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Abstract

Digital technologies have transformed the healthcare landscape, enhancing nursing practices, particularly in
pain management. This review explores the integration of digital tools, including wearable devices, mobile
apps, virtual reality, and telemedicine, into nursing roles to improve patient outcomes and enhance pain
management. While these advances provide accurate monitoring, real-time data, and enhanced
interprofessional collaboration, challenges such as cybersecurity risks, ethical considerations, and limitations
to adoption remain. Challenges must therefore be addressed to maximize the benefits of digital innovations to
enhance the role of nursing in pain management and improve health outcomes.
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Introduction

Recently, digital technologies have contributed to transforming the healthcare landscape, with health
systems increasingly adopting technology and digital technologies in providing healthcare services
[1]. In nursing, digital technologies play an effective role in improving nursing practices and
enhancing nurses' ability to perform various nursing practices, whether clinical or providing
psychological and emotional support [2].

Pain management is one of the most important nursing foundations that requires skills from nurses to
reduce patients' suffering, enhance their experience, and improve patients' health outcomes [3].
Therefore, modern technology must be integrated into nursing practices and pain management,
especially with the increasing incidence of chronic diseases, aging populations, nursing shortages, and
other factors that impose challenges in providing efficient nursing care to patients [4].

Modern technology offers a variety of digital tools that contribute to pain management and enhancing
nursing care, such as wearable devices, mobile applications, virtual reality, and telehealth platforms
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[5]. This contributes to alleviating pain for patients, improving their quality of life, and enhancing the
patient's experience [6].In addition, nurses' adoption of digital technologies enhances their ability to
assess pain, make decisions, and develop treatment plans to relieve and manage it efficiently [5,7].
Digital technologies such as wearable devices enable nurses to monitor patient vital signs and provide
real-time patient health data, allowing nurses to track and adjust patient response to treatment plans
[8]. Virtual reality and computer-based simulations provide nurses with a safe and controlled
environment to practice pain assessment and treatment [5]. Telemedicine enhances the patient's
experience, provides psychological and emotional support, and enables patients to receive immediate
pain consultations [9].

Digital tools provide a continuous learning environment for nurses and contribute to developing their
knowledge and expertise by staying up-to-date with the latest evidence-based practices on pain
management techniques, both pharmacological and non-pharmacological [10]. This enhances the role
of nursing in pain management and improving health outcomes. However, challenges and obstacles
around the use of digital technologies in nursing care and pain management must be addressed, which
are represented in the security and privacy of patient data, keeping pace with technology, and
qualifying nurses to adopt digital technologies [1,11].

Accordingly, the aim of this review is to reveal the role of digital technologies in enhancing nursing’s
ability to manage patients’ pain, improve health outcomes, and enhance their experience.

The Impact of Pain on Patients and the Role of Effective Management

Pain is a symptom of many diseases that affect a patient’s quality of life, health, and psychological
state. The severity of pain is influenced by the underlying cause, which can range from trauma,
inflammation, injury, or cancer [12].

According to the International Association for the Study of Pain, it is defined as a negative sensation
experienced by a patient that is associated with actual or potential tissue damage [13]. Pain is usually
classified into several types: acute, chronic, neuropathic, or visceral, with patients sometimes
experiencing more than one type at a time [14]. Effective pain management requires understanding
the specific type of pain and its cause. Nurses are the first line of defense in healthcare and are often
called upon to manage pain, so nurses must have the skills and knowledge to assess pain and its
causes [15]. The integration of technology into pain management has also been suggested as a means
of improving treatment and quality of life for patients [16].

Advancements in Digital Technologies for Pain Assessment and Management

Several digital technologies have revolutionized pain assessment, providing healthcare professionals
and nurses with more accurate and objective patient health data. These tools include electronic
assessment devices, smartphone apps, wearable devices, telehealth platforms, and virtual reality
systems.

Electronic Pain Assessment Tools

Digital tools, such as the Electronic Pain Assessment Tool (ePAT), use automated facial recognition
and other diagnostic indicators to assess pain in patients who are unable to communicate, such as
those with dementia [17]. Another tool, Pain-QulLT, uses dynamic anatomical mapping to visualize
the location and quality of pain, helping patients and nurses understand pain more effectively [18].
Smartphone Apps

Smartphone apps are widely used to assess and document pain, offering tools such as the numerical
rating scale (NRS), visual analog scale (VAS), and facial pain scale to measure pain intensity [19].
These apps enable patients and healthcare providers to track pain over time, identify patterns, and
make informed decisions about pain management. Apps also provide features to track symptoms,
triggers, and treatments, allowing users to keep a detailed pain diary that can help identify pain
triggers [20].

Wearables device

Wearable technology provides real-time pain monitoring by tracking physiological data such as heart
rate, muscle activity, and body temperature. These devices provide objective data that can support
self-reports of pain and enhance pain management strategies [21]. Studies have shown improvements
in physical activity in patients with rheumatic and osteoarthritis when using wearable devices,
although activity patterns associated with pain differ [22].
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Telehealth and telemedicine

Telehealth technologies facilitate remote pain assessment through video consultations and self-
reporting tools. This approach is particularly useful in underserved areas where in-person visits may
be difficult. Telehealth allows the nurseto assess pain in real time, using video conferencing to
monitor symptoms and ask relevant questions, while patients report pain characteristics using digital
tools [23].

Virtual Reality for Pain Management

Virtual reality (VR) is emerging as an effective non-pharmacological treatment for pain. By
immersing patients in an interactive, 3D world, VR distracts them from pain, altering the brain’s
perception of discomfort [24]. Studies have shown that VR can reduce the need for opioid
medications, making it a valuable tool for pain management, especially for those seeking alternatives
to drug therapies [25].

Benefits of Utilizing Technology in Pain Monitoring and Management

The integration of technology has improved pain monitoring and management. Technology and digital
technologies provide tracking tools that provide accurate information about health status and pain in
real time. Digital tools also enhance communication between patients and nurses and encourage active
patient participation in pain management.

Pain assessment techniques

Objective pain assessment techniques such as quantitative electroencephalography (qEEG) provide
objective measurements of pain by analyzing patterns of brain activity in response to pain. This helps
nurses accurately diagnose pain in patients, and thus develop effective treatment plans based on
scientific evidence [26].

Communication with other healthcare solutions

Modern technology and digital technologies enhance effective communication between multiple
medical teams to manage pain and improve patient health outcomes [27]. This is done by integrating
pain monitoring systems with electronic health records (EHRs), allowing data to be shared seamlessly
between healthcare providers, ensuring that all team members have up-to-date information about pain,
leading to better coordinated care and improved patient outcomes [28].

Continuous pain monitoring

Continuous monitoring through technology allows healthcare providers to track pain and symptom
levels over time, which is especially valuable for chronic pain conditions, helping to identify pain
patterns, triggers, and the effectiveness of treatments [29].

Increased patient engagement

Technology enhances the patient’s role in pain management by allowing them to track pain,
symptoms, medication , and lifestyle factors. This engagement increases adherence to treatment plans
and improves patient health outcomes [30].

The Role of Nursing in Pain Management Using Technology

Technology and digital tools such as artificial intelligence, wearable devices, and health monitoring
devices have enhanced the efficiency and effectiveness of nurses in pain management.

Pain assessment and monitoring

Wearable devices enable nurses to monitor vital signs such as oxygen levels, heart activity, and
respiratory rates. These tools also provide accurate data on the patient’s health status in real time,
improving response and ensuring accurate pain assessment [31].

Informed decision-making

Nurses play a critical role in pain treatment planning, requiring expertise and objectivity to avoid
inadequate pain relief measures. Technology contributes to accurate diagnosis of the cause of pain,
making treatment decisions, and monitoring improvement in pain management based on accurate
information [32].

Patient empowerment through mobile App/ Telehealth

Mobile applications allow patients to update patient health data remotely and obtain health and
nursing consultations that help patients self-manage pain [9].

Ethical considerations

Nurses adhere to ethical standards in the use of technology for pain management by ensuring patient
privacy, confidentiality, informed consent, and promoting the fair use of technological tools [1].
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Interdisciplinary Collaboration

Nurses collaborate with healthcare teams, share pain data, and coordinate care to ensure
comprehensive management. Technologies such as real-time communication devices and integrated
electronic medical records (EMRs) streamline collaboration, reduce complications, and improve
patient outcomes [31].

Limitations of Technology in Pain Management

Despite the benefits of technology in pain management, its applications face several challenges [33]:
Cybersecurity risks

With the increasing reliance on electronic records and digital services, the risk of leaking patient
health information increases, requiring protection measures and the enactment of laws and
regulations.

Accuracy of mobile applications

The applications suffer from problems such as limited accuracy in self-reporting, inconsistent quality,
and insufficient validation of their effectiveness, in addition to concerns about privacy and data
security.

Limitations of telemedicine

Telemedicine faces technical difficulties, some patients’ unfamiliarity with the platforms, in addition
to the limited physical examination that is necessary for an accurate diagnosis.

Conclusion

The integration of digital technologies in nursing has revolutionized pain management by enabling
real-time monitoring, improving communication, and enhancing patient involvement. While
challenges such as cybersecurity risks, technological limitations, and ethical concerns must be
addressed, these tools offer a promising pathway to more efficient, accurate, and compassionate care.
Nurses must balance technological adoption with personalized, patient-centered approaches to
maximize the benefits of these innovations in pain management. Continuous education and
collaboration with interdisciplinary teams are vital for overcoming barriers and ensuring successful
implementation.
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