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ARTICLE INFO ABSTRACT

Keywords: Background: Surgical instrument counting is a manual, attention-intensive task of the operating room (OR) nurse.
Surgical instrument counting Many labour-saving technologies have been proposed, but implementation remains challenging. Knowledge of
Workflow current counting methods and staff preferences could guide future developments towards effective application.
Efficiency . . . . . .

Technology Approach: We observed OR nurses counting materials and instruments in 50 surgical procedures performed by

various surgical specialties in a regional teaching hospital in Delft, The Netherlands. Additionally, we surveyed
them on their preferences concerning the methods of counting.

Key findings: Variations in approaches of surgical counting were observed, with OR nurses using multiple stra-
tegies and counting techniques to manage disruptions and limit workload. Interest in using supportive tech-
nology is limited to the preoperative and postoperative phase.

Relevance: This research relates observational data to staff preferences. Our findings may guide future de-
velopments of labour-saving innovations regarding surgical counting towards developing more effective appli-

cations and to ensure successful implementation.

1. Introduction
1.1. Background

Globally, healthcare is facing challenges which necessitate new
strategies to save time and resources (Dutch National Institute for Public
Health and the Environment (RIVM), 2020; World Health Organization,
2016). In this light, sustainable employability of personnel is becoming
an increasingly discussed topic. Labour-saving innovations have the po-
tential to improve workflows and thereby reduce workload, as well as
save money, and improve quality of care. However, implementing these
innovations remains challenging due to the complexity and dynamics of
daily practice in healthcare. (Gupta Strategists, 2022)

Currently, operating room (OR) nurses manually keep track of all
instruments and materials used during surgery with instrument counting
(see Fig. 1 for an overview). Manual counting is a labour-intensive
process, especially considering the complex and often acute conditions
of an OR. According to AORN best practice principles, counting should
be performed before the patient enters the OR (preoperative phase),
during surgery (intraoperative phase), and during closure of the surgical
wound (postoperative phase) (Cochran, 2022). It is recommended that
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two individuals perform these counts concurrently. There are three main
categories of surgical materials, namely instruments (such as graspers,
wound spreaders, or clamps), gauzes, and sharps (such as needles or
cutting blades). Counting of these materials is done to prevent a retained
surgical instrument (RSI). Despite processes, protocols, and the best
intentions, RSI’s still occur in 1 in 5500 to 1 in 18000 operations in
general, and in up to 1 in 1000 intra-abdominal procedures, and could
have serious consequences for patient outcomes, such as infection,
reoperation, or even death (Cima et al., 2011; Dagi et al., 2007;
Gawande et al., 2003). OR nurses alternate between the role of scrub
nurse (sterile) and circulating nurse (unsterile). They are responsible for
multiple tasks before, during, and after a surgical procedure (see Fig. 1).
These responsibilities can occur simultaneously, sometimes causing in-
terruptions. For instance, while counting materials, the circulating nurse
might need to answer the surgeon’s phone, or the scrub nurse might
have to assist the surgeon. OR nurses try to find the best moments to
count materials as to reduce the chance of disruptions. (Bubric et al.,
2021; Edel, 2012)

Supporting technology, which can detect and recognise the in-
struments being used, could potentially reduce OR nurses’ workload
(Yamashita K, 2018), as well as improve OR workflow (Kranzfelder
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et al., 2009; Toti et al., 2015). Potential uses beside automatic counting
include preventive maintenance, automatic registration of used mate-
rials, and automatic OR scheduling (Hanada E, 2015; Meissner & Neu-
muth, 2012; Olivere et al., 2021). A large variety of technologies for
various surgical materials have been investigated, such as data matrices
(i.e., barcodes and QR codes) (Cima et al., 2011; Greenberg et al., 2008;
Kranzfelder et al., 2009), weight sensors (Glaser et al., 2015; Webster
et al., 2015), radiofrequency identification (RFID) sensors (Dinis H,
2015; Hanada E, 2015; Hill et al., 2022; Hosaka, 2019; Kranzfelder et al.,
2013; Matsumura T, 2012; Neumuth & Meissner, 2012; Olivere et al.,
2021; Rogers et al., 2007; Yamashita K, 2018; Zamith M, 2015), com-
puter vision (Al Hajj H, 2017; Glaser et al., 2015; Hossain M, 2018; Lee
et al., 2021; Nakano & Nagamune, 2022; Shimizu et al., 2021; Toti et al.,
2015), and even robotics (Nakano & Nagamune, 2022; Zhou & Wachs,
2017). However, most solutions fall short in addressing the complexity
of real-life OR conditions (Guedon et al., 2016). For instance, many
studies were performed in a lab environment with ideal conditions or an
approximation of OR conditions (Dinis H, 2015; Glaser et al., 2015;
Hosaka, 2019; Kranzfelder et al., 2012; Nakano & Nagamune, 2022;
Webster et al., 2015; Zhou & Wachs, 2017). Similarly, many proposed
solutions interfere with regular surgical workflow, requiring specific
instrument layouts, individual scanning of instruments, or a substantial
setup time for each procedure (Greenberg et al., 2008; Hanada E, 2015;
Hill et al., 2022; Kranzfelder et al., 2009; Lee et al., 2021; Olivere et al.,
2021; Toti et al., 2015; Yamashita K, 2018; Zhou & Wachs, 2017).

Some empirical research on the performance of the surgical instru-
ment count exists. Reported challenges that increase the probability of
counting errors are interruptions and distractions (leading to multi-
tasking), time pressure, and the pressure of an emergency procedure
(Bubric et al., 2021; Edel, 2012; Fang et al., 2021; Warwick et al., 2021).
Solutions are often sought in changing the dynamics of the OR envi-
ronment: eliminating interruptions and distractions or performing au-
dits to ensure strict protocol adherence.
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1.2. Problem statement

The above-mentioned technologies are often considered to be a
replacement for the OR nurse’s work with the main goal of reducing
RSIs. However, the question whether the use of technology actually
reduces RSIs and increases patient safety is still topic for debate
(Sirihorachai et al., 2022). The application of technology to reduce OR
nurse’s workload is currently not considered a priority, with some
studies only briefly mentioning this topic (Weprin et al., 2021; Yama-
shita K, 2018). A broader analysis of the current counting practice and
effective applications of counting technology from the OR nurse’s
perspective does not exist yet.

This study aims to analyse the current counting practice and explore
OR nurse’s preferred applications of technology in general to aid in
counting. By observing OR nurses during their work and conducting a
survey on their perspective, we gathered valuable data which could
guide future development of adjunct instrument counting technology.

2. Methods
2.1. Study design

This work consists of two parts: an observational study combined
with a survey. For the observations, we developed a data collection form
based on the hospital’s counting protocol (Appendix A), national
guidelines and standards, relevant literature, and feedback from OR
nurses. We formulated the survey questions to gauge the opinion of OR
nurses on the current process of the instrument count and the potential
of adjunct technology in it.

2.2. Study setting

This study took place in the OR complex of a regional teaching
hospital in Delft, the Netherlands.
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Fig. 1. OR nurses’ responsibilities that may require attention during surgical material counting.

N



A.M. Kooijmans et al.

2.3. Data collection

We attended 50 surgical cases from various surgical specialties (see
Table 1) between March and May 2023. Verbal consent was obtained
from the OR team to observe the surgical counting performance, conduct
a survey, capture images of surgical materials, and identify opportu-
nities for technological applications. We aimed to minimise disruptions
of the regular OR workflow. Personal data of OR staff and patients were
not recorded.

Observations were structured according to a data collection form
(see Appendix A). Descriptive data such as surgical specialty, nature of
surgical procedure (elective or emergency), time of surgery, and number
of instrument trays used were noted. Furthermore, we recorded how the
counting of each type of surgical material (instruments, gauzes, sharps)
was performed: location, number of staff involved, method used,
occurrence of interruptions, and discrepancies.

Survey questions were administered to the current circulating nurse.
As both OR nurses alternate the role of scrub nurse and circulating nurse,
we could survey both OR nurses while minimising disruptions to the
surgical procedure. Trainee nurses were excluded from this study. See
Appendix B for an overview of the questions.

3. Results

Table 1 shows baseline characteristics. Across all 50 observed pro-
cedures, 87 instrument trays were used (1-7 trays per procedure).

3.1. Observations

3.1.1. Location

The location of the counting process varied only in the preparation
phase, as can be seen in Fig. 2. In general, preparations were done in the
preparation room, except for ENT procedures. It was explained to the
researcher that these surgeries are inherently unsterile and thus allow
the preparation to be carried out in the OR itself, thereby saving time. All
other instances of counting during and after surgery occurred within the
OR.

3.1.2. Number of staff counting

Instruments were checked and counted only by the scrub nurse in
each phase of surgery (preoperative, intraoperative, postoperative). The
circulating nurse was not available for assistance in any of the cases. In
some cases, a nearby logistics worker was able to assist.

Sharp materials such as needles were counted intraoperatively if
needed, and upon closing of the surgical wound. In 32 cases, sharp
materials were used. Procedures that did not use sharps were for
example microscopic laryngeal surgeries, in which microscopic in-
struments are used. A total of 39 counting instances were observed, of
which 36 (92%) were performed by two persons.

Gauzes were counted in all phases of surgery. In 9 cases, gauzes were
not counted (microscopic instruments were used, or incision was

Table 1

Observed surgical procedures.
Surgical specialty Frequency Percentage
Ear-nose-throat (ENT) 14 28%
Trauma surgery 11 22%
Vascular surgery 7 14%
Gynaecology 6 12%
Robot general surgery 5 10%
General surgery 4 8%
Orthopaedic surgery 2 4%
Plastic surgery 1 2%
Nature of procedure Frequency Percentage
Elective 47 94%
Emergency 3 6%
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deemed too small to lose gauze). Of 36 initial gauze counts observed, 33
(92%) were done by two persons. Intraoperative gauze counting
occurred in 9 cases, of which 7 (78%) were performed by two persons.
Three cases required a second intraoperative count, two of which were
done by two persons. 39 closing counts were observed, of which 34
(87%) were performed by two people. In total, 87 instances of gauze
counting were observed, of which 76 (87%) were done by two persons
(see Fig. 3).

Across both gauzes and sharps, 14 instances of counting were done
by one person. Eight instances occurred during vascular surgical pro-
cedures, three during trauma surgery, two in gynaecology, and one in
orthopaedics. Of these, three occurred during emergency procedures.

3.1.3. Counting method used

Surgical instrument counting techniques varied between nurses and
instrument tray arrangements. For loosely arranged trays, scrub nurses
focused on keeping track of the number of instruments removed from
the surgical tray by placing them on the instrument table in even
numbers or pairs, to ‘facilitate memorisation and ease of counting’.
Similarly, some practitioners group instruments by threading a specific
number of them through one instrument’s ear.

In most surgeries, a complete count of all instruments present is not
carried out. Only instruments that are prepared on the instrument table
are counted, also known as a partial count. A precise scissor count is
conducted exclusively in abdominal procedures (general surgery and
gynaecology). Fragile instruments were placed in specifically arranged
trays with silicone clips. By scanning these, the nurses could determine if
the surgical tray was complete. The number of surgical trays equipped
with silicone clips could not be determined.

After use, instruments were returned to the instrument table if they
might be needed again. If they were not needed anymore, they were
returned to the tray intermittently, during moments where the surgeon
did not need assistance at the surgical site (see Fig. 4). The nurse kept
track of the instruments using the same counting techniques as during
the preparation, returning them in pairs, and checking if all silicone clips
were occupied. The nurses explained that this technique saves time, as
all instruments are accounted for as they are returned to their tray,
instead of having to perform a complete check after the procedure has
concluded.

Sharps and gauzes were counted using the following method in all
cases. Whenever new materials were added to the sterile field, their
amounts were noted on the OR’s whiteboard. When counting was
necessary, the materials were counted and checked with the noted
amount.

3.1.4. Occurrence of interruptions

The process of returning and counting of instruments was inter-
rupted on many occasions, mostly due to the surgeon requesting assis-
tance or a specific instrument from the scrub nurse. We noted
interruptions in 29 cases (58%), with a total of 41 interruptions, and a
maximum of 6 in a single case. Fig. 5b shows that the number of in-
terruptions increases with the number of trays in use.

The number of interruptions increased with the number of surgical
instrument trays in use. Instrument counting was most often interrupted
during orthopaedic procedures. During counting of gauzes and sharp
materials, a total of four interruptions were noted. Afterwards, counting
was restarted from the beginning.

3.1.5. Discrepancies

During preparation, a full inspection with each tray’s accompanying
contents list was deemed unnecessary. Trays arrived from the steri-
lisation department wrapped in either blue or green wrapping paper.
Blue paper indicated a complete tray, and green paper indicated a
missing instrument. The contents lists were only used when a short-
coming such as a defective or missing instrument was noticed, which
occurred in 8% of cases.
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Fig. 2. Preparation location of surgical instruments. All ENT preparations took place in the OR itself, while all other specialties used the preparation room.
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Fig. 4. Representation of scrub nurse’s opportunities to count and return surgical instruments to their tray during surgery.

In eight cases (16%), an additional surgical tray was opened (see
Table 2). Five were opened in the preoperative phase and three were
opened during surgery. During the preoperative phase, additions were
necessary to replace an incorrect instrument or part of an instrument, or
to replace a missing instrument. During surgery, additions were done
because an instrument fell on the floor, or because the surgeon preferred
a different instrument. The researcher could not determine the reason
for one addition. In all cases, the issues were resolved before the

instrument in question interacted with the patient. During closing of the
wound, all instruments were complete in all cases.

Regarding gauzes and sharp materials, some counting discrepancies
occurred during the final count of surgery. In two cases, a gauze was
misplaced, and in one case a needle was misplaced. All misplaced items
were found, and counts were reconciled. All three cases occurred during
elective procedures (general surgery, vascular surgery, gynaecology)
with two people carrying out the count.
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Fig. 5. a (left) The number of disruptions during counting and returning of instruments, related to the final number of surgical trays used. No procedures were
observed where six trays were used. b (right) The number of disruptions related to surgical specialty.

Table 2
Reasons for opening additional surgical instrument trays and their frequency.

Reason for additional tray Frequency

Incorrect instrument or part of instrument

Missing instrument

Instruments not in accordance with surgeon’s preference
Unsterile instrument

Reason unknown

N W

3.2. Survey

Key findings will be discussed below. For a complete overview of the
survey questions and results, see Appendix B.

3.2.1. Key findings

In total, 21 nurses participated in this survey. 39% of nurses indicate
they do not count the entire surgical tray before surgery. 60% of nurses
experience an increased workload while counting surgical instruments,
with the number of surgical trays being the most important reason
(62%).

Most nurses (85%) see potential in reconfiguring the counting pro-
cess to be more efficient, and all nurses are open to the use of technol-
ogy, but only in the preoperative and postoperative phase of a
procedure. None of the participants would be willing to use technology
to aid in counting during surgery, as they consider that an unwanted
additional distraction.

4. Discussion

In this study, we observed a wide variety of procedures: from open to
minimally invasive surgery, and from elective to emergency procedures.
While the hospital’s surgical item counting protocol was developed ac-
cording to the best practice principles as laid out in the AORN guidelines
(Cochran, 2022), counting processes are tailored to the needs and re-
quirements of specific surgeries, to maintain an efficient workflow while
ensuring patient safety.

The preoperative check of instrument trays is often adjusted to a
specific procedure and its requirements. When procedures are inher-
ently unsterile, as is the case with ENT procedures, the team bypasses
the PR, thus saving time. Sometimes performed by the scrub nurse only,
workload is managed by only counting instruments taken out of a tray to
be placed on the instrument table, also known as a partial count.
Abdominal procedures carry a greater risk for instrument loss and
warrant a more precise scissor count. While the use of partial counting
enables OR nurses to manage workload and save time, the addition of a
tray during surgery was necessary in some cases, of which at least one

could have been prevented in the preparation phase. While these ap-
proaches did not cause harm to the patients, there is potential for
improvement. Instead of performing the preoperative check by them-
selves, technology might function as a second person would, providing
an extra layer of security.

During surgery, nurses look for the best moments to count in-
struments and materials, when the circulating nurse is available to
assist, and the probability of being interrupted is low. These conditions
can not always be met, as the circulating nurse may have other re-
sponsibilities, and interruptions are difficult to predict. Despite this, the
survey shows that nurses are quite satisfied with the current intra-
operative counting process. The team members generally are quite
attuned to each other, and often work in a state of elevated focus or
‘flow’. The counting discrepancies that we observed occurred in rela-
tively routine cases under favourable conditions — i.e. in elective sur-
gery, and with two persons counting - where task familiarity and
repetitiveness could play a more prominent role. As OR nurses do not
want technology during the intra-operative phase, interventions to limit
this task familiarity, such as an environment redesign or workflow
changes could be considered. Considering post-pandemic changes in
personnel makeup, and the fact that trainee nurses were excluded from
our observations, it would be interesting to investigate team dynamics
such as flow state and task repetitiveness in the new generation of
operating room nurses.

Postoperatively, a final count is not performed, as all instruments
have already been accounted for when they were returned to the tray
intermittently. It was explained that manually performing a complete
check would add more time to the procedure. This is in line with the
partial counting method that is used. Like the preoperative phase,
technology might provide an extra layer of security. Replacing manual
counting completely would go against OR nurses’ preferences.

Most research efforts to develop a tracking system for surgical ma-
terials focus on gauzes with barcodes or RFID sensors attached to them.
However, the effectivity of these solutions remains topic for debate
(Sirihorachai et al., 2022). When looking from the OR nurse’s perspec-
tive, a similar sentiment is seen. While gauzes are the most frequently
lost item in surgical procedures, only 27% of OR nurses would be willing
to use technology to assist in counting them. It seems that counting
gauzes is considered a core responsibility of the OR nurse, as errors have
a direct effect on patient outcomes. This direct effect on patient out-
comes could influence the openness to change or use of technology in
specific counting processes. Further research should be done to inves-
tigate this possible relation.

4.4. Limitations

All observations were done in one hospital, which limits broader
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applicability of our findings. Similarly, the observations were performed
by one researcher (LR), which might have had a negative effect on
noting intricacies of the counting performance. We have not used a
standardized tool to measure workload such as the NASA-TLX (Hart &
Staveland, 1988), and as such, conclusions that can be drawn are
limited, highlighting the need for further research. Furthermore, we
have not collected personal, descriptive data on the OR nurses, which
could have provided insight into their working methods and preferences
in relation to experience.

5. Conclusion

In this study, we explored surgical instrument counting from a
practical perspective. We observed that OR nurses are faced with chal-
lenges that limit their ability to follow theoretical best practice princi-
ples. Depending on the specific requirements of each surgical procedure,
various strategies and counting techniques are used to maintain an
efficient workflow and limit workload. There is considerable interest in
reconfiguring the counting workflow in the preoperative and post-
operative phase among OR nurses, where they see potential for tech-
nology to assist in counting surgical instruments rather than gauzes or
needles. There is little interest in the use of counting technology during a
surgical procedure. This paper is the first to consider the instrument
count and the place of counting technology from a workload
perspective.

Implications and Applications

It has been put into question before whether the use of counting
technology during a surgical procedure increases patient safety
(Greenberg et al., 2008; Gunnar W, 2020), and our research suggests
there is an obvious similar sentiment among OR nurses. Instead, there is
substantial interest in applying counting technology to the preoperative
and postoperative phase to alleviate workload. Performing a complete
count of all instruments before and after a surgery is a time-consuming
task which is currently managed with various strategies and counting
techniques. Applying technology to these specific parts of the counting
workflow could be a more effective way to improve OR processes and
alleviate OR nurse’s workload.
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