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Objective: To evaluate the effect of a feedforward control model on nursing error behaviour and nursing attitudes in the operating 
room.
Methods: A total of 216 patients admitted to our hospital from January 2018 to December 2020 were randomly selected as the 
research subjects and divided into a control group and a research group, with 108 cases in each. The control group received routine 
surgical nursing management, while the research group received surgical nursing management with a feedforward control model. 
Nursing quality, error behaviour, and work attitude score, as well as the occurrence of safety hazards and patient satisfaction, were 
compared between the two groups of patients.
Results: Compared with the control group, the nursing quality score, including nursing document quality (72.0 ± 1.8 vs 97.2 ± 2.0), 
quality control inspection (75.4 ± 1.9 vs 95.5 ± 1.2), disinfection and isolation (73.4 ± 2.4 vs 96.6 ± 2.0) and nursing safety 
management (71.1 ± 2.2 vs 98.0 ± 1.8), were higher in the research group (P < 0.05); the scores for nursing error behaviour (13.2 ± 1.0 
vs 19.4 ± 1.8) and work attitudes of the research group (14.0 ± 1.2 vs 19.0 ± 2.0) were higher (P < 0.05); and the research group had 
a lower incidence of safety hazards (11.1% vs 0.9%, P < 0.05); finally, the research group had higher patient satisfaction (71.3% vs 
93.5%, P < 0.05).
Conclusion: The application of a feedforward control model for nursing management in the operating room can significantly reduce 
nurses’ errors and improve their attitudes, continuously reduce the incidence of safety incidents, improve the quality of operating room 
nursing and increase the satisfaction of patients and their families with the nursing care they received.
Keywords: operating room nursing management, feedforward control model, nurse nursing error behaviour, nursing attitude, impact

Introduction
Feedforward control, also known as pre-control, refers to the following implementation process: predict the consequences of 
possible influencing factors, and then take the corresponding measures needed to prevent them to the extent required to achieve 
the intended purpose.1 In recent years, the feedforward control system management model has been introduced from engineering 
projects into hospitals, especially in the field of operating room nursing. By their very nature, operating rooms are special. They 
are not only an important workplace for the hospital but also the core technical department of the hospital. Operating room 
nursing management is a nursing method that uses a variety of standard institutional procedures to improve the safety of surgical 
nursing. The feedforward control model can prevent possible nursing errors and improve nursing safety to a large extent2,3. It has 
been found that the application of feedforward control nursing models in surgical safety management shifts the focus of 
prevention and control forward and provides a means to analyse the hazards of the process, find out the control links, take 
effective preventive measures, emphasise the principle of systematic management and preventive control, and prevent problems 
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before they occur. This can minimise the incidence of human error on the part of the nurses, thereby improving the quality of care 
and improving the effect of surgical treatment.4 To investigate the effectiveness of feedforward control, this comparative study 
examines how it affects error behaviour and nursing attitudes among operating room nurses, providing a basis for using 
a feedforward control model to formulate standardised operating procedures for surgical nursing safety management.

Materials and Methods
General Information
A total of 216 surgical patients admitted to The Shanxi Bethune Hospital from January 2018 to December 2020 were 
selected by simple random sampling to be study subjects. They were then divided into a control group (n = 108), which 
was treated with routine operating room nursing, and a research group (n = 108), which was treated with feedforward 
control nursing management, according to a random number table All patients were handled in the same department by 
30 nurses who were randomly divided into a research group and a control group for nursing management. This study was 
conducted in accordance with the declaration of Helsinki and with approval from the Ethics Committee of Shanxi 
Bethune Hospital (NO. YXLL-2022-058). Written informed consent was obtained from all participants.

The inclusion criteria were as follows: ① aged over 18 years; ② complete clinical data; ③ high compliance; and ④ 
patients who were informed about and agreed to participate in the study. The exclusion criteria were: ① patients with 
heart, liver, kidney and other vital organ disorders; ② patients with a consciousness disorder and vague consciousness; 
③ patients with coagulation or immune system dysfunction; and ④ patients who dropped out of the study. This study 
was approved by the Ethics Committee of our hospital, and all patients signed the informed consent form.

Methods
In the Control Group, the Patients Received Conventional Nursing Methods
The nursing protocol was as follows: the patient should make appropriate preoperative preparations, and their body 
temperature, blood pressure, heart rate and other vital signs should be closely observed during the operation. In case of 
any abnormality, the nurses should immediately inform the doctor and assist them in timely treatment of the patient.

In the Research Group, All Patients Received Surgical Nursing Management with a Feedforward Control 
Model
The research group performed the following nursing protocol: ① a feedforward control management responsibility group 
was established, which was led by the head nurse and composed of four nurses with rich experience in the undergraduate 
laboratory; ② the nurses were instructed on the concept of feedforward control management, and the head nurse organised 
all the team members to discuss and summarise previous operations, analyse the risk factors in the operating room, formulate 
the feedforward control management plan for the operating room and overall improve the working process; ③ safe nursing 
and operation technology training was conducted for operating room nursing staff, head nurses were provided with a system 
to perform regular assessments of team members, medical risk prevention techniques were emphasised to the operating room 
nursing staff and the nursing operations for operating rooms, including the use of both technologies and processes, were 
standardised; ④ the head nurse continuously improved the system in response to feedback from the operating rooms and 
department management and enforced strict compliance among the operating room nursing staff with the proper procedures; 
⑤ communication between nurses and patients in the operating room was strengthened, allowing nurses to grow closer with 
their patients, identify problems in a timely manner and reduce the occurrence of disputes; and ⑥ to help avoid errors, 
continuity of nursing work in the operating room and related departments was strengthened.

Observation Indicators
Potential Safety Hazards
The occurrence of potential safety hazards was compared, including the unqualified quality of the operating room 
restricted area, incorrect operation sequences, incomplete surgical instruments and contamination of histopathological 
specimens, as shown in Supplementary Tables 1 and 2.
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Nursing Quality Scores
An operating room nursing quality evaluation table was used to comprehensively evaluate the nursing quality of the 
nursing staff that worked on the upper level (the test–retest reliability correlation coefficient of the questionnaire data was 
r = 0.833, P < 0.05, suggesting that the questionnaire has good content reliability). The questionnaire was compiled by 
referencing the relevant literature.5 The Cronbach’s alpha of the questionnaire is 0.893. The scale includes 17 sub-items 
spread across four dimensions: environmental management, technical management, disinfection and infection manage-
ment and humanistic care. Each item is scored on a scale from zero to 100; the higher the score, the higher the quality of 
care. The nursing error behaviour and nursing attitude scores were scored on a scale from zero to 20; higher scores 
denoted better nursing quality and nursing attitudes, as shown in Supplementary Table 3.

Nursing Satisfaction of Patients
Patient satisfaction is the degree to which the health services obtained met their needs and expectations, as judged subjectively 
by the patient. The day after the patient’s care and before leaving the hospital, a patient satisfaction questionnaire was used to 
investigate how satisfied patients were with the quality of the nursing they received, as well as the attitudes of the nursing staff. 
The questionnaire included basic information about patients, preoperative preparation and precautions. A total of 20 items 
were divided into three parts: patients’ satisfaction with nursing staff in the operating room, patients’ satisfaction with 
preoperative preparation and patients’ satisfaction with postoperative education. The test-retest reliability was r = 0.866, 
P < 0.05, indicating that the internal reliability of the scale was good. The questionnaire was compiled by referencing the 
relevant literature.6 The Cronbach’s alpha of the questionnaire is 0.912, with a total score of 100. Here, 90–100 points 
indicated that a patient was “very satisfied”, 70–89 points that they were “basically satisfied” and <70 points that their 
experience was “unsatisfactory”. Total satisfaction was calculated in the following way: Total Satisfaction = (very satisfied + 
basically satisfied) cases / total cases × 100%,7 as shown in Supplementary Tables 4 and 5.

Statistical Methods
In this study, SPSS 22.0 statistical software was used for data analysis and comparison. The measurement data were 
expressed by �X � s and the comparison was made by means of a t-test; the counting data were expressed as rates (%), 
with comparisons made by means of the χ2 test. A value of P < 0.05 was considered to be statistically significant.

Results
Basic Characteristics of Research Objects
In the control group, there were 68 males and 40 females aged 19–76 years, with an average of 47.0 ± 1.5 years. The 
length of their hospital stay ranged from 10–28 days, with an average of 19.0 ± 1.9 days. In the research group, there 
were 69 males and 39 females aged 20–76 years, with an average age of 47.5 ± 1.6 years. The general demographic data 
of the patients in the two groups were comparable (P > 0.05) (Table 1).

Nursing Quality
Compared with the control group, the nursing quality score, including the nursing document quality (72.0 ± 1.8 vs 97.2 ± 
2.0), quality control inspection (75.4 ± 1.9 vs 95.5 ± 1.2), disinfection and isolation (73.4 ± 2.4 vs 96.6 ± 2.0) and nursing 
safety management (71.1 ± 2.2 vs 98.0 ± 1.8) scores, were higher in the research group, and the differences had statistical 
significance (P < 0.05), as shown in Table 2.

Nursing Error Behaviour and Nursing Work Attitude Scores
Compared with the control group, the scores for nursing error behaviour (13.2 ± 1.0 vs 19.4 ± 1.8) and nursing attitudes 
in the research group (14.0 ± 1.2 vs 19.0 ± 2.0) were higher, and the differences had statistical significance (P < 0.05), as 
shown in Table 3.
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The Occurrence of Potential Safety Hazards
Compared with the control group, the research group had a lower incidence of safety hazards (11.1% vs 0.9%), such as the 
unqualified quality of the operating room restricted area, incorrect surgical sequences, incomplete surgical instruments and 
contamination of histopathological specimens. The differences had statistical significance (P < 0.05), as shown in Table 4.

Table 1 Baseline Characteristics Description and Comparison Between the Control Group and the Study 
Group

Characteristics Control Group 
(n=108)

Study Group 
(n=108)

t-value P-value

Age (years) 47.0±1.5 47.5±1.6 0.234 0.741

Gender (male/female, n) 68/40 69/39 2.000 0.157
Hospital stay (days) 19.0±1.9 19.5±1.2 0.333 0.659

Department 24.000 0.090

Orthopedics 42 43
Gynecology 22 23

Urology 18 19
Hepatobiliary surgery 10 9

ENT 10 9

Brain 6 5

Table 2 Nursing Quality (Points, X � s)

Group Number  
of Cases

Nursing Document 
Quality

Quality Control 
Inspection

Disinfection and 
Isolation

Nursing Safety 
Management

Control group 108 72.0±1.8 75.4±1.9 73.4±2.4 71.1±2.2
Study group 108 97.2±2.0 95.5±1.2 96.6±2.0 98.0±1.8

t / 10.252 10.201 10.032 10.269

P / <0.05 <0.05 <0.05 <0.05

Table 3 Nursing Error Behavior, Nursing Work Attitude Score (Points, X � s)

Group Number of Cases Nursing Error Behavior Score Nursing Work Attitude Score

Control group 108 13.2±1.0 14.0±1.2

Study group 108 19.4±1.8 19.0±2.0
t / 10.062 10.056

P / <0.05 <0.05

Table 4 Occurrence of Potential Safety Hazards (Cases, %)

Group Number of 
Cases

Unqualified Quality of 
the Operating Room 

Restricted Area

Wrong 
Surgical 

Sequence

Incomplete 
Surgical 

Instruments

Contamination of 
Histopathological 

Specimens

Incidence

Control group 108 3 2 3 4 11.1%

Study group 108 0 0 1 0 0.9%

χ2 / 4.038 4.027 4.027 4.049 4.039
P / <0.05 <0.05 <0.05 <0.05 <0.05
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Nursing Satisfaction
Compared with the control group, the research group’s patients were more likely to claim that they were satisfied with the 
nursing they had received (71.3% vs 93.5%), and the differences had statistical significance (P < 0.05); see Table 5.

Discussion
Feedforward control, also known as advance control or preventive control, refers to a quality control method that predicts 
the consequences of management activities and takes preventive measures before management so that possible deviations 
can be avoided in advance.8,9 Feedforward control is characterised by an attitude of “prevention first”, and its application 
in fields of medicine can minimise risk to patients and ensure that the care they receive is in their best interest.10 In recent 
years, this method has been applied in clinical nursing work and has been shown to have certain unique advantages. 
Feedforward control is most useful for preventing “deviations” from the safest and most efficient procedures. Carrying 
out feedforward control of nursing safety quality overcomes the shortcomings of only paying attention to “treatment” 
(that is, correcting quality control problems after they have already occurred), which characterises legacy management 
systems, and establishes a system that can both “treat” and “prevent” by reducing the occurrence of mistakes by nurses 
and promoting the continuous improvement of nursing quality. Feedforward control of the quality of paediatric nursing 
services can improve the care that patients and their families receive to such an extent that some may consider it 
transformative. One study demonstrated that after the implementation of a feedforward control system, adverse events 
involving ICU catheters decreased from 55 to 23, suggesting that feedforward control management can also be used as an 
effective means of managing nurses who handle ICU catheters.11 The application of feedforward control models in 
surgical safety management shifts the focus of prevention and control forward, analyses the hazards inherent to the 
process, uncovers the relevant control links and takes action to prevent them, emphasises systematic management and 
preventive control principles and plays a role in preventing problems before they occur.12 Feedforward control models 
can effectively stimulate enthusiasm among nursing staff and help them take responsibility for the care they administer, 
cultivate foresight and adaptability, and improve the safety of surgical treatment.

The results of this study showed that the quality scores of nursing work and patient satisfaction in the research group 
were significantly higher than that in the control group, while the incidence rate of adverse events was lower, suggesting 
that the adoption of feedforward control management can significantly improve the quality of nursing care and reduce the 
incidence rate of adverse events if adopted in other contexts. The results also indicate that the application of operating 
room nursing management with a feedforward control model can effectively reduce the incidence of nursing error 
behaviour and improve nursing work attitudes, thereby improving the quality of nursing. This is mainly because the 
feedforward control model uses previous case data and experience to formulate an appropriate prevention and control 
scheme that analyses risk factors in order to reduce the incidence of nursing service deviations, improve the safety of 
nursing management in the operating room and improve the overall quality and efficiency of nursing work.13 

Additionally, the feedforward control method can implement dynamic and rational management of the operating room 
and improve the safety of operating room nursing management through the effective management of personnel, items and 
the environment.14 Adding feedforward control to operating room nursing management can standardise operating room 
procedures, rules and regulations that strictly follow the nursing service principle of “people-oriented, life first”.15 At the 

Table 5 Nursing Satisfaction (Cases, %)

Group Number of 
Cases

Satisfied Basically 
Satisfied

Dissatisfied Nursing 
Satisfaction

Control group 108 40 37 31 71.3%

Study group 108 60 41 7 93.5%

χ2 / 4.208 4.049 4.241 4.159
P / <0.05 <0.05 <0.05 <0.05
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same time, it can improve nurses’ safety awareness, cultivate their professional ethics and improve their sense of 
responsibility to achieve an end goal of reducing nursing error behaviour and improving their nursing work attitudes.16

The research results show that, compared with the control group, the research group had a lower incidence of safety 
hazards, such as unqualified quality of the operating room restricted area, incorrect surgical sequences, incomplete 
surgical instruments and contamination of histopathological specimens. Additionally, compared with the control group, 
the nursing satisfaction of the research group was higher, indicating that the application of operating room nursing 
management with a feedforward control model can effectively reduce the incidence of potential safety hazards, ensure 
the safety of patients and improve the nursing satisfaction of patients and their families. This is mainly because the 
application of the feedforward control model in operating room nursing safety management can fully stimulate the 
enthusiasm of nurses and enhance their sense of responsibility and ability to predict and adapt.17 The application of 
feedforward control management can also deepen nurses’ understanding of the theory of operating room nursing 
management, safety risk awareness and other professional knowledge, greatly improving the service quality of 
operating room nursing.18 At the same time, by cultivating the predictive thinking of nurses, the incidence of potential 
safety hazards in the nursing process of the operating room is reduced, and safety is improved.19 By doing all these 
things and by addressing both the practical and psychological aspects of nursing, feedforward control methods foster 
a harmonious relationship between nurses and patients and enhance patients’ overall satisfaction with their nurses’ 
service.20

Limitations of this study: The survey scope and number of respondents in this study were relatively small and 
confined to just one region, and the implementation of surgical safety management and nursing in different levels of 
hospitals was not included. In the future, the scope of investigation could be expanded to encompass multiple regions 
and levels of hospitals as well as nursing staff from different kinds of departments. A study with this broader scope 
would be better able to examine the factors that lead to nursing error behaviour and poor nursing quality in operating 
rooms.

Limitation
Due to the existence of individual differences in this study, the selection results may be biased. Additionally, this study 
may have been biased by the fact that it only included the respondents’ own situation and characteristics without 
considering the influence of the external environment. It is expected that in the future, a larger randomised study will be 
done to confirm the results of this study and determine whether there are additional factors that influence nursing quality; 
only then will we be able to draw firmer conclusions.

Conclusion
In summary, the advantage of feedforward control lies in “prevention before it occurs”, and the highly respected forward- 
looking technology in the field of risk management. The application of feedforward control can pre-empt the adverse 
factors that affect safety, minimise risk to patients and maximise the probability of good outcomes for patients. This study 
evaluated the application of feedforward control in operating room safety management nursing work from multiple 
perspectives, including potential safety hazards, nursing quality score, nursing error behaviour score, nursing attitude 
score and patient nursing satisfaction, while comprehensively analysing the effectiveness of a feedforward control model 
on patient safety in the operating room. Risk management based on feedforward control theory is a means to effectively 
control the occurrence of risks, and its application in operating room nursing management can effectively reduce the error 
behaviour of nurses, improve their nursing attitudes, continuously reduce the incidence of potential safety hazards and 
increase the satisfaction of patients and their families. By emphasising the refinement of each process through the 
feedforward control model, the work enthusiasm and professional awareness of nursing staff can be improved, their sense 
of responsibility can be enhanced and then economic and social benefits can be brought to hospitals to promote their 
healthy and sustainable development.

Data Sharing Statement
All data generated or analyzed during this study are included in this published article.
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