@ healthcare

Article

Assessment of Nurses’ Knowledge Regarding Pressure Injury:
A National Multicenter Cross-Sectional Study

Ana Zepina Puzié 12* and Bojana Filej !

Academic Editor: Marco Dettori

Received: 27 April 2026
Revised: 7 June 2026
Accepted: 29 June 2026
Published: 1 July 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons

Attribution (CC BY) license.

1 Faculty of Health Sciences, University of Novo Mesto, 8000 Novo Mesto, Slovenia
2 Department of Health Studies, Sibenik University of Applied Sciences, 22000 Sibenik, Croatia
* Correspondence: ana.zepina_puzic@vus.hr

Highlights
What are the main findings?

e Nurses’ knowledge regarding the prevention and management of pressure injuries
differed according to their educational level, work environment, and engagement in
educational activities, although the observed effect sizes were generally small. No
statistically significant differences were found according to the frequency of working
with patients with pressure injuries.

What are the implications of the main findings?

e  The findings provide a national overview of nurses’ knowledge of pressure injuries
and may serve as a basis for planning future educational activities. Additional longi-
tudinal and intervention studies are needed to evaluate the effectiveness of different
educational approaches and their relationships with clinical practice.

Abstract

Background/Objectives: Improving the prevention and management of pressure injuries
requires adequate nursing knowledge. In this context, understanding the current
knowledge levels of nurses is important for informing educational and organizational
strategies. This study aimed to assess the pressure injury knowledge of nurses at the na-
tional level and examine differences according to their educational, professional, and in-
formational characteristics. Methods: A national cross-sectional quantitative study was
conducted in public secondary-level hospitals in the Republic of Croatia. A total of 1139
participants from 19 hospitals across all four geographical regions of Croatia participated.
The PZ-PUNKT instrument was used, and an analysis was conducted using descriptive
and bivariate inferential statistics. Results: Participants with bachelor’s and master’s de-
grees achieved higher PZ-PUKT scores than those with secondary education (p = 0.026 to
<0.001), although the effect sizes were very small (&2 =0.008-0.017). Significant differences
were observed across clinical departments (p < 0.001; €2 = 0.03-0.04), whereas no statisti-
cally significant differences were found according to the frequency of working with pa-
tients with pressure injuries (p > 0.05). Participants who reported recently attending edu-
cational activities, consulting the professional literature, or searching for information
achieved higher knowledge scores across all domains (p <0.001); however, the effect sizes
remained small (2 = 0.034-0.060; rpb = 0.133-0.214). Conclusions: Although the observed
effect sizes were generally small, higher knowledge scores were observed among nurses
who reported recent engagement with educational activities, the professional literature,
and information-seeking behaviors. No significant differences were identified according
to the frequency of working with patients with pressure injuries. These findings provide
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anational overview of pressure injury knowledge among Croatian nurses and may inform
future educational initiatives and research.

Keywords: nursing education; nursing knowledge; Pieper—Zulkowski Pressure Ulcer
Knowledge Test; pressure injury; education; pressure ulcer prevention

1. Introduction

Pressure injury (PI) represents a complex clinical phenomenon that is considered an
indicator of the quality of healthcare [1]. Its incidence and prevalence at various levels of
healthcare, ranging from acute hospital facilities to long-term care institutions, underscore
the need for systematic and evidence-based approaches to relevant preventive and cura-
tive measures. In this context, PI is viewed as the result of a dynamic interaction of bio-
logical, organizational, and professional factors with the capacities and characteristics of
the affected person [2].

Treatment represents a significant financial burden for the healthcare system, espe-
cially in the advanced stages of disease, where costs increase significantly and often ex-
ceed previous estimates [3]. Despite the large amount of available scientific evidence, the
incidence and prevalence of PI remain significant, indicating a gap between the available
evidence and its implementation in clinical practice. Preventive interventions such as reg-
ular patient repositioning, the use of pressure relief surfaces, and ensuring adequate nu-
tritional support have been shown to reduce the incidence of PI [4]. However, their effec-
tiveness in clinical practice largely depends on consistent application, interdisciplinary
collaboration, and organizational support. In this sense, work protocols and institutional
guidelines play a key role in standardizing procedures and reducing variability in care [5].

An important factor in the successful implementation of preventive and therapeutic
measures is the level of knowledge of healthcare professionals, especially nurses, who
play a key role in the daily care of patients. In the Republic of Croatia, nurses can obtain
professional qualifications through a five-year secondary nursing education program fol-
lowing primary education or through university undergraduate and graduate nursing
studies, aligned with the Bologna process and European directives [6]. Upon completion
of secondary nursing education, nurses are eligible for direct entry into the Croatian Nurs-
ing Council registry in accordance with defined competencies. Although this level of educa-
tion does not include a higher education degree, it comprises theoretical instruction and clin-
ical practice in accordance with European standards for nursing education. Admission to un-
dergraduate nursing studies requires the completion of four-year secondary education and
passing the national state examination, while admission to graduate nursing studies requires
the completion of an undergraduate nursing degree and acquisition of 180 ECTS credits [7].

The level of knowledge of nurses is shaped by interactions between their formal ed-
ucation, clinical experience, organizational environment, and ability to access, evaluate,
and apply expert information. Formal education provides a theoretical basis for under-
standing the etiology, prevention, and treatment of PI, while the clinical environment en-
ables the application and upgrading of knowledge through everyday practice [8]. At the
same time, the capability to actively search for, critically appraise, and apply scientific
evidence is a key component of modern evidence-based nursing practice, contributing to
continuous professional development and quality clinical decision-making.

The impact of education on the level of knowledge represents one of the fundamental
dimensions of professional development in healthcare [9]. Knowledge is not viewed
solely as the accumulation of information, but as the integration of theoretical knowledge,
clinical reasoning, and the ability to apply guidelines in complex care situations [10].
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However, knowledge is only one component of professional competence. Contem-
porary nursing competency models define competence as the integration of knowledge,
practical skills, professional judgment, communication skills, and professional behaviors
in real-world clinical situations. However, existing knowledge assessment instruments —
including the PZ-PUKT —primarily assess the cognitive component of competence and do
not allow for direct assessment of the quality of clinical performance or patient care out-
comes. The results of such instruments should therefore be viewed as indicators of the level
of knowledge, rather than as a direct measure of overall professional competence [11].

Empirical evidence indicates that structured educational interventions, including
formal education and continuing professional development, lead to significant increases
in the level of knowledge of nurses. The most pronounced effects are recorded in pro-
grams that combine theoretical background, clinical case analysis, and competency eval-
uation [12]. However, the level and sustainability of the acquired knowledge depend on
the type of education, teaching methods, and the possibilities for practical application of
the content. Increasing the level of knowledge in itself does not necessarily result in
changes in clinical practice; the application of knowledge also depends on organizational
factors, availability of resources, the culture of the work environment, leadership support,
and opportunities for continuous professional development. The lack of coordinated ed-
ucation and limited implementation of guidelines often leads to inconsistent practice and
poorer clinical outcomes [13]. In the modern health system, decision-making for the pre-
vention and treatment of PI is based on the principles of evidence-based practice, with
health information technologies playing an increasing role in supporting clinical decision-
making [14]. Professional guidelines emphasize the importance of continuous monitoring
of the knowledge and competencies of healthcare professionals and the need for continu-
ing education of nurses [15].

Despite the available scientific knowledge, a comprehensive understanding of the
impact of nurses” knowledge levels on the consistent application of preventive and thera-
peutic guidelines in clinical practice is lacking. A particular problem is the lack of system-
atic national data on the level of knowledge of nurses regarding the prevention and treat-
ment of PI in the Republic of Croatia. Although international research has indicated sig-
nificant differences in the level of knowledge between health systems, these results cannot
be directly transferred to the Croatian context due to differences in educational models,
healthcare organization, regulatory frameworks, and the professional competencies of
nurses. In this regard, national data are particularly useful as they allow for identification
of the specific educational needs of Croatian nurses, assessment of the effectiveness of
existing educational models, and planning of targeted interventions to improve the qual-
ity of care. Such a research gap thus limits the possibility of developing targeted educa-
tional interventions and improving the quality of care.

Therefore, the aim of this study is to assess the level of knowledge regarding PI
among nurses actively participating in clinical practice in the Republic of Croatia. This
study assesses the level of knowledge of nurses with respect to their level of education
(secondary school, undergraduate, or graduate), in accordance with the particular educa-
tional structure for nurses in the Croatian healthcare system [16]. Furthermore, specific
gaps and concerns related to this topic are identified, and the relationships between the
level of knowledge and relevant professional and educational factors are analyzed. The
obtained results are expected to contribute to a better understanding of the educational
and professional factors associated with nurses” knowledge of PI, serving as a basis for
planning future educational interventions and strategies to improve the quality of care in
the Croatian healthcare system.
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2. Materials and Methods
2.1. Study Design and Setting

This study was conducted as a national cross-sectional study in the Republic of Cro-
atia, Europe. It included nurses from 19 of the country’s 22 public secondary-level hospi-
tals, providing broad national coverage. This cross-sectional study assessed nurses’
knowledge regarding PI, with particular emphasis on differences according to their edu-
cational level and professional education. The study analyzed knowledge related to the
prevention, classification, and description of PI, as well as differences in knowledge results
with respect to relevant educational and professional characteristics of the respondents. The
results are reported in accordance with the STROBE guidelines for observational studies.

2.2. Research Instrument and Reliability

The Croatian version of the Pieper—Zulkowski Pressure Ulcer Knowledge Test, Ver-
sion 2 (PZ-PUKT) was used in this study to assess the respondents’ knowledge of PI. This
instrument was previously translated, culturally adapted, and psychometrically validated
according to established cross-cultural adaptation procedures. The validation study
demonstrated excellent content validity (S-CVI = 0.981), acceptable internal consistency
(KR-20 = 0.79), high split-half reliability (Guttman’s Lambda 6 = 0.89), and excellent test—
retest reliability (ICC = 0.91), supporting its use among Croatian healthcare professionals
[17]. Although the instrument provides an objective assessment of Pl-related knowledge,
it should not be considered a direct measure of overall clinical competence, which addi-
tionally depends on practical skills, clinical reasoning, and contextual clinical factors.

The questionnaire used in this study consists of two parts. The first part includes
sociodemographic questions and items related to sources and methods of knowledge ac-
quisition. The second part contains 72 items from the PZ-PUKT test, organized into three
subscales —prevention (31 items), wound description (20 items), and staging (21 items) —
with an additional overall score calculated. Participants respond to each item with “True”,
“False”, or “Don’t know”. The total score on the questionnaire ranges from 0 to 72 points.
According to the interpretation criteria proposed for the original PZ-PUKT instrument,
scores below 70% indicate an unsatisfactory level of knowledge, scores between 70% and
79.9% reflect a satisfactory level, scores from 80% to 89.9% indicate good knowledge, and
scores of 90% or higher represent a very good level of knowledge regarding PI [18].

2.3. Data Collection

Data collection was carried out using a paper-based version of the questionnaire fol-
lowing approval by the relevant ethics committees. The process took place between June
and December of 2025. All participants were informed about the aims and purpose of the
study and provided written informed consent prior to participation. Completion of the
questionnaire was anonymous and voluntary, with an average completion time of ap-
proximately 25-30 min. Only fully completed questionnaires were included in the final
analysis, ensuring data completeness and reliability of the calculated total and subscale
scores. After obtaining approval from the relevant ethics committees, the research team —
in collaboration with the assistant directors of nursing and the head nurses of the institu-
tions—organized the implementation of the study and the distribution of the question-
naires in the clinical departments of the participating hospitals. The nurses were informed
about the voluntary nature of the study, and no financial or other incentives for participa-
tion were used.
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2.4. Participants and Sample Size

To obtain data on the population of actively employed nurses at the secondary
healthcare level in general and county hospitals in the Republic of Croatia, a list of
healthcare institutions was retrieved from the official website of the Ministry of Health of
the Republic of Croatia. The study was designed to include general and county hospitals
across the Republic of Croatia in a geographically balanced manner. Geographical group-
ing of institutions was conducted according to the National Development Plan of the Min-
istry of Health of the Republic of Croatia, with hospitals divided into four geographical
regions (Central and Northern, Eastern, Southern, and Western) to ensure proportional
regional representation of the target population.

In order to define the total target population, all included institutions were contacted.
Requests for information regarding the number of employed nurses at all educational lev-
els were sent to hospital directors and nursing managers. Following this procedure, the
total target population was defined as 7778 nurses employed across 22 hospitals. Nineteen
of the 22 eligible hospitals participated in the study. These institutions represented ap-
proximately 93.9% of the target population and ensured coverage across all four geo-
graphical regions of Croatia.

After defining the target population (N = 7778), a representative sample of at least
367 respondents was planned, and proportional stratified sampling according to geo-
graphical region was applied. The sample size was calculated using the Cochran formula
with a 95% confidence level and a maximum margin of error of +5%. The calculated sam-
ple size for the finite population was 366.3 respondents, rounded to 367 participants.

After obtaining approval from the Ethics Committees of the participating institu-
tions, meetings were conducted with nursing managers to organize the implementation
of the study. Nurses employed in various clinical departments, including surgical depart-
ments, internal medicine departments, neurology, intensive care and anesthesiology
units, psychiatry, pediatrics, and infectious disease departments, were invited to partici-
pate. Participation was voluntary and anonymous, and questionnaires were distributed
to eligible nurses employed in the participating hospitals.

During the implementation of the study, a larger number of nurses than initially ex-
pected expressed willingness to participate, resulting in a final sample of 1139 respond-
ents. Only fully completed questionnaires were included in the final analysis. This large
sample size increased the precision of the estimates and reduced the margin of error to
approximately 2.7%. Participants were recruited from multiple hospitals and various clin-
ical departments, ensuring greater heterogeneity and representativeness of the sample.

2.5. Data Analysis

The results are presented descriptively using the mean, standard deviation, median,
minimum, and maximum for continuous variables, while categorical variables are pre-
sented as absolute frequencies, relative frequencies (percentages), and cumulative per-
centages. The assumption of normal distribution for continuous variables was tested us-
ing the Shapiro-Wilk test. Given the results of the Shapiro-Wilk test (and regardless of
the large sample size), non-parametric tests were used to test for differences between
groups. This approach was chosen due to the nature of the outcome (knowledge test), for
which the assumption of normality is often violated. Differences were analyzed with re-
spect to education level, work department, frequency of working with patients with pres-
sure ulcers, participation in pressure ulcer lectures, following guidelines, and searching
for information about pressure ulcers. For post hoc analyses, the Dwass—Steel-Critchlow—
Fligner (DSCF) test for multiple comparisons was used. The DSCF procedure is a con-
servative non-parametric method for pairwise comparisons that controls the family-wise
Type I error rate across multiple tests [19]. The effect size was estimated using the epsilon-

https://doi.org/10.3390/healthcare14131948


https://doi.org/10.3390/healthcare14131948

Healthcare 2026, 14, 1948

6 of 21

squared (e?) statistic. The interpretation of the effect size was based on the following
thresholds: €2~ 0.01 (small effect); €2 = 0.06 (medium effect); and €2 > 0.14 (large effect).

Participants were grouped within multiple hospitals. However, since the aim of the
study was primarily to assess knowledge levels descriptively and to explore unadjusted
differences between groups of respondents, the potential effect of grouping respondents
within hospitals was not specifically modeled. This fact should be taken into account
when interpreting the results. Categories with very small numbers of respondents are to
be interpreted with caution, due to the limited statistical reliability of the estimates.

All collected data were transferred to Microsoft Office Excel, where they were coded
for further processing. Statistical analyses were performed using IBM SPSS for Windows
(Statistical Package for the Social Sciences), version 26.0 (IBM Corp.: Armonk, NY, USA),
and R (version 4.3.1).

2.6. Research Ethics

The study was conducted in accordance with the ethical principles outlined in the
Declaration of Helsinki (2013 revision). Participant anonymity and data confidentiality
were ensured throughout the research process. Prior to participation, all respondents
were informed about the purpose of the study, the intended use of the data, and the vol-
untary nature of their involvement, after which informed consent was obtained. Partici-
pants were also informed of their right to withdraw from the study at any time without
any consequences. The study was carried out using a paper-based questionnaire. Ethical
approval for the study was obtained from the relevant Institutional Ethics Committees
prior to data collection. The list and reference numbers of the ethics committee approvals
are provided in the Institutional Review Board Statement.

3. Results

3.1. Descriptive Statistics and Participant Characteristics

Table 1 presents the demographic characteristics of the study participants. The mean
age was 37 years, and the mean work experience was 16.0 years. Both variables deviated
significantly from a normal distribution (Shapiro-Wilk test, p < 0.001).

Table 1. Descriptive and normality statistics for participant characteristics.

Variable M Median SD Min Max W p
Age (years) 37.6 37 12.1 19 68 0.954  <0.001
Work experience (years) 16.0 14.0 12.1 0.0 49.0 0.928  <0.001

Note: M = mean; SD = standard deviation; W = Shapiro-Wilk W statistic; p = p-value.

Among the 1139 respondents, women accounted for 85.0% of the sample. Most par-
ticipants had completed secondary education (51.0%), followed by a bachelor’s degree
(33.6%) and a master’s degree (15.2%), whereas only two participants held a doctoral de-
gree. Respondents were primarily employed in internal medicine (27.4%) and surgical de-
partments (23.4%), while the remaining participants were distributed across neurological,
intensive care, and other clinical departments (Table 2).

Table 2. Sociodemographic, educational, and professional characteristics of participants.

Variable Category n (%)

Sex Male 171 (15.0)
Female 968 (85.0)

Education Ph.D. 2(0.2)
Master’s degree 173 (15.2)
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Bachelor’s degree 383 (33.6)
Secondary school 581 (51.0)
Department Anesthesiology 9 (0.8)
Gynecology 39 (3.4)
Operating Room 28 (2.5)
Internal 312 (27.4)
ICU 81 (7.1)
Surgery 267 (23.4)
Neurology 139 (12.2)
Pediatrics 65 (5.7)
Psychiatry 30 (2.6)
Other 169 (14.9)
Frequency of contact with patients with PIDaily 500 (43.9)
Several times per week 248 (21.8)
Once per week 97 (8.5)
Rarely 233 (20.5)
Never 61 (5.4)
Last attended a lecture on PI <1 year 523 (45.9)
>1 to <2 years 251 (22.0)
2-3 years 200 (17.6)
>4 years 137 (12.0)
Never 28 (2.5)
Last read professional literature on PI <1 year 599 (52.6)
>1 to <2 years 252 (22.1)
2-3 years 136 (11.9)
>4 years 124 (10.9)
Never 28 (2.5)
Searched for information about PI on the Yes 559 (49.1)
web (last year)
No 580 (50.9)

Note: For descriptive purposes, departments with a small number of respondents were grouped

under the category “Other” to provide a more concise presentation of the sample.

The mean overall PZ-PUKT score was 64.1%. Knowledge was highest in the preven-
tion domain (71.6%), whereas lower scores were observed for classification (60.5%) and
wound appearance (56.4%). The wide score ranges observed across all domains indicate
substantial variability in the participants’ knowledge levels (Table 3).

Table 3. Descriptive and normality statistics for the knowledge results by domain.

Variable M Median SD Min Max \ p

PZ-PUKT: prevention 71.64  74.20 12.57 0.00 96.80 0.912 <0.001
PZ-PUKT: classification 60.47  61.90 16.20 0.00 100.00 0.983 <0.001
PZ-PUKT: wound description 56.37  60.00 14.98 0.00 90.00 0.971 <0.001
PZ-PUKT: total 64.14  65.30 12.37 0.00 91.70 0.958 <0.001
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3.2. Differences in PZ-PUKT Results According to Level of Education

The descriptive results given in Table 4 indicate that knowledge increased with edu-
cational attainment. The overall PZ-PUKT score was higher among participants with a
master’s degree (66.3%) and bachelor’s degree (65.6%) than among those with secondary
education (62.5%). The highest scores were achieved in prevention knowledge across all
educational groups, whereas lower scores were observed for wound classification and
wound appearance.

Table 4. Descriptive statistics for PZ-PUKT scores with regard to education level.

Variable Education N M Median SD Min Max
PZ-PUKT: prevention Ph.D. 2 79.0 79.0 226 774 80.6
Master’s degree 173 732 74.2 11.84 258 96.8
Bachelor’s degree 383 727 74.2 11.57 194 96.8
Secondary school 581 705 71.0 13.32 0.0 935
PZ-PUKT: classification Ph.D. 2 71.4 71.4 2022 571 85.7
Master’s degree 173 629 61.9 1514 19.0 100.0
Bachelor’s degree 383 623 61.9 14.96 14.3 100.0
Secondary school 581 585 57.1 17.04 0.0 952
PZ-PUKT: wound description Ph.D. 2 60.0 60.0 1414 50.0 70.0
Master’s degree 173 59.0 60.0 14.07 15.0 90.0
Bachelor’s degree 383 582 60.0 13.95 10.0 90.0
Secondary school 581 544 55.0 1564 0.0 90.0
PZ-PUKT: total Ph.D. 2 71.5 71.5 10.82 639 79.2
Master’s degree 173  66.3 66.7 11.55 278 917
Bachelor’s degree 383  65.6 66.7 11.06 278 91.7
Secondary school 581 625 63.9 1319 0.0 889

The Kruskal-Wallis analysis revealed statistically significant differences between ed-
ucational groups across all PZ-PUKT domains (Table 5). However, the effect sizes were
uniformly very small. The weakest association was observed for prevention knowledge
(x2=9.13; p = 0.010; €2 = 0.008), indicating a negligible practical effect despite statistical
significance. Slightly larger —although: still small —effect sizes were observed for wound
classification, wound appearance, and overall PZ-PUKT scores (&2 = 0.014-0.017).

Table 5. Kruskal-Wallis statistics for PZ-PUKT scores by education level.

Variable X2 df p €2

PZ-PUKT: prevention 9.13 2 0.010 0.008
PZ-PUKT: classification 15.89 2 <0.001 0.014
PZ-PUKT: wound description 19.23 2 <0.001 0.017
PZ-PUKT: total 19,47 2 <0.001 0.017

Note: x? = Kruskal-Wallis test statistic; df = degrees of freedom; p = p-value; €2 = effect size (epsilon

squared).

Post hoc DSCF comparisons (Supplementary Table S1) indicated that these statisti-
cally significant differences were primarily attributable to lower scores among partici-
pants with secondary education. Bachelor’s degree holders achieved significantly higher
scores in prevention knowledge (p = 0.026), while both bachelor’s and master’s degree
holders scored higher in the pressure injury classification, wound description, and overall
PZ-PUKT domains when compared with participants with secondary education (p <
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0.001-0.009). No statistically significant differences were observed between the bachelor’s
and master’s degree groups.

3.3. Differences in PZ-PUKT Results According to Working Department

For analytical purposes, individual work settings were grouped into seven depart-
mental categories: Internal Medicine, Surgery, Neurology, Intensive Care Unit (ICU), Pe-
diatrics, Emergency Department, and Palliative Care. The categories presented in Table 2
were aggregated into broader clinically relevant groups to facilitate comparisons of PI
knowledge across work environments. For example, Intensive Care Units and Anesthesi-
ology Departments were combined because they are commonly organised as a single clin-
ical service within Croatian hospitals, although some respondents reported them sepa-
rately. Departments with a small number of respondents were combined into clinically
related categories or excluded from separate analyses.

This categorization enabled comparisons of PI knowledge across clinically relevant
work environments.

Most respondents worked in the Internal Medicine (31.6%) and surgical (27.5%) de-
partments, whereas the remaining participants were distributed across Neurology, ICU,
Pediatrics, Emergency, and Palliative Care departments (Table 6).

Table 6. Distribution of participants by aggregated departments.

Department (Aggregated Categories) N %
Internal 312 31.5
Surgery 272 27.5
Neurology 139 14.1
ICU 90 9.1
Pediatrics 65 6.6
Emergency Department 60 6.1
Palliative Care 50 5.1
Total 988 * 100.0

Note: * = For analytical purposes, individual departments were grouped into broader clinically rel-
evant categories. Table 2 presents the original departmental distribution, whereas Table 6 presents

the aggregated categories used in departmental comparisons.

The descriptive results suggested some variation in PZ-PUKT scores across depart-
ments (Table 7). Higher average scores were generally observed for those in the Pediatrics,
ICU, and surgical departments, whereas lower scores were recorded in Internal Medicine
and Emergency Department settings. Similar patterns were evident across prevention,
classification, wound appearance, and overall knowledge scores.

Table 7. Descriptive statistics for PZ-PUKT scores by department.

Variable Department N M Med SD Min Max
PZ-PUKT: prevention Internal 312 70.1 71.0 11.80 0.0 93.5
ICU 90 73.4 74.2 9.69 45.2 90.3
Surgery 272 74.0 74.2 11.27 16.1 96.8
Neurology 139 72.4 74.2 12.73 29.0 96.8
Palliative Care 50 69.9 71.0 13.00 35.5 93.5
Pediatrics 65 76.7 80.6 9.17 48.4 93.5
Emergency Department 60 66.5 74.2 18.23 0.0 93.5
PZ-PUKT: classification Internal 312 58.5 57.1 15.73 0.0 100.0
ICU 90 65.5 66.7 14.04 28.6 90.5
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Surgery 272 61.8 61.9 16.00 0.0 100.0
Neurology 139 62.7 61.9 15.58 4.8 90.5
Palliative Care 50 56.1 57.1 13.17 14.3 81.0
Pediatrics 65 64.3 66.7 15.21 19.0 95.2
Emergency Department 60 58.9 61.9 20.43 0.0 95.2
PZ-PUKT: wound Internal 312 541 550 14.59 10 90
description
ICU 90 59.1 60.0 14.28 25 85
Surgery 272 59.4 60.0 13.47 10 90
Neurology 139 57.2 60.0 15.77 0 90
Palliative Care 50 58.0 60.0 14,36 10 85
Pediatrics 65 57.5 60,0 16.40 10 85
Emergency Department 60 52.2 55.0 15.63 0 80
PZ-PUKT: total Internal 312 62.3 63.9 11.77 2.8 88.9
ICU 90 67.1 68.1 10.29 38.9 86.1
Surgery 272 66.4 66.7 11.25 9.7 91.7
Neurology 139 65.4 66.7 12.66 20.8 91.7
Palliative Care 50 62.6 63.9 11.58 25.0 80.6
Pediatrics 65 67.8 68.1 11.52 29.2 84.7
Emergency Department 60 60.3 61.8 16.55 0.0 87.5

The Kruskal-Wallis test results revealed statistically significant differences between
departments across all analyzed PZ-PUKT domains (p < 0.001; Table 8). However, the ef-
fect sizes were small (&2 = 0.03-0.04), indicating that departmental differences accounted
for only a limited proportion of the observed variability in knowledge scores. Therefore,
although statistically significant, the practical magnitude of these differences should be
interpreted with caution.

Table 8. Kruskal-Wallis statistics for PZ-PUKT scores between groups.

Variable X3 df p €2

PZ-PUKT: prevention 38.6 6 <0.001 0.039
PZ-PUKT: classification 29.7 6 <0.001 0.030
PZ-PUKT: wound description 29.6 6 <0.001 0.030
PZ-PUKT: total 37.5 6 <0.001 0.038

Note: x2 = Kruskal-Wallis test statistic; df = degrees of freedom; p = p-value; €2 = effect size (epsilon

squared).

Post hoc DSCF analyses (Supplementary Table S2) indicated that significant pairwise
differences were primarily related to comparisons with the Internal Medicine department,
with the most consistent differences observed in prevention, classification, and overall
knowledge scores when compared to Surgery, Pediatrics, and ICU settings. Significant
differences in wound appearance knowledge were less frequent and mainly limited to
comparisons between Surgery and Emergency Department staff. No other pairwise com-
parisons reached statistical significance.

3.4. Differences in PZ-PUKT Results According to Frequency of Working with PI

The descriptive results suggested a modest trend towards higher PZ-PUKT scores
among participants who reported more frequent contact with patients with PI (Table 9).
However, the differences between exposure groups were small, with overall mean scores
ranging from 62.1% among respondents who never worked with patients with PI to 64.9%
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among those who encountered them several times per week. Similar patterns were ob-
served across all knowledge domains.

Table 9. Descriptive statistics for PZ-PUKT scores by frequency of working with patients with PL

Variable Frequency N M Med SD Min Max
PZ-PUKT: prevention Never 61 70.1 71.0 14.73 25.8 93.5
Rarely 233 71.3 74.2 13.33 0.0 96.8
Once a week 97 71.0 71.0 9.18 419 90.3
Several times a week 248 72.9 74.2 10.93 19.4 93.5
Daily 500 71.5 74.2 13.24 0.0 96.8
PZ-PUKT: classification Never 61 57.7 57.1 17.22 9.5 95.2
Rarely 233 58.1 57.1 16.59 0.0 100.0
Once a week 97 61.2 61.9 13.10 28.6 95.2
Several times a week 248 61.7 61.9 16.73 14.3 100.0
Daily 500 61.2 61.9 16.07 0.0 100.0
PZ-PUKT: wound description  Never 61 54.5 55.0 17.50 5 90
Rarely 233 56.1 60.0 15.74 10 90
Once a week 97 54.9 55.0 13.75 10 85
Several times a week 248 56.1 55.0 14.06 10 90
Daily 500 57.1 60.0 14.96 0 90
PZ-PUKT: total Never 61 62.1 63.9 14.40 23.6 87.5
Rarely 233 63.2 65.3 12.99 2.8 91.7
Once a week 97 63.7 63.9 9.30 34.7 86.1
Several times a week 248 64.9 65.3 11.54 27.8 88.9
Daily 500 64.5 65.3 12.71 0.0 91.7

The Kruskal-Wallis analysis did not identify a statistically significant difference accord-
ing to frequency of working with patients with PI in any of the analyzed domains (x> = 3.98-
9.00; df = 4; p = 0.061-0.409; Table 10). Although knowledge of wound classification showed
the strongest trend (p = 0.061), the observed differences did not reach statistical significance.

Table 10. Kruskal-Wallis statistics for PZ-PUKT scores by frequency of working with patients with PI.

Variable X2 df p €2

PZ-PUKT: prevention 3.98 4 0.409 0.0035
PZ-PUKT: classification 9.00 4 0.061 00079
PZ-PUKT: wound description 4.61 4 0.329 0.0041
PZ-PUKT: total 5.65 4 0.227 0.0050

Note: x? = Kruskal-Wallis test statistic; df = degrees of freedom; p = p-value; €2 = effect size (epsilon

squared).

3.5. Differences in PZ-PUKT Results According to Lecture Attendance

The descriptive results indicated higher PZ-PUKT scores among participants who
had attended a PI lecture more recently, whereas the lowest scores were observed among
respondents who had never attended such education (Table 11). The largest difference
was observed for the overall PZ-PUKT score, which ranged from 48.0% in the “Never”
group to 66.6% among participants who had attended a lecture within the previous year.
Similar patterns were observed for classification and wound appearance knowledge.
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Table 11. Descriptive statistics for PZ-PUKT scores by time since attending a lecture on PL
Variable Last Lecture N M Median SD Min Max
PZ-PUKT: prevention <1 year 523 734 74.2 114 290 96.8
>1 to <2 years 251 714 74.2 10.7 323 93.5
2-3 years 200 724 74.2 10.6 258 96.8
>4 years 137 67.2 71.0 15.7 0.0 93.5
Never 28  56.1 62.9 24.0 0.0 90.3
PZ-PUKT: classification <1 year 523  63.7 61.9 15.7 4.8 100.0
>1 to <2 years 251 60.3 61.9 145 19.0 100.0
2-3 years 200 58.8 57.1 149 19.0 95.2
>4 years 137 54.3 57.1 17.1 0.0 100.0
Never 28 432 42.9 23.0 0.0 85.7
PZ-PUKT: wound description =~ <1 year 523  59.0 60.0 13.7 10 90
>1 to <2 years 251 56.2 60.0 14.1 0 85
2-3 years 200 545 55.0 14.2 15 90
>4 years 137 525 55.0 18.2 0 85
Never 28 404 40.0 18.4 0 75
PZ-PUKT: total <1 year 523  66.6 66.7 114  20.8 91.7
>1 to <2 years 251 639 65.3 10.8 222 88.9
2-3 years 200 63.5 64.6 10.5 36.1 91.7
>4 years 137 59.4 62.5 14.9 0.0 88.9
Never 28  48.0 52.1 20.8 0.0 81.9

The Kruskal-Wallis analysis identified statistically significant differences between
lecture attendance groups across all PZ-PUKT domains (x2?=38.4-58.6; p <0.001; Table 12).
However, the effect sizes remained small (2 = 0.034-0.051), indicating that lecture attend-
ance explained only a limited proportion of the variability in knowledge scores.

Table 12. Kruskal-Wallis statistics for PZ-PUKT scores between groups by time since attending a
lecture on PI

Variable X2 df p €2

PZ-PUKT: prevention 38.4 4 <0.001  0.0338
PZ-PUKT: classification 58.2 4 <0.001  0.0511
PZ-PUKT: wound description 44.5 4 <0.001  0.0391
PZ-PUKT: total 58.6 4 <0.001  0.0515

Note: x? = Kruskal-Wallis test statistic; df = degrees of freedom; p = p-value; €2 = effect size (epsilon

squared).

Post hoc DSCF analyses (Supplementary Table S3) demonstrated that significant
pairwise differences were primarily attributable to lower scores among participants who
had never attended a PI lecture. Respondents who reported attending a lecture within the
previous year or the preceding 2-3 years generally achieved higher scores across all
knowledge domains. Additional differences were observed between the most recently ed-
ucated participants and those whose last lecture had occurred four or more years previ-
ously. No other pairwise comparisons reached statistical significance.
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3.6. Differences in PZ-PUKT Results According to Reading the Professional Literature and
Guidelines

The descriptive results indicated higher PZ-PUKT scores among participants who
reported more recent engagement with the professional literature and guidelines (Table
13). The overall mean score ranged from 52.3% among respondents who had never con-
sulted the professional literature to 66.7% among those who had done so within the pre-
vious year. Similar patterns were observed across all knowledge domains, particularly for
classification and wound appearance.

Table 13. Descriptive statistics for PZ-PUKT scores by time since reading the professional literature
on PL

Variable Last Reading N M Med SD Min Max
PZ-PUKT: prevention <1 year 599 73.6 74.2 10.9 29.0 96.8
>1 to <2 years 252 71.7 74.2 11.2 25.8 96.8
2-3 years 136 70.2 71.0 12.2 194 93.5
>4 years 124 65.9 71.0 16.4 0.0 93.5
Never 28 61.6 64.5 23.4 00 93.5
PZ-PUKT: classification <1 year 599 63.6 61.9 15.2 95 100.0
>1 to <2 years 252 60.0 61.9 14.9 4.8 100.0
2-3 years 136 57.2 57.1 15.0 23.8 90.5
>4 years 124 53.2 57.1 17.5 0.0 95.2
Never 28 45.9 47.6 24.6 0.0 100.0
PZ-PUKT: wound description <1 year 599 59.3 60.0 13.0 0 90
>1 to <2 years 252 55.5 55.0 14.9 10 90
2-3 years 136 53.5 55.0 15.1 10 85
>4 years 124 49.8 55.0 17.9 0 80
Never 28 44.5 47.5 21.2 0 75
PZ-PUKT: total <1 year 599 66.7 66.7 10.8 22.2 91,7
>1 to <2 years 252 63.8 65.3 11.2 20.8 91.7
2-3 years 136 61.7 61.8 11.8 27.8 86.1
>4 years 124 57.7 62.5 15.1 0.0 84.7
Never 28 52.3 54.2 21.7 0.0 88.9

The Kruskal-Wallis analysis identified statistically significant differences between
groups across all PZ-PUKT domains (x? = 39.8-68.5; p < 0.001; Table 14). However, the
effect sizes were small to modest (&2 = 0.035-0.060), indicating that only a limited propor-
tion of the variability in knowledge scores was associated with differences in literature-
reading behavior.

Table 14. Kruskal-Wallis statistics for PZ-PUKT scores by time since reading guidelines and the
professional literature on PI.

Variable X2 df p €2

PZ-PUKT: prevention 39.8 4 <0.001  0.0349
PZ-PUKT: classification 60.5 4 <0.001  0.0532
PZ-PUKT: wound description 53.2 4 <0.001 0.0467
PZ-PUKT: total 68.5 4 <0.001  0.0602

Note: x? = Kruskal-Wallis test statistic; df = degrees of freedom; p = p-value; €2 = effect size (epsilon

squared).
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Post hoc DSCF analyses (Supplementary Table S4) showed that significant
differences were primarily observed between respondents who had consulted the
professional literature within the previous year and those reporting longer intervals since
their last reading or no previous engagement with the professional literature. Additional
differences were identified in selected comparisons involving participants whose last
exposure had occurred four or more years previously. No other pairwise comparisons
reached statistical significance.

3.7. Differences in PZ-PUKT Results According to Literature Search on PI Within the Past Year

Participants who reported searching for information on PI within the previous year
demonstrated higher PZ-PUKT scores across all knowledge domains than those who had
not (Table 15). The largest difference was observed for classification knowledge (63.7% vs.
57.3%), while the overall score differed by 4.8 percentage points (66.6% vs. 61.8%).

Table 15. Descriptive statistics for PZ-PUKT scores by searching for information on PI within the

past year.
Variable Literature Search N M Median SD Min Max
PZ-PUKT: prevention Yes 559 73.6 74.2 10.4 29.0 96.8
No 580 69.8 71.0 14.1 0.0 93.5
PZ-PUKT: classification Yes 559 63.7 61.9 15.3 14.3 100.0
No 580 57.3 57.1 16.4 0.0 100.0
PZ-PUKT: wound description Yes 559 58.6 60.0 13.7 10 90
No 580 54.2 55.0 15.9 0 90
PZ-PUKT: total Yes 559 66.6 66.7 10.8 31.9 91.7
No 580 61.8 63.9 13.3 0.0 88.9

The Mann-Whitney U analysis identified statistically significant differences between
groups across all PZ-PUKT domains (p < 0.001; Table 16). However, the effect sizes were
small (rpb = 0.133-0.214), indicating that information-seeking behavior was associated
with only a limited proportion of the observed variability in knowledge scores. The largest
effects were observed for classification knowledge and the overall PZ-PUKT score.

Table 16. Mann—-Whitney U test statistics for PZ-PUKT scores by searching for information on PI
within the past year.

Variable U p Mean Difference Irb

PZ-PUKT: prevention 140,606  <0.001 3.20 -0.133
PZ-PUKT: classification 127,453  <0.001 4.80 -0.214
PZ-PUKT: wound description 137,335 <0.001 5.00 -0.153
PZ-PUKT: total 130,068  <0.001 4.10 -0.198

Note: U = Mann-Whitney U statistic; 1 = rank-biserial correlation (effect size). A positive mean

difference indicates higher values in the “Yes” group.

4. Discussion

Participants with secondary education generally achieved lower PZ-PUKT scores
than those with bachelor’s or master’s degrees, consistent with previous studies reporting
an association between higher educational attainment and greater knowledge of pressure
injury prevention and management [15,20,21].

Nevertheless, the findings across countries remain inconsistent. While some studies
have reported similar associations, others found no significant differences according to
educational level or even higher scores among nurses with lower formal qualifications
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[22,23]. Such inconsistencies suggest that the relationship between education and
knowledge may be influenced by contextual factors, including the structure of educational
programs and opportunities for continuing professional development.

The present findings contribute to this body of evidence by demonstrating a similar
pattern at the national level in Croatia.

However, although statistically significant, the observed effect sizes were very
small —particularly for prevention knowledge —indicating the limited practical signifi-
cance of the differences observed between educational groups.

Differences in knowledge scores were also observed across clinical departments.
Higher scores were generally observed among nurses working in intensive care, surgical,
and pediatric settings, whereas lower scores were recorded in emergency and internal
medicine departments. One possible explanation for this observation is that differences in
clinical exposure and organizational context may influence opportunities to acquire and
maintain Pl-related knowledge [24]. However, due to the cross-sectional study design,
causal interpretations cannot be made. Although some differences between departments
were observed, the median scores in most domains remained below the 70% threshold
proposed by the original PZ-PUKT authors, except for those in the prevention domain.
This pattern is broadly consistent with studies from several countries reporting moderate
knowledge levels among nurses regarding the prevention and management of PI [25-30],
although higher scores have occasionally been reported [31].

Importantly, the effect sizes for departmental differences were also small, indicating
that work setting accounted for only a limited proportion of the variability in knowledge
scores. This observation is consistent with previous research showing that departmental
differences are neither universal nor consistently observed [22]. Furthermore, even indi-
viduals working in departments involving frequent exposure to pressure injuries may
demonstrate insufficient knowledge levels when structured educational programs and
standardized clinical protocols are lacking. No statistically significant association was
found between the frequency of working with patients with pressure injuries and PZ-
PUKT scores, although descriptive analyses suggested a slight upward trend in
knowledge scores with increasing exposure. This finding is consistent with studies report-
ing weak or inconsistent relationships between clinical experience and PI knowledge
[25,32]. One possible explanation is that clinical exposure alone may not be sufficient for
knowledge acquisition without complementary educational activities and access to evi-
dence-based resources [33]. The discrepancy between exposure and knowledge may re-
flect differences in the quality of clinical experience, opportunities for reflection, and en-
gagement in continuing education [34]. Overall, the findings suggest that knowledge is
influenced by multiple factors and cannot be explained by clinical exposure alone.

Participants who reported more recent attendance of PI educational activities
achieved higher PZ-PUKT scores across all knowledge domains, when compared to those
who had never attended such education. This finding is consistent with previous studies
demonstrating an association between participation in educational activities and higher
levels of PI knowledge [35]. Previous intervention studies have suggested that structured
educational programs may improve knowledge and support evidence-based clinical prac-
tice [36-38]. However, as a cross-sectional study design was used, the observed associa-
tions cannot be interpreted as evidence of a causal effect of educational activities. Re-
spondents who reported more recent attendance of educational activities achieved higher
knowledge scores than those whose last such education had occurred several years earlier,
consistent with previous studies suggesting that knowledge may decline over time with-
out continued reinforcement and repeated exposure to educational content [34]. However,
the observed effect sizes were small, indicating that participation in educational activities
accounted for only a limited proportion of the variability in knowledge scores. This find-
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ing suggests that knowledge is influenced by multiple factors, including professional ex-
perience, clinical context, and engagement in continuing professional development [39].
Although participants who had never attended educational activities consistently
achieved the lowest scores, the cross-sectional study design does not allow for conclusions
regarding causality. It is also possible that individuals with greater professional interest
or motivation are more likely to participate in educational activities and consequently
demonstrate higher knowledge levels. Nevertheless, the observed associations are con-
sistent with previous studies reporting higher knowledge scores among nurses who partici-
pate in educational programs [27,40]. The differences were most apparent in the classification
and wound description domains, whereas prevention knowledge showed smaller variation
between groups—a pattern that has also been described in previous research.

Respondents who reported engagement with the professional literature and clinical
guidelines achieved higher PZ-PUKT scores than those who had not consulted such re-
sources, with higher scores generally observed among participants who had accessed
such information within the previous year.

This finding is consistent with studies emphasizing the importance of access to evi-
dence-based resources for maintaining professional knowledge [13]. Previous interven-
tion studies have shown that the implementation of evidence-based guidelines may im-
prove preventive practices and reduce the incidence of PI [41-44]. However, such out-
comes were not assessed in the present study; therefore, the clinical significance of the
observed knowledge differences remains uncertain.

The association between recent literature consultation and higher scores may reflect
knowledge maintenance through continued engagement with professional information
[45]. As observed for educational activities, larger differences were found in the classifi-
cation and wound description domains than in prevention knowledge. Previous studies
have similarly suggested that more complex cognitive domains may require ongoing
learning and updating of knowledge [20,46,47].

Participants who reported actively searching for information on pressure injuries
during the previous year achieved higher knowledge scores across all PZ-PUKT domains.
Nevertheless, the corresponding effect sizes were small, indicating that information-seek-
ing behavior explains only a limited proportion of the variability in knowledge. This as-
sociation is consistent with studies highlighting the roles of self-directed learning and in-
formation literacy in professional development [46,48,49].

Previous studies have suggested that access to up-to-date information and decision-
support resources may facilitate evidence-based practice [31,38,50,51]. However, neither
clinical behaviors nor patient outcomes were assessed in the present study, precluding
any conclusions regarding the practical impacts of the observed knowledge differences.

The greater variability among respondents who did not seek information may reflect
more heterogeneous knowledge levels within this group [52].

Importantly, the presented findings should not be interpreted as evidence that infor-
mation-seeking behavior directly increases knowledge. It is equally plausible that nurses
with greater knowledge, motivation, or professional interest are more likely to seek infor-
mation. Future longitudinal studies are needed to clarify the direction and magnitude of
these relationships. Nevertheless, the results support the value of fostering information
literacy and facilitating access to evidence-based resources within clinical settings.

Strengths, Limitations, and Future Directions

The main strengths of this study are its large national sample, multicenter design,
and the use of the validated PZ-PUKT instrument. The inclusion of various clinical set-
tings and factors related to knowledge enabled a comprehensive assessment of nurses’
knowledge regarding the prevention and management of PI at the national level.
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This study has several limitations. Participation was voluntary, which may have in-
troduced self-selection bias, as nurses with greater professional interest in PI prevention
may have been more likely to participate. Due to the cross-sectional design and the ab-
sence of multivariable analyses, causal relationships and the independent contributions
of individual factors to knowledge scores could not be determined. Potential clustering
effects within hospitals were not analyzed. In addition, respondent fatigue associated with
the 72-item PZ-PUKT questionnaire cannot be excluded.

Therefore, future studies should use multivariable, longitudinal, and intervention de-
signs to identify independent determinants of PI knowledge, as well as to evaluate whether
increased knowledge leads to improvements in clinical practice and patient outcomes.

5. Conclusions

This national study showed that nurses” knowledge regarding pressure injury pre-
vention and management varied according to educational level, work setting, participa-
tion in educational activities, engagement with professional literature, and active infor-
mation-seeking behaviour. Higher knowledge scores were generally observed among
nurses with higher educational attainment; however, important knowledge gaps remained
evident, particularly in the domains of pressure injury classification and wound description.
The findings highlight the importance of strengthening formal education and promoting
continuous professional development related to pressure injury prevention and manage-
ment. Given the cross-sectional design of the study, the observed differences should not be
interpreted as causal relationships. Further longitudinal and interventional studies are
needed to better understand the factors related to nurses’ knowledge and to evaluate the
effectiveness of educational strategies in improving clinical practice and patient outcomes.
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