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Abstract
AIM: To enhance nontechnical skills and to analyse 
participant’s experience of a course tailored for orth
opaedic surgeons.

METHODS: A Delphi technique was used to develop 
a course in human factors specific to orthopaedic resi-
dents. Twentysix residents (six per course) participated 
in total with seven course facilitators all trained in Crisis 
Resource Management providing structured feedback. 
Six scenarios recreated challenging reallife situations 
using high-fidelity mannequins and simulated patients. 
Environments included a simulated operating suite, 
clinic room and ward setting. All were undertaken in 
a purpose built simulation suite utilising actors, mock 
operating rooms, mock clinical rooms and a high fidelity 
adult patient simulator organised through a simulation 
control room. Participants completed a 5point Likert 
scale questionnaire (strongly disagree to strongly 
agree) before and after the course. This assessed their 
understanding of nontechnical skills, scenario validity, 
relevance to orthopaedic training and predicted impact 
of the course on future practice. A course evaluation 
questionnaire was also completed to assess participants’ 
feedback on the value and quality of the course itself.

RESULTS: Twentysix orthopaedic residents participated 
(24 male, 2 female; postgraduation 510 years), mean 
year of residency program 2.6 out of 6 years required in 
the United Kingdom. Precourse questionnaires showed 
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that while the majority of candidates recognised the 
importance of nontechnical (NT) skills in orthopaedic 
training they demonstrated poor understanding of non
technical skills and their role. This improved significantly 
after the course (Likert score 3.04.2) and the perceived 
importance of these skills was reported as good or very 
good in 100%. The course was reported as enjoyable 
and provided an unthreatening learning environment 
with the candidates placing particular value on the 
learning opportunity provided by reflecting on their 
performance. All agreed that the course achieved 
its intended aims with realistic simulation scenarios. 
Participants believed patient care, patient safety and 
team working would all improve with further human 
factors training (4.44.6). and felt that NT skills learnt 
through simulationbased training should become an 
integral component of their training program.

CONCLUSION: Participants demonstrated improved 
understanding of nontechnical performance, recognised 
its relevance to patient safety and expressed a desire 
for its integration in training. 
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Core tip: We have developed what we believe to be 
the first non-technical skills course specifically catering 
to the unique issues affecting orthopaedic surgeons 
in everyday practice. Participants demonstrated an 
improved understanding of the importance of non
technical performance, recognised its relevance to 
improving patient safety and expressed a desire for it to 
become an integral part of training. Nontechnical skills 
training may also provide a means of identifying and 
supporting trainees in difficulty.
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INTRODUCTION
Non-technical (NT) skills are those abilities of a surgeon 
that may influence performance but do not relate 
directly to clinical knowledge or surgical technique. These 
“human factors” can be divided into cognitive skills or 
social skills and include situational awareness, decision-
making, communication, teamwork and leadership[1]. 

Such interpersonal skills have traditionally been 
overlooked in training programs, with a premium 
placed on technical skills such as surgical dexterity, 
clinical expertise and factual knowledge. While these 

are essential factors in successful and safe patient 
interactions, there is increasing evidence that sub-
optimal human factors can have negative effects on 
final patient outcomes. This can lead to adverse events 
during surgery and also during patient or staff intera-
ctions[2]. Communication errors have been shown to be 
causal factors for up to 43% of surgical errors[3], which 
suggests that technical skills alone are not sufficient to 
minimise risk sufficiently. 

NT skills have already been noted to be of impor-
tance in non-medical fields and within some medical 
specialities. The National Aeronautics and Space 
Administration found that 70% of errors in the aviation 
industry were due to human factors such as failures in 
communication, leadership and decision-making[4]. This 
led to the development of Crew Resource Management 
(CRM) training in order to enable individuals to manage 
human performance limits and improve safety. CRM 
training has subsequently been adopted in the manu-
facturing, military and nuclear industries[5], civil aviation 
and oil exploration[6]. The anaesthetics community[7,8] has 
largely driven CRM in medicine with the development 
of Anaesthetic Crisis Resource Management[9]. This 
allows a participant to practice team-training skills in a 
simulated environment and then receive feedback on 
their performance. This has been well received with the 
significant majority of people confirming it has benefited 
their regular practice[10]. Cardiac surgery[11], operating 
room personnel[12,13], general surgery[14,15], nursing[16], 
obstetrics[17] and undergraduate medical curricula[18] are 
all increasingly recognising the importance of NT skills.

The Royal College of Surgeons of Edinburgh has 
produced a course designed for surgeons called NOTSS: 
Non-Technical Skills for Surgeons. It rates behaviour 
in surgeons and evaluates various non-technical skills 
with feedback given by consultants (attendings) based 
on structured observations[19]. A scoring system has 
been developed termed the Oxford Non-Technical 
Skills scale[20], which solely focuses on team work in an 
operating theatre. It is therefore somewhat surprising 
that the only specific orthopaedic communication roles 
in routine training are limited to the Advanced Trauma 
Life Support simulated moulages, which are still heavily 
loaded towards technical skills.

MATERIALS AND METHODS
Participants
Twenty-six orthopaedic residents participated in total. 
The faculty consisted of three orthopaedic attendings, 
one senior resident and three full-time course facili-
tators from the department of medical simulation 
trained in Crisis Resource Management. Each course 
was undertaken with six participants and seven staff 
members. 

Course structure
The faculty used a Delphi technique[21] to devise six 
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scenarios occurring in a realistic physical environment 
supported by a multidisciplinary team. These were 
based on actual events experienced by faculty members 
or reported in the General Medical Council archives[22] 
and were designed to immerse participants in the 
scenario and represent real-life challenging situations so 
as to test trainees’ NT skills across the range (Table 1).

Each participant agreed to be filmed for feedback 
purposes and signed a confidentially agreement. They 
then filled in a pre-course questionnaire about their 
understanding of NT skills. An introductory presentation 
was delivered by the course leader describing the aims 
of the course and the outline for the day’s activities.

The scenarios were viewed directly through one-way 
screens by the other candidates and faculty members 
and were also concomitantly filmed for feedback 
purposes. Each scenario was undertaken in a purpose 
built simulation suite, which included a high fidelity 
adult patient simulator, actors as simulated patients, a 
mock operating room (Figure 1), outpatient clinic room 
or in-patient ward setting. All scenarios were controlled 
from the simulation control centre (Figures 2 and 3).

Two examples are described in detail below with the 
instructions for the candidate and the Simulated Patient 
plus the end point aims.

Clinic scenario 1
Discussing a surgical complication with an 
upset patient: (1) candidates brief. The patient has 
had an ankle fracture and a subsequent operation 
leading to chronic syndesmotic injury with pain. The 
original operation was poorly performed, leading to 
the current situation. The patient now needs revision 
surgery and returns to clinic today to discuss this. 
The patient has sent a complaint letter to the hospital 
demanding compensation and for the initial surgeon 
to be disciplined. The patient is unhappy with the 
response they have received; (2) patients brief: You 
have come back for your follow-up, which is to discuss 
the next part of your treatment. You are not satisfied 
by the response you have received, you feel entitled 
to compensation and you want that surgeon who did 
the operation to be suspended; and (3) end point aim: 
Empathises with patient, manages the situation and 
the patient appropriately, explains the hospital’s formal 
complaints procedure and how to proceed. Is aware 
of the formal complaints procedure. Comes to an 

acceptable management plan for the clinical problem.

Operating room scenario 2
Dealing with an intoxicated senior colleague: 
(1) candidates brief: You are in the operating room, 
the patient has received general anaesthesia and you 
are preparing to assist your attending in a total knee 
replacement. This is your first week working with 
this attending; (2) attending’s brief: Display signs of 
being intoxicated and inability to keep focus on the 
task. If candidate does not realise the situation then 
scrub nurse to take them aside and express concern. 
If candidate asks directly if you are drunk, deny it 
vehemently and express annoyance at their question; 
(3) scrub nurse: Wait for candidate to start scrubbing 
and whilst consultant is fiddling with setup, suggest 
to the candidate that the consultant is drunk. Tell the 
candidate in no uncertain terms that they must take 
action to protect patient safety; and (4) end point aim: 
To prevent the attending from operating. Arrange for 
another surgeon or decide to abandon the procedure 
and wake up the patient. Put patient safety first 
followed by duty of care to colleague. Plan for discussion 
with department director and suggest occupational 
health referral. Keep accurate and appropriate records 
(Figure 3).

Questionnaires
All questions were answered on a 5 point Likert-type 
scale (strongly disagree to strongly agree). A question-
naire (Table 2) was designed to determine participants’ 
understanding of NT skills and their perceptions of the 
relevance and importance of these in orthopaedics, both 
before and after training. 

A course evaluation questionnaire (Table 3) was 
designed to assess participants’ feedback on the value 
and quality of the course.

A debriefing session was conducted after each 
scenario, during which the participant reflected on their 
own performance and received constructive feedback 
from their peers and the faculty. Following debriefing 
after the final scenario of the day, the NT skills per-
ception questionnaire was completed again, together 
with the course evaluation questionnaire.

RESULTS
Twenty-six participants took part, 24 were male and 2 
were female (post-graduation 5-10). The mean year of 

  Setting Scenario

  Clinic Discussing a surgical complication with an upset patient
  Clinic Breaking bad news to an anxious patient
  Operating 
  room

Managing a large team in crisis during a bone cement 
implantation reaction

  Operating 
  room

Dealing with an intoxicated senior colleague

  Ward Managing team members in a critically ill patient setting
  Ward Making a complex referral to an obstructive colleague

Table 1  Examples of scenarios used

  Please indicate how inclined you are to agree with the following 
  statements

  I have a good understanding of non-technical skills
  Non-technical skills are important in orthopaedic training
  Non-technical skills simulation should be an integral part of orthopaedic 
  training

Table 2  Non-technical skills perceptions questionnaire
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training on the residency program was 2.6 (out of the 6 
training years required in the United Kingdom). 

Understanding and perception of NT skills 
In terms of the understanding Prior to the course, the 

majority of participants recognised the importance of 
NT skills in orthopaedic training but only 42% reported 
a good understanding of them. The course increased 
the reported understanding of NT skills and further 
emphasised their importance in orthopaedic training. 

Figure 1  Mock operating room with viewing room behind one way 
mirror.

Figure 2  Simulation control centre.

Figure 3  A typical operating room scenario used during the course.
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Moreover, all participants valued NT skills and thought 
that simulation-based training should become an inte-
gral component of orthopaedic training (Figure 4).

Course value and quality
All participants enjoyed the course and valued reflecting 
on their performance. All agreed or strongly agreed that 
the course achieved its intended aims (Table 4). 

The majority found the simulation scenarios realistic 
and all but one reported that the course provided an 
unthreatening learning environment. Furthermore, 
88% of participants agreed or strongly agreed that the 
course would improve their clinical practice in terms of 
team working, patient care and patient safety.

DISCUSSION
We have developed and piloted a new NT skills simu-
lation course specifically for orthopaedic trainees. 
This simulation-based training was shown to provide 
a realistic, enjoyable and unthreatening learning 
environment and was well accepted by trainees. Course 
participants were able to reflect on their performances 
in various clinical scenarios and to improve their 
understanding of NT skills. The majority of those taking 
part felt that the course would improve team working 
and patient care. Their perception of the relevance of 
NT skills to orthopaedic training and their importance in 
clinical practice became more positive after experiencing 
the course. Participants demonstrated an improved 

understanding of the importance of non-technical 
performance, recognised its relevance to improving 
patient safety and expressed a desire for it to become a 
part of their training.

The purpose of this course was to provide teaching 
and feedback on NT skills specific to orthopaedic surgery 
with immersion in high fidelity environments simulating 
the operating room and outpatient clinic settings. The 
participants were shown the importance of NT skills 
in routine practice and were able to demonstrate and 
practice these skills in a safe environment, without 
posing risk to patients. They were able to critically 
evaluate their own performances and those of others, 
as well as receiving guided feedback from the experi-
enced faculty. This allowed identification of areas for 
consolidation or improvement in order to prepare 
trainees for more senior clinical roles. 

The importance of reflection in clinical training con
tinues to grow and it is invaluable for surgeons of all 
grades to reflect on their own practice in order to ensure 
ongoing professional and personal development, as well 
as improvement in their practice. 

It has been proposed that learners can be helped 
stepwise through this learning cycle by the creation 
of appropriate experiences and by assessment and 
feedback to facilitate transformation[23]. A training 
programme such as outlined in this paper can be one 
way of achieving this safely. 

There is relatively little emphasis on NT skills in 
the orthopaedic literature, although their importance 
in obtaining successful clinical outcomes is clear and 
well recognised in many high-risk fields. We have 
described a way to use simulation to develop NT skills 
in orthopaedics in a risk-free environment and this 
was well received by trainees. Similar NT skills courses 
exist in other medical specialties, but this is the first 
we are aware of to focus specifically on the unique 
issues affecting orthopaedic surgeons. This course 
is becoming an integral component of our registrar 
training programme and may also provide a means 
for identifying and supporting the trainee in difficulty. 

  Please indicate how inclined you are to agree with the following 
  statements

  I enjoyed this simulation day
  It was useful to reflect on my performance
  The course met the initial aims as presented in the introductory lecture
  I thought the simulation scenarios were realistic
  Simulation provided an unthreatening learning environment
  This course will improve my team working
  This course will improve my practice in terms of patient care
  This course will improve my practice in terms of patient safety

Table 3  Course evaluation questionnaire 

  Please indicate how inclined you are to agree with 
  the following statements

Agree or strongly 
agree (%)

  I enjoyed this simulation day 100
  It was useful to reflect on my performance 100
  The course met the initial aims as presented in the   
  introductory lecture

100

  I thought the simulation scenarios were realistic   92
  Simulation provided an unthreatening learning 
  environment

  96

  This course will improve my team working   88
  This course will improve my practice in terms of 
  patient care

  88

  This course will improve my practice in terms of 
  patient safety

  88

Table 4  Results of the course evaluation questionnaire

Understanding           Importance              Integrity

125

100

75

50

25

0

42%

96%
88%

100% 100% 100%

Pre course
Post course

Figure 4  Results of the pre- and post- non-technical skills perceptions 
questionnaire shown in table 2 (percentage declaring “agree” or “strongly 
agree”).
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There is growing evidence for NT skills to be embedded 
into the orthopaedic training curriculum and the use of 
simulation may be a means of achieving this.
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