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Abstract:
Postgraduate medical training and post-training career continuing medical education in surgical subspecialty fields 
focus predominately on developing and mastering technical expertise and voluminous educational content, all of 
which are important and necessary. However, there is limited organized learning on leadership and non-technical skills 
(situational awareness, teamwork, communication, task management, decision-making) for surgeons in training, and 
thereafter as attending faculty, to gain expertise in leading the OR team of surgeons, anesthesiologists, and nurses 
during complex surgery. Aside from our simulation work on technical skills, we started and grew our training in 
team skills, leadership, and followership over the past decade-plus. We advanced to not only in-person professional 
assessments of simulated performances of case scenarios but also the use of audiovisual review with validated scoring 
(NOTSS, ANTS, SPLINTS). This led to the use of these tools in assessing live OR performance (REAL) and coaching 
(SCOPE) with educational debriefings for the betterment of the individual and the team of professionals. Now, we 
have a formal curriculum for orthopaedic surgery residents during their third year of training and pediatric surgical 
fellows (orthopaedic surgery, otolaryngology, plastic surgery, sports medicine, and urology) throughout their fellowship 
year. We use simulation, REAL, and SCOPE amongst other technics, with formative and summative assessments, 
to improve their leadership, non-technical skills, and emotional intelligence. Over the past 5 years, the leadership 
curriculum for surgical fellows and now residents has been highly successful. Our orthopaedic surgery residents and 
pediatric orthopaedic surgery and sports medicine fellows are better equipped to handle conflict, foster within and 
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Introduction
Orthopaedic surgery residents and pediatric orthopaedic 
surgery fellows, similar to their faculty attendings, 
focus their education intently on the acquisition 
of knowledge and technical expertise, all for their 
individual betterment, which ideally transfers to their 
patients through improved surgical decision-making and 
performance. During training and subsequent continuing 
orthopaedic surgical education, an abundance of formal 
and informal opportunities to learn knowledge content 
and technical expertise exist. These include institutional 
educational conferences, case discussions, post-surgical 
debriefings, annual meetings, focused subspecialty 
meetings, and technical execution training on specific 
procedures and equipment, to name a few. With post-
graduate medical education training, both internal and 
external formative and summative assessments are 
required to determine progression and competency 
in these areas (examples include end-of-rotation 

assessments, ACGME milestones, OITE and ABOS 
exams, etc.). Ideally, young surgeons learn the WHY of 
each procedure, followed in importance by the WHAT 
and then HOW it is going to be performed.

This educational continuum focuses on the individual 
orthopaedic surgeon (the WHO) in relation to their peers 
and established standards. Implicit in this construct 
is that higher knowledge and technical skill for each 
surgeon leads to better outcomes and less error risk for 
their patients.

Similar educational programs and assessments exist 
for our surgical nursing and anesthesia colleagues. 
Each professional in the operating room is responsible 
for their knowledge and task management—their 
own professional WHY, WHAT, and HOW. These 
professional work tasks and decisions are often 
performed independently in the operating room, 

across profession collaboration, work in diverse environments, and build and lead a team both on a daily basis and over 
time. This increases patient safety, mitigates risk, and leads to better outcomes. We encourage others to use these or 
similar tools in their institutions and programs.

Key Concepts:
•	 Simulation can be successfully used to teach and assess non-technical skills of situational awareness, task 

management, decision-making, teamwork, communication, and leadership.

•	 Professional in-person assessment, audiovisual recording and analysis, use of validated tools (NOTSS, ANTS, 
SPLINTS), and post-learning event debriefings lead to improved individual and team performance through a better 
shared understanding and collaboration.

•	 Real event analysis and learning (REAL) and Surgical Coaching for Operative Performance Enhancement (SCOPE) 
are valuable in improving OR individual and team skill development during training and throughout a surgical 
career.

•	 A formal leadership curriculum using simulated case scenarios, simulation of disruptive professional behavior 
and high-risk OR situations, REAL and SCOPE in live OR cases, amongst other learnings, can improve the non-
technical skills and emotional intelligence of orthopaedic surgery residents and subspecialty surgical fellows.

•	 This extended, focused curriculum of leadership development supplements the technical expertise and educational 
content learning in training and better enables trainees to manage professional conflict, work in diverse 
environments, mitigate risk and enhance patient safety through being a part of and leading OR teams.
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frequently in isolation (induction of anesthesia before 
prepping and draping, surgery while in anesthetic steady 
state, cessation of anesthesia and extubating after wound 
closure and dressing application, as examples). When 
cooperation is required to properly complete a task, it 
is usually in an OR professional dyad working together 
(circulating nurse and anesthesiologist during induction, 
scrub and surgeon during surgery, surgeon and anesthesia 
in preoperative planning). All the elements of a case can 
function reasonably well in most teams when there is 
no crisis or conflict. However, there is an increased risk 
that uncooperative or lower-performing teams will fail to 
execute as needed in an untoward event.

Surgery is both an individual and team act. Competent 
technical performance of individual professional 
activities is the minimum threshold for professional 
development. Error prevention and patient risk 
minimization require the ENTIRE team to be high 
functioning, especially in the arena of non-technical 
skills: communication, teamwork, leadership, situational 
awareness, and decision-making. Yet, how much time is 

spent during training and throughout a surgical career on 
formally teaching and assessing these skills by validated 
methods (Figure 1).

We started simulation education of non-technical 
team skills when we (1) realized that wrong-site, 
wrong-patient, wrong-procedure events (WSPEs) 
were still occurring despite compulsory surgical safety 
checklists decades after COA, AAOS, WHO, and 
JACHO initiatives and mandates1-5 (an estimated 25% 
of orthopaedic surgeons in their lifetime will perform 
a WSPE6; by anonymous self-reporting 50% of spine 
surgeons and 21% of hand surgeons already have7); 
(2) understood we still have equipment availability 
problems that prolong surgery and can impact outcome 
despite iterative, preventive improvements in electronic 
case scheduling and case cart management of inventory; 
(3) learned there was wide team performance variation 
in contingency planning and execution around in OR 
unexpected events. Each of these situations put our 
patients, first and foremost, but also our professionals 
and institution, at risk.8 Non-technical skill execution 

Figure 1. Inter-professional team skill development is taught and assessed in the simulation suite across all 
specialties at our institution.
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requires all the OR professionals to be in the same space, 
performing their individual professional tasks while 
communicating, alternating leadership roles, performing 
as a team, and being acutely aware and responding to 
changing situations.9

More than a decade ago, we started this work with a risk 
management-sponsored high-fidelity simulation initiative 
(see video #1, Figure 2) that focused on team skill 
development to reduce risk and error in the operating room.

We progressed to scenario simulations (Figures 3, 4) for 
WSPEs: wrong site, wrong patient, wrong procedure 
(inaccurate consents, wrong equipment for procedure) 
and unexpected in OR events (bleeding, anaphylactic 
reaction to antibiotics) with immediate after event 
debriefing assessments of individual and team 
performances. (Video #2).

We progressed to in OR audiovisual recording and live 
observation of real surgical procedures from “wheels in to 
wheels out” with validated assessment tool scoring (REAL).

REAL (Real Event Analysis and Learning) evolved 
from our SimPEDS team skill simulation work; and 
SCOPE (Surgical Coaching for Operative Performance 
Enhancement) originated at the Brigham and Women’s 
STRATUS center for medical simulation and the 
Adriadne Labs at both the Brigham and Women’s 
Hospital and the Harvard T.H. Chan School of Public 
Health, led by their surgical coaching team (Douglas 
Smink, MD; Steven Yule, PhD; Jason Pradarelli, MD). 
REAL remained a Boston Childrens’ initiative and 
SCOPE evolved into a Harvard surgical initiative across 
four institutions including ours.10-12 All of the simulation 
and live event analysis and coaching are now part of 
our leadership curriculum for Harvard orthopaedic 
surgery residents (HCORP) and Boston Children’s 
surgical fellows’ educational programs. This evolution 
of non-technical skill education and professional team 
training and analysis has been built on a 15-plus-year 
platform of psychological safety (Figure 5) that fosters 
trust in transparent communication and comfort with 
professional assessment.13-15

Figure 2. High-fidelity femur fracture simulator case with unexpected bleeding and hypotension occurring and the 
entire OR team of nursing, anesthesia, and pediatric orthopaedic surgery having to respond. Surgical leadership 
and non-technical skills were assessed and debriefed with the entire team for future enhanced performance.



Volume 4, Number S1, August 2022

5Copyright © 2022 JPOSNA®� www.jposna.org

Figure 4. The summative case and plan for development and institutionalization of REAL.

Figure 3. Short vignette team training simulations and debriefings on non-technical skills around at-risk situations, 
including wrong-site, wrong-consent, and wrong-equipment scenarios, amongst others.
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Description of Simulation Exercises
I.	 Simulation of OR At-Risk Events for Team 

Performance Assessment and Learning
Simulation is used to assess individual and team 
performance in short vignettes. Case scenarios with 
specific disruptions are planned and executed in the 
simulation center. The simulation center is a near-exact 
replica of the hospital OR, including all the anesthesia 
equipment, nursing workstations, OR table, scrub nurse 
tables and equipment, overhead lights, wall monitors, 
and placards including the WHO Protocol for sign in, 
time out, and sign out. Room dimensions and paint colors 
are near identical to in-hospital ORs to create an aura of 
reality. Alternatively, these scenarios have been and can 
be done in an actual OR room if such a simulation center 
does not exist.

Teams of scrub, circulating nurse, surgeon, and 
anesthesiologist are established just prior to the 
simulation. Any operative scenario can be created 
with planned disruptions to assess individual and team 

performance. For example, we use a trauma scenario of 
closed versus open reduction and pinning, with possible 
neurovascular repair, of a displaced supracondylar 
humerus fracture in a pediatric “patient” (mannequin) 
(Figure 3). Another trauma patient scenario we use is 
unexpected bleeding and hypotension during ORIF of 
a femur fracture. A spine scenario used is a deformity 
fusion patient with neuromonitoring changes during 
instrumentation. You choose or create what fits your 
place and team’s needs.

Before the start of the scenarios, each team is informed 
that they are to proceed as if this was a live on-call 
trauma or elective surgical case. Each team is then 
confronted with different, impromptu combinations 
and permutations of simulated OR complications, 
such as (1) anesthesiologists’ consent form not 
signed, (2) anaphylaxis after prophylactic antibiotic 
administration, (3) surgical consent not matching the 
intended procedure or site, (4) loss of monitoring signals 
during spinal instrumentation; (5) uncontrolled bleeding 
and hypotension during surgery.

Figure 5. Diagram of the evolution of simulation programs at Boston Children’s from skill 
development to team training to REAL.
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The scenarios are experienced in rapid sequence over 
the course of one hour. Interprofessional debriefing 
discussions after scenario completion are led by 
experienced members of the simulation center. High-
risk and risk-mitigating behaviors are identified and 
discussed. Individual and team performance issues are 
shared for learning and professional development that 
hopefully transfers to real OR case performance.

II.	 Progress to Validated Scoring Assessments
To enhance and standardize simulation scenario 
performance assessment, audiovisual recordings 
were utilized. The scenarios were recorded by three 
Gorillapod mounted Axis M3046-V Network Cameras 
and a feed from the OR STERIS light camera, with 
cameras placed to ensure clear recording of individuals, 
teams, and activities. Audio included two Audio-
Technica Pro45 ProPoint. Cardioid Condenser Hanging 
Microphones and two Audio-Technica ATW-T1006 
Boundary Microphones. Recordings were stored on CAE 
Healthcare Intuity LearningSpace for review and scoring,

Simulation performance was scored by trained coders 
using validated non-technical skill assessment tools 
from the University of Aberdeen and Royal College of 
Surgeons of Edinburgh, surgeons by the Non-Technical 
Skills for Surgeons System Handbook v1.2 (NOTSS)16; 
anesthesiologists by the Framework for Observing and 
Rating Anesthetists’ Non-Technical Skills (ANTS)17; 
and nursing scrub by the Scrub Practitioners’ List of 
Intraoperative Non-Technical Skills (SPLINTS).18 
There is extensive published work on the validation 
of NOTSS, ANTS, and SPLINTS and their use in 
simulation, in multiple-site operating rooms, and in 
educational settings, including by the American College 
of Surgeons.

Surgeons (NOTSS), anesthetists (ANTS), and nurses 
(SPLINTS) are respectively scored on the four-point 
scale (poor=1, marginal=2, acceptable=3, good=4) for 
each behavioral category per the validated tool: ANTS 
(task management, decision-making, team working, and 
situational awareness); NOTSS (situational awareness, 
teamwork, leadership, and decision-making) (Figure 6) 

and SPLINTS (task management, situational awareness, 
communication, and teamwork).

The audiovisual recordings of each simulated case 
are also scored on compliance with the Sign-in, Time 
Out, and Sign-out Checklist. The checklist includes all 
components of the WHO surgical safety protocol used 
for every surgical case in our live operating rooms.

The use of audiovisual recording simulation case 
validated tool scoring, compliance with checklist, team 
review, and education thereafter can be time consuming 
and resource heavy. When we looked at in-person 
assessment by simulation trainer versus audiovisual 
recording, they were statistically comparable.

Figure 6. Non-Technical Skills for Surgeons (NOTSS) for 
structured, validated observations and scoring of surgeons’ 
behaviors in the operating room.
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III.	Real Event Analysis and Learning (REAL)
Based on our experience with simulation for non-
technical skill assessment and education, we were able to 
iteratively learn how to assess live OR performance.19,20 
Initially, this started with early adopter professionals and 
teams. Once “proof of concept” and reliability with all 
the technical aspects were achieved, then audiovisual and 
in OR assessment of situational awareness, teamwork, 
communication, task management, leadership, decision-
making, and surgical safety checklist compliance was 
performed (Figure 7). Initially, this was for a subset 
of our hand and sports surgical teams. Most recently, 
our spine surgeons participated in non-technical skill 
assessment and learning with the added complexity 
of assessing compliance with spine specific checklists 
during induction, time out, instrumentation (pedicle 
screw and then bent rod placement), O-arm imaging and 
reading, deformity correction, neuromonitoring, including 
response to any changes, blood pressure desired zones 
and responses to changes, amongst others. REAL’s 
phased deployment drew on diffusion of innovation 
theory that encouraged adoption by increasing numbers of 
professionals until it became part of the norm.

Debriefings21 after each surgery were performed 
similar to the simulation protocols, but now there was 
more risk of resistance to learning and improving. 
True performance assessment can be more threatening 
but also more effective in producing positive change. 
Such processes can be viewed like review of athletic 
game tapes and then practicing (simulation) to improve 
next game performance. Centering clinicians as key 
collaborators and champions facilitated alignment 
with team goals and forestalled potential perceptions 
of recording as adversarial or threatening. Solution-
oriented debriefings allowed team members to recognize 
system vulnerabilities and assume joint responsibility 
for averting both adverse events and near misses across 
teams and hierarchies. Further, the continued application 
of psychologically safe debriefings enables sequential 
reduction in clinician resistance and barriers to change. 
Ongoing discussion and clearly articulated calls to 
action are critical; the hard work of achieving openness, 
adoption, and partnership acculturation is accomplished 
through repeated, stepwise exposure and reapplication 
of key guiding principles rather than a single, isolated 
introduction of a mandated initiative

Figure 7. Four audiovisual cameras and recorders were placed about the OR to record for non-technical skill 
scoring by ANTS, SPLINTS, and NOTSS from wheels in to wheels out of an operative procedure.
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IV.	Surgical Coaching for Operative Performance 
Enhancement (SCOPE)

Surgical coaching is an evolving area of study, faculty 
development at all career stages, and as a training 
tool for residents and fellows to enhance learning 
and performance in both technical and non-technical 
domains. Initiated and organized by the Adriadne Labs at 
the Brigham and Women’s Hospital and the Harvard T.H. 
Chan School of Public Health, SCOPE was instituted at 
four Harvard academic medical centers including ours. 
The surgical coaching format was pre-education on 
coaching for all participants, pre-observation goal setting 
between coach and coachee, three observational surgical 
sessions, and structured debriefing meetings thereafter. 
During SCOPE implementation, important factors for 
building an effective surgical coaching program were 
identified: (1) self-identified goals by coachee and 
agreed upon by the coach; (2) collaborative analysis 
of each surgical session; (3) constructive feedback; 
and (4) action planning. Like REAL, this program was 
piloted at the attending surgeon level and then evolved 
into a training tool both in simulation scenarios and in 
REAL for residents and fellows.

V.	 Leadership Seminars
All of this non-technical education and assessment work 
is now embedded in our orthopaedic surgery residency 
program and institution-based pediatric surgical 
fellowships (orthopaedic surgery, sports medicine, 
plastic surgery, otolaryngology, urology) in leadership 
seminars. The premise is that leadership and emotional 
intelligence can be taught and that they are an essential 
part of a subspecialty surgical education and career 
development.

Resident seminars are held twice a month for 6 months 
(Figure 8) and fellows’ seminars once a month for 12 
months. Each seminar lasts for an hour with individual 
and team-based pre-session reading and video reviews, 
summary presentations by teams of residents and 
fellows on a rotating basis, faculty support and feedback 
in session, and high-level seminar dialogue between 
all participants as emerging leaders (Figure 9). Case 

Figure 8. Title page of the residents’ reflections on the initial 
Orthopaedic Surgery Resident Leadership seminar and its 
essential importance to their HCORP training.

vignettes of professional disruption, conflict, high-risk 
scenarios, and potential surgical complications are studied 
and discussed. Videos of surgeon failures of situational 
awareness, task management, teamwork, leadership, 
communication, and decision-making are reviewed, 
scored by NOTSS by each participant, and then discussed 
in seminar. The fellows then participate in a simulation 
of OR at-risk events in which each trainee must act as 
an attending while OR nurses and anesthesiologists 
purposefully disrupt the OR environment in different 
scenarios. These short 15- to 20-minute scenarios are 
viewed by peers and faculty, scored, and the experience 
debriefed in a highly professional manner. Finally, the 
fellows serve as reciprocating coach and coachee for 
one another as they perform an appropriate for stage 
of training surgery with attending scrubbed but only 
observing unless they must intervene for patient safety 
and best outcome. Immediate post-surgery feedback is 
given adhering to the coaching principles outlined.

To reinforce, the main thread in the leadership seminar 
is fostering leadership development and improving 
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emotional intelligence (social skills, self-awareness, self-
regulation, motivation, empathy). A major component of 
the process involves progressive learning from (1) case 
scenarios reviewed and discussed, to (2) video review 
and NOTSS scoring of surgical failures of decision 
making, task management, teamwork, communication, 
situational awareness and leadership, into (3) simulation 
of OR professional disruptions and high-risk scenarios in 
which the trainee must manage the OR environment and 
case as an attending, and then finally (4) a REAL case 
in which trainees act as coach and coachee reciprocally 
with faculty observation and input. Deciding upon and 
performing a complex operation well is not easy. Leading 
an entire OR team while performing that operation, 
especially through at-risk moments, is very challenging  
(Figure 10).20,22 To us, it makes sense to train for 
those moments to mitigate risk to the patient, to all the 
professionals, and to the institution where you work. 

For trainees to do this work over the course of their 
fellowship year, or as they transition to senior residency, 
better prepares them for the unexpected in their future.

Summary
We believe non-technical skills really matter. The 
evidence is overwhelming, including in our institution. 
Therefore, we teach and train to improve teamwork, 
communication, leadership, situational awareness, 
decision-making, and task management within and 
across the professional teams in the operating room. 
We understand our surgical residents and fellows are 
already leaders, but improving their leadership skills and 
emotional intelligence is vital to a successful career. Thus, 
we not only foster and assess their knowledge content 
and technical expertise sequentially during training 
but, for the past 5 years, we do the same for leadership 
development. We encourage you to do the same.

Figure 9. Image of page 1 of the education website for the “Leadership Seminar for Surgical Fellows,” now in its 
5th year at our institution.
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