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Objective: To investigate the application of a multidisciplinary collaboration model to optimise the configuration management of 
orthopaedic external device sets in general hospitals.
Methods: A pretest–post-test study design was used. Sixty patients who underwent unilateral total knee arthroplasty and 60 patients 
who underwent posterior lumbar interbody fusion between March and May 2022 were recruited as the control stage. Additionally, 
a total of 120 patients, 60 of each, who underwent the two procedures between September and November 2022, were recruited as the 
experimental stage. For the control stage, conventional external equipment management was used, and for the experimental stage, an 
external device management programme was implemented based on multidisciplinary collaboration with the control stage. Based on 
the PDSA cycle, the configuration management of orthopaedic external device sets was optimised, and the differences in collating and 
counting external devices, nurses’ overtime in the external device stage and orthopaedic surgeon satisfaction were compared between 
the two stages.
Results: Compared with the control stage, the collation count took less time (8.65 ± 0.25 min vs 5.37 ± 0.13 min; 13.55 ± 1.10 min vs 7.85 ± 
0.82 min), the number of overtime hours was shorter (175.80 ± 12.19 min vs 96.68 ± 13.66 min) and orthopaedic surgeon satisfaction was 
improved (4.58 ± 0.62 vs 4.10 ± 0.68; 4.33 ± 0.73 vs 3.87 ± 0.77; 4.20 ± 0.71 vs 3.82 ± 0.71; 4.12 ± 0.69 vs 3.87 ± 0.72; 4.05 ± 0.68 vs 3.79 ± 
0.68) in the experimental stage (all P < 0.05).
Conclusion: Multidisciplinary collaboration offers various benefits for optimising the configuration of external device sets, such as 
reducing the time taken for the preoperative sorting and counting of external devices, enhancing nurses’ work efficiency and 
improving surgeons’ job satisfaction; therefore, it is worthy of reference in clinical practice.
Keywords: operating theatre, optimisation configuration, external instruments, item counting, scientific management, work efficiency

External surgical devices are reusable devices leased to hospitals by suppliers for use primarily in implant-related 
procedures.1 External devices used in surgery are difficult to manage for two reasons: one is the increased risk of 
infection owing to the frequent movement between hospitals,2 and the other is the burdensome task of counting surgical 
items3 brought about by the large number of external devices.4 According to research, only 13% of all surgical items on 
an operating table are utilised during surgery.5 To this end, surgeons actively participate in optimising the configuration 
of surgical items to reduce the disposal time of those items at each stage.6,7 Domestically, surgical items are mostly 
configured by nurses in operating theatres according to the preferences of surgeons, whereas external devices are 
configured by the manufacturer’s personnel, requiring almost no participation by surgeons or nurses in the operating 
theatre. One study revealed poor communication between clinical departments, operating theatres and disinfection supply 
centres in the management of external surgical devices.8 Frequently, external surgical devices are not delivered to 
disinfection supply centres on time, causing surgical delays and even affecting the efficiency of the entire operating 
theatre.9 Orthopaedic external surgical devices are generally used as implants. They are supplied with power tools and 
instrument boxes, which constitute an important part of hospital instrument management.10 No studies have been found 
to optimise the management of orthopaedic kits based on the PDSA cycle; however, such problems often exist in reality, 
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and improving and optimising the management process can greatly improve work efficiency and reduce the risk of 
infection.

Our hospital is a grade-A tertiary comprehensive hospital that performs approximately 6000 orthopaedic surgeries 
requiring external devices (implants) every year. Surgical devices from eight foreign medical device companies have 
been approved for use in our hospital, mainly for spinal, joint and bone trauma surgeries. As demonstrated by the results 
of the pre-investigation above, external device kits are over-configured, and many are not used routinely, resulting in the 
inconvenience of counting items in the operating theatre. Despite the existence of some external devices with a high 
frequency of use, they are not managed in a targeted manner, which leads to a high risk of infection due to frequent 
movements between companies and hospitals. Moreover, repeated receiving and counting increase the workload of 
nurses in supply rooms. In this study, based on the management of external surgical devices in our hospital’s department 
of orthopaedics, the application of a multidisciplinary cooperation model (such as between the operating theatre, 
orthopaedic department and supply rooms) in the management of external device sets in the department of orthopaedics 
in general hospitals is discussed, providing a reference for clinical practice. The details are reported as follows.

Materials and Methods
General Data
This study used a pretest–post-test design. Using the historical control study method, 60 patients who underwent 
unilateral total knee arthroplasty and 60 patients who underwent posterior lumbar interbody fusion (PLIF), which 
were common surgeries in the department of orthopaedics in our hospital between March and May 2022, were recruited 
as the control stage (10 were excluded). An additional 120 patients, of whom 60 underwent the first procedure and 60 
underwent the second between September and November 2022, were recruited as the experimental stage (8 were 
excluded).

The inclusion criteria were as follows: (1) patients who underwent unilateral total knee arthroplasty or PLIF; (2) 
patients with complete relevant data related to this study; (3) patients without infection before surgery; (4) patients and 
their families were aware of the specific content of this study and gave the relevant signed informed consent. The 
exclusion criteria were as follows: (1) patients with abnormal immune function; (2) patients with organic diseases, such 
as coronary heart disease and diabetic nephropathy; (3) patients with poor control of basic diseases; (4) patients with 
mental disorders resulting in an inability to communicate normally; (5) patients transferred from other hospitals.

The same circulating nurses and instrument nurses participated in the cooperation between the two stages. Among the 
four orthopaedic nurses, the instrument nurses had “3 years” work experience each, and the two circulating nurses had 10 
years’ work experience each. The nurses in the external device stage in the supply room were fixed in their posts.

Intervention Methods
Implementation Scheme of the Control Stage
The control stage was managed using routine external devices.

Before surgery, the surgeon applied to the equipment department to use implants and informed the personnel of the 
external device manufacturer, who notified the warehouse management personnel of the company to prepare the implants 
and supporting external devices and print a device counting list. Subsequently, the manufacturer’s personnel delivered the 
prepared implants to the equipment department for inspection and then sent them together with the external devices to the 
supply room, where these devices and implants were received according to the counting list. After cleaning and 
sterilising, the external devices and implants were sent to the operating theatre for later use. Devices that were not 
included in the counting list were rejected, and the counting list was reprinted after modification.

On the day of surgery, the instrument nurses opened all the prepared external device kits at the same time, selected the 
necessary items and arranged the instrument table. After the external devices had been used, they were transferred from 
the operating theatre to the supply room, where they were cleaned and disinfected; they were then handed over to the 
manufacturer’s personnel and returned to the company’s warehouse for storage.
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Implementation Scheme of the Experimental Stage
Implementation for the experimental stage was based on a multidisciplinary collaborative external device management 
programme based on that of the control stage, which was determined by the project expert group’s reference to previous 
data collection and interview results and clinical discussion. The PDSA cycle mode was applied in the experimental 
stage.11 See Figure 1 for specific optimization process.

Plan (P) 
According to previous data collection and interview results, the existing problems were analysed, and the research topics 
for optimising the configuration of external device sets and formulating fixed external device management programmes 
were established.

Implementation (D) 
A multidisciplinary expert group (comprising the chief physician of the orthopaedic joint ward, chief physician of the 
spinal ward, head nurse of the operating theatre, head nurse of the operating theatre orthopaedic professional group, head 
nurse of the operating theatre device management group, head nurse of the supply room and head nurse of the external 
device group) was formed to establish specific implementation plans through meetings and discussions (See Table 1).

(1) Optimisation of type and quantity of fixed external device kits: The first task was to investigate the flow of 
external device kits via the traceability system in the supply room and count the number of sterilisations in months. If the 
sterilisation times of the same set of devices from the same manufacturer exceeded 20 times, it was suggested that the 
device be fixed in the operating theatre and the head nurse in the operating theatre should communicate with the person 
in charge at the manufacturer. The second task, which was led by the chief physician of the orthopaedic joint ward, was 
to organise a meeting with staff from the external device manufacturers. For companies with sufficient external device 
reserves, it was recommended that the device be used more than 10 times a month to fix it in the operating theatre, and 
the final result was determined by the person in charge of the company. The management scheme for fixed external 
device kits mainly includes the following: ① Unified management is performed for the devices in the operating theatre, 
with unique labels attached to the device boxes; ② after each use, the external devices are received, counted and 
routinely sterilised by the full-time staff at the disinfection supply centre; ③ after being received by the specialised 
personnel in the operating theatre, external devices are placed in a dedicated sterile article storage area; ④ manufac-
turer’s personnel should be familiar with the names and locations of external devices, which are stored in their respective 
places, and there should be no implants in the instrument packs. The supporting implants should be packaged separately, 
sterilised and biologically monitored; ⑤ flow statistics should be gathered every 6 months, and adjustments should be 
made according to the statistical results to achieve dynamic management.

(2) Optimisation of the fixation of outsourcing devices in the operating theatre: ① Based on the use of and need for 
various outsourced devices, the team leader of the operating theatre spinal group listed the backup devices for spinal 
internal fixation, and the team leader of the operating theatre joint group listed the backup devices for arthroplasty. 
Following this, project team meetings were held to discuss the finalised protocol, which listed the streamlined instru-
ments and non-traditional instruments in the original external device set. As streamlined instruments were removed, 
infrequently used instruments were listed and individually packaged (for special use). ② The leader of the orthopaedic 
professional group in the operating theatre, the leader of the instrument management group, the leader of the external 
instrument group in the supply room and the personnel from the instrument manufacturers configured the instruments 
according to the streamlined scheme; standardised the name, specification and quantity of the items in the sets; framed 
and numbered overweight devices according to the surgical steps and marked unconventional devices as “additional”. If 
a whole set of knee arthroplasty devices was divided into four frames, they were named “Haotuo Total Knee Item 4-1#”, 
“Haotuo Total Knee Item 4-2#”, “Haotuo Total Knee Item 4-3#” and “Haotuo Total Knee Item 4-Additional”; “Haotuo” 
indicated the manufacturer an device belonged to, and “4” indicated there were four complete sets, which served as 
a reminder for the instrument nurses when preparing items. A detailed card was attached to each device kit, and the 
counting list of external devices corresponded to each individual item. The counting list details and plan were uploaded 
to the traceability system of the supply room to synchronise the surgical anaesthesia system.
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Figure 1 Optimization Flow Chart.
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(3) Optimisation of external device storage management: The sterile article storage area in the operating theatre was set up 
with a special area for external devices, and each company was assigned individual shelves. The fixed external devices were 
placed in a specific position and marked clearly. There were several sets of devices packaged in frames that should be marked on 
the label, and the specialised personnel in the operating theatre regularly counted them and checked for sterility. After receiving 
a notice of surgery, the manufacturer’s personnel went to the equipment department to check the implants and pass them to the 
supply room. They logged in to the supply room’s information system and printed a Patient Information Card for Fixed External 
Devices, which included the patient’s name, hospital number, the name of the scheduled surgery, name of the external device and 
surgeon. The supporting implant qualification certificate and information card were submitted to the supply room, and after 
completing biological monitoring, the implants were sterilised and sent from the supply room to the operating theatre. The 
operating theatre arranged for specific management personnel to receive the implants and classify them by manufacturer. The 
patient information card was hung on the corresponding external device set and retrieved the next day after being checked by the 
instrument nurses.

Learning (S) 
The nurses in the experimental stage were trained in spinal surgical devices and joint replacement surgical devices from 
different perspectives, such as surgical procedures and device use, by the leaders of the orthopaedic professional group in 
the operating theatre and the external device manufacturers. The nurses were organised into groups to observe and learn 
in the operating theatre. The learning was assessed and supervised, timely guidance was provided, and any problems 
found were addressed to continuously improve familiarity with the management process.

Treatment (A) 
In the process of implementing the intervention measures, the head nurse recorded the practical problems arising from 
clinical practice, held regular departmental meetings to guide and educate the nurses in the device group, summarised the 
previous cycle’s effect, re-educated (conducted meetings, learning and improvement every 2 weeks), summarised the 
clinical experience and expanded the scale of clinical application.

Evaluation Indicators
Time Taken for Preoperative Sorting and Counting of External Devices
The counting time of the external devices was recorded by a professional researcher. The counting began with the opening of 
the first external device set on the operating table and ended with the instrument nurses setting the parts of the kit out in order. 
After sorting, the counting began until all external devices on the operating table had been counted. In the case of an interval 
between the use of two sets of external instruments in an operation, they were counted independently and then added.

Table 1 Project Expert Group Members and Responsibilities

Owning 
Department

Position Job Title Responsibilities of this Project

Joint Group Ward Director Chief Physician Communicate with the manufacturer personnel to finally 

determine the type and quantity of external device packs 

fixed in this specialty as well as the optimal configuration 
scheme of devices in the pack

Spine Group Ward Director Chief Physician

Operating room Chief Nurse Chief Nurse Promote the whole implementation process and collect 

feedback content, and give regular feedbackSupply Room Chief Nurse Associate Chief Nurse
Operating room Group Leader, Spine Specialty Chief Nurse Develop the type, quantity and management plan of 

external device packs fixed in this specialty, and the 

optimal configuration plan of devices in the pack

Operating room Joint Specialty Group Leader Chief Nurse

Operating room Device Management Team 

Leader

Associate Chief Nurse Fixed Alien Pack Management Scheme and Optimized 

Alien Pack Configuration Scheme

Supply Room Foreign Device Team Leader Chief Nurse
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Overtime Hours of Nurses in the External Device Group in the Supply Room
Statistics were gathered on the overtime hours of the nurses in the external device group in the supply room via the 
attendance system. The overtime hours of the four nurses in the external device group for 66 working days were summed 
and then averaged for each nurse per day to obtain the daily overtime hours.

Satisfaction of Orthopaedic Surgeons
A self-made satisfaction questionnaire for orthopaedic surgeons was developed, which consisted of 15 items in five 
dimensions: preparation of surgical items, delivery of devices, cooperation in surgery, use of special instruments and 
management of external devices. Each item was scored using the 5-point Likert scoring method, with 1–5 points scored 
for very dissatisfied, “dissatisfied”, “generally satisfied”, “satisfied” or “very satisfied”, respectively. The higher the score 
was, the higher the surgeons’ satisfaction. The satisfaction evaluation was performed after each surgery. The pre- 
investigation assessment revealed that the Cronbach’s α coefficient of the scale was 0.947.

Statistical Analysis
A statistical analysis was performed using SPSS 26.0 software. Data were tested for normality using the Shapiro–Wilk 
test with measurements conforming to a normal distribution expressed as �X � S, and comparisons between stages were 
performed using a t-test. Count data were expressed by frequency and percentage, and comparisons between stages were 
made using the χ2 test, with P < 0.05 indicating a statistically significant difference.

Results
Statistics on External Device Sets Fixed in the Operating Theatre After Project 
Implementation
Before implementation, the external devices were not fixed regardless of the frequency of use. Subsequently, 13 external 
devices were fixed in the spine group and 15 in the joint group, making a total of 28 external devices fixed in the 
operating theatre.

2.2 Statistics on the number of surgical instruments in the orthopaedic external device sets before and after the 
optimised configuration

The use of the DK spinal internal fixation devices from CMIC were optimised from 58 to 47, of which 9 were 
additional devices. Haotuo knee arthroplasty devices were optimised from 142 to 85 items, including 4 sets, of which 12 
items were additional devices, and 73 items were sub-packaged into 4-1#, 4-2# and 4-3# according to the order of use. 
Furthermore, the additional devices were reserved under special circumstances and not routinely used on the operating 
table; furthermore, they were not used during data collection.

Comparison of Time Taken for Preoperative Sorting and Counting of External Devices 
Between the Two Stages
Compared with the control stage, the sorting count before PLIF and spinal instrumentation was shorter in the experi-
mental stage (8.65 ± 0.25 min vs 5.37 ± 0.13 min; 13.55 ± 1.10 min vs 7.85 ± 0.82 min) by almost two-thirds, and the 
difference was statistically significant (P < 0.001) (Table 2).

Average Daily Overtime Hours of Nurses in the External Device Group in the Supply 
Room
The mean daily overtime hours were significantly shorter in the experimental stage than in the control stage (96.68 ± 
13.66 min vs 175.80 ± 12.19 min) by 79.12 min (P < 0.001) (Table 3).

Comparison of Orthopaedic Surgeons’ Satisfaction with the Two Stages
Orthopaedic surgeons’ satisfaction with surgical instrument preparation, device delivery, cooperation during surgery, use 
of special devices and management of external devices was higher in the experimental stage than in the control stage 
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(4.58 ± 0.62 vs 4.10 ± 0.68; 4.33 ± 0.73 vs 3.87 ± 0.77; 4.20 ± 0.71 vs 3.82 ± 0.71; 4.12 ± 0.69 vs 3.87 ± 0.72; 4.05 ± 
0.68 vs 3.79 ± 0.68, respectively). The degree of satisfaction mostly changed from “satisfied” to “very satisfied”, and the 
difference was statistically significant (P < 0.05) (Table 4).

Discussion
Orthopaedic external devices are mostly configured independently by the manufacturer’s personnel, with little involvement 
from orthopaedic surgeons. To cope with various unexpected situations, the manufacturer’s personnel often over prepare the 
devices, resulting in as many as 200 devices and three or four inventories for a single operation.12 As a result, instrument 
nurses are required to spend a long time sorting and counting external devices, which affects the cooperation process in 
surgery.13 One study14 revealed that the number of surgical instruments in a surgical tray can be reduced by 70% without 
harming the safety of patients, shortening the surgical time and facilitate the arrangement of more surgical procedures. In this 
study, the number and configuration of external devices were streamlined and optimised by orthopaedic surgeons under the 
initiative of the operating theatre through multidisciplinary cooperation. The results showed that the classification and 
counting time of external devices in PLIF decreased from 8.65 ± 0.25 minutes to 5.37 ± 0.13 minutes, and unilateral total 
knee arthroplasty decreased from 13.55 ± 1.10 minutes to 7.85 ± 0.82 minutes after the optimised configuration of external 
devices. The time was almost two-thirds shorter, which shows improved optimisation. Compared with the study results of 

Table 2 Comparison of Time-Consuming for Preoperative Sorting and Counting of External 
Instruments Between the Two Phases (Minutes)

Phase N Time-Consuming for Preoperative Sorting and Counting 
(Minutes)

Posterior Lumbar Interbody 
Fusion

Unilateral Total Knee 
Arthroplasty

Experimental phase 120 5.37±0.13 7.85±0.82

Control phase 120 8.65±0.25 13.55±1.10
t −88.769 31.856

p <0.001 <0.001

Table 3 Average Daily Overtime Hours of Nurses of the External 
Instrument Group in the Supply Room (Minutes)

Phase Working 
Days

Average Daily Overtime 
Hours

Experimental phase 66 96.68±13.66

Control phase 66 175.80±12.19
t −35.103

p <0.001

Table 4 Comparison of Orthopedic Surgeons’ Satisfaction with the Two Phases

Phase N Preparation of 
Surgical Items

Delivery of 
Instruments

Cooperation in 
Surgery

Use of Special 
Instruments

Management of External 
Instruments

Experimental 
phase

120 4.10±0.68 3.87±0.77 3.82±0.71 3.87±0.72 3.79±0.68

Control 

phase

120 4.58±0.62 4.33±0.73 4.20±0.71 4.12±0.69 4.05±0.68

t –5.777 –4.844 –4.116 –2.747 –2.924

p <0.001 <0.001 <0.001 <0.05 <0.05
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Martyn et al14 the time was further reduced, saving about 3.5 and 5.5 min, indicating the effectiveness of this experimental 
scheme. Moreover, the time taken by instrument nurses to sort the instrument table and count the devices was clearly reduced. 
The reason for this may be as follows. First, by removing unused items, single-packing spare items and streamlining external 
devices, instrument nurses no longer need to determine which instruments should be used, which are spare and which will not 
be used before sorting the external devices; they can directly place the devices on the operating table according to the surgical 
steps, saving time by not having to sort instrument tables, especially if instrument nurses are not familiar with surgery.15,16 

Second, after the devices are divided into frames according to the surgical steps, when the surgical time is tight, the time for 
each external device to be placed on the operating table can be reasonably arranged according to the surgical steps to avoid 
interruptions from counting and ensure the quality of counting, effectively resolving the time-consuming issue of sorting and 
counting external instruments.17

The results of this study showed that the average daily overtime hours of the nurses in the group supplying external 
devices decreased from 175.80 ± 12.19 minutes to 96.68 ± 13.66 minutes as a result of implementing the management 
programme for fixed external device kits, with overtime hours significantly reduced. The number of hours of overtime 
was reduced by half (79.12 min) and changed significantly before and after the experiment; this greatly reduced the 
workload of instrument nurses and improved work efficiency, and the study showed improved optimisation. External 
medical devices are not the fixed assets of hospitals but are circulated and used by suppliers in multiple hospitals to 
maximise their benefits.18 Regrettably, such a complex circulatory connection poses many difficulties for management.19 

In the present study, some external device kits were stored in a fixed manner through the flow statistics of external device 
kits and active communication with the manufacturer’s personnel. Fixed external device kits were not returned to the 
company’s warehouse after use; therefore, the counting, receiving and cleaning processes before removal and the same 
ones for delivery were integrated, greatly reducing the workload of the nurses in the external device group in the supply 
room. By optimising the configuration of external devices in the fixed operating theatre, each instrument was simplified 
to reduce the cleaning and counting workload. Furthermore, the nurses in the external device group in the supply room 
understood and mastered the function of the devices after targeted training so that they could count easily, find the key 
points when cleaning and greatly improve their work efficiency. For a long time, the handover of external devices has 
been the focus of many researchers.20 It is specified in the Health Industry Standards of the People’s Republic of China 
that external devices must arrive in the supply room before 15:00 the day before surgery. For various reasons, the 
personnel of external device companies often deliver all external devices at the specified time, resulting in the clustered 
handover of external devices. Since the implementation of the scheme, fixed external device sets have been managed in 
the same way as operating theatre instruments and are cleaned and sterilised immediately after use. This is performed on 
a staggered basis with the receipt and counting of temporary external equipment, solving the problem of unnecessary 
overtime caused by the clustered handover of external devices and the difficulty in coordinating the working hours and 
intensity of the nurses of the external device group in the supply room; consequently, the overall work efficiency of the 
nurses of the external device group is improved.

The results of this study show that the orthopaedic surgeons in the experimental stage were more satisfied with the 
preparation of surgical items, the delivery of devices, cooperation during surgery, the use of special instruments and the 
management of external devices than those in the control stage. Most changed from “satisfied” to “very satisfied”, which 
greatly improved the satisfaction of surgeons and increased the cooperation between doctors and nurses,21 thereby 
improving the accuracy and efficiency of surgery. Multidisciplinary cooperation, as a trend in modern hospital 
management,21–23 allows surgeons to truly participate in the optimal configuration of external instruments. In this 
study, the number of knee arthroplasty devices was optimised from 142 to 85, and the additional devices used for 
special situations were not routinely used on the operating table. The preoperative and postoperative times for sorting and 
counting instruments were clearly shortened, cooperation during surgery became smoother and shortened the surgical 
process, and the satisfaction of surgeons with nurses improved, which was consistent with the results of Liu et al.24 The 
management scheme for fixed external device sets further regulates the name, fixed quantity, storage, use and recovery of 
external devices. The set is labelled “total number–serial number”, making it easy for instrument nurses to see the 
reference total number when preparing instruments. In case of tight operating times, external devices are placed on the 
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operating table in frames and stages according to the surgical steps so that instrument nurses can work methodically and 
pass the instruments accurately.

Due to the limitations of study conditions, only a small number of external device sets were fixed in this study. The full 
implementation of a volume-based procurement policy will enable distributors to reserve commonly used orthopaedic 
products in hospitals. In subsequent research, our research team will further establish a complete external device management 
system in conjunction with relevant departments to make the management of external devices safer and more standardised. 
This project is a small step to improving the operational efficiency of operating theatres by optimising the management of 
surgical instruments to reduce surgery time. However, many constraints affect the duration of surgery; thus, more compre-
hensive and detailed research is needed to analyse strategies to improve the operational efficiency of operating theatres.

Conclusion
In this study, external devices were fixed in the operating theatre using a multidisciplinary cooperation model, and 
a corresponding management scheme was formulated to reduce the frequent flow and handover of external devices. 
Optimising the configuration of fixed external device sets can reduce the time needed for the preoperative and post-
operative sorting and counting of external devices, which is worthy of clinical reference.
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