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Abstract
Anatomy is a foundational science mainstay of undergraduate medical school education, particularly in the pre-clerkship cur-
riculum. During the post-clerkship curriculum, students closer to graduate medical education may benefit from a focused
concentration on human anatomy related to their specific clinical interests. Here, we describe a course for post-clerkship students
that uniquely incorporates a multimodal approach of dissection, didactics, and clinical correlation to radiologic imaging, with the
opportunity to personalize student learning on a specialty-specific anatomic region. The course increased students’ confidence of
anatomical knowledge and its clinical relevance. Other institutions may benefit from establishing a similar multimodal integrated
post-clerkship anatomy curriculum.
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Introduction

Anatomy is an essential foundational science that is often
limited to the pre-clerkship medical curriculum.Multiple stud-
ies have documented a significant decline in anatomy educa-
tion throughout medical schools [1–3]. Traditionally taught
through dissection and didactics, anatomy education has
changed with advancements in digital technology. In the era
of medical school curriculum revision, schools are incorporat-
ing new methods of anatomical teaching, resulting in reduced
time allotted to dissection and fewer dedicated anatomy in-
structors in favor of virtual animation or web-based teaching

modules [4–6]. This change decreases the time for students to
interact with anatomical structures in the context of the entire
human body, removes the opportunity to develop three-
dimensional tactile and spatial reasoning skills, and prevents
the sense of teamwork that anatomical dissection fosters
among students and dissection groups [7–9]. With fewer total
hours in gross anatomy and little formal teaching of anatomy
in the post-clerkship curriculum, students in later phases of
their training may begin to lose their anatomical foundational
knowledge.

As part of the changing landscape of anatomical education,
basic science educators from the Carnegie Foundation for the
Advance of Teaching published a call to reform medical edu-
cation by encouraging integration and individualization of the
learning process, in order to best contribute to students’ pro-
fessional development [10]. Multiple studies have called for a
multimodal approach to contextualize anatomical science into
a clinical setting and integrate it with competency-based mile-
stones [11–13]. This shift in thinking is a promising step for-
ward, as integrated curricula with basic science and clinical
context promote better retention of information for learners
[14]. However, integration of anatomy is a slow process. In
a survey of 170 allopathic and osteopathic schools about their
anatomy curriculum, 55 institutions still use body donors in a
primarily laboratory-based setting, but less than half of that are
part of an integrated curriculum [15].
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Curriculum 2.0

In 2013, Vanderbilt University School of Medicine (VUSM)
transitioned to a new undergraduate medical education pro-
gram, titled Curriculum 2.0 [16]. Curriculum 2.0 is an inno-
vative competency-based curriculum that focuses on individ-
ualized learning plans and performance-based medical student
advancement, while fitting into the traditional 4 years of med-
ical school. In the first year of the curriculum, students build a
strong foundation of medical knowledge through structured
case-based and team-based learning, as well as a formal lon-
gitudinal anatomy, histology, and pathology curriculum. In the
second year of Curriculum 2.0, students build upon their con-
ceptual understanding by rotating through the multiple medi-
cal clerkships, including Medicine, Surgery, Psychiatry,
Pediatrics, Obstetrics and Gynecology, and Neurology. In
the final two years, called the Immersion Phase, students par-
ticipate in month-long immersion courses that are tailored and
most relevant to their individual interests. Immersion courses
are designed to solidify clinical skills, deepen foundational
science knowledge, and enhance readiness for residency.
These electives include integrated science courses (ISCs), ad-
vanced clinical experiences (ACEs), acting internships (AIs),
and advanced electives (AE) (Figs. 1 and 2).

Integrated Science Courses (ISCs)

In a traditional curriculum, foundational science instruction is
primarily provided during the preclinical phase of undergrad-
uate medical education. By accelerating the preclinical phase
from 2 years to 1 year, Curriculum 2.0 provides students with
a greater opportunity to personalize and customize their edu-
cation in the post-clerkship Immersion Phase. VUSM
Curriculum leaders have previously published on the impor-
tance and success of integrating foundational sciences in the
post-clerkship curriculum in order to enhance scientifically
based clinical reasoning skills and knowledge [17]. Most
ISCs are co-directed by a scientist and a practicing clinician
to allow for broad coverage of the selected foundational

science topics and relevant clinical practice. Purposeful repe-
tition of basic foundational sciences within a clinical context
can promote better retention of the basic sciences [14]. By
integrating basic science and clinical concepts, students build
stronger cognitive associations that can guide their diagnostic
performance and success [18]. Of the 16 ISCs offered
throughout the academic year, five of them integrate compo-
nents of anatomy into their instruction. Among these ISCs, the
Medical Imaging and Anatomy course, which we describe in
this monograph, has the greatest focus on anatomy.

Competency-Based Milestones for Professional
Development

In Curriculum 2.0, assessment is performed through
competency-based milestones, which have been well-studied
in the literature in both the undergraduate medical education
setting [19] and graduate medical education setting [20]. They
are designed to provide higher quality feedback and assess-
ment to help students in their professional development.
VUSM students are evaluated by the competency milestones
beginning in the pre-clerkship year so they can begin receiv-
ing holistic feedback towards their professional growth from
the very beginning of their medical education [21]. Previously
published work from VUSM Curriculum leaders has demon-
strated the implementation and efficacy of competency
milestone-based curricular changes across multiple domains
[19, 21, 22]. A comprehensive list of competency-based mile-
stones assessed in VUSM students over the 4 years is provid-
ed in Online Resource 1. A sample milestone rating form used
to evaluate each individual milestone is provided in Online
Resource 2.

Here, we present our methodology for developing an elec-
tive course for the post-clerkship curriculum that was specif-
ically designed to integrate advanced clinical anatomy with
imaging science in the clinical context, with the opportunity
for additional personalization of the course to students’
intended specialty of interest.

Fig. 1 Vanderbilt Curriculum 2.0
schedule compared to traditional
4-year curriculum
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Methods

ISC Medical Imaging and Anatomy (ISC MIA) Course
Design

With new advances in imaging technology in clinical practice,
a strong foundational knowledge of anatomy becomes impor-
tant to interpret results of different imaging modalities [13].
Imaging is also an essential component of diagnosis and dis-
ease management across all fields of medicine, as physicians
interact with medical imaging in both emergent and non-
emergent settings. They are expected to understand the proper
utility, indications, limitations, and risks of medical imaging
and their correlative anatomy to assist in disease diagnosis and
management. Given the importance of anatomy and radiolo-
gy, other institutions have successfully implemented first-year
pre-clerkship curricular changes to integrate clinically orient-
ed anatomy with radiology in a competency-based assessment
design [23, 24]. The competency-based design allows for for-
mative feedback early on in their training and invites self- and
peer-evaluations to further student professional development
and self-reflection.

Previously published survey data suggests that medical
students have a generally positive response to integrating

radiology into anatomy teaching [25]. However, this survey
was performed in a first-year pre-clerkship student population.
They also viewed radiology as an adjunct to learning anatomy,
rather than a primary learning modality. However, incorporat-
ing radiology as a primary modality for in vivo visualization
of the anatomy can improve students’ knowledge of anatom-
ical spatial relationships [13, 24]. Full body dissection has
been found to be the best modality for medical students, es-
pecially those interested in surgical subspecialties, when com-
pared to prosection or plastination [26].

To address the lack of anatomy and radiology education in
the post-clerkship curriculum, the BMedical Imaging and
Anatomy^ course was developed. It is a 4-week-long integrat-
ed science course offered to third and fourth years in the post-
clerkship Immersion Elective phase of the Vanderbilt’s
Curriculum 2.0. It combines laboratory-based anatomic dis-
sections with classroom-based didactic instruction and
workplace-based radiologic clinical experiences. The goal of
the course is to review key anatomy, improve imaging reading
skills, and enhance appropriate ordering of radiologic proce-
dures. With each course offering, a group of 8–10 students
learns through a wide range of learning modalities, including
gross anatomy dissection, peer teaching, self-assessment, di-
dactics, simulations, and radiology suite observations, as

Fig. 2 Schematic diagram of Vanderbilt Curriculum 2.0 Immersion Phase that includes a broad menu of courses including advanced clinical experiences
(ACEs), integrated science courses (ISCs), acting internships (AIs), and advanced electives in addition to longitudinal curricular elements
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detailed below. Through this novel design, post-clerkship stu-
dents are better able to incorporate advanced clinical anatomy
with imaging and personalize their learning to specialty-
specific topics of their interest. A sample weekly schedule is
provided in Fig. 3. The milestones assessed in this course are
provided in Table 1.

Instructional Components

Gross Anatomy Dissections

The full body dissection is divided into ten regions that are
individually assigned to students. The ten regions are the
brain, head and neck, lungs and posterior mediastinum, exter-
nal heart and great vessels, internal heart, abdomen,
retroperitoneum, pelvis, upper extremity, and lower extremity.
Two donor cadaver bodies are designated for this month-long
course for student dissection. A third body is used for axial
cross-sectional prosections, which are provided to assist stu-
dents in learning spatial relationships when reading cross-
sectional radiographic imaging. A total of 6 h of supervised
dissection is provided in the schedule. These two 3-h sessions
are overseen by the anatomy course co-director, while stu-
dents also dedicate additional time in the anatomy for self-
directed learning and further dissection. Many of these post-
clerkship students have already developed a sense of their

intended specialty. Students are ideally assigned to dissect a
region of the body relevant to this specialty. For example, a
student interested in neurology dissects the brain, while an-
other student interested in otolaryngology dissects the head
and neck.

Anatomy Lectures

As part of classroom-based learning, students attend a daily
lecture series that builds upon their foundational medical
knowledge. A total of 3 h is dedicated to anatomy review of
the cardiothoracic, abdominal, and pelvic regions. Anatomy
lectures are taught by the anatomy course co-director.

Radiology Lectures and Case Conferences

Twenty-three hours of the didactic lecture series is focused on
radiology. Specialty-specific lectures are given by the radiol-
ogy course co-director, attending and resident physicians, and
medical physicists who volunteer their lecture time. Common
topics included a systematic approach to evaluating and
interpreting images, magnetic resonance imaging (MRI) safe-
ty, commonly evaluated anatomy in medical imaging, and
differential diagnosis development based on key imaging
findings and patient history. Subspecialty-specific topics in-
cluded Interventional Radiology Overview, Introduction to

Fig. 3 Sample weekly schedule for ISC Medical Imaging and Anatomy
Course including variety of learning sessions, including reading room
experience, clinical imaging experiences, group lectures, dedicated

anatomy lab dissection time, and Center of Experiential Learning and
Assessment (CELA) Simulation Center Ultrasound workshops
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Neuroradiology, and Introduction to Nuclear Medicine. Some
lectures are modeled after interactive case conferences where
students are presented with a clinical vignette and image and
are prompted to discuss the diagnosis and management.

Bone Session

This 2-h session is an entirely peer-led teaching session where
students are divided into four groups of 2–3 students each and
assigned a different region of the human skeleton to review
and teach back to other groups. Boxed sets of preserved hu-
man bones are provided by the School ofMedicine for student
use. Groups review either the skull, the upper extremities, the
lower extremities, or the axial skeleton. Students are able to
personalize their own learning by reviewing and demonstrat-
ing bony features that are clinically relevant or radiologically
pertinent to their peers. The anatomy course co-director and
anatomy textbooks are available throughout the session as a
reference.

Show and Teach Sessions

Modeled after Resident Teaching Case Conferences, this
entirely student-led session asks students to bring interest-
ing radiology cases and to review interesting radiologic
findings with their peers. Radiology resident physicians
are present to help facilitate the session and provide addi-
tional clinical context as needed. This session is intended
to be student-driven, where students, rather than certified
radiologists, navigate through images on the picture ar-
chiving and communication system (PACS). Students

receive a lecture on how to navigate the PACS images
earlier in the course from a resident physician.

Simulation Center Ultrasound Workshops

Students spend two afternoons learning abdominal ultrasound
exam technique with certified radiologists and the Director of
the Ultrasound Technologist Program. Sessions are hosted in
Vanderbilt’s Center for Experiential Learning and Assessment
(CELA). They gain basic hands-on ultrasound scanning expe-
rience and recognition of key anatomic structures on the
Focused Assessment with Sonography (FAST) exam. They
also spend one afternoon with the interventional radiology
fellow practicing ultrasound-guided placement of central lines
on simulated mannequins.

QuizTime

QuizTime is an electronic learning platform that assesses
medical knowledge and clinical reasoning through
multiple-choice questions delivered daily through email
or text message at a designated time. When students re-
ceive the daily question, they have 24 h to respond. As
soon as the recipient responds, they receive immediate
feedback with the correct answer and complete explanation
and reference links to supporting resources. The daily quiz
questions do not impact the student’s final evaluation and
are designed to supplement the material taught in other
didactic sessions.

Table 1 Qualitative (milestone)
assessments in medical imaging
and anatomy

Component Milestones assessed

Oral presentation of topic Interpersonal communication: IPCS7b.1

Medical knowledge: MK7b Inquiry, MK7c Use of info resources,
MK2a Integration (assessed by peers and faculty)

Oral demonstration/presentation in GA
lab

Interpersonal communication: IPCS7b.1

Medical knowledge: MK7b Inquiry, MK7c Use of info resources,
MK2a Integration

Systems-based practice: SBP2a Initiative and contribution to group
efforts during dissections (assessed by peers and faculty)

Verbal contributions to peer discussion
during the course

• Case conference

• Show-and-teach sessions

• Daily classroom interactions

Professional duty: PR1b

Medical knowledge: MK7a Analysis, MK7B Inquiry

Practice-based learning and improvement: PBLI3a

Reading room checklist assignment Patient care: PC2a Thought process, PC7a Self-knowledge

Medical knowledge: MK7b Inquiry, MK7c Use of info resources

Systems-based practice: SBP2a Initiative and contribution to group
efforts

Completion of peer assessments of GA
labs and oral presentations

Professionalism: PR1b Professional duty
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Experiential Components

Radiology Reading Room Experience

Three 2-h sessions are allocated to dedicated clinical reading
room time. Students are provided the opportunity to workwith
diagnostic radiologists of various subspecialties. Reading
room options include chest imaging, body imaging, neurora-
diology, musculoskeletal imaging, nuclear medicine, and pe-
diatric imaging. Observation of more specialized radiology
procedures, including Nuclear Medicine, computed tomogra-
phy (CT)-guided interventions, and Interventional Radiology,
is also scheduled. These experiences aim to educate students
on the indications and logistics of performing these
procedures.

Clinical Imaging Suite Experiences

Students are scheduled a total of 5 h to clinically observe
radiology technologists perform a variety of imaging modali-
ties, including fluoroscopy, X-ray, and MRI. These sessions
provide students with firsthand experience with the standard
imaging tools and protocols used in clinical practice. Students
observe and interact with the technologists, as well as the
patient, to better understand the logistical challenges of these
procedures, such as the special instructions that may be pro-
vided to the patient before or after imaging and positions that
need to be tolerated in order to proceed. These observations
help students better identify the indications to ordering the
exam and limitations that may preclude a patient from under-
going such exams in the future.

Tumor Board Conference

These 1-h multidisciplinary conferences are offered as an op-
tional opportunity for students to observe how radiologic find-
ings may guide clinical diagnosis and management. During
this case-based conference, students observe interactions be-
tween various specialties, often including pathology, radiolo-
gy, diagnosticians, and interventionalists, in the development
of the management plan.

Specialized Track Options Available

In addition to the core curriculum, specialized tracks, known
as Bselectives,^ are available to students who would like to
customize their radiologic education. The four options avail-
able include Musculoskeletal (MSK) Selective, Neuro
Imaging Selective, Oncology Selective, and Chest and Body
Imaging Selective.

a. In the MSK Selective, students complete additional self-
directed MSK modules that focus heavily on MRI and

osteology of the extremities. Students interested in
Emergency Medicine or Orthopedics commonly opt into
the Musculoskeletal pathway.

b. In the Neuro Imaging Selective, students complete addi-
tional self-directed modules on neuro-specific findings
and imaging modalities. Students interested in
Neurosurgery, Otolaryngology, Ophthalmology,
Neurology, and Psychiatry often opt into this pathway.

c. In the Oncology Selective, students attend weekly tumor
board conferences to supplement their clinical reading
room experience. This pathway is geared more towards
students interested in Pathology, Radiology, and
Radiation Oncology.

d. All other students who do not select a different track are
default placed in the Chest and Body Imaging Selective,
where no additional modules or lectures outside of the
scheduled lectures were required.

Based on the selective chosen, students complete a differ-
ent supplemental imaging section on the final exam that is
tailored to their chosen selective.

Qualitative Modes of Assessment

Anatomy Prosection Demonstrations

Students are assigned a region of the donor body to dissect and
prepare a 40-min demonstration of their dissection to the class.
They are asked to highlight clinically relevant structures that
may be seen on imaging, along with identifying two axial
cross-sections and correlating CT images at that level of the
body. Students are evaluated on their presentation delivery,
content and organization, enthusiasm and audience engage-
ment, and careful use of their dissection, axial cross-sections,
and other imaging resources to enhance their peers’ knowl-
edge of anatomy. Clinical correlations that relate to their donor
body and specific anatomy are incorporated into this demon-
stration. For example, a student interested in Urology who
dissects the retroperitoneal organs may choose to present on
nephrostomy tubes and their clinical indications, radiologic
findings, and anatomical placements.

Oral Presentations

Students deliver a 25-min oral presentation to their peers and
faculty on a self-selected topic that showcases how specific
anatomical knowledge enhances image interpretation and use-
fulness in the clinical setting. These interest-driven student
topics supplement the range of existing course lecture materi-
al. Students receive qualitative feedback anonymously from
three randomly assigned peers, as well as faculty, who provide
qualitative milestone feedback based on presentation delivery,
organization of content, enthusiasm and audience
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engagement, and use of anatomy and radiology resources
(such as ACR Criteria and epidemiologic data). Competency
milestone assessments include depth of medical knowledge,
ability to conduct inquiry and enhance their own self-knowl-
edge, and communication skills in their presentation to col-
leagues (Table 1).

Reading Room Case Report Assignment

In order to optimize students’ clinical experience in the
Radiology reading rooms, students are asked to submit written
summaries for eight cases they observe. This assignment en-
courages deliberate practice and engagement with radiograph-
ic interpretation when in the reading room environment.
Students provide the type of imaging test performed, the final
diagnosis (or differential if the final diagnosis is unknown),
brief patient history of presentation leading to imaging study,
and two radiographic findings corroborating the diagnosis.
They also evaluate if the imaging study was the most useful
or optimal modality to evaluate the chief complaint and perti-
nent anatomy, with justification from resources such as the
ACR Appropriateness Criteria. For example, if an MRI rather
than ultrasound was used in a young female presenting with
pelvic pain, students will explain the clinical reasoning for the
decision. Students’ medical knowledge and use of resources
are assessed based upon the competency-based milestones
(Table 1).

Quantitative Modes of Assessment

Weekly Quizzes

Students are assessed with timed weekly quizzes on lecture
material covered during each of the first three weeks. Students
are allotted 20 min to answer 10–15 quiz questions that in-
clude multiple-choice, short response, and imaging interpreta-
tion, as well as daily QuizTime app questions.Multiple-choice
questions are automatically graded when the quiz is submit-
ted. Students are able to review the quiz as a formative tool to
enhance their learning, once the quiz for the week has closed.
Free text answer responses require course director grading and
review prior to score release. Quizzes are available on
Vanderbilt’s VSTAR Learning platform from 5:00 pm on
Friday until 8:00 am the following Monday.

Gross Anatomy Practical Exam

The gross anatomy practical is a one-on-one oral practical
exam with the anatomy co-course director designed to assess
the student’s anatomical knowledge in a case-based format.
Questions are derived from prior lectures, peer anatomy dem-
onstrations, and relevant clinical presentations. The exam re-
lies heavily on student dissections from that month. As a

result, each exam is different per course offering, depending
on the quality and/or specific clinical correlations presented
during student demonstrations. On exam day, each student is
allotted 30 min with the course director. The exam integrates
clinical cases to relevant imaging and anatomy. Students are
asked to engage with the donor bodies when answering ques-
tions and identifying relevant anatomical structures or images.
For example, the course director may ask the student to iden-
tify the most common location for a thrombus to form in a
patient with atrial fibrillation. The student should correctly
identify the left atrial appendage on the donor body, as well
as relevant CT cross-section of the heart. A follow-up clinical
correlation may be, BWhat procedure can be performed to
prevent thrombus and keep a patient off anticoagulation?^
The student should then identify occlusion of the left atrial
appendage, having learned about it from the student presenta-
tions earlier in the course.

End of Course Final Exam

The final exam assesses students on their knowledge of dif-
ferent imaging modalities and their indications, acquisition
technique, limitations, and associated risks. Questions are de-
signed to assess students’ anatomical understanding with cor-
responding structures as it is revealed by imaging modalities.

Selective Final Exam

This Selective portion of the final exam is only taken by the
students who chose to be included in the specific track. It
includes imaging questions and clinical applications more rel-
evant and closely associated with the specific focus of the
selective, which include musculoskeletal imaging and neuro
imaging.

Course directors make an overall qualitative assessment
score based on the accumulation of milestones assessed and
observed behaviors throughout the course (Table 1).
Quantitative scores are based upon multiple assignments and
exams (Table 2). Together, students are assigned a final grade
based on their quantitative and qualitative scores. Final eval-
uations are categorized into honors, high pass, pass, and fail.

Table 2 Quantitative assessments in Medical Imaging and Anatomy

Component Percentage

Quantitative scores on 3 weekly quizzes 30

Quantitative score oral topic presentation 10

Quantitative score peer anatomy lab demo 15

Quantitative score on anatomy lab practical 15

General final exam 20

Selective final exam of student’s choosing 10
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Results

This ISCMedical Imaging and Anatomy (ISCMIA) course is
offered five times per academic year. There is a range of 8–10
students enrolled per course offering, with a maximum capac-
ity of 10 students. This course is normally filled to capacity,
often with registration waitlists also filled. Since 2015, this
course has been offered 15 times to over 140 students.

On the end-of-course surveys, 64 of 65 (98%) students
from October 2017 to November 2018 answered that they
were Bsatisfied^ or Bvery satisfied^ with the overall course,
Bagreed^ or Bstrongly agreed^ that the course advanced their
foundational science knowledge and that they expect to use
this knowledge as part of their future practice, and would
recommend this course of their peers. Students also expressed
favorable responses in terms of rating the content, assessment,
learning objectives, integration of foundational science and
clinical experience, mix of learning activities, and leadership
of the course (Table 3). Furthermore, 63/65 (97%) students
indicated that the course increased their ability to care for
patients, especially those presenting with trauma (62/65),
chest pain (60/65), abdominal pain (58/65), and back pain
(58/65). On average, 37.5% of students choose a specialized
track selective, with additional learning modules in MSK,
neuro, or oncology, compared to those who are by default
placed into the Chest and Body Imaging Selective.

Of 25 more detailed student evaluation surveys completed
by students taking the course, the majority of students reported
Bhigh^ or Bvery high^ confidence in their ability to integrate
advanced clinical anatomy into their chosen field of interest
after completing the ISC, as compared to before taking the
course (92% vs. 14%) (Fig. 4a). Students were also more
likely to report Bhigh^ or Bvery high^ confidence in their ability
to integrate imaging and anatomy in their chosen field of

interest after completing the course (92% vs. 20%) (Fig. 4b).
Representative student comments included, BThis was a great
chance for me to get an in depth understanding of the anatomy
that applies to my chosen surgical subspecialty^ and BGiving
my gross anatomy presentation and hearing my classmates’
presentations was one of the most helpful med school experi-
ences in terms of improving my integration of gross anatomy
and medical imaging.^

Discussion

Medical schools are increasingly interested in teaching founda-
tional anatomy in the pre-clerkship phase within an integrated
course, rather than as an independent course (Fig. 5). The distinct
lack of anatomy education in the post-clerkship setting led to the
development of ISC MIA. Previous studies have shown that
students are receptive to integrated science courses designed to
enrich their basic foundational science knowledge by integrating
it within a clinical context [17]. Our students also seem to share
this view, as suggested by the enrollment trends of the course and
the positive student feedback about the course. It is also
reassuring that students felt increased confidence in their ability
to use their anatomical knowledge in their future careers. The
success of ISC MIA, along with the other ISC courses that in-
corporate the anatomy foundational science, has allowed for ver-
tical integration of anatomical science into all phases of under-
graduate medical student education at VUSM.

Integration of Anatomy with Radiology

ISC MIA is a unique course designed specifically to teach
anatomy to the post-clerkship student in a clinical radiol-
ogy context. In Curriculum 2.0, for students interested in

Table 3 Student responses to
end-of-course evaluations Please rate the following aspects of the course Number of students answering Babove average/

satisfied^ or Bexcellent/very satisfied^ (n = 65)

Content 62 (95%)

Assessment 52 (80%)

Learning objectives 57 (88%)

Mix of learning activities 64 (98%)

Course leadership 64 (98%)

Integration of foundational science and
clinical experience

63 (94%)

Overall course 64 (98%)

This course advanced my foundational
science knowledge

64 (98%)

I anticipate using the foundational science knowledge I
acquired in this course in my future practice

64 (98%)

I would recommend this course to peers 64 (98%)

Answer choices included 1 (very poor/very dissatisfied), 2 (below average/dissatisfied), 3 (average/neutral), 4
(above average/satisfied), and 5 (excellent/very satisfied)
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learning anatomy, there are three other ISCs that utilize
anatomy dissection as part of their curriculum, but none
feature anatomy as prominently in the course as ISC MIA.
Other courses may use lightly embalmed donor bodies for
short sessions with a limited focus, such as dissecting the
great vessels and to simulate cannulating the femoral ar-
tery. ISC MIA is the primary course offered at Vanderbilt
University School of Medicine that dedicates time to an-
atomical dissection and learning of a wide variety of hu-
man body systems intently and intensively. For students
interested in bolstering their radiology knowledge, there
are four other clinical radiology ACEs students may con-
sider. These courses include general diagnostic radiology,
neuroradiology, pediatric, and interventional radiology.
However, they are focused on clinical radiology rather
than an integration of foundational sciences. ISC MIA is
the only radiology course that uses correlative anatomy to
help students review how those images are generated and
tangibly visualize the anatomical relations of structures
seen on imaging.

Personalized Learning

ISCMIA provides an example of how post-clerkship students
can personalize their own learning in order to best prepare
themselves for their intended specialty. Students pursuing sur-
gical or procedural specialties may elect to spend extra time on
specific organ systems. This narrowed focus can deepen their
knowledge of relevant anatomy in a low-stress, low-risk learn-
ing environment so they may become competent clinicians
who can perform safe clinical procedures, particularly sur-
geons. For example, for future otolaryngologists, this course
offers the opportunity to dissect various head and neck struc-
tures, including the parotid gland to visualize branches of the
facial nerve. They can also simulate performing a laryngecto-
my on the cadaver and better review the pharyngeal muscles
that control the vocal cords, without the fear of causing ad-
verse effects to a live patient. However, the course is designed
for students applying to any specialty. The student applying to
Internal Medicine may dissect and present the external and
internal features of the heart and the Emergency Medicine-

Fig. 4 After completing ISC Medical Imaging and Anatomy, students had higher confidence in a integrating advanced clinical anatomy and b
integrating advanced clinical anatomywith imaging in their specific chosen field of interest. Data shown below is representative from one course offering

Fig. 5 LCME Annual Medical
School Questionnaire Part II,
academic years 2010–2014,
demonstrates the number of
schools that included Anatomy as
an independent course or part of
an integrated course in the pre-
clerkship phase [30]
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bound student may dissect the upper and lower extremities,
while the student wishing to enter Psychiatry may complete a
detailed dissection of the brain. Students also have 24-h card
access to the anatomy lab for additional self-directed learning
and review. The chest X-ray and computerized tomography
interpretation skills acquired through this course are also
widely applicable to any specialty.

Reciprocal Peer Teaching

This course capitalizes on opportunities for students to partic-
ipate in reciprocal peer teaching through multiple compo-
nents, including the show-and-teach sessions, bone session,
anatomy dissection presentations, and oral presentations. In
these sessions, students are given a general framework but
otherwise minimal instruction on how to structure their pre-
sentation. Prior reports have emphasized the importance of
allowing student preferences to guide the most optimal teach-
ing method, particularly with anatomical education [27]. Peer
teaching has been associated with acquisition of more knowl-
edge, better attitudes towards anatomy, and improved commu-
nication skills [28, 29]. In order to teach their peers, the stu-
dents themselves must be very knowledgeable in the material
that they are presenting. Engaging in other presentations can
promote cooperative learning and improved communication
skills to both peers and faculty that can be useful in future
clinical practice. To a degree, allowing students to teach each
other also reduces the number of trained anatomy or radiology
faculty that would be needed to direct these sessions as stu-
dents can self-regulate their material to what they find most
relevant or clinically pertinent.

Potential Challenges

Enrollment Demand

As part of their graduation requirements, third- and fourth-
year elective students are required to take four ISCs over a
22-month period. There are 16 total ISCs offered throughout
the year. They cover a broad range of topics, from sexual
medicine and palliative care to clinical immunology and com-
munity heath. Each course may be offered two to eleven times
a year depending on course director preference and class size.
ISC MIA teaches the second largest volume of students
among the other ISCs. It is offered five times a year in
January, March, September, October, and November, with
maximum 10 students each month. September and October
are the months of highest ISC demand [17]. November is most
popular with third-year post-clerkship students as the fourth-
year students are often away for residency interviews. January
and March are high-demand months for fourth-year post-
clerkship students as they are seeking to improve knowledge

and skills relevant to the specialty to which they have just
applied. For institutions with larger class sizes, it may be ben-
eficial to expand the maximum enrollment cap each month to
accommodate more learners. By grouping students into teams
of two or three to dissect one region of the body, the same
number of donor bodies could be used. Alternatively, the
course could be offered during more months of the year de-
pending on faculty and donor body resources.

Anatomical Donation Resources

This course demands a broad scope of anatomical resources,
from donor bodies to dedicated faculty time to oversee dissec-
tions. This course utilizes two formalin-fixed bodies designat-
ed strictly for post-clerkship student use of this course, so as
not to interfere with pre-clerkship dissections that are occur-
ring simultaneously in the school year. If possible, there is one
female and one male cadaver to review both types of pelvic
anatomy. With female cadavers, ideally the uterus would still
be present to facilitate understanding of the three-dimensional
female pelvic anatomy, though historically many of our do-
nors have undergone hysterectomies during their lifetime.

Lecture Scheduling

Scheduling dedicated faculty time to lecture medical students
may be difficult in a busy academic center. Lectures are not a
large time commitment, lasting 1–2 h each, with most lecturers
giving only one lecture per course offering. However, with five
course offerings per year, it is important to contact faculty lec-
turers well in advance. However, radiology resident physicians
can also serve as well-received lecturers, especially for those
interested in medical education. Case conferences and show-
and-teach sessions that are primarily image-based are great op-
portunities for residents to facilitate. Residents can volunteer to
teach sessions at times that best fit their schedule, often with
relatively minimal preparation beforehand. Established slide sets
are provided prior to the lecture so lecturers can review the ma-
terial to cover, in addition to updating images or cases as needed.

Clinical Imaging Suite Scheduling

Clinical imaging suite experiences in MRI, X-ray, and fluo-
roscopy are one of the highlights of this course. Students are
able to observe the patient experience and how the exam is
performed. In the MRI suite, students observe the size of the
machine and important precautions that must be taken to
avoid injury and appreciate the claustrophobia that some pa-
tients may experience. The X-ray suite is similar in that stu-
dents observe how quickly the images are obtained if the
patient is mobile, lucid, and able to follow commands. MRI
and X-rays are often performed continuously throughout the
day, which makes it convenient to schedule student
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observation. However, sessions such as fluoroscopic swallow
studies are not performed as frequently throughout the day
and depend on the schedule of the speech pathologist to ad-
minister the exam, so it will be important to obtain this exam
schedule ahead of time and schedule students accordingly.
Students may be assigned individually or in pairs to go and
observe these imaging modalities, so as not to overcrowd the
imaging suite space and disrupt workflow.

Summary

In summary, the Medical Imaging and Anatomy Integrated
Science Course demonstrates how advanced clinical anatomy
education can be incorporated into the post-clerkship curricu-
lum, while providing students with the opportunity for per-
sonalized learning towards their intended career. Although it
is challenging to balance didactic teaching with relevant clin-
ical experience, ISC MIA allows anatomy foundational sci-
ences to be directly correlated with radiologic clinical imaging
so that students may apply their advanced clinical anatomy
knowledge to their future practice.
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