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Abstract 

Background This study aims to synthesize existing evidence regarding the accuracy of different scales to assess 
the risk of intraoperative acquired pressure injury (IAPI), thus providing guidance for the accurate clinical screening 
of IAPI risk and helping to prevent and reduce the occurrence of IAPI.

Methods We searched the following electronic databases to identify relevant studies on scales to assess the risk 
of IAPIs among adults: PubMed, the Cochrane Library, Embase, Web of Science, CNKI, VIP, the WanFang Database, 
and the Chinese Biomedical Literature Database. Two authors independently screened the literature, evaluated 
the quality of the included studies, and extracted the data. The QUADAS-2 tool was used to rate the quality of evi-
dence. ANOVA was performed via Stata and R software to implement diagnostic network meta-analysis via the Bayes-
ian method to evaluate the predictive power of the dominance index.

Results A total of 24 studies (6721 patients) were included, and the incidence of IAPIs was 12.30% (827/6721). Six IAPI 
risk assessment tools were used, and their rankings on the basis of the Bayesian dominance index were as follows: 
the ELPO Scale, 3.12 (95% CI: 0.14, 9); the Norton Scale, 2.63 (95% CI: 0.14, 11); the Waterlow Scale, 2.44 (95% CI: 0.14, 7); 
the Munro Scale, 2.39 (95% CI: 0.20, 7); the Scott Triggers tool, 1.55 (95% CI: 0.11, 5); and the Braden Scale, 0.36 (95% CI: 
0.09, 3).

Conclusions We found that the ELPO Scale has good diagnostic test accuracy, and it is recommended that clini-
cal workers prioritize the use of this scale in assessing the risk of pressure injuries among surgical patients, thereby 
enhancing the effectiveness of risk assessment for pressure injuries among surgical patients.

Trial registration This study has been registered on PROSPERO (CRD42023470664).
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Background
Pressure injuries (PIs) often occur on bony surfaces and 
refer to injuries to the skin and/or subcutaneous tis-
sue under the combined effects of pressure and/or shear 
force [1]. Intraoperatively acquired pressure injuries 
(IAPIs) refer to any acute localized pressure-related tis-
sue injury that occurs in the skin and/or underlying soft 
tissue within 48 to 72 h after surgery and is related to the 
surgical site [2]. Surgical intervention itself is considered 
a risk factor for the development of PIs [3]. In one study 
[4], the incidence of IAPI was as high as 27.2%. Addition-
ally, the incidence of IAPI was identified as one of the key 
quality control items in the 2023 edition of the “Operat-
ing Room Nursing Practice Guidelines” [5]. Studies have 
shown that the primary preventive measure for pressure 
injuries is the use of appropriate risk assessment tools for 
early, systematic, accurate, dynamic, and effective assess-
ment [6, 7].

Currently, various risk assessment tools are available 
internationally. Among them, the Braden scale [8] has 
been in use for the longest time and has the widest range 
of applications. It is suitable for screening for pressure 
injuries in elderly patients. It assesses sensation, activ-
ity, mobility, nutritional status, friction, and shear force. 
The Waterlow scale [9] is specifically designed for elderly 
patients, mainly for surgical patients over 60 years of age. 
This scale evaluates the physiological status and related 
diseases of elderly patients with high accuracy in pre-
dicting the risk of pressure sores. The Munro Pressure 
Ulcer Risk Assessment Scale [10] was proposed and 
recommended by the American Association of Periop-
erative Registered Nurses in 2016. It mainly assesses risk 
factors that exist at different surgical times and is com-
monly used for IAPI risk assessment. The Scott triggers 
(STs) [11] are commonly used for assessing pressure inju-
ries in surgical patients. This tool assesses factors such 
as patient age, nutritional status, operation time, and 
surgery type. The Assessment Scale of Risk for Surgical 
Positioning Injuries, referred to as the ELPO Scale [12], 
provides more specific descriptions of the placement of 
joints during surgery in the limb position assessment 
items. It is used to assess the risk of pressure injuries that 
patients may suffer due to surgical positioning during 
surgery. The Norton scale [13] is an earlier risk assess-
ment scale specifically targeted at elderly people. Patient 
clinical satisfaction varies, and the specificity for surgi-
cal patients is not entirely clear. There is still a lack of a 
widely recognized IAPI risk assessment tool both domes-
tically and internationally [14, 15].

Network meta-analysis (NMA), also known as multi-
ple-treatment meta-analysis or mixed-treatment com-
parison, aims to synthesize the effect sizes of several 
studies evaluating multiple interventions or treatments 

[16]. In 2016, Nyaga et  al. [17] designed an ANOVA 
model to implement a Bayesian-based network meta-
analysis of diagnostic test accuracy (DTA-NMA). The 
core idea of this model is to compare the accuracy of dif-
ferent diagnostic tests by calculating the relative ratios 
of diagnostic accuracy indicators. This study adopts the 
aforementioned network meta-analysis method to sys-
tematically evaluate the accuracy of risk assessment 
scales for intraoperative pressure injuries in adults. The 
goal is to identify an IAPI risk assessment scale that 
is suitable for use in the operating room, thus provid-
ing a reference and guidance for clinical nursing staff 
when selecting pressure injury risk assessment tools and 
thereby reducing the incidence of IAPIs among adults.

Methods
Inclusion and exclusion criteria
The inclusion criteria were as follows: studies with 
patients aged ≥ 18 years from various medical institutions 
with a surgery duration of ≥ 2 h. Studies that use single or 
multiple pressure injury scales (such as the Munro, Nor-
ton, Braden Scale, Scott Triggers, Waterlow, and ELPO 
scales) to evaluate the risk of pressure injury during sur-
gery and specifically list the number of surgical cases and 
the number of postoperative pressure injuries. Studies 
that include outcome indicators, sensitivity, specificity, or 
other calculable data obtained through research. Studies 
with a clear definition for pressure injury.

The exclusion criteria were as follows: review articles, 
graduate theses, duplicate publications, studies for which 
the full text is not available, literature with incorrect 
methodologies, and incomplete data.

Literature search
Two researchers independently searched the PubMed, 
Cochrane Library, Embase, Web of Science, CNKI, Wan-
fang Data, and China Biomedical Literature Database and 
VIP databases to identify relevant research on risk assess-
ment scales for pressure injuries during surgeries among 
adults. The search period ranged from the establishment 
of the databases to August 2023, thus ensuring a com-
prehensive and timely literature search. The search was 
conducted using a combination of subject headings and 
free terms. The search terms were as follows: pressure-
related injury, pressure ulcer, pressure injury, pressure 
sore, pressure damage, decubitus ulcer, decubitus sore, 
bedsore, risk assessment, risk assess, assessment tool, 
assessment score, assessment scale, assessment instru-
ment, assessment equipment, assessment device, predict 
tool, predict score, predict scale, predict instrument, pre-
dict equipment, predict device, surgical procedures, and 
operative procedure. The search strategies used are pre-
sented in Appendix  1. This network meta-analysis was 
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conducted in compliance with the guidelines outlined 
in the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses involving Network Meta-Analyses 
(PRISMA-NMA) (Appendix 2).This study has been regis-
tered on PROSPERO (CRD42023470664).

Screening and extraction of literature and data
Two researchers independently screened the literature, 
evaluated the quality, extracted the data, and cross-
checked the data. Any discrepancies were resolved 
through discussion with a third researcher. The research-
ers first screened the abstracts and then read the full texts 
to determine the inclusion of the studies. The extracted 
data included general information (e.g., title, author, pub-
lication year), baseline characteristics (e.g., research sub-
jects, sample size, assessment tools, diagnostic criteria 
for pressure injury), and outcome indicators (sensitivity, 
specificity, area under the ROC curve).

Quality evaluation
Review Manager 5.3 was used to evaluate the risk of bias 
and clinical applicability of the included studies. The risk 
of bias was assessed using 11 items across four dimen-
sions: case selection, the diagnostic test to be evalu-
ated, the gold standard, case flow, and the time interval 
between the diagnostic test and the gold standard. Clini-
cal applicability was also assessed. These evaluations 
were conducted independently by two researchers and 
cross-checked. Any discrepancies were resolved through 
discussion or by consulting a third researcher.

Statistical methods
R4.3.1 was used for data analysis, and Bayesian diagnos-
tic test accuracy network meta-analysis was performed 
using the ANOVA model. The dominance index was 
adopted as the basis for ranking the accuracy of the six 
assessment scales. In the Bayesian analysis, the conver-
gence degree of the model was judged via trace plots. The 
number of iterations was set to 10,000, with 1,000 as the 
number of pre-iterations. When the trace plots showed 
overlapping Markov chain Monte Carlo (MCMC) chains, 
where the iterative process of any chain could not be vis-
ually distinguished, and when their ratios were approxi-
mately 1, the convergence degree of the model could be 
considered satisfactory [18]. StataSE 15 was used to cre-
ate the network plots.

Results
Results of literature search and screening
Initially, 6,735 records were retrieved from the databases, 
including 3,754 Chinese papers and 2,981 English papers. 
After removing duplicates, 4,542 records remained. After 
screening the titles and abstracts, 4,491 records that were 

irrelevant to the research topic were excluded. After the 
full texts were read, 27 studies were further removed 
because of inconsistencies in research content with the 
topic, unclear risk assessment tools, lack of necessary sta-
tistical data, and being duplicate publications. Ultimately, 
24 studies were included, including 4 studies published in 
English and 20 studies published in Chinese. The litera-
ture screening process is shown in Fig. 1.

Characteristics of the included literature
The 24 pieces of literature involved six types of pres-
sure injury assessment scales, including the Braden Scale 
[19–30], Waterlow Scale [19, 20, 23, 24, 30–32], Munro 
Scale [21, 23–29, 31–38], Scott Triggers tool [31, 34, 37, 
39, 40], Norton Scale [19, 20, 30], and ELPO Scale [33, 35, 
41, 42]. A total of 6,721 cases were included, all of which 
involve adult patients aged over 18 who underwent vari-
ous types of surgical procedures such as hepatobiliary, 
urological, gynecological, etc. The incidence rate of IAPIs 
was 12.30% (827/6721).Of these, Stage I (n = 611; 73.88%) 
was the most frequent stage of IAPIs, followed by Stage II 
(n = 107; 12.94%), Stage III (n = 5; 0.60%), and deep tissue 
injuries (n = 17; 2.06%). Furthermore, two studies (n = 87; 
10.52%)did not specify the type of pressure injury. The 
characteristics of the included studies are presented in 
Table  1, while supplementary information regarding 
IAPIs is provided in Appendix 3.

Evaluation of literature quality
The evaluation of literature quality indicated that the var-
ious studies had a low risk of bias in terms of case selec-
tion and the gold standard. Furthermore, the matching 
degree of case selection, tests to be evaluated, and the 
gold standard were high in terms of clinical applicability.
Specifically, in terms of bias risk, 17 (70.83%) showed low 
risk in case selection, 23 studies (95.83%) exhibited low 
risk in the index test, and 22 (91.67%) demonstrated low 
risk in the reference standard. In the domain of flow and 
timing, 14 (58.33%) were assessed as low risk. Regard-
ing applicability, 18 (75.00%) were deemed low risk in 
the patient selection, 51 (85.00%) in the index test, and 
22 studies (91.67%) in the reference standard. The quality 
evaluation of the included studies is shown in Fig. 2.

Network meta‑analysis results
Network diagram
In the network diagram, nodes represent assessment 
tools, and the sizes of the nodes and edges are propor-
tional to the number of studies. Specifically, larger nodes 
indicate a greater number of participants in the study, 
whereas thicker edges indicate a greater number of stud-
ies comparing those two assessment tools. As depicted in 
Fig. 3, which shows the network diagram of the six scales 
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for predicting the risk of IAPIs among adults, the Braden 
Scale was examined in the largest number of studies, 
followed by the Munro Scale. Moreover, the number of 
studies comparing the Braden Scale and Munro Scale 
is the highest, followed by the comparison between the 
Braden Scale and Waterlow Scale.

ANOVA model calculation results of network meta‑analysis
On the basis of the ranking of the dominance index, the 
ELPO Scale has the highest advantage index, followed by 
the Norton Scale, the Waterlow Scale, the Munro Scale, 
the ST Scale and the Braden Scale. The detailed analysis 
results are shown in Table 2.

Evaluation of convergence
The convergence of the model was assessed via trace 
plots, which are used to diagnose the convergence 
of Bayesian models. The results showed that the two 
MCMC chains achieved stable convergence from the 

initial stage and that most of the fitted chains overlapped 
during subsequent calculations, indicating good model fit 
and satisfactory convergence (Fig. 4).

Discussion
The operating room is a high-risk setting for the devel-
opment of pressure injuries. Our systematic review 
revealed that the incidence of intraoperative acquired 
pressure injuries (IAPIs) was 12.30%, which is close to 
the findings of Tschannen et al. (12%) [43]. The major-
ity of reported cases were classified as Stage I [19, 20, 
22–24, 26–42] and Stage II [19, 20, 22–24, 26–30, 32–
35, 37–39, 41, 42]. In terms of pressure injury locations, 
we found that pressure injuries on the sacrococcygeal 
region, buttocks, and hips were the most common 
[22–24, 27–29, 32, 34, 35, 38–40, 42], consistent with 
previous research conducted by Li et  al. [44] on the 
prevalence of pressure injuries in hospitalized adults. 
These areas are particularly susceptible due to their 

Fig. 1 Flow chart of the study selection process
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Fig. 2 Literature quality evaluation. a Total plot of the risk of bias. b Proportion plot of the risk of bias

Fig. 3 Network diagram
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role as high-load bearing regions. Various studies [19, 
21, 22, 24, 33, 35, 37]  have pointed out that diabetes, 
hypertension, hyperlipidemia, and abnormal BMI are 
independent risk factors for the development of IAPIs. 
Furthermore, research by Chung et  al. [45] has high-
lighted the elderly population as being at particularly 
high risk for IAPIs. Sun et  al. [46] found that patients 
with pressure injuries are significantly older than those 
without. This age-related disparity is due to physiologi-
cal changes like muscle atrophy, reduced subcutane-
ous fat, skin laxity, and underlying medical conditions.
These factors make elderly patients more susceptible 
to pressure injuries than younger ones [47]. The key to 
preventing pressure ulcers lies in the early assessment 
of patients using validated pressure ulcer assessment 
scales [48].

This study included six commonly used IAPI risk 
assessment tools that are applied in the operating room, 
including the Norton Scale, Braden Scale, Waterlow 
Scale, Munro Scale, ELPO Scale, and Scott Triggers tool. 
By comparing the ability of the above scales to predict 
the IAPI via dominance index ranking, we found that the 
ELPO Scale had the highest diagnostic accuracy.

The ELPO Scale consists of seven assessment items: 
surgical position, operation duration, type of anaesthesia, 
pressure-relieving devices on the support surface, place-
ment angle of the limbs, underlying diseases, and patient 
age. Each item has good discrimination [42], and these 
indicators are also considered important factors leading 
to the occurrence of IAPI [49].

Surgical operations often require patients to main-
tain a fixed position, and most surgical patients are 

Table 2 ANOVA model calculation results of network meta-analysis

SEN Sensitivity, SPE Specificity, DOR Diagnostic Odds Ratio, RSEN Relative Sensitivity, RSPE Relative Specificity

Mean*(95%CI)

Assessment tool Paper SEN SPE DOR Advantage Index RSEN RSPE

Norton Scale [19, 20, 30] 0.70 (0.50,0.88) 0.78 (0.57,0.92) 12.30 (2.36,41.00) 2.63 (0.14,11.00) 1.00 (1.00,1.00) 1.00 (1.00,1.00)

Braden Scale [19–30] 0.76 (0.67,0.84) 0.52 (0.43,0.61) 3.65 (1.95,6.28) 0.36 (0.09,3.00) 1.10 (0.87,1.50) 0.68 (0.53,0.89)

Waterlow Scale [19, 20, 23, 24, 30–32] 0.79 (0.68,0.87) 0.65 (0.52,0.78) 8.12 (3.32,16.94) 2.44 (0.14,7.00) 1.15 (0.88,1.57) 0.85 (0.65,1.15)

Munro Scale [21, 23–29, 31–38] 0.75 (0.68,0.80) 0.75 (0.69,0.79) 9.05 (5.84,13.00) 2.39 (0.20,7.00) 1.08 (0.83,1.50) 0.98 (0.79,1.32)

ELPO Scale [33, 35, 41, 42] 0.76 (0.58,0.89) 0.73 (0.54,0.86) 10.73 (2.84,28.20) 3.12 (0.14,9.00) 1.10 (0.75,1.60) 0.95 (0.67,1.33)

Scott Triggers tool [31, 34, 37, 39, 40] 0.86 (0.73,0.94) 0.49 (0.32,0.65) 7.44 (2.09,18.13) 1.55 (0.11,5.00) 1.26 (0.91,1.77) 0.63 (0.39,0.96)

Fig. 4 Convergence track diagram Note: Chains are the number of Monte Carlo chains; MU (1) represents the sensitivity of diagnostic test 1; MU (1, 
2) represents the specificity of diagnostic test 1; and so on
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critically ill or have underlying diseases. Addition-
ally, owing to their anaesthetic state, their protective 
reflexes and muscle tension are impaired, making them 
unable to perceive the developing ischaemic state. This 
renders them a high-risk group for pressure injuries 
[50]. A study involving 172 patients revealed that 12.2% 
of the patients experienced local skin changes under 
fixed pressure positions [51]. The goal of pressure ulcer 
prevention strategies is to reduce the magnitude or 
duration of pressure between the patient and their sup-
port surface, and the use of effective pressure-relieving 
devices can significantly reduce the occurrence of pres-
sure ulcers on compressed skin [52]. The ELPO Scale 
focuses on assessing the risk of surgically related pres-
sure injuries, effectively predicting the incidence of 
intraoperative pressure injury risks associated with sur-
gical positions [53].

The combined sensitivity and specificity of the ELPO 
Scale were mediocre, which may be related to the small 
number of included studies and the lack of comparison 
with other scales (two studies [41, 42] were independ-
ent studies on the ELPO Scale, and two studies [33, 
35]  were comparative studies with the Munro Scale). 
There are limitations in predictive performance. Some 
evidence [54, 55] suggests that the aforementioned 
scoring tools are not fully applicable for IAPI risk 
assessment, which is not conducive to helping clinical 
nurses judge the risk of pressure injuries in patients. 
This may be related to factors such as differences in 
the clinical application of the scales. In future clinical 
work, existing scales can be improved or new scales 
can be developed [56], and necessary evaluation indi-
cators can be added to improve their effectiveness in 
evaluating surgical patients. Additionally, this study 
only focused on the accuracy of scale predictions. 
Future research needs to further improve the evalua-
tion index system, focusing not only on the accuracy 
of the scale but also on its reliability, validity, and other 
aspects to comprehensively evaluate the quality and 
applicability of the scale.

Conclusions
This study employed a network meta-analysis approach. 
The results revealed that the ELPO Scale has good diag-
nostic accuracy. Therefore, it is recommended that 
nurses prioritize the use of the ELPO Scale in assessing 
the risk of pressure injuries among surgical patients to 
improve the accuracy and efficiency of the assessment. 
Additionally, future studies should explore and refine 
pressure injury assessment scales to better meet clinical 
needs and provide safer and more efficient nursing ser-
vices for patients.
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