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 Background & Objective:  Non-technical skills are critical for patient safety and 

good surgical outcomes. Thus, surgeons should master these skills. This study 

aimed to assess non-technical skills among Iranian orthopedic surgeons. 

 Materials & Methods:  This cross-sectional study was conducted in two orthopedic 

surgery wards in 2019. A total of 22 orthopedic surgeons were observed in this survey. 

The data were collected using Non-Technical Skills for Surgeons (NOTSS) through 

observing and recording events during surgeries. 

Results:  “Leadership” was the best non-technical skill with score of 3.14 out of 4, 

while “communication and teamwork” had the lowest score (3.02 out of 4). There was 

a significant relationship between work experience and “projecting and anticipating 

future state” (P=0.009). 

Conclusion:  The studied orthopedic surgeons showed acceptable non-technical 

skills. However, poor behaviors were observed in some domains. Educational 

programs, policymaking interventions, and supervision can improve the surgeons’ 

non-technical skills. 
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Introduction

Operating rooms are the most common places of a 

healthcare system in which adverse events occur (1). One 

main cause of these events is weakness in non-technical 

skills (2), which have been defined as cognitive and social 

skills that improve healthcare staff’s performance (3). It has 

been mentioned that non-technical skills are protective 

against human errors and their consequences (4) and can 

complement technical skills (3). Defects in non-technical 

skills such as teamwork, leadership, decision-making, 

communication, and situational awareness are not rare in 

operating rooms (5) and can lead to poor performance (6). 

Inappropriate communications can take place in operating 

rooms and jeopardize patient safety (7). A previous study 

indicated that poor communication in the operating room 

contributed to 43% of surgical errors (8). Based on the 

Scottish audit of surgical mortality, failures in non-technical 

skills such as decision-making were found to be the main 

contributor to surgical deaths (9). Therefore, investigation 

of non-technical skills during surgeries is particularly 

important. 

During a surgical procedure, the surgeon is mainly 

responsible for controlling all activities in the operating 

room (10). Modern surgery no longer depends completely 

on the surgeons’ technical abilities (11) and surgeons need 

both technical and non-technical skills (12). In fact, being a 

good surgeon is more than having a good pair of hands. 

Surgeons should be active, communicate with other team 

members, and use their potentials during surgeries (11). 

Surgeons’ non-technical skills are also important for patient 

safety (13). Some expert surgeons have shown sufficient 

non-technical skills as an inseparable part of their behaviors 

(14). These skills represent the surgeons’ cognitive (15) and 

interacting competencies (16).  

Previous studies on surgeons’ non-technical skills 

have shown contradictory results. In the research 
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performed by Greenberg et al. (2007), surgeons were 

the most involved team members in communication 

failures (13). Kalantari et al. (2019) found that 

surgeons had poor non-technical skills post-operatively 

(17). In another study, surgeons were the best team 

members in communication and teamwork domains 

(18). Rao et al. reported proper non-technical skills 

among surgeons (19). Behaviors such as asking 

anesthetist for update, talking about the progress of the 

operation, and following surgery protocols were 

considered among positive behaviors that could be 

observed in good surgeons’ performance (20). 

Adverse events, such as wrong site surgeries, are 

more prevalent in orthopedic surgeries than other types 

of surgery (21). Furthermore, Iranian surgeons´ non-

technical skills have not been assessed previously. As 

non-technical skills can prevent adverse events and 

improve surgical outcomes, this study is aimed to 

assess non-technical skills among Iranian orthopedic 

surgeons.   

 

Materials and Methods 

This cross-sectional study was conducted at two 

public hospitals in Tehran, Iran in 2019. One surgical 

ward (orthopedic) and one procedure (hand surgery) 

were selected using simple random sampling method. 

This was done to make the surgeons’ scores more 

comparable. All the orthopedic surgeons working in 

the hospitals were invited to participate in the study. 

The inclusion criterion was willingness to take part in 

the research. Out of all 24 surgeons, 22 agreed to 

participate. The surgeons’ demographic information 

was provided by the hospital administrators. 

Non-Technical Skills for Surgeons (NOTSS) that is 

a behavioral marker system designed to assess 

surgeons’ non-technical skills during surgeries (20), 

was used in this study. This tool was developed by Yule 

et al. in the University of Aberdeen, Scotland in 2006 

to evaluate surgeons’ non-technical skills during the 

surgical process (16). NOTSS provides a specific 

classification for identifying surgeons’ behaviors 

involving in a successful surgery (22). NOTSS is a gold 

standard for surgeons’ non-technical skills training 

(23); it is also a valid and reliable tool (24), that has 

shown good usability in different cultures. This 

observational assessment tool contains four behavioral 

domains developed based on behavioral markers as 

follows: “decision-making”, “situational awareness”, 

“leadership”, and “communication and teamwork”. 

The definitions of the categories (20) have been 

presented in Table 1.

 

Table 1. The definition and elements of each category in the NOTSS 

Category Definition Elements 

Situational 

awareness 

“Having dynamic awareness from the situation during surgery 

and the data received from the environment, understanding their 
meaning and thinking about what may happen next.” 

1. Gathering information 

2. Understanding information 
3. Projecting and anticipating the future state. 

Decision-making 
“Skills needed for diagnosing the situation and judging for 
selecting an appropriate action.” 

1. Selecting and communicating options 

2. Implementing and reviewing decisions 

3. Considering options. 

Communication 

and teamwork 

“Necessary skills for working in a team context to ensure that 
the surgical team has an acceptable shared picture of the 

situation and can complete tasks effectively.” 

1. Exchanging information 
2. Establishing a shared understanding 

3. Coordinating team activities. 

Leadership 

“Leading the team and providing directions, demonstrating 

high standards of clinical practice and care, and being 
considerate of the needs of the team members.” 

1. Setting and maintaining standards 

2. Supporting others 
3. Coping with pressure. 

 

Each category includes three elements, which could be 

assessed based on a list of good and poor behaviors. A 

1-4 scoring system has been designed to evaluate the 

elements showing poor, marginal, standard, and good 

levels of non-technical skills. Furthermore, there is a 

“not applicable” option for the cases in which a skill is 

not required or is irrelevant. 

In order to prepare the NOTSS to use in Iranian 

hospitals, forward-backward translation was used. 

Doing so, first the tool was independently translated 

into Persian by two bilingual experts in psychology and 

surgery. Then, two different translators conducted the 

back translation. Finally, a coordinator provided the 

final version of the translated tool. The face validity of 

the instrument was first checked by seven experts in 

human factors and seven experienced surgeons. 

Content validity of the translated tool was also assessed 

using Content Validity Index (CVI) and Content 

Validity Ratio (CVR) by 15 surgeons (CVI=0.86 and 

CVR=0.59). Moreover, inter-observer reliability of the 

Persian version of the NOTSS was tested comparing 

the results of the observations of two independent 

observers; i.e., a human factors expert and an 

experienced operating room technician who were 

trained for using the tool. In this context, ten hand 

surgeries were randomly selected and observed. Intra-

class correlation coefficient for two observers was 

0.88, which showed the good inter-observer reliability 

of the tool. The results of Cronbach’s alpha showed 

internal consistency among the four categories of the 
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instrument. This value was more than 0.7 for all four 

skill categories (0.841, 0.877, 0.902, and 0.857 for 

situational awareness, decision-making, 

communication and teamwork, and leadership, 

respectively). Fit indices were also at the acceptable 

level. Finally, the construct validity of the translated 

tool was confirmed using confirmatory factor analysis.  

The trained human factors specialist dressed the 

operating room uniform and attended the operating 

room before the surgical team members. He introduced 

himself to the team members and asked for their 

permission for data collection. He stayed in a place that 

could see all the team interactions and behaviors 

without disturbing the surgical team members. The 

observer assessed the surgeons’ non-technical skills 

using the Persian version of NOTSS based on positive 

and negative behavioral examples. After observing and 

recording the surgical events, each element of the four 

categories was scored separately. Then, the score of 

each category was calculated based on the mean scores 

of the elements.  

Descriptive and inferential statistics were used to 

analyze the data. The normality of the variables was 

assessed using Shapiro-Wilks test. Mean and standard 

deviation were employed to compute the mean scores 

of NOTSS. In addition, Pearson’s correlation 

coefficient was used to assess the relationship between 

the scores and the participants’ age and work 

experience. Independent sample t-test was also used to 

evaluate the relationship between the NOTSS scores 

and other demographic features. All data analyses were 

carried out in SPSS 22 (SPSS Inc., Chicago, IL., USA) 

and P-value<0.05 was considered to be statistically 

significant. 

Procedures followed were in accordance with the 

ethical standards of the responsible committee on 

human experimentation and with Helsinki Declaration 

of 1975, as revised in 1983. The Ethics Committee of 

Tehran University of Medical Sciences approved this 

study.   
 

Results  

This study was conducted on 22 surgeons. The 

demographics of the study population is illustrated in 

Table 2. 

The mean score of non-technical skills for surgeons 

was 12.27±1.48 out of 16 (range: 9.98-14.65). 

Additionally, the mean scores of the four skill 

categories were 3.04±0.42 (situational awareness), 

3.05±0.40 (decision-making), 3.02±0.52 

(communication and teamwork), and 3.14±0.43 

(leadership). Positive correlation was observed among 

the scores of the categories. The mean scores of the 

elements are separately presented in Table 3. 

 

Table 2. The demographics of the studied surgeons 

Demographics Description 

Age 53.36±9.17 years (range: 38-66) 

Work experience 16.81±7.76 years (range: 6-28) 

Marital status Married: 20, single: 2 

Gender Male: 20, Female: 2 

 

  

Table 3. Means and standard Mean of the four categories and the related elements of non-technical skills 

Category of non-technical skills Score (out of 4) 

Situational awareness 

Gathering information 

Understanding information 

Projecting and anticipating the future state 

3.04±0.42 

3.04±0.84 

2.90±0.52 

3.13±0.46 

Decision-making 

Selecting and communicating options 

Implementing and reviewing decisions 

Considering options 

3.05±0.40 

3.18±0.50 

2.90±0.61 

3.09±0.52 

Communication and teamwork 

Exchanging information 

Establishing a shared understanding 

Coordinating team activities 

3.02±0.52 

3.31±0.40 

2.95±0.57 

2.86±0.77 

Leadership 

Setting and maintaining standards 

Supporting others 

Coping with pressure 

3.14±0.43 

3.18±0.58 

2.90±0.68 

3.31±0.56 
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The married and male surgeons obtained higher 

scores. The results revealed no significant relationship 

and not even a specific trend between the total score of 

NOTSS and age and work experience. However, 

significant correlation was observed between age and 

“projecting and anticipating the future state” (P=0.01, 

Pearson’s correlation coefficient=0.5), age and 

“establishing a shared understanding” (P=0.02, 

Pearson’s correlation coefficient=-0.493), and work 

experience and “projecting and anticipating the future 

state” (P=0.009, Pearson’s correlation 

coefficient=0.545). 
 

Discussion  

This study aimed to assess the Iranian orthopedic 

surgeons’ non-technical skills at two public hospitals. 

The results showed that the surgeons’ non-technical 

skills were at the acceptable level, while there were 

some deficits in certain behavioral domains.  

There is a need for valid and reliable tools to assess 

non-technical skills in surgeries. NOTSS was used in 

the present study because it is the most inclusive tool 

to assess surgeons’ non-technical skills and a 

specialized tool in comparison to others. In this study, 

the psychometric properties of the Persian version of 

NOTSS were confirmed. This result was consistent 

with those of the former studies performed on NOTSS 

(25, 26). The tool has been translated into some other 

languages, accepted by surgeons in many countries, 

and registered as a standard instrument for surgeons 

(4). NOTSS is considered to approximately be a 

complete tool, which covers many non-technical skills 

behaviors very well, and can be useful in finding the 

training needs.  

The current study results showed that the scores of 

the non-technical skills categories were at the 

acceptable level (mean score > 3); but, there was a need 

for improvement in some behavioral domains. This 

result was in agreement with the results of some former 

studies. For instance, Wauben et al. reported a good 

level of non-technical skills among surgeons (27). 

Mills et al. also concluded that surgeons had 

appropriate safety culture, teamwork, and 

communication (28). In another investigation, the 

surgeons had a positive perspective towards non-

technical skills and enjoyed working in a team structure 

(29). However, the scores of all non-technical skills 

elements were higher than those reported in the study 

carried out by Tsuburaya et al. (30). This could be 

attributed to the cultural and educational differences 

between the studied populations. 

In the present study, “leadership” was ranked as the 

highest skill, while “decision-making”, “situational 

awareness”, and “communication and teamwork” were 

rated approximately the same. Similarly, Kalantari et 

al. reported that surgeons had better leadership scores 

in comparison to other non-technical skills (17). This 

could result from the higher level of hierarchy in Iran’s 

hospitals, which gives more authority to surgeons. 

Team members usually know the surgeon as the leader 

of the surgical team, which could be the reason of the 

higher score of the “leadership” category. This skill is 

necessary for efficient team performance (31). 

Surgeons have more authority compared to other team 

members and, consequently, their leadership behaviors 

are more visible during surgeries (32). Indeed, it seems 

that the surgeons were slightly better in personal skills 

compared to team-related ones. The order of non-

technical skills scores in the current study was different 

from the study performed by Tsuburaya et al., which 

ranked situational awareness as the best skill (30). 

Situational awareness is very essential because other 

non-technical skills might not succeed in its absence 

(31). Failures in teamwork and communication could 

cause many preoperative complications, as well (6, 13). 

The present findings revealed no significant 

relationship between NOTSS total score and 

demographics. Dedy et al. also found no significant 

relationship between the surgeons’ demographics and 

non-technical skills (33). Nonetheless, results of the 

present study indicated a number of significant 

relationships at the level of non-technical elements. For 

instance, older and more experienced surgeons 

anticipated the future state significantly better than the 

younger ones; but, they were significantly weaker in 

“establishing a shared understanding”.  

Although the mean score of each skill category was 

acceptable, concerning gestures were recorded in some 

surgeries that could negatively impact the scores of 

NOTSS categories. The surgeon arriving late to the 

operating room, leaving before the surgery ends, and 

neglecting other team members occurred in many 

operation theatres. Delay in the operating room can 

cause disaccord among surgical team members, while 

presence and coordination of the surgeon in the 

primary stages of surgery can establish a positive 

atmosphere and help better performance. Kalantari et 

al. assessed surgical teams using the Observational 

Teamwork Assessment for Surgery (OTAS) and rated 

the surgical team’s skills as “moderate” (17). Other 

studies reported a reduction in the surgeons’ levels of 

non-technical skills during the last steps of the surgical 

procedure (17, 27). Leaving the operating room during 

the surgical procedure is an inappropriate action that is 

prevalent among almost all surgeons. This can have a 

negative impact on performance as well as patient 

safety. Furthermore, the scores of some behavioral 

elements were lower than the acceptable level, which 

could be a sign of discrepancy in the surgeons’ 

understanding of non-technical skills. 

Former studies have shown that interventions could 

be useful in improvement of non-technical skills. For 

instance, Tsuburaya et al. disclosed that educational 

interventions could improve the scores of NOTSS (30). 

Improving the surgeons’ non-technical skills could, in 

turn, lead to better surgery outcomes (34). In this 

context, the example behaviors listed in the NOTSS 
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can be used as an educational package for surgeons and 

surgical residents. Training the surgeons regarding the 

necessary non-technical skills and incorporating some 

related courses in surgical residents’ curriculum can be 

useful, as well. Considering the observations in the 

present study, setting some policies for the surgeons’ 

full presence in the operating room can also be useful. 

Appropriate timing of surgeries can play an important 

role in the surgeons’ full presence in the operating 

theater. Moreover, good supervision by the supervisor 

of the surgery ward is a key factor in implementing the 

standards. Using fixed team members for each surgeon 

can yet be another solution. 

The low number of participants was unavoidable 

because of the low number of surgeons working at 

orthopedic wards. Furthermore, due to the existence of 

only two female surgeons, it was not possible to 

compare the scores of men and women surgeons. 
 

Conclusion 

The Persian version of NOTSS is a valid and reliable 

tool for assessing non-technical skills in Iranian 

surgeons. The studied surgeons had an acceptable level 

of non-technical skills, especially in the leadership 

domain. However, certain deficits were found in some 

behavioral elements; so, there is a need to pay more 

attention to improve other intrapersonal and cognitive 

skills. Educational, policymaking, and supervision 

interventions can be useful in improvement of non-

technical skills among surgeons. 
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