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ABSTRACT
An online video-based learning program in nerve surgery was developed in this 
thesis as an educational framework to (1) translate expertise globally into clinical 
practice, (2) implement the constant improvements and innovation in surgery which 
essentially comes to a halt after surgical training, and (3) address the training dispar-
ities and need for improved outcomes. Innovation is a vital process for the advance-
ment of surgery and contributes to improved life expectancy and enhanced quality 
of life. However, this passive process from ideation to implementation can take 
many decades, an estimated 17 years for just 14% of medical research to translate 
from benchtop to bedside and influence patient care. The expert-performance ap-
proach proposes to identify superior performance, study performance, and create 
training methods to facilitate cognitive representations associated with expertise. 
Video is a rich medium to capture expertise and promote visual learning from mod-
eled examples especially in nerve surgery, a specialty with an illustrious history of 
innovation and defined management paradigms. When combined with expert-per-
formance, video-based learning provides an opportunity to accelerate surgical in-
novation through the active process of dissemination and implementation. In this 
thesis, an online video-based learning program in nerve surgery was developed as 
an educational framework to translate expertise globally into clinical practice by 
using YouTube for audience outreach and a surgeon-focused platform to maximize 
educational value. The program recruited 1,500+ surgeons (54% in-practice, 46% 
trainees) and received 4M+ views (69% outside the U.S.) from across the world. Of 
the registered users, 43% were active learners at least once a month. To validate 
this model, learning analytics were introduced to establish surgeon engagement 
as a benchmark for quality in surgical videos and dynamic lectures teaching clin-
ical reasoning. To examine the role of surgical videos in learning technical skills, 
novice residents improved performance by having fewer operative errors and im-
proved confidence when learning from videos in a simulated cadaveric study. To 
teach clinical reasoning to our membership and accompany the surgical videos, a 
video-based module was designed using the cognitive theory of multimedia learn-
ing (CTML) and demonstrated knowledge acquisition and retention in surgeons, in-
dicting potential long-term practice change and adoption of novel evidence-based 
procedures. Ethical development of innovative procedures is paramount and man-
dates robust evaluation for safety, efficacy, and effectiveness. In designing training 
methods to translate expertise and reduce learning curves, an ethical dilemma was 
encountered regarding the use of an atlas, derived from victims of the Holocaust, 
in surgery and education. To address this issue, the use of Pernkopf’s atlas was as-
sessed in surgical practice to develop a four-point proposal for its ethical handling 
to include disclosure, bioethical and religious considerations, and remembrance. 
Based on the authority of the Vienna Protocol, ethical and religious guidelines were 
created using a four-option framework to permit its use in surgery and education 
when physicians acknowledge and disclose its immoral origins, in a manner that 
honors the victims. These combined results indicate video-based learning as an 
effective approach for the dissemination and implementation of surgical innovation 
when guided by expert-performance and CTML, and thereby creates a learning 
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environment to develop guidelines that address ethical issues encountered at the 
intersection of surgery, anatomy, and education. This educational framework war-
rants identifying expertise in surgery to expand training opportunities that tran-
scend geographic, economic, racial, gender, and language barriers and address 
disparities in healthcare across the world. 
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CHAPTER 1
INTRODUCTION AND BACKGROUND
 

Based on: 
Dengler J, Padovano WM, Davidge KM, McKay VR, Yee A, Mackinnon SE. 
Dissemination and Implementation Science in Plastic and Reconstructive Surgery: 
Perfecting, Protecting, and Promoting the Innovation that Defines our Specialty. 
Plast Reconstr Surg. 2020.
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INTRODUCTION AND BACKGROUND 3

1

INTRODUCTION AND BACKGROUND

SURGICAL INNOVATION

Innovation is a vital process in the advancement of surgery, contributing signifi cantly 
to improved life expectancy and enhanced quality of life. While there is no uniform 
view on innovation, it can be defi ned as either development of a new procedure, 
substantial modifi cation to an existing procedure, or application of an existing pro-
cedure to a new anatomic site or new patient population.1,2 Some innovations can 
be dramatic, which include, but is not limited to organ transplantation, endovascu-
lar procedures, and robotic surgery.3-6 In plastic and reconstructive surgery, diverse 
innovations like microsurgery,7 liposuction,8 tissue engineering,9 reconstructive 
prostheses,10 and composite vascularized allotransplantation11 were driven by the 
specialty’s emphasis on problem solving in heterogenous patient populations using 
creativity, entrepreneurship, and a degree of surgeon autonomy.12-15 While research 
is considered a pre-requisite for driving innovation,1 the process from ideation to 
implementation can take many decades. It is estimated that it takes 17 years for 
just 14% of medical research to translate from benchtop to bedside and infl uence 
patient care.16

Innovations in nerve surgery, a subspecialty that is shared between plastic and re-
constructive surgery, orthopedic surgery, otolaryngology, and neurosurgery, can be 
seen in shifts of management paradigms from nerve repair, to grafting, and to trans-
fer.17 Thomas Kuhn defi nes a paradigm shift as a fundamental change in the practice 
of a scientifi c discipline, or scientifi c revolution.18 He describes that a “failure of 
existing rules is the prelude to a scientifi c search for new ones and when enough in-
formation has accrued against a current paradigm, the scientifi c discipline is thrown 
into a state of crisis, and a new paradigm forms with new followers; frequently with 
an intellectual battle between the new paradigm supports and old paradigm hold-
outs.” Poor clinical outcomes following nerve repair were the stimulus for alterna-
tive reconstructive strategies. A controversial symposium at Duke University in 1978 
illustrated a paradigm shift from nerve repair to grafting during presentations by 
Leonard Goldner on managing a long radial nerve gap with bone excisions and 
nerve repair vs. a patient series by Raymond Curtis managing these same injuries 
with long nerve grafts with improved results.17

As nerve grafting became a standard of practice, its adopters recognized the failures 
of increased graft lengths from exceeding critical intervals and deteriorating clinical 
results.19,20 In the early 1990s, nerve transfers began receiving traction as an alternative 
strategy to reinnervate a target end organ with a nearby donor nerve,21 despite be-
ing fi rst described in 1911 adaption of a nerve anastomosis.22 Since then, many nerve 
transfers have been developed to restore motor and sensory function in the upper 
and lower extremites,23 and adapted in other patient populations to restore bladder 
function in lower urinary tract dysfunction,24 upper limb function in cervical spinal cord 
injuries, stroke, and cervical radiculopathy,25-29 and to treat neuroma pain and control 
prosthetic arms using targeted muscle reinnervation in amputees.30,31 The invention 
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4 CHAPTER 1

of the operating microscope ushered in the subspecialty  of microsurgery, which 
allowed for the internal neurolysis of peripheral nerves and thereby revealed new 
anatomical interfascicular neural patterns and motor/sensory topography and spec-
ifi city.32 Coupled with the discoveries from translational research based on nerve 
allotransplantation,33 nerve transfers became another strategy in the reconstructive 
toolbox for surgeons through the natural diffusion of information facilitated by evi-
denced-based medicine and traditional peer-reviewed publishing channels. 

Natural diffusion of basic science and clinical research occurs through evi-
denced-based principles that optimize decision-making and emphasizes ethical 
research.34,35 Since 2009, the IDEAL (idea, development, exploration, assessment, 
long-term study) framework has been used internationally to provide a staged path-
way by which surgical procedures should be developed and assessed.36 This in-
cludes pre-clinical studies described as the pre-IDEAL stage, followed by concept 
proof studies in Stage 1, case series and prospective cohort studies in Stage 2A to 
provide technical description, prospective multicenter exploration cohort studies 
in Stage 2B to achieve consensus between surgeons, randomized-controlled stud-
ies in Stage 3 to compare procedure effi cacy, and registries in Stage 4 to provide 
surveillance on rare events. The process of exaptation, an evolutionary mechanism 
resulting from a functional shift of an existing trait, used to stimulate innovation in a 
social system,37 requires safe and effi cacious adoption across this system (i.e. nerve 
transfers being applied in a vulnerable spinal cord injury patient population). Inter-
national symposia and peer-reviewed academic journals are the traditional channels 
to share innovations, however surgery is a visual discipline where a written descrip-
tion of a procedure could be more effectively portrayed through a medium like a 
video.38 In this thesis, video was explored as an effective medium to facilitate surgi-
cal innovation and address potential ethical issues that may arise. 

ETHICS IN SURGICAL INNOVATION AND ANATOMY

Ethical development and adoption of innovative procedures are paramount to any 
surgical discipline, and mandate robust evaluation for safety, effi cacy, and effec-
tiveness.39 Four major themes become apparent when discussing ethics in surgi-
cal innovation: oversight, informed consent, learning curve, and vulnerable patient 
groups.40 Although, there is no uniform view for innovation, most surgeons agree 
that some form of oversight is essential and its requirements correspond to the de-
gree of innovations – minor modifi cation, major modifi cation, or radically new inno-
vations, and innovations that are new to the institution but validated elsewhere.41,42

This can range from formation of specifi c innovation committees (institutional, re-
gional, and national)  to establishing national registries similar to Stage 3 assessment 
of innovations in the IDEAL framework.36 Acquiring informed consent for innovative 
procedures is a necessary step that requires more critical observation to disclose 
information on its innovative nature, evidence or lack thereof, risk and benefi ts, and 
potential alternatives to the procedure.40,43 Physicians, researchers, and patient ad-
vocators facilitate the effective communication of these considerations to patients, 
considerations that can be enhanced through multimedia presentations.44,45
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Major proponents of ethics in surgical innovation are surgeon educators, whose 
guidance is aimed at reducing the learning curve relating to safe diffusion and 
adoption of new techniques.46 The IDEAL framework includes a description of the 
learning curve for new technologies, where during the development and explo-
ration phase, innovators are progressing quickly to refi ne the technical details of 
an operation, leading towards superior performance, and become comfortable 
enough to start broadening its indications and applications to an increasing num-
ber of patients.47 However, complications relating to the learning curve can arise, 
as seen with the prevalence of bile duct injuries during the introduction of laparo-
scopic cholecystectomy.48-50 The reduced hospital stay and improved post-operative 
recovery period offered in laparoscopic cholecystectomy vs. an open approach war-
ranted several decades of research investigating its effi cacy,51 cost-effectiveness,52

and methods for reducing bile duct injuries, research that included the develop-
ment of a safe cholecystectomy training program designed to institute technical 
criteria for achieving the “critical view of safety” for identifi cation of the cystic duct 
and artery.53 Most surgeons agree that training is necessary for using new technolo-
gies and performing novel procedures, which include hands-on training with animal 
models or human cadavers, visiting profi cient surgeons, presence of a mentor or 
committee, and models for accredition.40 Ethicists in surgical innovation propose in-
troducing components of a “learning healthcare system” to guide research and de-
bate.40 Suggestions to improve quality of care include embedding research through 
the integration of research and practice and a moral emphasis on learning activities. 

Surgeons practice a form of applied ethics by guiding patients and families through 
complicated and shared decisions to informed consent, living a code of truth and 
trust, delivering bad news, and dealing with end-of-life issues and plans for pallia-
tive hospice care.54,55 In the past, ethics training for surgeons was largely an infor-
mal process of following examples and mentorship of senior surgeons.56 Coupled 
with the growing complexity of medical and surgical interventions and reduced 
opportunities for role models and mentors, a formal ethics curriculum was needed 
to promote continued ethics education for surgeons at all stages of their careers. 
Through a joint sponsorship in 2008, the American College of Surgeons and the 
journal Surgery implemented quarterly case studies examining bioethical dilemmas 
using a four-option framework, which concludes with an “ethics bottom line” to 
provide practical methods for surgeon and an approach using a consideration and 
weighing of diverse solutions to confront ethical issues.57 Covered topics varied 
and included contemporary ethical questions regarding organ procurement from 
executed prisoners,58 therapeutic misconceptions,59 confl icts of interest concerning 
implants,60 sharing clinical photographs in the digital age,61 and confl ict of values 
judging medical negligence.62 Confl ict of interest can potentially comprise clinical 
judgment and thereby prevent the acceptance of innovation.63,64

Ethical issues can arise in the anatomical sciences regarding surgery and innovation. 
The specialty of plastic and reconstructive surgery is considered by some a specialty 
of anatomy and innovation,65 requiring creative strategies based on scientifi c evi-
dence to manipulate anatomy and reconstruct uncommon or diffi cult defects. For 
example, opponensplasty is traditionally indicated for restoring thenar function in 
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median nerve defects. However, in a rare case where resection of a synovial sarcoma 
would create a median nerve defect in the forearm, requiring post-operative irradi-
ation, thus making a splint for protection of a tendon transfer a contra-indication, 
a surgeon could consider transferring the abductor digiti minimi nerve branch to 
the thenar nerve branch,66 by a using a motor nerve graft sourced from the nearby 
anterior interosseous nerve.67,68 To successfully perform such an intricate procedure 
requires knowledge of neural branch pattern and interfascicular anatomy, a knowl-
edge derived from hands-on experience, anatomical textbooks, or peer-reviewed 
scientifi c articles. Surgical anatomy is the basis for all surgical specialties, and its 
users need to consider the ethical origins from which the data and human tissues 
were sourced.69

The Topographische Anatomie des Menschen (Topographical Anatomy of Man) by 
Eduard Pernkopf is a highly regarded atlas featuring detailed illustrations of me-
ticulous anatomic dissections.70 However, its use is surrounded by controversy due 
to Pernkopf and his medical illustrators’ (Lepier, Endtresser, and Batke) affi liation 
to the Nazi Party (NSDAP). 71-74 Accounts of the history in the advancement of the 
anatomical sciences during the early 1900s document ethical transgressions during 
the “Third Reich.”75 Unlike the present practice of body procurement using willed 
donor programs, German anatomists during this period produced knowledge and 
procured bodies from victims of the Nazi regime, including executed prisonors.76-78

Inquires into the origins of Pernkopf’s atlas began in the 1980s when Weismann and 
Williams revealed that Pernkopf and his illustrators’ were NSDAP members.71,74 Wil-
liams addressed the atlas as a “troubled masterpiece.” A public debate in the 1990s 
was initiated by an oral and maxillofacial surgeon, Howard Israel, who together with 
medical historian and physician, Bill Seidelman, motivated Yad Vashem (the Israel 
Holocaust and Martyrs Remembrance Authority) to send an offi cial inquiry on the 
historical background of the atlas to the University of Vienna. 72,79,80 The subsequent 
investigation revealed that Pernkopf, as Dean of the university, was involved in the 
removal of all faculty members, who were of Jewish origin or political opponents.81,82

In that same year, the University of Vienna responded by admitting to a systematic 
suppression and denial of the Nazi past in the anatomy department,83 and there-
by commissioned the Senatorial Project of the University of Vienna.84 The historic 
research project ascertained that the Vienna Anatomical Institute received 3,964 
unclaimed bodies; 7 willed body donations; approximately 7,000 bodies of fetuses, 
still born babies, and children (all dead form natural causes); and at least 1,377 bod-
ies of executed persons executed after civilian and military trials in the Vienna court 
system, including 8 persons of Jewish origin. It remained unclear exactly which bod-
ies were used for the creation of the atlas images produced during the Nazi period. 
These signifi cant fi ndings sparked an ethical controversy surrounding the handling 
of Pernkopf’s atlas,84-86 including removal or transition of Pernkopf’s atlas into special 
collections by medical libraries, and inclusion of a historic note of disclosure.87,88 The 
ethical dilemma regarding its use relates to larger issues surrounding data derived 
from Nazi science, such as the Dachau hypothermia experiments,89,90 and the effects 
of phosgene gas in concentration camps.91 Nonetheless, Pernkopf’s atlas persists in 
circulation in the medical community, however, ethical considerations in its use for 
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1

surgery and education have not be documented. To start such a documentation, the 
current role of the atlas in surgery and diffusion of innovation has to be assessed.

DIFFUSION, DISSEMINATION, AND IMPLEMENTATION

Diffusion of innovation was proposed by Everett Rogers in 1962 as a general pro-
cess of social change, where an idea or innovation is passively spread by members 
of a social system through existing channels.92 This process routinely takes many 
years to gain widespread adoption. Rogers defi ned fi ve categorical groups of in-
dividuals in diffusion theory, each with distinct roles relating to the “circle of local 
peer networks.” Innovators are outside the peer network, which frees them from 
constraints of a local system and allows them to generate new ideas. Early adopt-
ers, being well-respected within the local system, are the fi rst to accept a new idea. 
These individuals typically have the resources and risk tolerance to try new ideas. In 
healthcare, they are commonly elected leaders or representatives of clinical groups. 
As their status decreases the uncertainty and risk of this idea, an early majority will 
adopt and embrace innovations. Once adoption has reached 15-20% of members 
(i.e. “tipping point”) in the local system, the idea spreads rapidly to the rest of the 
system, including the late majority and the laggards, who are considered suspicious 
and/or resistant of change (Fig. 1.1). 

Indeed, studies that have investigated the neuroscience basis of learning, indicate 
we are hardwired to resist change and seek safety in consistency and predictabil-
ity.93,94 If a new idea is not communicated to and endorsed by early adopters, the 
innovation will be rejected and fails to achieve widespread adoption. This sponta-
neous and passive process generally takes time. For example, treatment and pre-
vention of scurvy with Vitamin C took over two centuries to be accepted.92 Another 
analogy is the time it takes in the rise and fall of a surgical technique, known as 
Scott’s parabola (Fig. 1.2).95 Furthermore, there are two principles that affect the 
speed of adoption.92 The fi rst is the perception of the innovation, or how well the 
innovation benefi ts with the values, beliefs, past history, and current needs of indi-
viduals, its complexity (simple ideas spread more quickly), its trialability (testing on 
a small scale), and its observability (adopters watching others performing the new 
innovation). The second principle involves the contextual system factors, such as 
communication, incentives, leadership, and management. For example, healthcare 
organizations that foster social exchanges between innovators, early adopters, and 
early majority will see faster diffusion than organizations that discourage it.

In the years following the introduction of diffusion theory, focus has shifted to means 
of improving the spread and adoption of new ideas.96,97 Collectively, this research 
constitutes a new and upcoming area of study called dissemination and implemen-
tation (D&I) science, or known as research translation,98 knowledge translation,99

knowledge-to-action,100 evidence-based policy and practice,101 and implementation 
research.102,103 This inconsistency in terminology can create confusion, but experts 
agree that they all focus on the active, directed, and planned spread of ideas.104 It 
promises to improve the speed of safe translation of medical research knowledge 
into widespread clinical practice, and to narrow the quality and disparity gap in 
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8 CHAPTER 1

FIGURE 1.1. Diffusion of innovation. The bell-shaped curve describes the diffusion of in-
novation across the social groups of innovators, early adopters, early majority, late majority, 
and laggards. The S-curve describes the percent of adoption across these social groups. 
The tipping point occurs when an idea reaches 15-20% of adoption in the local system, 
essentially transitioning into the early majority, after which, there is rapid “unstoppable” 
adoption in the group. Modifi ed from Rogers EM. Diffusion of Innovations. 5th ed. New 
York, NY: Simon and Schuster; 2003.
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10 CHAPTER 1

healthcare (Fig. 1.3).105 There are two interrelated and separate components of D&I 
research: (1) dissemination science – the study of how knowledge and interventions 
can best be communicated to potential adopters, and (2) implementation science – 
the study of how an intervention is actually integrated into practice.

In general, approaches in D&I science involve (1) an evidence-based intervention 
to be scaled or introduced to a new patient population, (2) planned strategies for 
dissemination and implementation of the intervention, (3) validated approach-
es to evaluate the implementation of the intervention, and (4) practices to ensure 
its sustainability.106 Rather than relying on intuition or trial-and-error, D&I science 
builds and utilizes validated models, often referred to as frameworks or theories, to 
achieve these aims. Characteristics of individuals and settings (inner and outer) are 
important to examine as described in a commonly-used consolidated framework for 
implementation research.107 Specifi cally, inner-setting involves understanding hos-
pital resources, organizational culture for acceptance and change, or relationships 
between physicians, patients, and administrators. Assessing outer-setting may in-
clude how a surgical department interacts with the greater international, or patient 
community. Lastly, characteristics of individuals may refer to how surgeons view 
their responsibility to follow ethical practices.

Popular frameworks include RE-AIM, translation research continuum or ‘T’ models, 
knowledge-to-action (KTA), promoting action on research implementation in health 
services (PARiHS), and others.98 RE-AIM was created as a 5-step framework (reach, 
effi cacy, adoption, implementation, and maintenance) to conceptualize public 
health impact of an intervention.108 It was later modifi ed to introduce effectiveness 
to effi cacy to improve its generalizability,109 and included individual and organiza-
tional levels for each step to better account its local context.110 The ‘T’ models was 
fi rst proposed through the National Institutes of Health Roadmap to acknowledge 
the translational steps required for benchtop research to be applied in clinical prac-
tice.98 These steps included T0 (description and discovery,111 T1 (basic science to 
clinical research), T2 (clinical research to clinical practice),112 T3 (clinical practice to 
large-scale dissemination),113 and T4 (large-scale dissemination to population health 
outcomes).114 Others have made adaptions to the model to become circular rather 
than linear.115 While RE-AIM easily outlines the criteria for the successful implemen-
tation of an intervention, the ‘T’ models depict a pathway in medical research from 
ideation to implementation.107

Having a keen understanding on how new ideas or innovations naturally diffuse in a 
social system and the active process to disseminate and implement these ideas into 
practice, promises to narrow the quality and disparity gap in healthcare (Fig. 1.4). 
While the IDEAL framework provides a staged roadmap to develop and evaluate 
surgical procedures,36 it lacks an active process to safely accelerate the adoption of 
surgical innovation. Implementation science emphasizes the spread and adoption 
of new ideas,96,97 where knowledge is shared from the innovators to the early adopt-
ers. Innovators could also be considered as experts or key-opinion leaders in their 
social system. Before an active framework to translate expertise can be considered, 
we must fi rst review the current research in expertise.
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FIGURE 1.3. Implementation and deimplementation. The fi eld of dissemination and im-
plementation promises to speed the adoption of innovation, essentially reducing the time 
for surgeons to adopt a new technique. This aims to truncate the timeline of Roger’s parab-
ola for diffusion of innovation and the fi rst ½ of Scott’s parabola with the rise of a surgical 
technique. A new subfi eld within D&I (deimplementation) studies the process of when inno-
vation falls into disuse, promising its quick and safe exit, and thereby making room for the 
next innovation. This aims to truncate the timeline of the second ½ of Scott’s parabola with 
the fall of a surgical technique.
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EXPERT PERFORMANCE

Expert performance is an approach introduced by Anders Ericsson that proposes to 
identify superior performance, capture it, and reproduce this performance towards 
achieving a state of mastery.116 This approach differs from mastery learning, which 
describes students reaching defi ned learning goals within a sequential curriculum 
of increasing diffi culty.117 The accurate measurement of performance provides an 
opportunity to identify areas for improvement. With knowledge of how to specifi -
cally improve through practice, learners can work towards changing the cognitive 
processes. When this process is supervised and guided by a teacher or coach, it is 
called deliberate practice, which is defi ned as individualized training activities spe-
cifi cally designed for performance improvement and successive refi nement.118,119

Most notably, this practice formed the basis for the “10,000-hour rule” to become 
an expert. 

Deliberate practice and the acquisition of expert performance has been well-docu-
mented in domains with competition such as sports, dance, music, and chess.116 In 
chess, the most extensively researched domain of expertise, research has revealed 
a small number of critical moves that clearly distinguishes superior players from 
those with lower chess ratings.120 Furthermore, an elite level of performance in vi-
olinists was attributed to the amount of time spent in performing solitary and de-
liberate practice.118 Identifying individuals with reproducible superior performance 
in these domains is relatively simple compared to measuring expertise in medicine 
and surgery which involves the complexity in treating patients.121 While objective 
performance in medicine and surgery can be measured through patient outcomes, 
this requires collecting and analyzing the necessary amount of long-term outcome 
data.122 This can include measuring performance through pre- and post-ratings by 
treated patients or patient satisfaction ratings of outcomes.123,124

The development of expertise is proposed to occur through a gradual sequence of 
states with three distinct types of representations.125 The fi rst type is a mental rep-
resentation that allows an individual to imagine their performance that they want 
to attain. For example, expert musicians imagine particular sounds while playing 
a score or surgeons envision their operative performance during dissection. The 
second type of representation is to translate the desired image into actions, specifi -
cally the actual performance. The third and fi nal representation is the perception or 
feedback of their performance, such as expert musicians listen to their performance 
to identify discrepancies between the aspired and actual expression of music. In sur-
gery, when encountering abnormal anatomy during a routine procedure, technical 
adjustments can made to return to the envisioned steps. A practice of expertise is 
the ability to envision how an operation will fl ow and to identify potential knowl-
edge defi ciencies to improve upon.126,127 As expertise is attained, the sequence 
of states and the individual representations becomes more distinct with increased 
complexity, refi nement, and inter-connectedness. Deliberate practice is shown to 
enhance or reduce the periods of graduated sequence of states, therefore high-
lighting its relationship with performance.121
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A common perspective in expertise is that experts have automated their perfor-
mance.128,129 Research has shown that experts recognize patterns, rather than en-
gage in thinking, while extracting more useful and reportable information about a 
specifi c situation. In traditional cognitive learning theory, the process of skills ac-
quisition occurs through the dual process model which describes two systems of 
thinking: (1) system 1 thinking, which is fast, low effort, and often subconscious and 
(2) system 2 thinking, which is slower and requires conscious effort.130,131 Within this 
framework, it is known that novices in any discipline use system 2 as they acclimate 
to their discipline, whereas experts rely more heavily on the automated processing 
of system 1 to make decisions. In surgery, a study investigating of situational aware-
ness has demonstrated that experienced surgeons are more skilled in accessing the 
ideal mental representation of information relevant to the current state of surgery.132

Additionally, the need to monitor this mental representation during critical situa-
tions is based on observing surgeons with successful or unsuccessful outcomes. 
An analysis of surgical errors during laparoscopic cholecystectomy revealed that 
bile duct injuries were due to the misperception of anatomical structures rather 
than technical errors, thereby indicating inadequate mental representation.133 These 
fi ndings support the automatic processing by experienced surgeons, where supe-
rior performance is associated with refi ned representations to plan, execute, and 
monitor surgical states.121,125 Developing educational interventions to promote this 
system of skills acquisition may promote expertise.

Applying the theoretical framework of expert performance and deliberate practice
to surgery is not obvious. While chess and patient management scenarios allow for 
open-ended answers to study expertise, physicians construct key-feature problems 
for managing patients, which are then validated through a consensus.134 To incorpo-
rate the expert-performance approach in medicine, we must fi rst examine medical 
training and the role of continued medical education (CME) and professional devel-
opment (CPD) in the longitudinal progression of expertise (Fig. 1.5). 

Training in medicine has traditionally focused on fi rst acquiring theoretical knowl-
edge and then clinical experience during clerkship, where students begin to make 
decisions about specializing. The focus on knowledge and neglect of gradual skill 
acquisition is exemplifi ed by the well-known adage, “See one, do one, teach one,” 
for learning and performing medical procedures.135 Specialization is then carried 
into residency training, which in surgery, is based on Halsted’s apprenticeship mod-
el using an 80-hour workweek.136 Halsted incorporates three principles for surgical 
training: (1) residents must have intense and repetitive opportunities for patient 
care under the supervision of a skilled teacher, (2) residents must acquire an under-
standing of the scientifi c basis of disease, and (3) residents must acquire skills in 
patient management and technical operations of increasing complexity with graded 
responsibility and independence.137 Surgical fellowships provide additional oppor-
tunities to refi ne specialization. An argument can be made that graduated surgeons 
are at a peak of knowledge, having fi nished training at teaching hospitals which 
are considered frontiers for innovation. Performance, on the other hand, is a life-
long practice for improvement; reduction of operative errors being a function of the 
number of completed procedures.138 Despite the apprenticeship model and trends 
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towards competency-based training,139 major challenges exist during the transition 
from residency to independent practice.140 Accurate assessment of knowledge and 
skills, mentoring, and use of new learning technologies have been recommended 
for individuals entering practice. 

The pace of surgical innovation continues irrespective of training and practice de-
mands, therefore creating a knowledge gap for surgeons in practice (Fig. 1.5). To 
keep up to date, surgeons attend national meetings, interpret new discoveries from 
published peer-review literature, and participate in decentralized CME acitivties.141

CME and maintenance of certifi cation (MOC) were designed to address this knowl-
edge gap. However, a 2010 report by the National Academy of Medicine (NAM) 
identifi ed irreconcilable fl aws in the current approach to CME, concluding that it 
“fails to deliver the most useful and important health information to health profes-
sionals, leaving them unable to adopt evidence-based approaches.”142 A review 
also demonstrated that attending CME lectures did not provide any meaningful 
changes in physicians’ actual practice.143 The report called for a transition away from 
CME and towards a system of CPD, which emphasizes long-term practice change. 
Several recommendations included (1) facilitating self-directed learning outside of 
professional activities, (2) using learning theories to develop educational interven-
tions, (3) analyzing the effectiveness of these interventions, and (4) improving the 
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FIGURE 1.5. Knowledge gap in surgical education. Surgical innovation occurs over a pe-
riod of time and parallels the expertise at its host training institution. Surgeons will progress 
through their training, attaining expertise and best practices at their host training institution. 
As they graduate and, especially if they enter independent practice, their knowledge pla-
teaus depending on their level of engagement with the standards of care. We defi ne a mas-
ter surgeon as an individual, who is a pioneer at the frontier of innovation, that demonstrates 
clinical and technical excellence and is also an avid educator with a purpose and availability 
to translate their knowledge to others. A video-based learning (VBL) program designed to 
translate the expertise of these master surgeons into practice could close the knowledge 
gap between surgeons-in-practice and the rate of surgical innovation.
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value and cost-effectiveness of continuing education. Online multimedia was high-
lighted as a promising strategy for CPD, since it is inexpensive, highly accessible 
and allows physicians to learn at their own pace.144 A shift from MOC to continuous 
certifi cation is occurring to address the defi cits in CME and make the process of 
certifi cation more relevant, cost-effective, and convenient to participate.145

To implement the expert-performance approach in surgery, Ericsson proposes to 
identify superior performance, study performance, and create training methods to 
develop cognitive representations associated with expertise.125 Not only do indi-
viduals with superior performance demonstrate profi cient clinical reasoning and 
technical skills, these individuals could be considered key-opinion leaders or pio-
neers, who have developed a distinguished reputation for clinical excellence and 
teaching. A clear relationship between gradual improvement of patient outcomes 
and surgeons’ experience indicate individuals with expert performance are late in 
their careers. Less experienced surgeons, who have completed fewer than 10 pro-
cedures, were twice as likely to have patients with cancer reoccurrence, as com-
pared with experienced surgeons with more than 250 completed procedures.122 Ad-
ditionally, surgeons with superior performance are associated with reduced risk of 
injuring adjacent tissues, ducts, and vessels when identifying anatomical structures 
during laparoscopic procedures.133 The American Association of Plastic Surgeons 
awards the “Clinical of the Year” to recognize signifi cant clinical achievement and 
the results of treatment in a major area of clinical interest. By having experienced 
surgeons, like these distinguished clinicians, develop training methods to provide 
technical and optimal strategies to overcome common pitfalls based on several 
decades of experience, less experienced surgeons may improve their outcomes or 
reduce their rate of complications. 

The second part of expert-performance is to examine operative performance, which 
can be accomplished by video-recording for the purpose of assessment or train-
ing.146 Systematic video recording of surgeries can be followed by detailed anal-
ysis,147 and even processed using computer vision and machine learning to auto-
matically generate operative steps in laparoscopic sleeve gastrectomy.148 Operative 
room videos have also been continuously captured and synchronized with several 
sources of intraoperative data to create a “black box” for quality improvement.149,150

This technology can be used to identify factors that contribute to adverse events, 
implement targeted interventions, and improve patient safety. Educational coding 
schemes have been developed to study communication amongst the surgical team, 
which is then used to identify technical problems in trainees to receive accurate 
feedback for improvement.151-154 In a pivotal study involving video-recording, Birk-
meyer and colleagues discovered that post-hoc ratings of videos and complication 
rates in bariatric surgery were related, thereby demonstrating a quartile of surgical 
skill in practicing surgeons.155 This study suggests that training surgeons to increase 
their skill will reduce complication rates, and supports the use of surgeons in the up-
per quartile of performance to generate training models associated with expertise. 

The fi nal part and key component of expert-performance is to establish training 
methods that facilitate cognitive representations of expertise in learners. Ericsson 
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postulates that surgeons can review video recordings prior to operating, to extract 
important information to improve operative performance,146 and to establish a men-
tal state of surgical fl ow which promotes remaining attentive during automaticity.127

A review of simulation learning describes simulator-trained surgeons perform better 
when tested on animal models and human simulators that lack complicating fac-
tors.156 While proven benefi cial, this type of training was not designed to facilitate 
superior performance or deliberate practice for surgeons in independent practice. 

Providing feedback on operative performance is a known training method to ac-
company simulation for acquiring fundamental techniques.157 In this study, inexpe-
rienced surgeons were trained to perform a laparoscopic cholecystectomy using a 
simulator, and then offered to receive feedback on their defi cits or to watch tutorials 
unrelated to the procedure. Trainees who received feedback and performed delib-
erate practice attained higher quality of performance. These fi ndings, along with 
many similar studies,152,158 led to the development of the new fi eld of surgical coach-
ing, which is providing feedback during peer coaching sessions for technical skills 
(psychomotor), cognitive skills (decision-making), non-technical skills (communica-
tion), and stress management (coping strategies).159-162 While feedback is a prom-
ising area to explore, an effective  training method designed to promote expertise 
during independent practice has not been established. In this thesis, expert-per-
formance approach was implemented in surgery by (1) identifying surgeons with 
superior performance and (2) video-recording their performance, to (3) produce 
high-quality training methods for practicing surgeons and trainees.

EXAMPLE-BASED LEARNING AND COGNITIVE LOAD 
THEORY

Learning from example is an evolutionary effi cient process to borrow knowledge 
from a person’s own experience, reorganize it into their own existing knowledge, 
and use it for their own purpose.163 The “borrowing and reorganizing” principle in 
example-based learning, also known as observational learning outside the domain 
of educational research,164 differs from traditional problem-based learning used in 
student-centered pedagogy which emphasizes learning through the experience of 
solving open-ended problems.165 Example-based learning has been studied from 
two different perspectives: (1) cognitive research which has focused on worked ex-
amples – the process of providing learners with a written account of how a problem 
can be solved, and (2) social-cognitive research which has focused on modeling 
examples – the process of observing from others.163

In cognitive research, studies are consistent in that novice learners rely heavily on 
studying worked examples for instructions, which is more effective and effi cient 
for learning with improved outcomes and less time investment than problem-solv-
ing.166,167 This is known as the “worked example effect” and is explained by different 
cognitive processes implored by problem-solving and example study.167 Worked ex-
amples allow a learner to devote cognitive capacity to study a solution’s procedure 
by constructing a cognitive representation (cognitive schema).164 These examples 
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can be used as an analogy for problem-solving, either by referencing physical or 
mental examples during problem-solving.168 Furthermore, worked examples can be 
abstracted from examples, which enables learners to solve similar problems and 
transfer these skills for other solutions.169-173

In social-cognitive research, the effectiveness of modeling examples is not usually 
compared with other types learning, but explained through the general cognitive 
processes required for observational learning.163 Observers acquire the cognitive 
schema of a model’s behavior that can outlast the learning activity and enable learn-
ers to replicate this behavior at later occasions.174,175 This compliments fi ndings that 
observational learning can occur without imitation taking place.176 Acquiring cogni-
tive schema requires the learner to pay attention to relevant aspects of the model’s 
behavior, specifi cally,  selective attention is a necessary subfunction in observational 
learning.175 Moreover, this attained information needs to be encoded in memory 
through a mechanism which the information is actively integrated with the learn-
er’s existing knowledge, and not through one-on-one mapping.164,167,174,175 Mental 
or physical rehearsal has an important role in retention and performance.175 While 
learners may not always be able to reproduce the observed behaviors, this depends 
on the quality of the acquired cognitive schema and to the extent at which learners 
have mastered the skill.163 Another factor that affects the effectiveness of model-
ing behavior includes learner motivation.177 Both cognitive and social-cognitive re-
search stress the importance of constructing an appropriate, high-quality cognitive 
schema to guide effective learner performance.

Modeling examples is widely accepted and used to teach psychomotor skills.178

Research on the mirror neuron system revealed the underlying mechanisms for ob-
servational learning – demonstrating that the same neural circuits involved in the 
execution of a motor action, also respond to observing someone else execute that 
same action.179 These same neural circuits of observing and executing motor actions 
are active when hearing a description of such actions,180 or mentally rehearsing such 
actions.181,182 These fi ndings describe a physiological mechanism in using examples 
to learn a wide range of skills.

There exist several factors that can increase and decrease the effectiveness of learn-
ing from example, which include learner characteristics and the design and delivery 
of an intervention. One of the most important characteristics is the learner’s prior 
knowledge of the task. Research on the “expertise reversal effect” revealed that 
high level of instructions provided by worked examples to learners, who have al-
ready developed a cognitive schema, are ineffective or even detrimental to learn-
ing.183,184 With respect to modeling examples, Bandura empathized that a modeling 
behavior that is too complex for a leaner may result in fragmentation of learning.185

These studies highlight the importance to adapt the learning intervention to the 
learner’s level of knowledge. 

Before describing how instructional design can affect learning, cognitive load the-
ory (CLT) needs to be explained along with the processes that encourage acquisi-
tion of knowledge. CLT was developed in 1988 from a study of problem-solving by 
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John Sweller,186 and its design principles and strategies was later incorporated in 
health professions education.187 CLT suggests that learning occurs through a hu-
man cognitive architecture where information is captured from a sensory process, 
transferred to limited-capacity working memory, and then encoded in high-capacity 
long-term memory.188 Learning is dependent on how well the limited-capacity of 
working memory is managed. 

There are three types of cognitive load that contribute to the quality of information 
learned and design of the instructions: intrinsic load, extraneous load, and germane 
load.188 Intrinsic load is defi ned as the intrinsic nature of the learning tasks or the 
complexity of the material presented relative to the learner’s expertise. For exam-
ple, a novice who has never performed a particular skill will have high intrinsic load 
occupying the working memory while learning the skill compared to an experienced 
individual. Unlike intrinsic load, extraneous load is imposed by the instructional pro-
cedures. For example, in video-based studies, poor video quality or the need to 
simultaneously read text and watch the video would contribute extraneous load to 
the working memory. Finally, germane load refers to the working memory resources 
used to handle intrinsic load, essentially the work of learning. While developing a 
cognitive schema, germane load is often optimized by increases in intrinsic load 
that does not result in overload of the working memory. Prompting learners to ex-
plain or refl ect upon the presented materials are examples of optimizing germane 
load. Designing learning interventions to address intrinsic, extraneous, and ger-
mane loads are the basis of many studies on effective instructional design. 

Early research revealed that the design of an example played an important role in 
determining the effectiveness of worked examples.189 This led to instructional de-
sign guidelines, such as avoid splitting attention by integrating mutually referring 
information (text and images),190 and avoid redundancy where information should 
only be presented once.191 Stimulating more active processing of the examples, 
like emphasizing important aspects of a procedure, helps learners understand the 
underlying rationale of a procedure and facilitate knowledge acquisition.172,192 How-
ever, this design may become redundant quickly and should be faded out.193 Imple-
menting learning points has been effective in teaching confl ict management skills 
in video-based modeling examples.194 In additional, cognitive rehearsal or imagina-
tion of an observed behavior can enhance learning,195 provided that it is accurate 
and obtained with materials that are high in intrinsic load.167 A review of design 
principles for instructional animations describes the importance to verbally guide 
leaners through examples, which is known as cuing or perceptual highlighting.196

Lastly, the delivery of a learning intervention determines the effectiveness of learn-
ing from example. In support of Ericsson’s concept of deliberate practice,197 Bandu-
ra originally indicated that giving an opportunity to practice the observed behav-
ior between modeling activities fosters learning.175 Indeed, this method, described 
as example-problem pairs, were shown to be more effective than problem-solving 
only.198 Presenting problems before examples, problem-example pairs, allowed 
learners to note defi ciencies in their own performance, however this was less ef-
fective than example-problem pairs.199 An effective delivery strategy that accounts 
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for a learner’s experience is to present problems with increasingly more complex 
steps, also known as fading.200 No overall differences were found between fading, 
problem-example pairs, and example-problem pairs in computer-based instruction-
al modules.201 In summary, the method of delivery can affect learning from exam-
ples. These combined example studies that evaluate learner characteristics and the 
design and delivery of educational interventions, became the core principles of in-
structional design and can be implemented in multimedia or video-based learning 
in surgery.202

VIDEO-BASED LEARNING IN SURGERY

Video is an electronic medium used for the recording, playback, and display of 
visual media. A common phrase used to describe its value – “If a picture is worth 
a thousand words, then a video is worth a million,” or how Dimick and Scott de-
scribes it – “A video is worth a thousand operative notes.”38 The earliest-known 
fi lm of surgery was performed by French cameraman Eugenio Py in 1899, who cap-
tured a patient being anesthetized to undergo a lung hydatid cyst removal.203 Film 
became digital in 1986 when Sony commercially introduced the D1 format, which 
recorded an uncompressed component video signal in a digital format. It was not 
until the late 2000s, that the video technology exploded into mainstream use when 
recording solutions became more accessible and cost-effective, along with editing 
software and online publishing channels. YouTube was founded in 2005 and would 
become the largest video-sharing website to usher in a new wave of content, which 
included short video clips, music videos, documentaries, movie trailers, video blog-
ging, and educational videos. 

Salman Khan popularized educational videos by uploading highly engaging “white-
board” videos teaching mathematics to YouTube, receiving more than 458 million 
views in the fi rst several years. Khan Academy launched in 2008 as an open-access 
educational organization using videos to teach science, technology, engineering, 
and mathematics (STEM) to students. Leveraging their experience in videos and 
learning, Prober and Khan proposed a new model for medical education based on 
the “fl ipped classroom” design,204 where students would prepare for class by watch-
ing short lecture videos, thereby allowing time in the classroom to be spent explor-
ing topics in greater detail through discussion.205 Students could re-watch lectures 
and digest materials at variable playback speeds to improve effi ciency. Surgery and 
the culinary arts share similar training models, being based on apprenticeships and 
intense workweeks.206 Rouxbe was founded in 2005 as an online culinary school 
using professionally-fi lmed, high-quality videos to teach culinary skills and cooking 
techniques. With these technologic developments in other industries, it was only 
time before video became an essential part of surgery – to report outcomes, evalu-
ate performance, and learn new techniques.

YouTube has become the most frequently used source for educational videos in 
preparing for surgery,207 however there is concern over the reliability and education-
al value of the videos.208 This concern led to a series of systematic reviews assess-
ing content quality on YouTube in several surgical specialties and the anatomical 
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sciences,208-215 each concluding substantial variability in educational value due to 
nonuniform production quality, unclear intent, and lack of a peer-review process. 
Several studies have examined methods for recording videos in open surgery to as-
sess surgical skill and improve production quality.216-218 In response to these issues, a 
LAP-VEGaS consensus statement offered 37 guidelines to standardize and improve 
the educational quality of videos in laparoscopic surgery.219 A subsequent editorial 
emphasized the need to optimize videos for learning by managing cognitive load, 
tailoring content to different levels of expertise, maximizing audience engagement, 
and limiting video duration.202,220 Only one study in medicine, performed by Lau and 
colleagues, used learning analytics to document viewing patterns in ten lecture vid-
eos describing electroencephalography interpretation by a single author.221 Along 
with other studies examining massive open online courses, their fi ndings depict-
ed a decline in viewing engagement with increasing video duration,222,223 thereby 
supporting the notion that educational videos should be less than 10-minutes.204

Despite the fact that surgeries vary greatly in time and complexity, surgeon engage-
ment in educational videos have not yet been studied, along with factors infl uenc-
ing preferred video duration.

The journal – Medical Teacher, has a popular series to provide practical advice in 
the form of “Twelve Tips.” To improve the quality of educational videos, experi-
enced authors have published 12 tips for the effective use of videos in medical ed-
ucation,224 production of digital chalk-talk videos,225 reducing production time and 
increasing long-term usability of instructional videos,226 and improving the effec-
tiveness of web-based multimedia instruction for clinical learners.227 These papers 
drew conclusions from the cognitive theory of multimedia learning (CTML), which 
analyzed medical animations to describe evidenced-based principles for manag-
ing cognitive load and enhancing knowledge acquisition.228 In this study, Yue and 
colleagues recommended principles to manage essential processing (preempting 
learner), minimize extraneous processing (synchronizing audio-video cues), and fa-
cilitate generative processing (embedding features to control learning). Rachel Ell-
away constructed similar principles by defi ning a framework for e-learning research 
to evaluate external, internal, implementation, and user experience factors.229 Ella-
way and colleagues would later defi ne their experience on the PocketSnips Project
– creating a series of short clinical skills videos to be used as “reusable learning 
objects” and selecting YouTube as a publishing platform.230 While educators have 
explored methods in producing high-quality content based on the CTML, the effi ca-
cy and effectiveness of video-based learning has not been explored in surgery, nor 
have the technical requirements been defi ned in the instructional design of a video 
platform that preempts learning, reduces extraneous user interactions, and allows 
users to control the learning environment. 

The evaluation of the effectiveness in learning surgical skills through videos is based 
largely on laparoscopic simulation studies, where a video monitor is required to 
visualize and perform surgery. Indeed, simulation-based laparoscopic training has 
large benefi ts when compared with no intervention and is moderately more ef-
fective than non-simulation instruction.231 In cleft lip and palate surgery, which in-
volves complex manipulation of anatomical fl aps for reconstruction, 3D digital sim-
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ulation have demonstrated applications in preoperative planning and performing 
surgery.232,233 In a prospective, randomized study examining surgical trainees, digital 
simulation training signifi cantly improved operative knowledge, confi dence, and 
performance when compared to textbook learning.234 Specifi cally, intraoperative 
video recorded by a smartphone was used to illustrate techniques, and was pre-
sented secondary to the animations of cleft lip surgery. Nevertheless, developing 
high-fi delity animations can be cost-prohibitive, especially to illustrate anatomically 
accurate landmarks and new techniques or innovations in nerve surgery. By incor-
porating the high-defi nition and 4K resolution standards of professional video and 
using a proposed method for video production to accommodate different types of 
learners, this visual medium may be a cost-effective approach to learning surgical 
skills once its role is clearly defi ned.

Learning clinical reasoning is an integral part of surgery – it encompasses all phases of 
patient management, from initial workup to post-operative care and follow-up.235-237

Both technical expertise and clinical reasoning are necessary for achieving optimal 
quality of care and outcomes.238 Several educational studies have used e-learning 
modules and interactive video lectures to promote knowledge transfer and retention 
in medical trainees and healthcare professionals alike.239-242 Cheung and colleagues 
demonstrated the importance of knowing “why” and knowing “how” for the cog-
nitive integration of procedural skills.243 In this randomized stimulation-based study, 
medical students who received a step-by-step video of a lumbar puncture with inte-
grated “why” explanations were associated with improved conceptual knowledge 
and skill retention. Explaining the “why” is normally presented as a short preface to 
learning a procedure in many educational videos and lectures. However, this mate-
rial is often overlooked, and learners can miss critical details important for the safe 
diffusion and adoption of new techniques. Separating the “why” as its own video to 
emphasize the topic may promote implementation of new practices. 

Educational studies in surgery have mostly examined novel ways to enhance tech-
nical performance,244 however, comparatively little attention has focused on the 
means of teaching clinical reasoning.245 In general, online educational modules or 
video lectures are taught using voiced-over slides presented in a linear fashion. An 
alternative approach, supported by the CTML, is to create dynamic presentations 
using spatial contiguity,246 or diagrams and concept maps of information used to 
facilitate spatial learning.247 New developments in presentation software offer in-
structors the ability to illustrate materials on a visuospatial canvas and implement 
slide transitions to empathize spatial contiguity.248 Although, Hyll and colleagues 
have explored the software as an effective e-learning tool to compliment blended 
learning in medical student education,249 converting this style of presentation into 
engaging videos may be a novel approach of teaching clinical reasoning to practic-
ing surgeons. In summary, this thesis will explore the development of an effective 
video platform and the role of video-based learning in the acquisition of surgical 
skills and clinical reasoning.
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OUTLINE OF THESIS
The aim of this thesis is to develop an educational framework for the translation of 
expertise and dissemination and implementation of surgical innovation by (1) es-
tablishing video-based learning as an approach to learn operative skills and clinical 
reasoning in surgery, and (2) addressing the related ethical implications in the an-
atomical sciences. The hypothesis is that by incorporating the expert-performance 
approach with principles in cognitive theory of multimedia learning, videos can 
become an effective and equitable tool in surgery to adopt best practices when 
technical skills and clinical reasoning are taught separately. Additionally, thoughtful 
instructional design can infl uence the iterative development of a video platform 
to include learning analytics, which in return promotes the creation of high-quality 
content and user adherence to a captivating learning environment. During this jour-
ney, ethical issues may rise from surgical innovation and education. An approach 
is described to address ethical issues encountered in surgery and the anatomical 
sciences.

PART I: ESTBALISHING VIDEO-BASED LEARNING IN 
NERVE SURGERY

Video-based learning is a promising approach to disseminate and implement ex-
pert techniques and innovations in surgery. Nerve surgery is a new, modern spe-
cialty that has experienced shifts in reconstructive paradigms from nerve repair, to 
grafting, and to transfer.17 Because this subspecialty includes a heterogenous pa-
tient population that require diverse applications of innovative techniques, the role 
of video-based learning in nerve surgery is examined as a new and equitable model 
to share best practices and improve quality of care in surgery. 

In Chapter 2, 6-years of experience is described developing an online education 
resource and producing over 100 educational videos in nerve surgery, which in turn 
evolved into a video-based learning platform and program that leverages learning 
analytics to guide content creation and educational interventions. The use of vari-
able-duration surgical videos (short and long) is presented to target different types 
of learners and establish a reference for surgeon engagement. The educational 
program’s outcomes are reported through the creation of an international surgeon 
viewership across 165+ countries by using the expert-performance approach. In 
Chapter 3, the role of surgical videos in improving operative performance and re-
ducing errors is determined in a cadaveric stimulation-based study where residents 
perform a carpal tunnel release. In Chapter 4, a video-based module to teach clin-
ical reasoning in surgery is presented by using knowledge assessments to describe 
electrodiagnostic indications for cubital tunnel surgeries. Surgeon practice change 
and adoption of a new surgical technique (supercharge nerve transfer) are reported.
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PART II: ADDRESSING ANATOMICAL ETHICS IN 
SURGICAL INNOVATION
An ethical issue was encountered during the design of our video-based model to 
address learning curves and use anatomical illustrations to accompany the videos 
and teach technical skills in surgery. This involved Pernkopf’s atlas of human anato-
my which is considered a unique piece of science and art, depicting detailed illus-
trations of meticulous anatomic dissections, however, sourced from victims of the 
Third Reich. In Chapter 5, the “use” or “not to use” the Pernkopf atlas is assessed 
in nerve surgery and oral and maxillofacial surgery concerning disclosure, bioethical 
and religious considerations, and remembrance, In Chapter 6, an ethical framework 
is presented to address the use of Pernkopf’s atlas in surgery which includes a re-
sponsum derived from Jewish law that is based from the Vienna Protocol and the 
principle of pikuach nefesh, the “saving of human life.”

In Chapter 7, the fi ndings of this thesis are summarized and discussed.
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CHAPTER 2
VIDEO-BASED LEARNING IN SURGERY
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ABSTRACT
OBJECTIVE

To measure surgeon engagement and preferred video duration in a video-based 
learning program for nerve surgery.

BACKGROUND

Educational videos can improve, standardize, and democratize best practices in sur-
gery. To improve care internationally, educators must optimize their videos for learn-
ing. However, surgeon engagement and optimal video duration remain undefi ned.

METHODS

A YouTube channel and a video-based learning website, PASSIO Education (pas-
sioeducation.com), were examined from 2011 to 2017. We assessed views, geo-
graphic location, audience engagement (average percent of video watched), audi-
ence retention (percent of viewers at each timepoint), and usage of short (median 
7.4, range 4.1–20.3 min) and long (median 17.2, range 6.1–47.7 min) video formats 
for the same procedures. A survey of PASSIO Education membership examined 
preferred video duration.

RESULTS

Our 117 nerve surgery videos attained over 3 million views with 69% originating 
outside of the United States. While YouTube achieved more international exposure, 
PASSIO Education attained a greater mean engagement of 48.4% (14.3% absolute 
increase, P < 0.0001). Surveyed surgeons (n = 304) preferred longer videos when 
preparing for infrequent or diffi cult cases compared with routine cases (P < 0.0001). 
Engagement declined with video duration, but audience retention between short 
and long video formats was correlated (tB = 0.52, P < 0.0001).

CONCLUSIONS

For effective spread of best practices, we propose the joint use of YouTube for 
audience outreach and a surgeon-focused platform to maximize educational value. 
Optimal video duration is surgeon- and case-dependent and can be addressed 
through offering multiple video durations and interactive viewing options.
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INTRODUCTION
Video-based learning (VBL) has generated new opportunities to acquire and im-
prove surgical skills.1–8 VBL intuitively integrates the traditional method of teaching, 
summarized by the adage ‘‘See one, Do one, Teach one,’’ as videos can provide 
excellent operative visualization, instruction, and coaching by expert mentors.9–11

Consequently, surgeons have embraced online videos for skills acquisition and case 
preparation.12–14 To address international disparities in surgical management and 
the economic consequences of surgical disease,15,16 VBL could provide opportuni-
ties to standardize best practices, improve quality of care, reduce complications, 
and lower operative costs.

Halsted’s apprenticeship model for surgical education is tailored toward producing 
competent surgeons through graduated responsibility and oversight by physician 
organizations (e.g. ACGME) during residency and fellowship.10,11,17 However, contin-
ued professional development is heterogeneous and involves participating in so-
cietal conferences, surgical workshops, and maintenance of certifi cation.18 Anders 
Ericsson asserts that most surgeons reach an early plateau of average performance 
that is maintained over the entirety of their careers.19 By contrast, some surgeons 
continue to improve and eventually achieve ‘‘expert performance’’ by engaging in 
‘‘deliberate practice’’ in a focused area of surgery and with emphasis on education 
and teaching. Educational videos may facilitate such deliberate practice in surgery 
because they can be watched several times, slowed down, and analyzed for subtle 
nuances in technique.20,21

In recent years, surgical videos have experienced rapid and widespread adoption 
that has at times outpaced quality and safety control.22 Studies examining content 
on YouTube, the most common source for surgical videos,23 report substantial vari-
ability in educational value due to nonuniform production quality, unclear intent (ed-
ucation or marketing), and lack of a peer-review process.24–27 In response, the recent 
LAP-VEGaS consensus statement offers 37 guidelines to standardize and improve 
the educational quality of videos in laparoscopic surgery.28 A subsequent editorial 
emphasized the need to optimize videos for learning by managing cognitive load, 
tailoring content to different levels of expertise, maximizing audience engagement, 
and limiting video duration.29,30 However, a reference for surgeon engagement in 
operative videos has not been established, and factors infl uencing preferred video 
duration have not yet been studied. 

In 2011, we launched an online educational resource, Nerve Surgery (nervesurgery.
wustl.edu), to advance the treatment of peripheral nerve injuries (Fig. 2.1). Surgical 
videos narrated by a master nerve surgeon were incorporated into Nerve Surgery
and were later published on YouTube to improve audience outreach. As our video 
library and viewership grew, we sought to enhance the educational value of our 
videos for surgeons. In 2016, we capitalized on design principles used in massive 
open online courses, such as Khan Academy and edX.org,31–34 and consolidated our 
Nerve Surgery videos into a pilot VBL platform, PASSIO Education (passioeduca-
tion.com), dedicated to modern surgical education.
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The goals of this report are to examine viewing behaviors over our 7-year experi-
ence in video education to 1) evaluate an approach for VBL in surgery, 2) provide a 
benchmark for surgeon engagement, and 3) evaluate preferred video duration and 
the utility of offering different video durations for the same procedures.

METHODS
STUDY DESIGN

Viewing behaviors were examined for an online surgical education program devel-
oped at the Washington University School of Medicine. Our channel on the online 
video service YouTube (youtube.com/nervesurgery) was assessed from its launch on 
February 3, 2011 to December 31, 2017. Our educational website, PASSIO Educa-
tion (PASSIO), was assessed from its launch on April 6, 2016 to December 31, 2017. 
Institutional Review Board approval was obtained (#201505011).

COMPOSITION OF VIDEO LIBRARY

A total of 117 nerve surgery videos were produced (by A.Y. and S.E.M.): 59 (50%) 
were available on both YouTube and PASSIO, 7 (6%) on YouTube only, and 51 (44%) 
on PASSIO only. Videos were grouped into 3 categories: 85 surgical (42 unique 
procedures), 26 lecture, and 6 nonoperative clinical videos. Videos on PASSIO were 
accompanied by written descriptions of deidentifi ed patient information, surgical 
indications, surgeon disclosures, and operative steps. Viewers could select specifi c 
operative steps to view within each video, and they could also select different play-
back speeds.

We defi ned surgical videos as point-of-view recordings with voice-overs describing 
operative steps. They were edited into two formats with different durations: long 
(median 17.2, range 6.1–47.7 min) and short (median 7.4, range 4.1–20.3 min). Both 
formats included all operative steps, but the long video was intended to show the 

Nerve Surgery YouTube

Vimeo

nervesurgery.wustl.edu
youtube.com/nervesurgery OOOOOO

Anatomy & 
Physiology

Evaluation &
Management

Surgical
Options

Video-based Learning in Surgery

Brightcove

PASSIO Education
passioeducation.comssioeducation.cOOOOsioeducation.ducati

Open-access

Open-access

2011-2017 2011-2017 2016-2017

141 Unique Educational Videos

•Better video service
•Increase outreach
•Engagement metrics

Requirements:
•Better learning service
•User information
•Refine engagement

Requirements:

FIGURE 2.1. Longitudinal development of the video-based learning program. The de-
velopment of the VBL program began in 2011 with Nerve Surgery, when the videos were 
also published on YouTube. The collective experience gathered was used to develop PAS-
SIO Education to integrate the videos into a robust and interactive user experience.a
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cadence of the procedure and improve surgical fl ow, while the short video was in-
tended for just-in-time learning.35 Clinical videos were recordings of nonoperative 
activities such as clinical examinations. Lecture videos were voiced over instruction-
al courses made with PREZI (prezi.com).

EDUCATIONAL PLATFORM AND ONLINE VIDEO 
SERVICES

Access to all PASSIO content was free, and users were asked to complete a 1-time 
registration to capture demographic information. Because this registration process 
could impede access, a login was only required to access 40% of videos (clinical, 
lecture, and long format surgical videos). Registered users, or PASSIO members, 
reported occupation, institution, and surgical specialty if applicable.

Google Analytics (google.com/analytics) was used to assess website traffi c on PAS-
SIO from 2016 to 2017. Extracted metrics included numbers of users, user sessions, 
and page visits. Viewing data were extracted from YouTube using Creator Studio 
(youtube.com/analytics) and from PASSIO’s video hosting service, Brightcove, us-
ing Video Cloud (studio.brightcove.com). YouTube and Brightcove data included 
daily video views, geographic location of viewers, watch-time, and audience en-
gagement. Watch-time was defi ned as the average minutes played of each video, 
irrespective of rewatched or skipped sections. Audience engagement was defi ned 
as watch-time divided by video duration. Additionally, YouTube provided relative 
audience retention for each video, or the change in views at each second of a video 
compared to all YouTube videos with similar duration (Fig. 2.2A, B). Because our 
videos were open-access, they were susceptible to social, or ‘‘viral,’’ sharing.26,36

These viral videos misrepresent usage by our target surgical audience and, there-
fore, were excluded from analysis (Fig. 2.3).

ASSESSMENT OF PREFERRED VIDEO DURATION

A survey was distributed to all PASSIO members to determine preferred surgical 
video duration in several clinical situations and to evaluate use of short and long vid-
eo formats. A total of 1731 emails were sent, which corresponded to 1605 unique 
PASSIO members (76% physicians, 8% did not specify) after removal of inactive or 
duplicate email addresses. Surgeons indicated their preferred video duration on a 
scale ranging from 1 (shortest possible, a video trailer under 1 min) to 13 (longest 
possible, unedited video of a full procedure). Ranges for our short (4 to 6) and long 
(8 to 10) video formats were provided as references. Users also reported their pre-
ferred PASSIO video format in various clinical situations. 

To examine similarities in how video formats were watched, relative audience reten-
tion was assessed for the 16 procedures on YouTube with both short and long video 
formats (Fig. 2.2C).

200805 YEE PHD THESIS v5.indd   41200805 YEE PHD THESIS v5.indd   41 9/9/20   7:31 PM9/9/20   7:31 PM



42 PART I   CHAPTER 2

Above
Average

Average
YouTube

High

Low

Below
Average

Above
Average

Average
YouTube

High

Low

Below
AverageLo

ng
 V

id
eo

Sh
or

t V
id

eo

Developing plane over
 medial epicondyle

Protecting the medial
antebrachial cutaneous nerves

Resecting the proximal
intermuscular septum

Transposing the ulnar nerve
over the medial epicondyle

Creating the intermuscular bed
on the pronator-flexor muscles

Suturing the medial and
lateral fascial flaps

Creating the medial and
lateral fascial flaps

Transmuscular Ulnar Nerve Transposition

0:00 0:58 1:57 2:55 3:53 4:52 5:50 6:48 7:47 8:45 9:43 10:42 11:40 12:38 13:36 14:35 15:33 16:31 17:30 18:28 19:26 20:25 21:23 22:21 23:20

C

Above
Average

Average
YouTube

High

Low

Below
Average

Relative Audience Retention

75%

50%

100%

0%

25%

Absolute Audience RetentionA B

Video Timeline (minutes) Video Timeline (minutes)
0:00 0:58 1:57 2:55 3:53 4:52 5:50 6:48 7:47 8:45 9:43

Video Timeline (minutes)

Beginning of the video

Absolute retention curve shows the number of views 
for every moment of a video as a percentage of the 
total number of video views.

Relative retention curve shows a videoʼs ability to 
keep viewers compared to all YouTube videos of 
similiar length.

0:00 0:58 1:57 2:55 3:53 4:52 5:50 6:48 7:47 8:45 9:43

A
ud

ie
nc

e 
En

ga
ge

m
en

t (
%

)

At the end of the video

Comparison of Relative Audience Retention Between Short- and Long-Video

Within the first 15 seconds of every video, 
viewers are most likely to drop off.

Higher the curve indicates how many more viewers 
kept watching the video for that timeframe compared
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FIGURE 2.2. Comparison of relative audience retention between short and long video 
formats. (A) Absolute audience retention is the percent of total viewers who watched each 
timepoint of a video. The absolute audience retention curves for the short video on ulnar 
nerve transposition are depicted. Irrespective of total video duration, viewers are most likely 
to drop off within the fi rst 15 s of every video, partly due to accidental clicks. (B) The relative 
audience retention curve represents absolute audience retention adjusted by the average 
audience retention for all YouTube videos of similar length. (C) The black hatch lines indicate 
matching video frames for each video in the pair. The shaded areas between hatch lines rep-
resent the operative steps at which reviewers graded the increases or decreases in relative 
audience retention. A sample of operative steps for this procedure (ulnar nerve transposi-
tion) is noted below the long video retention curve. Overall, grades were correlated within 
each pair (tB = 0.52, P < 0.0001).
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For comparison within video pairs, each procedure was separated into a series of 
prespecifi ed operative steps (median 35 steps/procedure), and the independent 
axis of each relative audience retention curve was converted from time (minutes) 
to operative steps (count). Changes in relative audience retention between each 
step were graded on a scale ranging from -5 to +5, with 0 indicating no change in 
audience retention from the previous step.

STATISTICAL ANALYSIS

Audience engagement was compared between YouTube and PASSIO using mul-
tiple linear regression with video duration as a covariate. Differences in engage-
ment between short and long video formats were assessed by paired sample t test. 
Demographics of surveyed surgeons were compared to registered PASSIO physi-
cians by chi-square goodness of fi t test. Responses were compared by McNemar 
or Wilcoxon signed-rank tests, and practicing surgeon responses were compared 
with trainee responses by Fisher exact or Wilcoxon rank-sum tests. Bonferroni ad-
justment was used to correct for multiple testing. The relationship between relative 
audience retention for short and long formats was assessed by the Kendall tB cor-
relation coeffi cient. All statistical analyses were performed using SAS, version 9.4, 
and P values less than 0.05 were considered statistically signifi cant.
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FIGURE 2.3. Visual identifi cation of viral videos by views. Viral videos may misrepresent 
usage by a surgical audience. A video was considered to be viral if its daily views plot had a 
peaked contour (sharp ascent and descent) and if its views during this peak exceeded the 
sum of all non-viral views on that day. Four videos were identifi ed (carpal tunnel release – 
short, peroneal nerve ganglion cyst removal – short, combined Guyon’s canal and carpal 
tunnel release – short, median nerve decompression at the forearm – long), and their daily 
views were compared to the sum of all non-viral videos. 
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RESULTS
INITIAL EFFORTS IN ONLINE EDUCATION: NERVE 
SURGERY

Nerve Surgery was introduced in 2011 as an open-access online resource for sur-
geons treating nerve injuries. Three major categories were offered: anatomy and 
physiology, examination techniques, and surgical options. The website offered over 
500 images which included anatomical illustrations, cadaveric dissections, intraop-
erative photos, and clinical examinations. While surgical videos were incorporated 
into certain topics on Nerve Surgery, they were not the initial focus of our approach 
in multimedia learning.

Ultimately, 85 videos were available on Nerve Surgery, although just 12 were not 
also available on YouTube or PASSIO: 3 surgical, 1 lecture, and 8 nonoperative clin-
ical videos. In its fi rst 2 years, Nerve Surgery received 67,509 user sessions (39,885 
non-bounced user sessions) with an average session duration of 2 minutes. These 
metrics suggest that much of the user traffi c was driven by quick internet searches 
for keywords and images, rather than purposely visiting and exploring the website. 
Videos over this period received 15,834 views, with 38% being accessed through 
Nerve Surgery and the remaining directly through the affi liated Vimeo video chan-
nel. Despite only contributing up to 13% of total user sessions on Nerve Surgery, 
the videos received an overall favorability score of 4.6 out of 5 in a pilot survey of 62 
surgeons from the American Society for Peripheral Nerve (ASPN) (presented at the 
24th Annual ASPN Meeting, Rowe A.G., et al, January 23–25, 2015). Additionally, 
we received positive feedback from unsolicited emails that could be categorized as 
appraisal, dissemination, or implementation (Table 2.1). This refi ned our efforts in 
VBL and, as our library grew, we sought to identify a video publishing service that 
offered improved audience outreach: YouTube.7

IMPROVING VIDEO OUTREACH AND DIFFUSION: 
YOUTUBE

YouTube offers educators an immense potential audience and high accessibility due 
to its integration and preferential ranking with Google Search.3 While facilitating 
international exposure, these features also encourage viral sharing in the public 
domain. Additionally, surgeon viewers cannot be distinguished from patients or 
other non-medical viewers and maximizing engagement for the general audience 
may actually diminish educational value for surgeons. Therefore, we leveraged our 
YouTube channel’s popularity to recruit surgeons to a pilot VBL platform that could 
more accurately assess their learning behaviors: PASSIO Education.
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Table 2.1. Comments of support, dissemination, and implementation. Feedback was 
received via email and was categorized as either support, dissemination, or implementation.

200805 YEE PHD THESIS v5.indd   45200805 YEE PHD THESIS v5.indd   45 9/9/20   7:31 PM9/9/20   7:31 PM



46 PART I   CHAPTER 2

200805 YEE PHD THESIS v5.indd   46200805 YEE PHD THESIS v5.indd   46 9/9/20   7:31 PM9/9/20   7:31 PM



VIDEO-BASED LEARNING IN SURGERY 47

2

Our YouTube channel received 3.2 million views from its 66 nerve surgery videos. 
However, four viral YouTube videos accounted for 2.6 million views. Surgeons likely 
contributed to a minority of these viewers,26,36 since nerve surgery is a small subspe-
cialty shared by plastic and reconstructive surgery, orthopedic surgery, and neuro-
surgery. Following exclusion of viral videos, the remaining 62 videos accounted for 
561,292 views. Seventy percent of these were from outside the United States, which 
is similar to the global outreach achieved by a separate YouTube channel intended 
for global medical education.3

DEVELOPING A VIDEO PLATFORM: PASSIO EDUCATION 

PASSIO was available for 20 months, and 1144 users registered during this time. 
Eighty-one percent were physicians (38% identifi ed as attending surgeons, 33% 
as trainees, and the remaining did not specify level of training), 6% were medical 
students, and 3% were patients. Over this period, PASSIO had 28,232 user sessions 
(average session duration of 4 min), and its videos received 16,761 views. While 
these views are modest compared to YouTube, PASSIO’s growth matched the fi rst 
20 months of our YouTube channel (Fig. 2.4). There were also substantial similarities 
in international viewership between YouTube and PASSIO (Table 2.2). A notable dis-
tinction is that China was ranked 7th on PASSIO despite scarce YouTube viewership.
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FIGURE 2.4. Comparison of daily sessions/views for the fi rst 20 months of Nerve Sur-
gery, YouTube, and PASSIO. User sessions over the fi rst 20 months of Nerve Surgery and 
PASSIO were similar. Our YouTube channel was launched on February 3, 2011, and PASSIO 
was launched on April 6, 2016. The 2 platforms experienced similar growth in viewership 
over their fi rst 20 months. PASSIO may have benefi tted from the popularity of our YouTube 
platform. 
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FIGURE 2.5. Audience engagement of educational videos. (A) Videos on both YouTube 
and PASSIO demonstrated a logarithmic decline in audience engagement with increased 
video duration, similar to fi ndings from (*) a report by Kim et al30 of video dropout rate (%) 
for 862 videos on edX.org. Red circles represent individual YouTube videos and blue circles 
represent individual PASSIO videos; regression lines are fi t for each collection of videos. The 
greater variability in PASSIO engagement at each video duration may be explained by lower 
views for each video compared to YouTube. PASSIO achieved higher engagement com-
pared to YouTube (14.3% absolute increase, 95% CI 11.5% to 17.0%, P < 0.0001). (B) Surgi-
cal videos engagement and (C) lecture videos engagement were also reported separately. 
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With a confi rmed surgeon-predominant userbase, a benchmark for video engage-
ment could be established as a reference for surgeon educators.37 PASSIO videos 
achieved a mean engagement of 48.4%, and short format videos had 8.4% higher 
engagement than long videos (absolute increase, 95% CI 5.5%–11.3%, P < 0.0001). 
In comparison, mean engagement for our YouTube collection was 34.3%, which is 
consistent with a study of over 5 million popular YouTube videos.37 Similar to PAS-
SIO, short format videos had 13.0% higher engagement than long format videos 
(absolute increase, 95% CI 11.0%–15.0%, P < 0.0001). For both collections, a log-
arithmic decline in engagement was observed with increasing video duration (Fig. 
2.5), which has been reported in other YouTube channels and massive open online 
courses.33,37 After controlling for duration, videos on PASSIO achieved higher overall 
engagement than YouTube (14.3% absolute increase, 95% CI 11.5%–17.0%, P < 
0.0001). Comparison of the subset of videos that were available on both PASSIO 
and YouTube over the same time period yielded similar results (16.1% absolute in-
crease, 95% CI 13.2%–19.0%, P < 0.0001).

Analytics provide insight on how learners interact with websites and access materi-
als, allowing educators to optimize users’ online experience. An advantage of de-
veloping a custom VBL platform is the ability to combine user and viewing analytics 
to generate insights into surgeon learning behaviors. For example, PASSIO required 
user logins to access 46 videos with 3,023 total views, indicating that registered us-
ers watched an average of 3 login-protected videos each. These videos accounted 
for 38% of PASSIO’s collection, but only 18% of total views. In comparison, the same 
video categories comprised 36% of videos and 31% of total views on YouTube, as 
well as 51% of videos and 50% of total views on Nerve Surgery. Given the total 
number of views and non-bounced user sessions, these views occurred over 5-6 
sessions. Furthermore, up to 43% of revolving registered users engaged PASSIO 
monthly, an upper limit estimation made by dividing non-bounced user sessions 
and total registered users.

TABLE 2.2. Geographic distribution of video views for YouTube and PASSIO.
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The overall survey response rate was 20% (320/1605). Following exclusion of med-
ical students (5%), patients (2%), and other non-physicians (9%), the surgeon re-
sponse rate was 23% (304/1342). Country of origin was available for all surveyed 
surgeons and for 93% of registered PASSIO physicians. The majority of responses 
(68%) originated from 53 countries outside the United States. The 10 countries with 
the most PASSIO views (Table 2.2) contributed 68% of PASSIO surgeons and 61% 
of surgeon responses; response rates from these countries were not signifi cantly 
different from their membership proportions (P = 0.12). While 40% of registered 
PASSIO physicians were trainees (residents and fellows), they comprised just 23% 
of survey responses (P < 0.0001). Non-trainees were in practice for a median of 10 
years (range 1–44 yrs).

Most surgeons (72%) endorsed using PASSIO at least once per month. Eighty-eight 
percent watched the long videos and preferred this format when learning new tech-
niques, preparing for diffi cult or infrequent cases, improving patient outcomes, and 
teaching surgical trainees or medical students (Fig. 2.6). Surgeons were more likely 
to use the short format when they had limited preparation time or when preparing 
for routine cases compared with infrequent or diffi cult cases (P < 0.0001). Similarly, 
on our 13-point scale, respondents demonstrated a preference for longer videos 
when preparing for new (median 9) or infrequent cases (median 10) compared with 
routine cases (median 6) (P < 0.0001). There were no signifi cant differences between 
practicing surgeon and trainee responses.

Half of surgeons (52%) used the operative steps listed alongside each video to nav-
igate through procedures and to skip to areas of interest. This viewing behavior was 
also apparent in the relative audience retention curves, which demonstrated peaks 
of high interest and troughs of low interest (Fig. 2.2C). Comparison of relative audi-
ence retention within video pairs demonstrated moderate correlation (tB = 0.52, P 
< 0.0001), indicating that, despite an overall decline in engagement with increased 
duration, viewers watched the 2 video formats in a similar manner.

FIGURE 2.6. Preferred 
video duration in multiple 
practice situations. PAS-
SIO surgeons were asked 
to indicate their preferred 
video format for each of 
the situations shown. The 
‘‘Both Videos’’ option indi-
cates that the surgeon typ-
ically watched both short 
and long video formats. 
On average, surgeons 
preferred the short format 
when they had limited time 
for case preparation and 
when browsing a topic.
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DISCUSSION
As VBL becomes increasingly prominent in surgical training,38,39 it is imperative that 
educators improve the accessibility and educational value of these resources. From 
our 7-year experience in VBL for nerve surgery, we demonstrate that widespread 
distribution of engaging videos can be achieved through the joint use of YouTube
and a custom VBL website. In this model, YouTube funnels surgeons to a surgeon-fo-
cused website, which can track viewing behaviors. Analyzing these behaviors can 
guide content creation to improve surgeon engagement, which promotes acquisi-
tion of clinical judgement and operative skills.

Surgeon engagement, and its relationship to video duration, established by our 
program may serve as a benchmark for surgeon educators. Notably, PASSIO videos 
demonstrated higher engagement than YouTube videos despite substantial overlap 
between the 2 collections. Possible explanations are that 1) surgeons had high-
er motivation to watch instructional videos than the general YouTube audience, 
2) PASSIO members were more confi dent of each video’s quality and educational 
value, and 3) the operative steps listed next to each video allowed viewers to skip 
or rewatch areas of interest, which may have helped to ease cognitive load.29,40,41

To maximize engagement in online courses, it has been suggested that video du-
ration be limited to 10 minutes.29,30 However, this recommendation had not been 
evaluated for surgical videos, which must often summarize procedures lasting sev-
eral hours. While our long video format demonstrated lower engagement than the 
short format, PASSIO members indicated a need for longer videos when learning 
new techniques, managing infrequent or diffi cult cases, and improving patient out-
comes. Long videos can reveal subtle operative details, such as moments to ‘‘slow 
down’’ or areas of expected frustration, that may be essential for reducing cogni-
tive burden, decreasing stress, and improving the success of cases.42 The lower en-
gagement in long videos despite surgeons’ stated preferences has several possible 
explanations. Surgeons may watch a single long video over multiple viewing ses-
sions, which would result in a low average watch-time despite having watched the 
entire video. Surgeons may also revisit a long video multiple times to rewatch only a 
few operative steps. Additionally, surgeons watching the long format whose needs 
would be better met by the short format (e.g., for a routine case) may be more likely 
to exit out of the video than in the opposite situation.

Analysis of relative audience retention indicated that, despite differences in en-
gagement, viewers watched both video formats in similar ways. Just as real case 
duration depends on surgeon expertise and case diffi culty, optimal video duration 
is dependent on the interplay between multiple factors (Fig. 2.7). Short videos may 
be appropriate for conference proceedings, summarizing technique, or just-in-time 
learning before a case. However, for safe and effective implementation of surgical 
techniques across different experience levels and clinical situations, we recommend 
offering variable video durations.
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STANDARDIZATION OF BEST PRACTICES AND INTER-
NATIONAL IMPACT

The purpose of an international educational program is not to recruit patients or 
referrals to master surgeons, but rather to improve the quality and availability of 
healthcare globally (Fig. 2.8). Online educational programs have the ability to tran-
scend geographic, economic, racial, sex, and language barriers to improve surgi-
cal training worldwide. Conversely, they facilitate sharing of expertise by a diverse 
group of surgeons. A partnership between educators and master surgeons in these 
programs may, with appropriate instructional design, facilitate the translation of 
evidence-based techniques to widespread clinical practice.43 Additionally, self-di-
rected learning through surgical videos may facilitate deliberate practice to help 
elevate practicing surgeons to expert performers (Fig. 1.5).20,21 While surgical videos 
can be powerful marketing tools, a focus on self-promotion and patient referrals 
may impede global progress within a fi eld.

Viewing data from educational programs may also help generate future global 
health investigations and target healthcare interventions. For example, relatively 
high interest in procedures for brachial plexus injury in some countries may indicate 
a need to reduce injuries or to improve local training on that topic. Furthermore, 
in countries such as China, a custom VBL website may circumvent restrictions on 
popular video services like YouTube to better understand the demand for specifi c 
surgical topics in those countries.

FUTURE RESEARCH APPLICATIONS IN VIDEO-BASED 
LEARNING

Three recent systematic reviews have examined the value of online education, or 
e-Learning, in orthopedics, otolaryngology, and surgery in general.44–46 Each con-
cluded that e-Learning has potential to improve knowledge, clinical performance, 
and/or learners’ satisfaction with teaching materials. However, the effects of video 

Surgeon Factors

Procedure Factors

Purpose of Video

Optimal 
Video Duration

•Experience level
•Breadth and focus of practice
•Familiarity with procedure
•Time for preparation

•Complexity of case
•Length of case
•Frequency of case

•Conference preceedings
•Journal and textbook publications
•Learning  
•Teaching

FIGURE 2.7. Factors infl u-
encing optimal video du-
ration. Optimal video du-
ration depends on surgeon 
factors, procedure factors, 
and the video’s intended 
purpose.
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education in planned interventions do not necessary translate to self-directed usage 
patterns, and real-world viewing behaviors must be understood to ensure knowl-
edge translation in actual practice. Although videos on PASSIO demonstrated high-
er engagement than on YouTube, on average, surgeons still watched less than half 
of each video during a viewing session. The implementation of surgical practices 
through educational videos relies on both video quality (e.g., content and fi lming 
practices) and surgeon engagement.

To optimize audience attention, educators should research and employ evi-
dence-based principles for video design.31 For example, we demonstrate a role for 
both short and long video formats, but it remains unclear how to best edit multi-
hour surgical procedures into shorter videos. Future studies may explore strategies 
for differential fi lming or editing. Additionally, videos may be offered in multiple 
languages or with translated subtitles to promote usage by non-English speakers.

There is also a need to establish generalizability of this model to other surgical 
specialties. In addition to methods of video distribution, the expertise and mo-
tivations of video authors must also be considered. In our experience, authors 
should be opinion leaders,47 or established experts with the ability to infl uence 
attitudes and behaviors in their focused clinical areas, who have experience 
practicing in a surgical teaching environment. They should also be interested, 
above else, in sharing their knowledge in suffi cient detail to facilitate implemen-
tation of best practices. As a proof of concept, an additional 12 videos were 
produced with 4 master surgeons (J.E.J., R.M.Z., G.A.P., L.M.B.), who are con-
sidered opinion leaders in their fi elds and renowned educators. These videos 
performed similarly to the 117 nerve surgery videos (Table 2.3), and they can be 
found on our new multispecialty VBL platform, Learn Surgery (learnsurgery.wustl.
edu). We encourage surgeon educators to evaluate our VBL model in their own 
online educational programs and to report their analytics data.

TABLE 2.3 Total number of videos and video performance by surgical specialty.
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LIMITATIONS

Analytics algorithms were not publicly available and therefore could not be ap-
praised for their consistency or reliability. Google Analytics also does not record 
time spent on the last page of a session, meaning that reported session duration 
is an underestimate. Nonetheless, average session duration is a common website 
metric that can be used to compare websites. Analytics tools provided by YouTube
and Brightcove reported different metrics that prevented some comparisons be-
tween video services. For example, information on relative audience retention was 
not available on PASSIO, which precluded assessment of surgeon retention. Our 
PASSIO survey response rate of 20% is similar to what has been reported in recent 
physician surveys.48–50

CONCLUSION
This novel study establishes a benchmark for surgeon engagement and evaluates 
preferred surgical video duration. It also introduces a framework for VBL programs 
that utilizes YouTube to channel surgeons to a modern VBL platform for guiding 
instructional design. Similar VBL programs may be created in other surgical special-
ties to equitably share best practices and improve quality of care.
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CHAPTER 3
THE ROLE OF SUGICAL VIDEO ON 
RESIDENT PERFORMANCE OF CARPAL
TUNNEL RELEASE

A CADAVERIC SIMULATION-BASED, PROSPECTIVE,
RANDOMIZED, BLINDED STUDY 

Based on: 
Yee A,* Padovano WM,* Rowe AG, Hill EJR, Fox IK, Moore AM, Coert JH, 
Mackinnon SE. The Role of Surgical Video on Resident Performance of Carpal 
Tunnel Release: A Cadaveric Simulation-Based, Prospective, Randomized, Blinded 
Pilot Study. Plast Reconstr Surg. 2020;145(6):1455-1463.

* Joint first authors
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ABSTRACT
OBJECTIVE

To evaluate the impact of an educational surgical video on resident performance 
of an open carpal tunnel release through an Objective Structured Assessment of 
Technical Skills (OSATS) and serial questionnaires.

BACKGROUND

Surgical videos are increasingly common in the preparation for operative cases, 
although their role in residency curricula remains unclear.

METHODS

Twenty-two residents representing six postgraduate years were randomized to re-
ceive text-based materials with or without a surgical video before performing a 
carpal tunnel release on human cadavers. Procedures were video recorded, ano-
nymized, and independently evaluated by three hand surgeons using the OSATS 
global rating scale, a procedure-specifi c technical rating scale, a record of operative 
errors, and pass/fail designation. Residents completed questionnaires before and 
after the procedure to track confi dence in their technical skills.

RESULTS

Residents in their fi rst and second postgraduate years (n=10) who watched the sur-
gical video committed fewer operative errors (median 4 vs 1.3, p = 0.043) and 
were more confi dent in their abilities following the procedure (median 75 vs 32, 
p = 0.043) than those receiving text resources alone. There were no signifi cant 
differences in OSATS performance or questionnaire responses among more senior 
residents (n=12). The technical rating scale was internally consistent (Cronbach α
0.95, 95% CI 0.91 to 0.98), reliable (ICC 0.73, 95% CI 0.40 to 0.88), and correlated 
with surgical experience (Spearman ρ 0.57, p = 0.006).

CONCLUSIONS

Watching an educational surgical video to prepare for a cadaveric procedure sig-
nifi cantly reduced operative errors and improved confi dence among junior trainees 
performing a carpal tunnel release.
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INTRODUCTION
Surgical training traditionally follows an apprenticeship model, where residents gain 
expertise through large case volumes and structured mentorship.1,2 However, resi-
dent work-hour restrictions, increased scrutiny for medical errors, and progressive 
sub-specialization at teaching centers have made it challenging to attain the skills 
needed for independent practice through case volume alone.3-7 Simulations offer 
trainees a safe and uniform environment to supplement patient experiences,8-14 and 
standardized measures of performance, such as the Objective Structured Assess-
ment of Technical Skills (OSATS),15-18 have been developed to monitor skill acquisi-
tion and provide reliable feedback.19,20 Unfortunately, simulations for many proce-
dures, such as those in nerve or microvascular surgery,21 require animal or cadaveric 
models that have high costs and limited availability.22,23

Video-based learning has become a prominent educational tool for practicing sur-
geons.24-27 Videos may promote self-directed learning, improve accessibility of edu-
cational content, and reduce educational costs.28,29 Educational videos offer several 
potential benefi ts for surgical residents. They can reinforce techniques and reasoning 
learned in the operating room, and they may also augment operative experiences 
by allowing learners to pause, slow down, or replay specifi c parts of procedures.30-32

Once produced, videos can serve as reusable resources for self-directed and self-
paced learning.28,33 With appropriate distribution, they may transcend geographic, 
socioeconomic, institutional, and language barriers to allow trainees to learn best 
practices, clinical and intraoperative reasoning, and new operative approaches from 
expert surgeons worldwide.27 Such knowledge translation is particularly essential 
to the fi eld of plastic surgery, which consists of many subspecialties and demands 
creativity, problem-solving, innovation, and ethical practice.34,35

While surgical videos are becoming increasingly popular among trainees, evidence 
quantifying their effect on resident performance remains sparse. Recent systemat-
ic reviews suggest that surgical videos may improve knowledge and learner sat-
isfaction among medical students and residents, but few studies have evaluated 
whether they can specifi cally improve technical skills.36-39 Further, it remains unclear 
if videos can improve surgical performance in procedures other than those routinely 
performed via a visual monitor, such as laparoscopy or arthroscopy. In this random-
ized study, we examine the role of a surgical video demonstrating an open carpal 
tunnel release on resident performance in an OSATS and their confi dence.

200805 YEE PHD THESIS v5.indd   61200805 YEE PHD THESIS v5.indd   61 9/9/20   7:31 PM9/9/20   7:31 PM



62 PART I   CHAPTER 3

METHODS
STUDY DESIGN

Participants were recruited from all postgraduate years (PGY) of plastic and recon-
structive surgery residency and the fi rst two years of general surgery residency pro-
grams at Washington University School of Medicine. Residents who had undergone 
additional postgraduate years of training were excluded. Participation was volun-
tary, and residents did not receive compensation of any form. Participants were 
randomly assigned to one of two educational interventions (text resources with or 
without a surgical video) in a 1:1 ratio using a computer-generated sequence. Res-
idents in each intervention group were not required to use any of the provided 
resources. Technical skills were then evaluated through an OSATS using a human ca-
daver model (Fig 3.1). The study design and rationale received institutional review 
board approval (#201505011). All analyses were intent-to-treat.

PRE-INTERVENTION ASSESSMENT

A questionnaire was administered to establish demographics, training year, ap-
proach to case preparation, and self-reported baseline confi dence in technical skills 
using a 100-point visual analogue scale. All residents are required to log the num-
ber of procedures performed during their residency, indexed by Current Procedure 
Terminology (CPT) code. Counts of CPT code 64721 (neuroplasty and/or transposi-
tion; median nerve at carpal tunnel) were retrieved for each resident as an objective 
measure of carpal tunnel release experience. To evaluate baseline technical skills, 
residents were instructed to excise a simulated 2-cm skin lesion with 1-cm mar-
gins on a pigskin model. Each performance was videotaped using a high-defi nition 
camcorder, which was held behind the participant by an experienced videographer 
using a shoulder-mounted rig. The camcorder was positioned such that each perfor-
mance was recorded over the participant’s shoulder to simulate their point-of-view. 
Videos were edited to remove identifying characteristics and audio. A blinded pan-

Pre-intervention
Assessment

Skin Lesion
Excision

Educational
Intervention

Post-intervention
Assessment

Post-study
Assessment

Carpal Tunnel
Release

Review Panel

FIGURE 3.1. Experimental study design. Residents completed several questionaries’ 
during their assessments and performed a stimulated excision of a skin lesion and a carpal 
tunnel release. Videos of their operative performance were reviewed by a panel of surgeons 
using OSATS.
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el of three attending, board-certifi ed plastic surgeons with subspecialty certifi cation 
in hand surgery (I.K.F., A.M.M., S.E.M.) independently assessed each baseline video 
performance using an OSATS global rating scale with 7 subcategories (respect of 
tissue, time and motion, instrument handling, knowledge of instruments, use of 
assistants, fl ow of operation, and knowledge of specifi c procedure).40  

EDUCATIONAL INTERVENTION

Residents were required to spend 40 minutes for case preparation prior to per-
forming an open carpal tunnel release without closure on a draped fresh cadaveric 
arm. They were provided an operative text describing the procedure,41 an anatomy 
atlas,42 and note-taking materials. The video group was additionally provided an ed-
ited, 9-minute intraoperative recording of a carpal tunnel release with a voiced-over 
description of the operative steps.43 The operative text and video contained similar 
information as both were developed by the same senior author (S.E.M.), who is an 
established expert in the management of compressive neuropathies. The operative 
text and video described the sequence of operative steps for carpal tunnel release 
in similar detail.

POST-INTERVENTION ASSESSMENT

Residents were allowed a maximum of 40 minutes to complete a simulated open 
carpal tunnel release. They were provided with an instrument tray and a surgical 
assistant for passive retraction. Operative performances were videotaped and ed-
ited in the same fashion as the baseline assessment. The same panel of attending 
surgeons evaluated each performance using the OSATS global rating scale, a tech-
nical rating scale for carpal tunnel release modifi ed from an operative checklist,17 a 
tally of operative errors, and pass/fail designation. Residents passed if at least two 
graders assigned a passing designation. The technical rating scale was comprised 
of 7 categories derived from the educational materials and established best prac-
tices. These included: (1) quality of skin incision, (2) protection of palmar cutaneous 
branch, (3) identifi cation of the juncture between the thenar and hypothenar fascia, 
(4) visualization of the transverse carpal ligament, (5) visualization of compressive 
antebrachial fascia, (6) incision location on the transverse carpal ligament, and (7) 
completeness of the release. Graders evaluated each category of the global and 
technical rating scales with a 5-cm visual analogue scale from 1 (minimum score) to 
5 (maximum score); overall scores were calculated from the average of subcategory 
scores. Operative errors were defi ned a priori by the attendings surgeons and were 
classifi ed into 6 categories: (1) incision, (2) visualization/exposure, (3) incomplete 
release, (4) instrument use, (5) tissue damage (e.g. transection of the palmar cutane-
ous branch of the median nerve), and (6) operating room effi ciency. After the sim-
ulated cadaveric procedure, residents again reported their confi dence in technical 
skills. They also indicated the strengths and weaknesses of the learning materials 
(text and video) through open-response feedback (Table 3.1).
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STATISTICAL ANALYSIS

The performance measures were evaluated for their internal consistency, inter-rat-
er reliability, and discriminant validity. To assess internal consistency of the global 
and technical rating scales, Cronbach α coeffi cients were calculated using average 
grades for each subcategory. Inter-rater reliabilities were assessed by intraclass cor-
relation coeffi cients (ICCs), which were calculated using a two-way random effects 
model for absolute agreement.44 For discriminant validity, the association between 
CPT count and performance measures were assessed by Spearman rank coeffi cients 
or Wilcoxon rank sum test, as appropriate. 

Differences in baseline characteristics between intervention groups were assessed 
by Wilcoxon rank sum test. To assess the impact of the educational intervention, 

TABLE 3.1 Open-response feedback on learning materials.
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global and technical scores, number of operative errors, pass/fail designation, and 
confi dence levels (baseline, pre-procedure, post-procedure) were compared be-
tween intervention groups by Wilcoxon rank sum test or Fisher exact test. Changes 
in confi dence level within each intervention group were also assessed by Wilcoxon 
signed rank test. P-values were adjusted by false discovery rate (FDR) adjustment to 
correct for multiple comparisons. Additionally, residents were stratifi ed into two cat-
egories, PGY1-2 and PGY3-6, for subgroup analyses to examine how carpal tunnel 
release experience infl uenced effects of the educational intervention. These strata 
were selected because plastic surgery residents at our center have limited hand 
surgery experience during PGY1-2, but they are on plastic surgery services full-time 
during subsequent years. CPT counts were compared between strata to evaluate 
this grouping. All comparisons in this study were two-tailed, and p-values less than 
0.05 were considered statistically signifi cant. All analyses were performed using 
SAS, version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS
DEMOGRAPHICS

Of the 22 residents who participated in this study (18 plastic surgery, and 4 general 
surgery PGY1-2), 12 received the surgical video for case preparation. There were no 
signifi cant differences in baseline characteristics or strategies for case preparation 
between intervention groups (Table 3.2). As expected from our residency curricu-
lum, PGY1-2 residents had signifi cantly lower CPT counts for carpal tunnel release 
than more senior training years (median 0 vs 28, p = 0.0001) (Fig 3.2). Among these 
10 junior trainees, 6 residents (4 plastic surgery, 2 general surgery) received the sur-
gical video; there was no signifi cant difference in CPT counts between intervention 
groups (median 0 vs 0, p = 0.73).

FIGURE 3.2. Prior carpal 
tunnel release experience.
Boxplots for Current Pro-
cedural Terminology (CPT) 
Code 64721 count for each 
postgraduate year. For 
each boxplot, the horizon-
tal line repre-sents median, 
asterisk represents mean, 
whiskers extend to furthest 
data point within 1.5 times 
the interquartile range, and 
the lower and upper edges 
represent the fi rst and third 
quartile, respectively. Post-
graduate years (PGY) 1 and 
2 are colored in blue, PGY 3 
to 6 are colored in red. 
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TABLE 3.2. Demographics, confi dence, and baseline technical skills of participants.
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RELIABILITY AND VALIDITY

Cronbach α coeffi cients for the global and technical rating scales demonstrated 
excellent internal consistency (Table 3.3). Inter-rater reliabilities of the performance 
measures were also within previously reported ranges for standardized assessments 
of residents performance (Table 3.3).17,18,45 Furthermore, the performance measures 
varied as expected with carpal tunnel release experience; higher CPT count was 
associated with higher global score (ρ = 0.61, p= 0.002), technical score (ρ  = 0.57, 
p = 0.006), and pass rate (median 0 vs 24, p = 0.002), as well as fewer operative 
errors (ρ = 0.53, p = 0.01).

IMPACT OF SURGICAL VIDEO

There were no signifi cant differences in performance measures between the 
non-stratifi ed intervention groups. Nonetheless, the video group was more con-
fi dent in their surgical skills after watching the video (median +25.5, adjusted p = 
0.073) than at baseline. Their confi dence also remained higher than baseline after 
the OSATS (median +19, adjusted p = 0.073). In comparison, the text-only group 
did not experience any signifi cant changes in confi dence.

To evaluate if effects of the surgical video depended on baseline carpal tunnel 
release experience, differences in OSATS performance and confi dence were ex-
amined for residents in PGY1-2 and residents in PGY3-6. For the junior residents 
(n=10), the video group made signifi cantly fewer operative errors than the text-only 
group (median 4 vs 1.3, adjusted p = 0.043) (Table 3.4). Furthermore, a majority 
of the text-only group committed at least one error in every error category (Table 
3.5), while only “incision” and “incomplete release” error categories contained a 
majority of the video group. Residents in the video group also had higher global 
scores, technical scores, and pass rate than their peers, although the differences did 
not achieve statistical signifi cance (Table 3.4). Additionally, when compared to the 
text-only group, residents in the video group were signifi cantly more confi dent in 

TABLE 3.3. Reliability and validity of performance measures.
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their surgical skills after the OSATS (median 75 vs 32, adjusted p = 0.043).

PGY3-6 residents (n=12) scored highly on performance measures regardless of ed-
ucational group, and no signifi cant differences were identifi ed between the groups 
(Table 3.4). Nonetheless, irrespective of training year, residents in the video group 
preferred watching the video to reading text resources during the study period 
(Table 3.6).

TABLE 3.4. OSATS performance of participants.
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DISCUSSION
In this randomized study, residents in their fi rst and second postgraduate years who 
watched a surgical video made fewer operative errors than those who used text-
based resources alone. These residents were also signifi cantly more confi dent in 
their skills after the OSATS than their counterparts, which has multiple possible ex-
planations. Junior residents in the video group may have actually performed better 
than their peers during the OSATS despite non-signifi cant differences in global and 
technical rating scores. Indeed, the video group did score higher in all performance 
measures, although sample sizes in our subgroup analyses could not reliably detect 
true differences between intervention groups. The post-hoc power was 0.44 for 
global score in the PGY1-2 subgroup, and more than twice as many participants 
would have been required to achieve at least 80% power at a 95% confi dence level. 
Based on these fi ndings, future studies will likely require multiple training programs 
or take place over multiple years to achieve such a large sample size.

TABLE 3.5. Number of participants performing at least one operative error for each 
category.

TABLE 3.6. Usage of provided learning materials during study period.
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As has been demonstrated in multiple recent studies,36-38 residents in the vid-
eo group may have had a more positive learning experience than the text-only 
group, and this may have positively infl uenced their self-image. It is possible that 
resident confi dence acted as a surrogate for learner satisfaction, or how prepared 
residents felt for the OSATS. Alternatively, watching the surgical video may have 
led to over-confi dence in skills, as has been described in non-surgical instructional 
videos.46 Regardless, the continued improvement in resident confi dence after the 
OSATS in the video group, but not in the text-only group, suggests differences in 
how junior residents internalized their OSATS performance.

In contrast, senior residents performed well on the OSATS regardless of the educa-
tional intervention, and prior studies have also demonstrated that less experienced 
residents tend to receive the most benefi t from videos and simulations.21,47,48 How-
ever, standardized performance measures may not be able to detect subtle differ-
ences in technique, and the educational resources may not have been optimized 
for experienced trainees. Furthermore, surgical videos may provide junior trainees 
with an initial mental model,49 that senior trainees have already developed through 
surgical experiences. According to this theory, understanding any complex system 
requires a mental model, or an understanding of the system’s structural components 
and their behaviors.50,51 For a surgical procedure, the structural components repre-
sent surgical anatomy and component behaviors describe how a surgeon’s actions 
deform, expose, or alter anatomic structures. As a surgeon gains experience with a 
procedure, their mental model is constantly refi ned to refl ect a more comprehen-
sive understanding of anatomic variations, scarring, strain on tissues, and areas to 
“slow down.”52

High-defi nition, point-of-view surgical videos may provide junior trainees with an 
initial mental model by allowing them to visualize a procedure’s structural compo-
nents and behaviors.51,53 However, senior trainees, who have already constructed a 
detailed mental model, may require more advanced videos that emphasize nuances 
in technique. Given the need to improve performance at all training levels,4,6 we 
recommend that future studies on this topic offer separate educational resources to 
junior and senior residents to accommodate differences in baseline expertise.

As educators and surgical societies spend an ever-growing amount time, resources, 
and effort to develop videos for resident education, there is a need to understand 
how surgeons learn and to improve the educational value of surgical videos.26,27

Future research should, for example, examine strategies for optimizing cognitive 
load, improving attention and information retention, and adapting video content 
to differences in surgeon expertise.26,28 Additionally, to evaluate the real-world ef-
fectiveness of surgical videos, there is a need to examine how videos are utilized 
for self-directed learning by both trainees and practicing surgeons. Our group is 
currently exploring how surgeons watch videos in our online educational program 
to incorporate thoughtful instructional design,27 and we encourage other online 
educators to study the viewing habits of their learners.
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LIMITATIONS

Substantial resources were required to provide an OSATS for each resident, includ-
ing the time to evaluate each performance. This limited the number of participants 
who could be enrolled in this study. Similar to previous studies on e-learning in 
surgery,36 our small sample size reduced our power to detect more subtle differ-
ences in resident performance. Having demonstrated acceptable agreement be-
tween evaluators, future studies may reduce costs by evaluating performances with 
a single evaluator or by crowdsourcing to non-expert evaluators.54-56 Furthermore, 
the technical rating scale was adapted from a previously validated checklist for the 
carpal tunnel release with the goal of detecting more subtle differences in technical 
performance for each item. Although this scale demonstrated acceptable internal 
validity, additional studies are needed to establish its external validity.  

The carpal tunnel release was selected for the OSATS because its relatively low 
procedural complexity could accommodate a junior training level, although the 
anatomic area has several structures that may be damaged even by experienced 
surgeons.57  However, the operation may have been too diffi cult for junior trainees 
and too easy for senior trainees to demonstrate the full benefi ts of surgical videos 
for case preparation: PGY3-6 residents had a 100% pass rate while nearly all PGY1-2 
residents failed. Additionally, the educational video may not have been optimized 
for the specifi c needs of less experienced trainees. For example, a majority of ju-
nior residents in the video group made errors involving the initial incision, and the 
video could have devoted more time to demonstrating this important step. A re-
cent study demonstrated that an online animation was superior to text for teaching 
preoperative markings for cleft lip repair to medical students.58 This incision anima-
tion was later incorporated into a more robust simulation, which combined other 
animations with intraoperative videos, to effectively teach unilateral cleft lip repair 
to residents.59 Similarly, junior performance in our study may have improved from 
additional learning modules describing incision placement and relevant anatomical 
structures, as noted by 42% of trainees “wanting more detail” in their description of 
a weakness in the surgical video. 

CONCLUSION
This novel study establishes the ability of a surgical video to reduce operative er-
rors and improve confi dence among plastic surgery residents. It also demonstrates 
that junior trainees experience the largest gains in performance, suggesting that 
surgical videos should be introduced early in residency curricula. Furthermore, this 
study highlights barriers to studying skills acquisition in nerve surgery that may help 
guide future educational studies and incorporate thoughtful instructional design to 
enhance the learning experience.
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CHAPTER 4
EFFECTIVENESS OF VIDEO-BASED 
LEARNING IN TEACHING CLINICAL 
REASONING FOR CUBITAL TUNNEL 
SURGERIES

Based on: 
Yee A,* Padovano WM,* Patterson JMM, Pet MA, Zazulia AR, Dengler J, Novak 
CB, Coert JH, Mackinnon SE. Developing a Video-Based Learning Module to 
Teach Decision-Making for Cubital Tunnel Surgeries. 2020. [Under Review]
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ABSTRACT
OBJECTIVE

To evaluate the effectiveness of an online video-based learning module in teaching 
management of cubital tunnel syndrome to include a new surgical procedure to 
improve fi ne motor hand function, and to describe an evidence-based framework 
for module design.

BACKGROUND

In a landmark 2010 report, the National Academy of Medicine identifi ed major defi -
cits in the continuing medical education (CME) system in the United States. It called 
for a transition toward a system of continuing professional development (CPD), 
which emphasizes long-term, sustainable practice change. The report highlighted 
online multimedia (e-learning) as a promising strategy for CPD. However, the feasi-
bility, acceptability, and long-term impact of using videos to learn clinical reasoning 
in surgery remain poorly understood.

METHODS

An online educational module was developed to teach patient selection for cubital 
tunnel surgeries, including the supercharge end-to-side (SETS) anterior interosse-
ous to ulnar motor nerve transfer. It consisted of a mandatory baseline knowledge 
assessment, choice of two self-guided video lectures (7-minutes and 28-minutes), 
and an optional post-lecture knowledge assessment. An additional assessment dis-
tributed 3 months after module completion examined knowledge retention. Sur-
veys administered during these assessments assessed baseline practices, practice 
change, and perceived value of the module.

RESULTS

A total of 279 surgeons participated in the educational module (75% practicing phy-
sicians, 7.5% fellows, 17.5% residents). Among practicing surgeons, 93% offered 
surgery for cubital tunnel syndrome, and 32% specifi cally offered the SETS nerve 
transfer. Median score on the pre-test assessment was 5 out of 10. A majority of par-
ticipants (84%) watched the full-lecture video, and most reported spending at least 
30 minutes watching one or both lectures. Knowledge assessment scores improved 
by 3 points (p<0.0001) immediately following the lecture(s). Knowledge retention 
persisted at 3 months after module completion, and 68% reported that the module 
changed how they managed cubital tunnel syndrome.
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CONCLUSIONS

Video-based learning is an effective strategy for promoting continuing profession-
al development among extremity surgeons. The educational module was well-re-
ceived, led to substantial improvement in knowledge among both practicing sur-
geons and trainees, and supported potential long-term practice change.

INTRODUCTION
Clinical judgment, or clinical reasoning, is an essential part of surgery. It encom-
passes all phases of patient management, from initial workup to post-operative care 
and follow-up.1-4 Both technical expertise and clinical judgment are necessary for 
achieving optimal quality of care.5 Moreover, new procedures rely on a shared un-
derstanding of indications to ensure safe implementation and reduce variability in 
surgical outcomes.6,7 While multiple educational studies have examined novel ways 
to enhance and evaluate technical performance,8 comparatively little attention has 
focused on means of teaching clinical judgment.9

In the United States, surgeons have traditionally evolved with changing trends and 
advancements in their fi elds through peer-reviewed literature and decentralized 
continuing medical education (CME) activities.10 However, a 2010 report by the Na-
tional Academy of Medicine identifi ed irreconcilable fl aws in the current approach 
to CME, concluding that it “fails to deliver the most useful and important health 
information to health professionals, leaving them unable to adopt evidence-based 
approaches.”11 The report called for a transition away from CME and towards a 
system of continuing professional development (CPD), which emphasizes long-term 
practice change. Several recommendations included (1) facilitating self-directed 
learning outside of professional activities, (2) using learning theories to develop ed-
ucational interventions, (3) analyzing the effectiveness of these interventions, and (4) 
improving the value and cost-effectiveness of continuing education. Online multi-
media learning (e-learning) was highlighted as a promising strategy for CPD, since it 
is inexpensive, highly accessible, and allows providers to learn at their own pace.12-16

Despite these intuitive applications in CPD, few studies have examined the effec-
tiveness of online multimedia or formalized design principles for this modality.17,18

While the roles of video in disseminating and learning technical skills have been 
demonstrated,19,20 learning clinical judgment through video-based education has 
not been evaluated. The aims of this study were (1) to evaluate the effectiveness of 
an online video-based learning module in teaching management of cubital tunnel 
syndrome to include a new surgical procedure to improve fi ne motor hand function, 
and (2) to describe an evidence-based framework for module design. Through lon-
gitudinal surveys, we assessed surgeon attitudes, practice change, and potential 
barriers to adoption of e-learning for surgical education.
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METHODS
An online video-based learning module was developed to teach surgeons an ev-
idence-based algorithm for diagnosis and management of ulnar neuropathy from 
cubital tunnel syndrome (Fig. 4.1).21 Extremity surgeons were solicited via email from 
the members of Washington University Learn Surgery (learnsurgery.wustl.edu) and 
DocMatter (docmatter.com) over a one-month period. The module was approved by 
an accredited CME offi ce to provide 0.75 AMA PRA Category 1 Credit and Self-As-
sessment Credit towards ABS MOC Part 2 – Lifelong Learning & Self-Assessment. 
The study design was approved by our institutional review board (#201805057).

WUSTL Learn Surgery 
DocMatter

PRE-STUDY EVALUATION
1. Clinical Practice Survey
2. Technical Skill Survey
3. Knowledge Assessment

4. Summary of Incorrect Answers

EDUCATIONAL VIDEOS
1. Abridged Video (7 min)
2. Full Lecutre (28 min)
3. Video Analytics 

POST-LECTURE EVALUATION
1. Learning Satisfaction
2. Self-reported Practice Change
3. Knowledge Assessment

4. CME Credit
5. Answer Key

RETENTION EVALUATION
1. Study Evaluation
2. Self-reported Practice Change
3. Knowledge Assessment

STUDY FEEDBACK
1. Participation Barriers

N = 27
N = 112

N = 279

2. Answer Key

N = 71

3-months

FIGURE 4.1. Study design of educational video module. Surgeons were solicited from 
members of Washington University Learn Surgery and DocMatter. Participants complet-
ed a pre-study evaluation, given two videos (abridged and full-lecture), and completed 
a post-lecture and 3-month retention evaluations. Participants who did not complete the 
post-lecture evaluation provided study feedback by describing barriers to completion. Sum-
mary of incorrect answers, CME credit, and the answer key with exclusive video access were 
provided to participants following completion of the respective evaluations as incentives. 
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EDUCATIONAL MODULE DESIGN

The educational module consisted of (1) a choice of two variable-length, self-guid-
ed video lectures and (2) knowledge assessments administered before (mandatory, 
pre-lecture assessment) and after (optional, post-lecture assessment) watching the 
lectures. After completion of the pre-lecture assessment, incorrect answers were 
displayed to participants to preface learning before the lectures. All answers with 
clinical reasoning were emailed following the post-lecture assessment. Develop-
ment of the module and videos were guided by the cognitive theory of multimedia 
learning (CTML) and spatial learning using concept mapping.22,23 CTML describes 
at least 12 evidence-based principles for managing cognitive load and enhanc-
ing knowledge acquisition,24-29 which were explicitly addressed in the design of the 
module and lecture (Table 4.1).

The online lectures consisted of a 28-minute (full-length) video and a 7-minute 
(abridged) video developed using Prezi (prezi.com; Budapest, Hungary) and up-
loaded to YouTube (youtube.com; San Bruno, CA). The module was developed 
using SurveyGizmo (surveygizmo.com; Boulder, CO) and included embedded 
links to the YouTube videos. Video analytics, which included views, watch-time, 
and engagement,19 were collected from YouTube Creator Studio (youtube.com/
analytics).

Knowledge assessments were accompanied by surveys that evaluated training ex-
perience, practice setting, learning satisfaction, current practices, intent to change 
practice, and time spent on the module. Another knowledge assessment and survey 
were administered 3-months following module completion to examine knowledge 
retention and practice change.

CONTENT OF VIDEO LECTURES AND KNOWLEDGE 
ASSESSMENTS

The lectures summarized a recent decision algorithm for cubital tunnel syn-
drome,21,30 which incorporated electrodiagnostic and clinical fi ndings (Fig. 4.2). 
Specifi cally, the algorithm described when to trial conservative management and 
when to perform an ulnar nerve release or transposition, Guyon’s canal release, 
and supercharge end-to-side (SETS) anterior interosseus to ulnar motor nerve trans-
fer. Teaching interpretation of electrodiagnostic studies included the clinical signif-
icance of reduced conduction velocity, reduced compound muscle action potential 
(CMAP) amplitude, reduced sensory nerve action potential (SNAP) amplitude, acute 
and chronic motor unit potentials (MUPs), the presence of fi brillations and positive 
sharp waves, and the relevance of a conduction block. Participants were guided 
through multiple clinical cases to practice interpreting electrodiagnostic studies 
and exemplify use of the treatment algorithm. Knowledge assessments consisted 
of 10 multiple-choice questions that evaluated the correct use of electrodiagnostic 
studies in managing cubital tunnel syndrome. CME credit was awarded to partici-
pants who answered at least 8 out of the 10 questions (75%) correctly on the post-
lecture assessment. Following completion of the module, participants were given 
unrestricted access to both lecture videos.

200805 YEE PHD THESIS v5.indd   81200805 YEE PHD THESIS v5.indd   81 9/9/20   7:31 PM9/9/20   7:31 PM



82 PART I   CHAPTER 4

TABLE 4.1 Evidence-based principles guided by the cognitive theory of multimedia 
learning.
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FIGURE 4.2. “Whiteboard” of full-length video lecture describing clinical judgment. 
The full-length lecture used Prezi to spatial present and navigate topics around a diagnostic 
algorithm used for cubital tunnel syndrome. Worked-examples of cases were categorized as 
mild compression neuropathy, conduction block and considerations, and severe compres-
sion neuropathy.  
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EVALUATION OF BARRIERS TO MODULE COMPLETION

A survey was sent to participants who began the module but did not complete the 
post-lecture assessment despite 3 reminder emails. Survey questions evaluated bar-
riers to participation (e.g. time investment, dislike assessments, access issues, etc.) 
and perceived value of the module.

STATISTICAL ANALYSES

Power and sample size estimates were informed by multiple studies evaluating the 
effects of internet-based CME activities.31-35 On a 10-point scale, we assumed that 
participants would on average score 1-point higher on the retention assessment 
than on the pre-lecture assessment, that scores would have a pooled standard devi-
ation of 2 points, and that performances would have a moderate correlation of 0.4. 
We further expected that 50% of those completing the educational module would 
complete the retention assessment. Consequently, using a paired two-sided t-test, 
we assumed that 80 participants would need to complete the educational module 
for 80% power to detect a 1-point improvement in assessment scores at a 0.05 level 
of signifi cance.

Responses to each question in the pre-lecture and post-lecture assessments were 
compared by McNemar or Wilcoxon signed-rank tests, where appropriate. Summa-
tive scores were calculated for the pre-lecture, post-lecture, and retention assess-
ments, and scores were compared by Wilcoxon signed-rank test. The infl uence of 
training level and setting on assessment scores and the impact of re-watching vid-
eos in the months prior to completing the retention assessment were evaluated by 
Wilcoxon rank-sum test. False discovery rate adjustment was performed to correct 
for multiple statistical comparisons. All analyses were performed using SAS (version 
9.4) and adjusted p-values less than 0.05 were considered statistically signifi cant.

RESULTS
A total of 279 surgeons participated in the educational module, including 209 prac-
ticing surgeons (75%), 21 fellows (7.5%), and 49 residents (17.5%). Among practic-
ing surgeons, 42% considered their practice academic, and 93% performed surgery 
for cubital tunnel syndrome. Specifi cally, 32% have performed the SETS nerve trans-
fer for patients with cubital tunnel syndrome and 27% were considering adding this 
procedure to their practice. Median score on the pre-lecture assessment was 5 out 
of 10, with practicing surgeons scoring 1-point higher than trainees (0.005). Practice 
setting (academic vs. private) did not infl uence scores (p=0.16). 

A total of 112 surgeons (72% practicing surgeons, 28% trainees) completed the 
post-lecture assessment and 78 surgeons (85% practicing surgeons, 15% trainees) 
were awarded CME. There was no signifi cant difference in pre-lecture scores be-
tween these surgeons and those who did not complete the post-lecture assessment 
(p=0.27). Median post-lecture assessment score was 9 out of 10, with no signifi cant 
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difference between practicing surgeons and trainees (p=0.88). Individual scores 
improved by 3 points (p<0.0001) (Table 4.2), with participants being signifi cantly 
more likely to answer all but one of the assessment questions correctly. The majority 
of participants (84%) reported watching the full-length format of the lecture (52% 
watched only the full-length format and 32% watched both formats), and most par-
ticipants (54%) reported spending at least 30 minutes watching one or both videos 
(Fig. 4.3). 

Three months following completion of the module, 71 surgeons (75% practicing 
surgeons, 25% trainees) completed the knowledge retention assessment. Median 
score on the retention assessment was 8 out of 10, with participants signifi cantly 
maintaining a 2-point increase from their pre-lecture score (p=0.0002), but expe-
riencing a 1-point decrease from their post-lecture score (p=0.001). However, of 
the 30% of respondents who reported re-watching the lectures in the intervening 
months, surgeons retained their knowledge with no signifi cant difference between 
post-lecture and retention scores (p=0.88).

TABLE 4.2. Pre- and post-lecture and retention assessment scores.
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In the post-lecture survey, 99% of surgeons reported that the intervention improved 
their knowledge, and 90% anticipated that it would change their practice. Among 
41% of surgeons who were not initially interested in the SETS nerve transfer, 78% 
indicated that they would consider adding this procedure to their practice after 
completing the module. Of those completing the retention survey, 68% confi rmed 
that the module had changed their management of cubital tunnel syndrome (17% 
undecided, 15% reported no change). Additionally, 76% of surgeons preferred the 
online educational module over a traditional conference presentation, and 96% felt 
that the knowledge assessments enhanced their learning when compared to watch-
ing the lecture(s) alone. 

During the entire extent of the study, the full-length lecture received a total of 507 
views with an average watch-time per session of 10.8 minutes (39% engagement), 
while the abridged lecture received 285 views, with an average watch-time per 
session of 4.0 minutes (57% engagement). Accounting for self-reported viewing 
patterns, these metrics suggest that viewers of each format, on average, watched 
the lecture over two viewing sessions. Furthermore, relative audience retention 
described sustained above average viewing engagement when compared to all 
YouTube videos with peaks and troughs of interests throughout the abridged and 
full-length lectures (Fig. 4.4).
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Abridged Lecture

Full-length Lecture
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FIGURE 4.3. Time spent watching the video lectures. Participants self-reported the time 
spent watching the abridged and/or full-lecture videos.
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Among the 167 surgeons who started the module but did not complete the post-lec-
ture assessment, 27 (16%) completed a survey assessing barriers to completion. The 
most commonly cited barrier was having limited time (70%), and 7% reported dislik-
ing self-assessments. Nonetheless, 83% of respondents stated that the intervention 
changed how they manage cubital tunnel syndrome.

DISCUSSION
Extremity surgery has evolved rapidly over the past decades, and the number and 
complexity of surgical options for nerve injuries continues to grow. Gaining expe-
rience with a new operative technique requires an understanding of when and to 
whom to offer it, also known as clinical judgment. Inappropriate patient selection 
for a nerve transfer, for example, may result in an unsuccessful or unnecessary pro-
cedure and donor site morbidity without any functional benefi t. While interpretation 
of electrodiagnostic studies is typically with the purview of neurologists, it is the au-
thors’ experience that a practical understanding of electrodiagnostic studies assists 
in operative planning for most nerve injury conditions.

Tasked with increasingly diffi cult clinical decisions, it is essential that surgeons con-
tinue to develop at the pace of surgical advancements. Unfortunately, the impact of 
traditional means of CME, such as lectures and seminars at national conferences, on 
actual clinical practice is controversial,36,37 and new teaching modalities remain in-
completely understood.31 To address this knowledge gap, surgeon educators must 
(1) establish methods to reproducibly measure effectiveness and (2) develop mini-
mally disruptive means of including such evaluations in teaching materials.

MEASURING EFFECTIVENESS OF A VIDEO-BASED 
LEARNING MODULE

Here, effectiveness is defi ned in accordance to Key Questions of the American Col-
lege of Chest Physicians (ACCP): (1) imparting knowledge, (2) changing attitudes, 
and (3) changing practice behaviors.31,38 Additional categories beyond the scope of 
our investigation are (4) technical skills acquisition and (5) improvements in clinical 
outcomes. While nearly all surgeons in this study offered cubital tunnel surgery, they 
typically answered only half of pre-lecture assessment questions correctly. We em-
phasize that this does not imply defi ciencies in technical ability nor in management 
of cubital tunnel syndrome. Indeed, the intent of this module was not to evalu-
ate whether surgeons were providing standard of care, but to refi ne patient selec-
tion for an innovative procedure (SETS nerve transfer) that was fi rst introduced in 
2011.21,39,40 Nonetheless, knowledge substantially improved after the module, and 
these gains were maintained for at least 3 months. Surgeons were also more likely 
to consider performing the SETS nerve transfer following the module, and most 
reported changes in clinical practice 3 months after module completion.

Measuring the impact of an educational modality facilitates an understanding of 
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how to design future resources. Moreover, the use of learning theory and reporting 
frameworks promote these resources for other surgical topics. To this end, the ed-
ucational module was developed in accordance with the Ellaway’s Framework for 
e-Learning Research.41 Its design, including the combination of knowledge assess-
ments and dynamic video lectures, was guided by CTML and spatial learning using 
concept maps,23,26,42,43 which provides several empirically-supported principles for 
improving the effectiveness of multimedia interventions. These include guiding the 
learner through cases, also known as worked-examples (Table 4.1), using conversa-
tional speech, and giving the learner navigational control.44-46 Content was devel-
oped by expert opinion leaders to promote practice change,47,48 in accordance to 
diffusion of innovation theory and social cognitive theory.49-52

While employing CTML has improved learning among medical students,27,53 it was 
unknown if surgeons see value in self-assessments or expend considerable time re-
quired to watch a full-length lecture. Indeed, conventional teaching maintains that 
educational or surgical videos should be limited to 10 minutes or less,24,29 although 
we have recently disputed this length constraint.19 We demonstrate that most sur-
geons spent at least 30 minutes learning and, on average, returned to the lecture(s) 
to watch it over two viewing sessions. Respondents also overwhelmingly supported 
the use of practical self-assessments. While this may represent a selection bias, in 
which surgeons who completed the assessments may be more likely to see value 
in such assessments, only a minority of those not fi nishing the module reported 
disliking self-assessments. Encouragingly, a third of learners who completed the 
retention assessment had returned to re-watch the videos despite not receiving any 
CME credit for repeat views. These fi ndings imply an interest among surgeons to 
engage in self-directed learning to reinforce and maintain their knowledge.

ADVANCING CLINICAL JUDGMENT IN LEARNING
TECHNICAL SKILL

Over the past decade, our group has developed a framework for the design and 
dissemination of high-quality surgical videos to improve technical skill.19,20 The ed-
ucational program consisted of operative videos describing nerve surgery and in-
cluded innovative techniques, such as the SETS nerve transfer.11,39,54 While the pur-
pose of these videos was to convey operative nuances, even with masterful surgical 
technique, optimal results can only be achieved through appropriate patient selec-
tion and sound clinical judgment. Refi ning indications for the SETS nerve transfer 
in cubital tunnel syndrome required review of clinical outcomes, as well as studying 
the electrodiagnostic features of compression neuropathy.21 These efforts led to a 
proposed revision in how cubital tunnel syndrome is classifi ed to include CMAP 
amplitude as an indicator of axonal loss and disease severity,55,56 rather than a tradi-
tional decrease in conduction velocity at the eblow.30

Teaching patient selection for cubital tunnel surgery, or clinical judgment in gen-
eral, is conceptually distinct from teaching operative details. In the context of ed-
ucational theory, teaching clinical judgment is grounded on several fundamental 
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principles to describe the value of deliberate exposure to real cases and depict 
polymorphisms of actual clinical material encountered in everyday practice.57 De-
fi ning contextual factors within these cases is an important principle that improves 
performance.58-60 Additionally, clinical judgment relies on the interplay of two pro-
cesses: system 1 thinking, which is fast and often subconscious, and system 2 think-
ing, which is slower and requires conscious effort.61-63 Within this framework, novices 
typically rely more heavily on system 2 as they acclimate managing a new condition, 
whereas experts rely more heavily on the automated processing of system 1 in their 
decision-making. A strategy to integrate clinical judgment through this model of 
decision-making is to reduce cognitive load in the presented materials and use 
rich-narration.62,64 The goal of our educational module was to incorporate these 
systems to promote acquisition of clinical judgment using videos.65 In this module, a 
diagnostic algorithm served as a focal point to visually present and linearly progress 
through worked-examples of real cases. Explaining nerve pathophysiology and its 
manifestations on electrodiagnostic studies also provided the contextual basis for 
the algorithm. Encouraging the learner to consider why a specifi c treatment was 
recommended will help transition the learner from a novice clinician to an expert.

FUTURE DIRECTIONS

The intent of this investigation was to neither demonstrate nor imply that online 
multimedia should, in all cases, replace conference proceedings or text-based re-
sources. Studies comparing online multimedia to traditional educational resources, 
such as live lectures, have shown mixed results.66,67 In the authors’ view, such dis-
cussions are of limited value to the CPD of surgeons. Nonetheless, as the fi eld of 
nerve surgery continues to develop and video-based learning becomes increasingly 
prevalent among surgical trainees,68,69 it is likely that online multimedia will play 
an increasingly prominent role in surgical education. This modality offers several 
intuitive advantages to traditional strategies, such reduced fi nancial, gender, and 
geographic barriers to expert teaching, unlimited access for just-in-time learning, 
self-assessments that can be scored in real-time, and self-guided lectures.31,37 It of-
fers new opportunities to both speed the spread of innovative procedures and en-
sure their safe implementation.70

LIMITATIONS

Participation in the online educational module was completely voluntary. This may 
have produced a selection bias in which surgeons choosing to complete the module 
had a more favorable view of multimedia education than those who did not. How-
ever, there was no difference in performance in the pre-lecture assessment between 
those who did and did not complete the post-lecture assessment. Both groups of 
surgeons felt that the module had infl uenced how they manage cubital tunnel syn-
drome. Having established the effectiveness of video-based learning in teaching 
clinical judgment, future studies may evaluate important implementation outcomes, 
such as its acceptability, appropriateness, and adoption of this modality.71 As this 
was a survey study, we were also unable to confi rm self-reported practice change or 
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measure differences in clinical outcomes. This limitation is shared by several studies 
evaluating multimedia learning.31

CONCLUSION
This novel study establishes the utility of evidence-based principles of using vid-
eo-based learning for continuing professional development in surgery. It also un-
derscores a demand among surgeons for easily accessible, reusable, and self-paced 
educational resources. Similar online modules may be developed to address this 
need and to facilitate the dissemination of clinical judgment.
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PART II
ADDRESSING ANATOMICAL ETHICS IN

SURGICAL INNOVATION
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CHAPTER 5
THE ROLE OF EDUARD PERNKOPF’S 
ATLAS OF HUMAN ANATOMY IN 
SURGICAL PRACTICE

NERVE SURGEONS AND ORAL & MAXILLOFACIAL 
SURGEONS’ ASSESSMENT

Based on: 
Yee A, Coombs DM, Hildebrandt S, Seidelman WE, Coert JH, Mackinnon SE. 
Nerve Surgeon’s Assessment of the Role of Eduard Pernkopf’s Atlas of 
Topographic and Applied Human Anatomy in Surgical Practice. Neurosurgery. 
2019 Feb 1;84(2):491-498.

Yee A, Li J, Lilly J, Hildebrandt S, Seidelman WE, Brown D, Kopar P, Mackinnon SE, 
Israel HA. Oral and Maxillofacial Surgeon’s Assessment of the Role of Pernkopf’s 
Atlas in Surgical Practice. [Under Review]
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ABSTRACT
OBJECTIVE

To assess the role of Pernkopf’s atlas in nerve surgeons and oral & maxillofacial 
surgeons’ current practice and determine whether an ethical proposal to highlight 
the history of the atlas could provide possible guidance for its use in surgery and 
surgical education.

BACKGROUND

Pernkopf’s Atlas of Anatomy contains anatomical plates with detailed images of the 
peripheral nerves. Its use is controversial due to the author’s association with the 
Third Reich and the potential depiction of victims of the Holocaust. The ethical im-
plications of using this atlas for informing surgical planning have not been assessed.

METHODS

Five surgical societies (nerve surgery and oral & maxillofacial surgery) were surveyed 
and 364 responses collected. The survey introduced the historical origin of Pern-
kopf’s atlas and respondents were asked whether they would use the atlas under 
specifi c conditions to serve as a recommendation for its ethical handling. An ana-
tomical plate comparison between Netter’s and Pernkopf’s atlases was performed 
to compare anatomical accuracy and surgical utility.

RESULTS

Fifty-nine percent (59%) of nerve surgery and 49% of oral & maxillofacial surgery re-
spondents were aware of Pernkopf’s atlas, and respectively, 13% and 18% were cur-
rently using it. Aware of the historical facts, 69% and 42% were comfortable using 
the atlas, 15% and 33% uncomfortable, and 17% and 25% undecided. Additional 
information on conditions for an ethical approach to the use of the atlas led 76% 
and 75% of those “uncomfortable” and “undecided” to becoming “comfortable” 
with use.

CONCLUSIONS

While the use of Pernkopf’s atlas remains controversial, a proposal detailing condi-
tions for an ethical approach in its use provides new guidance in surgical planning 
and education.
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INTRODUCTION
Eduard Pernkopf’s Atlas of Topographical and Applied Human Anatomy was fi rst 
published in its German version between 1937 and 1960, and the fi rst American 
version in 1963. Publication ceased in 1994 due to the revelation in the mid-1980s 
and 1990s of the author’s participation in the National Socialist (Nazi) regime and 
the possible use of executed victims from the Third Reich.2-9 The atlas was wide-
ly known by anatomists and surgeons for its intricacy and “regional stratigraph-
ic” approach, which involves multiple layers of dissection from superfi cial to deep, 
with an emphasis on fascial relationships that are often missing from comparable 
anatomical atlases.10 Because of its historical connection with the criminal Nazi re-
gime, Pernkopf’s atlas has been the basis of ethics discussions surrounding its use 
as teaching material in the anatomical sciences11-14, but continues to circulate as a 
used book, and is anecdotally known for providing anatomical utility in some surgi-
cal communities. This presents ethical challenges for its use in patients who need 
complex surgery.15 The purpose of this study is to (1) assess the role of Pernkopf’s 
atlas in nerve surgeons and oral & maxillofacial surgeons’ current practice and (2) 
determine whether an ethical proposal to highlight the history of the atlas could 
provide possible guidance for its use in surgery and surgical education.

Eduard Pernkopf (1888-1955) and the atlas’s illustrators were devoted members of 
the Nazi party (NSDAP, Nationalsozialistische Deutsche Arbeiterpartei) and/or sol-
diers in World War II.9 Pernkopf, the Director of the Viennese Anatomical Institute, 
was appointed as Dean of the Medical Faculty in 1938, directly after the annexation 
of Austria by Nazi Germany, and served as President of the University of Vienna from 
1943-1945.7 In his role as Dean, he oversaw the dismissal of 157 of the 197 mem-
bers of the medical faculty. Most emigrated, some died at their own hand or were 
murdered in concentration camp.16 The medical illustrators demonstrated their Nazi 
allegiance by including Swastikas and lightning-bolt SS (Schutzstaffel) symbols in 
their signatures on the paintings.9 Pernkopf’s and the illustrators’ signifi cant Nazi 
involvement was confi rmed in an investigation of the origin of the bodies depicted 
in the paintings, which was authorized by the Senate of the University of Vienna in 
1998.4

This Senatorial Project was designed to include an outside consultant (Albin Eser) 
and resemble an earlier historical self-assessment by an anatomical institute (Univer-
sity of Tübingen) with the objectives to (1) investigate the origin and destiny of the 
bodies used by Pernkopf and (2) determine the extent of his Nazi party membership 
and political activities.6 The fi ndings of the Senatorial Project revealed 3,964 bod-
ies of adults were unclaimed, 7 donated, and at least 1,377 bodies were executed 
prisoners, who were victims of the Nazis’ unjust legislation. There was no evidence 
that bodies were sourced from concentration camps close to Vienna, despite such 
bodies being transported to a different Austrian anatomical institute.5,6 Of the 791 
illustrations produced for the atlas, 41 plates were “highly likely” based on the 
bodies of executed victims, with the origin of approximately 350 plates remaining 
unclear.5 While traditional, legal anatomical body procurement included unclaimed 
bodies from public institutions, among them executed prisoners and persons who 
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committed suicide, the number of executions rose exponentially under the Nazi 
regime due to new legislation.17

Because of this history, the use of Pernkopf’s atlas for complex surgical planning 
presents signifi cant ethical challenges.14,15 Furthermore, an assessment of the cur-
rent role of the atlas in a surgeon’s practice does not exist. This study represents 
a focused assessment in nerve surgery and oral & maxillofacial surgery due to the 
intricate portrayal of complex nerve and maxillofacial anatomy in Pernkopf’s atlas. 
While anatomical atlases vary widely with respect to detail, dissection, topography, 
artistic rendition, and overall design,3,18-25 Pernkopf’s atlas has been considered as 
a “masterpiece” in the anatomical sciences, even if indeed a “troubled master-
piece.”9

A goal of this investigation is to assess whether Pernkopf’s atlas provides anatomical 
accuracy and surgical utility, as judged by nerve surgeons and oral & maxillofacial 
surgeons, in comparison with another prominent and well-known atlas (Netter’s At-
las of Human Anatomy) through a visual plate comparison.26 In a next step, surgeons 
where informed about a proposal for a potential ethically justifi ed use of Pernkopf’s 
atlas and asked, if this information would change their decision to “use” or “not to 
use” the atlas. This proposal is based on recent discussions on the handling of hu-
man remains and data from the Holocaust era, discussions that included the Pern-
kopf paintings.1,27,28 The fi ndings from this study serve as a recommendation from 
surgeons for the ethical handling of Pernkopf’s atlas in surgery.

METHODS
SELECTION & DESCRIPTION OF PARTICIPANTS

An electronic questionnaire was designed using an online survey tool (SurveyGiz-
mo, surveygizmo.com) and distributed via email to nerve surgeon members of the 
American Society for Peripheral Nerve (ASPN) and PASSIO Education (passioedu-
cation.com), and oral & maxillofacial surgeon members of the American College of 
Oral and Maxillofacial Surgeons (ACOMS), American Society of Temporomandib-
ular Joint Surgeons (ASTMJS), and American Association of Oral and Maxillofacial 
Surgeons (AAOMS). Data collection for nerve surgery occurred from April 10th, 2017 
through July 7th, 2019 and for oral & maxillofacial surgery from February 16, 2018 
through December 8, 2018. Recruitment of participants was performed by an ini-
tial email invitation to each group (ASPN, PASSIO; ACOMS, ASTMJS, AAOMS), 
followed by two reminder emails before the survey was closed. No incentives for 
survey participation were offered. This study (#201702009) was approved by the 
Institutional Board of Washington Review University School of Medicine in St. Louis, 
MO. 
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STUDY DESIGN

The survey was composed of two parts: (1) surgical assessment and ethical handling 
of Pernkopf’s atlas and (2) demographics, anatomical resources, and anatomical 
plate comparisons. The fi rst part included a maximum of 11 questions with embed-
ded survey logic to prevent exposure of repeated questions to reduce survey fa-
tigue. Respondents were exposed to the historical fi ndings of the Senatorial Project 
for assessment.4-6 Special consideration was given to avoid exposure to Pernkopf 
illustrations for individuals who responded as being “uncomfortable” with the use 
of the atlas. Following the assessment, participants were given a scenario for a deci-
sion to “use” or “not to use” if certain ethical conditions were met. A “4-point pro-
posal” was developed, which includes (1) formal disclosure discussing the historical 
origin and ethical challenges, (2) consensus from bioethicists validating its specifi c 
use for benefi ting the lives of patients, (3) consensus from Bet Din (Jewish reli-
gious rabbinical court) that is consistent with the Jewish principle, Piku’ach nefesh, 
which describes, under certain conditions, the preservation of human life overrides 
any other religious consideration,1 and (4) an offi cial memorial commemorating the 
victims portrayed in the atlas. Responses from the previous assessment were com-
pared to responses following the 4-point proposal to determine its effectiveness.

The second survey part included a maximum of 10 demographic and 2 anatomical 
resource questions and 6 plate comparisons for nerve surgery and 4 plate compar-
isons for oral & maxillofacial surgery. Ten plates were selected,26 each from Netter’s 
and Pernkopf’s atlases3,20 that demonstrated comparable structures, anatomical ori-
entation, and relevance to nerve surgery to ensure a standardized comparison. Im-
ages were scanned at high-resolution, identifi able labels removed, and “white-bal-
anced” to ensure proper image quality. Before the plate comparison, participants 
underwent a descriptive tutorial with an optional video and logic question to ensure 
the appropriate computer skill to view both Netter’s and Pernkopf’s plate. Netter’s 
and Pernkopf’s plates were randomized with either left or right positioning in each 
comparison. An estimated length of 12 minutes was calculated for completion of 
the entire survey. 

STATISTICAL ANALYSIS

All statistical analyses (p-values) on the plate comparison data were performed us-
ing SPSS Statistical Software (version 23, IBM, Armonk, NY). Proportions of sur-
geons, who perceived images as having greater anatomical accuracy and greater 
surgical utility, were given the null hypothesis of 50/50.
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RESULTS
DEMOGRAPHICS

Nerve Surgery
182 responses were collected (25% response rate, 77% completion rate, 35% ASPN, 
65% PASSIO). Of the respondents, 83% were male and 17% female; ages ranged 
from 26-73 years old; 16% were resident physicians, 12% surgical fellows, and 72% 
practicing surgeons. Additional demographic data pertaining to continent-of-ori-
gin, race, religious beliefs, surgical specialty, and years-of-practice were obtained 
(Table 5.1).

Oral & Maxillofacial Surgery
181 responses were collected (9% response rate, 80% completion rate, 64% 
ACOMS, 15% ASTMJS, 21% AAOMS). Of the respondents, 90% were male and 
10% female; ages ranged from 26-94 years old; 10% were resident physicians, 4% 
surgical fellows, and 86% practicing surgeons. Additional demographic data per-
taining to continent-of-origin, race, religious beliefs, surgical specialty, and years-of-
practice were obtained (Table 5.1).

AWARENESS AND USAGE OF PERNKOPF’S ATLAS

Nerve Surgery
Of the respondents, 59% were aware of Pernkopf’s atlas. Of those aware, 41% had 
used it previously; 22% were currently using it; 77% were aware of the atlas’s his-
torical origin (Table 5.2). Of those historically aware of the origin of the atlas, 66% 
reported “some general knowledge” concerning the abusive actions of German 
physicians during the Third Reich with 10% and 24% respectively reporting having 
“very little” or a “great deal” of knowledge. These numbers are similar for practic-
ing surgeons and trainees, except for 31% of practicing surgeons reporting knowing 
a “great deal” compared to only 6% of trainees. 

Oral & Maxillofacial Surgery
Of the respondents, 49% were aware of Pernkopf’s atlas. Of those aware, 57% had 
used it previously; 18% were currently using it; 64% were aware of the atlas’s his-
torical origin (Table 5.3). Of those historically aware of the origin of the atlas, 58% 
reported “some general knowledge” concerning the abusive actions of German 
physicians during the Third Reich with 4% and 38% respectively reporting having 
“very little” or a “great deal” of knowledge. A majority of trainees (74%) were not 
aware of Pernkopf’s atlas compared to the mostly split-even awareness in practicing 
surgeons. 
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TABLE 5.1. Demographics of survey respondents.
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TABLE 5.2. Survey responses to use or not to use Pernkopf’s atlas in nerve surgery.
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TABLE 5.3. Survey responses to use or not to use Pernkopf’s atlas in oral & maxillofacial surgery.
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INFLUENCE OF A 4-POINT ETHICAL PROPOSAL

Nerve Surgery
Following an explanation of the history surrounding Pernkopf’s atlas, 69% of re-
spondents felt comfortable using it as reference material, with 17% undecided and 
15% uncomfortable (Fig. 5.1, top). Respondents were then asked if they would use 
Pernkopf’s atlas under any of four ethical conditions: (1) 38% would “use” the atlas 
in conjunction with a formal and educational disclosure prior to viewing the atlas, (2) 
31% with having a consensus from bioethicists validating its use to benefi t patient 
care, (3) 17% after a Bet Din consensus validating Piku’ach nefesh,1 (4) 20% with 
having an offi cial memorial commemorating the victims of the atlas, and 22% with 
having met all of the above conditions; 29% of respondents would use Pernkopf’s 
atlas regardless of those conditions; and fi nally 6% of respondents would not use 
Pernkopf’s atlas irrespective of those conditions. Of the respondents who were ini-
tially “undecided” or “uncomfortable” in using the atlas, 93% and 59% respectively 
changed their decision to “use” of the atlas following the 4-point proposal, with an 
average of 76%. 

Oral & Maxillofacial Surgery
Following an explanation of the history surrounding Pernkopf’s atlas, 42% of re-
spondents felt comfortable using it as reference material, with 25% undecided and 
33% uncomfortable (Fig. 5.1, bottom). Respondents were then asked if they would 
use Pernkopf’s atlas under any of four ethical conditions: (1) 45% would “use” the 
atlas in conjunction with a formal and educational disclosure prior to viewing the 
atlas, (2) 43% with having a consensus from bioethicists validating its use to benefi t 
patient care, (3) 22% after a Bet Din consensus validating Piku’ach nefesh,1 (4) 23% 
with having an offi cial memorial commemorating the victims of the atlas, and 29% 
with having met all of the above conditions; 13% of respondents would use Pern-
kopf’s atlas regardless of those conditions; and fi nally 13% of respondents would 
not use Pernkopf’s atlas irrespective of those conditions. Of the respondents who 
were initially “undecided” or “uncomfortable” in using the atlas, 98% and 52% 
respectively changed their decision to “use” of the atlas following the 4-point pro-
posal, with an average of 75%. 

SURGICAL EDUCATION AND USE BY OTHERS TO 
BENEFIT PATIENTCARE

Nerve Surgery
Respondents, who were comfortable with the use of the atlas following the 4-point 
proposal, were then asked whether the images could be used to teach important 
anatomical landmarks alongside the surgical videos on PASSIO Education (passioed-
ucation.com), if the following conditions were met: (1) no fi nancial profi t would be 
made from the images, (2) the images could not be downloaded, (3) full disclosure 
in a preface documenting the historical origin and ethical challenges of Pernkopf’s 
atlas, and (4) a hyperlink to the offi cial information and memorial relating to the at-
las; 81% reported being comfortable, 8% undecided, 6% uncomfortable, and 6% no 
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1

2

3
4

Not Use

Comfortable
Uncomfortable

Undecided

Based upon the historical information, how 
would you feel about using Pernkopfʼs atlas?

Would you use Pernkopfʼs atlas if which of the
following 4-point ethical considerations are met?

All of above

Use regardless 
of proposal.

4-Point Proposal

1

2 3
4

Not Use

Comfortable

Uncomfortable Undecided

Based upon the historical information, how 
would you feel about using Pernkopfʼs atlas?

Would you use Pernkopfʼs atlas if which of the
following 4-point ethical considerations are met?

All of above

Use regardless 
of proposal.

4-Point Proposal

FIGURE 5.1. Graphical assessment of Pernkopf’s atlas in nerve surgery (top) and oral & 
maxillofacial surgery (bottom) and the infl uence of the 4-point ethical proposal on the 
use of Pernkopf’s atlas for surgery and education. (Left) Respondents were asked whether 
they were comfortable, undecided, uncomfortable for using Pernkopf’s atlas following a 
historical presentation. (Right) Afterwards, respondents were asked under which of the fol-
lowing ethical conditions they would use Pernkopf’s atlas: (1) 38%, 45%  reported use with a 
formal and educational disclosing the atlas’s historical origin and ethical challenges, (2) 31%, 
43% with a consensus from bioethicists validating the specifi c use for benefi ting the lives of 
patients, (3) 17%, 22% with a consensus from Bet Din (Jewish religious rabbinical court) that 
is consistent with the Jewish principle, Piku’ach nefesh, which describes, under certain con-
ditions, the preservation of human life overrides any other religious consideration,1 (4) 20%, 
23% with an offi cial memorial dedicated to the victims of the atlas, and 22%, 29% with all the 
above conditions. Respondents who were initially “undecided” or “uncomfortable” transi-
tioned to “use” following the 4-point proposal by 93%, 98% and 59%, 52% respectively.

Nerve Surgery

Oral and Maxillofacial Surgery
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opinion. Respondents, who would not use the atlas despite the 4-point proposal, 
were asked whether they would allow other surgeons to use the atlas to benefi t 
patients with devastating nerve injuries; 33% reported yes, 56% no, and 11% were 
undecided.

Oral & Maxillofacial Surgery
Respondents, who were comfortable with the use of the atlas following the 4-point 
proposal, were then asked whether the images could be used to teach important 
anatomical landmarks alongside the surgical videos on an online video-based learn-
ing program, if the following conditions were met: (1) no fi nancial profi t would be 
made from the images, (2) the images could not be downloaded, (3) full disclosure 
in a preface documenting the historical origin and ethical challenges of Pernkopf’s 
atlas, and (4) a hyperlink to the offi cial information and memorial relating to the at-
las; 64% reported being comfortable, 20% undecided, 9% uncomfortable, and 7% 
no opinion. Respondents, who would not use the atlas despite the 4-point propos-
al, were asked whether they would allow other surgeons to use the atlas to benefi t 
patients with devastating nerve injuries; 33% reported yes, 26% no, and 41% were 
undecided.

RESPONSES FROM SURGEONS OF JEWISH DESCENT

Nerve Surgery
Respondents who identifi ed as being of Jewish descent (N=20, 13%) were analyzed 
independently on their awareness, usage, and infl uence of the 4-point proposal. 
This step was taken because Jews were the main target of Nazi extermination poli-
cies in the Holocaust and thus potentially most affected by the use of the atlas.29,30

Of the respondents with Jewish descent, thirteen (65%) were aware of Pernkopf’s 
atlas. Of those aware, fi ve (39%) had used it previously; one (8%) was currently using 
it, and twelve (92%) were aware of the atlas’s historical origin. Of those historically 
aware of the origin of the atlas, 58% reported knowing a “great deal” concerning 
the abusive actions of German physicians during the Third Reich, with the remain-
ing 42% having “some general knowledge.” Following a historical explanation of 
Pernkopf’s atlas, 40% felt comfortable using it as reference material, with 15% unde-
cided and 45% uncomfortable. Respondents where then provided with the 4-point 
proposal. Most agreed to the conditional “use” of the images, with 25% after a 
formal and educational disclosure, 10% following a bioethicists consensus, 15% 
after a Bet Din consensus validating Piku’ach nefesh,1 15% in conjunction with an 
offi cial memorial, and 30% if all conditions were met; 10% of respondents would 
use Pernkopf’s atlas regardless of those conditions; 25% of respondents would not 
use Pernkopf’s atlas irrespective of those conditions.

Oral & Maxillofacial Surgery
Respondents who identifi ed as being of Jewish descent (N=48, 26%) were analyzed 
independently on their awareness, usage, and infl uence of the 4-point proposal. 
This step was taken because Jews were the main target of Nazi extermination poli-
cies in the Holocaust and thus potentially most affected by the use of the atlas.29,30

Of the respondents with Jewish descent, 71% were aware of Pernkopf’s atlas. Of 
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those aware, 59% had used it previously; 15% were currently using it, and 82% 
were aware of the atlas’s historical origin. Of those historically aware of the origin of 
the atlas, 50% reported knowing a “great deal” concerning the abusive actions of 
German physicians during the Third Reich, with the remaining 46% having “some 
general knowledge.” Following a historical explanation of Pernkopf’s atlas, 27% felt 
comfortable using it as reference material, with 27% undecided and 46% uncom-
fortable. Respondents where then provided with the 4-point proposal. Most agreed 
to the conditional “use” of the images, with 60% after a formal and educational 
disclosure, 52% following a bioethicists consensus, 29% after a Bet Din consensus 
validating Piku’ach nefesh,1 33% in conjunction with an offi cial memorial, and 31% 
if all conditions were met; one respondent would use Pernkopf’s atlas regardless of 
those conditions; 19% of respondents would not use Pernkopf’s atlas irrespective 
of those conditions.

USE OF ANATOMICAL RESOURCES AND ATLASES

Nerve Surgery
All respondents were asked about the type of anatomical resources they used (Table 
5.4). Eighty-one percent (81%) reported the use of anatomical atlases, 86% special-
ized surgical textbooks, 65% original research/clinical journal articles, 29% societal 
educational resources, and 76% internet resources. Of the anatomical atlases,3,18-25

81% reported using Netter’s atlas, 50% Gray’s atlas, 33% Grant’s atlas, 24% Sobot-
ta’s atlas, 14% Thieme’s atlas, 13% Pernkopf’s atlas, 12% Rohen’s atlas, 7% Lippin-
cott Williams and Wilkins’ atlas, and 1% Morris’ atlas (Table 5.5).

Oral & Maxillofacial Surgery
All respondents were asked about the type of anatomical resources they used (Table 
5.4). Sixty-nine percent (69%) reported the use of anatomical atlases, 79% special-
ized surgical textbooks, 50% original research/clinical journal articles, 19% societal 
educational resources, and 56% internet resources. Of the anatomical atlases,3,18-25

59% reported using Netter’s atlas, 42% Gray’s atlas, 40% Grant’s atlas, 2% Sobotta’s 
atlas, 3% Thieme’s atlas, 10% Pernkopf’s atlas, 3% Rohen’s atlas, 7% Lippincott Wil-
liams and Wilkins’ atlas, and 3% Morris’ atlas (Table 5.5).

TABLE 5.4. Types of anatomical resources used in nerve surgery and oral & maxillofacial surgery.
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NETTER VS. PERNKOPF ANATOMICAL PLATE
COMPARISONS

Nerve Surgery
Respondents, who were “comfortable” with the use of Pernkopf’s atlas following 
the 4-point proposal, were given 6 sets of comparisons between similar Netter’s and 
Pernkopf’s plates (Table 5.6). The six comparisons were prefaced with an emphasis 
of anatomical nerve structures listed in Table 5.6. The respondents found Pernkopf’s 
atlas having both greater anatomical detail (range 79-91%) and greater utility for 
surgery (range 66-82%) when compared with Netter’s (p < 0.001) in all plate com-
parisons.

Oral & Maxillofacial Surgery
Respondents, who were “comfortable” with the use of Pernkopf’s atlas following 
the 4-point proposal, were given 4 sets of comparisons between similar Netter’s and 
Pernkopf’s plates (Table 5.6). The six comparisons were prefaced with an emphasis 
of anatomical nerve structures listed in Table 5.6. The respondents found Pernkopf’s 
atlas having both greater anatomical detail (range 76-91%) and greater utility for 
surgery (range 76-81%) when compared with Netter’s (p < 0.001) in all plate com-
parisons.

DISCUSSION
No systematic study exists that documents the use of Pernkopf’s atlas in surgery 
either in the past or present. Even though the former publisher Urban & Schwarzen-
berg stopped publication of the work in 1994, there is anecdotal evidence that the 
atlas is still being used. The historical connection between the book and the Nazi 
regime presents ethical challenges in its use for intraoperative surgical planning.14,15

This study presents an assessment of the use of the atlas by nerve surgeons  and 
oral & maxillofacial surgeons, as well as an evaluation of the potential ethical impli-
cations involved. 

TABLE 5.5. Types of anatomical atlases used in nerve surgery and oral & maxillofacial surgery.
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The response rates (25% – nerve surgery, 9% – oral & maxillofacial surgery) were on 
average with respect to surgical societies and includes a risk of nonresponse bias as 
a limitation of the study.31-33 However, the results allow for qualitative conclusions. 
First and foremost, among them is the fact that about half of surgeons (59% – nerve 
surgery, 49% – oral & maxillofacial surgery) are aware of the atlas, and 13% and 9% 
of the total population are currently using it for surgery. Of surgeons that are aware 
of the atlas, 77% and 64% respectively know about its historical Nazi origin. After 
presentation of the historical background of the atlas, most nerve surgeons (69%) 
were “comfortable” with the use of Pernkopf’s atlas in surgery, and a minority (15%) 
were “uncomfortable.” Less than half of oral & maxillofacial surgeons (45%) were 
“comfortable” and 33% were “uncomfortable” with the use of the atlas in surgery. 

When surgeons were presented with four different ethical conditions that could be 
met in connection to the use of the atlas, a majority of those previously “undecid-
ed” or “uncomfortable” about its use changed their position and were now willing 
to employ the images in surgery (Fig. 5.1). While 65% of nerve surgeons and 61% 
of oral & maxillofacial surgeons would use Pernkopf’s atlas with the implementation 
of an ethical proposal, respectively, there were 29% and 13% who would use the 
atlas irrespective of these ethical conditions. The latter fi nding may derive from 
the unawareness of the still existing ethical controversy in using Pernkopf’s atlas in 
surgery,15 as a signifi cant percentage of surgeons (6% and 19%) would not use the 
Pernkopf atlas under any condition. This percentage is even higher among nerve 
surgeons of Jewish descent (25%), however is the same (19%) in oral & maxillofacial 
surgeons. This may be explained by an older oral & maxillofacial surgeon demo-
graphic with 86% being in practice.

Any evaluation of using Nazi medical data, including the paintings of executed pris-
oners in Pernkopf’s atlas, needs to take account of the perspective of the victims, 
foremost amongst them Jews as the main target of Nazi persecution.29,30 There-

TABLE 5.6. Comparison of anatomical plates: Pernkopf vs. Netter
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fore, the survey data from surgeons of Jewish descent were specifi cally examined. 
Twenty nerve surgeons and 48 oral & maxillofacial surgeons identifi ed as of Jewish 
descent, and eight of them (1 – nerve, 7 – oral & maxillofacial) were currently us-
ing the Pernkopf atlas for surgical planning. After the presentation of the historical 
background of the atlas, there was substantial division of opinion in surgeons of 
Jewish descent, respectively, with 40% and 27% being comfortable and 45% and 
46% being uncomfortable with respect to using Pernkopf’s atlas in surgery. A larger 
percent (27%) of oral & maxillofacial surgeons compared to the 15% nerve surgeons 
were undecided. However, after presentation of the 4-point proposal of ethical con-
ditions, surgeons of Jewish descent changed their opinion with fi fteen (75%) nerve 
surgeons and thirty-nine (81%) oral & maxillofacial surgeons being comfortable and, 
respectively, fi ve (25%) and nine (19%) remained uncomfortable in using Pernkopf’s 
atlas in surgery. Importantly, 73% and 79% of surgeons of Jewish descent would 
like to see the implementation of the proposal compared to the 65% and 68% of all 
respondents. As the 4-point proposal can provide a roadmap towards the appro-
priate handling of Pernkopf’s atlas, the second condition for achieving a consensus 
from bioethicists can only occur in part by proxy. Discussions within bioethics are 
continuously evolving and it is the individual’s moral responsibility to recognize the 
outcomes of said discussions before employing the use of the atlas in surgery.15

There may exist a shift of opinion for using Pernkopf’s atlas with the introduction of 
a new generation of nerve surgeons into the workforce. Remarkably, 82% of nerve 
surgery trainees would use the atlas in surgery and further adoption (100%) with the 
implementation of the 4-point proposal. However, there is reduced sentiment in the 
23 oral & maxillofacial surgery trainees where nine (39%) felt originally comfortable 
with the use of the atlas, which improved to eighteen (78%) with the implementa-
tion of the 4-point proposal. These results aligns with most trainees fi nding value 
for using an advanced anatomical resource for learning surgery34 and highlights the 
importance for discussing ethics in education when the Pernkopf atlas is used. This 
aligns with another study’s fi nding that medical students would like to discuss Pern-
kopf’s atlas within a bioethics course.26

Currently, Pernkopf’s atlas remains one of many choices among atlases and other 
anatomical resources used by surgeons (Table 5.4 and 5.5). In a comparison of se-
lected images from Netter’s atlas, the most often named atlas of use in this study 
(Table 5.5), both nerve surgeons and oral & maxillofacial surgeons see greater ana-
tomical detail and surgical utility in Pernkopf’s images (Table 5.6). An individual sur-
geon commented: “Netter’s simplicity provides a great basis for surgery, however 
until seeing the complexity of peripheral nerves in Pernkopf’s, I now understand 
the reason for its potential use,” thus indicating the usefulness of Pernkopf’s atlas 
in actual surgery, and Netter’s atlas as a tool for anatomical orientation. This com-
ment aligns with medical students identifying Netter’s as a superior tool for learning 
compared to Pernkopf’s.26 As this study design prioritized the development of a 
4-point proposal, the image comparison was performed at the end of the survey. 
Therefore, motivated cognition may play a role in these results for those that are 
historically aware of Pernkopf’s atlas. Further comparison studies with other ana-
tomical resources and atlases will explore the value of Pernkopf’s atlas in anatomy 
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and surgery.

The results of these studies come at a time of renewed interest for transparency 
in tissue ethics. At a 2017 conference on the “Medical ethics in the 70 years since 
the Nuremberg Code” in Vienna, the question of whether to “use or not to use” 
data gained from coercive Nazi medical research to benefi t the lives of patients 
was discussed.27 Recommendations were formulated during a symposium at Yad 
Vashem, the Holocaust Martyrs Authority in Jerusalem, on “How to Deal with Holo-
caust Era Human Remains” and include the “Vienna Protocol” for when Jewish or 
possibly-Jewish remains are discovered.1 In conjunction, we proposed 4 conditional 
points for the appropriate handling and continued use of Pernkopf’s atlas in surgery 
and surgical education. This proposal was developed in response to Yad Vashem’s
request for a commemoration for the potential victims of Nazi terror and an ac-
knowledgement documenting the history of Pernkopf in the atlas.28

ETHICAL JUSTIFICATION
The unmatched quality and specialized utility of the medical information presented 
in the Pernkopf atlas counter the line of reasoning that has appropriately discred-
ited the use of results generated by Nazi-era and/or Nazi-sympathizing, medical 
researchers.35 However, ethical objections to using the Pernkopf atlas in patient care 
and medical education must be made on other grounds. There are many ways to 
frame and engage the signifi cant ethical questions raised by the tragic and offensive 
origins of the atlas. Morality is concerned with the distinction between right and 
wrong that entails value judgments that are often traceable to societal norms or 
religious teaching and therefore may be abstract. On the other hand, law is very 
practical and sets the minimum requirements for behavior in a society.  Ethics aims 
to capture the core values of a society by encouraging not just what must be done, 
but what should be done in specifi c situations.  

The case study involving the use of Pernkopf’s atlas in surgery represents an eth-
ical dilemma faced by many surgeons who were trained with it, before or without 
awareness of its Nazi origins.36 Yee and colleagues intentionally and strategically 
anchored this approach to ethics with real-time patient cases and thus framed the 
discussion as near as possible to how clinicians think – i.e. ethics involving the de-
termination of what should be done, all things considered.37 By defi nition, an ethical 
dilemma necessitates a choice between two compelling options. Once a decision is 
reached through a careful assessment of what should be prioritized and what weight 
should be given to each priority, the clinician’s ethical responsibility shifts to imple-
menting the decision in the least bruising way for the stakeholders whose interests 
are secondary to the prioritized objectives involving the patient. Nerve surgeons 
and oral and maxillofacial surgeons have determined disclosure and addressing the 
ethical implications as priorities across conditions generated through what could be 
done to provide some semblance of meaning to the lives lost in association with 
the atlas.38
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An action ideally is (1) inherently good and (2) leads to an optimal outcome, thus 
meeting the standard of both deontological ethics and utilitarian ethics.39-42 In deon-
tological ethics, an action is inherently good when the action, if generalized, would 
become an acceptable policy or law. Persons are never to be regarded as means, 
only as ends in themselves. In utilitarian ethics, the merit of an action is measured by 
its consequences. Individual freedoms may and should be sacrifi ced in the interest 
of the greater good. These two distinct and ethical approaches and mindsets may 
point to confl icting judgments regarding what ought to be done, as is evident in the 
question regarding whether or not to use the Pernkopf atlas. Given the potential for 
better surgical outcomes, a strictly pragmatic utilitarian evaluation would conclude 
“yes, absolutely.”  However, in line with avoiding ever using a person as a means to 
an end, a deontological categorical response would argue “no, defi nitely not.” This 
deeply rooted tension – i.e. the urge to use all available resources for the best pos-
sible outcome or the need to respect victims who were tragically exploited – cannot 
be ignored or slighted.

A separate and third approach is proposed here to justify the use of the Pernkopf 
atlas that could be the most ethically compelling and responsible – i.e. a “lesser of 
two evils” approach. This approach suggests surgeons who use the atlas to benefi t 
patients bear considerable “ethical dissonance,” but not to the threshold of clinical-
ly disabling them or putting patients at risk. For these surgeons, the analytical tool 
of “double effect” may be useful.  The double effect reasoning proposes that an 
action with two or more possible effects – one benefi cial and the other(s) not benefi -
cial – is ethically justifi ed if the action is (1) not in itself unethical, (2) undertaken with 
the intention to achieve the possible and benefi cial outcome desired by the patient 
without intending other foreseen and undesired outcome(s), and (3) undertaken for 
a proportionately and compellingly grave reason.43

Surgical specialties differ dramatically – while some surgeons do not need to consult 
an atlas due to routine operations and manipulating well-known anatomical planes 
and tissues broadly, nerve and oral and maxillofacial surgeries can require intricate 
maneuvers of complex neurovascular anatomy to recover function such as compos-
ite tissue allotransplantation and facial reanimation procedures. For surgeons who 
are prepared – all things considered – to use the Pernkopf atlas under specifi c cir-
cumstances, their obligation to maximize patients’ self-determination requires that 
they disclose suffi cient information about the controversial origins of the atlas for 
a patient (and family) to consider this information in giving informed consent for a 
surgery that includes the atlas’s use. The commitment to self-determination also 
extends this need for disclosure to colleagues and trainees when surgeons use the 
atlas for educating the operative team.

Questions regarding the use of the Pernkopf atlas have previously focused on a 
narrowly defi ned set of nerve surgeries.36,38,44 The atlas continues to be uniquely 
informative for illuminating the underlying anatomy for these surgeries and guiding 
the resolution when faced with anatomically complex problems. An argument can 
be made that the atlas’s use in complex nerve surgeries provides additional surgical 
options to patients, which shapes the meaning/extent of the “benefi t” associated 
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with these surgeries. Ethical considerations that include the 4-step graduated pro-
tocol are recommended when using the atlas in a manner that optimizes patient 
benefi t, respects patient self-determination, and honors the deceased victims of 
Nazi ideology whose remains were used in the creation of the atlas.36 Future work is 
required to confi rm the feasibility of this protocol and whether patients do benefi t 
from the educational use of the atlas. These potential studies may enhance the nec-
essary discussions among the stakeholders, including those who are surrogates for 
the victims of Nazi atrocities.

An objective of this assessment was to determine whether oral and maxillofacial 
surgeons found the Pernkopf atlas similarly unique as an educational and clinical re-
source to nerve surgeons, where the portrayal of complex nerve anatomy is critical 
for function. If not, then the priority and weight, given the considerations to use the 
atlas, is marginal for oral and maxillofacial surgeons and not ethically compelling. 
However, oral and maxillofacial surgeons require extensive knowledge of the com-
plex anatomy of the head and neck. Therefore, it is not surprising that the initial as-
sessment of oral and maxillofacial surgeons mirrored nerve surgeons,38 and thus the 
priority and weight should be similarly pivotal in the ethical reasoning upon which 
the decision to use the atlas is based.

CONCLUSION
Nerve surgeons and oral & maxillofacial surgeons continue to use Pernkopf’s at-
las to inform surgical planning. The 4-point ethical proposal outlined here can be 
used as guidance for its ethical handling, including a provision to memorialize the 
victims of the horrendous atrocities committed by the Nazi regime. The Pernkopf 
controversy continues to divide opinions in the world of surgery and elsewhere, 
which highlights the importance to communicate the atlas’s historical origin and the 
associated ethical challenges for use in surgery.
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ABSTRACT
The use of Eduard Pernkopf’s anatomical atlas presents ethical challenges for mod-
ern surgery concerning the use of data resulting from abusive scientifi c work. In 
the 1980s and 1990s, historical investigations revealed that Pernkopf was an active 
National Socialist (Nazi) functionary at the University of Vienna, and that among the 
bodies depicted in the atlas were those of Nazi victims. Since then, discussions per-
sist concerning the ethicality of the continued use of the atlas, as some surgeons still 
rely on information from this anatomical resource for procedural planning. However, 
the ethical implications relevant to the use of the atlas in surgical patient care have 
not been discussed in detail. Based on a recapitulation of the main arguments from 
the historic controversy surrounding the use of Pernkopf’s atlas, this study presents 
an actual patient case to illustrate some of the ethical considerations relevant to the 
decision of whether to use the atlas in surgery. This investigation aims to provide a 
historical and ethical framework for questions concerning the use of the Pernkopf 
atlas in the management of anatomically complex and diffi cult surgical cases, with 
special attention to implications for medical ethics drawn from Jewish law.
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INTRODUCTION
The history of anatomy is one of scientifi c knowledge gained at the “edge of the 
cultures,” sometimes transgressing this edge into the territory of crime and atroci-
ties.1,2 Despite this history, the ethical justifi cation for using anatomical knowledge 
gained from the bodies of victims of atrocities has not been questioned, with one 
exception: the Pernkopf atlas. Eduard Pernkopf’s Topographische Anatomie des 
Menschen (Topographical Anatomy of Man) was received as a well-regarded atlas 
featuring high-quality paintings; the fi rst ever to use the four-color offset printing 
technique.3 Eventually published in fi ve languages, the atlas was widely used by 
anatomists and surgeons around the world until the 1990s. At that time, an ethical 
controversy arose when the work’s origin in the context of the abusive political sys-
tem of National Socialist (Nazi) Germany was revealed.4-9 A historical investigation 
at the University of Vienna documented that many of the images in the atlas might 
be derived from executed victims of the Nazi regime. An ethical debate ensued 
which revolved around the use of such images.10-16 Despite restrictions in accessing 
the book by some libraries, and the decision of the publisher to stop reprints, the 
atlas continued to circulate in the used book market and on the internet without 
disclosure of its history. It is assumed that thousands of copies remain in private 
collections. Individual surgeons continue to use the images because of their illustra-
tive accuracy and quality.17 Indeed, some users of the atlas believe that this visual 
information potentially benefi ts patients by informing complex surgical planning. 
However, so far there exists no detailed ethical discussion of the potential benefi t or 
harm for the patient in association with the use of the atlas. To illustrate the various 
ethical considerations relevant to the decision of whether to use the atlas in surgery, 
the following study presents a real patient case study and then recapitulates the 
main arguments from the historic controversy surrounding the use of Pernkopf’s 
atlas. The aim is to provide a historical and ethical framework for questions concern-
ing justifi cations for the use of the Pernkopf atlas in the management of anatomical-
ly complex and diffi cult surgical cases. 

As the Pernkopf atlas was created under the degrading conditions of the Nazi 
regime, special consideration will be given to the implications for medical ethics 
drawn from Jewish law. While many victims of the Nazi atrocities were non-Jews, 
the persecution of Jews in the Holocaust was a specifi c focus of Nazi genocide that 
is unique among the many other genocides the world experienced then and, un-
fortunately, continues to experience.18 There is no example of ethical guidelines on 
the use of data or images from these victims that include the voice of victims. In the 
specifi c context of Nazi Germany and the Holocaust, it is important to consider the 
voice of the principle group of victims, the Jews. This voice is expressed in a new 
responsum by Rabbi Joseph Polak in the “Vienna Protocol,”19 so named because of 
the Vienna origins of the atlas. The Pernkopf atlas and the guidelines of the “Vien-
na Protocol” are discussed here as having ethical relevance that goes beyond the 
Jewish context and may be applicable in many other religious and secular settings, 
thus addressing all humanity.
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A CASE STUDY IN THE OPERATING ROOM
A 50-year-old female presents to a peripheral nerve surgeon with the chief com-
plaint of debilitating neuropathic pain on the medial aspect of the right knee and a 
complex history of knee replacements. She reports that her neuropathic pain began 
immediately after a partial knee replacement, and signifi cantly worsened after sub-
sequent surgical attempts of revision. At presentation, the patient reports 9/10 pain, 
9/10 negative impact on her quality of life, and 6/10 depression. She has exhausted 
multiple strategies for pain management, and has stated that she would consider a 
leg amputation if the pain could not be resolved in any other fashion.

The surgeon makes a clinical diagnosis of saphenous nerve entrapment in the mid-
thigh, and neuroma pain in the infrapatellar branch of the saphenous nerve. A cor-
responding Tinel’s sign along the course of the infrapatellar branch, and a positive 
clinical provocative test at the entrapment point can be elicited. The patient also 
responds to a saphenous nerve block at the entrapment point.20 The patient is in-
formed on the nature of the procedure and voluntarily consents to the decompres-
sion of the saphenous nerve in the thigh, and excision of the involved neuromas 
with proximal transposition of the saphenous nerve for management of the neuro-
pathic pain.

This surgeon has a reputation for being a leading expert in nerve surgery. Despite 
the 30-year surgical experience, the surgeon’s frequency for a saphenous nerve re-
lease surgery was limited at the time of presentation. Due to the relative rarity of the 
procedure, the surgeon encounters intraoperative diffi culty and frustration at not 
being able to locate and identify the saphenous nerve within the entrapment point, 
which is deep to the anteromedial (vasto-adductor) intermuscular septum, and the 
distal infrapatellar branch. The surgeon proceeds to take an intraoperative time out 
to determine how to proceed. 

It is at this very specifi c moment, when the surgeon encounters an ethical dilemma 
in considering the use of Pernkopf’s atlas to inform surgical planning. As a historical 
note, the surgeon received Pernkopf’s atlas as a gift in 1982 when fi rst beginning 
to practice. This atlas became an important anatomical reference for surgery due 
to its detail and accuracy for the peripheral nervous system. It was not until several 
years later in the mid-1980s, that the surgeon fi rst became aware of the controversy 
behind the origin of the book.6

HISTORY OF PERNKOPF’S ATLAS
Over the past three decades, inquiries have been made regarding Eduard Pern-
kopf’s and his illustrators’ political background, and about the origins of the human 
bodies depicted. In the 1980s, the historically interested physician Gerald Weis-
mann revealed Pernkopf as a member of the Nazi Party (NSDAP),6 and the medical 
illustrator David J. Williams researched more than 800 original paintings from the 
atlas. During interviews with Franz Batke, the last surviving artist contributing to the 
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atlas, Williams found that all illustrators of the atlas had Nazi sympathies or were 
members of the NSDAP.8 Signs of this allegiance were clearly visible in several of 
the anatomical plates, with painter Erich Lepier adding Swastikas to his signature 
(airbrushed out in later editions of the atlas), illustrator Karl Endtresser signing his 
double “SS” in the shape of lightning-bolt SS (Schutzstaffel) symbols, and Batke 
shaping the 44 in the date 1944 as the SS runes (Fig. 6.1). Williams addressed 
Pernkopf’s atlas as a “troubled masterpiece.” Inquiries continued in 1995, when 
the Professor of Complementary Medicine Edzard Ernst published a report in the 
Annals of Internal Medicine about Pernkopf’s personal involvement in the removal 
of all faculty members who were of Jewish origin or political opponents in his role as 
Dean of the Vienna Medical School.21 It was revealed that a majority of the medical 
faculty were dismissed, of whom most emigrated, some committed suicide, and 
others were deported to concentration camps and death.22

In 1997, the former publisher Urban & Schwarzenberg acknowledged Pernkopf’s 
NSDAP membership, but argued that there was no concrete evidence for the use 
of bodies from Nazi concentration camp victims for the creation of the atlas.23 How-
ever, following persistent inquiries by New York oral surgeon Howard Israel and 
Canadian physician William Seidelman, Yad Vashem (Israel Holocaust and Martyrs 
Remembrance Authority) had sent an offi cial letter to the Austrian authorities and 
the University of Vienna, asking for an investigation into the origin of the atlas.12,13,24

In that same year 1997, the University of Vienna ultimately responded by admitting 
to a systematic suppression and denial of the anatomy department’s Nazi past,25

and therefore created a historical research commission, the “Senatorial Project of 
the University of Vienna.”9 The objectives of the “Senatorial Project” were to (1) in-
vestigate the origin and destiny of the bodies used by Pernkopf, and (2) determine 
the extent of his Nazi affi liations and political activities.5

The Senatorial Project ascertained that during the Austrian Nazi period from 1938 
to 1945, the Vienna Anatomical Institute received (1) 3,964 unclaimed bodies from 
hospitals and geriatric institutions, (2) 7 willed body donations, (3) about 7,000 bod-
ies of fetuses, stillborn babies and children, all dead from natural causes, and includ-
ing 4 Jewish children, and (4) at least 1,377 bodies of executed persons guillotined 

FIGURE 6.1. Signatures of Pernkopf’s illustrators demonstrating Nazi sympathies. (Up-
per line) Normal signatures without signs of Nazi sympathies. (Middle line) Signatures with 
swastika and lightning-bolt SS (Schutzstaffel) symbols. (Lower line) Lepier’s signature was 
airbrushed to remove the appearance of the swastika in the second and third editions of the 
atlas. Remnants of the swastika can be still be seen in some of his signatures. Endtresser’s 
and Batke’s lightning-bolts remained unchanged.
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at the Vienna assize court following court trials or shot by the Gestapo at a rifl e 
range, including eight of Jewish origin.

There was no evidence that bodies from the two concentration camps close to Vi-
enna, Mauthausen and the affi liated camp Gusen, were brought to the anatomical 
institute, but such bodies were transported to the anatomical department at the 
University of Graz.4,5 It should be noted that the anatomical use of unclaimed bodies 
from public institutions, including those of prisoners, children and fetal remains, was 
traditional and legal at the time, and even included the bodies of executed persons. 
However, the quantity of bodies of executed prisoners and the reasons for execu-
tions had changed dramatically under the Nazi regime. More than half of the execu-
tions in Vienna had been carried out for political reasons, among them 526 verdicts 
of “high treason”, which included offenses ranging from active political opposition 
to minor crimes. Of the eight Jewish victims, one was claimed by the family after 
the anatomical institute waived its own claim to the body because of transportation 
diffi culties in 1939, and the other seven were delivered to the anatomical institute 
between 1942 and 1944.26 The investigation also revealed anatomical specimens 
suspected to have originated from Nazi victims in various medical collections, which 
were then removed, and on March 22, 2002 were interred in an Ehrengrab (com-
memorative “grave of honor”) provided by the city of Vienna.4,5 It was ascertained 
that of the 791 illustrations in the atlas, about half had been created either before 
1938 or after 1945. Forty-one plates were defi nitively based on bodies from the 
group of 1,377 executed victims. For the remaining approximately 350 paintings 
created between 1938 and 1945, the origin of the bodies used as models remained 
unclear.4 The Senatorial Project did not consider the illustrations produced after the 
war as potentially based on bodies of executed Nazi victims; however, the Vienna 
Anatomical Institute retained a considerable number of these bodies for several 
years after 1945.27

The fi ndings from the Senatorial Project sparked an ethical controversy surrounding 
the handling of Pernkopf’s atlas.9,16,28 Most medical libraries decided to retain and 
move the volumes into their special collections with the insertion of a historical 
note.10,11 While the former publisher Urban & Schwarzenberg ceased publication 
of Pernkopf’s atlas in 1994,28,29 the atlas continued to exist in the used book market 
and on the internet without disclosure. However, the question of using images from 
the “tainted” work in surgical patient care remains an ethical dilemma and was part 
of a discussion during a 2017 conference on the “Medical ethics in the 70 years 
since the Nuremberg Code.”30,31 Experts considered the question of whether or 
not to use data gained from coercive medical research in Nazi Germany, and in this 
context, discussed the use of information from anatomical research on the bodies 
of thousands of victims of the Nazi regime.

THE ETHICAL DILEMMA
The ethical question is, whether a surgeon cognizant of the historical background of 
the Pernkopf atlas may use its images in patient care. Indeed, the atlas represents 

200805 YEE PHD THESIS v5.indd   126200805 YEE PHD THESIS v5.indd   126 9/9/20   7:31 PM9/9/20   7:31 PM



ETHICAL CONSIDERATIONS OF PERNKOPF’S ATLAS IN SURGERY 127

6

an example of Nazi medical scientists producing scientifi cally signifi cant anatomical 
work, and in various surgical specialties, surgeons have found value in using this 
atlas in the operating room to benefi t patient care.17 Whereas some of the more no-
torious medical experiments performed by Nazi scientists were scientifi cally fl awed 
and produced false data, others followed the scientifi c method, though under un-
ethical conditions, and produced relevant results.32-39 Also, scientifi c medical work 
in Nazi Germany was, if not always innovative,40 and contrary to claims by postwar 
scientists and physicians,41 to a certain extent similar to that performed in other 
political systems at the time, and became part of the general canon of medical 
knowledge.36,37 It is essential to examine the atlas within this historical context, as 
Pernkopf operated under the specifi c conditions of the time, among them chang-
es in the anatomical procurement that included an increasing number of bodies 
from victims of the Nazi government.40 He and other anatomists contributed signif-
icant anatomical publications that were based on tissues from executed victims,42-44

whereas by now, body procurement has changed and unclaimed bodies in anatomy 
have been replaced with willed donor programs in most of Europe and the USA. 
Meanwhile, the papers and books based on data from the Nazi victims continue 
to exist within the body of scientifi c and anatomical knowledge. Any new ethical 
evaluation of the use of Nazi medical data needs to account for the perspective of 
those most affected, the victims who were used in the experiments and rarely have 
had a chance to participate in this discussion. Once forcibly subjected to medical 
experimentation, their voices cannot again be neglected in the debate over the use 
of data from these experiments.45,46

JEWISH ETHICS AND LAW
BY RABBI JOSEPH A. POLAK

With respect to victims of medical crimes, despite the revelations of the Nuremberg 
Medical Trial, there was very little consideration of the role of medicine in the crimes 
of the Third Reich. The “Great Silence” that extended for decades was a conse-
quence of suppression and repression by academic leaders in universities, leading 
scientifi c institutions, and professional organizations. Pursuit of research in this sub-
ject was not career enhancing. In the late 1980s, credible documentation began 
to emerge along with a growing body of research into the signifi cant role played 
by medicine and medical science in the crimes of the Third Reich. Revelations in-
cluded the discovery of the remains of victims of Nazi terror exploited by university 
institutes of anatomy and research institutes that had been part of the prestigious 
Kaiser-Wilhelm research organization, now known as the Max Planck Society.  With 
these discoveries during a more accepting academic and political climate, signifi -
cant ethical questions began to be asked. The Jewish ethical perspective is now 
emerging as an important consideration in an examination of these issues. As Jews 
stood at the center of Nazi persecution, destruction and genocide, it is imperative 
to include the analysis of Jewish bioethics and law in the discussion.45,46

Several distinctions are made in Jewish law and ethics when addressing the permis-
sibility of using the dead human body in education, research, and therapy. There is 
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decreasing concern and growing acceptability as one moves from use of the whole 
body to body parts (organ tissue, bone), biopsies, histology slides to photos and 
drawings. There is also a distinction in the justifi cation for the use of human bodies 
for forensic reasons and the determination of the cause of death, pathological con-
fi rmation of the diagnosis, and documentation of quality of care. There are differ-
ences between research and use of the dead human body as a resource for therapy 
such as stem cells, tissues, and transplantation. Finally, there are questions about 
the use of dead human bodies for medical and anatomical education. 

All Jewish ethics and law ultimately comes from the written and oral Torah. All Hal-
akha (Jewish law) starts with the sanctifi cation of human life. In the Jewish religious 
tradition, the human being is created in G-ds image, thus the individual human 
being does not have ownership over his or her body. All medical ethics around the 
living and the dead, in the Jewish tradition, is subsumed under three grounding 
principles:

1. The sacredness of life. This includes human life; it includes animal life (e.g. 
a newborn calf may not be slaughtered on the same day as its dam), and 
vegetable life (concepts of sacred crops, sabbatical years, and not mixing 
diverse seeds).

2. Divine rather than human ownership and proprietorship of the human body.

3. The human body, even after death, retains its identity as a sacred symbol of 
the divine and of what is sacred about the human, and in this double-sym-
bolism, may never be desecrated.

Deriving benefi t from a corpse is part of the broader halakhic category of Nivul 
haMet (the prohibition of physical desecration of the body). Early discussion of 
problems with the use of a dead human body appeared around the 17th century, 
raising the question whether the study of a corpse constitutes “benefi t” from the 
deceased, which in itself is a prohibited activity in Talmudic law. A second prohibited 
category is Halanat ha’Met (leaving the dead unburied overnight). Halakha requires 
a quick and speedy K’vura (burial). Any delay constitutes a violation of Kavod haMet
(respect for the dead). An overriding principle of Jewish Law is Pikuach Nefesh (sav-
ing a life). Normally, all halakhic considerations are suspended for Pikuach Nefesh. 
The three exceptions are: murder, incest/adultery, and idolatry.

The Pernkopf atlas, the subject of this discussion, does not display the actual body, 
organs, or tissues of its subject, nor even photographs of it. It does contain paint-
ings. This removes the halakhic emphasis away from the object of the atlas (corpses, 
tissues, etc.) to the representation of such body parts. The question now becomes: 
if someone in their will says “you may copy my body parts for science after I die but 
before I am buried.” Is this halakhically permitted? The answer here would be no 
because the body, as we have seen, is not the property of the person who inhabited 
it.
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Enter the Pernkopf atlas. The body, in fact, does not lie before us; only the paintings 
remain. Do the prohibitions of benefi t, of no post-mortem overnight, and of rep-
resentation extend to what is already here; and does the fact that these paintings 
were of victims of murder enter the moral argument? 

We have argued elsewhere in the “Vienna Protocol” that they do,19 but the fact that 
these are representational rather than real, support limited permissibility when Pi-
kuach Nefesh (as in surgery, and possibly medical education) is at play. Then the ter-
tiary level of the paintings (from corpse to photograph to drawing) comes into play. 
Those halakhic authorities who condone studying anatomical remains under normal 
(i.e. normally expired corpses) circumstances would also permit the study and use 
of pictures in the Pernkopf atlas. However, they would likely be reluctant to do so, it 
should be argued, unless the paintings carry an elaborate warning label describing 
the provenance of their subjects, and articulated an understanding of the controver-
sy around the criminal acquisition of the corpses on which the drawings are based.

All, would agree that should the atlas be used, it should indeed be used with re-
spect and gratitude, and with appropriate solemnity. Moreover, if it is certain that 
if one can save a life using this atlas, then doing so would not only be permissible, 
but probably mandatory.47

DISCUSSION
In recognition of the fact that Pernkopf’s atlas presents an ethical dilemma to its 
users due to the complex historical and potential religious implications outlined 
above, decisions on how to deal with this image resource will depend on the moral 
values of the individual user. Based on the principle of honoring and respecting the 
lives of those past, present, and future, the following discussion examines four of 
possibly many ways to proceed: 

Option 1: Continue with the case and recognize a time to stop the procedure. 
Option 2: Call a surgical colleague for emergency consultation in the operating room.
Option 3: Take an operative time out and consult an anatomy atlas other than Pernkopf. 
Option 4: Take an operative time out and consult Pernkopf’s Atlas of Human Anatomy.

OPTION 1
Continue with the case and recognize a time to stop the procedure.

The intraoperative decision to stop a procedure (operative time out) at critical mo-
ments is a hallmark of expert performance.48 Stopping surgical progression is an 
extreme manifestation of slowing down, where the surgeon recognizes the moment 
to acquire additional information before making a judgment. The surgeon may re-
view the patient’s fi le and imaging, ask a colleague for assistance, and/or consult 
anatomical resources. Operative time outs are known to help reduce medical errors 
by recapping surgical progression, minimizing distractions, and proactively analyz-
ing possible paths forward.49 The decision to terminate a procedure typically comes 
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when the surgeon has exhausted all other resources and recognized the limit of 
their own abilities to avoid doing harm to the patient, their fi rst ethical obligation.

Despite having adequate surgical training to appropriately handle unplanned chal-
lenges in the operating room, rare or unusual cases do occur and present an in-
creased risk for potential complications. This was a driving force for the develop-
ment of progressive specialization within surgery. Specialists have the experience 
required to handle diffi cult, complex, and rare cases, for which they are considered 
“end-of-the-road” expert surgeons. Despite an increased volume of complex and 
rare cases, these surgeons can also encounter unplanned challenges, occasionally 
requiring an operative time out. During these moments, the surgeon can assess 
options, and either proceed with surgery or terminate the procedure if the risks of 
proceeding outweigh any potential benefi t to the patient.  

In the scenario presented, the surgeon undertook a rare case referred by another 
surgeon, who was unsuccessful in managing the patient’s neuropathic pain. During 
the case, the surgeon encountered diffi culty in obtaining adequate exposure of the 
saphenous nerve, and an operative time out was taken to reassess and consider 
other options. In this situation, the surgeon must rely on his or her acquired knowl-
edge and experience to judge what is best for the patient. If the surgeon sees no 
safe way to continue the operation, the decision to abort the case can be made.

OPTION 2
Call a surgical colleague for emergency consultation in the operating room.

Seeking the opinion of a colleague may provide the surgeon with a new per-
spective on the situation and additional insight into how to proceed with the 
operation.50 Encountering intraoperative surgical diffi culty and frustration can 
contribute to a higher mental workload, which has been associated with in-
traoperative complications during laparoscopic procedures.51 The recogni-
tion of a stopping point to reassess and request assistance from a surgical col-
league is a trait of expert performance.48 The surgical colleague can provide 
another perspective and a “fresh set of eyes” for resolving the situation. A dif-
ference in surgical experience can contribute an alternative strategy or addition-
al technical expertise. Furthermore, a second or senior opinion can also provide 
the appropriate rationale for aborting the case, if other options are exhausted. 

The ability to call for an emergency consultation with a specialist surgeon is a ben-
efi t often found at larger or academic centers. However, if a complex case was 
referred to an “end-of-the-road” surgeon, an emergency consultation may not pro-
vide a more experienced surgeon’s opinion but rather a different perspective. In the 
scenario presented, the case was referred to an “end-of-the-road” expert surgeon 
at a large academic center. While this surgeon could consult a surgical colleague, it 
is known that these consultations would not provide expertise on approaching the 
saphenous nerve. This is due to the expert’s level of experience for treating com-
plex nerve cases compared to their surgical colleagues. While asking for surgical 
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assistance is one option for navigating surgical diffi culty, this can be of limited value 
in cases where no other more experienced surgeon is available. Consulting other 
resources such as technical articles and/or anatomical atlases can be considered.

OPTION 3
Take an operative time out and consult an anatomy atlas other than Pernkopf’s 
atlas.

It is said that the mark of a good resident is knowing when to ask for help; why 
should this not hold true for a practicing physician, especially when faced with 
a rare or unusual problem? It is common practice to request the assistance of a 
more experienced colleague or consult another specialty surgeon intraoperative-
ly when presented with an unexpected problem. It is, however, a rare occurrence 
in most operating rooms for a surgeon to reference an anatomical atlas. When 
there is no more experienced colleague available, and the dilemma lies in nav-
igating a diffi cult or rarely seen dissection, which will present itself to even the 
most specialized surgeon, reference to an anatomical illustration may provide the 
necessary guidance. The surgeon can use the images of standard human anato-
my to compare to the intraoperative anatomy, and to assist in landmark identifi -
cation for a safe and successful dissection of the nerve or structure in question.

Using radiology in the same way is commonplace and not considered a crutch. A 
general surgeon may have computed tomographic images projected on a monitor 
to identify a tumor’s relationship to key structures, or an orthopedic surgeon may 
reference plain radiographs in approaching a fracture. For procedures involving 
anatomy not easily seen on imaging such as peripheral nerves, especially those 
addressed surgically only in rare instances, there is no equally reliable imaging tech-
nique to guide the surgeon through a diffi cult dissection. An anatomy atlas may be 
an essential reference to have available in the operating room.

The surgeon may choose to reference a variety of anatomy texts. Most physicians 
were educated on an atlas other than Pernkopf, and the atlases in common circula-
tion – Netter’s, Gray’s, Grant’s, Sobotta’s and others – are adequate for general anat-
omy reference. They are, however, arguably much less detailed than the Pernkopf 
illustrations (Fig. 6.2).17,52 Specifi cally, the Pernkopf atlas gives much more elaborate 
visual information in terms of the topography of peripheral nerves than any other 
of the anatomical atlases.17 The surgeon can choose to reference a non-Pernkopf 
atlas for one of two reasons – for lack of availability of the Pernkopf atlas, or for 
ethical opposition to its use.  But in a case that poses a challenging dissection for 
a highly-specialized surgeon, the question remains whether one of these standard 
atlases is suffi cient.
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OPTION 4
Take an operative time out and consult Pernkopf’s Atlas of Human Anatomy.

The choice to consult Pernkopf’s controversial atlas as an anatomical resource 
during surgery should not be taken lightly, indeed only under the conditions out-
lined above. The fact that Pernkopf’s atlas has become an integral part of some sur-
gical practices signifi es a gap in the anatomical and illustrative sciences and a need 
to develop a better anatomical resource that may put the apparent need to use the 
Pernkopf atlas to rest. However until that exists, the following discussion summariz-
es some of the ethical implications in the use of Pernkopf’s atlas in complex or rare 
surgical cases. 

The use of Pernkopf’s atlas for treating patients to the best of one’s ability should 
be an autonomous decision and should serve the principle of helping – and not 
harming – the patient.53 This is where the ethical dilemma exists. Does one help the 
patient using a resource derived from potentially unethical practices if it could help 
the surgeon proceed with the case, or is the patient potentially harmed by his or her 
indirect association with a “tainted” resource? Does one make use of alternative re-
sources knowing that these may perhaps not resolve the issue at hand? The surgeon 
may not be able to consult with others for another opinion. The strict conditions laid 
out in the “Vienna Protocol” (saving human life, historically informed use, commem-
oration and honoring of the victims) provide an ethical option for the use of certain 
Pernkopf images in a manner that memorializes the potential Nazi victims,19 while 
at the same time benefi tting today’s patients. It is exactly these strict conditions and 
limitations that transcend the impact of the “Vienna Protocol” beyond the world 
of Jewish law into all contexts of modern medicine. At the center are self-restraint 
of the physician’s choice, historical insight, and recognition of the humanity of the 
subjects in the images as well as of the patient to be treated.

While many surgeons are now informed on the history of Pernkopf’s atlas, this was 
not always so. For highly specialized surgeons, especially head, neck, and extremity 
surgeons, the atlas became integrated into their practice prior to the exposure of its 
history. It became a signifi cant resource as they developed their practices and the 
atlas gained a reputation for its anatomical accuracy. These surgeons see their work 
with the atlas as evolving with their practice, and report attaining new anatomical 
insight with experience. They have “learned to see,” as formerly overlooked ana-
tomical details can become more apparent with increased surgical expertise and 
critical observation: “It was always there, I never saw it.” For some surgeons, Pern-
kopf’s atlas arguably represents a pinnacle of anatomical illustration. However, now 
surgeons are ethically obligated to decide whether to continue using this resource. 
These specialized surgeons live in moral dissonance with knowledge of the atlas’ 
tragic past, and they are required to make a judgment call in the operating room. 

In the described case study, the surgeon returned to the operating room and chose 
to use Pernkopf’s atlas, knowing that there was no other available image to aid 
progress through a diffi cult operative period. An image from this atlas was for this 
surgeon, the only anatomical drawing available to navigate the complex anatomy 
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of the saphenous nerve. There was no other surgeon available with experience in 
this surgical exposure, and no other accessible anatomical resource that described 
the exposure in adequate detail. In this case study, the fi rst author (Yee) emailed 
the senior author (Mackinnon) the requested, appropriate images from Pernkopf’s 
atlas, on the basis of which the surgery was successfully completed thereafter. The 
decision to use Pernkopf’s atlas was based on having exhausted all other options 
and meeting the criteria of an ethical “checklist” as described. 

In this specifi c surgical case (Fig. 6.3), the following procedural steps outline the 
anatomical and surgical utility of Pernkopf’s atlas:

1. Retraction of the superfi cial muscles (sartorius) to reveal the deeper layers, 
providing appropriate exposure to the anteromedial (vasto-adductor) inter-
muscular septum.

FIGURE 6.2. Relevant anatomical and illustrative plate comparison. (A) Netter’s Atlas of 
Human Anatomy. (B) Pernkopf’s Topographical Anatomy of Man. The numbers and high-
lights are used for cross referencing anatomical landmarks in the following surgical photos. 
(The authors explicitly honor the memory of the subject portrayed in the Endtresser’s paint-
ing from the Pernkopf’s atlas.)
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2. Protection of the anterior femoral cutaneous nerve upon approach and its 
distal innervation of the anterior/medial aspect of the knee.

3. Illustration of the saphenous nerve and its two distal nerve branches, which 
includes a communication branch for the medial femoral cutaneous nerve.

4. Lateral positioning of the saphenous nerve in respect to the femoral vessels.

5. Depiction of the septum tunnels from which the saphenous branches and 
vessels pierce.

6. Illustration of the vascular pedicle to the sartorius muscle.

The routine approach for nerve decompression in cubital tunnel surgery, median 
nerve in the forearm release, posterior interosseous nerve release, and others is 
to identify the nerve proximally and follow its distal course for clear visualization 
and release of the intended anatomical structures. Release of the saphenous nerve 
is the opposite, in that you must have deep knowledge of the adjacent structures 
that obscure the nerve and identify other landmarks for decompression. Specifi cal-
ly, the saphenous nerve is hidden beneath the anteromedial intermuscular septum 
and there exist small cutaneous nerves with similar trajectories that can be easily 
confused for the saphenous nerve. Palpating for the femoral artery orientates the 
dissection to look for the superior position of the saphenous nerve after a careful 
and blinded incision of the septum for exposure. These subtle and technical steps 
illustrate the dissection’s diffi culty and the involved potential frustration, in which a 
prominent surgical resource can alleviate and provide guidance.

FIGURE 6.3. Saphenous nerve release for managing neuropathic pain. Numbers are for 
referencing Pernkopf’s illustration on the previous fi gure. (A) Exposure of saphenous nerve. 
(B) Decompression of saphenous nerve through release of the anteromedial intermuscular 
septum. (M - muscle, N – nerve.)
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ETHICS BOTTOM LINE: RETURN TO THE O.R.
The continued use of Pernkopf’s atlas in clinical medicine presents an ethical dilem-
ma that is multi-faceted, complex, and debatable in nature. This requires a defi ni-
tive judgment call that must be made by the surgeon within the operating room, on 
how to further proceed with the case. When faced with ethical dilemmas, ethically 
grounded surgeons consider all clinically defensible options and the foundational 
information in the case (i.e. “all things considered”) and then make decisions based 
on their professional responsibilities and moral values. As an unusually detailed 
anatomical atlas, the Pernkopf atlas’ utility in informing complex or rare surgical 
problems is in tension with its ethically tainted origin, including the authors’ ties to 
the Nazi regime and unclear origins of some of the bodies depicted. A surgeon or 
other clinician presented with a problem that requires consultation with a detailed 
anatomy reference should be aware of the history behind Pernkopf’s atlas when de-
ciding whether or not to use it. Ethical justifi cations can be and have been made for 
several options, from promoting the use of the atlas to honor the Nazi victims whose 
bodies were used in the creation of the anatomical illustrations, to removing the 
atlas entirely from medical libraries around the world. Nonetheless, the atlas is likely 
to persist in circulation in the medical community, especially in surgery, and trans-
parency towards the historical facts and unanswered questions regarding its origin 
should be part of the discussion regarding its ethical handling in modern medical 
practice. An ethical use of images from Pernkopf’s atlas should be subject to strict 
conditions and limitations, integrating the focus on saving the life of a patient with 
the memorialization of the persons whose bodies were used for the creation of the 
images.31 The Pernkopf story and the application of the atlas in surgical patient care 
can serve as an ethical case study in the medical education and advanced training 
of surgeons.

OUTCOME OF SURGERY
In this case study, the patient involved with the use of Pernkopf’s atlas recovered 
from the effects of the surgery, and despite a large scar, was gratifyingly free of pain 
for the fi rst time in many years.
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SUMMARY
The dissemination and implementation (D&I) of innovation is a vital and active pro-
cess for the advancement of surgery.1,2 There exist several frameworks that describe 
various stages of innovation to promote translation of knowledge and research into 
clinical practice.3 The IDEAL framework has been used internationally to improve 
the quality of research and emphasis rigorous assessment and reporting of out-
comes for novel procedures in surgery.4 Despite these validated approaches, the 
process from ideation to implementation can take many decades – an estimated 
17 years for 14% of medical research to translate from benchtop to bedside and 
infl uence patience care.5 Expert performance is an approach to identify superior 
performance, capture it, and reproduce this performance towards achieving a state 
of mastery.6 Individuals who exhibit mastery in surgery can be considered hubs for 
innovation,7 especially in specialties that have an illustrious history of innovation and 
shift in management paradigms such as in nerve surgery.8,9 These master surgeons 
are considered expert performers, excellent teachers and coaches, and compelled 
to share their expertise. To capture expertise, video is an effective visual medium to 
facilitate deliberate practice and learn operative skills and clinical reasoning.10 In this 
thesis, a video-based learning program was developed as an educational frame-
work and active D&I process to promote expertise and innovation in nerve surgery.

The ethical development of innovative procedures is paramount to any surgical 
discipline, and mandates robust evaluation for safety, effi cacy, and effectiveness.11

A major proponent of ethics in surgical innovation are surgeon educators, whose 
guidance help reduce the learning curve for the safe diffusion and adoption of new 
techniques.12 In a specialty of innovation and anatomy, plastic and reconstructive 
surgeons often require creative strategies to manipulate anatomy to reconstruct 
uncommon or complex defects. At this intersection of surgery, anatomy and ed-
ucation, ethical issues can arise regarding the origins from which data and human 
tissues are sourced.13 In designing training methods to translate expertise and re-
duce learning curves, an ethical dilemma was encountered regarding the use of an 
anatomical atlas, known for its accurate portrayal of the nervous system however 
sourced from victims of the Third Reich,14-16 in surgery and education. To acknowl-
edge the victims of medical crimes, surgeons’ opinions were assessed on a proposal 
for the appropriate disclosure, bioethics and religious considerations, and remem-
brance. Furthermore, an ethical framework was presented to guide surgeons in the 
consideration and use of Pernkopf’s atlas in surgery and education.

The aim of this thesis was to develop an educational framework for the translation 
of expertise and dissemination and implementation of surgical innovation by (1) 
establishing video-based learning as an approach to learn operative skills and clin-
ical reasoning in surgery, and (2) addressing the related ethical implications in the 
anatomical sciences. 
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PART I: ESTABLISHING VIDEO-BASED LEARNING IN 
NERVE SURGERY

A video of surgery is a rich source of visual data and considered by some “worth 
a thousand operative notes.”10 Using Ericsson’s approach of expert-performance, 
an educational program was built using videos to promote innovation in nerve sur-
gery.6,17 The program started in 2011 and was built using an iterative design process 
to construct a custom and interactive video-based learning platform and report 
its effectiveness using learning analytics. To determine the role of video for learn-
ing surgical expertise, (1) a surgical video of a simple procedure was examined to 
improve technical skill and (2) an effective video-based module was developed to 
teach clinical reasoning and accompany our videos on surgical procedures. 

In Chapter 2, the longitudinal development and effectiveness of an international 
video-based learning program in nerve surgery were described using learning ana-
lytics. In 2011, an online educational resource called Nerve Surgery (nervesurgery.
wustl.edu) was launched and reported 67K+ user sessions and 16K+ video views in 
its fi rst 2 years. To improve audience outreach, YouTube was leveraged to publish 
117 nerve surgery videos, which attained 3M+ views from 165+ countries in 7 years. 
From 2016-2018, this international viewership (69% originating outside the United 
States) was channeled into 1,700+ registered users on PASSIO (passioeducation.
com), a custom and interactive video-based learning platform with integrated learn-
ing analytics. Of the registered users, 43% were active on PASSIO for at least once 
a month. These analytics established a surgeon viewing engagement of 48% and 
documented a decline in viewer engagement with increased video duration. How-
ever, more importantly, audience retention between our instructional short and long 
video formats of surgery were correlated. Additionally, surgeons preferred longer 
videos when preparing for infrequent or diffi cult cases compared to routine cases, 
opposing the notion that educational videos should be 10 minutes or less.18,19 This 
body of work demonstrated the creation of an online community in nerve surgery 
and effective spread of best practices through the joint use of YouTube for audience 
outreach and a surgeon-focused video platform to maximize educational value.

In Chapter 3, the role of a surgical video was examined in learning an operative 
procedure. In this study, 22 residents (PGY 1-6) were randomized to prepare for a 
simulated surgery in a donor body by using either a distinguished hand surgery 
textbook20 or this textbook supplemented with a surgical video to perform a carpal 
tunnel release. Both the textbook chapter and video were authored and illustrated 
by the same authors (Mackinnon and Yee). Resident performance was fi lmed and 
graded by a blinded panel of surgeons using an objective structured assessment of 
technical skill (OSATS) and a modifi ed version of a validated grading scale specifi c 
to this procedure.21,22 Junior residents (PGY 1-2) who watched the surgical video 
performed fewer operative errors (median 1.3 vs 4) and were more confi dent in 
their technical abilities (median 75 vs 32). This study demonstrated that observ-
ing surgery is essential to learning a new procedure by reducing operative errors 
and improving confi dence. This study also emphasized the importance of an online 
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learning platform to integrate a video into a more robust educational module to 
accommodate defi cits in technical skill. 

In Chapter 4, educational videos were examined to effectively teach clinical reason-
ing or judgment for patient selection in surgery and promote safe adoption and im-
plementation of a novel procedure. In this study, a captivating video-based learning 
module was designed to describe electrodiagnostic indications for cubital tunnel 
surgeries to include the supercharge end-to-side (SETS) nerve transfer.23 The mod-
ule and videos were developed using instructional design principles based from 
the cognitive theory of multimedia learning (CTML).24,25 The videos were uniquely 
produced using a “whiteboard” and dynamic slide transitions to emphasize spatial 
association of key concepts.26,27 Pre- and post-lecture and retention knowledge as-
sessments were used to determine knowledge acquisition. The module was well-re-
ceived with 279 surgeons spending at least 30 minutes watching the video(s), rein-
forcing our notion that surgeons will watch a video for more than 10 minutes when 
the user experience and lecture are exceptionally designed to teach clinical reason-
ing. The module was also timed to address a knowledge gap based from surgeon 
feedback on “the main reason for performing the SETS nerve transfer.”28,29 Knowl-
edge scores improved by 3 points (10-point scale) and knowledge retention per-
sisted at 3 months, thereby demonstrating potential long-term practice change and 
the effectiveness of a video-based module to teach clinical reasoning for surgery.

PART II: ADDRESSING ANATOMICAL ETHICS IN 
SURGICAL INNOVATION

The procedures defi ned in our video-based learning program were in part infl u-
enced by the study of Pernkopf’s atlas of human anatomy. However, this atlas  is 
shrouded in controversy due to the initial revelations of Eduard Pernkopf and his 
medical illustrators’ affi liation to the Nazi Party (NSDAP).15,16 In the 1990s, an inter-
national inquiry led to the commission of the Senatorial Project of the University of 
Vienna, which ascertained the unethical anatomical body acquisition of executed 
victims of the Nazi regime, which where depicted in the atlas.14 Undoubtedly, the 
atlas infl uenced the development of new surgical techniques in nerve surgery due 
to its anatomically accurate representation of the nervous system. To consider its 
use in surgical innovation and education, we must fi rst address the bioethical issues 
related to the use of images derived from the physician atrocities of the NSDAP 
during the Holocaust.30

In Chapter 5, surgeon opinions regarding the use of the Pernkopf atlas in surgery 
and education were assessed to develop a four-point proposal for its ethical han-
dling. Two specialties were surveyed, nerve surgery and oral & maxillofacial surgery, 
to consider the atlas’ two printed volumes (I – Head and Neck, and – Thorax, Abdo-
men, and Extremities) and the accurate portrayal of the nervous system and head 
and neck anatomy. In total, 364 surgeon responses were collected and indicated 
54% awareness of the atlas and 16% currently using it in surgery. Of those aware of 
its historical origin, 56% felt comfortable using the atlas in surgery. Attitudes from 
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the oral & maxillofacial surgery (OMS) towards the atlas tended to be more reserved 
than nerve surgeons, which may be explained by an older demographic in OMS and 
the depiction of facial features of the victims. A 4-point proposal to include disclo-
sure, bioethics and religious considerations, and remembrance shifted 76% of those 
“uncomfortable” or “undecided” to becoming “comfortable” with the atlas. In all 
10 anatomical plate comparisons, surgeons indicated that Pernkopf’s atlas provided 
greater anatomical detail and surgical utility compared to Netter’s atlas. In summary, 
this combined study provided insight into the perspectives of surgeons on the use 
of Pernkopf’s atlas in surgery and education.

In Chapter 6, ethical and religious guidelines for the use of Pernkopf’s atlas in sur-
gery were presented and based on a four-option framework of applied ethics to 
provide practical methods for confronting bioethical dilemmas.31 This included a 
responsum – the Vienna Protocol – by Rabbi Joseph A. Polak, a Holocaust survivor 
and Chief Justice of the New England rabbinical courts, who formulated guidelines 
on the use of the atlas based on Jewish medical ethics.32,33 A study was presented, 
in accordance to the four-option framework, of a patient case in which the use of 
the atlas was necessary to successfully complete the surgery. The four-options to 
navigate the bioethical dilemma when encountering diffi culty in surgery includes (1) 
recognizing the need for a timeout, (2) calling a colleague for emergency consulta-
tion, (3) consulting ethical anatomical resources, and if required, (4) consulting the 
Pernkopf atlas with respect, gratitude, and in recognition of the victims’ lives and 
suffering. This study provides the bioethical and, in part, religious considerations 
suggested in the four-point proposal for the ethical use of Pernkopf’s atlas in surgery 
and education.

CONCLUSION

Video-based learning is an effective approach for the dissemination and implemen-
tation of surgical innovation and sharing best practices when guided by principles 
of evidence-based medicine and the CTML. When produced carefully and elegant-
ly, educational videos can be valuable to learning expert technical skills and clinical 
reasoning. The development of an interactive online platform using effective in-
structional design can cultivate a captivating learning environment to create com-
munities in surgery and become a foundation to disseminate critical knowledge and 
implement education research. Ethical issues encountered in surgical innovation, 
such as the Pernkopf’s atlas, can use this platform to improve historic awareness in 
the anatomical sciences and implement ethical guidelines. The proposed educa-
tional framework using video-based learning warrants identifying qualifi ed expert 
or master surgeons to expand training opportunities in surgery that transcend geo-
graphic, economic, racial, gender, and language barriers and address disparities in 
healthcare across the world.
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DISCUSSION
In this section, we will review the work of this thesis from a broad perspective, 
discuss new fi ndings and contributions to the fi eld, and describe the challenges 
yet to overcome. We will also discuss the work in the context of dissemination and 
implementation. Furthermore, we will discuss the future of video-based learning in 
the development of a model for continuing professional develop and future ethical 
challenges to overcome regarding the Pernkopf controversy. 

ESTABLISHING SURGEON ENGAGEMENT IN
VIDEO-BASED LEARNING

Research involving videos in medical education began when Prober and Khan in-
troduced a “fl ipped classroom” model that was based on more than fi ve years 
of experience producing and uploading educational “whiteboard” videos to You-
Tube.18 They proposed creating short 10-minute videos without clear evidence or 
methodology except that the “best” videos would emerge over time. Surgical vid-
eos, videos that teach a specifi c operative procedure, have experienced rapid and 
widespread adoption that has at times outpaced quality and safety control.34 Due 
to the substantial variability of quality and educational value in these videos,35-38

a LAP-VEGaS consensus statement by an expert committee of joint trainers and 
trainees offered 37 guidelines to standardize and improve the educational quality 
of videos in laparoscopic surgery.39 In a subsequent editorial, Ritter empathized the 
need to optimize videos for learning by managing cognitive load, tailoring content 
to different levels of expertise, maximizing audience engagement, and keep Prob-
er and Khan’s suggestion to limit video duration to under 10-minutes.19 Despite 
the fact that surgeries vary greatly in time and complexity, surgeon engagement 
in educational videos have not yet been defi ned, along with factors that infl uence 
preferred video duration. Two studies defi ned audience engagement by examining 
862 educational videos on a massive open online course and 5.3 million videos on 
YouTube, depicting a logarithmic decline in audience engagement with increasing 
video duration.40,41 Only one study in medicine examined 10 video lectures of elec-
troencephalography interpretation on YouTube produced by one principal author, 
and used learning analytics to defi ne a similar decline in audience engagement.42

In Chapter 2, a similar pattern of decline in audience engagement was found with 
a mean engagement of 34.4% on YouTube with 117 educational videos produced 
by one principal author, and defi ned a signifi cantly higher audience engagement 
in surgeons (48.4%) using a video-based learning platform designed for surgeons. 
These fi ndings established a benchmark for viewing engagement which can be 
used as a reference for surgeon educators.41

As Ritter emphasized in tailoring content to different levels of expertise,19 two types 
of surgical videos were created for surgeons to learn an operative procedure: short 
and long video formats (Fig 7.1). These formats were a result of a careful production 
workfl ow to create instructional surgical videos. Both formats included all opera-
tive steps, where the long video included the cadence of the procedure to de-
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pict surgical fl ow,43 while the short video was created for just-in-time learning.44

These surgical videos were specifi cally designed for both novice and experienced 
surgeons to develop a mental state of surgical fl ow and expertise which promotes 
remaining attentive during automaticity.45,46 For example, written feedback from sur-
geons using these videos corroborated fi ndings that practicing surgeons new to 
a procedure carefully studied the long video several times, often days before the 
operation, and described use of the short video as a “refresher” to promote mental 
rehearsal and actual execution of the learned motor actions.47-49 This could explain 
one surgeon’s comment: “after watching [the videos] several times without diffi cul-
ty, although it was my fi rst time [performing the procedure] – it felt like it was my 
100th time.” As reported in our survey of 304 surgeons, they also described using 
the short video to understand key learning points of a procedure before investing 
valuable time into the long video. Additionally, surgeons who gained enough ex-
perienced, the short video became an excellent learning tool for routine cases or 
having limited preparation time before a case. Remarkably, surgeon engagement, 
specifi cally relative audience retention curves, confi rmed similar viewing behaviors 
between the short and long videos and were signifi cantly corrected (tB = 0.52, P < 
0.0001), demonstrating our intended use of the videos for learners. In summary, the 
study in Chapter 2 supports the production of variable-duration (short and long) 
videos to promote expertise in learning operative skills.

FIGURE 7.1. Thumbnails for short- and long-format surgical videos. The thumbnails were 
designed to identify our short and long videos easily across different publishing channels 
and video platforms. The displayed thumbnail included the introduction slide (title, authors, 
abstract, and affi liations) and a key video frame from the procedure. The surgery displayed 
is the Furlow double opposing z-plasty procedure for secondary palatoplasty. The short and 
long videos have the “standard” and “extended” fl ag, respectively. 

The challenges of our video-based learning model must be viewed in the context 
of D&I science.1 The educational program was originally developed to disseminate 
surgical innovation and expertise in nerve surgery using videos, while evidence for 
implementation was collected using learning analytics and surgeon surveys. Having 
surgeons report their outcomes would have been ideal, however there does not ex-
ist a systematic and practical method to collect this type of data. In Future Perspec-
tives, the model of video-based surgical coaching is described as the next logical 
step of our educational program to attain superior evidence of implementation.50-52

The proposed additional model would have surgeons submit videos of their surgery 
for expert review, which would provide (1) a rich source of visual performance data 
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for analysis,7 (2) an opportunity for learners to receive expert feedback to improve 
their performance,52 and (3) feedback for educators to improve their learning in-
terventions. Even photos of specifi c steps in surgery can be an easy and valuable 
source of performance data to collect (i.e. Is the pronator-fl exor fascial sling too 
tight during a transmuscular ulnar nerve transposition or is the nerve coaptation 
during a nerve transfer free of tension?). 

An additional challenge in our video-based learning model is its generalizability to 
other surgical specialties. In our experience, authors should be opinion leaders with 
the following 3 characteristics:1,17 individuals with (1) expertise in focused clinical 
areas that demonstrate both clinical and technical profi ciencies, and (2) experience 
practicing, teaching, and coaching in an academic surgical environment. These 
master surgeons should also be interested and profi cient, above else, in (3) sharing 
their knowledge in suffi cient detail to facilitate the implementation of best practices. 
These masters have acquired an automated processing in their decision-making,45,46

and perhaps forgetting how they originally learned this information. In a controver-
sial study, surgeon academic performance was associated with clinical outcomes 
in the clipping of ruptured intracranial aneurysms.53 Individuals with high academic 
performance would likely be a recruit to further develop this model. As a proof of 
concept, we have produced and measured 12 additional videos with 4 master sur-
geons, who are considered opinion leaders in their respective fi elds and renowned 
educators. These videos performed similarly to the 117 nerve surgery videos (Table 
2.3). We encourage surgeon educators to evaluate a similar video-based learning 
model in their own online educational programs and report their analytics data.54

SURGICAL VIDEO IMPROVES PERFORMANCE BY
REDUCING OPERATIVE ERRORS

Surgeon feedback have depicted the immense benefi ts of learning operative skills 
using our high-quality videos, voiced over by expert surgeons, and photos to illus-
trate the surgical steps of a procedure. Having established surgeon engagement 
and channels to disseminate educational videos internationally, there was a need to 
study the role of an individual surgical video in learning operative skill in a cadaveric 
simulation-based study. In Chapter 3, junior residents who were inexperienced with 
a procedure performed fewer operative errors when using a video to prepare for 
surgery than those using a textbook alone. A carpal tunnel release was chosen as 
the procedure to examine due to (1) its relative simplicity compared with our entire 
library of videos in nerve surgery, (2) a commonly performed and routine procedure 
advised by our learning analytics for being the most viewed video, and (3) the exis-
tence of an objective structured assessment of technical skill (OSATS) for this spe-
cifi c procedure.22 Junior residents in the video group may have actually performed 
better than their peers during the OSATS despite non-signifi cant differences in 
global and technical rating scores. Indeed, the video group did score higher in all 
performance measures, however, sample sizes in our subgroup analyses could not 
reliably detect true differences between intervention groups. The post-hoc power 
was 0.44 for the global score in the PGY1-2 subgroup, suggesting that more than 
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twice as many participants would have been required to achieve at least 80% power 
at a 95% confi dence level. The challenge was that the cadaveric simulation-based 
study required substantial resources, including the time to evaluate each perfor-
mance, which limited the number of participants who could be enrolled. Having 
demonstrated acceptable agreement between evaluators who were board-certifi ed 
hand surgeons, only two evaluators could have been used to reduce time commit-
tement.55

An additional challenge of the study was that the video may not have been opti-
mized for the specifi c needs of less experienced trainees. For example, a majority 
of junior residents in the video group made errors involving the initial skin incision, 
and the video could have devoted more time demonstrating this important step. 
This highlights the importance to teach the placement of incisions in relation to ana-
tomical landmarks, otherwise surgeons could compromise their operation by enter-
ing the wrong anatomical plane, especially for procedures that they are unfamiliar 
with. A recent study emphasized incision placements by using online animations to 
teach preoperative markings for cleft lip repair to medical students.56 This incision 
animation was later incorporated into a more robust simulation, which combined 
other animations with intraoperative videos, to effectively teach unilateral cleft lip 
repair to residents.55 Similarly, junior performance in our study may have improved 
from additional learning modules describing incision placement and relevant ana-
tomical structures, as noted by the 42% of trainees “wanting more detail” in their 
description of a weakness in the simple surgical video. At the time of this study, we 
were in the process of constructing our video-based learning platform to offer inte-
gration of connected modules with an in-depth description of incision placement, 
interactive video chaptering system (table-of-contents), and description of its key 
steps. Therefore, we could not offer this more comprehensive modality of learning, 
however, the insight gained from this study advised in the effective development of 
our video platform. 

COMPELLING EDUCATIONAL VIDEOS TEACH CLINICAL
REASONING

Learning clinical reasoning – who, what, when, and why to perform a procedure – 
with operative skills is an essential part in surgery for achieving optimal outcomes.57-60

Performing the wrong operation or at the wrong time will produce a poor result, 
thus deterring surgeons from becoming fi rst adopters of evidence-based surgical 
innovations (Fig. 1.1). For example, with neurotmetic injuries (nerve transection), 
motor nerve transfers are typically indicted only within the fi rst year after nerve in-
jury due to chronic muscle denervation of the motor endplates over time,61 versus 
compression neuropathy and axonometric injuries which are not as time limited.62

Teaching clinical reasoning warrants a separate video format due to the depth of 
knowledge required to learn how to safely implement novel surgical techniques. 
Traditionally, this information is learned through peer-reviewed publications and in-
structional courses and lectures at annual conferences. Our novel approach in this 
thesis was to convert evidenced-based interventions into compelling educational 
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video lectures, produced using spatial learning and concept maps,26 to design a 
module that incorporated best practices from the CTML.63 This module and videos 
could be used as reusable learning objects and re-watched,64 unlike the single ses-
sions provided at the instructional courses.  Chapter 4 described one of the highest 
surgeon engagement (279 nerve surgeons) in an online educational study, most 
likely due to the nature of the content and its timing and relevance to the latest 
advances in the SETS nerve transfer. The need to describe specifi c indications for 
this procedure came from e-mails and surgeon discussion forums pertaining to “the 
main reason for doing the SETS nerve transfer.” Only recently, indications were re-
fi ned for this procedure,28 by revising classifi cations for cubital tunnel syndrome to 
include compound motor action potential (CMAP) amplitude as an indicator of ax-
onal loss and disease severity,65,66 rather than the traditional teaching of a decrease 
in conduction velocity at the elbow.29

CTML had a prominent role in the instructional design of the educational module 
and video lectures.63,67 When examining this study through the lens of cognitive load 
and example-based learning,68 great efforts were made to optimize intrinsic load 
and reduce extrinsic load in our learning materials.19,69 For example, the questions 
in the pre- and post-lecture assessments were carefully sequenced in an order that 
mimicked the diagnostic approach used in the algorithm to manage cubital tunnel 
syndrome,70 which served as the focus of the learning intervention.28,29 To prompt 
learners to the lectures and reveal defi cits in their clinical knowledge,25 incorrect 
answers were summarized following the pre-lecture assessment. The lectures, them-
selves, included worked-examples of real clinical cases and electrodiagnostic re-
ports (nerve conduction studies and electromyography) to depict polymorphisms 
for material encountered in everyday practice.71,72 Due to the initial complexity of 
the electrodiagnostic reports (these can differ between neurologists), the reports 
were reordered and corrected to be consistent between examples and presented 
the reports using cuing and perceptual highlighting to reduce intrinsic load.73 Steps 
were also taken to reduce the extrinsic load of the learning materials by producing 
a high-quality 2K (2560 x 1440 resolution, 16:9 aspect ratio) video. The principal 
author who voiced-over the lecture was also green-screened and displayed in the 
lower right-hand corner of the video.

To reduce the risk of expertise reversal effect and accommodate for different levels 
of knowledge,74,75 a full-length lecture (28-minutes) and an abridged version of the 
lecture (7-minutes) were created to summarize the recent decision algorithm for cu-
bital tunnel syndrome.28,29 Although the full lecture used spatial learning to elegant-
ly transition between worked-examples of clinical cases and depict its contextual 
relationship to the algorithm (Fig. 7.2),76-78 the abridged lecture was specifi cally de-
signed for the experienced surgeon, who just wanted a quick review of the relevant 
electrodiagnostic reports. This abridged lecture progressed through key examples 
using linear slide transitions. The clinical cases were also presented using the prin-
ciple of fading, where examples were structured with increasingly more complex 
diagnostic steps.79 Remarkedly, surgeons spent at least 30 minutes learning from 
the lectures, disputing a notion to limit videos to 10 minutes or less,18,19 and on 
average, surgeons returned to watch the lectures over two viewing sessions. These 
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viewing patterns matched our benchmark in surgeon engagement and emphasized 
the value of video being effective reusable learning objects in a self-regulated learn-
ing environment.64,80 Furthermore, a factor that affects modeling behavior includes 
learner motivation.80 While the clinical benefi ts of the learning module to improve 
outcomes were apparent, surgeons were motivated by granting them exclusive, 
unrestricted access to the content, providing an answer key at the module’s conclu-
sion, and awarded continuing medical education credits. Of the learners who com-
pleted the module, 70% opted for and were awarded continuing medical education 
credits. The integration of knowing why (clinical reasoning) and knowing how (tech-
nical skills) demonstrated skill retention and transfer through gains in conceptual 
knowledge,81 and serves as the basis of our video-based learning model.

FIGURE 7.2. Visual depiction and fl ow of a video-based learning module for clinical rea-
soning. A diagnostic and management algorithm for cubital tunnel surgery was designed to 
illustrate worked-examples of clinical cases and its relationship to the algorithm. The arrow 
depicts the spatial fl ow (zoom-in and -out) of the video lectures. 
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A couple of challenges were encountered during the study that could af-
fect its effectiveness to teach clinical reasoning. The fi rst was that we 
were experiencing a technology and video migration from PASSIO to 
Learn Surgery, which resulted in the loss of several core features and
functionality, which included new user registrations and management and video 
chaptering systems. Therefore, the study was manually administrated using a survey 
tool and required signifi cant research coordination to recruit participants, distribute 
the module, follow-up, send reminder e-mails, and facilitate providing continuing 
medical education credits. Despite this study recruiting 279 surgeons from our in-
ternational community of nerve surgeons, this number may have been higher if 
these processes were automated – which was a pillar in PASSIO’s design philosophy 
to build an attractive learning environment. Another challenge that we encoun-
tered was related to the problem-solving component of the pre- and post-lecture 
assessments, where surgeons were given an electrodiagnostic report to analyze and 
determine whether they could identify a conduction block or indicate a SETS nerve 
transfer. In both questions, surgeons signifi cantly improved their knowledge after 
watching the video(s), however did not reach a level of acceptability found in the 
other multiple-choice questions (Table 4.2). When examining audience retention 
in these lectures, the respective decline in viewing engagement was found, which 
may be explained by cognitive load – high intrinsic load required in the information 
presented. While this warrants further investigation to redesign the module, this 
knowledge defi cit could be easily remedied with a follow-up educational module 
to improve surgeon knowledge and report the study fi ndings. As a limitation of 
the study, we were unable to confi rm self-reported practice change or measure 
differences in clinical outcomes. While this limitation is shared by several studies 
evaluating multimedia learning,82 surgeons could submit this information using vid-
eo-based surgical coaching, as proposed in Future Perspectives, to demonstrate 
long-term practice change.   

ADVANCING ANATOMY ETHICS IN SURGERY

The study of the ethical issues regarding the use of Pernkopf’s atlas in surgery has 
been a remarkable and narrative journey to see individuals from diverse back-
grounds come together and support a solution of the controversy surrounding its 
use based on ethical and historical awareness.83 At the beginning of this study, it 
was not foreseeable that the journey to provide equitable training for nerve sur-
geons would allow surgeons to refl ect and consider the ethics of using an atlas 
derived from the Holocaust (Shoah).84,85 While Mackinnon had spent many years 
with the atlas as her dissection partner before Gerald Weissman and David Williams 
published essays exposing its ‘evil’ origin in the late 1980s, I spent a brief period 
also being unaware of the atlas’ origins and became fascinated while dissecting 
the nervous system with a surgical fellow. While being assigned to develop our fi rst 
educational website called Nerve Surgery, the atlas was fi rst introduced to me by 
the fellow without full disclosure. Having already spent several years dissecting and 
being a teacher assistance in the anatomy lab, the fellow and I proposed creating 
select anatomical photo plates of the nervous system (Fig. 7.3), where we consulted 
the dissections portrayed in the atlas with a focus on the peripheral nerves. I was 
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mesmerized by its quality and accuracy to identify intricate anatomical details. It 
was only after having created a series of anatomical plates that I learned about its 
history when I began to feel confl icted. However, having observed countless of sur-
geries with Mackinnon, and in select situations where the atlas was being used with 
disclosure, respect, gratitude, and solemnity, I witnessed the surgeons’ perspective 
for its use to help navigate complex anatomy to help their patients. The anatomical 
plates were unique in their accuracy, as result of the nature of the emaciated bodies, 
a product of torture and great suffering. 

The “equilibrium” regarding the use of the atlas suffi ced until 5 years ago, when 
the ethics issues re-surfaced during a typical Sunday afternoon meeting in April 
of 2015 discussing research and education projects with Mackinnon. After having 
built a substantial online educational program based on this thesis, which included 
an extensive library of educational videos describing anatomically precise tech-
niques and clinical reasoning in nerve surgery – she asked, whether we could eth-
ically display the plates with the videos and share them with nerve surgeons from 
around the world according to specifi c ethical guidelines. The development of 
these surgical procedures was heavily infl uenced by the use of the atlas from the 
Shoah, and Mackinnon still used specifi c anatomical plates for surgery with disclo-
sure, respect, gratitude, and solemnity. The open-access videos have been viewed 
more than 4 million times across the world including regions of strife and war. 
Nerve surgery is an essential specialty for restoring function to patients injured by 
trauma and confl ict (see Appendix, letter from Vinnytsia Regional Neurological 
Hospital).

Despite initial reservations concerning the ethics of using data derived from the 
Holocaust during that Sunday afternoon conversation,30 we discussed including key 

FIGURE 7.3. Brachial plexus dissection of a body donor. An anatomical photo plate that 
depicts the brachial plexus with its cords, divisions, and branches. 
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plates from the atlas to accompany our videos as representations of important ana-
tomical landmarks and nerve branches, crucial to the description of the procedure 
in these surgical videos. Recreating the plates to match the same level of accuracy 
also raised ethical concerns – would the produced materials be simply a recreation 
of the abuse suffered by the victims of the Holocaust? Serendipitously (bashert), 
in that very week, Sabine Hildebrandt, an anatomy educator and historian of anat-
omy at Harvard Medical School, presented the 2015 Yom Hashoah lecture at our 
institution.86,87 With trepidation, at the conclusion of her lecture, we approached 
Hildebrandt for her thoughts on the question of whether to “use or not to use.” Her 
response was that good might come from iniquity and crime, but with disclosure of 
its history and deliberation with the experts, and this became the start of a multi-dis-
ciplinary collaboration of individuals to lead an ethics injury.

Encouraged with the guidance of Hildebrandt and William Seidelman, who support-
ed the historically aware atlas use to treat patients with complex nerve injuries, we 
moved forward with developing our sophisticated video-based learning platform 
(PASSIO – Latin for suffering and enduring; now Learn Surgery – learnsurgery.wustl.
edu) to equitably educate surgeons and plans to include the history of the atlas and 
relevant anatomical plates. Within the fi rst two years of PASSIO’s launch, we found a 
membership of over 1,500 surgeons from all corners of the world with diverse racial, 
gender, language, and training backgrounds (Chapter 2). These individuals would 
become a voice of opinion when we surveyed them on the question of whether “to 
use or not to use” the atlas in nerve surgery and education (Chapter 5). Of those 
who responded, over half were aware of the atlas and 13% were currently using it 
in surgery. We then presented a four-point proposal for the appropriate disclosure, 
bioethics and religious (Halakha – Jewish law) considerations, and remembrance, 
and the response were astounding. Of the respondents who were initially “unde-
cided” (17%) or “uncomfortable” (15%) in using the atlas, a majority (76%) became 
comfortable with its use. Additionally, surgeons indicated in all circumstances that 
the atlas provided greater anatomical detail and surgical utility when compared to 
the well-known Netter atlas.

While these fi ndings laid the groundwork, the considerations of bioethics and reli-
gious guidelines to acknowledge the atlas remained. A framework in applied ethics 
created by Ira Kodner and Doug Brown to guide patients and surgeons through 
shared decision making and living a code of truth and trust.88 Also, the American 
College of Surgeons and the journal Surgery co-sponsored quarterly case studies 
(2008-2019) examining bioethical dilemmas using a four-option framework to nav-
igate complicated ethical issues.31 Both these advancements in bioethics became 
relevant to us, when inquiries at the current holder of the copyright (Elsevier), on 
our use of the atlas’ images for the advancement of education and medical ethics, 
led to the following offi cial response: “Elsevier upholds the highest ethical and 
business standards. For this reason, we no longer publish Pernkopf or allow license 
thereof,” because “allegations arose that the bodies used for dissection to draw 
the images came from Holocaust victims.”89,90 We thus posed the question to Rabbi 
Joseph Polak, who has expertise in Jewish medical ethics and is a child survivor of 
the Holocaust,91 and Holocaust scholar Michael Grodin on whether it was ethical 

200805 YEE PHD THESIS v5.indd   152200805 YEE PHD THESIS v5.indd   152 9/9/20   7:31 PM9/9/20   7:31 PM



SUMMARY, DISCUSSION, AND FUTURE PERSPECTIVES 153

7

from the victims’ point of view to use the images of the atlas. Rabbi Polak’s answer 
was framed in the form of a responsum – a scholarly legal and ethical response to 
a question posed to the Rabbi – called the Vienna Protocol, a set of guidelines to 
follow when Jewish or possibly-Jewish human remains are discovered, including a 
paragraph specifi c to the use of the atlas.32,33 This simple action of asking the Rabbi 
was considered a profound step towards addressing the atrocities committed by 
physicians during the Holocaust.

Based on the authority of the Vienna Protocol, a clinical case study was published 
in Chapter 6 that lays the historical and ethical framework for questions concern-
ing the use of the atlas in the management of anatomically complex and diffi cult 
surgical cases, with special attention to implications for medical ethics drawn from 
Jewish law. At the center of our work is the principle of pikuach nefesh, the “saving 
of human life,” which includes the use of the atlas’s images under the condition of 
“making it known to one and all just exactly what these drawings are [so that] the 
dead are accorded at least some of the dignity to which they are entitled.”32 The 
case study presented a four-option framework of applied ethics to consider the 
use of the atlas when it could signifi cantly help surgeons in the care of their pa-
tients. This includes (1) recognizing a need to take a timeout and recollect thoughts 
to reassess planning when encountering intraoperative diffi culty, (2) calling a col-
league for emergency consultation, (3) consulting ethical anatomical resources, and 
if required, (4) consulting the atlas with respect, gratitude, and solemnity. Further-
more, the decision by the editors of Surgery to publish reviewers’ questions and our 
responses for the purpose of transparency, illustrated the continuing controversy 
around the question of how to treat scientifi c work from Nazi Germany that is part 
of the general canon of medical knowledge.92 In his commentary, Arthur Caplan 
made a strong moral case for the use of “tainted” information “if, at the same time, 
nonmalefi cence can be achieved and the physician acknowledges and discloses 
the immoral origins of the work, in a manner that honors the victims but not its per-
petrators.”93 Furthermore, in the second commentary by Müller et al, the Medical 
University of Vienna will be completing its renovation of the Josephinum medical 
museum and display a new permanent exhibition for the remembrance of medical 
victims of the Holocaust.94

As we continue to assess surgeons’ opinions and share these bioethical and reli-
gious considerations, there is a continued need to bring humanism into healthcare, 
and incorporate the voice and opinions of patients – in the consent and use of the 
atlas in their care.84 In rare instances where the atlas is being used during clinical 
consultations with patients, surgeons can disclose its history and obtain verbal con-
sents from patients to include the atlas in their care. In our experience thus far, we 
have yet to encounter any hesitation, but only deep refl ection and gratitude from 
patients and their families when it is used to explain their complex nerve pathology. 
Just recently, a patient shared her personal account in clinic with Mackinnon (Fig. 
7.4): 
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FIGURE 7.4. Patient consultation and consent of Pernkopf’s atlas in the clinic. Dr. Mack-
innon with a patient in the clinic discussing the patient’s complex nerve pathology with the 
patient and her husband, who is a physician. Seen above is Netter’s atlas which makes the 
problem appear “simple,” compared to the accurate portrayal of the pathology in the atlas 
derived from the Holocaust (Shoah).

FIGURE 7.5. Whiteboard 
explanation of triple by-
pass surgery. A series of 
“black squiggly lines” by 
a cardiologist to depict a 
triple bypass surgery.
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My husband, a professor of gastroenterology, and I were very appre-
ciative of Dr. Mackinnon’s time, expertise, and patience explaining 
my nerve injury. During my appointment, Dr. Mackinnon used the 
Pernkopf atlas to illustrate the nerves which could be affected that 
are causing my symptoms. Before opening the atlas, she respect-
fully disclosed its origins and we both agreed to view the diagrams.

Upon further discussion and acknowledging the atrocities of the 
Holocaust, I offered my thoughts on the use of the atlas in the 
medical profession as a Conservative Jew. The atlas with all its de-
tailed diagrams exists, holding valuable information that could help 
countless number of people worldwide. There is nothing that is 
going to bring the victims of the Shoah back. Maybe there is a tiny 
sliver of good in all that suffering. Repairing the world, tikkun olam, 
is a basic tenant in Judaism. If the atlas could help teach the healers 
and help alleviate pain and suffering with the knowledge it holds, 
what sense would it make to keep it locked away, as long as there 
remains dignity with its use and reverence to its victims.

In contrast, a little over two years ago, my husband required triple 
bypass surgery. After the cardiac catheterization, his cardiologist 
drew a series of black squiggly lines on a white board in a consul-
tation room indicating the blockages - lines that meant absolutely 
nothing to me (Fig. 7.5). Here, my husband was going to have his 
chest cracked open and all I got were meaningless lines as an ex-
planation of his condition.

While our family didn’t have any known close relatives remaining in 
Europe during the Holocaust, I believe there was extended family that 
stayed behind when my great grandparents immigrated to the Unit-
ed States at the turn of the last century who were affected, according 
to stories I’ve heard from my father. My son-in-law’s maternal grand-
parents and great aunts and uncles survived the camps and lost their 
families in the Holocaust. They were too traumatized to talk about it.

Even though I don’t have direct known relatives murdered in the 
Shoah, as a Jew it affects me greatly. The Jewish people are known 
as “the People of the Book” – studying the Torah, learning, and 
interpreting Jewish law is very important to us. We question things 
and try to see things in different perspectives. We try to help oth-
ers, to repair the world. I always think, how many brilliant minds, 
artistic minds, were lost? Would we have cures for diseases or mag-
nifi cent works of art?
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THE ROLE OF DISSEMINATION AND 
IMPLEMENTATION OF INNOVATION

In general, key approaches in D&I science involve (1) an evidence-based interven-
tion to be scaled or introduced to a new patient population, (2) planned strategies 
for dissemination and implementation of the intervention, (3) validated approaches 
to evaluate the implementation of the intervention, and (4) practices to ensure its 
sustainability.95 Here, these approaches are examined in the context of the thesis. 

Surgical innovations and novel interventions that are introduced to new patient 
populations should meet the rigor of evidenced-based medicine.96 To depict the 
quality of this clinical research to its readership, peer-reviewed journals often clas-
sify therapeutic studies according to 5 levels of evidence – case report, case series, 
retrospective review, prospective trial, and randomized controlled trial.97 The IDEAL 
framework incorporates these levels of evidence as staged pathways to develop 
and assess innovation in surgery.98 Evidence-based interventions have specifi c ori-
gins in basic science, clinical research, and translational studies which apply bench-
top research into clinical practice. It is estimated that it takes 17 years for just 14% 
of medical research to translate from benchtop to bedside and infl uence patient 
care.99 In Chapter 2, an effective educational model was described to translate 
benchtop research into clinical practice and disseminate and implement these inno-
vations in nerve surgery, which can be specifi cally observed through the history and 
development of the supercharge end-to-side (SETS) nerve transfer. 

The SETS nerve transfer, originally known as the reverse end-to-side (RETS), is 
known as the proximal end of a donor nerve being coaptated to the side of a re-
cipient nerve to facilitate axonal regeneration through a perineural window in an 
end-to-side fashion. The idea of the RETS neurotization was fi rst described by Issacs 
et al in a rodent model in 2005, where they demonstrated reinnervation of a dener-
vated muscle without a statistical difference between their experimental and control 
groups.100 Fujiwara et al became a fi rst adopter within basic science to indicate func-
tional recovery of the denervated target organs using the RETS nerve transfer.101 In 
Issacs’ second study, which was presented at the American Society for Peripheral 
Nerve (ASPN), the RETS nerve transfer was performed in a cut and nerve repair ro-
dent model, and this time, achieved signifi cant reinnervation and functional recov-
ery.102 Our group also became fi rst adopters by replicating this study in our rodent 
model with the additions of fl uorescence imaging and histomorphometry, however 
more importantly were the fi rst to translate this research into clinical practice by 
presenting a case report that described excellent recovery of intrinsic hand func-
tion following the anterior interosseous to ulnar motor RETS nerve transfer for an 
incomplete ulnar nerve injury.103 Indeed, this study included my fi rst-ever produced 
surgical video in 2009. Due to the journal’s guidelines for authors to restrict video 
size to under 50 megabytes, this required the video to be compressed to a low 
resolution of 854x480, which signifi cantly degrades the image quality. Therefore, 
we co-published the video on YouTube to retain its original 1280x720 resolution to 
illustrate and actively disseminate this new technique exhibiting level V evidence. 
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We renamed the RETS nerve transfer to the SETS nerve transfer, to reduce confu-
sion with the end-to-side nomenclature associated with nerve transfers, in a basic 
science study evaluating this technique in a nerve graft rodent model.104 Our clinical 
experience (level IV evidence) performing the SETS nerve transfer in 55 patients 
was published in 2015, and included a high-defi nition 1080p instructional surgical 
video. In the following years, several surgical groups became fi rst adopters of this 
technique with publications in both basic science and clinical research.105,106 A re-
cent systematic review identifi ed 78 patients with the vast majority (92%) recovering 
intrinsic ulnar nerve function.107 This review described the natural diffusion of the 
SETS nerve transfer to its fi rst adopters, however, under reports its adoption espe-
cially for surgeons in private practice who rarely publish outcomes and contribute 
to the academic literature. The discussion around the appropriate indications for 
this procedure on community surgical forums prompted our investigations to revise 
the classifi cations for cubital tunnel syndrome to include CMAP amplitude,65,66 and 
refi ne its indications.28 This led us to create an educational video-based module, 
as described in Chapter 4, to teach clinical reasoning and indications for the SETS 
nerve transfer for severe cubital tunnel syndrome and improve its adoption and im-
plementation into clinical practice. Remarkedly, among 41% of surgeons who were 
not initially interested in the SETS nerve transfer, 78% indicated that they would 
consider adding this procedure to their practice after completing this module. As 
previously described in our 2011 study comparing end-to-end (ETE) and SETS nerve 
coaptations, histomorphometry indicated equal number of myelinated nerve fi bers 
(3127 vs. 2941, respectively) at the distal nerve stump.103 This laboratory fi nding, 
coupled with a recent prospective observational study examining the SETS nerve 
transfer by an Egyptian nerve group,108 have shifted our traditional management 
from ETE to SETS for proximal ulnar nerve injuries and all situations where there 
remains the possibility for some native nerve recovery in the future. Considering 
paradigms in nerve surgery,109 there may be time in the future where the paradigm 
of nerve transfers is replaced by SETS nerve transfers. 

Our video-based learning program played a signifi cant role in the planned and 
active D&I of evidenced-based interventions, such as the SETS nerve transfer. How-
ever, previous to the program, there was yet to exist a validated educational ap-
proach to evaluate the active implementation of surgical innovations. Much of our 
international success derived from YouTube and its integration with Google’s search 
engine to provide easy access to the fi ngertips and the pockets of people through 
mobile devices. Google web search had a special longitudinal section dedicated to 
videos and weighed these pages higher due to increased user engagement. While 
YouTube provided broad learning analytics of our international audience, the true 
demographics of these individuals were unknown and whether viewers were either 
patients or surgeons. Therefore, PASSIO was developed as a learning platform and 
use YouTube to carefully channel viewers to register as users on PASSIO. Within 
its fi rst two years of launch, over 1,500 surgeons registered from all corners of the 
world with diverse racial, gender, language, and training backgrounds as described 
in Chapter 2. Of these registered users, 43% were active learners at least once a 
month. The demographics of the registered users closely resemble the viewership 
from YouTube. With an affi rmed membership of surgeons, e-mail campaigns (49% 
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opens, 12% clicks) were distributed and included surveys to receive feedback and 
invitations to educational studies. In summary, our combined work in D&I became 
a validated educational framework to implement evidence-based interventions 
(benchtop to bedside) by using YouTube for audience outreach and a surgeon-fo-
cused platform to maximize learning.

A common criticism to sharing expertise through videos is routed in the business of 
having a medical practice: “Why teach others when they can send a patient to me?” 
While this argument intuitively make sense to individuals building a practice in sur-
gery, our educational framework focuses on sharing expertise of individuals with es-
tablished practices with decades of experience. A quote by Louis Pasteur describes 
the pleasure of sharing knowledge, “to him who devotes his life to science, nothing 
can give more happiness than increasing the number of discoveries, but his cup of 
joy is full when the results of his studies immediately fi nd practical applications.”110

A more applicable and direct quote about the importance of training in surgery is 
one made by G. Alexander Patterson, “If you are the only one who can do it, it is 
like it never happened.” As suggested by Thomas Kuhn on paradigm shifts during 
scientifi c revolutions,111 it is moral and human nature to pass knowledge to the next 
generation of people to carry the fi eld forward.

ENSURING THE SUSTAINABILITY OF VIDEO-BASED 
LEARNING

The fourth key approach in D&I science is to ensure the sustainability of an ev-
idence-based intervention concurrent with our video-based learning program,95

whether that is to (1) examine current business models and trends in the media and 
publishing sector, (2) build an online and digital platform that meets the demands 
of both educators and learners, and (3) demonstrate value to key stakeholders at 
academic institutions and industry partners.

During the last decade, there has been a large infl ux of online education and video 
platforms in surgery that capitalized on a market to host and share content. These 
platforms were largely held by private organizations with origins from information 
technology and venture capital, each having a unique approach and business strat-
egy to deliver educational and marketing content to surgeons. Many of these video 
platforms, like VuMedi (vumedi.com) – a video education network with a focus in 
orthopedic surgery, provided free and open-access videos with sharing features in 
exchange for industry support from medical device companies. In general, these 
platforms can be effective forums to discuss and market products while training sur-
geons. Other video platforms, like Csurgeries (csurgeries.com), adapted a tradition-
al scientifi c publishing model to grant access through institutional and organization-
al subscriptions. Submitted content underwent peer-review before being assigned 
a digital object identifi er (DOI) and sent through normal publishing channels. Spe-
cifi c author guidelines included only submitting key video points and restricting du-
ration, “videos should be less than fi ve minutes, preferably less than three minutes.” 
Journal of Medical Insight (JoMI, jomi.com) took a similar approach except without 
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restrictions on video duration and published entire surgeries with live operative 
commentary. Interestingly, JoMI originated from a successful video-based scientifi c 
journal called Journal of Visualized Experiments (JoVE, jove.com). GIBLIB (giblib.
com), a Los Angeles-based startup company, took a more radical and creative ap-
proach to pitch their platform as the “Netfl ix of Medical Education” and raised 
over $2.5 million of seed capital to bolster their virtual reality and 4K streaming 
service. Their competitive advantage was the inclusion of professional videography 
team to fi lm and produce educational videos in surgery with an emphasis on image 
quality. Professional societies in surgery have also invested in online education by 
developing unique video portals for their memberships. Of these portals, the Amer-
ican Society for Surgery of the Hand (ASSH) Hand.e is considered one of the most 
technologically advanced by having a committed editorial board to promote com-
pelling high-quality content. Many of these private organizations operated with the 
freedom and fl exibility to pivot their technology and develop new business models 
quickly without the multi-faceted administrative approvals required when operat-
ing within the boundaries of an academic institution. Despite having worked with 
several of these organizations over the last decade, the feature that was needed 
the most was learning analytics – the capability to understand how our videos were 
being digested by surgeons in order for us to develop high-standards in production 
quality and create user environments that foster learning. 

PASSIO Education (PASSIO, passioeducation.com) was a video-based learning plat-
form that was developed with avid support from the Skandalaris Center of Washing-
ton University in St. Louis. It was designed with principles of sustainability and agile 
software development to create a low-cost minimal viable product that specifi cally 
accommodated the needs of both learners and educators. Our surgical videos and 
platform were technically optimized to be indexed as the top search result with only 
the title of the procedure and the last name of the senior author (Fig. 7.6). One of 
our design principles was to provide easy access to our videos within a “click” or un-
der the “three-click rule” of website design. A key feature required for educational 
research was learning analytics.42 Several enterprise-level video services were exam-
ined, and the service which exceled in Gartner’s magic quadrant of business intelli-
gence (the service’s ability to execute and complete its vision) was used. Our video 
service partner also allowed for the customization of the learning analytics and in-
clude third-party application programming interface (API) access, which granted us 
the ability to develop rich features like an interactive chaptering (table-of-contents) 
system (Fig. 7.7). For example, this system specifi cally interacted with the video to 
describe its presented content and timepoint to help construct a cognitive schema 
to the learner. Furthermore, upload and suggestion systems for learners were being 
developed to encourage submissions and produce expert content by educators. 
We could inspire surgeon educators to generate their own expert instructional vid-
eos as an enjoyable and effective learning activity.112  

While some well-known technology applications aim to retain users for as long as 
possible, our design philosophy was to immerse the learner with a video experience 
that spent the least amount of time learning, while maximizing the educational val-
ue of the displayed content. Being considerate and effi cient with surgeons’ time
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FIGURE 7.6. PASSIO surgical procedures section. This section of PASSIO included a series 
of surgical procedures that were sorted by “most recent” and displayed a thumbnail, title, 
authors, authors’ affi liation, date, abstract, favorites, and comments.
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FIGURE 7.7. Interactive chaptering system. To make it more effi cient for learners to 
browse the video, an interactive chaptering system was created with surgical steps and 
their respective timecodes. As the video played, the respective surgical step is highlighted. 
Displayed is the short-format video for a tracheal resection of a stomal stricture and repair. 
Web pages were optimized for PC, tablets, and mobile devices.
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may have explained our success and popularity. Direct API access provided us the 
ability to customize and implement a video player to display viewing engagement 
along the timeline, highlight important areas of the video using an interactive chap-
tering system, and create “visual cards” to overlay and describe additional infor-
mation, amongst other common features such as variable playback speed, video 
quality, and closed captioning. The visual cards and chaptering system were also 
designed to become areas for potential industry-sponsored education. For exam-
ple, these areas would highlight and emphasize products being used by master sur-
geons, and channel interested users to specifi c product pages for more information.

With respect to industry-sponsored education as a traditional model of sustainabil-
ity, our approach was to leverage the expertise of master surgeons to depict their 
non-bias use of products and free from industry infl uence, to maximize the value 
generated from sponsorship. This strategy was one of many planned to demon-
strate a hybrid B2C-B2B model and signifi cant user traction on a timeline of tiered 
deliverables for raising external capital and funding. Nonetheless, in the early half of 
2019, PASSIO underwent migration to Washington University Learn Surgery (learn-
surgery.wustl.edu) to take advantage of university resources authorized by business 
associate agreements. The migration required us revise our approach to ensure the 
program’s sustainability with the following key points and value propositions that 
align with academic institutions:

1. Fulfi lling the university’s intrinsic mission for education and innovation in 
healthcare.

2. Providing global exposure to the premiere medical center and its master 
surgeons.

3. Generating international interest for surgeons, patient, and visitors for 
scholarly and healthcare opportunities.

4. Standardizing quality-of-care in countries with established healthcare sys-
tems and for those in-need.

5. Creating a channel for the dissemination and implementation of surgical 
innovations.

6. Providing unique development and legacy opportunities for surgical alum-
nus.

7. Contribute to the evolving and desired entrepreneurial culture in healthcare 
and information technology.
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FUTURE PERSPECTIVES

A new and emerging approach that compliments video-based learning is surgi-
cal coaching (Fig. 7.8). This is defi ned as providing individualized and constructive 
feedback for performance improvement.50,51 Within Ericsson’s gradual sequence of 
states, the third mental representation for attaining expertise is receiving feedback 
on performance.6 Several studies examining example-based learning through the 
perspectives of cognitive and social-cognitive research have incorporated feedback 
as a vital intervention to enhance student performance.68 In surgery, videos of op-
erative performance can be the basis of coaching activities through synchronized 
sessions, where a coach and a learner review performance together at the same 
time, or asynchronized sessions, where a learner submits materials for a coach to 
review and provide feedback at a later time.113

Video-based coaching has complemented operative room teaching by having 
more “teaching points,” per unit of time to work through complex decision-mak-
ing, when compared to intraoperative teaching.114 These coaching activities can 
also be a rich source of data and quantitative evidence to examine the effi ciency 
of our video-based learning program. For example, surgeons can submit videos 
or even photos of their surgeries for expert review after learning directly from our 
videos (Fig. 7.9). Naturally, the expert surgeons who participated in the creation of 
our educational program by producing content can become certifi ed coaches using 
established coaching frameworks to facilitate expert-to-peer sessions. This serves 
two purposes: (1) to assure safe adoption and implementation of surgical innovation 
and (2) identify defi cits in our educational interventions to improve upon. 

In a very early questionnaire assessing interest in video-based surgical coaching in 
our Learn Surgery membership, 55 surgeons immediately responded. Among these 
respondents, (77% practicing with median 18 years [range 1-36] of experience, 19% 
trainees; 56% originated outside the U.S., most expressed interest in expert-to-peer 
coaching for technical (82%) and clinical (65%) skills. Overall, 78% would like coach-
ing to be incorporated into continuing medical education (CME) and maintenance of 
certifi cation. Over half (56%) did not have video capabilities in the operating room, 
although 84% would be comfortable with mounting a camera and 92% consid-
ered themselves as technological capable. All agreed that ensuring patient privacy 
and clear medicolegal guidance are important factors to coaching. These fi ndings 
demonstrate early interest in surgical coaching for continuing professional develop-
ment (CPD), however, technical support for video capture is needed.115 Once the 
appropriate medicolegal guidelines are defi ned, to assure patient privacy and pro-
tected channels for sharing compliant data across institutions for quality improve-
ment and patient safety purposes, the integration of video-based coaching with vid-
eo-based learning has the potential to become the new model for CME and CPD. 
For example, the non-profi t organization, Academy for Surgical Coaching (surgical
coaching.org), has a certifi cation program for surgeons to become qualifi ed coach-
es and technology that can facilitate online expert-to-peer coaching sessions. 
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FIGURE 7.8. New model for continuing professional development (CPD). The imple-
mentation of video-based learning and coaching will create a robust model of CPD through 
distant learning. Having established an educational program using expert videos to teach 
clinical reasoning, operative techniques, and post-operative therapy, video-based coaching 
activities (asynchronized or synchronized sessions) can provide a rich source of data as quan-
titative feedback and implementation evidence. This new model of CPD can be integrated 
with continuing medical education and maintenance of certifi cation in surgery.

200805 YEE PHD THESIS v5.indd   164200805 YEE PHD THESIS v5.indd   164 9/9/20   7:31 PM9/9/20   7:31 PM



SUMMARY, DISCUSSION, AND FUTURE PERSPECTIVES 165

7

FIGURE 7.9. Surgical feedback and coaching using photos. Photos can be a valuable 
source of data to provide expert feedback and coaching to improve performance. A sur-
geon submitted photos (left) to receive feedback after using our videos to perform a com-
mon peroneal nerve release at the fi bular head on the left leg. Upon observing their photos, 
expert feedback was given with questions regarding the intact intermuscular septums cir-
cled in yellow. The surgeon responded that these septums were released following the pho-
tos, illustrating a need to develop guidelines for submitting photos as surgical steps. Photos 
(right) of surgeries after receiving expert video-based learning and coaching could illustrate 
performance improvement and be evidence of implementation. For example, in this photo, 
an intermuscular septum was depicted as being released (white arrow).

Major improvements of computer technology, specifi cally graphical processing 
units, and the access to big data have caused a resurgence of interest in neural 
networks and machine learning. This has led to signifi cant recent advances in arti-
fi cial intelligence (AI) in both society and healthcare.116,117 Computer vision, or the 
use of AI and algorithms to distinguish patterns from images, has achieved better 
diagnostic sensitivity and specifi city than radiologists in lung cancer screening.118

Hashimoto et al have also used computer vision in surgery to analyze intraopera-
tive videos to recognize operative steps in laparoscopic sleeve gastrectomy.119 This 
study described the tremendous broad application in the development of expertise 
and video-based learning and coaching. For example, if implemented correctly, 
automated analysis of surgeries could help identify operative defi cits to improve 
upon and also facilitate review in coaching activities. This technology could also be 
used to improve the production workfl ow in creating instructional surgical videos 
by identifying and removing non-relevant or poor-quality video frames. Additional-
ly, our production workfl ow could be automated to use computer vision to create 
short surgical videos, similar to how Netfl ix created movie trailers using AI and 20th

Century Fox used AI to analyze movie trailers to determine what fi lm audiences will 
like.120-122  Computer vision has a large potential to contribute signifi cantly to quality 
improvement and education in surgery. 
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Since the recent 2019 Holocaust Education Week in Toronto where our collabo-
rative group presented a special symposium on the Pernkopf atlas,123 several rec-
ommendations were made to further advance the ethics controversy. Leila Lax, a 
professor in the Masters of Science program in Biomedical Communications, at the 
Faculty of Medicine, University of Toronto, organized this symposium and identifi ed 
a need to incorporate the opinions from the perspectives of medical illustrators, 
as well as a further call to action to improve informed use of the Pernkopf atlas.124

The last essay from this profession was David Williams, whose detailed interviews 
of the surviving Pernkopf’s illustrators, exposed the ‘evil’ origin of the atlas.16 The 
framework used to assess the atlas in surgical practice in Chapter 5, could be easily 
adapted for medical illustrators, which would not only raise awareness and bring 
another profession into the fold, but also provide an opportunity to discuss the 
techniques used by Pernkopf’s illustrators for a philosophical discussion on a major 
anatomical project. While we have reported one Jewish perspective from a patient, 
there is also a signifi cant need to incorporate the voices of patients in the ethical 
consideration and use of the atlas in their care. Effective communication between 
surgeon and patient is a central clinical function that can require a surgeon to illus-
trate a complex pathology,125 which may involve the atlas especially for procedures 
that requires its use in the operating room. More research on patient views and in-
formed consent will provide insights to bring humanism into healthcare. Additional-
ly, the original Pernkopf watercolours are currently under the custody of Elsevier. To 
provide a space of learning about the history of the medical atrocities, as well as to 
allow a dignifi ed memorialization of the victims, these paintings could be donated 
to the respective Holocaust memorials and museums or repatriated by the Medical 
University of Vienna for remembrance.94 As result, a proper committee could be 
formed to address its ethical handling and license requests, perhaps to contribute 
the anatomical plates to an online educational program using, for example, our vid-
eos to educate surgeons on its history and bioethical and religious considerations. 
This combined work honors the victims of the atlas by accurately retelling their his-
tory through the continued work on ethical guidelines, and forever being a reminder 
of the destructive forces that reside in scientifi c medicine and its practitioners. 32,126
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NEDERLANDSE SAMENVATTING |
DUTCH SUMMARY 
Het uitdragen en invoeren van innovaties is een essentieel en actief proces om chir-
urgie te promoten.1,2 Er bestaan diverse raamwerken, die de verschillende stadia 
van innovatie om kennis overdracht en onderzoek in de klinische praktijk te bren-
gen.3 Het zogenaamde IDEAL kader wordt international gebruikt om de kwaliteit 
van onderzoek te verbeteren en het nauwgezet beoordelen en rapporteren van re-
sultaten van nieuwe interventies in chirurgie te benadrukken.4 Ondanks deze geva-
lideerde kaders, kan het proces van idee tot aan invoering vele decennia duren 
(geschat 17 jaren). Het betreft dan ook maar 14% van het medische onderzoek van 
petri-schaal naar de kliniek bedoeld voor het verbeteren van de patienten zorg.5 

Het beoordelen van de kwaliteit van een expert is een methode om het presteren 
te beoordelen en de stap te maken naar het niveau van expert.6 Individuen die 
de status van expert hebben in chirurgie kunnen beschouwd worden de initiatief 
nemers voor deze innovatie,7 met name in specialismen die het goed doen in in-
novatie en het verbeteren van management paradigma’s, bijvoorbeeld zenuwchir-
urgie.8,9 Deze zgn. expert chirurgen worden gezien als expert behandelaars, sub-
lieme onderwijzers en coaches, die worden verwacht worden hun ervaring te delen. 
Om deze ervaring goed vast te leggen, is video een geschikt visueel medium om 
deliberate practice, het leren van operatieve vaardigheden en klinisch beredeneren 
te ondersteunen.10 In dit proefschrift is een video leerprogramma ontwikkeld als 
een stimulerend instrument voor het opdoen van ervaring en voor innovatie in 
zenuw chirurgie.

De ontwikkeling in ethiek rond deze ontwikkel processen is van het grootste 
belang voor alle snijdende vakken en vraagt een solide beoordeling van veiligheid, 
werkzaamheid en effectiviteit.11 Grote voorstanders van ethiek in chirurgische in-
novaties zijn de chirurgen-opleiders, die helpen om de leercurve te verkorten voor 
een veilige verspreiding en overname van nieuwe technieken.12 Vanuit een special-
isme met innovatie en anatomie, hebben plastisch en reconstructief chirurgen vaak 
creatieve strategiën nodig om de anatomische kennis te gebruiken voor het herstel 
van ongewone en complexe defecten. Op dit kruispunt van chirurgie, anatomie en 
opleiding kunnen ethische echter vraagstukken ontstaan over de bron van de in-
formatie en het gebruikte menselijk weefsel.13 Tijdens het ontwikkelen van opleid-
ingsprogramma’s om kennis over te brengen en leercurves te verkorten, kwamen 
we een ethisch dilemma tegen bij het gebruik van een anatomie atlas, die bekend 
stond om zijn exacte weergave van het zenuwstelsel voor chirurgie en onderwijs 
met als bron slachtoffers van het Derde Rijk. Om de slachtoffers van de medische 
misdrijven te erkennen, werden chirurgen om hun mening gevraagd over het voor-
stel voor de juiste onthulling, bio-ethiek en goddienstige overwegingen, alsmede 
de juiste nagedachtenis. Bovendien was een ethisch raamwerk voorgesteld aan 
chirurgen voor het overwegen van het gebruik van de Pernkopf atlas in chirurgie 
en onderwijs.
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Het doel van dit proefschrift was om een onderwijs platform te ontwikkelen om 
chirurgische innovaties uit te dragen en in te voeren gebruik makend van video 
(1) leren als methode om zich handelingen en beslissingen in de chirurgie eigen te 
maken. Zij zal ook (2) de bijbehorende ethische gevolgen in anatomie onderzoek 
behandelen.

DEEL I: ONTWIKKELING VAN VIDEO LEREN IN 
ZENUW CHIRURGIE

Een video van een bepaalde ingreep vormt een grote bron van visuele data en zij 
wordt door sommigen even sterk beschouwd als “duizend operatie aantekenin-
gen”.10 Gebruikmakend van de benadering van Ericsson van het presteren van ex-
perts werd er een onderwijs programma ontwikkeld om video opnamen in zenuw 
chirurgie te stimuleren.6,17 Het program is in 2011 gestart en was gebouwd als com-
pleet ontwerpproces om een op maat gemaakt en interactief video leren platform 
te maken en om daarbij de effectiviteit van het leerproces te beoordelen. Om de 
plaats te bepalen van video in het leren van een chirurgische handeling werd er:

1. Een fi lm van een laag complexe ingreep bekeken om het technisch handelen 
te verbeteren

2. Een effectieve video module ontwikkeld om klinisch beredeneren te helpen en 
om de chirurgische video’s te ondersteunen.

In hoofdstuk 2 wordt het hele traject van het ontwikkelen alsmede de effectiviteit 
van video leren beschreven door het verkregen leereffect te analyseren. In 2011 
werd een online onderwijs website, genaamd Nerve Surgery (nervesurgery.wustl.
edu) gelanceerd. In het eerste jaar werd de website meer dan 67000 keer geopend 
en in de eerste twee jaar werden fi lms meer dan 16000 keer bekeken. Om meer 
mensen te bereiken werd YouTube gebruikt voor de 117 zenuw fi lms met als re-
sultaat meer dan 3 miljoen kijkers uit meer dan 165 landen in zeven jaar. Tussen 
2016 en 2018 werden deze international kijkers (69% van buiten de V.S.) in meer 
dan 1700 gebruikers op PASSIO (passioeducation.com), een op maat en interactief 
platform met ingebouwde leer analyse. Van de geregistreerde gebruikers was 43 
% tenminste 1 maand actief op PASSIO. Deze analyses lieten zien, dat chirurgen 
48% van het beeldmateriaal bekeken met een vastgestelde daling bij fi lmmateriaal 
met een langere duur. Desalniettemin is het belangrijker dat er een correlatie was 
tussen vasthouden van de aandacht en korte of lange instructive fi lms. Bovendien 
gaven chirurgen de voorkeur aan langere videos bij zeldzame of complexe ingrep-
en in tegenspraak met de gedachte dat videos maximal 10 minuten mochten du-
ren.18,19 Dit proefschrift presenteert de ontwikkeling van een online gemeenschap 
voor perifere zenuw chirurgie en de optimale verspreiding van zogenaamde “best 
practices” door gebruik te maken van YouTube om de verspreiding en introductie 
van platform voor snijders met als doel de maximale kennisoverdracht.

In hoofdstuk 3 werd de rol van chirurgische videos onderzocht bij het leren van 
een operatieve verrichting. In deze studie werden 22 AIOS (opleidingsjaar 1-6) ge-
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randomiseerd om zich voor te bereiden voor een ingreep in een cadaver lichaam. 
Zij werden verdeeld in twee groepen, een bestudeerde een gerenommeerd hand 
chirurgie boek20 de andere dit boek samen met een video die een carpale tunnel 
operatie toonde. Zowel het hoofdstuk in het boek als mede ook de video werden 
door dezelfde auteurs (Mackinnon en Yee) gemaakt. Het functioneren van de AIOS 
werd gefi lmd en door een onafhankelijk geblindeerd panel van chirurgen beoor-
deeld gebruik makend van de zogenaamde OSATS (objective structured assess-
ment of technical skills) en een gemodifi ceerde versie van een beoordelingsschaal 
special ontwikkeld voor deze ingreep.21,22 Jongere AIOS (jaar 1-2) maakten minder 
operatieve fouten (median 1,3 versus 4) en waren meer zelfverzekerd in hun tech-
nisch handelen (median 75 versus 32) na het kijken van de chirurgische fi lm. Deze 
studie laat zien, dat het visueel zien van een chirurgische ingreep essentieel in het 
leren van een nieuwe operatie aangetoond door het verminderen van fouten en 
het verhogen van het zelfvertrouwen. Deze studie benadrukt het belang van online 
leerplatforms om videos te integreren in het ingewikkelde leerproces om lacunes 
in het chirurgisch handelen te verkleinen.

In hoofdstuk 4 werden de videos bekeken om te kijken of zij effectief waren bij 
klinisch beredeneren en beoordelen van de indicaties voor een operatie. Bovend-
ien werd er gekeken of zij nuttig waren bij het zich eigen maken en toepassen van 
nieuwe ingrepen. In deze studie werd een video module gebruikt, die ontworpen 
was op klinisch neurofysiologische indicaties voor operaties van de cubitale tunnel, 
waarbij een zenuw transfer (SETS: supercharge end-to-side) werd toegevoegd.23 

Deze videos waren ontwikkeld volgens het leerprincipe van de cognitieve theorie 
voor multimedia leren (CTML).24,25 Deze videos werden gemaakt volgens het zoge-
naamde “whiteboard” principe met dynamische overgangen om de ruimtelijke ori-
entatie van de belangrijkste ideeën.26,27 Er werd gekeken naar opdoen van kennis 
voor en na de lazing, bovendien werd gekeken hoeveel er van werd onthouden. 
Deze module was populair bij 279 chirurgen, die tenminste 30 minuten naar de 
video(s) keken. Dit versterkte ons idee, dat chirurgen wel naar videos langer 10 
minuten willen kijken als de kijkervaring en de lezing zo ontworpen zijn, dat zij 
hierbij klinisch beredeneren leren. De tijd werd ook opgenomen om te kijken naar 
de kennis lacune tussen de feedback van de chirurg  en de “belangrijkste reden 
om een SETS zenuw transfer te doen”.28,29 De resultaten van de kennis namen met 
3 punten toe (schaal van 0-10) en de kennis werd 3 maanden onthouden. Hiermee 
wordt aangetoond, dat een mogelijkheid is om de verandering van het chirurgisch 
handelen voor een langere periode alsmede de waarde van een video module om 
klinisch rederen te leren. 

DEEL II: AANGAANDE ANATOMIE IN CHIRURGISCHE 
INNOVATIES

De gedefi nieerde stappen in ons video leerprogramma waren deels beinvloed door 
het bestuderen van de Pernkopf atlas van de menselijke anatomie. Deze is zeker 
gehuld in tegenstrijdigheden door de eerdere onthullingen van de betrokkenheid 
van Eduard Pernkopf en zijn medisch tekenaars met de Nazi Partij (NSDAP).15,16 In 
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de jaren 90 was er een onderzoek door de commissie van het Senaat Project van 
de Universiteit van Wenen, die vast stelde, dat de lichamen van geëxcecuteerde 
slachtoffers van het Nazi regime, afgebeeld in de atlas, onrechtmatig verkregen 
waren.14 Zonder enige twijfel heeft deze atlas de ontwikkeling van nieuwe techniek-
en in de perifere zenuwchirurgie beinvloed vanwege de hoge nauwkeurig van de 
afbeeldingen van het zenuwstelsel. Voor wij de toepassing in chirurgische innovatie 
en onderwijs kunnen overwegen, moeten wij eerst de ethische dillema’s verbonden 
aan het gebruik van materiaal verkregen van gruweldaden van artsen  verbonden 
met de NSDAP tijdens de Holocast, bekijken.

In hoofdstuk 5, keken wij naar de meningen van chirurgen over het gebruik van 
de Pernkopf atlas in chirurgie en onderwijs door gebruik te maken van een schaal 
met 4 punten om het ethisch handelen te beoordelen. Twee medische disciplines, 
zenuwchirurgie en mond kaak en aangezichtschirurgie, werden betrokken om de 
twee delen van de atlas (I – Hoofd hald, en II- Thorax, abdomen en extremiteit-
en) en de juistheid van de anatomie van het zenuwstelsel alsmede de hoofd hals 
anatomie te beoordelen. 364 chirurgen reacties werden verzameld: zij gaven aan, 
dat zij, in 54% bewust waren van de achtergrond van de atlas en in 16% de atlas 
ook regelmatig gebruikten. Van diegenen, die bewust waren van de achtergrond 
voelde 56% zich niet bezwaard om de atlas te gebruiken voor hun ingrepen. De 
mond kaak aangezicht chirurgen (MKA) waren meer terughoudend dan de zenuw-
chirurgen. Dit kan verklaard worden door de oudere leeftijd van de MKA chirurgen, 
maar ook door de kenmerken van het gezicht van de slachtoffers. Op een schaal 
van 4 punten, voor openbaarmaking, ethiek, religie en nagedachtenis, gaf 76% 
van diegenen die zich aanvankelijk ongemakkelijk voelden of nog geen beslissing 
hadden genomen, zich toch niet “ongemakkelijk” te voelen met de atlas. Als wij 
10 anatomie afbeeldingen vergeleken, gaven de chirurgen aan, dat de Pernkopf 
atlas de beste anatomie details weergaf en dat het gebruik voor operaties beter 
was dan de Netter atlas. Samenvattend gaf deze studie inzicht in de meningen van 
chirurgen voor het gebruik van de Pernkopf atlas voor operaties en onderwijs.

In hoofdstuk 6 werden de ethische en godsdienstige regels voor het gebruik van 
de Pernkopf atlas in chirurgie weergegeven. Er werd gebruik gemaakt van een 
4 punten schaal voor ethiek om dilemma’s in de praktijk te sturen.31 Dit betreft 
een dictaat – het Wenen Protocol – door Rabijn Joseph A. Polak, een Holocaust 
overlevende en Opperrechter van de New England rechtbanken voor rabijnen, 
die richtlijnen heeft gepostuleerd voor het gebruik van deze atlas gebaseerd op 
Joodse medisch ethiek.32,33 Een studie werd getoond, gebruikmakend van een 4 
punten schaal, van een patiënten casus, waar het gebruik van de atlas nodig was 
om een operatie met succes uit te voeren. De 4 punten schaal om ethische dilem-
ma’s te behandelen bij problemen tijden een  operatie, bestond uit (1) herkennen 
van de noodzaak tot een pauze, (2) het raadplegen van een collega bij een acute 
ingreep, (3) noodzaak voor een ethisch anatomische raadpleging en indien nodig, 
(4) raadplegen van de Pernkopf atlas met respect, uit dankbaarheid en met de 
kennis de levens en het lijden van de slachtoffers. Deze studie geeft inzicht in de 
ethiek en, deels, de godsdienstige overwegingen komende uit de 4 punten schaal 
gebruikt voor het ethisch gebruik van de Pernkopf atlas in chirurgie en onderwijs.
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CONCLUSIE

Leren via video is een effectieve wijze voor het verspreiden en implementeren van 
innovaties in snijdende vakken en voor het delen van “best practices” als onders-
teuning voor evidence-based geneeskunden en cognitieve theorie voor multime-
dia leren (CTML). Onderwijs fi lms kunnen zeer waardevol zijn voor het leren van 
operaties en klinisch berederen als zij nauwgezet en aantrekkelijk worden vervaar-
digd. Het ontwikkelen van een online platform voor onderwijs kan een leerom-
geving lanceren voor chirurgische netwerken, waarin het verspreiden toepassen 
van kennis en research central staan. Ethische dilemma’s, zoals de Pernkopf atlas,  
kunnen gebruikt om bewustwording te creëren voor de achtergrond van anatomie 
wetenschap en de toepassing van ethische richtlijnen. Het voorgestelde onderwijs 
network, met video leren, stelt experts en ervaren chirurgen in de gelegenheid 
om leermomenten in chirurgie uit te breiden. Hierdoor kunnen kansen gegeven 
worden over de hele wereld ongeacht de locatie, cultuur, geslacht en taal. Bovend-
ien kan dit artsen in landen met een minder ontwikkelde gezondheidszorg helpen.

200805 YEE PHD THESIS v5.indd   179200805 YEE PHD THESIS v5.indd   179 9/9/20   7:31 PM9/9/20   7:31 PM



180

200805 YEE PHD THESIS v5.indd   180200805 YEE PHD THESIS v5.indd   180 9/9/20   7:31 PM9/9/20   7:31 PM



APPENDIX 181

A

PUBLICATION LIST 
PEER-REVIEW JOURNAL ARTICLES
Dengler J, Dolen U, Patterson JMM, Davidge KM, Kahn LC, Yee A, Mackinnon SE. Supercharge   
End-to-Side Anterior Interosseous-to-Ulnar Motor Nerve Transfer Restores Intrinsic Function in Cubital 
Tunnel Syndrome. 2020. [Under Review]

Padovano WM, Dengler J, Patterson JMM, Yee A, Snyder-Warwick AK, Wood MD, Moore AM, Mackin-
non SE. Incidence of Nerve Injury After Extremity Trauma in the United States. 2020. [Under Review]

Yee A, Padovano WM, Patterson JMM, Pet MA, Zazulia AR, Dengler J, Novak CB, Coert JH, Mack-
innon SE. Developing a Video-Based Learning Module to Teach Decision-Making for Cubital Tunnel 
Surgeries. 2020. [Under Review]

Yee A, Padovano WM, Fox IK, Hill E, Rowe AG, Brunt LM, Moore AM, Snyder-Warwick AK, Kahn LC, 
Wood MD, Coert JH, Mackinnon SE. Video-Based Learning in Surgery: Establishing Surgeon Engage-
ment and Utilization of Variable-Duration Videos. Ann Surg. 2020. [In Press]

Dengler J, Padovano WM, Davidge KM, McKay VR, Yee A, Mackinnon SE. Dissemination and Imple-
mentation Science in Plastic Surgery: Perfecting, Protecting, and Promoting Innovation That Defi nes 
Our Specialty. Plast Reconstr Surg. 2020. [In Press]

Yee A, Padovano WM, Rowe AG, Hill EJR, Fox IK, Moore AM, Coert JH, Mackinnon SE. The Role of 
Surgical Video on Resident Performance of Carpal Tunnel Release: A Cadaveric Simulation-Based, 
Prospective, Randomized, Blinded Pilot Study. Plast Reconstr Surg. 2020;145(6):1455-1463.

Power HA, Kahn LC, Patterson JMM, Yee A, Moore AM, Mackinnon SE. Refi ning indications for the 
supercharge end-to-side anterior interosseous to ulnar motor nerve transfer in cubital tunnel syndrome. 
Plastic Reconstr Surg. 2020;145(1):106e-116e.

Domeshek LF, Novak CB, Patterson JMM, Hasak JM, Yee A, Kahn LC, Mackinnon SE. Nerve Transfers – 
A Paradigm Shift in the Reconstructive Ladder. Plast Reconstr Surg Glob Open. 2019;25;7(6):e2290.

Dengler J, Yee A, Mackinnon SE. Supraclavicular Approach to the Brachial Plexus: How I Teach It. Ann 
Thorac Surg. 2019;107(2):331-334.

Yee A, Hildebrandt S, Seidelman WE, Mackinnon SE. Letter to the Editor: Nazi Medicine – Part 2: The 
Downfall of a Profession and Pernkopf’s Anatomy Atlas. Clin Orthop Relat Res. 2018;476(12)2465-2466.
Yee A, Zubovic E, Yu J, Ray S, Hildebrandt S, Seidelman WE, Polak JA, Grodin MA, Coert JH, Brown D, 
Kodner IJ, Mackinnon SE. RESPONSE TO REVIEWERS. Surgery. 2019;165(5):868-869. 

Yee A, Zubovic E, Yu J, Ray S, Hildebrandt S, Seidelman WE, Polak JA, Grodin MA, Coert JH, Brown D, 
Kodner IJ, Mackinnon SE. Ethical considerations in the use of Pernkopf’s Atlas of Anatomy: A surgical 
case study. Surgery. 2019;165(5):860-867. 

Yee A, Coombs DM, Hildebrandt S, Seidelman WE, Coert JH, Mackinnon SE. In Reply: Nerve Sur-
geon’s Assessment of the Role of Eduard Pernkopf’s Atlas of Topographic and Applied Human Anato-
my in Surgical Practice. Neurosurgery. 2018;83(4):E189.

Yee A, Coombs DM, Hildebrandt S, Seidelman WE, Coert JH, Mackinnon SE. Nerve Surgeon’s Assess-
ment of the Role of Eduard Pernkopf’s Atlas of Topographic and Applied Human Anatomy in Surgical 
Practice. Neurosurgery. 2019;84(2):491-498.

Kahn LC, Yee A, Mackinnon SE. Important Details in Performing and Interpreting the Scratch Collapse 
Test. Plast Reconstr Surg. 2018;141(2):399-407.

Mundschenk MB, Odom EB, Ghosh TD, Kleiber GM, Yee A, Patel KB, Mackinnon SE, Tenenbaum MM, 
Buck DW 2nd. Are Residents Prepared for Surgical Cases? Implications in Patient Safety and Education. 
J Surg Educ. 2018;75(2):403-408.

Davidge KM, Gontre G, Tang D, Boyd KU, Yee A, Damiano MS, Mackinnon SE. The “hierarchical” 
Scratch Collapse Test for identifying multilevel ulnar nerve compression. Hand (NY). 2015;10(3):388-
395.

200805 YEE PHD THESIS v5.indd   181200805 YEE PHD THESIS v5.indd   181 9/9/20   7:31 PM9/9/20   7:31 PM



182

Davidge KM, Yee A, Moore AM, Mackinnon SE. The Supercharge End-to-Side Anterior Interosse-
ous-to-Ulnar Motor Nerve Transfer for Restoring Intrinsic Function: Clinical Experience. Plast Reconstr 
Surg. 2015;136(3):344e-352e.

Barbour JR, Yee A, Moore AM, Trulock EP, Buchowski JM, Mackinnon SE. Cadaveric nerve allotrans-
plantation in the treatment of persistent thoracic neuralgia. Ann Thorac Surg. 2015;99(4):1414-7.

Tang DT, Barbour JR, Davidge KM, Yee A, Mackinnon SE. Nerve entrapment: update. Plast Reconstr 
Surg. 2015;135(1):199e-215e.

Phillips BZ, Franco MJ, Yee A, Tung TH, Mackinnon SE, Fox IK. Direct radial to ulnar nerve transfer to 
restore intrinsic muscle function in combined proximal median and ulnar nerve injury: case report and 
surgical technique. J Hand Surg Am. 2014;39(7):1358-62.

Davidge KM, Yee A, Kahn LC, Mackinnon SE. Median to radial nerve transfers for restoration of wrist, 
fi nger, and thumb extension. J Hand Surg Am. 2013;38(9):1812-27.

Barbour J, Yee A, Kahn LC, Mackinnon SE. Supercharged end-to-side anterior interosseous to ulnar 
motor nerve transfer for intrinsic musculature reinnervation. J Hand Surg Am. 2012;37(10):2150-9.

Ray WZ, Yarbrough CK, Yee A, Mackinnon SE. Clinical outcomes following brachialis to anterior interos-
seous nerve transfers. J Neurosurg. 2012;117(3):604-9.

Mackinnon SE, Yee A, Ray WZ. Nerve transfers for the restoration of hand function after spinal cord 
injury. J Neurosurg. 2012;117(1):176-85.

Kale SS, Glaus SW, Yee A, Nicoson MC, Hunter DA, Mackinnon SE, Johnson PJ. Reverse end-to-side 
nerve transfer: from animal model to clinical use. J Hand Surg Am. 2011;36(10):1631-39.e2.

Ray WZ, Pet MA, Nicoson MC, Yee A, Kahn LC, Mackinnon SE. Two-level motor nerve transfer for the 
treatment of long thoracic nerve palsy. J Neurosurg. 2011;115(4):858-64.

Pet MA, Ray WZ, Yee A, Mackinnon SE. Nerve transfer to the triceps after brachial plexus injury: report 
of four cases. J Hand Surg Am. 2011;36(3):398-405.

Ray WZ, Pet MA, Yee A, Mackinnon SE. Double fascicular nerve transfer to the biceps and brachialis 
muscles after brachial plexus injury: clinical outcomes in a series of 29 cases. J Neurosurg. 114(6):1520-
8.

Brown JM, Yee A, Ivens RA, Dribben W, Mackinnon SE. Post-cervical decompression parsonage-turner 
syndrome represents a subset of C5 palsy: six cases and a review of the literature: case report. Neuro-
surgery. 2010;67(6):E1831-43; discussion E1843-4.

Whitlock EL, Myckatyn TM, Tong AY, Yee A, Yan Y, Magill CK, Johnson PJ, Mackinnon SE. Dy-
namic quantifi cation of host Schwann cell migration into peripheral nerve allografts. Exp Neurol. 
2010;225(2):310-9.

Magill CK, Moore AM, Yan Y, Tong AY, MacEwan MR, Yee A, Hayashi A, Hunter DA, Ray WZ, Johnson 
PJ, Parsadanian A, Myckatyn TM, Mackinnon SE. The differential effects of pathway- versus tar-
get-derived glial cell line-derived neurotrophic factor on peripheral nerve regeneration. J Neurosurg. 
2010;113(1):102-9.

Ray WZ, Kasukurthi R, Yee A, Mackinnon SE. Functional recovery following an end to side neurorrhaphy 
of the accessory nerve to the suprascapular nerve: case report. Hand (NY). 2010;5(3):313-7.

Brown JM, Yee A, Mackinnon SE. Distal median to ulnar nerve transfers to restore ulnar motor and sen-
sory function within the hand: technical nuances. Neurosurgery. 2009;65(5):966-77; discussion 977-8.

Ray WZ, Kasukurthi R, Papp EM, Moore AM, Yee A, Hunter DA, Solowski NL, Mohanakumar T, Mack-
innon SE, Tung TH. The role of T helper cell differentiation in promoting nerve allograft survival with 
costimulation blockade. J Neurosurg. 2010;112(2):386-93.

Magill CK, Tuffaha SH, Yee A, Luciano JP, Hunter DA, Mackinnon SE, Borschel GH. The short- and 
long-term effects of Seprafi lm on Peripheral nerves: a histological and functional study. J Reconstr 
Microsurg. 2009;25(6):345-54.

200805 YEE PHD THESIS v5.indd   182200805 YEE PHD THESIS v5.indd   182 9/9/20   7:31 PM9/9/20   7:31 PM



APPENDIX 183

A

TEXTBOOK
Mackinnon SE. Yee A, ed. Nerve Surgery. New York, NY: Thieme Medical Publishers; 2015.

TEXTBOOK CHAPTERS
Boyd KU, Weber RV, Yee A, Mackinnon SE. Principles of Nerve Transfers. Plastic Surgery (Volume 1, 
Principles 4th Edition). Gurtner GC, Neligan PC (eds). Elsevier, 2017.

Snyder-Warwick AK, Yee A, Mackinnon SE. New Insights and Applications in the Treatment of Nerve 
Injuries. Foker, Till, Holcomb III, Khan, Thomson (eds) Esophageal and Gastric Disorders in Infancy and 
Childhood. Springer, 2017.

Patterson JM, Yee A, Mackinnon SE. Motor Nerve Transfers for Radial and Ulnar Nerve Injuries. Master 
Techniques in Orthopaedic Surgery (The Hand 3rd Edition). Morrey, Maschke, Graham, Evans (eds). 
Wolters Kluwer, 2016.

Mackinnon SE, Yee A. Brachial plexus decompression. ESTS Textbook of Thoracic Surgery (Vol. 2). 
Kuzdzal, Jaroslaw (ed). Medycyna Praktyczna, 2015.

Fox IK, Yee A, Mackinnon SE. Sensory Nerve Transfers. Operative Orthopedics of the Upper Extremity. 
McGraw Hill, 2014.

Tang DT, Yee A, Mackinnon SE. Nerve Transfers in the Upper Extremity. AAOS Orthopaedic Knowledge 
Online, Hand and Wrist.  American Academy of Orthopaedic Surgeons, 2012. 

TEXTBOOK VIDEO CHAPTERS
Mackinnon SE, Yee A. Brachial Plexus Reconstruction. Comprehensive Review of Neurosurgery. Oak-
stone Medical Publishing, 2016.

Mackinnon SE, Yee A. Compression Neuropathy. Comprehensive Review of Neurosurgery. Oakstone 
Medical Publishing, 2016.

Mackinnon SE, Yee A. Nerve Transfers for the Forearm and Hand. Comprehensive Review of Neurosur-
gery. Oakstone Medical Publishing, 2016.

Mackinnon SE, Yee A. Nerve Transfers for Shoulder Function. Comprehensive Review of Neurosurgery. 
Oakstone Medical Publishing, 2016.

Mackinnon SE, Yee A. Strategies in Peripheral Nerve Surgery. Comprehensive Review of Neurosurgery. 
Oakstone Medical Publishing, 2016.

Mackinnon SE, Yee A. Nerve Injury and Repair. Plastic Surgery by Peter Neligan. Elsevier, 2016.

Mackinnon SE, Yee A. Surgeon as Perpetual Learner – Cases I Have Learned the Most From. Peripheral 
Nerve Injuries and Brachial Plexus by David Netscher. Taylor & Francis Group, 2016.

Mackinnon SE, Yee A. Thoracic Outlet Decompression. ESTS Textbook of Thoracic Surgery. Medycyna 
Praktyczna Cracow, 2014.

Mackinnon SE, Yee A. Compression Neuropathy. Comprehensive Review of Neurosurgery. Oakstone 
Medical Publishing, 2014.

Mackinnon SE, Yee A. Nerve Transfers for the Hand. Comprehensive Review of Neurosurgery. Oak-
stone Medical Publishing, 2014.

Mackinnon SE, Yee A. Nerve Transfers for Brachial Plexus Injuries. Comprehensive Review of Neurosur-
gery. Oakstone Medical Publishing, 2014.

Mackinnon SE, Yee A. Strategies in Peripheral Nerve Surgery. Comprehensive Review of Neurosurgery. 
Oakstone Medical Publishing, 2014.

Mackinnon SE, Yee A. Strategies for Nerve Reconstruction. Comprehensive Review of Neurosurgery. 

200805 YEE PHD THESIS v5.indd   183200805 YEE PHD THESIS v5.indd   183 9/9/20   7:31 PM9/9/20   7:31 PM



184

Oakstone Medical Publishing, 2012.

Mackinnon SE, Yee A. Nerve Transfers for Brachial Plexus Injuries. Comprehensive Review of Neurosur-
gery. Oakstone Medical Publishing, 2012.

Mackinnon SE, Yee A. Compression Neuropathy. Comprehensive Review of Neurosurgery. Oakstone 
Medical Publishing, 2012.

EDUCATIONAL VIDEO ARTICLES
Pet MA, Brogan DM, Hacquebord JH, Yee A. Introduction to Microsurgery: Operating Room Setup, 
Microscope Setup, Ergonomics, Microsurgical Tools and Technique. WUSTL Learn Surgery, 2019.

Johnson JE, Yee A. Arthroplasty of the 1st Metatarsophalangeal (MTP) Joint Using Acellular Dermal 
Allograft for Advanced Hallux Rigidus. WUSTL Learn Surgery, 2019.

Boyer MI, Yee A. Proximal Row Carpectomy. WUSTL Learn Surgery, 2019.

Mackinnon SE, Yee A. Cross Palm Nerve Allografts for Early Sensory Restoration in a High Median 
Nerve Injury. WUSTL Learn Surgery, 2019.

Mackinnon SE, Yee A. Repair of a Digital Nerve Laceration with an Acellularized Nerve Allograft. 
WUSTL Learn Surgery, 2019.

Furlow LT, Snyder-Warwick AL, Yee A. Commentary: Furlow Double Opposing Z-Plasty Procedure for 
Secondary Palatoplasty. WUSTL Learn Surgery, 2019.

Snyder-Warwick AL, Furlow LT, Yee A. Furlow Double Opposing Z-Plasty Procedure for Secondary 
Palatoplasty. WUSTL Learn Surgery, 2019.

Mackinnon SE, Yee A. Electrodiagnostic Indications for Cubital Tunnel Surgery and Supercharge ETS 
Nerve Transfer. WUSTL Learn Surgery, 2019.

Goldfarb CA, Yee A. Volar Dome Osteotomy of the Distal Radius for Madelung’s Deformity. WUSTL 
Learn Surgery, 2019.

Mackinnon SE, Yee A. Double fascicular nerve transfer. WUSTL Learn Surgery, 2018.

Aubuchon JD, Yee A. Airway Examination and Endotracheal Intubation. WUSTL Learn Anesthesiology, 
2018.

Mackinnon SE, Yee A. Quadrangular space nerve release. PASSIO Education, 2018.

Cicero TJ, Yee A. Trends in Opioid Abuse: Prescription Abuse and Resurgence of Heroin. PASSIO 
Education, 2018.

Aubuchon JD, Yee A. Balancing Pain Control with the Opioid Epidemic. PASSIO Education, 2018.

Mackinnon SE, Yee A. Examination of a patient with deep motor branch ulnar neuropathy. PASSIO 
Education, 2018.

Brunt LM, Yee A. Laparoscopic cholecystectomy with intraoperative cholangiogram for systematic 
cholelithiasis. PASSIO Education, 2017.

Mackinnon SE, Yee A. Superfi cial radial sensory nerve release with tenotomy of the brachioradialis 
tendon. PASSIO Education, 2017.

Johnson SE, Yee A. Bridle procedure for treatment of foot drop. PASSIO Education, 2017.

Mackinnon SE, Yee A. Common peroneal nerve release at the fi bular head. PASSIO Education, 2016
.

Mackinnon SE, Yee A. Superfi cial peroneal nerve release in the lower leg. PASSIO Education, 2016.

Mackinnon SE, Yee A. Revision ulnar nerve transposition following failed submuscular ulnar nerve trans-
position. PASSIO Education, 2016.

Mackinnon SE, Yee A. Examination of a patient with multiple nerve injuries and neuropathic pain fol-
lowing a laceration at the distal forearm. PASSIO Education, 2016.

Mackinnon SE, Yee A. Carpal tunnel syndrome. PASSIO Education, 2016. 

200805 YEE PHD THESIS v5.indd   184200805 YEE PHD THESIS v5.indd   184 9/9/20   7:31 PM9/9/20   7:31 PM



APPENDIX 185

A

Mackinnon SE, Yee A. Cubital tunnel syndrome. PASSIO Education, 2016. 

Mackinnon SE, Yee A. Thoracic outlet syndrome. PASSIO Education, 2016.

Mackinnon SE, Yee A. Introduction to compression neuropathy. PASSIO Education, 2016.

Mackinnon SE, Yee A. Strategies of peripheral nerve surgery. PASSIO Education, 2016.

Mackinnon SE, Yee A. Sensory nerve transfers for hand function. PASSIO Education, 2016.

Mackinnon SE, Yee A. Nerve transfers for median nerve injuries. PASSIO Education, 2016.

Mackinnon SE, Yee A. Nerve transfers for radial nerve injuries. PASSIO Education, 2016.

Mackinnon SE, Yee A. Introduction and indications for nerve transfers. PASSIO Education, 2016.

Mackinnon SE, Yee A. Nerve transfers for shoulder and elbow function. PASSIO Education, 2016.

Mackinnon SE, Yee A. Brachial plexus reconstruction. PASSIO Education, 2016.

Mackinnon SE, Yee A. Surgeon as a Perpetual Learner – Nerve Cases I Have Learned Most From. 
PASSIO Education, 2016.

Patterson GA, Yee A. Tracheal resection of a stomal stricture and repair following a tracheostomy. 
PASSIO Education, 2016. 

Mackinnon SE, Yee A. Saphenous nerve release. YouTube, 2015.

Mackinnon SE, Yee A. Medial triceps to anterior branch of axillary nerve transfer in a case of specifi c 
reinnervation. YouTube, 2015.

Mackinnon SE, Yee A. Medial triceps to axillary nerve transfer. YouTube, 2015.

Mackinnon SE, Yee A. 2014 PRS – Supercharge nerve transfers. YouTube, 2014.

Mackinnon SE, Yee A. Brachialis to anterior interosseous nerve transfer with extended forearm incision. 
YouTube, 2014.

Mackinnon SE, Yee A. Median (FCR/FDS) to radial (PIN/ECRB) nerve transfers. YouTube, 2014.

Mackinnon SE, Yee A. Posterior approach – spinal accessory to suprascapular nerve transfer. YouTube, 
2014.

Mackinnon SE, Yee A. Anterior interosseous to ulnar motor nerve transfer. YouTube, 2014.

Mackinnon SE, Yee A. Superfi cial peroneal and sural neuroma transposition. YouTube, 2014.

Mackinnon SE, Yee A. Radial nerve release at the spiral groove. YouTube, 2014.

Zuker RM, Borschel GH, Snyder-Warwick AK, Yee A. Stage 1 – Cross-facial nerve grafting for smile. 
YouTube, 2014.

Zuker RM, Borschel GH, Snyder-Warwick AK, Yee A. Segmental gracilis muscle transfer for smile in a 
case of Mobius syndrome. YouTube, 2014.

Mackinnon SE, Yee A. 2014 FRS – Jumping the nerve gap. YouTube, 2014.

Mackinnon SE, Yee A. 2014 CRN – Nerve transfers for the hand. YouTube, 2014.

Mackinnon SE, Yee A. 2014 CRN – Brachial plexus lesions. YouTube, 2014.

Mackinnon SE, Yee A. 2014 CRN – Peripheral nerve surgery. YouTube, 2014.

Mackinnon SE, Yee A. 2014 CRN – Nerve transfers for the shoulder and elbow. YouTube, 2014.

Mackinnon SE, Yee A. 2014 CRN – Compression Neuropathies. YouTube 2014.

Mackinnon SE, Yee A. 2013 PRS – Nerve entrapment as CME update. YouTube, 2014.

Mackinnon SE, Yee A. Revision carpal tunnel release in a case of persistent symptoms and incomplete 
release. YouTube, 2013.

Mackinnon SE, Yee A. Posterior interosseous nerve release. YouTube, 2013.

Mackinnon SE, Yee A. Third webspace to sensory component of ulnar nerve transfer and PCM to DCU 
nerve transfer. YouTube, 2013.

200805 YEE PHD THESIS v5.indd   185200805 YEE PHD THESIS v5.indd   185 9/9/20   7:31 PM9/9/20   7:31 PM



186

Johnson JE, Yee A. Robert Jones dressing for the lower leg. YouTube, 2014.

Mackinnon SE, Yee A. Long-term (4 Years) post-operative outcome following median to radial nerve 
transfers. YouTube, 2013.

Lorna LC, Yee A. Motor re-education following median to radial nerve transfer. YouTube, 2013.

Mackinnon SE, Yee A. Utility of scratch collapse test in a case of failed carpal tunnel release. YouTube, 
2013.

Mackinnon SE, Yee A. Hierarchical scratch collapse test. YouTube, 2013.

Mackinnon SE, Yee A. Carpal tunnel release. YouTube, 2013.

Mackinnon SE, Yee A. Localizing a secondary compression point with the hierarchical scratch collapse 
test. YouTube, 2013.

Mackinnon SE, Yee A. Median nerve release in the forearm. YouTube, 2012.

Lorna LC, Yee A. Motor re-education following reverse end-to-side anterior interosseous nerve transfer. 
Vimeo, 2012.

Mackinnon SE, Yee A. Anterior interosseous to ulnar motor supercharge nerve transfer. Vimeo, 2012.

Mackinnon SE, Yee A. Transmuscular ulnar nerve transposition in a case of traumatic medial cord injury. 
Vimeo, 2012.

Mackinnon SE, Yee A. Revision carpal tunnel release in a case of proximal median nerve hematoma 
injury and mild compression. Vimeo, 2012.

Mackinnon SE, Yee A. Ganglion cyst removal in the common peroneal nerve at the fi bular head. Vim-
eo, 2012.

Mackinnon SE, Yee A. 2012 CRN – Brachial plexus lesions. Vimeo, 2012.

Mackinnon SE, Yee A. 2012 CRN – Supercharge nerve transfers and nerve transfers in the hand. Vimeo, 
2012.

Mackinnon SE, Yee A. 2012 CRN – Peripheral nerve surgery. Vimeo, 2012.

Mackinnon SE, Yee A. 2012 VuMedi – Transmuscular ulnar nerve transposition. Vimeo, 2012.

Mackinnon SE, Yee A. Pectoral fascicle of the middle trunk to spinal accessory nerve transfer. Vimeo, 
2011.

Mackinnon SE, Yee A. Median to radial tendon transfers: PT to ECRB, FCR to EDC, PL to EPL. Vimeo, 
2011.

Fox IK, Yee A. End-to-end epineurial nerve repair in a rat model. Vimeo, 2011.

Mackinnon SE, Yee A. Superfi cial peroneal nerve release in the lower leg. Vimeo, 2011.

Mackinnon SE, Yee A. Tarsal tunnel release. Vimeo, 2011.

Fox IK, Yee A. Ulnar index of median to ulnar ring of ulnar sensory nerve transfer and prevention of 
proximal neuroma. Vimeo, 2011.

Mackinnon SE, Yee A. Common peroneal nerve release at the fi bular head. Vimeo, 2011.

Mackinnon SE, Yee A. Flexor digitorum profundus tenodesis (median FDP to ulnar FDP). Vimeo, 2011.

Mackinnon SE, Yee A. Median (FCR/FDS) to radial (PIN/ECRB) nerve transfer with pronator teres to 
ECRB tendon transfer. Vimeo, 2011.

Mackinnon SE, Yee A. Thoracic outlet decompression. Vimeo, 2011.

Mackinnon SE, Yee A. Medial triceps branch to axillary nerve transfer. Vimeo, 2011.

Mackinnon SE, Yee A. Flexor digitorum superfi cialis to anterior interosseous nerve transfer. Vimeo, 
2011.

Mackinnon SE, Yee A. Medial antebrachial cutaneous nerve graft harvest. Vimeo, 2011.

200805 YEE PHD THESIS v5.indd   186200805 YEE PHD THESIS v5.indd   186 9/9/20   7:31 PM9/9/20   7:31 PM



APPENDIX 187

A

Mackinnon SE, Yee A. Tibial nerve decompression at the soleus. Vimeo, 2011.

Mackinnon SE, Yee A. Thoracodorsal to long thoracic nerve transfer. Vimeo, 2011.

Mackinnon SE, Yee A. Median nerve forearm decompression. Vimeo, 2011.

Mackinnon SE, Yee A. Guyon’s canal and carpal tunnel release. Vimeo, 2011.

Mackinnon SE, Yee A. Submuscular ulnar nerve transposition. Vimeo, 2011.

Mackinnon SE, Yee A. Carpal tunnel release. Vimeo, 2011.

Mackinnon SE, Yee A. Double fascicle transfer: median fascicle to biceps branch and ulnar fascicle to 
brachialis branch nerve transfers. Vimeo. 2011.

Mackinnon SE, Yee A. Examination example of non-nerve related pain. Vimeo, 2011.

Mackinnon SE, Yee A. Anterior interosseous to ulnar motor (reverse end-to-side) nerve transfer. Vimeo, 
2011.

200805 YEE PHD THESIS v5.indd   187200805 YEE PHD THESIS v5.indd   187 9/9/20   7:31 PM9/9/20   7:31 PM



188

200805 YEE PHD THESIS v5.indd   188200805 YEE PHD THESIS v5.indd   188 9/9/20   7:31 PM9/9/20   7:31 PM



APPENDIX 189

A

ACKNOWLEDGEMENTS | DANKWOORD
In the beginning, I would say a gracious thank you to my supervisor and colleague 
Dr. Susan E. Mackinnon for her adamant support and profound mentorship in my 
research for over a decade. Her immense passion, imagination, brilliance, patience, 
and resilience have given me the power and sprit to excel in my own research, and 
also her distinct leadership has provided me with a very special opportunity to pur-
sue my own creativity to translate and share expertise in nerve surgery. It has been 
truly a rewarding and gratifying experience to have worked so very closely with her.

Apart from my supervisor, I would like to express my deepest gratitude to Prof. Dr. 
J. Henk Coert for providing me with this unique opportunity to compile my research 
into a magnum opus and promoting my work in nerve surgery and education. His 
wonderful mentorship and guidance have allowed me to deepen my appreciation 
for academic research and the scientifi c method, and more importantly gave me the 
necessary skills and ability to advance my career. His words of “living to work” have 
provided true meaning to my work ethics and outlook in life. Thank you.

I would share my most and deepest gratitude to Emre Toker for his remarkable 
mentorship in entrepreneurship and incredible support in my work. His lectures and 
utmost passion to bridge research and commercialization provided the absolute 
foundation and tools for my thesis. Without his uncompromising support and help, 
we would not have been able to create an amazing community of nerve surgeons 
and a video-based learning platform that is cherished by many. His imaginative 
mentorship and coaching opened a new door of opportunity for me to explore and 
grow, which has provided a place to exert my passion and energy.

I am also pleased to say thank you to William Padovano for being a remarkable 
co-author and extraordinary medical student in my research. His vast statistical and 
analytical approaches provided unique insights and contributions to my research. 
Indeed, he has expanded my diction and stylistic expression through his phenome-
nal writing and proofi ng skills, and has an exceptional ability to turn around requests 
quickly.

I would extend a very special thank you to Dr. Sabine Hildebrandt for sharing her 
historical expertise in the anatomical sciences. My research in ethics and anatomy 
could not have happened without her profound knowledge and expertise. She has 
been an amazing colleague and a wonderful sounding board for ideas. More impor-
tantly, her exceptional ability to proof and quick turnaround time have contributed 
signifi cantly to addressing ethical issues in anatomy.

I also share a very special thank you to my ethics and Jewish colleagues, Prof. Wil-
liam “Bill” Seidelman, Rabbi Joseph Polak, and Prof. Michael Grodin for their amaz-
ing contributions and assistance in my work. While I am not Jewish, I have learned 
more about the principles of Judaism in the creation of my work, which have ex-
panded my morals and approach in philosophy. I am grateful and humbled to be a 
part of this story.

200805 YEE PHD THESIS v5.indd   189200805 YEE PHD THESIS v5.indd   189 9/9/20   7:31 PM9/9/20   7:31 PM



190

Additionally, I give a warm thank you to Howard Israel for being a wonderful col-
laborator and introducing me to the specialty of oral and maxillofacial surgery. His 
assistance and dental students allowed me to share the ethical issues of the atlas 
from the Shoah to their specialty and retrieve perspectives from oral and maxillofa-
cial surgeons.

My sincere and heartfelt thanks to Dr. Ira Kodner for being an exceptional mentor 
and avid supporter of my work and in the Barnes-Jewish Hospital Foundation. This 
body of research in ethics could not have happened without his initial effort in cre-
ating an ethics program at the Barnes-Jewish Hospital and important introductions 
to people who contributed signifi cantly to this thesis. His “green thumb” has been 
a personal inspiration to keep my own garden and grow orchids.

I also express my sincere gratitude to Dr. Michael Sarr for his mentorship and critical 
review of my work. Without his careful feedback and directed assistance to facilitate 
the review of my research, there would not have been a profound response and 
discussion surrounding the ethics issues of the atlas from the Shoah. His unique 
thoughts and refl ections have contributed in very meaningful ways.

A heartfelt thanks to Drs. Doug Brown and Piroska Kopar for being mentors and a 
fantastic sounding board for ideas and discussions in ethics. Their thoughtful and 
refl ective approach has contributed to the synthesis of my thesis.

Many thanks to Prof. Patricia Olynyk for being such an inspiration in visual art and 
multi-disciplinary approach to understanding human life and the natural world. She 
has infl uenced me and my work to have a deeper appreciation for media design 
and the transformational and human story it can tell. 

I would extend a sincere thank you to the many expert surgeons who have contrib-
uted to my work and the creation of excellent video content for our educational 
program. It has been a pleasure and utmost joy having worked with such diverse 
talent and respected expertise across several different surgical specialties. 

I am also indebted and grateful to our community of nerve surgeons who have par-
ticipated in our educational program. Their feedback and e-mails have encouraged 
my hard work and dedication to create the highest quality of content to help them 
serve their patients, which has provided meaning to my life and work.

My very sincere gratitude to the current and past faculty of the Division of Plas-
tic and Reconstructive Surgery at Washington University School of Medicine. They 
have restlessly supported my work throughout the past decade. Special thanks to 
Dr. Ida Fox for her work developing Nerve Surgery and thorough clinical expertise, 
Dr. Amy Moore for our spectacular trip to Beijing, China to teach nerve surgery, Dr. 
Alison Snyder-Warwick for our trips to University of Toronto and to visit Dr. Leonard 
Furlow to expand our educational program, and Dr. John Felder for our exhilarating 
trip to Cairo, Egypt to teach nerve surgery.

I also share a very special thank you to our visiting international fellows in nerve 

200805 YEE PHD THESIS v5.indd   190200805 YEE PHD THESIS v5.indd   190 9/9/20   7:31 PM9/9/20   7:31 PM



APPENDIX 191

A

surgery, fellows in hand surgery, surgical residents, and medical students who have 
contributed signifi cantly and provided unique insights in the development of my 
work. It has been a diverse and rewarding experience having worked with these 
individuals. A heartfelt thanks to Dr. Madi El-Haj who is considered a brother and 
inspiration due to his spirit, motivation, and dedication.

A very special thank you to the extraordinary people in the Peripheral Nerve Re-
search Lab, Dr. Matthew Wood and Daniel Hunter. Dr. Wood has been a fantastic 
research colleague and mentor in developing my research and analytics skills. Mr. 
Hunter is an exceptional individual for teaching me his expertise and art in histo-
morphometry and electron microscopy. 

To the PASSIO team and my closest friends, Michael Athanasiou and Constatino 
Schillebeeckx, thank you for being an emotional support, inspiration for creativity, 
sounding board for ideas, and incredible hard and brilliant work to make the PAS-
SIO platform a reality. I had the most fun working with them, late into the evenings 
and weekends to create something unique and wonderful for our community of 
nerve surgeons and the patients they serve.

To my dearest friend, Dr. Zeynep “Z” Yurtsever, who has spent many hours reading 
and polishing this thesis. She has been such a “baeski” to provide emotional sup-
port and brave my accidental butt-dials, especially during stressful and trying times. 
Her generous hospitality, late night cooking, and fi ery during videos games have 
helped rekindle my friendships. Teşekkür ederim.

To my closest squad from across the country, Gizem Altintas, Orcun Once, and Sa-
mar Sikka. Thank you for being an anchor through my diffi cult moments, bringing 
laughter into my life, and seeing my thesis to the end. I will always remember our 
outdoor adventures in the wilderness, kooky nights making affogato, and watching 
terrible movies together. They have helped rediscover my appreciation for life and 
music. 

A special thank you to Dr. Maxim Schillebeeckx, who introduced me to the BALSA 
Foundation in St. Louis, which started my query into building the PASSIO platform 
and to expand my skill sets. Another thanks to Victor Riduara, whose advice and 
feedback helped make me a better cinematographer. Furthermore, I am grateful 
to my yoga friends, Carine Doyle and Dr. Vanessa Riduara, who have helped me 
discover a new passion to devote my energy from downward facing dog to pincha 
mayurasana.

In the end, I am profoundly grateful to my parents, David and Lisa Yee, for their 
support and patience in my career. I love you both. I am also grateful to my friends 
and acquittances who remembered me in their thoughts for success. I am grateful 
to the Furgason family who have become my second family in St. Louis. I consider 
myself nothing without them. These kind people gave me the moral support, en-
couragement, and motivation to accomplish my personal goals.

200805 YEE PHD THESIS v5.indd   191200805 YEE PHD THESIS v5.indd   191 9/9/20   7:31 PM9/9/20   7:31 PM



192

200805 YEE PHD THESIS v5.indd   192200805 YEE PHD THESIS v5.indd   192 9/9/20   7:31 PM9/9/20   7:31 PM



APPENDIX 193

A

BIOGRAPHY
Andrew Yee was born on March 26, 1985 in Boston, Massachusetts and grew up 
in central Massachusetts and Brookline. He earned his Bachelor’s degree in bio-
technology at Rochester Institute of Technology in 2007. His fi rst job after college 
came from a referral from the anatomy lab in college to be a research assistant in 
the Peripheral Nerve Research Laboratory at Washington University School of Med-
icine to perform histomorphometry and electron microscopy. Over the next several 
years, his role shifted towards clinical research and education due to his interests 
in medicine, media, design, and technology. In 2011, he developed an educational 
website and launched a YouTube channel called Nerve Surgery by producing a 
series of surgical videos on his spare time. He received experience in nerve surgery 
and was contributing editor for the textbook Nerve Surgery, which was published in 
2015. He received entrepreneurship training from the Skandalaris Center at Wash-
ington University in St. Louis in 2014, and co-founded and launched PASSIO Edu-
cation, as a video-based learning platform for learning operative techniques and 
clinical judgment from the masters of surgery. In 2016, he began his PhD in the 
Washington University – Utrecht University collaborative doctoral program in health 
professions education based on his work on video-based learning. When PASSIO 
Education was acquired by Washington University in 2018, he became the director 
of the Washington University Learn Surgery program. He continues to be a surgeon 
educator with a passion in medicine, implementation, digital technologies, design, 
and creativity, and has the distinct pleasure of working with learners and expertise 
of all levels from around the world.

200805 YEE PHD THESIS v5.indd   193200805 YEE PHD THESIS v5.indd   193 9/9/20   7:31 PM9/9/20   7:31 PM


