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BACKGROUND: The complexity of the operating room

requires a surgeon to have both technical ability and an

array of nontechnical skills. The emphasis on technical

skills during surgical training is well established, however

it is deficiencies in nontechnical skills that have been iden-

tified as the main cause of errors in the operating room.

OBJECTIVE: This systematic review aims to identify cur-

rent methods used to teach nontechnical skills and how

these methods are assessed to determine their validity,

evidence, and role in training.

METHODS: MEDLINE and Embase databases were

searched for English language articles between 2000 and

2017 for nontechnical surgical skills training. Original

research articles were included if they described non-

technical surgical skills training modalities and their
assessment. Results were assessed for the level of evi-

dence and each modality was awarded a level of recom-

mendation, using a modified educational Oxford Centre

for Evidence-Based Medicine classification, as adapted

by the European Association of Endoscopic Surgery.

RESULTS: A total of 19 studies were identified pertaining

to high fidelity simulation (n = 8), low fidelity simulation

(n = 6), didactic teaching (n = 2) and crisis resource man-

agement (n = 3). Of the included studies 1 was classified

Level 1b, 1 level 2b, 7 level 2b, 2 level 2c, and 8 level 3.

CONCLUSION: With the importance of nontechnical skills

being increasingly recognized, it is essential for surgeons to

receive adequate training in nontechnical skills. Therefore

the most valuable teaching modalities such as high and low

fidelity simulation needs to be implemented into surgical
training curricula. ( J Surg Ed 76:14�24. � 2018
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INTRODUCTION

It is commonly assumed that the marker of a surgeon’s

ability is his or her technical ability to perform a given

procedure and therefore the emphasis on technical skills

during surgical training is well established. However,
given the complexity of the operating room, a surgeon

requires both technical ability and an array of nontechni-

cal skills.1 Nontechnical skills may be divided into 3 dis-

tinct categories including social (communication,

teamwork, and leadership) and cognitive skills (deci-

sion-making and situational awareness) as well as the

personal resource factors (ability to cope with stress and

fatigue).2

Deficiencies in nontechnical skills have been identi-

fied as the main cause of errors in the operating

room.3 Analysis of adverse events in surgery have

shown that the underlying causes often originate from

failures in nontechnical skills as opposed to technical

performance.4 Thus, it is reasonable to suggest that

improved nontechnical skills of surgeons would result

in improved surgical outcomes. Despite this, a rela-
tively small amount of research has been conducted to

combine nontechnical skills with technical skills

teaching.1 It is desirable to provide surgical trainees

with a basic skill set and knowledge-base of nontech-

nical competencies needed for the operating room

(OR), at the start of training, similar to the training
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provided for technical skills.5 There has been an

increased push toward using simulation-based teach-

ing for both technical and nontechnical skills.6 This

may be due to the fact that simulation-based education
has been shown to directly impact physicians’ clinical

behavior and change outcomes.7 Other teaching meth-

ods include traditional didactic teaching and in theatre

coaching however there is a lack of studies that look

at the effectiveness of training interventions to teach

nontechnical skills to surgical trainees.8

The aim of this study is to identify the current training

methods used to teach nontechnical surgical skills and
how these methods are assessed to determine their valid-

ity, level of evidence, and role in training. This study also

aims to evaluate the level of recommendation for each

teaching method.
FIGURE 1. Study selection accord
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METHODS

This study was performed using the guidelines set out by

the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) statement (Fig. 1).9

Search Methods

An initial broad search was performed on MEDLINE and

Embase databases for English language articles between

January 2000 and January 2017. Search terms used

included “nontechnical surgical skills,” “NoTSS,” and

“surgical training” which allowed for the majority of the
articles to be found. A further search using terms such

“simulation training”, “technical surgical skills” was also

performed. Key search terms were then combined to

narrow down the results.
ing to the PRISMA statement.
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Study Eligibility Criteria

Original research articles were included if they

described non-technical surgical skills training methods

and assessment of the nontechnical skills. Articles

describing both non-technical and technical skills train-

ing were included. Furthermore, articles describing

solely technical surgical skills training or articles not
evaluating the training methods were excluded.

Study Selection and Data Collection

Initially titles and abstracts were screened and after meet-
ing the inclusion and exclusion criteria, articles were

retrieved in full for further examination. Full text review

revealed articles, which were not, focused on nontechni-

cal surgical skills training and assessment or validation

studies. Following reference reviews, relevant articles

found cited in the included articles were also retrieved

and examined under the inclusion and exclusion criteria.

Data Analysis

Results were tabulated and studies describing each train-

ing method were grouped together. The studies were

classified into whether they described high-fidelity simula-
tion in a fully equipped operating room, low-fidelity simu-

lation i.e. full immersion/distributed simulation (using a

simulator rather than an operating room) and didactic

teaching. Definitions of validity were based on the work

of McDougall10 and van Nortwick et al.11 Table 1 presents

a summary of all the included studies looking at the dem-

ographics, intervention, and assessment of nontechnical

skills teaching. Each study where possible, has been
awarded a level of evidence (LoE) and a level of recom-

mendation (LoR) was awarded to each study, using a

modified educational Oxford Centre for Evidence-Based

Medicine LoE and LoR classification system, as adapted by

the European Association of Endoscopic Surgery.12,13
RESULTS

Out of 9719 articles that were initially retrieved, includ-

ing duplicates, 28 articles met the inclusion criteria, all

describing different nontechnical surgical skills training
modalities. In terms of the different types of training

method, the included studies described high fidelity sim-

ulation (n = 15), low fidelity simulation (n = 6), didactic

teaching (n = 2), and crisis resource management

(n = 6). The different methods used to assess nontechni-

cal skills included in the studies were the NoTSS scoring

system (n = 9), the NoTECHS scale (n = 11), OSANTS

(n = 1), and the LOSA checklist (n = 1). The NoTSS scor-
ing system comprises of 4 important domains required

in the OR for effective performance including situational
16 Journal of S
awareness, decision making, communication, and team-

work and leadership.14 The NoTECHS scale is a surgi-

cally adapted assessment tool of observable behaviors

first used in aviation. It assess 22 questions that a sur-
geon is expected to perform.14 The LOSA checklist was

originally developed to assess nontechnical skills in avia-

tion but a few elements, which have been considered to

be relevant to surgery are now being used to assess non-

technical surgical skills.15 Out of 28 studies, 20 validated

their method of nontechnical skills training in at least

one parameter. Studies that did not demonstrate validity

were marked by a strike through the text.
High Fidelity Simulation

Fifteen studies4,6,7,14�25 were identified describing high-

fidelity OR simulation (HFORS; see Fig. 2). All of these

studies used a simulated operating room (SOR) in order to

assess nontechnical surgical skills. Abdelshehid et al.23

conducted a prospective cohort study in which urology

residents undertook a laparoscopic partial nephrectomy
simulation-based team-training scenario, using validated

simulator models. The scenario was video recorded and

were reviewed by 2 trained reviewers using the NoTSS

assessment tool. Following the simulation, a debriefing

session was held with all participants. They found that the

level of urology resident training did significantly affect

nontechnical performance using the NoTSS score, thus

showing construct validity. Briggs et al.24 carried out a ret-
rospective cohort study where 20 surgical teams were

assessed using two high-fidelity trauma scenarios; they

were also assessed using the NoTSS system. Interestingly,

they found that NTS scored across the course of the simu-

lated scenarios decreased and they showed a significant

correlation between the team leader’s cognitive skills (sit-

uational awareness and decision making) and critical task

completion. Face or construct validity was not described
and there was no mention of how feedback was given to

the participants. Lee et al.6 conducted a study similar to

Abdelshehid et al.23 whereby urology residents undertook

a simulation-based scenario for a laparoscopic nephrec-

tomy but alongside anaesthesiology residents. Ninety-four

percent of participating residents thought that the session

was useful and should be included in residency training

and demonstrating face validity. After each scenario, par-
ticipants received a debriefing session.

Moorthy et al.16 compared the nontechnical skills of

junior trainees and senior trainees performing a saphe-

nofemoral junction (SFJ) high-tie procedure on a syn-

thetic bench model. The scenario was recorded and the

NoTECHS scale was used to assess the skills, they found

large variability within the group but there was an

absence of construct validity. All participants found the
SOR environment to be realistic proving face validity.
urgical Education � Volume 76/Number 1 � January/February 2019



TABLE 1. Summary of Validation Studies for Methods of Nontechnical Skills Training

Modality Study Design Participants Assessment Validation LoE LoR

HFORS Moorthy et al. (2005)15 Prospective cohort study 27 surgical trainees LOSA Face 2b 2
Moorthy et al. (2006)16 Prospective cohort study 10 junior & 10 senior

vascular surgeons
Modified
NoTECHS

Face 2b

Undre et al. (2007)17 Prospective cohort study 20 surgical teams
(including 80 sur-
geons, anaesthetists,
scrub nurses and oper-
ational department
practitioners)

NoTECHS Face 2c

Paige et al. (2007)18 Prospective cohort study 3 senior surgical
residents

N/A Face, content 3

Gettman et al. (2008)19 Prospective cohort study 19 urology residents N/A Face, content 2c
Sevdalis (2008)20 Prospective cohort study Surgical teams (trainee

surgeons, scrub nurses
and operational
department
practitioners)

NoTECHS Face, construct 2b

Paige et al. (2009)21 Prospective cohort study 6 general surgery
residents

N/A Face, construct 2c

Arora et al. (2011)22 Prospective cohort study 25 junior and senior gen-
eral surgery residents

NoTSS Face, construct 2b

Lee et al. (2012)6 Prospective cohort study 8 urology & 8 anaes-
thetic residents

NoTSS Face 3

Abdelshehid et al. (2013)23 Single blind, prospective
comparative trial

9 urology residents NoTSS Construct 3

Briggs et al. (2015)24 Retrospective cohort
study

20 trauma teams (includ-
ing emergency medi-
cine residents, surgery
residents, emergency
department nurses and
emergency service
assistants)

NoTSS
(individuals),

T-NOTECHS
(entire team)

Face, construct 3

Nguyen et al. (2015)4 Prospective cohort study 11 general surgery
residents

N/A Face, content 2c

Nicksa et al. (2015)7 Prospective cohort study 43 surgical residents Modified
NoTECHS

Face, construct 2c

Saleh et al. (2016)14 Prospective cohort study 20 trainee & consultant
ophthalmologists

NOTSS and
NoTECHS

Face 3

Rao et al. (2016)25 Prospective cohort study 15 surgical residents NoTSS Face 2b
FIDS Kassab et al. (2011)26 Prospective cohort study 10 novice & 10 expert

general surgeons
N/A Face, content,

construct
2b 2

Kassab et al. (2012)27 Prospective cohort study 11 surgical residents N/A Face, content 3

(continued on next page)
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TABLE 1 (CONTINUED)

Modality Study Design Participants Assessment Validation LoE LoR

Harris et al. (2013)28 Prospective cohort study 5 senior & 5 junior gen-
eral surgeons

N/A Face, content 3

Brewin et al. (2015)3 Prospective cohort study 10 trainee & 10 experi-
enced urologists

NoTECHS Face, content
and construct

2b

Brunckhorst et al. (2015)2 RCT 32 medical students NoTSS Face, Content,
Construct

1b

Didactic
teaching

Pena et al. (2015)8 Single blind, prospective
comparative trial

40 surgeons (cardio,
ENT, general, neuro-
surgery, orthopaedic,
plastic, urology,
vascular)

NoTSS Face 2b 3

Dedy et al. (2016)5 RCT 22 postgraduate general
surgery residents

NoTSS Face 2a

CRM McCulloch et al. (2009)29 Historical prospective
cohort study

Surgical teams (83 sur-
geons, anaesthetists,
nurses)

NoTECHS (out-
come mea-
sured in OR
style setting)

Face, construct 2c 3

Mishra et al. (2009)30 Prospective cohort study Surgical teams (65 sur-
geons, anaesthetists,
nurses)

NoTECHS Face, construct 3

Shamim Khan et al.
(2012)31

Prospective cohort study 33 urology trainees N/A Face, construct 3

Ziesmann et al. (2013)32 Prospective cohort study 20 surgical residents N/A Face 3
Morgan et al. (2014)33 Controlled interrupted

time series
Surgical teams (partici-
pant numbers not
disclosed)

NoTECHS Face, construct 2c

Robertson et al. (2015)34 Controlled interrupted
time series

Surgical teams (partici-
pant numbers not
disclosed)

NoTECHS Face, construct 2c
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FIGURE 2. High fidelity operating room simulation.
The participants received an objective, video-based crite-

ria-referenced feedback of their performance.16 A previ-

ous study by Moorthy et al.15 compared 3 groups
(junior, middle level, and senior trainees) performing a

SFJ procedure, here they used the LOSA checklist, which

was developed for the assessment of nontechnical skills

in aviation considered to be related to surgery. A human

factors expert subsequently gave the participants feed-

back on their performance. They were able to show face

validity using a 4-statement questionnaire however non-

technical skills assessment showed no differences
between the 3 groups except for leadership skills.

Nicksa et al.7 conducted a study to see whether HFORS

of high-risk clinical scenarios made a difference in junior

residents’ nontechnical skills when done in the first half

of the academic year compared to the second half, they

assessed these skills using the NoTECHS scale. All sessions

were followed by 30-minute de-briefings with real-time

feedback. A significant difference was highlighted in
terms of differences in ability between resident level of

training and time of the year showing construct validity.

Furthermore, face validity was also highlighted as 89% of

participants found the sessions useful.

Saleh et al.14 observed trainee and consultant ophthal-

mologists perform steps of cataract surgery and intravit-

reous injections in a SOR; their nontechnical skills were

assessed using the NoTSS and NoTECHS scale. Each sce-
nario was followed by a detailed debriefing and video

playback. Participants found the simulation useful and

realistic thus demonstrating face validity. Rao et al.25

observed 15 residents perform an open gastrojejunos-

tomy in a SOR as a pretest, this pretest was followed by

teamwork training tasks as the intervention, which was

then followed by the performance of another open gas-

trojejunostomy in a SOR. The NoTSS scale was used to
assess their skills and feedback was given in person on

their performance, immediately after the posttest. They

found that mean global NoTSS score improved following

intervention (p = 0.01) and a positive survey response

from participants proving face validity.
Journal of Surgical Education � Volume 76/Number 1 � January/Februa
Undre et al.17 observed 20 surgical teams in a virtual

operating theatre environment, nontechnical skills were

evaluated using the NoTECHS scale. Following the simu-

lated scenario, participants were given individual feed-
back on their nontechnical performance. Most of the

team skills were scored above 4 on a number of 6-point

Likert scale and they found that the SOR represented a

useful training environment. In a study conducted by Sev-

dalis et al.20, junior surgical teams underwent 1 and a half

days of simulation training to complete a saphenofemoral

junction ligation procedure involving crises; their non-

technical skills were assessed using a revised NOTECHS
scale. Between the training days the surgeons received

an intervention covering safety and nontechnical skills,

the surgeons did not receive any feedback and neither

face nor construct validity was demonstrated. The aim of

the study was to report on the reliability of the NoTECHS

scale, they found adequate internal consistency of all 5

subscales of the revised scale.

Arora et al.22 observed 25 general surgeons completed
a laparoscopic cholecystectomy in a SOR; nontechnical

skills were assessed using the NoTSS tool. After the simu-

lation, the surgeons completed a self-assessment and had

a debriefing session. There was no significant correlation

between self-assessment and faculty member’s assess-

ment22 and neither face nor construct validity were estab-

lished. In the study conducted by Nguyen et al.,4 general

surgical residents completed 2 identical simulation ses-
sions (2 months apart) and a content expert debriefed

them after each session. Non-technical skills were

assessed using an intraoperative checklist, residents

showed a significant improvement in all nontechnical

skills competencies (p =<0.05) and overall the residents

reported that the simulated OR closely resembles that of

a typical OR and they felt it was a valuable teaching and

training tool4 therefore showing content and face valid-
ity. Paige et al.18 looked at interdisciplinary team training

using simulation scenarios, after completion of the sce-

nario the team had a video-facilitated debriefing discus-

sion. Non-technical skills were not formally assessed, all

participants completed a questionnaire and each one

found that the sessions were effective to very effective

for improving teamwork and communication.

In a later study by Paige et al.,21 6 general surgeons per-
formed a cholecystectomy in a SOR, the scenarios were

videotaped and the participants received feedback. Par-

ticipants completed a pre and postsession questionnaire

measuring perceived self-efficacy for performing target-

ing teamwork competencies in the actual OR setting21

however nontechnical skills were not assessed. In a study

by Gettman et al.19 17 urology residents participated in a

prospective simulation study. Significant improvement
was noted on validated teamwork instruments between

scenarios based on resident (pretest 24, posttest 27
ry 2019 19



p = 0.01) and expert evaluation using a validated team-

work scale. The participants were debriefed using

recorded videos of the scenarios they took part in and

post scenario Likert questionnaire results revealed face
and content validity. HFORSwas awarded a LoR of 2.

Low Fidelity Simulation

Six studies1�3,26�28 described the use of low fidelity sim-

ulation and all described the use of full immersion/dis-

tributed simulation (FIDS). The “Igloo” distributed
simulator (DS) (see Fig. 3) is a 360o inflatable and mobile

shell filled with operative equipment to create a realistic

environment.1 Brewin et al.3 conducted a study where

10 trainee and 10 experienced urologists performed a

transurethral resection of the prostrate (TURP) in the DS

environment. After their simulation performance they

were debriefed and received feedback. The outcomes of

this study included face validity, content validity, and
construct validity. Face and content validity were evalu-

ated using qualitative questionnaires and the results con-

firmed both face (mean Likert score 4.6/5 SD 0.51) and

content (mean Likert score 4.4/5 SD 0.67) validity. The

nontechnical skills were assessed using the NoTECHS

scale and the skills of the experienced urologists were

significantly better than those of the trainees, establish-

ing construct validity.
The study by Brunckhorst et al.1 involved 32 novices

who took part in a comparative study of simulation vs.

non-simulation training (knowledge only). Half of the

medical students had technical and nontechnical skills

training within a simulation based rigid-ureteroscopy

curriculum, and the other half only received a short

didactic introductory session. This study aimed to find a

relationship between technical and nontechnical skills,
all technical skill parameters analyzed demonstrated a
FIGURE 3. Full immersion/distributed simulation.
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significant correlation with the NoTSS rating scale. The

trained students demonstrated a significant negative rela-

tionship between time to completion and communica-

tion and teamwork, situational awareness, and decision
-making (p < 0.05) but little difference was found

between the cohorts. Furthermore, there was no men-

tion of how feedback was given to participants.

A randomized controlled trial (RCT) by Brunckhorst

et al.2 aimed to develop a simulation-based ureteroscopy

training curriculum integrating technical and nontechni-

cal skills. Thirty-two novices took part and the interven-

tion arm underwent full ureteroscopy training via the
developed curriculum, the nontechnical skills module of

the designed curriculum involved FIDS and didactic

teaching. They used quantitative surveys to confirm con-

tent validity however there was no mention of feedback

to participants. Eighty-six percent of experts agreed that

the developed curriculum would be effective in teaching

ureteroscopy to novices, demonstrating content validity.

The curriculum trained group had higher NoTSS scores
(p < 0.0001) than the control group also it was found

that previous training within the DS significantly

improved all NOTSS components (all p < 0.05).

In the study conducted by Kassab et al.26 10 novice

and 10 expert surgeons performed a laparoscopic chole-

cystectomy in the DS and on a box trainer, participants

did not receive feedback on their performance. Face and

content validity were strongly demonstrated using a 6-
point Likert questionnaire and experts performed signifi-

cantly better than novices in the DS demonstrating con-

struct validity. Non-technical skills were not

quantitatively assessed but surgeons agreed FIDS would

be useful for nontechnical skills training. In a later study

by Kassab et al.27 11 surgical residents were recruited to

perform a small bowel anastomosis in the DS, the sur-

geons did not receive feedback on their performance.
Face and content validity was analyzed and demon-

strated both quantitatively (overall mean face and con-

tent validity rated as 5.0 (SD 0.57) and qualitatively

through interview, surgeons generally perceived the

contextualized simulation to be realistic and representa-

tive of real-world practice. However this study did not

formally assess technical or nontechnical skills.

Harris et al. recruited 5 senior and 5 junior surgeons to
perform a laparoscopic cholecystectomy in the DS but

off-site, nontechnical skills were not formally assessed

and no feedback on technical or nontechnical skills per-

formance was provided to the participants. They were

primarily looking at the feasibility of an off-site (not in a

hospital environment) DS, off-site face and content valid-

ity were assessed with positive ratings from both senior

and junior surgeons. The surgeons also supported the
use of DS in the training and assessment of nontechnical

skills. The modality of FIDS was awarded a LoR of 2.
urgical Education � Volume 76/Number 1 � January/February 2019



Didactic and Simulation-Based Teaching

Two studies5,8 described the use of a combination of

methods, didactic teaching, and simulation-based teach-

ing. This combinatory approach involved a structured

curriculum that can be incorporated into surgical train-

ing.5 The curriculum consists of lectures and interactive

sessions covering nontechnical skills as well as putting
the knowledge into practice using simulation scenarios.

Dedy et al.5 conducted a RCT to evaluate the effective-

ness of structured curricular training for nontechnical

skills. Twenty-three residents were randomized and the

intervention group received a 5-day course of nontechni-

cal skills, which included simulations and didactic teach-

ing. The NoTSS rating system and OSANTS rating scale

were used; participants were not given any feedback on
their nontechnical skills. Between-group comparisons

showed the intervention group had higher scores on

both NoTSS and OSANTS but the results were not statis-

tically significant. Participants completed postcourse cri-

tique and the majority agreed that skills learnt on the

course could be implemented in the OR, demonstrating

face validity.

Pena et al.8 looked at the effectiveness of a simulation
based-training plus interactive workshop on nontechni-

cal skills performance assessed in a simulated environ-

ment. After each scenario, participants took part in a

one-on-one debriefing session. Overall, 92% of partici-

pants gave positive responses regarding the realism of

the simulation scenario. There was no difference found

between the groups (simulation vs. simulation plus

workshop group) for any of the nontechnical skills.
Didactic teaching was awarded a LoR of 3.

Crisis Resource Management

Six studies29�34 described the use of crisis or crew
resource management (CRM) as a modality for nontech-

nical skills training. CRM is a training course that has

been adapted from cockpit or crew resource manage-

ment used in aviation training; these skills have been

adapted for acute medical care.32 The 5 basic CRM prin-

ciples taught through lectures are leadership, communi-

cation, situational awareness, teamwork, and resource

use32 McCulloch et al.29 studied 83 surgeons performing
laparoscopic cholecystectomy and carotid endarterec-

tomy before and after receiving a nontechnical skills

course based on CRM. Following training feedback was

provided during a 3-month “bedding in” period, where

the surgeons were supported in the OR. The NoTECHS

scale was used and they found that team nontechnical

skills significantly increased after training (p = 0.021)

however no validity was demonstrated. Mishra et al.30

evaluated the validity of the NoTECHS system; they used

am aviation-style safety training intervention for
Journal of Surgical Education � Volume 76/Number 1 � January/Februa
operating teams performing laparoscopic cholecystec-

tomy. There was a significant improvement (p = 0.005)

in scores after the team-training program however no

validity was established and the participants did not
receive feedback.

Shamim Khan et al.31 studied 33 urology specialist

registrars of different grades participate in CRM sessions

as part of 7 full-day programs. The scenarios consisted of

the trainees in a HFORS environment followed by a

structured debrief led by faculty. Non-technical skills

were not formally assessed but face and construct valid-

ity were established from an overwhelming positive
response from the interviews and questionnaires con-

ducted. In the study by Ziesmann et al.32 20 surgical resi-

dents participated HFORS trauma simulations before

and after undertaking a CRM course, each scenario was

followed by a 45-minute debriefing session. Similarly to

Shamim Khan et al.31 Zeismann et al.32 did not assess

nontechnical skills but the study did demonstrate face

validity.
Morgan et al.33 conducted a controlled interrupted

time series experiment; the intervention was a combina-

tion of standard operating procedures and CRM training.

The team training intervention consisted of a 1-day inter-

active lecture-based training course. They used

NoTECHS II scale to measure team nontechnical skills.

The mean NoTECHS II score statistically improved more

than in the intervention group compared to control
group (p = 0.067). The participants were not debriefed

and Morgan et al.33 failed to demonstrate face or con-

struct validity.

Robertson et al.34 also conducted a controlled inter-

rupted time series experiment in an orthopedic and

reconstructive hospital. The intervention for nontechni-

cal skills was teamwork training based on aviation style

CRM in one morning and two evening sessions. The
effect of the intervention was assessed using the Oxford

NoTECHS II scale, the mean score improved more than

in the intervention group than the control group but

this improvement was of borderline significance

(p = 0.058).34 There was no mention of debriefing and

there was no validity established. This modality has been

awarded a LoR of 3.
DISCUSSION

Over the past few years, there has been more emphasis

placed on nontechnical skills training in surgery. It is evi-

dent that the quality of a surgeon’s nontechnical skills is

vital for patient safety,1 yet a standardized approach to

nontechnical skills training is lacking across all surgical
specialties and there is a paucity of relevant literature.

This review presents the current modalities and
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concepts for nontechnical skills training in surgery. The

current modalities identified in this review include

HFORS, FIDS, didactic teaching, and CRM.

Amongst the validated nontechnical assessment scales
found in this review, the NoTSS system was used more

commonly; this may be due to the fact that this system is

useful in assessing individuals whereas the NoTECHS

scale is mainly used to evaluate whole teams.30 Wood

et al.35 have given levels of recommendation to nontech-

nical assessment scales, it has been suggested that the

use of NoTSS is both effective and of high quality and it

has previously been awarded a LoR of 2 (Table 2). The
NoTECHS scale is effective in highlighting the strengths

and weakness of team-based nontechnical practice and

has also been awarded a LoR of 2 (Table 2).35

High-fidelity simulation is stated as the ‘gold standard’

for immersive surgical training.3 It appears that HFORS

can be essential in the development and practice of non-

technical skills23 and trainees agree that it resembles real

life as most studies demonstrated face validity (Table 2).
As well as being an effective training method, simulation

is also useful for the assessment of nontechnical skills.

Briggs et al. highlighted that high fidelity simulation is an

ideal environment for analyzing and studying the perfor-

mance of nontechnical skills in controlled setting.24

Although high-fidelity training is seemingly popular and

it has received a LoR of 2, recently low fidelity training

in the form of distributed simulation has been shown to
be a preferable method due to its portability and cost-

effectiveness.3

The use of distributed simulation for technical skills

training is becoming more fashionable. This review
TABLE 2. Oxford Centre for Evidence-Based Medicine Level of
Recommendation for Training Tools 35 Added with Permission
FromWood et al

Tool Recommendation

NoTSS Level 2
NoTSSdk Level 3
OTAS Level 3
Oxford NoTECHS Level 2
Oxford NoTECHS II Level 3
Surgeon’s leadership Inventory Level 3

FIGURE 4. Recommended framework for
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identified 6 studies using distributed simulation, which

included the only 1b study2 of this entire review. Its

increased use in surgical training may be well founded

as the study done by Brewin et al. showed face, content,
and construct validity.3 There may be some value in

practicing both technical and nontechnical skills in the

DS however this practice may not be transferable to the

OR,2 nevertheless FIDS received a LoR of 2.

A combination of a more traditional approach using

didactic teaching alongside HFORS as a means to teach

nontechnical skills has been highlighted by two studies

in this review.5,8 To their knowledge Dedy et al.5 were
the first to conduct a RCT evaluating the impact of a

structured curricular training program for nontechnical

skills.5 Both studies demonstrating that this approach

established face validity but due to the lack of the litera-

ture assessing a combined approach, it is difficult to

strongly recommend this method; in fact, Pena et al.8

found no advantage in using a combined educational

strategy. Unsurprisingly, this modality has been awarded
a LoR of 3.

It has been stated that improvements in nontechnical

skills especially teamwork within theatre teams could

reduce errors and adverse outcomes in surgery.29 CRM

has been shown to be beneficial as it combines focused

teamwork training and HFORS and it has received a posi-

tive response from a multidisciplinary audience.32 How-

ever, due to the lack of evidence found describing and
assessing this modality for nontechnical skills, CRM has

been awarded a LoR of 3 in the current study.

In light of this review, it is clear that a framework is

needed for nontechnical skills training particularly one

that combines the most useful and effective modalities.

Figure 4 demonstrates a potential framework that could

form a basis for nontechnical skills training. Trainers and

institutions are recommended to include high or low-
fidelity training modalities for nontechnical skills within

training programs and/or curricula. Assessment of indi-

viduals and teams is recommended with the most com-

prehensively evaluated assessment scales, the NoTSS or

NoTECHS, respectively.

This review has a number of limitations; first of all

despite using the largest and most relevant databases for

the data search, relevant studies may have been missed.
nontechnical skills training in surgery.
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There were few RCT’s identified in the literature pertain-

ing specifically to nontechnical skills training and there

were no level 1a studies included. Considering that this

is an emerging field of research, more RCTs are neces-
sary in order to compare the different teaching modali-

ties; this will allow for level 1a research to take place.

Furthermore, most studies demonstrated at least face

validity; however, there were 8 studies that did not dem-

onstrate any validity. The review does not represent all

surgical specialties as the majority of articles found were

describing urology or general surgery training, therefore

it appears that these two specialties have made the most
progress in establishing nontechnical skills training.
CONCLUSION

With the importance of nontechnical skills in surgery

being recognized, establishing effective training methods

have become more pertinent. It is essential for surgeons

to be trained in nontechnical skills, therefore the most
valuable teaching modalities need to be identified and

implemented within curricula. It is hoped that nontechni-

cal skills training will be standardized and implemented

into curricula across surgical specialties. There is a good

basis to recommend the use of high fidelity and low fidel-

ity simulation for nontechnical skills training. Future stud-

ies should focus on developing a validated training

method for nontechnical skills that can be implemented
into surgical training across all surgical specialties.
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