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Purpose: With increasing specialization among surgical divisions, a well-rounded education during a surgical residency is often 
accomplished by rotating among different subspecialties. Inclusion of specific rotations in the resident curriculum can be considered as 
a cost–benefit calculation balancing the value of exposure to a subspecialty versus the opportunity cost of potential learning from 
another rotation. We find that often these decisions are based on anecdotal feedback. Our goal is to supplement these reports with 
a quantifiable metric of learning achieved on the plastic surgery rotation. Our hypothesis in this prospective study was that residents 
would demonstrate improved performance on a post-rotation test after their 1-month rotation on plastic surgery compared to the pre- 
rotation test.
Methods: A question bank was developed to reflect institutional curriculum objectives and clinical scenarios commonly seen on the 
service. The questions were developed, validated and vetted in collaboration with medical educators and attending plastic surgeons 
yielding 20 questions available for use. Postgraduate year 1 residents were given a 10-question test before and after their plastic 
surgery rotation. A one-tailed paired t-test was used to assess improvement between the pre-rotation test and the post-rotation test.
Results: A total of 378 tests were administered with 228 (60%) pre- and post-rotation tests completed meeting inclusion criteria. 
Average percentage of correct answers for the pre-rotation test was 29% and 88% for the post-rotation test showing a differential 
improvement of 58% (p < 0.001).
Conclusion: Surgical trainee time is a limited commodity. Each clinical rotation needs proven consistent benefit for the trainees. We 
developed a questionnaire that documents the improvement in clinical knowledge after a one-month rotation on plastic surgery relative 
to before. The test results were consistent even when comparing trainees who did the rotation early versus late in the PGY-1 year. 
Clinical exposure reinforces and solidifies specialty learning.
Keywords: education, plastic surgery, curriculum, off-service rotations, general surgery training

Introduction
As the house of surgery has become increasingly specialized, the amount of exposure to different subspecialties and 
pathologies during training continues to be challenging. General surgery residency programs must prepare physicians to 
encounter a wide spectrum of diseases and conditions. This requires general surgery residents to rotate among the 
surgical subspecialties. Each rotation has a cost–benefit calculation. The value of any off-service rotation is weighted 
against the opportunity cost of what residents are not seeing or learning. The goal is to help develop well-trained 
residents with exposure to all facets of surgery for which they may eventually be consulted, treat directly, or triage for 
subspeciality care. Direct learning research has shown that the use of experiential learning, feedback, effective relation-
ships with peers, diverse educational methods, and developing intrinsic motivation are the key factors in quality medical 
education.1–4 Simply reading about a disease process does not provide the same lasting educational benefit as clinical 
exposure and practical experience for both cognitive and technical skills.

We believe plastic surgery holds a special position in the allocation of trainee assigned time. Much of the soft tissue 
and chronic wound management principles and practice are only accessible on the plastic surgery services. These skills 
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are important for all surgical trainees to understand and adopt into their own practice. Previous studies have shown that 
even 2–3 weeks of condition-specific focused plastic surgery education results in significant improvement in plastic 
surgery technical skills and overall core competency development in surgery residents.5–7 Plastic surgery exposure allows 
trainees to participate in complex wound debridement, skin lesion and tumor excisions, skin grafting, scar revision, 
contracture release, and soft tissue coverage in complex trauma patients. Many of these skills would benefit other surgical 
specialties and emergency department trainees.

At our institution, the plastic surgery service trains general surgery, orthopedics, neurosurgery, otorhinolaryngology, 
emergency medicine, and podiatry residents. The decision to participate in the service involves a cost–benefit discussion 
as outlined above. In most cases, these decisions are often based on feedback from trainees regarding their anecdotal 
experience on the service. Our goal is to supplement this with data on what they learned by working on the service. We 
developed and administered a test of multiple-choice items to provide a quantifiable metric of learning. Multiple choice 
items were chosen as our test format to reduce subjectivity in evaluator scoring while maintaining the ability to test 
higher cognitive level capabilities.8,9 We hypothesized that residents would demonstrate improved performance on 
a post-rotation test after their 1-month rotation of plastic surgery compared to a pre-rotation test.

Materials and Methods
We developed and validated a bank of single-best-answer multiple choice questions. The questions were developed to 
encompass both the topics outlined in the curriculum and clinical scenarios commonly seen by house officers on the 
plastic surgery rotation (Appendices 1 and 2). Special emphasis was placed on clinical scenarios that trainees might see 
on call and principles that may provide corollaries to the broader practice of surgery. Examples of this include 
postoperative complications, problem wounds, and trauma.

With input from the graduate medical education department, we reviewed each question for its ability to promote 
critical thinking, discriminate between knowledge levels, minimize ambiguity, and moderate difficulty of subject 
matter.10–12 This step required rewriting many of the questions and responses. Exclusion criteria included the presence 
of item writing flaws such as repetition of part of the stem, use of qualifiers within an option, complicated or ambiguous 
stem, use of double negatives, presence of heterogenous option length, and use of absolute options. We used a modified 
Bloom’s taxonomy scale to assess the cognitive level of the questions with level 1 equating to “remembering”, level 2 as 
“understanding”, and level 3 as “applying and predicting”. There were 56 questions prepared in this manner for 
consensus testing. Consensus testing involved reviewing all questions with a group of board-certified plastic surgeons 
(N = 8).13 Each question had to achieve 100% consensus as written or with minor wordsmithing. Some required changes 
in the associated images, x-ray and patient photos to achieve consensus. The list was reduced to 35 questions after 
consensus testing.

The beta testing of this group of 35 questions involved a random set of 10 questions given to each resident rotating on 
the service before the rotation began. This was sent to them as an online test to be taken prior to starting the service. Any 
item with an average correct response rate greater than 70% on the pre-rotation test was eliminated. The rationale for 
their removal was that these questions were not specific enough to discriminate between knowledge gained before and 
after the rotation or that the question was poorly worded. All questions were reviewed in this manner by at least 5 
different rotating residents. After completing this first round of pre-rotation assessment, we then switched to post-rotation 
assessment. In a similar manner, residents were sent a request to complete a post-rotation questionnaire 4 weeks after 
completing the rotation. Any question that received a less than 30% correct average response was eliminated. The 
rationale for this was that the question was poorly worded and needed revision. This development phase similarly 
continued until at least 5 different residents answered each question.

Following completion of the beta testing, there were a total of 20 items available in the question bank. We then 
established a pilot program for the off-service residence on plastic surgery. The cadre of residents included mostly 
general surgery but also neurosurgery, dermatology, orthopedics, otorhinolaryngology, emergency medicine, and podiatry 
residents. All residents were expected to take both the pre-rotation test and the post-rotation test. This resulted in 
approximately 36 participants annually. Participating postgraduate year 1 residents were sent a copy of the curriculum 
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and a link to the pretest (Appendix 2) four weeks prior to the rotation. The post-rotation test was sent 1 month after the 
rotation was completed.

The testing was performed on a platform used systemwide for employee education, training and testing. The site 
administrator was given all 20 items and asked to randomly assign the items in groups of 10 to serve as the pre-rotation 
and post-rotation tests (Appendix 1). Residents could potentially get the same question on the pre- and post-rotation tests. 
Items were scored dichotomously with equal weight. Pre-rotation test scores and keyed responses were not shared with 
residents to avoid a potential confounding factor. Tests were excluded from our data set if either test was unfinished, not 
submitted or required more than 24 hours to complete. A one-tailed paired t-test was then used to assess improvement 
calculated in Microsoft Excel (Redmond, WA). We collected data over 6 years. Institutional review board policies were 
followed.

Results
A total of 378 tests or 189 test pairs were given over a 6-year period to 189 residents. Based on inclusion criteria, there 
were 228 completed tests, 60% of total participants for inclusion in our study. The cohort who completed both tests was 
comprised of 63 general surgery (54%), 24 emergency medicine, 10 orthopedic, 5 podiatry, 4 neurosurgery, 4 dermatol-
ogy, and 4 otorhinolaryngology residents. The average Modified Bloom’s Taxonomy level of the questions was 2.04. The 
average score of correct answers on the pre-rotation test was 29.5% (standard deviation 11), and the average score for the 
post-rotation test was 88% (standard deviation 9) (Table 1) demonstrating a statistically significant positive score 
differential of 58% (p < 0.001). There was no difference in test performance between general surgery and non-general 

Table 1 Average Pre-Rotation and Post-Rotation Percent Correct Scores by Question

Item Number Pre-Rotation Percent Correct (n) Post-Rotation Percent Correct (n)

1 22% (26) 68% (80)

2 11% (13) 97% (113)

3 41% (48) 99% (116)

4 16% (19) 92% (108)

5 26% (31) 96% (112)

6 40% (47) 85% (99)

7 39% (46) 94% (110)

8 23% (27) 91% (106)

9 17% (20) 73% (85)

10 20% (23) 71% (83)

11 29% (34) 88% (103)

12 44% (52) 97% (114)

13 32% (37) 95% (111)

14 40% (47) 92% (108)

15 12% (14) 90% (105)

16 28% (33) 82% (96)

17 38% (45) 95% (111)

18 43% (50) 86% (101)

(Continued)
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surgery trainees. No differences were noted between scores for residents taking the pre-rotation test or post-rotation test 
during the first quarter versus the final quarter of the academic year.

Discussion
We have shown that rotating on plastic surgery for 1 month as a postgraduate year 1 improves understanding of key 
concepts and relevant clinical scenarios based on a pre-test post-test model. The test was designed to provide objective 
information on clinical skills learned on the rotation. This was done by comparing scores on a group of standardized 
questions before and after the rotation. This improvement after real-life exposure to the specialty held for surgical and 
nonsurgical trainees as well as those rotating early or late in the academic year.

In this study, we set out to confirm our hypothesis that clinical exposure to plastic surgery in the postgraduate year 
1 year provides measurable benefits in line with the institutional curriculum. The standardized exam we administered 
confirms this. The skills we tested align with the trainee goals and objectives. They include understanding chronic and 
surgical wound assessment and wound care. This is a skill for all physicians and easily transferable to many clinical 
settings including hospital acquired conditions such as pressure injuries. This is encompassed in the concepts of system- 
based practice and patient safety, which are part of the Accreditation Council for Graduate Medical Education outlined 
milestone assessments.14 Other concepts include soft tissue management for trauma patients and in the operating room. 
These skills also overlap with trainees’ milestones in surgery, podiatry and dermatology.15 There are questions about the 
management of fractures in the hand and face, which are particularly relevant for orthopedic and otorhinolaryngology 
residents. These topics overlap with many disciplines and are necessary for triaging care and disposition of patients 
presenting for emergent and urgent care.

It is noteworthy that the scheduling of the plastic surgery rotation did not impact score or score differential. 
Comparing first quarter and fourth quarter test takers did not show a statistically significant difference. The impact of 
the rotation was the same regardless. The fourth quarter test takers have taken care of plastic surgery patients on cross 
coverage nights, interacted with plastic surgery fellows and staff, attended relevant requisite didactics and presumably 
studied for the in-service training examination conducted in January of each year. Apparently, none of these factors made 
as significant of an impact as the 1-month rotation.

Our study has several limitations. While the 20 items were designed to be representative of the rotation curriculum, 
having a greater number of questions could have allowed for more detailed assessments of learning and potential areas 
where we can improve the education provided. Our assessment of resident learning is limited by relatively short-term 
follow-up, so we cannot comment on long-term retention of knowledge. Only 60% of tests administered during the study 
interval met inclusion criteria. Although the study design was prospective, there may be unintended selection bias.

This work is important in demonstrating a method for evaluating the education provided to trainees on a surgical 
rotation. Plastic surgery is a unique field as its scope often overlaps other specialties. By providing trainees with another 

Table 1 (Continued). 

Item Number Pre-Rotation Percent Correct (n) Post-Rotation Percent Correct (n)

19 38% (44) 79% (92)

20 30% (35) 84% (99)

Average percent correcta 29% (standard deviation 11) 88% (standard deviation 9)

First 3 months average correctb 31% (standard deviation 10) 85% (standard deviation 13)

Last 3 month average correctb 26% (standard deviation 12) 89% (standard deviation 10)

Notes: aThe difference between pre- and post-rotation average correct was statistically significant at p < 0.001. bThe score differential for 
those taking the test in the academic first quarter (54%) compared to those taking the test in the fourth quarter (63%) was not statistically 
significant, p = 0.68.
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specialty’s perspective on a condition that also falls in their primary specialty’s domain, we can help establish a broad- 
based, academically well-rounded management approach and facilitate knowledge sharing among specialties.

Conclusions
We have developed a questionnaire that had a twofold benefit. It allows us to confirm that trainee experience is aligned 
with our agreed upon curriculum, and it also reinforces to us and the medical education community the importance of 
real exposure and education in plastic surgery. Further work is needed to build these principles for other surgery and 
nonsurgical rotators.
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