as it directly influences refer-
ral patterns to plastic surgery, for the majority of stu-
dents who do not pursue plastic surgery but will be the
future referring providers. Tackling this problem starts
with improved medical student education. Agarwal et
al demonstrated that more than 70% of students fail to
identify plastic surgery’s involvement in managing many
areas of hand and peripheral nerve surgery, complex
chest wall and abdominal reconstructions, and congeni-
tal skull deformities.” The premodule testing of students
presented in this study is in concordance with the results
of that study: students in our cohort had difficulty in
identifying hand, reconstruction, and pediatric referrals,
while being able to identify breast and cosmetic referrals
before the module. Tanna et al show that these misun-
derstandings are not remedied in the process of resi-
dency as primary care physicians were unable to identify
plastic surgeons as experts in the management in hand
surgery, facial skin cancer, or facial fractures.® The way
that plastic surgeons are perceived by their colleagues
affects both parties; plastic surgeons largely depend on
collaboration and referrals from other specialties for
a significant part of their practice. More importantly,
it is vital for primary care physicians along with other
referring providers to match the needs of their patients
to appropriate specialists, and in doing so provide the
highest level of care possible. The results of this study
show that medical students and referring providers have
a long way to go before starting to understand the full
scope of plastic surgery.
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Fig. 2. Table of contents for learning module. Each of the icons in the table of contents links students to a subsection of the learning mod-
ule with topic-specific content. The column on the left includes “General Surgical Knowledge” topics, while the topics in the right column
represent “Plastic Surgery Referral” topics that describe the breadth and scope of plastic surgery. These correlate respectively with the
general surgical knowledge questions and the referral questions in the pre and postmodule surveys.

Current Resources for Medical Students
Medical students’ exposure to plastic surgery varies
significantly amongst institutions and has not yet been

Table 2. Usability and Readability Testing

Average Likert Score
(1 =not usable,
5 = very usable)

N 12

“The learning module is easy to navigate” 5.00
“Icons in the learning module are easily identified” 4.83
Icons in the learning module easily connect 4.67

to the intended pages immediately

There are no broken links in the learning module 5

Introduction 4.92
Table of contents 4.92
Sutures and knot tying 4.83
Wound healing 4.83
Grafts and flaps 4.75
Skin and subcutaneous disease 4.83
Breast surgery 4.92
Pressure sores 4.83
Local anesthetics 4.92
Careers in plastic surgery 4.83
Congenital anomalies/pediatric plastic surgery 4.83
Facial trauma 4.92
Facial aesthetics 4.92
Aesthetic surgery/body contouring 4.92
Hand surgery 4.75
Chest/abdominal reconstruction 4.92
Lower extremity reconstruction 4.92
Burn reconstruction 4.92
Gender-affirming surgery 4.92
Microsurgery 4.92

This table displays the results of usability testing for overall usability metrics
and individual module pages.

characterized on a national level. As of 2020, there were
84 residency programs in the United States associated with
medical schools and/or major hospital systems, yet there
are currently 155 accredited MD-granting institutions and
36 accredited DO granting institutions.'™'” This leaves
nearly half of all medical schools without a plastic surgery
residency program, which limits medical school rotation
opportunities, research opportunities, and overall expo-
sure to the field. Even at schools that have plastic surgery
programs, plastic surgery is usually not a required course
or clerkship. At the authors’ institution, there is no formal
plastic surgery instruction in the surgical didactic curricu-
lum and clinical clerkships are offered on a lottery basis,
such thatless than a third of medical students will rotate in
plastic surgery. The data of this study suggest that students
considered UIM are less aware of the scope of plastic sur-
gery; the authors postulate that these students may have
less early exposure to plastic surgery and may have both
social and economic limitations that prevent many UIM
students from fostering an interest in surgical careers.
More investigation is warranted to further elucidate this
trend amongst UIM students.

Some have attempted to address the lack of exposure
medical students receive for plastic surgery. An organized
Plastic and Reconstructive Surgery Interest Group can
meet the goals of providing an overview of plastic surgery
to interested students and providing these students with
mentorship.® In this same piece, Dr. Agarwal suggests that
the lack of exposure could be mitigated by the creation
of an electronically-based module, although at that time
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Fig. 3. Surgical knowledge questions. This includes score out of 16 total questions relevant to each
of the following topics: sutures/knot tying, wound healing, reconstructive elevator, flaps and grafts,
skin and soft tissue masses, breast reduction and reconstruction, pressure sores, and local anesthetics.
Asterisks (*) indicate a P value less than 0.5. Premodule scores are shown in white, and postmodule

scores are shown in yellow.

none had been created. In the UK, a group investigated
the use of a single day plastic surgery workshop consisting
of lectures, suturing workshops, tendon repair, and local
flap design. This group found that this approach signifi-
cantly increased positive perceptions and dispelled pre-
conceived false stereotypes regarding the field of plastic
surgery.'® Despite these investigations, no intervention has
been adopted on a national level.

The Value of the PSLM

This study demonstrates that the PSLM presented by the
authors successfully improves understanding of basic surgi-
cal principles as well as the scope of plastic surgery for all
levels of medical students. The highest gains in knowledge
are amongst the first- and second-year students, suggest-
ing that perhaps the module has the highest yield for the
time spent amongst this group—although these groups also
exhibited a lower retention of knowledge in some catego-
ries. It is not intended solely for those students interested in
plastic surgery—in fact, it will likely have the highest impact
on future referrals if used by students who will not pursue
plastic surgery as a specialty but instead pursue primary care
or other fields. Many plastic surgery principles, including
the handling of skin and soft tissue and the basics of the

reconstructive elevator, are valuable to many physicians,
from primary care physicians removing lumps and bumps
in the clinic to other surgical specialties closing their respec-
tive operative sites. The module is time efficient (taking
approximately 1 hour to complete on average), interactive,
free, and accessible with internet or a cellular device, tablet,
laptop, or computer. It is unique in that it is meant for all
medical students—not just those interested in plastic sur-
gery. Limitations for the module’s use exist in low resource
settings due to requirement of internet access, and the mod-
ule is currently only available in the English language.

Next Steps and Future Directions

The authors’ institution is planning to integrate
the PSLM into the first-year medical student curricu-
lum. The hope for the PSLM is that it will become an
adjunct in medical school curricula, especially at institu-
tions that do not have affiliated plastic surgery residency
programs. This module would best be integrated into
medical education as a requirement during anatomy
courses, or during the surgical clinical clerkship. This
content can be easily adapted for primary care residents
and other front line specialty residencies, such as emer-
gency medicine or family medicine. It may be suitable
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Fig. 4. Pre and postmodule referral scores. This includes scores out of six in Craniofacial/Pediatric (A), Breast/Cosmetic (B), and Hand
(C), and a score out of five in Reconstruction/Microsurgery (D). Pre vs postmodule scores in each category and class were computed via
paired samples correlation t test. ANOVA P values were computed via ANOVA analysis comparing performance in each test component
by medical school class. Asterisks (*) indicate a P value less than 0.5. Premodule scores are shown in white, and postmodule scores are

shown in color.

for international settings as well for English-speaking
students interested to learn more about plastic surgery.
Going forward, the PSLM will be available to any stu-
dent or institution—any interested party should contact
the authors. The PSLM content will be reviewed and
updated on an annual basis to ensure that the content
remains relevant and accurate.

Disparities exist in medical students’ understanding
of the scope of plastic surgery. The PSLM is effective in
improving plastic surgery knowledge and referral-making
ability amongst all medical students, with the highest
impact amongst first- and second-year medical students in
the topics of hand, reconstruction, and pediatric plastic
surgery. The PSLM shows promise to be a comprehensive
yet affordable and time-efficient tool for medical students
to learn about the scope of plastic surgery.

Meera Reghunathan, MD
200 West Arbor Drive MC 8890
San Diego, CA 92103

E-mail: mreghuna@health.ucsd.edu
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