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Abstract
Introduction: The goal of this research project was to retrospectively evaluate the effect of a voluntary handson musculoskeletal knee exam workshop, presented to medical students in the family medicine rotation at the
University of Toledo, on the outcomes of a required objective structured clinical examination (OSCE).
Methods: We analyzed student OSCE scores for both knee and back exams before (July 2011 to June 2012)
and after (August 2013 to June 2015) the workshop was offered. The analysis was based on those who
attended the voluntary knee exam workshop and those who did not. We compared scores between the two
groups of students using two-tailed t testing and χ2 testing, and assessed the correlation of attending the
workshop to passing the knee OSCE.
Results: One hundred eighty-seven students attended the workshop and 279 did not. During the period when
the workshop was offered, the overall mean score on the knee OSCE was 59.5% for the 187 who attended the
workshop and 35.9% for the 116 who did not, which was signi^cantly different (P<.001). A χ2 test with α=0.05
showed that attending the workshop correlated with completing at least 70% of maneuvers acceptably during
the knee OSCE (P<.001).
Conclusions: Our study yielded positive outcomes on OSCE scores, comparable to other studies that
investigated the effect of similar teaching techniques. Comparison of the scores of those who attended the
knee workshop on the simpler back exam OSCE, in which no workshop was offered, demonstrated the ebcacy
of the workshop.

Introduction
The musculoskeletal exam is a major component of the patient physical, and one that seems to be routinely ignored
by junior doctors.1 Several studies highlight the de^ciencies in musculoskeletal education that can lead to the lack
of student con^dence in executing an examination correctly.2-5 Examination of the knee is unique in that it is almost
totally dependent on the examiner’s skill in manually manipulating the lower extremity, rather than resisting muscle
contraction of an already properly positioned body part.
With the increased presence of technology in medical education, teaching by simulation has increased and shown
promise in improving learning ability and transferring to actual execution of skills.6,7 Kneebone et al suggest that
simulation be used alongside clinical learning for a more complete education.8 In fact, a meta-analysis by O'DunnOrto et al recommends the use of patient educators, interactive small group learning, and computer assisted
learning together in teaching musculoskeletal exams.9 Small group interventions that teach skills with hands-on
techniques have been shown to increase ability and retention of those skills compared to students who only
participated in regular clerkship activities.10,11 Furthermore, using bedside training and direct feedback as a method
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of teaching the shoulder exam showed improved performance as well as an increase in student con^dence in
performing the maneuvers.12 We aimed to explore the bene^t of similar hands-on training and feedback, in the form
of a workshop, on medical student performance of the more skill-intensive musculoskeletal knee exam.

Methods
The Institutional Review Board at the University of Toledo approved this research project. A workshop covering how
to complete a comprehensive musculoskeletal knee exam was offered during the ^rst week of a 5-week rotation
block. Workshop attendance was voluntary; therefore the sample and control groups were self-selected. Those who
did not attend had online access to videos detailing the maneuvers that would be taught in the workshop. The
workshop concentrated on maneuvers including visual and tactile observation, range of motion, joint line location
and palpation, test for effusion, varus/valgus stress tests, Lachman’s test, McMurray’s test, patellar grind test, and
Thessaly test. Students were presented a demonstration of each maneuver, then practiced each maneuver on at
least three peers with hands-on instruction and personal feedback provided by physicians experienced in these
techniques.
We analyzed student scores on a video-recorded objective structured clinical examination (OSCE) for both
musculoskeletal knee and back exams on standardized patients administered during the last week of the rotation
for those who did and did not attend the workshop. The OSCE comprises 7% of the ^nal grade for the family
medicine clerkship. The same physician scored all knee OSCEs, and a different single physician scored the back
OSCEs. The OSCE is comprised of two 15-minute encounters with different standardized patients in which the
student is required to obtain a full history and complete the relevant physical exam. Students were graded on
a yes/no basis judged on their ability to completely perform each maneuver acceptably. We used sign-in sheets for
the knee exam workshop to determine which students attended and we kept all student records in a Microsoft Excel
^le. We used Excel’s data analysis tool to complete two-tailed t testing and χ2 tests to compare scores and assess
the relationship between a passing score and workshop attendance, respectively. We used scores of the back OSCE
and scores before initiation of the workshop for comparison.

Results
We collected data on 187 students who attended the workshop and 116 who did not. We separated the data on 163
students evaluated when the workshop was not offered and used it as a comparison. The overall mean score on the
knee OSCE was 59.5% for those 187 who attended the workshop and 35.9% for the 116 who did not, indicating that
those who attended the knee exam workshop did signi^cantly better on the knee OSCE (P<.001). The overall mean
scores on the back OSCE were 51.2% for those who attended the workshop, and 48.6% for those who did not,
showing no signi^cant difference in performance (P=.216). Those who attended the knee workshop performed eight
of the 10 graded maneuvers correctly at signi^cantly higher rates than those who did not (Figure 1). While knee
OSCE scores decreased each year, those who attended the workshop consistently did signi^cantly better than those
who did not (Table 1). A χ2 test with α=0.05 showed that attending the workshop was correlated with completing at
least 70% of maneuvers acceptably during the knee OSCE (P<.001).

Discussion
The results indicate that the knee exam workshop was signi^cantly helpful in increasing student performance on the
knee OSCE. A voluntary sample group makes it possible that those who attended the workshop were more inclined
to perform better in assessments, although if this were the case then the workshop group’s average score for the
much-simpler back OSCE would have also been higher than that of the control group. Long-term retention of the
physical exam maneuvers warrants further study, as students were not followed beyond their family medicine
rotations in this study.
This study con^rms that hands-on teaching of physical exam skills helps students better learn the technique
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required to provide a thorough exam. Thus, it may be prudent for institutions to provide hands-on training of
musculoskeletal physical exam skills, especially the knee exam, which requires physical coordination, hand-eye
coordination, and tactile experience. There are minimal to no ^nancial requirements to run a workshop, as all that is
required is a room to house the workshop and a faculty member to run it. There is no need to pay standardized
patients, since participating students may practice on one another, as in this study, and still see the bene^t. While
there is no need for institutions to upend their current curriculum, the simple addition of an optional or required
workshop structured like the one described in this study could be an invaluable supplement to medical students’
education.
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