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Abstract

Introduction: Point-of-care ultrasound (POCUS) is becoming more common as a diagnostic and clinical
tool. Some medical schools have incorporated POCUS training in their curriculum. A family medicine
clerkship during the third year of undergraduate medical education is appropriate for incorporating
musculoskeletal (MSK) education. Musculoskeletal ultrasound (MSKUS) is a potential tool for augmenting
this teaching. 

Methods: Third-year undergraduate family medicine clerkship students were given prework related to
ultrasound physics, terminology, and sonographic appearance of MSK structures. This was followed by a
2-hour session in the Yrst week of their clerkship covering the shoulder and knee MSK exams, and
incorporated hands-on scanning. Students practiced MSK exams during their 8-week clerkship and POCUS
was available in clinic. They were administered a postsession survey to rate the MSKUS curriculum.
Objective, structured clinical exam (OSCE) testing, including performance evaluation of the knee
examination during the Ynal clerkship week, was compared to prior-year OSCE scores.

Results: Third-year medical students felt the use of MSKUS was helpful and enhanced overall
understanding of MSK exams. We did not see an improvement in OSCE scores. Students reported a desire
for more POCUS training. 

Conclusion: POCUS is a powerful tool within the clinical and academic setting. We were able to develop a
curriculum using MSKUS to augment teaching the shoulder and knee exams to third-year family medicine
clerkship students. While we did not see an improvement in OSCE scores evaluating the performance of a
knee exam, students reported greater understanding of the exams with the MSKUS instruction added.
Students desire more POCUS training in the undergraduate medical curriculum.

Introduction
Point-of-care ultrasound (POCUS) is an important diagnostic, clinical, and procedural tool that improves quality
of care and positively impacts patient safety.  POCUS is used to answer speciYc clinical questions and is often
at the front line of imaging modalities due to its lack of ionizing radiation and relatively low cost.  POCUS also
provides a dynamic approach to teaching anatomy and physiology, enhancement of physical exam skills, and
provides real-time feedback during the evaluation of various pathologies, which aids in medical decision
making.  In the last 10 years, the use of POCUS has risen dramatically, due in large part to mounting evidence
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that it is both an effective tool in clinical practice and part of an active learning model for medical students.
Previous studies have detailed the implementation and evolution of POCUS as part of the medical student
curriculum at medical schools in the United States. They concluded that integrated ultrasound curriculum is an
effective active learning tool that can be applied to numerous clinical settings and can be effectively
implemented into a competency-based model of medical education.  Medical students have reported that
ultrasound education enhanced their ability to learn anatomy and the physical exam.  Furthermore, there
are numerous opportunities to incorporate POCUS into undergraduate medical education, including within
`ipped classrooms, clinical skills examinations, and small-group clinical cases. Our study evaluated
students’ perceptions of the beneYts of POCUS and looked for improvement in musculoskeletal exam skills.

Methods
Participants and Intervention
Our study included third-year family medicine clerkship students from academic years 2019-2020 and
2020-2021 at the University of Kansas School of Medicine. The 2019 and 2020 classes each consisted of 103
students on the Kansas City campus. These classes had an average age of 23.5 and 23.6 years at time of
matriculation, respectively. The 2019 class was 51% male, 49% female. The 2020 class was 49% male, 51%
female. The family medicine clerkship was required for all students. Students were given 30-minute prework
videos covering ultrasound physics and terminology, and sonographic appearance of musculoskeletal (MSK)
structures. All students then participated in a 2-hour session, during the Yrst week of their clerkship, that taught
the shoulder and knee exams by incorporating hands-on ultrasonography of the relevant anatomy (Table 1) by
sports medicine and ultrasound-trained faculty. The students were divided into small groups to practice using
handheld ultrasound devices.

Evaluation and Statistical Analysis
We evaluated the intervention at Kirkpatrick Levels 1 (reaction) and 2 (learning). First, we administered an
ultrasound curriculum evaluation to the students using a 5-point scale (strongly agree, agree, neutral, disagree,
strongly disagree). Second, to evaluate learning, the students were tested using an objective structured clinical
examination (OSCE) assessment during the Ynal week of their 8-week family medicine clerkship. This included
a performance evaluation of the knee examination (Table 2) but did not require competency in ultrasonography.
We compared OSCE score distribution of students in the 2020-2021 academic year (which included
ultrasonography-augmented instruction) to the 2019-2020 academic year (which lacked US-augmented
instruction) using the Wilcoxon rank-sum test. The University of Kansas Medical Center Institutional Review
Board approved this project. 

Results
All 103 eligible students participated. Students felt that ultrasonography enhanced their ability to learn shoulder
and knee anatomy (87% agree/strongly agree; Figure 1) and perform the relevant physical exams (88%). Most
students found the session helpful in learning ultrasonography (90%). Most students agreed the ultrasound
guided educational experience enhanced their medical education (95%) and almost all students wanted more
inclusion of ultrasonography in the clerkship curriculum (95%). 

Nevertheless, we failed to Ynd evidence that this intervention improved clinical exam skills at 8 weeks. In
2019-2020, the mean OSCE score was 17.02 out of 20 (SD 1.77). For 2020-2021, after the intervention, the
mean OSCE score was 16.64 (SD 2.51). This difference was not statistically signiYcant (Wilcoxon P=.606). 
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Conclusions
Musculoskeletal concerns are a common condition in primary care and the family medicine clerkship is
uniquely suited to teaching musculoskeletal exams. Despite its well-studied beneYts for many specialties and
applications, POCUS training in undergraduate medical education is limited by time and resources.  Our
study shows that integrating ultrasound education into medical clerkships is of signiYcant interest to
undergraduate medical students. This Ynding conYrms results from studies at other institutions.   

In our study, however, POCUS-augmented teaching did not improve OSCE scores measured at 8 weeks
posttraining. This was surprising because others have found that ultrasound-enhanced curricula do lead to
increased learning.  We speculate that the lack of effects at Kirkpatrick level 2 in our study might have been
from slight curricular changes from year to year. Additionally, it is possible the speciYc knowledge being tested
on the OSCE did not fully re`ect the depth and breadth of information added when anatomy and exam skills
were supplemented by ultrasound.  These hypotheses should be considered in future studies. 

Our study has limitations. This was a year-to-year data comparison study where other curricular changes may
have impacted participant performance. Additionally, our study was at least partly performed during the
COVID-19 pandemic, a variable that likely had an impact. A randomized study utilizing a control group
compared to a group with additional ultrasound education from the same academic year would have controlled
some of these variables. Additionally, this was a single-center study that would beneYt from expansion to a
multicenter study.  

Although our study focused on musculoskeletal exam education, applications for POCUS are numerous.
Further studies comparing curricula focused on other organ systems, clinical settings, or diagnostic criteria are
needed. The challenge educators face is the implementation of a streamlined curriculum that beneYts learners
and eiciently enhances their medical education.  Barriers such as access to ultrasound machines,
standardized testing practices, and qualiYed faculty to teach image acquisition and interpretation remain.  

Tables and Figures
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