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Abstract 

Background: Patient safety remains a critical concern in the high-stakes environment of the operating room 
(OR). Human factors and non-technical skills (NTS) play pivotal roles in surgical performance and in preventing 
errors. Various assessment tools and methodologies have been developed to evaluate NTS among OR personnel, 
reflecting the growing recognition of their importance. 
Objectives: To map and analyze NTS among OR personnel during real-life surgeries using medical video 
recording systems and to evaluate NTS assessment tools described in existing literature.
Methods: Four databases, PubMed, Web of Science, Medline and Embase, were searched for relevant studies. 
The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) protocol was followed. 
Eligibility criteria included studies focusing on video recordings providing an overview of the entire OR with 
a focus on NTS. 
Results: Twenty-four articles were included in this scoping review. A total of eight NTS were assessed, most 
frequently communication (79%), leadership (54%), teamwork (50%) and situational awareness (50%). 
Observational methods varied, ranging from one or more cameras to more sophisticated medical data 
recorders, such as the OR Black Box (ORBB). Additionally, a wide variety of assessment methods were used, 
mostly validated tools (NOTSS, SPLINTS, ANTS), but also broader systems-based frameworks (SEIPS) or 
self-developed tools. 
Conclusions: This scoping review highlights the diverse methodologies used to measure NTS in the OR using 
medical video recordings, indicating a need for further research to address challenges and standardize practices. 
Despite the proven potential benefits of video recording in the OR, legal, ethical and logistical challenges may 
serve as possible barriers to actual implementation. 
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Introduction

In a high-stakes environment like the operating 
room (OR), patient safety and high-quality 
care are fundamental. Despite the introduction 
of improvement initiatives, the incidence of 
preventable errors remains high1-5. According to 
research, 30-65% of all in-hospital adverse events 
occur in the OR5-9 and up to 30-50% of these events 
are considered preventable2,8-14.

The landmark publication ‘To Err is Human’ 
advocated to develop a safety culture to enhance 
patient safety, rather than blaming individuals, 

using a systems approach. This has been widely 
accepted as it recognizes the inevitability of human 
error11,15,16. This ‘systems approach’ intertwines with 
the concept of ‘human factors’11,16-20. Human factor 
studies accept the fact that human error can never be 
fully eliminated and that performance of individuals 
and teams may deteriorate in high-pressure 
situations20-23. Human factors include – but are not 
limited to – a set of non-technical skills (NTS) such 
as communication, situational awareness, decision 
making, teamwork and leadership. These cognitive 
and social skills are proven to impact technical skills 
and patient safety22,24-33. Up to 70% of adverse events 
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in hospitalized patients are caused by human 
error and almost half of surgical errors are – to at 
least some degree – due to failing NTS12,13,34-37. It 
is considered that, while human behavior can be 
a potential source of error, humans also possess 
unique abilities to adapt, learn and improve. 
Strong communication, situational awareness and 
other NTS can enhance safety and contribute to 
resilience15,27,38,39. 

Extensive efforts to quantify NTS have been 
undertaken. Measurement tools are vital for 
identifying deficiencies, guiding training programs 
and providing a structured framework for feedback 
and evaluation of NTS-related interventions. 
Available tools consist of domain-specific 
taxonomies of observable behaviors and can be 
evaluated by an independent observer. Examples 
are: ANTS (Anesthetists’ Nontechnical Skills) 
for anesthetists24,40, NOTSS (Nontechnical Skills 
for Surgeons)41 for surgeons, SPLINTS (Scrub 
Practitioner’s List of Intraoperative Nontechnical 
Skills)42 for scrub nurses, and NOTECHS (Oxford 
Nontechnical Skills)43 for surgical teams in general. 
Additionally, other models are more focused on 
human factors in general, like SEIPS (Systems 
Engineering Initiative for Patient Safety)44. 

Traditionally, observational field studies 
to assess NTS, have been performed by live 
observers. In recent years, however, video 
recordings have been increasingly used. Drawing 
inspiration from the aviation industry, where 
black box recordings have been used for safety 
investigations, healthcare is adopting a similar 
approach45,46.

Acknowledging the crucial influence of human 
factors and NTS on surgical safety and patient 
outcomes, underpins the necessity for precise 
assessment and improvement strategies. This 
scoping review aims to map and analyze the range 
of NTS assessed among OR-personnel during 
real-life surgeries using medical video recording 
systems, and to evaluate the methodologies and 
tools used for this assessment in existing literature. 

 
Methods

A scoping review was completed following the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis extension for Scoping Reviews 
(PRISMA-Scr; Figure 1)47.  

Research question

The assessment of NTS of OR-personnel during 
surgery using video recordings has been reviewed. 
The studied population consists of OR-staff present 
during surgery. The exposure is the placement of 

video recorders in the OR, recording an overview 
of the entire OR during real-life surgery. The 
outcomes include the range of NTS assessed 
during these recordings and the measurement tools 
used to assess them. 

Literature search

A provisional search using the search term ‘black 
box in the operating room’ was conducted in 
PubMed, resulting in 47 articles. The Yale MeSH 
Analyzer was then used to extract common Medical 
Subject Headings (MeSH) and keywords from 
the articles that were considered most relevant 
on initial screening. The literature search was 
conducted in PubMed, Medline, Web of Science 
and Embase. The search question was divided into 
three parts: exposure, population and outcome. 
For exposure, examples are: ‘video recording, 
videotape, black box, medical data recording’. 
For population, examples are: ‘operating 
room, operation theatre, hybrid room, surgery, 
intraoperative’. For outcome: ‘non-technical, 
communication, decision making, leadership, 
situation awareness.’. Boolean operators were 
used to combine these searches, as well as MeSH-
terms, subject headings and field tags. A detailed 
version of the applied search strategy can be found 
in Appendix 1. A first search was conducted on 
01/07/2023 and repeated on 10/03/2024 to be able 
to include the most recent articles. 

Eligibility criteria

After defining the research question, the inclusion 
and exclusion criteria were established to select 
articles needed to answer the question. The criteria 
can be found in Table I.

Scoping review

A scoping review was considered appropriate for 
this article, given that (a) the goal of this work is 
to explore a broad topic, namely, identifying the 
role of video recordings in assessing non-technical 
skills during real-life surgery, (b) the nature of 
this topic and the available studies include an 
enormous heterogenicity in study design and 
outcomes, which makes a systematic literature 
review less preferable, and (c) one of the topics 
for discussion was to envisage where gaps and 
innovative approaches regarding this topic may 
lie48.

Statistics

Interrater reliability (Cohen’s Kappa) was 
calculated using IBM SPSS Statistics for 
Windows, version 29 (IBM Corp., Armonk, NY) 
as described by McHugh49.  
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Results 

Article selection

For this systematic search, four databases were 
explored. This comprehensive search yielded a 
total of 4835 articles. All results were uploaded into 
Rayyan50 and after removing duplicates, a total of 
3539 articles remained, each of which underwent 
screening based on their titles and abstracts by 
two researchers separately (CV and BB). In 97.5% 
of the articles, there was an immediate inter-rater 
agreement. For 87 articles consensus was reached 
only after discussion. Subsequently, 117 articles 
were identified as potentially relevant and were 
retrieved for detailed evaluation. All 117 articles 
were reviewed by CV and 23 randomly selected 
articles underwent review by BB as well. This 
resulted in an interrater agreement of 87% and 
Cohen’s Kappa of 0.742 (95% CI, 0,60 – 0,99), p 
< 0.01, which suggests a moderate to strong level 
of agreement. Upon full-text review, 24 articles 
were deemed eligible for inclusion. This process 
is summarized in the PRISMA flow diagram 
(Figure 1).

Study characteristics

All 24 articles had a prospective, observational 
study design and all but one were performed in 
a single center. A quantitative and qualitative 
research methodology was adopted in 42% (n=10) 
and 21% (n=5) of the cases, respectively. A mixed 
methods approach occurred in 37% (n=9) of 
all articles. In half of the studies, the OR Black 
Box® (Surgical Safety Technologies, Toronto, 
Canada) was used. A single camera with an OR 
overview was used in five articles, while multiple 
overview cameras were used in six articles. One 
did not specify the type of recording equipment 

used51. All researchers recorded audio as well. 
Study samples varied from 10 (inclusion criteria) 
to 144 with a total of 727 cases. Only four articles 
were older than ten years. All articles originated 
from either American or European sources, 
14 and 10 respectively. Among all studies, 14 
exclusively investigated laparoscopic surgery, four 
encompassed both laparoscopic and open surgery 
and three focused on endovascular surgery. These 
findings are presented in Table II and Appendix 2.

Video-based observations

Recent advancements in recording methodologies 
are evident in the articles reviewed. Earlier studies 
often used one or occasionally several separate 
cameras, but sophisticated systems have become 
more prevalent in recent years. The OR Black 
Box (ORBB) was launched in 2013 in Canada52. 
The earliest article using the ORBB included in 
this review was published six years ago, with all 
articles since 2021 employing this technology 
(Figure 2). The ORBB captures and synchronizes 
several sources of audio-visual and procedural data 
for analysis by experts and artificial intelligence 
algorithms. This technology is used to analyze 
errors and events during laparoscopic, endovascular 
and open surgery across various specialties46,53,54.

Available validated measurement tools

Before exploring the included articles, some 
commonly used measurements tools should be 
clarified. Their abbreviations are once more 
explained in Table III for clarification. ANTS, 
NOTSS and SPLINTS respectively categorize 
anesthetists’, surgeons’ and scrub nurses’ NTS 
into four categories, scoring them from 1 to 4, 
though behaviors are sometimes just counted24,40-42. 
Categories differ slightly across specialties. 

Table I. — Summary of inclusion and exclusion criteria for study selection.

INCLUSION
• Video recordings (with/without audio) with an overview of the entire OR
• Stored or live recordings
• During real-life anesthesia and/or surgery
• Focus on non-technical skills and/or human factors
• English language
• Publication year 2000 or later
• Humans
EXCLUSION
• No full text available
• Only audio recordings
• Only recordings of the surgical field
• Study population < 10 cases
• Simulations
• Recordings in post anesthesia care units
• Case reports, conference papers, correspondences and editorials
 Interviews, master’s and PhD dissertations
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An overview of the NTS explored and the 
assessment tools used is described below and 
presented in Table II. 

1) Communication

Communication was identified as the predominant 
NTS of interest. Notably, seven articles almost 
exclusively focused on communication39,55-60. 
Additionally, twelve articles investigated 
communication among other NTS, often integrated 
into specific tools or frameworks27,28,52,61-69. 

Different approaches to study communication 
were identified. Bleakley et al. and Santos et al. 
developed a self-developed typology to classify 
and count communication types (requests, reports, 
questions)39,55. Santos et al. investigated dyads to 
identify communication recipients39. The first study 
noted that requests outnumbered reports, indicating 

NOTECHS explores teamwork within the OR and 
contains four categories. Additionally, this tool 
studies three different sub-teams: anesthetists, 
surgeons and nurses. Consequently, scores range 
from 12 to 4843. These tools are elaborated upon in 
greater detail in Appendix 3.

Assessed non-technical skills and their 
measurement

The included articles explored a diverse range 
of NTS within the operating theater. Across 24 
studies, a total of eight distinct NTS were identified, 
with several articles addressing multiple NTS. The 
most explored NTS were Communication (79%, 
n=19), Leadership (54%, n=13), Teamwork (50%, 
n=12), Situational awareness (50%, n=12) and 
Decision making (42%, n=10). These findings are 
represented below (Figure 3).
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Fig. 1 — PRISMA flowchart.
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a surgeon-dominated climate55. The second study 
stated that most of the exchanges occurred between 
the main surgeon and either the scrub nurse or the 
first surgical assistant. Additionally, only 5% of 
the exchanges occurred between the main surgeon 
and the anesthetist. However, these infrequent 
interactions often contained the most critical 
content39. Ivarsson et al. used conversation analysis 
to highlight the importance of conversational 
repairs to avoid misunderstandings57. Similarly, 
Emmerton-Coughlin et al. and Bezemer et al. 
employed multimodal interaction analysis to 
include non-verbal communication58,59,70. The 
former study revealed that, in laparoscopic surgery, 
verbal deixis is the dominant control strategy and 
that it is prone to ambiguity. Two strategies used by 
educators to reduce chances of misunderstanding 
were combining deictic instructions with physical 
maneuvers or completely taking over surgery58. The 

latter study investigated how surgeons responded to 
clarification requests from newly appointed staff, 
showing both elaborate explanations to maximize 
learning and minimal responses to focus on the 
task. They suggest that policies should ensure that 
local knowledge is explicitly shared to support 
effective teamwork and patient safety59. Frasier 
et al. counted communication exchanges and 
dyads56, noting that a lack of team familiarity did 
not increase communication, and inter-disciplinary 
communication occurred less frequently and was 
more prone to ineffectiveness compared to intra-
disciplinary communication56. These findings are 
in line with the results presented by Santos et 
al.39. Raheem et al. counted and categorized the 
surgeons’ verbal requests during robot-assisted 
surgeries, demonstrating that specific requests led 
to fewer inconveniences and a reduced the need 
for repeated requests, which in turn may contribute 

 
Fig. 2 — Annual distribution of published articles assessing non-technical skills in the operating room according to video 

recording method: single camera, multiple cameras and the operating room black box (ORBB).

 
Fig. 3 — Six most commonly reported non-technical skills and the total count and percentage of included articles reporting them.
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to decreased cognitive workload and enhanced 
team performance. In contrast, no request was 
consistently linked to statistically significant 
shorter action times across the tasks analyzed60. 
All seven articles emphasize the critical role of 
communication within surgical teams, highlighting 
how communication patterns, effectiveness and 
team dynamics significantly impact patient safety 
and surgical outcomes. 

Twelve addit ional art icles discuss 
communication within the broader context of NTS, 
using tools like NOTSS or SPLINTS (n=6), as 
well as frameworks like SEIPS (n=3) or other self-
developed frameworks (n=3). These are detailed 
later.

2) Leadership

Leadership emerged as the second most discussed 
NTS in the surveyed literature. Three articles 
exclusively focused on leadership51,71,72, while 
ten others addressed it within a broader NTS 
exploration27,28,52,60,61,63,65-68.

Parker et al. used the Surgical Leadership 
Inventory (SLI) to rate surgeons’ leadership 
behaviors like ‘communicating’ and ‘making 
decisions’. Their findings highlighted that surgeons’ 
leadership styles were mainly task focused with 
limited interdisciplinary communication51. In 
contrast, Rydenfält et al. studied leadership 
behaviors of surgeons, anesthetists and nurses, using 
a self-developed typology of nine behaviors. They 
found leadership to be rather distributed among 
team members. They pointed out that leadership 
is not one single skill that can be attributed to or 
claimed by one specific team member71. Finally, 
another recent study by Soenens et al. implemented 
self-developed Behavior Anchored Rating Scales 
(BARS) to investigate surgeons’ leadership styles 
and team behaviors72. Their results showed that 
surgeons exhibiting a transformational leadership 
style tend to enhance performance and patient 
safety72.

Nine additional articles explored leadership 
within a broader NTS context, primarily through 
NOTSS or NOTECHS (n=5), as well as within 
broader frameworks like SEIPS (n=2) or other 
self-developed frameworks (n=2). One article 

used SEIPS, which includes leadership, but did not 
explicitly mention this NTS.

3) Situational awareness

Situational awareness, crucial for understanding 
current and potential events, insignificantly 
impacts individual and team performance73,74. This 
NTS was addressed in twelve articles, primarily 
within validated NTS-tool (n=5), self-developed 
frameworks (n=2) or the SEIPS framework (n=3). 
Two articles specifically focused on situational 
awareness64,75. 

The oldest study included, conducted by Guerlain 
et al. in 2004, implemented a self-developed tool 
to assess the teams members’ situational awareness 
skills. A 24-item questionnaire, containing 15 
questions regarding situational awareness, was 
conducted postoperatively. The attending surgeon 
exhibited the highest comprehensive knowledge 
on the cases, scoring almost 80%, whereas surgical 
residents, anesthesia residents and attending 
anesthetists scored lower, below 60%, 40% and 
30% respectively75. This study uniquely used 
video recordings to verify answers rather than 
for direct NTS observation. Kunkes et al. focused 
exclusively on situational awareness with the 
NOTECHS tool (Appendix 3), scoring utterances. 
They found that higher scores, being proactive, 
longer and more descriptive, contributed more 
effectively to situational awareness64. 

4) Decision making

Besides situational awareness, decision making 
is another important cognitive NTS. Both skills 
are strongly interconnected and influence one 
another: appropriate decisions can only be made 
based on being aware of the situation and vice 
versa, when teams make decisions and act upon 
them, a better overall team situation awareness 
can be conceived73,76. 

None of the articles included in this review 
conducted an isolated examination of decision 
making. It was investigated in ten articles; five 
within existing NTS tools such as NOTSS and/
or ANTS, two within self-developed frameworks 
and two within the broader SEIPS framework. 
Again, one article used SEIPS, which includes 

ANTS Anesthetist’s’ Non-Technical Skills24,40

NOTSS Non-Technical Skills for Surgeons41

SPLINTS Scrub Practitioner’s List of Intraoperative Non-Technical Skills42 
NOTECHS Oxford NOnTECHnical Skills for surgical teams43

SEIPS Systems Engineering Initiative for Patient Safety44 
ORBB Operating Room Black Box52,53

Table III. — Common abbreviations and terminologies.
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Dalen et al. and Adams-McGavin et al. found that 
effective communication accounted for 28% of all 
person-related resilience supports, confirming its 
importance in error prevention27,61.

Used validated measurement tools

Seven articles used validated measurement tools 
to assess NTS, with five studies employing both 
NOTSS and SPLINTS to explore surgeons’ and 
nurses’ NTS. Doyen et al. used the ORBB to 
record 22 endovascular procedures and scored 
all elements for NOTSS and SPLINTS, finding 
high scores for decision making in surgeons 
and communication and teamwork in nurses52. 
Four other researchers counted and categorized 
behaviors for all NOTSS and SPLINTS elements, 
rather than actually scoring them28,65,66,69. Nensi et 
al. recorded 25 hysterectomies and counted only 
22 negative behaviors, all of which were exhibited 
by surgeons, with no instances observed among 
nurses. Most of these negative behaviors belonged 
to the NOTSS element ‘leadership’ (59%)69. In 
contrast, Sharma et al. recorded 144 laparoscopic 
surgeries, noting 559 negative behaviors, 
predominantly related to situational awareness in 
surgeons (54%) and task-management in nurses 
(44%). The median number of negative behaviors 
was much lower than the median number of 
positive behaviors (28 (IQR 15-38) and 40 (IQR 
28-118), respectively)65. Fecso et al. focused on 
NTS around errors, events and rectifications in 56 
laparoscopic gastric bypasses, using the ORBB. 
They reported that positive behaviors were mainly 
related to situational awareness and leadership28. 
Both surgeons and scrub nurses exhibited more 
positive behaviors immediately after errors, events 
and before rectifications28. Rai et al. recorded 
80 urologic cases with the ORBB, focusing on 
intraoperative adverse events and distractions, 
noting that 79% of behaviors were positive66. 
Overall, these studies highlight a predominance of 
positive NTS behaviors in surgical settings28,52,65,69. 

The studies by Rai et al. and Nensi et al. also 
used ANTS to assess anesthetists’ NTS66,69. Rai et 
al. did not differentiate between disciplines66, while 
Nensi et al. found that most positive observations 
pertained to teamwork, with no negative 
observations for anesthetists69.

Self-developed frameworks

Three studies used self-developed frameworks 
to evaluate NTS in surgical settings. 
Etherington et al. implemented a self-developed 
framework based on ANTS, but also included 
communication and leadership, and used SEIPS 
for intraoperative distractions. They reported that 

decision making, but did not explicitly mention 
this NTS.

5) Task management

Task management, incorporated in ANTS and 
SPLINTS tools for anesthetists and scrub nurses 
respectively, includes planning and preparing, 
prioritizing, maintaining standards and coping with 
pressure40,42. It was explored in six articles, which 
will be discussed later. 

6) Teamwork

Teamwork is intricately linked with 
communication and other NTS essential for 
effective collaboration77,78. Tools such as SPLINTS 
and ANTS integrate communication and teamwork 
as integral elements40,42. The Team Emergency 
Assessment Measure (TEAM) tool evaluates 
leadership, task management and teamwork79. 
Additionally, the SEIPS model incorporates 
teamwork within its framework, as discussed 
below. Four articles used SEIPS, while five articles 
applied NOTSS and/or ANTS. Boet et al. compared 
conventional tools like NOTECHS or TEAM, with 
SEIPS, exploring different methodologies to assess 
teamwork80.

SEIPS framework – a systems approach

The SEIPS framework is a theoretical model that 
integrates human factors. Applying a systems 
approach, it investigates outcomes within their 
complex socio-technical system, including six 
interacting categories: people, tasks, tools and 
technology, organization, internal and external 
environ-ment. This review focuses on the ‘people’ 
category, which includes communication failures, 
lack of situational awareness, leadership failures 
(safety threats) and effective communication, 
good situation awareness and strong leadership 
(resilience supports)44. More detailed information 
is available in Appendix 3. Boet et al. compared 
SEIPS with NOTECHS and TEAM, advocating 
using SEIPS as it facilitates deeper understanding 
of teamwork processes and provides possibilities 
for multi-level interventions to enhance teamwork80.

Additionally, three other studies applied SEIPS 
to assess NTS. Van Dalen et al. and Kolodzey et 
al. reported a high prevalence of person-related 
resilience supports (76% and 65%), but varied 
in person-related safety threats (70% and 25%, 
respectively). Both studies illustrate that errors and 
patient harm can originate from various elements, 
with individuals playing a crucial role in error 
prevention61,67. Adams-McGavin et al. revealed 
person-related resilience supports and safety 
threats of 75% and 68%, respectively27. Both van 
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anesthetists displayed mainly positive behaviors 
(94%), mostly regarding situational awareness. 
Negative behaviors were primarily related to task 
management. Positive NTS behaviors remained 
high, even during distractions63. 

Incze et al. adapted existing tools like NOTSS 
and NOTECHS to assess teamwork, identifying 
six critical themes and sixteen sub-themes of 
NTS. They counted behaviors during moments 
of uncertainty, noting that some teamwork skills, 
such as leadership by surgeons, were consistently 
demonstrated. Other skills, like backup behavior 
by nurses, increased, while situational awareness 
decreased during adverse events. This study 
highlighted how anesthetists, surgeons and nurses 
uniquely contribute to teamwork and adapt their 
behavior during different scenarios68. 

Next, Sexton et al. focused on teamwork. They 
illustrated that more anticipated requests resulted in 
reduced operative times, with anticipated requests 
taking almost five times less time to complete (5.3 
seconds versus 25.6 seconds)62. The study also 
showed that unfamiliar teams encountered more 
inconveniences, leading to longer surgery times. 
A positive relationship was observed between 
anticipation ratios, non-verbal requests, and 
cognitive load, suggesting that in environments 
with higher anticipation, there’s a greater reliance 
on nonverbal communication, requiring greater 
mutual understanding and situational awareness; 
which can contribute to higher cognitive loads 
within the team62.

Other non-technical skills

Included articles identified eight NTS that were 
explicitly mentioned, of which six were very 
common. Two articles identified coordination, 
however a strong intertwining of communication 
and coordination was suggested by both research 
groups, as they appear to be mutually reinforcing 
skills57,68. As mentioned above, anticipation was 
identified as a separate NTS only once by Sexton 
et al62. 
   
Discussion 

The use of video recordings in the OR to assess 
NTS, offers valuable insights that could contribute 
to enhancing patient safety. This scoping review has 
demonstrated the extent of studies exploring this 
innovative observational method, shedding light on 
various aspects of NTS and their assessment tools.  

Important NTS in the OR

This review identified eight NTS across 24 articles, 
with communication being the most commonly 

observed NTS. Effective communication is crucial, 
as poor team communication significantly correlates 
with postoperative complications and contributes to 
50% of all medical errors13,81. Skills such as stress 
and fatigue management were scarcely mentioned 
despite their impact on both technical skills and 
NTS in the OR22. Other NTS, such as empathy 
and vigilance are mentioned neither, because they 
are not easily identifiable unless exceptionally 
conspicuous24,82. Several studies reported subtle 
NTS, such as speaking up72, coping with pressure, 
training, directing and supporting others51. These can 
be considered as subcategories of broader domains 
like communication, teamwork or leadership. 
Therefore, this review did not count them as 
separate entities. Additionally, there is a significant 
overlap among larger NTS categories. Effective 
teamwork relies on communication, leadership, 
situational awareness and task management77,78. 
Good leadership encompasses communication and 
decision making, which is linked to situational 
awareness76. Improved situational awareness 
enhances anticipation65 and increases OR efficiency 
and teamwork62. This overlap among NTS must be 
considered when interpreting and comparing NTS 
literature.

Shift in observational methods

This review demonstrated an increase in the number 
of publications using medical video recordings as an 
observational method to study NTS. Conventional 
direct observation in the OR has evolved 
towards the use of video recordings, highlighting 
several advantages. Video recordings provide 
comprehensive and objective documentation 
of surgical procedures and team interactions, 
surpassing the limitations of human memory and 
attention span. For instance, Wauben et al. found 
significant differences between procedural notes 
in medical records and objectively analyzed video 
data83. Video recordings also allow for repeated 
analysis, enabling researchers to explore intricate 
details and subtle nuances of NTS84. Several errors 
and near misses, unnoticed in direct observations, are 
identifiable in recordings as early indicators of latent 
conditions85. Additionally, video recordings reduce 
observer bias by allowing multiple reviewers to 
independently analyze the same footage, enhancing 
assessment reliability. This approach supports the 
involvement of professionals from various fields, 
including psychologists, clinicians, human factor 
specialists and nurses, each contributing unique 
perspectives. Overall, adopting video recordings 
for assessing NTS in the OR marks a significant 
methodological advancement, facilitating more 
accurate and detailed evaluations of surgical 
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extensive potential. It enables direct evaluation of 
NTS, provides data on potential flowdisruptions, 
distractions and compliance with safety protocols. 
It supports improvement initiatives, educational 
objectives and may guide postoperative debriefings, 
all likely contributing to patient safety.

Barriers: legal aspects, ethics and logistics

Using medical video recordings in the OR 
requires careful considerations of legal and 
ethical issues. Bleakley et al. noted that recorded 
medical errors could be used as evidence, raising 
several questions55. Should videotapes be used 
as evidence if a medical error occurs? How long 
should videotapes be stored and where? Who has 
access and deletion authority? Are videotapes part 
of the patient records if patients are identifiable? 
Can patients review their tape even if no incidents 
occurred? These inquiries highlight a multitude of 
legal and ethical issues, influenced by the regional 
healthcare systems and legal models.

Most included articles were American, 
adhering to the Health Insurance Portability and 
Accountability Act, while European studies 
complied with the General Data Protection 
Regulation106. National laws, hospital protocols and 
the study’s focus must be considered as well. For 
example, studies focusing on staff communication 
during non-identifiable moments differ from those 
involving patient identification and exposure. 
Some studies did not require patient consent due 
to exclusion from the video field94 or because all 
patient data was automatically anonymized95.

A Belgian study on the ORBB emphasized 
creating a secure environment by informing all key 
stakeholders of the hospital early-on since early 
stakeholder involvement is crucial to stimulate 
acceptance. Information sessions and meetings 
with the hospitals’ board of directors, workforce 
unions and head of the various departments should 
be organized, discussing the potential benefits and 
organizational aspects. All team members expected 
to participate in ORBB-procedures should have the 
opportunity during multiple structured information 
sessions to ask questions or raise concerns107. 
Schijven et al. reported that for recordings aimed 
at improving care and self-reflection, data should 
not to be traceable to patients. Privacy-enhancing 
methods like anonymization, facial blurring, 
and voice distortion are important and do not 
compromise information quality. Recordings 
should not be retained longer than necessary108.

Logistical considerations should include 
technological and infrastructural requirements. 
Well-suited audio-video equipment must be 
purchased and installed in a non-intrusive position 

performance. Furthermore, sophisticated systems 
like the ORBB are increasingly used. Looking 
ahead, the integration of artificial intelligence for 
automatic analysis holds the potential to further 
enhance these observational practices86.

Video recording beyond direct NTS assessment

This review specifically focused on the direct 
assessment of NTS in the OR, but video recordings 
offer broader possibilities87.They can generate 
performance reports including video fragments, 
rating scales scores or other relevant information. 
Such reports can guide postoperative team 
debriefings and provide structured feedback, as 
demonstrated by van Dalen et al., potentially 
improving individual and team behaviors61. 

Additionally, some studies used video recordings 
to assess compliance with a preoperative checklist 
like the WHO Surgical Safety Checklist88-91. 
Recordings can highlight checklist elements with 
low compliance and identify factors leading to 
reduced quality. For example, Al Abbas et al. 
reported significant improvements in checklist 
compliance and quality following a policy change91. 
Several studies investigated specific behaviors 
such as surgeons’ gaze92, anesthetists’ reaction time 
to alarms93 and looking behavior at the monitor 
and patient charts94. Recording these behaviors 
may help to identify potential distractions and 
guide initiatives to improve situational awareness. 
Research combining video recordings with other 
technologies, like physiological data from special 
shirts with built-in sensors, can evaluate the 
relationship between heart rate variability – as 
proxy for stress or cognitive load – and technical 
surgical performance95 or dynamic changes 
during surgery96. Stress may adversely impact 
decision making87,97,98 and team performance87,99,100. 
Several articles focused on flowdisruptions and 
distractions, such as alarms, music, irrelevant 
conversations, and device-related problems. 
These disruptions significantly impact workflow, 
efficiency and NTS27,39,61,63,65,66,69. For example, 
Weldon et al. demonstrated that music increased 
repeated requests, impairing communication101, 
while Tscholl et al. suggested that unnecessary 
alarms cause alarm fatigue and impair situational 
awareness102. These disruptions can affect NTS, 
workflow processes103 and potentially increase the 
risk of medical errors104. Video recordings also can 
be used to provide real-time feedback, enhancing 
situation awareness. For instance, Lane et al. used a 
mobile application to stream multiple live surgeries 
to anesthetists’ personal devices, enabling detailed 
awareness of ongoing events105. 

In summary, video recording in the OR offers 
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to capture relevant footage. Team members should 
be informed and should know how and when 
to start and stop recordings to ensure smooth 
implementation.

Staff and patients’ perceptions on video recording 
in the OR

The acceptance of video recording technologies 
in clinical settings varies among healthcare 
professionals. A Canadian study surveyed 43 staff 
members prior to ORBB installation, revealing 
that the majority of staff held positive views on 
operative recordings, with approximately 70% 
expressing willingness to receive feedback 
from recorded procedures. However, imposter 
syndrome – a psychological phenomenon marked 
by self-doubt and fear of being exposed as a 
fraud - moderated this positivity. Individuals 
experiencing imposter syndrome demonstrated 
increased concerns about recordings, especially 
about potential legal repercussions109. Another 
study surveyed 17 clinicians prior to ORBB 
implementation and found general consensus that 
recordings could significantly enhance clinical 
practice and education. Despite these perceived 
benefits, clinicians expressed concerns about the 
recordings’ impact on clinical performance. They 
feared that recording might induce nervousness, 
alter team dynamics, cause distractions, and create 
undue pressure. Surgeons, in particular, were 
anxious about the medicolegal implications, fearing 
that recorded data could be used against them in 
legal proceedings, thus escalating their liability110. 
Both articles highlighted staff concerns about 
recordings potentially being used in court109,110, but 
did not discuss potential legal protections. Video 
footage can benefit medical teams by providing 
evidence that all necessary precautions were taken 
to prevent patient harm. Surveys examining staff 
perceptions before and after implementation could 
reveal insights into evolving attitudes, potentially 
revealing decreased resistance and concerns over 
time. 

Patients’ perspectives were explored in a study 
that interviewed 49 patients before elective surgery. 
Patients recognized several advantages provided by 
operative recordings, such as enhanced educational 
quality, improved surgical practice, and increased 
patient safety. However, they were also concerned 
about privacy loss. While some believed recordings 
might discourage unprofessional behavior, others 
worried that monitoring could cause anxiety 
among OR staff. Interestingly, up to 88% of 
patients assumed they had the right to access these 
recordings, believed they owned them and could 
use them as medicolegal instruments111.

Limitations 

A limitation of using medical video recordings 
as an observational method is the potential for a 
Hawthorne effect, where participants alter their 
behavior due to the awareness of being observed112. 
This effect may have influenced results in all 
included articles. However, compared to direct 
observation, video observation may mitigate the 
Hawthorne effect, as cameras are generally less 
intrusive and influence behavior less than human 
observers113. Nevertheless, a potential Hawthorne 
effect should be considered in all results. Second, 
this review identified eight NTS discussed across 
24 articles and several additional nuanced NTS – 
such as speaking up, coping with pressure, stress 
and fatigue – that could be integrated within 
the discussed NTS. Consequently, these subtle 
skills were not counted as separate entities. The 
findings demonstrate a significant overlap and 
strong connection between different NTS, which 
should be considered when interpreting results. 
Furthermore, various assessment tools were 
discussed, with validated tools like NOTSS, 
ANTS and SPLINTS frequently used. However, 
different approaches were noted between studies, 
such as scoring skills versus counting them. Other 
validated approaches, like the SEIPS framework 
or the SLI, were also applied. Additionally, 
several studies used self-developed assessment 
tools or approaches, such as a self-developed 
leadership typologies, communication typologies, 
BARS and questionnaires. These approaches add 
complexity to comparative analysis due to their 
heterogeneity. Next, tools like NOTSS, ANTS 
and SPLINTS are designed for discipline-specific 
assessment. However, by generating a final global 
score, opportunities to explore relationships 
between sub-teams or different members within 
a discipline are limited. Furthermore, counting 
certain behaviors does not inherently indicate the 
effectiveness or appropriateness of these actions. 
Simply quantifying behaviors without assessing 
their quality or context may fail to provide a 
thorough understanding on team performance or 
patient outcomes. Finally, most studies focused on 
identifying, counting and/or rating NTS without 
proposing substantive quality improvement 
initiatives based on their findings. One notable 
exception involved the study by van Dalen et al., 
who used a performance report generated from the 
recordings and used this to guide postoperative 
team debriefings61. Team debriefings have been 
shown to identify and address safety issues – new, 
recurring or unrecognized– and drive quality 
improvement initiatives114,115.
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a more systems-based approach. This notable 
heterogeneity in tools and approaches suggests 
a need for greater standardization in the field. 
While medical video recordings have been shown 
to offer valuable insights and numerous potential 
benefits, they also pose legal, ethical and logistical 
challenges. Further research might gain insights 
in how to overcome these challenges. Overall, 
this review highlights a growing interest and 
recognition among researchers in this particular 
field, however further research is needed to 
discover how observed results and findings can be 
translated to quality improvement initiatives that 
may ultimately improve patient safety. 
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