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Abstract

Many medical schools have undergone curricula revisions and attempted to in-
tegrate basic and clinical sciences. In 2012, our program at the University of
Florida College of Medicine underwent significant curricular reform, transi-
tioning from the standard medical curriculum to a systems-based approach.
The teaching of anatomy, clinical skills, radiology, ethics, population health,
human behavior, and evidence-based medicine was integrated into one class,
“Introduction to Clinical Medicine”, which spans 68 weeks in the pre-clerk-
ship curriculum. As a result, there was a reduction of anatomy teaching from
166 to 120 hours. Our curriculum integration demonstrates opportunities for
enhanced teaching including increasing peer learning, incorporating multidis-
ciplinary case presentations, and allowing for a deliberate overlap and layering
of anatomy education across two years of medical school. This paper describes
our reflection on the effect of the curriculum change on student learning. Five
years after implementation of these changes shows that our efforts also illustrate
the challenges inherent to curricular integration including scheduling con-
straints, unclear sources of financial support, apprehension about the effect on
future National Board of Medical Examiners (NBME) scores, and difficulty as-
sessing which areas a student needs to remediate within a failed integrated
course. Overall, the integration of anatomy with other classes into a revised
course at our College of Medicine has been well received and successful.
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1. Introduction

In recent years, many medical schools have implemented new curricula orga-
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nized around clinical science rather than basic science disciplines. As they work
to integrate the basic and pre-clinical science course material, programs have
undergone major revisions to more efficiently teach medical students. The Liai-
son Committee on Medical Education (LCME) advises that a medical education
program “must include instructional opportunities for active learning” (Liaison
Committee on Medical Education, 2013) but does not give more specific re-
quirements. Nothing specific is mentioned about what courses could be inte-
grated, how this integration could be implemented, and how active learning of
the material should be designed.

The teaching of anatomy and clinical skills is an opportunity well suited for
integration. Anatomy education does more than instill anatomical knowledge. It
“may also aim to promote teamwork, enquiring, and critical thinking,” (Chap-
man & Hakeem, 2015) which suggests a further reason to integrate this basic
science material with clinical sciences. As Turney (2007) writes, “Anatomy is
obviously essential for surgeons but also has value for anyone who performs an
invasive procedure on a patient; carries out emergency procedures; examines ra-
diological imaging; performs a physical examination of a patient; refers a patient
to another doctor; or explains a procedure to a patient.” Anatomy education also
has the potential to teach professionalism via the dissection laboratory (Jones,
2013; Swartz, 2006). Because anatomy has such relevance to all branches of
medicine, there is clearly an opportunity to integrate its teaching with the rest of
the medical curriculum. A vertical integration exposes students to anatomy at all
levels of their training.

The integration of anatomy with basic and clinical sciences might further sti-
mulate and promote interest in anatomy by emphasizing clinical relevance. This
is crucial in the context of what some have observed as a “decline of anatomy as
a result of reductions in time and resources allocated to anatomy” (Turney,
2007).

Many have shown the effectiveness of integrating and introducing ultrasound
into gross anatomy curriculum (Brown et al., 2012; Hoppmann et al., 2011). This
is logical not only from the perspective of integrating radiological imaging with
anatomy but also for students to use hands-on technology. In fact, the linking of
basic science content with a head-to-toe physical examination might be “mu-
tually reinforcing” to both curricular components (Uchida et al., 2014).

Efforts to improve the curriculum in anatomy have included enhancing di-
dactic teaching, computer-aided learning, use of models, inclusion of living
anatomy and radiological anatomy, cadaver dissection by students, and practical
lessons with prosected cadaver specimens (Patel & Moxham, 2006). Literature
review shows that many programs have described integration strategies and
multiple factors contribute to successful learning, so identifying how and which
interventions are successful can be challenging (Kulasegaram et al., 2013).

One medical school program reduced their anatomy course from a 16-week

(130 hour) course that met three days per week to a 6.5-week course (with 41
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hours of lectures) that met daily up to 4 hours (Halliday et al., 2015). Amongst
other changes, this new course had integration of clinical concepts by practicing
clinicians presenting cases and radiological images associated with the anatomi-
cal regions. Preliminary results suggest that this compressed curriculum was at
least as effective (Halliday et al., 2015).

Students who receive anatomy education with three-dimensional dissection
models perform better on testing than those who receive conventional, two-
dimensional teaching (Brinke et al., 2014). An extension of this idea might be
that other three-dimensional teaching could enhance anatomy learning. This
three-dimensional teaching might include the integration of physical examina-
tion teaching.

Curriculum integration is not without potential disadvantages and drawbacks.
Integration disrupts a normal sequence of education when other course material
is interspersed in a thematic curriculum. For example, some have argued that it
is challenging to integrate human anatomy, because of its regional approach,
with more systems-based courses (Bolender et al., 2013). McKeown et al. (2003)
showed that introduction of a systems-based course had a negative impact on
medical students’ knowledge of surface anatomy of the limbs and abdomen.

This paper aims to describe the process that one US medical school under-
went when reforming its curriculum to a systems-based approach. We will de-
scribe the strengths and weaknesses of these changes. The resources, both in fa-
culty time and learning materials, are also discussed. We describe the outcomes
from five years of curricular reform and opportunities for success despite con-
cerns about scheduling constraints, sources of financial support, and the effect

on future National Board of Medical Examiners (NBME) scores.

2. Methods

In 2012, the University of Florida College of Medicine underwent significant
curricular reform, transitioning from the standard medical curriculum to a sys-
tems-based approach. We integrated the teaching of anatomy, clinical skills, ra-
diology, ethics, population health, human behavior, and evidence-based medi-
cine into one class, “Introduction to Clinical Medicine” (ICM). ICM spans the
pre-clinical curriculum, a total of 68 weeks. Although this integration provided
an opportunity to teach anatomy in a method meaningful to physical examina-
tion and clinical diagnosis, it also disrupted the traditional one-semester dissec-
tion-based anatomy curriculum. Additionally, the amount of teaching time for
anatomy was decreased from 166 to 120 hours total, making it necessary that the
teaching time that remained be used very efficiently.

We modified the anatomy course in a way that allowed maximum applicabili-
ty to other courses’ content. In the first semester of ICM, students are taught the
entire physical examination to prepare for a primary care preceptorship. During
this semester, they study prosections of anatomical specimens, with nine cadaver

specimens for 135 students, and are taught anatomy as it relates to the physical

DOI: 10.4236/ce.2017.811121

1776 Creative Education


https://doi.org/10.4236/ce.2017.811121

M. Hagen et al.

examination. More detailed instruction is reserved for the second through fourth
semesters, during the relevant systems modules. These modules, which are not
part of ICM, teach physiology, pathology and pharmacology of the various body
systems, and are three to seven weeks in length. One challenge has been that the
density of gross anatomy and clinical examination to be taught does not always
parallel the length of the block. A significant example of this is the musculoske-
letal block, which is only four weeks long, but is an area where students fre-
quently struggle with anatomy and physical examination skills.

Our program has also incorporated bedside ultrasound and CT imaging mod-
alities to reinforce the physical examination. The use of ultrasound spans the
pre-clinical years and is taught in small groups by physicians specializing in bed-
side ultrasound. Students learn and practice ultrasound techniques relevant to
the concomitant module. CT scans are performed on all cadavers, allowing stu-
dents to have a unique experience in relating two-dimensional imaging to a
three-dimensional specimen, which they can hold and manipulate.

Our anatomy instruction allows for active learning. Students compare CT
images of structures on their own cadavers to identical structures in the cadaver
in the “Visual Human Dissector” program and CT scans of living patients with
intravenous contrast. They label five identical structures in cross section on both
images (Figure 1). After being checked for accuracy, these are uploaded to the
course website. As these peer-created questions may appear on examinations,
this process enhances peer learning and enhances their studying.

Assessment of knowledge of anatomy is integrated into the quizzes and ex-
aminations for the ICM course through multiple-choice, clinically oriented
questions. Students are also tested with three to four practical examinations of
anatomy content per semester. These include wet specimens, axial, sagittal and
coronal CT sections and images from the Visual Human Dissector program.

Each practical exam contains approximately 50 questions.

DW, MH, VB, CM, TC, GF, MI

Group 2, Team Orange

A = Costal Cartilage
B = Body of Sternum
C = Left Upper Lobe
D = Left Lower Lobe
E = Right Lower Lobe

Figure 1. Example of student-submitted group assignment to
identify and label five identical structures in cross section.
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Another way that we have integrated anatomy and clinical medicine is through
multidisciplinary patient case presentations. A clinician interviews a patient in
front of the class, and then the class discusses the symptoms and comes up with
a differential diagnosis. A radiologist presents relevant diagnostic images. The
physicians and an anatomist discuss the findings and narrow the differential di-
agnosis. The patient then describes his or her experience with the diagnosis and
treatment. Examples of patient presentations presented in this format are chole-

cystitis, abdominal aortic aneurysm, and breast cancer.

3. Outcomes

We are currently in our fifth year of the integrated curriculum. There have been
many positive outcomes and strengths of our integration of anatomy and clinical
medicine. The layering of knowledge over time allows for deeper understanding
and improved retention of the material. This presents the opportunity for in-
formation to progress from short-term to long-term memory. In the first seme-
ster, while working in parallel with learning the physical exam, students learn
the language of anatomy. In the next three semesters they apply this acquired
vocabulary to more complex anatomical concepts.

Students and faculty have noticed an improved ability of students to connect
human anatomy with three-dimensional imaging and physical exam. Students
no longer memorize textbook images of the body; now, they have a more
three-dimensional understanding of anatomy. Opportunities exist for reinforc-
ing knowledge about anatomy and about physical exam when the basic anatomic
structures are revisited in the systems modules. By teaching the anatomy in
more detail in the systems modules, functional anatomy is further highlighted.
Students have demonstrated an increase in their appreciation of learning at the
bedside. All of this was accomplished while still decreasing the hours of anatomy
lecture and lab from 166 to 120.

We were happy to note that scores on the gross anatomy and embryology por-
tion of the NBME Step 1 Exam have been relatively higher for students who
started the new curriculum compared to the national average than those stu-
dents who started the year prior to the new curriculum. This was not the case for
other subject areas on the exam. This reinforces our impression that our stu-
dents have a deeper understanding and improved retention of the anatomy of
the human body.

The integration of anatomy and clinical medicine has not been without chal-
lenges. For some programs, these challenges may be difficult to overcome and
could represent drawbacks to reforming curriculum. Navigating the new curri-
culum with a large team has led to struggles with content and with logistics. Fa-
culty from medical education, clinical medicine departments, anatomy, radiolo-
gy, and bedside ultrasound have different educational priorities and schedules.
We have had to be very specific about who is responsible for what aspect of the

content and what content needs to be repeated and reinforced. We have needed

DOI: 10.4236/ce.2017.811121

1778 Creative Education


https://doi.org/10.4236/ce.2017.811121

M. Hagen et al.

to be flexible about scheduling activities where faculty from several departments
are involved.

Student assessment has presented challenges as well. It can be difficult to
adequately evaluate student performance on content that contains blended top-
ics. Yet the successful integration and overlap offunctional anatomy with clinical
medicine in our longitudinal curriculum has resulted in multiple learning mod-
alities and assessment opportunities. Using subject tags for each quiz or exam
question and tracking student performance in each subject area has helped to
identify such deficiencies. The College of Medicine created a uniform collection
of tags, which identify topics by both competency and discipline topic.

We felt that it was important to include bedside ultrasound in the course since
it is a relatively easy to use technology that illuminates anatomy at the patient’s
bedside. Bedside ultrasound users from the department of Emergency Medicine
were the most enthusiastic about early involvement, partly due to the radiolo-
gists’ preference to teach a more comprehensive approach to ultrasound inter-
pretation. Through negotiation and compromise, both departments are included
in teaching the ICM course.

Although there was some concern about preserving cadavers longer than a
semester, this did not turn out to be a problem. The cadavers were stored
promptly and removed only when needed. Quality of specimens proved to be

adequate.

4. Conclusion

A clear vision of the curricular goals with careful thinking is necessary when in-
tegrating courses. Although there is a potential loss of material and sequence
when courses are integrated, there is the potential gain of implementing a more
effective way of presenting the material. Drake has offered four guiding prin-
ciples to course directors who are considering how to modify programs in an in-
tegrated or mixed curriculum: presentation of material should promote active
learning; a variety of educational experiences should be used; incorporating a
closer integration with clinical medicine throughout the course gives motivation;
learning should be longitudinal (Drake, 2014).

The ICM course has been successful in promoting active learning and includ-
ing a variety of educational experiences. We have added activities that chal-
lenge students to create clinical and identification questions to help each other
to study. Students participate in interviews and developing a differential diag-
nosis. CT scans of cadavers are used to demonstrate how spatial relationships
in three dimensions are represented in imaging. Bedside ultrasound is used to
help students appreciate the link between the physical examination and anat-
omy.

Our course succeeds by giving students a strong motivation to learn clinical
anatomy as well as an opportunity to learn longitudinally. They see how clinical

anatomy is used to diagnose and treat disease from the first day of class. They
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use their knowledge of surface anatomy and deeper structures when performing
the physical exam. Finally, by returning to concepts repeatedly, students commit

content about clinical anatomy to deeper memory.
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