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ABSTRACT

	Aims: To evaluate the effect of a validated Critical Care Pain Management (CPAM) e-module on the competency of critical care nurses in the Al-Qassem Health Cluster, Saudi Arabia.
Study design: Quasi-experimental pre-test–post-test design with a control group.
Place and Duration of Study: Four hospitals within the Al-Qassem Health Cluster, Kingdom of Saudi Arabia. The study was conducted in eight months.
Methodology: A total of 194 critical care nurses were recruited and equally assigned to control (n = 97) and intervention (n = 97) groups using stratified random sampling. Baseline competency was measured using the Pain Management Competency Questionnaire. The intervention group completed a validated CPAM e-module, while the control group did not receive the intervention. Post-intervention competency was assessed using the same instrument. Data were analysed using SPSS version 26. Independent and paired-samples t-tests were used to evaluate differences between and within groups.
Results: At baseline, the intervention group demonstrated higher overall competency scores compared to the control group (3.47 ± 0.52 vs 2.90 ± 0.45; P = .0001). Post-intervention analysis revealed a substantial improvement in the intervention group (4.59 ± 0.60) compared to the control group (2.83 ± 0.46), with a mean difference of −1.77 (95% CI: −1.92 to −1.62; P = .000). Within-group analysis showed a significant increase in competency among intervention participants from pre-intervention (3.47 ± 0.52) to post-intervention (4.59 ± 0.60), t(96) = −13.85, P = .000. Improvements were observed across all competency domains, including “pain assessment”, “pharmacological and non-pharmacological management”, “management of analgesic side effects”, “patient education”, and “professional development”.
Conclusion: The validated CPAM e-module significantly enhanced pain management competency among critical care nurses. Integration of structured digital educational interventions into continuing professional development programs may strengthen clinical practice and improve the quality of care in critical care settings.
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1. INTRODUCTION
Pain is an unpleasant multidimensional experience that all individuals, regardless of age or physical condition, are capable of experiencing throughout their lives (Trouvin & Perrot, 2019). Managing pain in critical care units is an essential part of patient care because patients admitted to critical care units experience moderate to severe pain during surgical procedures, invasive interventions, trauma, and severe illness (Kemp et al., 2019). Critically ill patients are frequently sedated, mechanically ventilated, or cognitively impaired, making it difficult to report their pain and making pain assessment more challenging (Sandvik et al., 2020). As a result, critical care nurses play a vital role in assessing, monitoring, and managing pain, and their competency in pain management directly affects patient outcomes (Nordness et al., 2021). 
Pain management in intensive care involves both pharmacological and non-pharmacological strategies, including opioids, non-opioids, adjuvant analgesics, massage, relaxation techniques, and cold application (Zakeri et al., 2024; Capell et al., 2019). Effective implementation of these approaches requires adequate knowledge, clinical judgment, and familiarity with validated assessment tools. Professional standards emphasise that critical care nurses must demonstrate proficiency in pain assessment and evidence-based management strategies (Ulrich et al., 2019). However, evidence consistently indicates gaps in nurses’ knowledge and competency in pain management (Grommi et al., 2023; Jaleta et al., 2021).
Pain control remains inadequate in the intensive care unit. Approximately 45%-82% of patients experience moderate to severe pain during their ICU stay (Almutairi et al., 2025). Studies conducted on nurses indicated that nurses lack knowledge, confidence, and routine practices in pain management, and only a small number of nurses had adequate knowledge and attitude scores (Jamal et al., 2023). These poor outcomes are attributed to the absence of organised training and protocols (Rababa et al., 2021). Poorly managed pain can delay recovery, prolong hospital stays, increase healthcare costs, and reduce patient satisfaction (Ayenew et al., 2021; Ma et al., 2021; Neme et al., 2018).
Within the Kingdom of Saudi Arabia, including the Al-Qassem Health Cluster, inconsistencies in pain management practices and limited structured educational initiatives have been reported (Innab et al., 2022; Issa et al., 2019). Variability in the use of validated assessment tools and evolving clinical guidelines further contribute to competency gaps (Narbona et al., 2020; Olawale et al., 2020; Siddiqui et al., 2024). Cultural factors influencing pain perception and reporting may also affect the accuracy of assessment in this context (Alodhayani et al., 2021; Maribbay et al., 2023).
Educational interventions have demonstrated effectiveness in improving nurses’ knowledge and clinical performance in pain management (Liu et al., 2021; Innab et al., 2022). In line with global e-health strategies that advocate digital capacity building (WHO, 2020), e-learning modules offer a structured, scalable approach to professional development. Nevertheless, evidence regarding the effectiveness of structured e-modules in enhancing pain management competency among critical care nurses in the Al-Qassem Health Cluster remains limited.
Therefore, this study aimed to evaluate the effect of a Critical Care Pain Management (CPAM) e-module on the competency of critical care nurses in the Al-Qassem Health Cluster. By examining baseline competency and pre- and post-intervention differences, the study seeks to determine whether participation in the CPAM e-module results in significant improvements in pain management competency.
2. Materials and Methods
2.1 Study Design
A quasi-experimental pre-test–post-test design with a control group was employed to evaluate the effect of a Critical Care Pain Management (CPAM) e-module on critical care nurses’ competency. This design enabled comparison of competency levels before and after the intervention within and between groups.
2.2 Study Setting and Population
The study was conducted in four hospitals within the Al-Qassem Health Cluster in the Kingdom of Saudi Arabia. The study population included registered nurses working in critical care areas (CCAs), such as intensive care units, where patients require complex and continuous monitoring. Inclusion criteria encompassed critical care nurses practising in CCAs during the study period. Nurses not practising in critical care or those who refused to participate were excluded.
2.3 Sample Size and Sampling Technique
To maintain proportional representation of employees from these selected hospitals, a stratified random sampling technique was employed. A total of 194 participants in the intervention and control groups were analysed, as per the calculated sample size.
2.4 Intervention
A validated CPAM e-module to improve nurses’ knowledge and skills with pain assessment and management in ICU patients was used as the intervention. The e-module covered content related to pain assessment scales and management, including pharmacological and non-pharmacological strategies.
The CPAM e-module underwent expert validation before implementation. Content validity was established through expert consensus, and validity indices met acceptable thresholds (CVI ≥ 0.75, CVR ≥ 0.5). Only the finalised and validated version of the e-module was used during the intervention phase.
The intervention group completed the CPAM e-module during the study period, while the control group did not receive the intervention.
2.5 Study Instrument
The Pain Management Competency Scale for Nurses (PMCSN), developed by Wu et al. (2025), was used to assess pain management competencies. It has 52 items in six major dimensions and is scored on a five-point Likert scale from 1 = completely false to 5 = completely true. Wu et al. (2025) reported an excellent content validity index (CVI) of 0.965, construct validity of 0.954, and strong internal consistency with Cronbach’s α = 0.974.
2.6 Data Collection Procedure
Pre-intervention data were collected from both intervention and control groups. Following baseline assessment, the intervention group participated in the CPAM e-module program. Post-intervention data were then collected using the same instrument to evaluate changes in competency levels.
2.7 Variables
The independent variable was participation in the CPAM e-module educational program.
The dependent variable was pain management competency, measured through total competency scores and domain-specific scores obtained from the questionnaire. Sociodemographic and work-related characteristics were also analysed.
2.8 Data Analysis
Data were analysed using the Statistical Package for the Social Sciences (SPSS) version 26. Descriptive statistics (frequencies, percentages, means, and standard deviations) were used to summarise participants’ characteristics and competency scores. To determine the effectiveness of the intervention, inferential statistics were used. Paired-samples t-tests were used to compare differences between pre- and post-intervention competencies scores within groups. Comparisons between intervention and control groups were used to determine the effect of the CPAM e-module. Statistical significance was interpreted according to the reporting standards.
3. results and discussion
3.1 Results
3.1.1 Sociodemographic and Work-Related Characteristics
A total of 194 critical care nurses participated in the study, equally distributed between the control group (n = 97) and intervention group (n = 97). The majority of participants were female (85.6%), and nearly half were aged 31-45 years (49.0%). Most nurses held a bachelor’s degree (72.2%), and 49.0% had 6–10 years of general nursing experience. Similarly, 47.9% reported 6–10 years of experience in critical care areas. Participants were recruited in proportion to the number of hospitals within the Al-Qassem Health Cluster (Table 1). The distribution of demographic and professional characteristics indicates that both groups comprised experienced critical care nurses, supporting the validity of subsequent comparisons.

Table 1. Demographic and Work-Related Characteristics of Participants (N = 194)
	Variable
	Category
	Total N (%)

	Gender
	Female
	166 (85.6)

	
	Male
	28 (14.4)

	Age
	18–30 years
	39 (20.1)

	
	31–45 years
	95 (49.0)

	
	>45 years
	60 (30.9)

	Education
	Diploma
	28 (14.4)

	
	Bachelor
	140 (72.2)

	
	Postgraduate
	26 (13.4)

	General Experience
	1–5 years
	37 (19.1)

	
	6–10 years
	95 (49.0)

	
	>10 years
	62 (32.0)

	Critical Care Experience
	1–5 years
	41 (21.1)

	
	6–10 years
	93 (47.9)

	
	>10 years
	60 (30.9)



3.1.2 Baseline Pain Management Competency
Baseline comparisons revealed statistically significant differences between the control and intervention groups across all competency domains (Table 2). The overall baseline Pain Management Competency Scale score was significantly higher in the intervention group (3.47 ± 0.52) compared to the control group (2.90 ± 0.45), P = .0001. These findings indicate pre-existing differences between groups before the intervention. However, the effect of the CPAM e-module was assessed using post-intervention comparisons and paired analyses to determine the actual impact of the intervention.
Table 2. Baseline Pain Management Competency Scale
	Domain
	Control Mean ± SD
	Intervention Mean ± SD
	P-value

	Pain assessment
	3.58 ± 0.66
	4.16 ± 0.54
	.0001

	Pharmacological management
	3.04 ± 0.63
	3.57 ± 0.78
	.0001

	Non-pharmacological management
	2.75 ± 0.91
	3.38 ± 0.95
	.0001

	Analgesic side effects
	2.50 ± 0.96
	3.05 ± 0.99
	.0001

	Patient/family education
	2.27 ± 0.75
	2.78 ± 0.99
	.0001

	Professional development
	2.06 ± 0.77
	3.46 ± 0.53
	.0001

	Total Competency Score
	2.90 ± 0.45
	3.47 ± 0.52
	.0001



3.1.3 Effect of the CPAM E-Module (Between-Group Comparison)
Post-intervention analysis demonstrated a highly significant improvement in the intervention group compared to the control group (Table 3). Results indicate a substantial improvement in pain management competency among nurses who completed the CPAM e-module. The narrow confidence interval further supports the robustness of the intervention effect.



Table 3. Post-Intervention Comparison Between Groups

	Group
	Mean ± SD

	Control
	2.83 ± 0.46

	Intervention
	4.59 ± 0.60

	Mean Difference
	−1.77

	95% CI
	−1.92 to −1.62

	t(96)
	−22.84

	P-value
	.000



3.1.4 Within-Group Improvement (Paired Analysis)
Paired-samples analysis within the intervention group demonstrated a statistically significant increase in competency following completion of the CPAM e-module (Table 4). The magnitude of the improvement indicates that the CPAM e-module had a strong, statistically significant effect on enhancing nurses’ pain management competency.

Table 4. Post-Intervention Comparison Within Groups
	Group
	Mean ± SD

	Pre-intervention
	3.47 ± 0.52

	Post-intervention
	4.59 ± 0.60

	Mean Difference
	−1.13

	95% CI
	−1.29 to −0.97

	t(96)
	−13.85

	P-value
	.000



3.2 Discussion
The present study demonstrated that participation in the validated Critical Care Pain Management (CPAM) e-module resulted in a statistically significant and substantial improvement in pain management competency among critical care nurses. The magnitude of change observed in the intervention group, both in the paired analysis and in the post-intervention comparison with the control group, indicates that the e-module was highly effective in enhancing knowledge, clinical judgment, and professional competence in pain assessment and management. Although baseline differences were observed between the control and intervention groups, the within-group paired analysis provides stronger evidence of intervention effectiveness. The significant increase in mean competency scores from pre-intervention (3.47 ± 0.52) to post-intervention (4.59 ± 0.60) suggests that the CPAM e-module contributed meaningfully to competency development beyond pre-existing differences. The narrow confidence interval further supports the robustness of the intervention effect.
The findings of the current study are consistent with those of previous quasi-experimental studies. Significant improvements in nurses’ pain management knowledge and practices were reported by Issa and colleagues (Issa et al., 2019; Issa et al., 2021) following the implementation of structured educational interventions. Innab et al. (2022) also demonstrated significantly enhanced competency in pain management among critical care nurses in Saudi Arabia after the implementation of educational training. The current findings extend this evidence by suggesting that a digitally delivered educational program can achieve these improvements, and even stronger ones, in competency among nurses across a cluster of health care facilities.
The significant improvements noted in the domains of assessment and documentation of pain, pharmacologic and non-pharmacologic management of pain, management of analgesic side effects, patient education and professional development are supported by findings from Olawale et al. (2020) and Siddiqui et al. (2024), who found that structured education contributed to improved performance in pain management. Similarly, Germossa et al. (2018) and Uysal and Yilmazer (2021) reported that the lack of structured education led to competency gaps in pain management in the ICU, which supports the premise of the current study. The significant effect in the domain of professional development is particularly interesting. Sedighie et al. (2020) and Parvizy et al. (2020) demonstrated that ongoing education increased nurses’ confidence levels and their clinical decision-making abilities. It appears that the CPAM e-module not only enhanced knowledge but also strengthened the nurse’s professionalism in pain management. This may be due to the structured, convenient e-learning that provided opportunities to review and reinforce concepts at one’s own pace.

Improved pain management competency has direct implications for patient outcomes. Previous studies have reported that poor pain management is associated with extended duration of hospital stay, increased rate of complications, and poor patient satisfaction (Ayenew et al., 2021; Ma et al., 2021). Enhancing nurses’ competency in the assessment and management of pain based on current evidence through the use of the CPAM e-module may contribute to improved quality of care and patient experience in critical care units. In light of inconsistencies in practices of pain management reported recently in Saudi Arabia (Innab et al., 2022; Issa et al., 2019), these findings support incorporating structured digital educational programs within health clusters in the Saudi Arabian context. Utilising a validated e-module would align with global recommendations for e-health capacity building and professional development (WHO, 2020), and could help to overcome commonly reported barriers to attending traditional training programs, such as time and staffing constraints.
Conclusively, the findings provide further evidence that an evidence-based CPAM e-module education can be effective in improving critical care nurses’ pain management knowledge and attitudes. The findings support the role of structured evidence-based digital learning to improve practice in the critical care environment.

4. Conclusion
The findings of this study demonstrate the effectiveness of the validated CPAM e-module in improving pain management competency among critical care nurses in the Al-Qassem Health Cluster. Nurses who engaged with the e-module had sizable increases in their combined overall competency scores, with significant improvements across the components of pain assessment and management, including “pharmacological and non-pharmacological therapies”, “management of analgesic side effects”, “patient education”, and “professional development”. The magnitude of change in significance within and between groups indicates the effectiveness of structured digital education experiences in improving practice competency in a high-acuity area of practice. This provides support for the use of validated e-learning modules in continuing education programs for critical care nurses.
Given the obstacles to pain management practices noted in critical care units in Saudi Arabia, pain management practices could be improved by implementing scalable digital educational interventions, potentially improving patient outcomes and the quality of care. Health cluster and nursing leaders could consider the integration of validated pain management e-modules into mandatory training programs to build competencies within this area. Future research may explore long-term retention of competency gains and the direct impact of such educational interventions on patient-level outcomes.
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