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Introduction: Recent changes in undergraduate medical curricula have resulted in time constraints that are particularly challenging, 
especially when students must learn large blocks of musculoskeletal anatomy content. Consequently, students have resorted to rote 
memorization to cope, which counteracts our established collaborative self-directed learning model.
Methods: For a 6-week musculoskeletal anatomy course, two structured case-based review sessions are described, each following the 
completion of two five-hour lab sessions, two on the upper extremities and two on the lower extremities. These largely self-directed 
review sessions consisted of 6 students rotating through 7 to 8 stations every 10 minutes where clinical cases with follow-up questions 
were projected on large screens. The students were expected to work collaboratively to solve the cases utilizing the prosected 
specimens provided and discuss the accompanying answers at the end of each case.
Results: Ninety-four per cent of the students who participated in this study agreed that the case-based review sessions provided 
a helpful overview of musculoskeletal anatomy content. Student performance on the open-ended, case-based musculoskeletal 
examination questions showed no significant difference in performance on shoulder, hand, hip, thigh, and leg questions. There was, 
however, a statistically significant decrease in the students’ scores on a forearm question in 2021 compared to 2019.
Conclusion: This paper describes our integrated, collaborative musculoskeletal course, including case-based review sessions, which 
was positively received by students as having value in reviewing the musculoskeletal content though it was not found to improve 
examination performance.
Keywords: musculoskeletal, anatomy, integrated curriculum, review, consolidation, evaluation

Introduction
Musculoskeletal diseases constitute approximately 20% of all primary care and emergency department visits with trauma, 
back pain, and arthritis being the three most reported.1,2 Unfortunately, the burden of musculoskeletal conditions is likely to 
become greater with every passing year due to the obesity epidemic, upsurge in incidence of road traffic accidents and the fast- 
growing population of the aged in the United States.3,4 Furthermore, patients with musculoskeletal disorders are managed by 
a wide-ranging group of providers including primary care physicians, emergency physicians, surgeons, physical medicine and 
rehabilitation physicians, anesthesiologists, neurologists, radiologists, rheumatologists, and physical therapists.5 The mis
management of musculoskeletal injuries can delay treatment, ultimately resulting in long-term disability.6–8 Due to the 
multidisciplinary nature of musculoskeletal disorders, it is important that all physicians-in-training are provided with the 
requisite knowledge of musculoskeletal anatomy to properly manage patients in the clinical setting.

The past decade has seen significant changes in undergraduate medical education, with anatomy teaching at the 
forefront.9 Following the introduction of the integrated curriculum in medical schools, anatomy courses have undergone 
extensive restructuring, including reduction in teaching hours dedicated to formal anatomy education.10,11 These changes 
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have triggered development of more pedagogies that optimize anatomy content delivery and improve learning outcomes 
by shifting away from rote memorization, and leaning more towards understanding of content, driven by case-based, 
problem-solving approaches.11–14 The implementation of mixed or multimodal learning strategies allows students to 
acquire knowledge from a variety of sources. This approach has become widely used in the delivery of musculoskeletal 
anatomy content in many US medical schools.15–17 Several studies have explored various teaching pedagogies for 
musculoskeletal anatomy including the use of dissection, prosections, plastic models and 3D anatomy software on 
students’ performance on musculoskeletal examinations.18–20 Structured exercises like yoga and Pilates to facilitate the 
learning of musculoskeletal anatomy have also been explored.21,22

Furthermore, the shift from discipline-based to competency-based curricula has necessitated more vertical integration of 
relevant clinical content into basic sciences. Hence, case-based learning (CBL) has become widely used as an interactive, 
inquiry-based learning method of linking theory to practice.23 Unlike problem-based learning (PBL), CBL is more structured 
and involves both student preparation and faculty guidance in case discussions, thereby reinforcing concepts and enhancing 
the critical thinking, collaborative, and communication skills of students.24 Another advantage of CBL is that it promotes self- 
directed learning (SDL), which is an important component of lifelong learning and therefore a vital competency in medical 
school curricula.25 Various studies have described the use of CBL in anatomy education through graded oral presentations 
designed by the first-year medical students,26 as well as the positive perception and efficacy of CBL in anatomy education 
compared to other teaching strategies.27–29

One important but commonly overlooked aspect is the role of structured reviews in active learning. Active review 
sessions are useful in helping the students to consolidate critical information, recognize gaps in their learning, and 
develop the thinking skills needed to approach examination questions.30 From its inception in 2008, the Zucker School of 
Medicine at Hofstra/Northwell (ZSOM) established an integrated curriculum founded on experiential, active small group 
case-based sessions and early patient interactions in the pre-clerkship years. The collaborative self-directed learning 
model has been one of the frameworks used to give our learners practical approaches to problem-solving. Based on this 
framework, we describe our 6-week musculoskeletal anatomy course including the structured case-based review sessions, 
which is based on the cognitivism educational theory that promotes cognitive reasoning by utilizing structured clinical 
cases with relevant open-ended questions.31 We coined the review sessions “Consolidation carnival” – consolidation 
because it is a review that aims to reinforce, and carnival because it has logistics of rotating booths and a few light- 
hearted circus-themed cases.

Methods
Curricular Context
Undergraduate medical education in the United States typically refers to the four years of medical school, comprising two 
years of pre-clerkship course work and two years of clinical clerkships. The musculoskeletal anatomy (MSK) laboratory 
sessions are a component of the longitudinal curriculum called “Structure” that takes place throughout the two-year pre- 
clerkship years at ZSOM. Structure in this context describes the amalgamation of different disciplines including gross 
anatomy, embryology, histology, imaging, pathology, physical diagnoses, and clinical medicine under one curricular umbrella 
to facilitate consolidation of normal, abnormal, and clinical interventions in learning. The design of each weekly Structure 
session varies depending on content but typically lasts for about five hours which consists of two-and-a-half hours rotating 
through four structure stations of 33 minutes each and two hours of additional complementary material such as ultrasound and 
physical diagnoses, with a 30-minute break in between. There are also a limited number of lecture-styled large group sessions 
in the Structure curriculum, notably focusing on topics in embryology and pathology.

MSK Structure Sessions
The MSK sessions occur in the fall of the second year of medical school as part of the “Interacting with the Environment” 
course.32 It is a 6-week curriculum consisting of 4 scheduled laboratory sessions: 2 for the upper limb (shoulder, arm, and brachial 
plexus in week 1; forearm and hand in week 2) and 2 for the lower limb (hip, thigh, and gluteal region in week 4; knee, ankle, leg, 
and foot in week 5). Interspersed between these content-rich sessions are 2 scheduled review sessions (weeks 3 and 6).
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The students were provided with laboratory guides containing the goals, learning objectives, and required resources 
for dissection and station-based activities at least a week before each laboratory session (Appendix 1). Students were 
expected to prepare for each laboratory session by using the suggested text and multimedia resources to study for each 
station based on the learning objectives provided. Each laboratory session was split into two sections: half of the students 
engaged in faculty-guided cadaveric dissections for approximately two-and-a-half hours using the dissection guides and 
their assigned body donors. The other half of the students rotated in small groups, interacting with facilitators at four 
separate stations that focused on organizational principles, functional joint anatomy, radiology, and clinical applications. 
Table 1 shows the detailed list of MSK topics covered each week. At the conclusion of the first section, students swapped 
activities so that all students engaged in both dissection and station-based learning over the course of each 5-hour 
laboratory sessions.

Implementation
Participants
Data from second-year medical students in 2019 (N = 100) and 2021 (N = 103) were included in this study. Students were 
required to participate in the weekly Structure laboratory and review sessions. The review sessions were incorporated into 
the curriculum in 2021 and data from students in 2019 served as a historical control. Data from 2019 were used for this study 
in lieu of 2020 to control for any confounding variables that might exist due to the COVID-19 pandemic.

Consolidation Carnival (Case-Based Review Sessions)
In 2021, the class was split in half, with one half participating in a large group session focused on MSK clinical reasoning 
and the other half engaged in a case-based review session. Each half lasted for 1½ hours, after which the two groups 
switched so that all students participated in clinical reasoning and the case-based review session.

A figure showing the floor plan of the laboratory during the review is shown in Figure 1. Small groups of six to seven 
students rotated through each station. They were given 10 to 12 minutes to work on each case before rotating to the next 
station. At each station, a clinical vignette was presented as a single slide on a computer screen, including at least one 
image and a higher order, specimen-related question. A clearly prosected donor body at each station displayed the body 
region relevant to the corresponding vignette. Students were expected to discuss the case and identify the involved 
structures on the donor. They could advance the slide to reveal the answers, allowing for real-time checking of their 
responses. While each station was largely self-directed, there was one faculty facilitator at each station to answer 
questions and provide guidance. For the first review session (week 3), there were eight cases related to the upper 
extremities, including the shoulder, brachial plexus, arm, forearm, and hand (Appendix 2). For the second review session 
(week 6), there were seven cases related to the lower extremities, including the gluteal region, thigh, knee, leg, ankle, and 
foot (Appendix 3).

Table 1 Weekly Topics for the Musculoskeletal Structure Course

Week Topics

Week 1: Shoulder, Arm and 

Brachial Plexus

1) Neural structures of upper extremity; 2) functional anatomy of joints in the shoulder; 3) medical imaging of 

shoulder and arm; 4) clinical medicine of the shoulder and arm.

Week 2: Forearm and Hand 1) Musculofascial organization of the upper extremity; 2) clinical medicine of the forearm, wrist, and hand; 3) 

functional articulation in the elbow, wrist, and hand; 4) medical imaging of the forearm, wrist, and hand.

Week 3 Review Session 1 - Upper limb consolidation carnival

Week 4: Hip, Thigh and Gluteal 
region

1) Anatomical and developmental organization of the lower extremity; 2) functional anatomy of joints in the hip 
region; 3) medical imaging of the hip and thigh; 4) clinical medicine of the hip.

Week 5: Ankle, Leg and Foot 1) Clinical anatomy of the ankle joint; 2) clinical anatomy of the knee joint; 3) medical imaging of the knee, leg, 
and ankle; 4) disorders of gait

Week 6 Review Session 2 - Lower limb consolidation carnival
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Historical Control
In the years prior to 2021, optional reviews were scheduled in weeks three and six. These were largely self-directed and 
consisted of pinned, prosected specimens displayed in the Structure laboratory with corresponding practice questions 
(both open-ended and multiple-choice). This “open laboratory” format allowed for interested students to identify pinned 
structures and answer the questions.

Evaluation
At the end of the MSK sessions, students were sent an anonymous electronic course evaluation survey. There was one 
question regarding the MSK review: “The [review] provided a helpful overview of key concepts from musculoskeletal 
structure labs”. Response to this question was based on a 5-point Likert-scale with the following anchors: 1 = strongly 
disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree. At the end of the evaluation, students 
were asked to provide general feedback in an open-ended format.

We analyzed academic performance on the 2019 and 2021 MSK examinations to determine if the consolidation 
carnival impacted students’ performance in the end-of-course summative examinations. At ZSOM, summative exams are 
administered as constructed-response short answer questions, each response being scored using an analytic rubric.33 

There were a total of 28 questions on the exam, each ranging from 2 to 5 points for a total of 103 possible points, which 
was thereafter converted to percentage scores. Each question was graded by one faculty member to assure that it was 
graded consistently. Student responses are always anonymous, so the graders do not know the identity of the student 
while they are grading. The examination questions analyzed were representative of all the areas covered in structure 
laboratory and review sessions which included shoulder, arm, brachial plexus, forearm, hand, hip, thigh, knee, leg, and 
ankle.

Data were statistically evaluated using IBM SPSS Statistics (SPSS Inc., Chicago, IL, USA, Version 24.0). Figures are 
presented as the mean (M) and standard error of mean (SD) score for various components of the upper and lower limbs. 
A Student’s t-test was used to compare exam performance of the historical control group (2019 MSK exam scores) and 
the consolidation carnival group (2021 MSK exam scores). A p-value ≤ 0.05 was considered statistically significant.

Figure 1 Floor plan of the structure laboratory during review sessions.
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Ethical Consideration
Ethical approval was obtained from Hofstra University Institutional Review Board. The study was approved under 
Exempt Review procedures of the University’s Institutional Review Board governing the use of humans as research 
subjects (HUIRB Approval Ref#: 20220222-SOM-BAS-1).

Results
Students’ Perception of the Consolidation Carnival
Student feedback serves as a useful basis for modifying and refining medical education, especially because the integrated 
medical curriculum is designed to be student-centered.34

The Consolidation carnival was made up of two case-based review sessions as part of the MSK course. Ninety-seven 
out of 103 students completed the post-course evaluation (94%). In response to the question asking if the consolidation 
carnival provided helpful overview of key concepts from the musculoskeletal structure lab, 91 respondents (94%) agreed 
or strongly agreed, 5 (5%) were neutral, 1 (1%) disagreed while none strongly disagreed (Figure 2). For the open-ended 
general feedback regarding the case-based review sessions, students expressed their satisfaction as follows:

● “I loved the consolidation carnival for MSK and thought that it was a really helpful way to assess how much I had 
learned from the prior sessions and what I still needed to work on”.

● “The Consolidation Carnival was a great way to go over the main takeaways from the lab”.
● “The effort that the faculty put in in helping us consolidate and review via the massive review sessions and the 

consolidation carnival were EXTREMELY helpful!!! If we could always have something like this during every 
block that would be fabulous. Thank you!!!”

● “The consolidation/review sessions were great (Carnival and final week reinforcement sessions)”.

MSK Examination Performance
We assessed the impact of the review sessions on student learning outcomes by comparing identically-worded questions 
used in both 2021 and 2019 MSK examinations. Three questions focused on the upper extremities, representing shoulder 

Figure 2 Student’s responses to a 5-point Likert scale survey: The “Consolidation Carnival” provided a helpful overview of key concepts from musculoskeletal structure labs.
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and arm, forearm, and hand were selected and analyzed. The selection of the questions was based on those that were 
repeated in both 2019 and 2021. Table 2 shows the mean and standard deviation for upper extremity scores for each 
group. There was no significant difference in the students’ scores on the shoulder (t (201) = 0.94, p = 0.35) or hand 
question (t (201) = −1.84, p = 0.07). There was, however, a statistically significant decrease in the students’ scores on 
a forearm question in 2021 compared to 2019 (t (201) = 2.37, p = 0.02).

For the lower limb open-ended essay questions in the MSK examinations that were repeated in 2019 and 2021, three 
questions representing the hip, thigh and leg were selected and analyzed. Table 2 also shows the mean and standard error 
of mean for lower extremity scores for each group. There was no significant difference in the students’ scores on a hip 
(t (201) =−0.42, p=0.68), thigh (t (201) =−0.05, p=0.96) or leg question (t. (201) =−1.05, p=0.30).

Discussion
In this study, we described the consolidation carnival – a case-based review exercise designed for our musculoskeletal structure 
curriculum. We also assessed students’ perception and measured examination performance outcomes. Musculoskeletal anatomy, 
and gross anatomy in general, is an enduring challenge for medical students due to the large volume of new knowledge that must 
be acquired within a short time. This has caused students to resort to rote memorization which is mostly useful for short-term 
recall, during review for assessments, mostly without the necessary integration of fundamental concepts.35 Therefore, focus 
should also go into consolidation efforts described in this study, which is critical to successful learning.36 To the best of our 
knowledge, there is no research on the use of CBL in anatomy review sessions, hence the impetus for inclusion of structured 
review sessions as part of a continuous learning experience in the musculoskeletal curriculum.

The structure of the review exercise described in this study went beyond the passive method of questioning, and answers 
requiring repetition of facts from didactic lectures. This is in line with core definitions of CBL which involve prior knowledge, 
clear objectives, clinical cases, and student-led inquiry with guidance and feedback from faculty.37 In addition to the CBL 
approach being a student-centered, active learning style, it ensured that the students had the opportunity for (1) problem- 
solving and critical thinking, (2) building on existing knowledge, and (3) learning from their peers through in-depth 
discussions and collaboration in a low-stakes, low-stress environment.38 Additionally, the CBL approach to reviewing the 
MSK course fostered a deeper approach to learning the subject through application of their knowledge towards solving the 
cases in lieu of superficial reproduction of facts.39 The timing of the review sessions at the end of each of the extremity sections 
was also critical as it served as a form of retrieval practice,40 although it was not designed as a test in the traditional sense of the 
word, but a formative exercise. Retrieval practice based on the testing effect is an active process of learning through testing 
which has been shown to improve long-term retention as opposed to learning the written information from textbooks which 
does not involve the critical retrieval process.41 This process is often more successful soon after initial learning of the 
subject.40 Moreover, as memories are retrieved in these structured review sessions, they become more pliable and receptive to 
being updated with new knowledge, which further strengthens the memory.42

Table 2 Mean ± Standard Deviation of Examination Scores for 
Upper and Lower Extremities in 2019 and 2021

2019 2021

Shoulder & Arm 2.57 ± 0.72 2.46 ± 0.84

Forearm 1.90 ± 1.03 1.59 ± 0.84*

Hand 2.66 ± 0.64 2.82 ± 0.56

Hip 2.66 ± 0.57 2.69 ± 0.59

Thigh & Knee 2.77 ± 0.51 2.77 ± 0.41

Leg 2.84 ± 0.47 2.90 ± 0.38

Notes: *p=0.02; level of significance was measured at p≤0.05.
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The usefulness of the consolidation carnival to the students’ overall learning experience was supported by the 
positive feedback received in the post-session evaluation. Our findings highlight the generally positive perception 
of students towards CBL as seen in other studies which compared CBL to other teaching strategies.26,28,29 The 
answers provided at the end of each case and immediate feedback provided by faculty through Socratic question
ing during these sessions were useful in closing some knowledge gaps and further promoting self-reflection – 
known to have a great impact on learning.38 Besides, feedback that includes the correct answer increases learning 
because it helps to correct errors and helps successful memory retrieval.40 Likewise, Socratic technique is 
a systematic inquiry that deeply probes or explores the meaning, rationalization, or logical strength of a line of 
reasoning as part of the learning process.43,44 This method of inquiry is a core to successful implementation of 
CBL, encouraging the shift from memorizing facts to the application of independent and critical thinking skills in 
problem solving.23,44,45

A well-designed and integrated assessment is an important tool in determining learning outcomes and the effective
ness of an educational process.46 The students’ scores on the short, open-ended, case-based MSK examination showed no 
significant difference in students’ scores on the shoulder, hand, hip, thigh, and leg questions. While there was 
a statistically significant decrease in the students’ scores on the forearm question in 2021 compared to 2019, there was 
also a stability of the students’ scores in most of the examination questions in both 2019 and 2021. Previous studies have 
reported significantly better scores in post-tests following the implementation of CBL as a teaching strategy compared to 
traditional didactic methods.27 Our approach differs in that it was focused on a review session and not a primary teaching 
strategy. Our findings as regards examination performance bring to attention the gap that exists in understanding the 
relationship between revision exercises conducted in a lower stress learning environment and examination performance 
completed under a higher degree of stress.47

Limitations of the Study
At ZSOM, we use exclusively short essay style, open-ended questions (OEQs), even for anatomy practical exams.33 This 
necessitates creative wording of clinical vignettes such that some questions are similar, but not identical, from year 
to year. Since we chose to analyze only the questions that were identical, this reduced the number of examination 
questions that could be compared between the two years. Additionally, we studied the effect of this structured review 
session for only one body system as part of a larger, integrated course and cannot at present extrapolate these results to 
other courses.

Conclusion
The case-based review sessions were useful in consolidation of the MSK course, though they did not significantly 
improve examination performance. Their effectiveness can be attributed to the active learning approach which made 
learning of MSK more relevant and interest-provoking. These data and feedback will serve as an important tool to guide 
future strategies in improving students’ learning experience during the MSK course. 
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