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Abstract

Wound care is an increasing global challenge, with older adults among those most affected. As populations age, the demand for
effective and efficient wound careincreases. Over the years, various wound assessment and care techniques have been devel oped,
including digital wound care technology (DWCT), which usesinnovative artificial intelligence (Al). Many older adults, especially
those living in rural and remote areas, face significant barriers in obtaining timely and effective wound care, leading to poorer
health outcomes and increased health care costs rel ated to wound care. These challenges underscore the urgent need to implement
wound care model s that equitably improve access to care and enhance clinical outcomes, particularly for older adults, to promote
healthy aging and age-in-place. Based on evidence from the literature and the initial implementation of aDWCT in 2 community
health systems in Ontario, this viewpoint paper encourages clinicians and health care leaders to embrace and expand the
implementation of an Al-driven DWCT to address inequities in access to high-quality, timely care. The experiences from these
implementations indicate that the use of Al can support clinical decision-making and extend accessto carefor individualsin rural
and remote communities in Canada. By leveraging DWCT powered by Al, health care providers can enhance the accuracy and
consistency of wound assessments, improve communication, streamline care processes, and more effectively allocate resources,
ultimately aiming to reduce disparities in wound care outcomes.

(JMIR Nursing 2026;9:e85644) doi:10.2196/85644

KEYWORDS
wound care; Al; equity; artificial intelligence

: the urgent need to implement wound care models, which
Introduction equitably improve accessto care and enhance clinical outcomes.
Wound care represents a growing chalenge worldwide, Traditionaly, wpund assgssmgnt is conducted' visualy . to
particularly impacting older adults[1]. Aspopulations age, the ~€valuate anatomical, physiological, and mechanical domains
demand for effective and efficient wound careincreases, driven  L3] Or With subjective methods such as the Pressure Ul cer scale
by the growing number of older adults with multiple chronic  for Healing (PUSH) and Pressure Sore Status Tool (PAST)
conditionsthat predispose them to complex wounds and longer ~ SC@l€s; these methods are widely used, can lack accuracy and
healing times. Many older adults, especially thoselivinginrural ~ onsistency, leading to variablewound eval uation reportswhen
and remote areas, face significant barriers in obtaining timely ~ administered by different clinicians [4].

and effective wound care, leading to poorer health outcomes

and increased health care costs[2]. These challenges underscore
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With advancesin science and technology, arange of instruments
has been developed to address the growing demand for wound
care. Among these, noninvasive imaging techniques have
received particular attention for their potential to support wound
assessment and monitoring. A systematic review of 20 studies
done in 2015 summarized available approaches, including 2D
stereophotogrammetry and 3D imaging methods. The authors
concluded that 2D imaging is a practical wound measurement
technique, offering ease of use and reliable assessments of
wound size and healing progress; however, they noted that its
inability to capture wound depth limits its value for care
planning [5]. Building on this, a 2022 scoping review of 156
global studies examined the development, evaluation, and
implementation of digital health technologies (eg, imaging and
measurement) for wound care [6]. This review highlighted
growing adoption of digital tools, citing evidence of their
acceptability, feasibility, effectiveness, and clinical impact. At
the same time, it identified important challenges, including
limited evidence in hard-to-reach populations (eg, those in
remote regions), low uptake linked to noninclusive design
processes, and uncertainty around cost-effectiveness. It is
essential to note that this review was not specifically tailored
to older adults, a population at elevated risk of wound
development and delayed healing due to comorbid conditions,
and who al so experience disproportionate barriersto care arising
from age-related, geographic, and socioeconomic factors.

This study is aforward-looking perspective that highlights the
current context of wound care in Canada and explores the
potential for artificial intelligence (Al) driven digital wound
care technology (DWCT) to improve access, efficiency, and
equity. The authorship of this study reflects the multiple
perspectives shaping this work, including 2 community health
systemsimplementing aDWCT, the eval uation team supporting
that implementation, academic and government partners
advancing digital health innovation, and representatives from
the company developing the technology. By bringing together
these complementary experiences, we aim to provide a salient
commentary on the merits of Al-augmented DWCT and its
potential to advance equity, access, and efficiency in wound
care in Canada.

Theinitial implementation of aDWCT in 2 rural and/or remote
community health care systems, presented here as case studies,
illustrates the contextual challenges faced by heath care
providersand patientswhile also offering practical insightsinto
the technology’s application and benefits. Discussion of
anticipated challenges in implementing Al technologies in
wound care provides a roadmap for future research directions,
including identification of potential facilitators and barriers to
adoption and uptake of the DWCT in the 2 networked
community health systems. The potential for Al intransforming
health care delivery is vast, particularly in the field of wound
care, and can play an important rolein ensuring that all patients
receive high-quality, equitable care across diverse geographies.

Wound Care in Canada

The Canadian population is experiencing a significant
demographic shift, with older adults (65 years and older) rapidly

https://nursing.jmir.org/2026/1/e85644
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becoming the fastest-growing demographic, and by 2051, they
could represent 25% of the population [7]. Aging is associated
with the accumulation of cellular and molecular damage within
the body, which can manifest as frailty and/or chronic health
conditions[8], which increases vulnerability to complex wounds,
meaning the number of older adults needing wound care is
anticipated to increase substantially in the future [9]. Although
the exact prevalence of wounds requiring care in Canada is
unclear, estimates suggest that up to CAD $11.1 billion (US
$8.18 hillion) are spent annualy on wound care [9].
Approximately 1in 500 Canadians devel ops nonhealing wounds
[10], which significantly impacts the health care system [11].
In Ontario alone, 30% - 50% of health care delivery involves
patients with wounds, predominantly affecting older adultswho
often heal at home [11].

In 2019, older adults constituted 17% of Canada’s population
but accounted for 47% of total health care costs[10]. Rura and
remote areas of Canada are aging more rapidly than their urban
counterparts [12]; yet, they often have fewer health resources,
especialy health human resources (HHR) [2]. This lack of
accessto timely treatment for complex wounds|eadsto improper
treatment of up to 25% of Canadian patients [13]. Chronic
wounds impose significant physical and emotional burdens,
decreasing patients' quality of life and increasing health care
costs[14,15]. Without regular, high-quality care, these wounds
can lead to serious complications such as infections,
hospitalization, amputation, and even death [1].

The complexity of wound care is exacerbated by limited
opportunitiesfor comprehensivewound care education for health
care providers, who typically receive fewer than 10 hours of
formal instruction [16]. During training, health care providers
are taught to provide quality care and maintain optimal
functioning, including the treatment of health conditions such
as wounds, through supportive, preventive, therapeutic,
palliative, and rehabilitative care. However, these professionals
need additional training to fulfill the specific needs of care and
their respective professional scope of practice. For example,
the College of Ontario of Nurses specified the scope of practice
for registered nurses (RNs), registered practical nurses (RPNS),
and nurse practitioners (NPs), which includes 5 regulated acts,
including performing a prescribed procedure below the dermis
or amucous membrane [17]. While this authorized act consists
of wound assessment and wound care, which are at the entry
level, nurses with advanced education, such as NPs, have an
extended scope of practice and are authorized to diagnose,
prescribe medications, and other treatments for clients [17].
Similarly, British Columbia has specified the pacified authorities
at entry level and advanced level, which is presented in the
Wound Care Canada by Freeman et a [18]. In addition, the
British ColumbiaProvincial Nursing Skin & Wound Committee,
in collaboration with the wound care clinicians from across all
health authorities, has devised the wound assessment and
treatment flow sheet: documentation guide (version 2, 2018)
that specifies nurses' roles with regard to wound assessment
and documentation for varying types of wounds [19].

Traditional methods for tracking wound healing progress, such
as using a paper ruler and cotton swab for wound assessment,
resultin high clinical variability and a44% error rateininfection
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identification [20]. Furthermore, health care education and
wound caretools have traditionally been devel oped with lighter
skintonesin mind, leading to inaccurate assessment for patients
with darker skin[21]. Additionally, rural communitiesin Canada
arediverse, not only interms of geographic characteristicssuch
as population size, density, or distance from urban centers, but
also in socia aspects, including social representation and
resource availability [18,22,23]. There is growing concern
regarding the shortage of health care providers in remote and
rura regions, further intensifying the issue of care access for
older adults. The Canadian Institute for Health Information
reports on the declining trends of health professionalsin rural
or remote areas, including for nurses, NPs, and pharmacists
over adecade, and stagnant growth for rural family physicians
[2]. Reducing health disparities, particularly in rural and remote
areas with finite resources, requires innovative solutions,
including consultation models and enhanced access to best
practice care [24]. These dua drivers, population aging and
uneven resource distribution, underscore the urgent need for
effective health care solutions that:

1. Enable individuals to age in place while living with
aging-related health conditions, including chronic and
complex wounds.

2. Support the provision of best-practice clinical carein areas
where specialized health care human resources are limited.

3. Reduce the challenges associated with human error and
biases.

To meet these needs, innovative technologies such as Al offer
promising solutions that can enhance efficiency, access, and
quality in health care delivery.

Al-Enhanced Wound Care as a Solution

Al hasthe potential to transform medical practices and service
delivery in heath care, including enhancing productivity,
improving patients’ flow, experience, care, and quality of life
[25] and enhancing providers' experiences and safety [25,26].
The positive impacts of Al in clinical care include enhanced
accuracy in diagnostics, improved patient engagement, and
increased treatment support [25]. Al has been leveraged in
wound care, providing more efficient and effective solutions
for acute and chronic wounds [27]. Al-driven algorithms have
proven effective in measuring wound dimensions and identifying
prognostic features, such as tissue composition, granulation,
slough, eschar, and exudate. These elements are crucia for
assessing wound burden and predicting the healing trajectory
[28].
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Our Implementation Experience: Project
and Team

Toillustrate how Al-augmented wound care can enhance equity,
access, and efficiency, we draw on our collective experiences
implementing a DWCT in 2 networked Canadian community
health systems. Thefoll owing section describes the technol ogy
itself, the project sites, and the multidisciplinary team involved
in its adoption, highlighting both practical considerations and
lessons learned in real-world settings.

The Digital Wound Care Technology

The DWCT under implementation, Swift Skin and Wound
(Swift), is developed by Swift Medical Inc. and isdeployed in
more than 5200 health care facilities internationally, spanning
the continuum of care. Swift Skin and Wound is a
software-based, noninvasive digital wound assessment
application installed on smart devices. The software captures
clear imaging enhanced by Heal X (Swift Medical Inc), aHealth
Canada and US Food and Drug Administration—registered
fiducial marker for real-time calibration of wound images on
smart devices, using Al-driven algorithmsthat auto-trace wound
edges, precisely measure wound surface area, and facilitate
comprehensive documentation [29]. These features offer
advanced analytical and tracking insights to clinicians,
empowering them with data-driven assessments to support
wound care management [28,29]. This DWCT also enhances
communication among the interdisciplinary care team through
the centralized dashboard portal, which provides a
comprehensive, real-time view to support coordinated care
management. The dashboard enables the care team to review
patient information, track progress, and provide
recommendations, facilitating coordination of care.

Recently, Swift Skin and Wound added additional features:
AutoDepth, SmartTissue, and Healingindex. AutoDepth
automatically calculates the visible depth of wounds, measures
the wound, and accurately identifies and records its deepest
point on a smart device. SmartTissue detects and quantifies
tissue typesincluding epithelial, granulation, slough, and eschar
within the wound bed, irrespective of skin tone, using deep
learning and vision architectures designed to run locally on a
wide range of smart devices [30]. Healinglndex uses deep
learning and machine learning algorithmsto analyze a range of
wound characteristics, including wound size, tissue composition,
wound type, location, and wound exudates’ type and amount
to predict healing tragjectories of wounds [28]. By using these
sophisticated Al-driven algorithms, providers can achieverapid
and precise assessments of wounds and their characteristicsand
use predictive modeling to project healing tragjectories and
inform clinical decision-making for care plans (Figure 1).
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Figure 1. A sample wound on the ankle area, showing a clinical presentation where objective and consistent wound assessment, supported by an
artificial intelligence—driven tool for measurement and tissue classification, can enhance effective monitoring, especially in settings with limited access

to specialized expertise.

Evidence from implementations, mostly in US health systems,
indicates that integrating Swift's DWCT into wound care
programs can improve clinical outcomes [31,32], enhance
operational efficiency [29,32], reduce costs[31-33], and increase
clinician satisfaction [34].

While other digital wound care technol ogies exist, thisviewpoint
focuses on Swift's DWCT because the authorship team is
uniquely positioned as active implementation partners in
Canadian health systems. We draw on the published literature
to provide context and evidence, but we triangulate these
insights with our direct, real-world experience to highlight
equity, access, and efficiency considerations that emerge in
practice, providing insights that would be difficult to capture
from literature alone.

Project Description

This project uses an implementation research approach to
evaluate the adoption of the DWCT in 2 networked Canadian
health systems, aiming to identify facilitators, barriers, and
lessons for broader Al-driven wound care implementation.

Implementation Site 1. Giishkaandago'l kwe Health
Services

Giishkaandago’ Ikwe Health Services (formerly Fort Frances
Tribal Area Health Services) is an Indigenous-led health
organization in Northwestern Ontario. The accredited
organization provides holistic health services to the 10
Anishinaabe Communities of Southern Treaty 3. The Home
and Community Care Program offers essential servicesin the
home and community setting, including advanced wound care
through a nurse-led DWCT tool.

https://nursing.jmir.org/2026/1/e85644
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Giishkaandago’ Ikwe initiated implementation of the DWCT in
February 2022 asaquality improvement initiative. Thissite has
particular expertise in leveraging technology to provide care
across remote geographic regions. Given the high amputation
rates in the region, the home and community care team
implemented the DWCT to strengthen decision-making for
wound management through efficient documentation and
communication, with the goal of enhancing healing rates and
reducing amputations.

The interdisciplinary wound care team includes RNs, RPNs,
including 2 Skin Wellness associate nurse (SWAN)-trained
RPNs, personal support workers (PSWs), and a physiotherapist
with advanced wound caretraining (Masters of Clinical Science
in wound healing). In total, the team includes 14 wound care
clinicians, supported by a wound care champion and a home
and community care coordinator. Foot care nurses conduct
wound assessments and communicate findingsto the home care
team, while other community health nurses contribute through
public health programming and wound care support.

Team members complete an 8-hour online wound care training
upon hire if they do not already have advanced wound care
education. In addition, the team participates in an annual,
full-day, hands-on internal wound care workshop to reinforce
clinical skills. Weekly SWIFT rounds provide structured
opportunities for case review, collaborative problem-solving,
and ongoing knowledge exchange.

Implementation of the DWCT was completed over 1 month,
supported by training and mentorship from both SWIFT and
the site’s internal champion (the home and community care
coordinator). Initial training consisted of a1-hour virtual session,
followed by ongoing support throughout the implementation
period. Due to the team’s small size, strong collaboration, and
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existing wound care expertise, adoption of the technology was
rapid and well integrated into practice. The AutoDepth feature
has been actively used in patient care, and team members
completed SmartTissue training in January 2025.

Implementation Site 2: Brightshores Health
System (Brightshores)

Brightshores Health System is a comprehensive health care
network serving the rural Gray and Bruce countiesin Ontario,
Canada. It operates 6 hospitals (Owen Sound, Meaford,
Markdale, Southampton, Wiarton, and Lion’s Head), each with
24/7 emergency departments. Brightshores services encompass
medical and surgical services, including complex surgeries,
total joint replacements, cancer treatments, advanced diagnostic
imaging such as magnetic resonance imaging and computed
tomography scans, and wound care. Across the system, over
400,000 visits per year are reported, and approximately 2200
staff memberswith over 250 dedicated physicians deliver patient
care across the region, including wound care.

Implementation of the DWCT began in 2024, initially within
theregional diabetic foot ulcer clinic. Within months, 35clinical
staff were trained as technology champions, and by October
2024, the DWCT wasrolled out to multiple departments across
all 6 hospitals. Initial training was performed in-person (2.5 h)
with an asynchronous online portion (1.5 h) facilitated by the
research team and a nurse specialized in wound, ostomy, and
continence (NSWOC), with afocus on use of the Al technology,
clinical data entry education, and workflow processes. Users
included RNs, RPNs, clinica coordinators, NPs, nurse
clinicians, and PSWs. Within 6 months, it was noted that the
turnover of staff necessitated continuoustraining opportunities.
An online training module has been developed specifically for
the Brightshores sites, which will be more accessible and enable
quicker onboarding for staff across multiple sites. Deployment
of SmartTissue began in December 2024 and continues across
sites.

Discussion

Al-Powered Digital Wound Care Could Improve
Access, Enhance Efficiency, and Address I nequities

Overview

Wound care is a critical component of comprehensive home
health services. The prevalence of older adults as recipients of
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home careisnotable, with asubstantial proportion necessitating
wound care due to conditions such as pressure injuries,
postsurgical recovery, and complications arising from venous
ulcers. Older adults prefer to receive wound care in community
settings [35], citing pain, transportation barriers, and risk of
exposure to infection in the clinic as primary drivers of
preference[36]. Patients and family caregiversfrequently report
feeling inadequately prepared to participate effectively and
confidently in wound care [37]. The presence of nonhealing
wounds and associated complications can profoundly affect
quality of life, increasing risk of infections and hospitalization
[38].

Access

In the Canadian context, the potential for an Al-enhanced
DWCT to increase access to best practice care is particularly
significant. The “Caring for Canadians’ study highlights a
significant gap between the supply and demand for HHR in
Canada, a gap that is aready evident and expected to widen
over the next decade, with rural and remote communitiesfegling
the impacts most acutely [39]. Speciaist HHR, such as
NSWOCs or additional training in wound care, is in high
demand. However, recruiting and retaining specialized health
care workers is challenging, which has led to the adoption of
innovative, technology-enhanced care models to optimize
resource use [2,24].

In Canada, geographic location isa primary factor determining
access to care, with isolated and remote communities
experiencing the highest levels of deprivation [40]. These
communities are frequently located in northern regions of the
provinces and territories and are often home to Indigenous
groups [40Q]. First Nations, Métis, and Inuit people, along with
those of African, Caribbean, Southeast Asian, and L atin descent,
have higher prevalence and incidence of diabetes and higher
rates of lower extremity amputation because of diabetic foot
ulcers and periphera arterial disease [41]. Thisis particularly
evident in Indigenous populations, where the rate of major
amputations due to diabetic wounds is up to 49 times higher
than in non-Indigenous populations [42]. This may be
attributable to poor access to health care, barriers to clear
communication, cultural differences, and discrimination [43].
Within this context, the Al-augmented DWCT offers an
opportunity to increase accessto best practice care by leveraging
availabl e resources and supporting available staff to work at the
frontiers of their scope of practice (Textbox 1).
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Textbox 1. Case study: Giishkaandago' |kwe Health Services.

The team at Giishkaandago’ Ikwe Health Services uses digital wound care technology (DWCT) for al aspects of wound assessments. Leveraging this
technology has strengthened communication internally and externally with care partners. Enhanced communication is central to improved outcomes,
illustrated here through a client story.

A client was referred by the Emergency Department after seeking care for painful, reddened foot wounds that had worsened following several weeks
of self-treatment. The team initiated a comprehensive wound assessment completed by a personal support worker (PSW) using the SWIFT app. PSW's
are unregulated care providers who assist individuals with activities of daily living (ADLs) and instrumental activities of daily living (IADLS).

A holistic treatment plan was then created by the interdisciplinary team during SWIFT rounds. Giishkaandago'lkwe Hesalth Services mobilized
available staff to provide care, ensuring they were supported to work to their full scope of practice. The client observed weekly progress through the
app, which increased their engagement and adherence to the care plan. The team also used dashboard-generated reports to share wound progress with
external health care providers.

Through this collaboration, the client’s care was escalated appropriately, enabling timely access to vascular surgery and chiropody for specialized
offloading. The client received these servicesin atertiary center and was able to return home promptly, with the Giishkaandago’ Ikwe team providing
ongoing follow-up.

Despite alate start to wound care and the need for surgical intervention, the client’s wounds fully healed within 5 months—an excellent outcome for
acase at high risk of amputation. Importantly, the majority of the client’s care occurred within their home community, minimizing disruption to their
family and caregiving responsibilities. The ability to coordinate and communicate effectively across providers using DWCT was key to avoiding

prolonged hospitalization and ensuring continuity of care close to home.

In the Giishkaandago’ lkwe Health Services case study, the
DWCT enabled a PSW who had direct contact with the patient
to complete awound care assessment even though thistypically
would be conducted by nursing staff. The DWCT tool enabled
the team member who was geographically co-located to
effectively capture the data needed for the wound care team to
create a full care plan, without requiring the patient or the
specialist providerstotravel. Insuch scenarios, Al-augmented
DWCT can support an available staff member to work at the
frontiers of the scope of practice while maintaining direct
connections for clinical escalation and consultation when
needed.

Thisis particularly relevant in the Canadian rural and remote

context, where geography and inclement weather can act as a
barrier to access. A 2020 review of barriers to equitable access
identified the lack of year-round roads, extreme winter weather
events, and the absence of rural and remote hospital staffing as
key contributors to poor access to care in Indigenous
communities [44]. That same review identified telehealth and
telehealth-enabled consultation models as a mitigator of
inequitable access. Furthermore, the review noted that telehealth
enables community health workers and nurses to provide
additional services in their local community and reduces the
burden on patients to travel long distances to access care. This
has important implications for equitable access, as community
care providers typically have higher levels of trust and greater
ability to provide culturally safe care [45].

The DWCT augmentstraditional “telehealth” in wound care by
adding empirical data in the form of high-quality, time-lapsed
photos in a “dashboard” that can be accessed by patients,
caregivers, and the entire wound care team. This enables
tracking of wound trajectory and gives contextual clinical data
to geographically remote specialist providers such asNSWOCS,
endocrinologists, and vascular surgeons. Additionaly, the
dashboard supports team communication as it offers a shared
point of reference to facilitate collaborative care planning. In
the context of an optimized scope of practice, this feature
provides an additional layer of protection—ensuring specialized
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clinical oversight of geographically remote patients being cared
for by practitionersworking at the frontier of scope of practice.
Furthermore, this supports staff who may not have clinical
training in wound care by providing avenues for consultation
and escalation to complement their clinica judgment.
Ultimately, this benefits patientswho receive carefrom atrusted
provider in their community, while retaining the benefit of
review and consultation from clinical experts.

The Al-augmented features of the DWCT expand accessto best
practice care by (1) enabling patients in remote communities
to access services without necessitating travel, (2) empowering
clinicians practicing in rural and remote communities to work
with an optimized scope of practice, and (3) supporting
communication and ensuring all members of the careteam have
access to relevant clinical information.

Efficiency

Optimization of clinical resources is required to ensure
efficiency and maximize the number of patients who receive
best practice care. The Al-enhanced DWCT tool can increase
clinical efficiency by conducting rapid assessment of wounds
and streamlining consultations and escalations [28]. A key
component of effective wound care is assessment of wound
size. Traditionally, thisis done with paper rulers, and the wound
sizeiscalculated using aformulathat multiplieslength by width.
However, this traditional method is ill-suited to irregularly
shaped wounds, leading to overestimation of sizein 36% - 74%
of nonrectangular wounds [46-48]. Patients with darker skin
tones, wounds characterized by diffuse edges, irregular shapes,
necrotic tissue, or unhealthy surrounding tissue are more prone
to having their wounds overestimated in size [46]. A more
accurate calculation of wound size can be captured using a
tracing method, where transparency film is placed over the
wound and outlined, but this is reported to be time-consuming
[49]. Accurate and objective measurement of wounds is
essential asachangein wound sizeisakey predictor of wound
healing trajectory [5]. Digital wound measurements powered
by Al are emerging as a more efficient and accurate means to
measure wounds [46,50-52] (Textbox 2).
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Textbox 2. Case Study: Brightshores Health System.

Brightshores Health System is spread throughout 8600 square kilometersin Southwestern Ontario. Residents are among the oldest average agein the
province, with the fastest-growing segment of the population aged between 65 and 84 years. The region has a significant population of patients with
chronic disease and wounds, but Brightshoresis limited to 1.4 Nurses Specialized in Wound, Ostomy, and Continence (NSWOC's) for the 6 hospital
sites.

Thismeansthat daily, multiple wounds can present at any one of Brightshores hospitals, and the reality of limited resources means limited and delayed
response time. Furthermore, without access to speciaists and with limited tools, frontline nursing staff struggle to accurately assess wounds. The
DWCT has presented an opportunity for frontline staff to take photos of wounds, allowing for accurate and detailed assessments that can be digitally
accessed by the NSWOC and al providers within the circle of care. Providing frontline staff at all 6 hospital sites with a tool to accurately assess
wounds allowed for areduction in reliance upon the NSWOC.

Within the first year, over 1000 km of NSWOC travel time has been saved, allowing them to devote more time to direct patient care. Since the
implementation of thisDWCT, initial trends show a promising decline in amputation rates and fewer visits of outpatient wound care patients attending
the emergency departments due to wound complications, compared to the previous year. Patients are reporting that their assessments performed with
the DWCT are more comfortable than traditional methods and are reporting that the use of DWCT has improved their wound care experience.

In one patient's story, the patient felt discouraged about the lack of visual improvement they were able to detect with their eyes. With the use of the
DWCT and historical measurements, the patient was able to monitor progressive wound closure, aligning with complianceto trestment recommendations,
and was happy to experience a full wound closure within a month of using Swift.

Brightshores' continued hopeisthat the use of thistechnology will empower nursesto gain confidence and become moreinvolved in wound assessments,

enabling prioritization of wound care, and that this technology will enable patients to see progression in healing over time.

This case study highlights the benefits of tools that enable the
clinical careteamto optimizetheir time and streamline processes
for escalating concernsto specialized care resources. Use of the
DWCT isfaster and clinically equivalent in accuracy compared
to manual methods of wound measurement and capture[29,53].
Enhanced DWCT reduces the overall time required for wound
measurement and documentation and has been shown to result
in an average time saving of 1.01 - 2.39 minutes per wound
assessment when compared to the traditional manual methods
[29]. Given the known constraints on clinicians' time, burden
of documentation, and anticipated workforce shortages, these
time savings represent an opportunity to increase both efficiency
and access.

Al tools can aso helpidentify and escal ate wounds that require

review. Healinglndex isanew feature of the DWCT that uses
machine learning algorithms to assess the photographs of the
wounds that are submitted by clinicians. Thistool analyzesthe
photo to identify wound characteristics associated with healing
including wound size, tissue composition, and exudates, to
predict the healing trajectories of thewound. The Healinglndex
Al Model uses deep learning techniques to examine patient
wound records, images, and characteristics, producing a score
from the Al model that indicates the level of risk for delayed
healing and potential deterioration [28].

While traditional care pathways rely on clinicians identifying
and escalating wounds that are deteriorating or at risk of
deteriorating, the Healinglndex automates these processes using
a predictive algorithm. This alows the wound care team to
rapidly identify and prioritize wounds that require specialist
input. This identification reduces the risk of deterioration and
complications that necessitate hospitalization or amputation,
reducing overal health care costs associated with wound
complications [1,31,38]. Furthermore, the use of this Al tool
canidentify woundsat risk for slow healing, which may require
an adapted wound management protocol. By reducing
complications and adapting the treatment of slow-healing
wounds, the Al tool can reduce the overall costs associated with
wound care [31]. Early identification of wound deteriorationis
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crucial asit allowstimely intervention, preventing progression
and potentially leading to significant savingsfor the health care
system through avoidance of unnecessary costs [34].

The use of the predictive algorithm may also augment clinical
decision-making by identifying wounds that are healing
effectively and therefore may not need daily or thrice-weekly
dressing changes. Reducing the frequency of dressing changes
reduces supply costs and frees patient and provider time.
Reducing the frequency of dressing changes to once a week,
where clinically appropriate, can free up thousands of hours of
nursing time over the course of a year [54]. Overdl, the
Al-powered DWCT can enhance clinical efficiency by
automating escal ation and review processes.

Additionally, the DWCT platform provides opportunities for
asynchronous collaboration. Speciaists are able to review
patient records, including high-resolution time-lapse photos,
and provide recommendations without requiring geographic
co-location or congruent timing. This enables the specialist
wound care nursing team to optimize their time by reducing
travel between sites, reducing administrative burden, and
creating care plans that can be executed by staff located near
the patient. This offers the benefits of not only efficiency but
also equity, as access to best practice care and consultation is
no longer limited to the fortunate few who can be reviewed by
the specialist nurses in person. In rura and remote parts of
Canada, which, as noted above, are struggling to recruit and
retain skilled providers, these tools enable more patients to
access specialist consultation and review without necessitating
travel.

Al-powered DWCT can support increased efficiency by (1)
reducing time spent on manual assessment and measurement
of wounds; (2) automating escal ation by flagging deteriorating
wounds for review, which enables prioritization of at-risk
patientsfor intervention; and (3) enabling collaboration between
frontline staff and specialist wound care resources without
requiring geographic colocation or time alignment.
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Equity

Universality and accessibility are embedded within Canada’'s
Health Act, and equity must be centered asapriority. Inequities
in the Canadian health system exist, especialy related to
disparitiesin health outcomesfor rural and remote popul ations,
and disproportionately affect First Nations, Inuit, and Métis
communities who face burdens associated with travel and costs
[44]. Rural health care policies are often guided by urban care
models, which can exacerbate these inequities for rural
communities [24].

Many rural, remote, and Indigenous communities experience
inequitabl e access and poor outcomes, which may be attributable
in part to resource shortages. Additionally, human biases,
racism, colonial legacies, and historically unbalanced
relationships between service users and providers also play a
key role. Nyugen et a [44] explicitly state “Colonization and
historical intergenerational traumas... have plagued the survivors
and later generations with physical and mental trauma,” and
“...many Health Care providers do not acknowledge the impact
of colonization on the Indigenous community and disregard the
socia determinants of health as explanations for illness.” This,
in turn, manifests as culturally inappropriate health services,
which deter people from seeking health care.

In this context, the Al-enhanced DWCT can support more
equitable care by enabling community care providers with
existing, trusting relationships to provide culturally safe care.
Thisapproach isaligned with mitigation strategies proposed by
Indigenous health experts who highlight the importance of
community partnerships and provision of culturaly safe care
[44,45].

Furthermore, patientswith darker skin tones disproportionately
experience poor wound outcomes, which may be attributable
to both inequitiesin socia determinants of health and limitations
in provider ability to accurately identify clinically relevant
changes in tissue in pigmented skin [55]. Johnson et a [55]
note that erythemais an excellent example, as its presentation
varies based on skin tone, and historically, medical education
has failed to account for diverse skin tones in training and
published literature [21]. Darker skin tone is associated with
overestimation of wound size when using standard “width X
length” measurements [46]. In comparison, the DWCT with

Al-augmented AutoTrace, AutoDepth, and SmartTissue isable
to provide accurate measurements and can enable color
calibration to adjust for light conditions and skin pigmentation
[46]. Thus, the use of the Al-enhanced DWTC can support more
accurate measurements and potentially overcome some of the
implicit biases that health care providers manifest.

Next Steps

While Al-enhanced tools offer immense promise to support
better care efficiency and outcomes, there are severa key
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considerations that must be addressed to ensure equitable and
trustworthy implementation. One of the pressing concerns is
the representation of diverse patient populationsin Al systems.
When datasets fail to capture diversity across factors such as
skin tone, age, and other demographic variables, resulting
models can produce biased or inaccurate outputs. These biases
areparticularly problematicin clinical contextslike wound care,
where diagnostic accuracy is critical. Diverse groups, such as
individuals with darker skin tones or older adults, are often
underrepresented in training datasets, leading to biases in Al
outcomes. This underrepresentation can result in inaccurate
diagnoses or recommendations, which are harmful and counter
to the goals of quality wound care. Human biases embedded in
Al systems can become enshrined or even amplified if not
intentionally designed with equity in mind [25]. Such biases
arise when Al models are trained on datasets that do not
adequately represent the diversity of the population, including
those most likely to experience wounds, such as older adults
[56]. Chu et a [56] emphasize the known challenges of ageism
in Al, noting that models often overlook older adults due to
insufficient data representation. To counteract these biases, it
isessential to increase the diversity of Al training datasets and
maintain robust evaluation protocols that ensure accuracy and
interrater reliability across patient populations. These safeguards
are crucia in mitigating the risks of bias and ensuring that Al
systems are fair and inclusive.

In addition to addressing bias, overcoming skepticism and
implementation barriers is crucial for the successful adoption
of Al-enhanced technologies, particularly among older adults.
While the stereotype of older adults as technophobic is
increasingly being disproven [57], structural barriers such as
the cost of technology and access to reliable internet remain
significant hurdles for many older adults in rural and remote
communities [58]. Despite these challenges, patients are
generaly open to the use of Al in health care if appropriate
regulatory and safety oversightsarein place[59]. Pilot studies,
such asthose by Wang et a [52] and Raismam et al [60], show
promising results regarding patient acceptance of Al for wound
care [52,60] while Mohammed et a [34] highlight positive
provider acceptance [34]. These studies indicate a growing
receptiveness toward an Al-augmented DWCT, but continued
exploration into unique barriers, especially those pertinent to
the Canadian context, is necessary.

The evaluation being conducted by this team will enhance
understanding of implementing Al-enhanced DWCT in rural
and remote communitiesin Canada. Thisevaluation will identify
specific barriers and facilitators of adoption, ultimately leading
to the creation of aframework that supportswider adoption and
integration of technologies to support heathy aging. By
addressing these issues, the path toward equitable, efficient,
and widespread use of Al technologiesin health care becomes
clearer, fostering a more inclusive technological future.
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Abstract

Theglobal nursing workforce crisis demands a shift from reactive staffing to strategic workforce optimization through data-driven
decision-support systems. Thisviewpoint paper reflects on the devel opment and attempted i mplementation of the balanced nursing
teams system, a decision-support tool integrating approximately 250 data points—of which roughly 150 are extracted from
existing organi zational systems (human resources, scheduling, €l ectronic health records, quality registries) through flexibleimport
mechanisms, and the remainder collected through a built-in 360-degree staff survey with automated analysis—across 10 domains
to evaluate nursing team balance between capacity, performance, and outcomes. Following crowdfunding by 18 Belgian health
care organizations, balanced nursing teams were implemented across 8 diverse settings (home health care, general hospitals,
academic centers) between 2019 and 2023. Using the Human-Organization-Technology fit framework, we analyze why
evidence-informed, organi zation-endorsed digital innovations struggle to achieve adoption. Our analysisreveals 3 interdependent
barrier categories. technologica fragmentation (vendor lock-in, legacy systems, prohibitive integration costs), organizational
siloing (Chief Nursing Officers [CNQOs] lacking budgetary authority, nursing framed as peripheral to strategic priorities), and
managerial hesitance (fear of punitive data use, cognitive overload from staffing crises). These barriers were worsened by the
substantial data-integration burden that the system'’s breadth imposed on organizations with limited digital maturity. Critically,
only one site (ie, a nurse-led home health care organization where leadership held both strategic authority and resource control)
achieved sustained implementation. This contrast demonstrates that workforce optimization through data depends not on software
maturity alone, but on achieving simultaneous fit across human, organizational, and technological domains. We argue that the
persistent marginalization of nursing leadership within hospital governance structures represents the fundamental barrier to digital
transformation in nursing workforce management. The urgency paradox is striking: while nursing represents health care
organizations' highest operational cost and most direct patient interface, workforce optimization tools are consistently deprioritized
in favor of regulatory compliance systems and billing infrastructure. Bridging this gap requires systemic investment in nursing
|eadership authority, datainteroperability standards, and recognition that data-driven workforce decisions are strategic imperatives
rather than operational luxuries.

(JMIR Nursing 2026;9:€92417) doi:10.2196/92417

KEYWORDS

nursing workforce management; clinical decision-support systems; implementation science; sociotechnical barriers; nursing
leadership

: of nurses entering the workforce, evidence indicates that
Introduction expanding supply alone does not resolve the underlying staffing
Overview challenges [5,6]. The retention of experienced nurses depends

on thework environment quality and team performance[7], yet

The global nursing workforce crisis extends beyond simple
shortages. Persistent mismatches between staffing levels, skill
mix, and patient demand have been linked to missed care,
adverse outcomes, and failure to rescue, ultimately
compromising both patient and staff outcomes [1-4]. While
policymakers have focused primarily onincreasing the number

https://nursing.jmir.org/2026/1/€92417

high turnover continues to impose substantial financial and
operational burdens on health care organizations [8].

Current staffing models, such as mandatory nurse-to-patient
ratios, fail to capture the complexity of nursing team dynamics,
skill mix optimization, and broader contextual factors that

JMIR Nursing 2026 | vol. 9 | €92417 | p.17
(page number not for citation purposes)


http://dx.doi.org/10.2196/92417
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR NURSING

determine whether care teams can effectively meet patient
demands [9]. Addressing this challenge requires a shift from
ratio-based workforce planning towards data-informed team
design that integrates human, organizational, and contextual
dimensions of nursing care [9].

This viewpoint paper offers a critical reflection on the
sociotechnical challenges of implementing digital workforce
innovation in nursing. Drawing from our experience developing
and testing the balanced nursing teams (BNUT) decision-support
system across 8 Belgian health care organizations, we examine
why evidence-informed, practitioner-endorsed digital tools
struggleto achieve real -world adoption. Rather than presenting
a traditional implementation study, we provide an analytical
perspective on the systemic barriers that constrain digital
transformation in nursing workforce management, offering
lessons for researchers, health care organizations, and
policymakers pursuing similar innovations.

A Nursing Teams Composition and Staffing
Decision-Support System: BNuT

In response to these challenges, the BNuT initiative was
launched in 2018 through a collaboration between a member
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organization of Belgian health care organizationsand 2 research
groups. The project originated from a clear practical demand:
develop an instrument that enables evidence-based, proactive,
and data-driven decisions regarding nursing team composition.
Following proof-of-concept development, 18 health care
ingtitutions collectively crowdfunded the project, reflecting
broad recognition of this critical gap in nursing workforce
management.

BNuT was conceived as a computerized decision-support
instrument designed to optimize team composition and team
functioning in ways that existing tools cannot. While most
workforce software estimates patient demand or calculates
staffing levels based on mandatory ratios [10], these systems
rely heavily on manual governance and contextual adjustment.
In contrast, BNuUT integrates data across multiple
domains—including relational dynamics, autonomy, care
demand, leadership, logistics, and safety—into a unified
team-level model of workforce balance (Figure 1).

Figure 1. Conceptual model of the balanced nursing teams (BNUT) system. Thefigure depi cts the 10 subcomponents supporting the BNUT decision-support
system, organized into 2 overarching categories. capacity domains (team composition, care demands, staffing, and skill mix) and performance domains
(leadership, logistics, safety culture, workload distribution, team dynamics, and professional development). These domains collectively inform the
assessment of team balance, ranging from negative imbal ance through optimal balance to positive imbalance.

Balanced Nursing Teams

Capacity Performance

. Logistics and l . Transparency and

Leadership Relations Work Conditions

I Ergonomics I I Taks Clearness I
Team Autonomy and Stress and

Care Demands Safety Culture

Composition Accountability Physical Demands

The system estimates team balance on a continuum ranging
from negative imbalance (eg, excessive workload and high risk
of burnout) through optimal bal ance to positive imbalance (eg,
over-capacitated teams and high risk of boreout). This
continuum builds on earlier conceptualization of a balanced
careteam as onein which capacity, including care demands and
team composition (4 domains) and operational performance
processes (6 domains), is strategicaly aligned to optimize
outcomes for both staff and patients, as well as organizational
and economic outcomes [9]. Sustained imbalance between the
10 domains undermines both care quality and workforce
sustainability. BNUT aims to operationalize this principle by
ng the alignment between nursing workforce organization
and patient care needs, trandating complex multidimensional
datainto actionable, evidence-based visual indicators for team
and managerial decision-making.

Thedevelopment of BNUT followed astaged approach designed
to progressively establish validity and relevance. The underlying
model was empirically grounded in asystematic scoping review
that identified 35 factors across 9 domains of balanced team
functioning [9]. The indicator set was subsequently refined
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through structured codevel opment with nursing managersfrom
participating institutions, who assessed each variable’s clinical
importance, data availability, and interpretive complexity. The
application itself was co-designed with end users through
user-story workshopsthat shaped functionality, interface design,
and workflow integration. This iterative process established
content validity, ensured practical relevance, and confirmed
usability. However, criterion validation against patient and staff
outcomes, which was originally planned via the operational
deployment in participating hospital's, could not be completed.
This validation gap was caused by the sociotechnical barriers
described in this paper, as they prevented the successful
implementation necessary for outcome evaluation. BNUT should
therefore be understood as a theoretically and empirically
informed decision-support prototype. Its outcome validation
remains contingent on achieving the organizational conditions
for sustained use.

Aim and Analytical Framework

This paper provides areflective analysis of the sociotechnical
challenges encountered during the development and testing of
BNuUT. We move beyond technical specifications to examine
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why digital innovations supported by both evidence and
organizational demand struggleto achieve real-world adoption.
Our anaysis uses the Human-Organization-Technology fit
(HOT-fit) framework [11], a model specifically developed for
evaluating health information systems. This framework maps
the 3 principal barrier categories observed in our work and
highlights how interactions among human, organizational, and
technological factors jointly shape implementation outcomes.
Each dimension is examined systematically, followed by an
integrative reflection demonstrating how compounding barriers
can obstruct implementation even when individual system
components function as designed. This viewpoint does not
present outcome validation of the BNUT system; rather, it offers
a structured reflective analysis of implementation dynamics,
informed by 8 years of engagement with participating
organizations and stakeholders across the Belgian health care
field.

Theinsights presented in thisviewpoint are grounded in 8 years
of sustained engagement with the BNuT project (2018 - 2026),
encompassing the full cycle from conceptualization and
codevelopment to attempted implementation across 18 health
care ingtitutions. During this period, the author team engaged
in extensive, iterative dialogues with stakeholders across all
levels of the health care system (eg, frontline nurses, nursing
managers, CNOs, data managers, data protection officers, 1T
departments, and external development partners) through
codevelopment workshops, pilot testing sessions, steering
committee meetings, and formal presentations to prospective
adopters and investors. Each of these interactions generated
feedback that progressively shaped the team’s understanding
of the barriers and enablers discussed in this paper. The
reflections synthesized here emerged iteratively from this
long-term, multi-stakeholder engagement. This approach
prioritizes ecological breadth and depth of immersion over the
rigor of structured qualitative research. The HOT-fit framework
[11] was applied retrospectively to organize and analyze these
accumulated insights, providing an analytical foundation.

The BNuT System and Implementation
Context

BNuT Concept and Architecture

Health care organizations face a fundamental data paradox in
nursing workforce management. While data seems abundant,
the information remains siloed across systems, leaving leaders
without the integrated insight required for strategic workforce
decisions. Existing information systemswere primarily designed
for billing and regulatory compliance rather than operational or
strategic decision-making. As aresult, critical data concerning
team dynamics, workload distribution, competency mix, and
patient demand remain fragmented across incompatible
platforms, such as e ectronic health records (EHRs), scheduling
tools, human resources (HR) databases, and quality registries.
This fragmentation and the lack of comprehensive data
warehouses or businessintelligencetool s leave nurse managers
operating largely reactively, addressing daily staffing shortages
without insight into long-term workforce patterns or their impact
on safety, quality, and retention. Moreover, staff lack a
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data-informed understanding of their team capacity,
performance, and outcomes, and must rely largely on
perceptions. This data paradox has become increasingly
consequential as contemporary health care systems face
mounting pressures: cost containment imperatives, heightened
quality and safety demands, and growing clinical
hyperspecialization that requires more sophisti cated approaches
to team composition and skill-mix optimization.

BNuT aimsto addressthese challengesthrough 2 interconnected
objectives that shift workforce management from reactive to
strategic. Thefirst involves comprehensive data collection and
processing to enable both cross-sectional analyses (capturing
current team states) and longitudinal tracking (monitoring team
evolution). This supports standardized decision-making capable
of distinguishing between expected variance, acceptable
fluctuations, and disruptive imbalances. The second objective
focuses on integrating multiple data streams into meaningful
composite indicators at the clinical microsystem level,
encompassing workload intensity, competency distribution,
leadership effectiveness, safety climate, and related domainsto
estimate the balance between team capacity, performance and
care demands, and outcomes.

To achieve this, the system combines a 360-degree
evidence-based survey, capturing staff perceptions on statements
within each capacity and performance domain, and data drawn
from existing organizational systems such as scheduling
software, EHRs, and quality metrics. All data are synthesized
using established evidence-based standardsin nursing workforce
research, ensuring that the resulting indicatorsreflect empirically
supported relationships between the domains. Crucidly, the
unit of analysisistheclinical microsystem, acknowledging that
patient and team outcomes emerge from collective team
processes rather than individual performance metrics. The
system supports dynamic management through continuous
monitoring and benchmarking functions, alowing leaders to
compare performance across teams, identify high-performing
configurations, and support continuous improvement. Team
involvement in discussing these data is paramount to support
teams and leaders in understanding team strengths and
weaknesses, to identify improvement priorities, and to assess
the extent of readinessfor innovation [12]. BNUT thus provides
managers and leadership with both ahelicopter view for strategic
oversight and the ability to zoom in on specific teams or metrics
when deeper investigation is required, thereby supporting
decision-making at operational, tactical, and strategic levels.

Implementation Setting and Challenges

BNuT was implemented across 8 health care organizations
representing diverse contexts, including home health care,
general hospitals, and academic centers. Although the degree
of adoption varied, each site revealed distinct yet interrelated
sociotechnical barriers that influenced feasibility and uptake:

1. At the human level, hesitance and abstention emerged as
key barriers. While these responses may originate as
reactions to perceived risks, the resulting behavioral
patterns—reluctance to engage, delayed adoption, or
outright avoidance—function as implementation barriers.
Nursing leaders and managers expressed concern that
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BNuT-generated insights might be misused in their
performance evaluations. There was also apprehension
about receiving feedback without having the resources or
organizational support to act on it, creating a sense of
accountability without agency. The operational pressures
of managing day-to-day staffing crises left little cognitive
bandwidth for strategic workforce optimization. This
environment discouraged engagement with reflective data
tools, despite general support for the underlying vision.

2. Attheorganizationa level, siloed prioritiesand hierarchical
governance structures undermined  implementation.
Financial executives, facing severe budget constraints
(particularly relevant given that approximately 40% of
Belgian hospitals operate at a financial loss [13,14],
perceived workforce optimization tools as an additional
cost rather than an investment. Chief technology officers,
while conceptually supportive, found it difficult to justify
allocating scarce IT resources to early-stage, nurse-led
projects lacking immediate financia return. This division
between nursing leadership (operational authority) and
executive governance (strategic control) created a structural
misalignment that limited implementation feasibility.

3. At thetechnological level, integration of existing systems
proved prohibitively complex and expensive due to vendor
lock-in strategies, legacy system fragmentation, and
deliberate datawalling between platforms. Several hospitals
had outsourced IT operations, transforming what could
have been internal configuration tasks into costly external
service requests requiring formal budget approval. IT
departments, already constrained by workforce shortages

https://nursing.jmir.org/2026/1/€92417

Vleminckx et al

and competing project portfolios, often struggled to
prioritize nurse-led digital innovations.

Out of the 8 health care organizations, one site achieved
substantial success offering acontrasting perspective. Operating
as a nurse-led home health organization, its leadership culture
embedded the vision of data-driven workforce optimization
from the outset. Alignment between operational need, executive
vision, and organizational authority enabled integration of BNuT
into management routines. This contrast underscoresthe critical
role of organizational alignment and leadership ownership in
realizing the potential of sociotechnical innovations such as
BNUT.

The 3 Dimensions of Barriers

Identifying the HOT-Fit

The implementation experiences of the BNUT project were
examined through the HOT-fit framework [11]. The framework
provides a sociotechnical lens for analyzing how system
adoption and sustainability depend on the aignment, or fit,
between 3 interacting domains: human, organizational, and
technological. Our reflections demonstrate that BNuT’s
implementation challenges were not isolated to any single
dimension. Rather, success depended on achieving an
equilibrium across domains, and an imbalancein onefrequently
undermined progress in the others (Figure 2). This section
reflects on lessons learned within each domain and concludes
by considering the interdomain dynamics that shaped
implementation outcomes.
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Figure 2. HOT-fit framework applied to the BNuT implementation. The diagram illustrates the 3 interacting domains of the HOT-fit model and their
relationships in the context of the BNUT decision-support system. Arrows represent interdependencies: successful implementation (fit) occurs only
when all domains are simultaneously aligned. Callouts highlight two key observations: (1) strong fit within the organizational domain—where nursing
leadership held both strategic authority and operational responsibility—enabled the nurse-led organization to overcome technical barriers, and (2)
data-integration delays eroded user engagement. API: application programming interface; BNuT: balanced nursing teams; CNO: chief nursing officer;
EHR: electronic health record; ETL: extract-transform-load; HOT: Human-Organization-Technology; PoC: proof of concept; SaaS: software-as-a-service;

UX/UI: user experience/user interface.
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Across the participating organizations, nursing leaders were
consistently enthusiastic about BNuUT’s conceptual promise.
The idea of a data-driven instrument capable of trandating
complex workforce information into actionable team-level
insights resonated strongly with their daily struggles. Notably,
the project itself originated from nursing leaders explicit
requests for better decision support tools, making BNuT a
responseto practitioner demand rather than atop-down research
initiative. Early skepticism during prototype demonstrations
largely dissipated once realistic use cases were presented. The
urgency of devel oping such asystem waswidely acknowledged,
and many leaders expressed relief that aproject finally addressed
the persistent gap between workforce research and managerial
decision support.

The added value that thistool will be able to give us
in the future was clear to everyone in the meeting. It
will enable usto make an in-depth analysis based on
objective data about the functioning of a team and
also indicate on which elements action is required to
remedy this. [Chief Nursing Officer, participating
hospital]

BNuT provides a most powerful lens for every nurse
manager. Gain personal leadership and teaminsights
to transform your department with data-driven
decisions for better care and satisfied staff. [Nurse
Manager involved in BNUT pilot testing]
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However, this enthusiasm coexisted with overconfidence
regarding implementation feasibility. Many nursing leaders
underestimated the organizational and technical barriers
involved and overestimated their own authority to overcome
them. Hospitals with advanced data infrastructures were
paradoxically more hesitant, perceiving BNuUT as “yet another
system” rather than as a complement to existing
business-intelligence tools. These organizations typically
requested an Application Programming Interface (API) to
integrate BNuUT's algorithms into their own dashboards rather
than adopting the full platform. Conversely, smaller
organizations, particularly those without internal analytics
capacity, perceived BNUT as uniquely valuable but lacked the
resources to integrate it.

Hesitance surrounding data use proved arecurrent issue, though
its nature differed markedly across organizational levels. Among
frontline nurses, concerns were minimal once the survey’'s
anonymity was assured; they generally perceived BNUT as a
supportive and developmental tool rather than a threat. In
contrast, hesitance and some mistrust were concentrated among
junior and mid-level managers, who feared that aggregated
results, particularly those reflecting leadership climate or
organizational support, could beinterpreted punitively by higher
management. In one large university hospital, even the CNO
voiced concern that unfavorable scores on “ organizational
leadership” might be politically exploited by other executives.
These perceptions reveal the asymmetrical distribution of
vulnerability within hierarchical hospital structures: while staff
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trusted the system’s safeguards, middle management occupied
a position where performance data could plausibly affect
professional standing.

Demonstrations and early pilots substantially increased
perceived usefulness. Once users saw how disparate data streams
converged into interpretable insights, engagement improved
markedly. A frequently cited example involved incident
reporting: one team appeared to have a disproportionately high
number of reported safety incidents. Initially interpreted as poor
performance, the BNuT analysis revealed that this team
simultaneously scored highest on safety culture, indicating a
healthy incidence-reporting climate. Such casesillustrated how
integrated data interpretation could challenge misperceptions
and reframe organizational learning.

Degspite these successes, cognitive and temporal constraints
limited sustained engagement. Nursing managersfacing chronic
staffing shortages and operational criseshad littletimeto interact
with a strategic-level dashboard. The tool’s intuitive design
mitigated digital-literacy barriers, yet the absence of formal
onboarding and the overall cognitiveload of crisis management
restricted deeper adoption. Champions, typically CNOs or
middle managers, emerged in nearly all sites, but their influence
was constrained by limited institutional authority. Over time,
enthusiasm at the human level could not compensate for
systemic resource constraints and organizational inertia.

However, it must also be acknowledged that the system’s own
scope likely contributed to the cognitive and governance burden
experienced by potential adopters. BNUT encompasses 10
domainsand integrates approximately 250 data points, of which
roughly 150 are to be extracted from organizational systems.
While the user-facing interface was specificaly designed to
simplify interpretation by reducing this complexity to composite
indicators and visual summaries, the underlying data
requirements imposed demands on organizational processes
that were substantial, particularly for ingtitutions already
operating under severe resource constraints. For organizations
with limited digital maturity, the gap between the system’s data
needs and the institution’s capacity to deliver that data may
have been too large, regardless of the tool’sanalytical value. In
retrospect, a more modular deployment strategy might have
lowered the threshold for initial adoption: beginning with a
reduced core indicator set drawn from readily available data
and progressively activating additional domains as
organizational data capacity matured would have allowed trust,
familiarity, and demonstrable value to develop incrementally
before the full model was introduced.

Organizational: L eader ship Alignment and Structural
Inertia

The organizational context proved decisive. In all hospitals, the
CNOs were strong advocates for BNuT, yet they lacked
budgetary control. IT departments, already overstretched and
managing numerous competing projects, had to alocate
technical resources, while financial decisions ultimately rested
with chief financial officers. Because the project was offered
free of charge during the proof-of-concept phase, it competed
poorly for attention against commercial initiatives with
contractual obligations. In hindsight, requesting a modest
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financia buy-in might have enhanced commitment and
prioritization by signaling ownership.

Both HR and I T departments often viewed BNUT as redundant.
HR staff perceived it as encroaching on their existing tools,
while IT departments regarded it as a low-priority research
experiment. Chronic shortages of 1T personnel further reduced
their willingness to support time-consuming integrations. In
several hospitals, IT services had been partially outsourced,
transforming even minor configuration tasks into expensive
external contracts. In some cases, hospitals lacked in-house
capacity to access their own databases, as software vendors
maintained exclusive control and charged high fees for basic
gueries. These arrangements effectively held data “hostage’
and created a very high dependency on vendors for data
extraction.

Organizational fit, the degree to which nursing leadership held
authority corresponding with operational responsibility, emerged
asthecritical differentiator. In hierarchical organizationswhere
the nursing department functioned asasilo, CNOs struggled to
gain board-level approval. Projects framed as nurse-led were
perceived as peripheral to strategic objectives. By contrast, the
one nurse-led organization integrated BNuT into its formal
strategic plan, supported by executive leadership and dedicated
IT alocation. Thisfit between operational need, strategic vision,
and resource authority was essential. It enabled the project to
progress from conceptualization to sustained use, highlighting
the necessity of structural empowerment for nursing leadership
within governance systems.

We use BNuUT as an integrated data and
communication system in our organization to better
understand our practices and outcomes in home
health and to lead and manage our organization
proactively. [CEO Home Health Organization]

Competing institutional priorities further hindered progress.
Post-COVID recovery, ongoing EHR upgrades, and
accreditation audits absorbed most organizational attention.
Because BNUT did not have immediate regulatory or financial
implications, it was consistently deprioritized. Organizational
culture also played arole: hospitals with participatory cultures
tended to show greater opennessto collaboration, whereas highly
hierarchical institutions rarely progressed beyond exploratory
discussions. Overall, BNuT’sorganizational challengesreflected
the entrenched marginalization of nursing leadership within
hospital governance, a systemic issue that extends beyond this
specific innovation.

Technological: Interoperability, Data Quality, and
Usability

The technological domain presented the most concrete and
persistent barriers. BNUT requiresintegration of about 250 data
points, where approximately 150 data points can be drawn from
existing systems: HRs, scheduling, EHRS, quality registries,
and even locally maintained spreadsheets. Each organization
used a unique constellation of software vendors and data
formats, often without shared standards. Even when multiple
hospitals used the same vendor, integration had to be
redeveloped from scratch dueto licensing and cost restrictions.
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Vendors frequently imposed additional chargesfor API access
or custom data exports, and in several cases claimed that
bespoke queries were required for every new request.

Manual preprocessing wasinitially necessary to conformto the
BNuT data structure. Anticipating this challenge, the system
was designed with a flexible, tiered integration architecture:
organizations could upload datamanually per data point through
theweb interface, push standardized files through an automated
importer in an agreed-upon format, or connect directly to a
PostgreSQL database structure into which raw data could be
pushed with automated ETL processing. To further reduce this
burden, the project contracted an external ETL specialist who
configured direct connectionsto source systemswhere feasible.
Degspite this flexibility, the approach proved only partialy
effective due to heterogeneous database architectures, limited
vendor documentation, and the cost of obtaining data exports
from third-party software providers. Data quality issues were
widespread: implausible valueswere common, and missingness
varied widely between datasets. BNuT’'s algorithms were
designed to tolerate partial missingness, except for afew core
variables essential for standardization, but the variability still
limited analytic robustness. The persistence of these barriers,
even given the system’'s deliberately flexible architecture,
underscores that the bottleneck was structural and rooted in
vendor lock-in, fragmented data governance, and limited hospital
IT capacity.

Despite theseintegration difficulties, the user-facing technology
waswell received. A professional user experience/user interface
designer ensured that the interface was intuitive and visually
clear, with asimplified radar chart summarizing 10 domains of
team performance. Users could benchmark teams or explore
subdomains with minimal training. The system was web-based
(Software as a Service) and accessible through standard
browsers, providing sufficient performance and stability for
managerial use.

Maintenance and updates were provided by the research team
in collaboration with a contracted developer. Hospitals were
able to independently distribute surveys and upload local data,
and feedback loops for technical improvement remained
informal. Overall, the technical obstacles were concentrated in
data extraction and integration rather than in software usability
or performance.

A critical question arising from the BNUT experienceiswhether
a model integrating approximately 250 data points was
over-engineered. The breadth of the model reflects our
conceptual ambition of capturing team balance across all
domainsidentified asrelevant in the empirical literature [9], an
ambition that was codevel oped and endorsed by the participating
organizations themselves. However, the practical consequence
was adata-governance burden that exceeded the current capacity
of most hospital sites, particularly those reliant on legacy
systems, outsourced IT functions, or fragmented data
architectures. Even theflexibleintegration mechanisms provided
could not overcome the structural barriers imposed by vendor
lock-in and the cost of data extraction from proprietary systems.
This tension between comprehensiveness and feasibility
represents a design challenge that is not unique to BNuT but
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characterizes many health information systems that attempt to
bridge the gap between research-level measurement and
operational redlity [15]. Futureiterations of such systems should
consider adopting a modular architecture where a core set of
indicators (operationalizable with minimal integration effort
and immediately actionablefor nursing managers) servesasthe
entry point, while the full model is reserved for organizations
with sufficient digital infrastructure and data-governance

capacity.
Interdomain Fit: A Prerequisite for Sustainability

Analysisacross HOT-fit domains highlights that implementation
success depended on achieving simultaneous fit across all 3
dimensions. The nurse-led organization illustrated how astrong
fit within the organizational domain, where nursing leadership
held both strategic authority and resource control, could
compensate for barriers in other areas. Once executive
endorsement was secured, IT resources were allocated,
data-sharing agreements expedited, and BNuT was embedded
in strategic planning. The same technical hurdles that halted
progress elsewhere became manageable. Conversely, where
one domain lacked fit, most commonly technology, momentum
in the others dissipated.

In several hospitals, delaysin dataintegration eroded enthusiasm
among nursing leaders who initially championed the tool.
Similarly, where organizational structures prevented nursing
leadership from influencing IT or financia decisions,
human-level motivation could not trang ate into implementation
capacity. Positive feedback loops only emerged when success
was visibleand endorsed from the top: early demonstrablevalue
encouraged further engagement and resource allocation, but
such cycles remained rare.

Overall, these patterns confirm the HOT-fit framework’s central
proposition: the effectiveness of health information systems
depends not merely on the functionality of individual
components but on the equilibrium between them. Imbalance
in any single domain propagates acrossthe system, undermining
overal fit. In BNuT's case, technological constraints,
particularly data integration and interoperability, acted as the
principal bottleneck, yet organizational and cultural dynamics
determined whether these constraints could be overcome. Strong
leadership endorsement, clear strategic positioning of nursing
within governance structures, and proactive attention to
data-trust and communication dynamics proved essential
conditions for sustaining progress. The nurse-led success case
offers a critical insight: when nursing leadership holds both
strategic  authority and  operationa  responsibility,
implementation becomesfeasible. In this organization, the same
technical challenges that stalled progress elsewhere were
systematically addressed because nursing leadership could
directly alocate resources, prioritize IT projects, and embed
BNuUT within strategic planning. This demonstrates that the
barriers encountered el sawhere were not primarily technical but
organizational. Conversely, when nursing remains positioned
as a cost-center with limited influence over budgets and
technology decisions, even technically sound innovations may
struggleto takeroot. Achieving fit across human, organizational,
and technological systemsis therefore not only a condition for
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digital successhbut also areflection of the broader power balance
between clinical professions and institutional structureswithin
health care.

Discussion

Principal Findings

The main finding of this reflective anaysis is that the
implementation of BNUT succeeded only where simultaneous
alignment across human, organizational, and technological
domains was achieved, specificaly in anurse-led home health
organization where leadership held both strategic vision and
budgetary authority. Across the 7 hospital sites, adoption was
prevented by converging barriers. datainteroperability failures
driven by vendor lock-in and fragmented IT architectures,
restricted nursing leadership authority within hierarchical
governance structures, and the substantial data-governance
demandsimposed by the system’s own breadth. These findings
are not unique to the Belgian context but reflect structural
dynamics widely documented in health informatics.

More specifically, the BNuT implementation illustrates how
organizational complexity constrains decision-support adoption
in nursing practice. Across sites, barriers arose primarily from
misalignment between human, organizational, and technol ogical
domains, although BNuUT's own data requirements may also
have exceeded the digital capacity of participating institutions.
This finding echoes long-standing observations within
implementation science that the success of health information
technology depends less on technical soundness than on
contextual fit within existing workflows, governance, and
professional cultures[16].

The predominance of technological barriers parallels systematic
reviews showing that interoperability failures remain the most
persistent obstacle to decision-support integration [17,18]. As
in those studies, the inability to access or standardize dataacross
HR, scheduling, and clinical systems eroded perceived reliability
and constrained analytic capability. These “barriers of
insufficiency” [17] reflect structural deficits in hospital IT
resourcing rather than isolated project limitations, reinforcing
the need for policy-level interoperability mandates.

The vendor lock-in and data fragmentation observed in the
BNUT project are not isolated to the Belgian health care context.
Internationally, similar dynamics have been extensively
documented. In England, the National Programme for IT
(NPfIT) was ultimately dismantled in 2011, in part because of
vendor lock-in and theinability to achieveinteroperability across
hospital trusts [19,20]. Subsequent NHS strategies have
mandated open standards and fast health care interoperability
resources-based  interoperability, yet in  practice,
vendor-controlled data architectures continue to impede
secondary use of clinical and workforce data [21-23]. In the
United States, the 21st Century Cures Act introduced explicit
information-blocking provisions to prevent vendors from
restricting data access, reflecting federal recognition that
proprietary data practices congtitute a systemic barrier to
innovation [24]. Within the European Union, the proposed
European Health Data Space regul ation represents an emerging
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attempt to establish cross-border interoperability standardsthat
could, in principle, reduce the per-project negotiation costs that
proved limiting inthe BNUT experience[25]. Collectively, these
international examples confirm that the barriers encountered by
BNuUT reflect astructural problem in health IT governance, and
that no amount of tool-level design can compensate when
system-level interoperability standards are absent.

At the organizational level, the imbalance between nursing
leadership enthusiasm and restricted resource authority emerged
as decisive. BNUT encountered resistance not from overt
opposition but from structural dependency on nonclinical
decision-makers, reflecting what has been described as the
“negotiation of control” in health care technology
implementation [26]. When nursing leaders lacked access to
financial or technical levers, implementation stalled despite
clinica support [27]. This pattern may reflect broader
international challenges: research suggests that even within
integrated health systems, resource allocation and workflow
redesign remain chronic bottlenecks[28], while CNO authority
limitations and IT resource allocation challenges appear to be
documented across health care systems globally [17,27]. The
single nurse-led organization in our sample, where strategic and
budgetary authority were unified under nursing leadership,
achieved full operational use, empirically supporting the HOT-fit
premise that fit across al domains is a prerequisite for
sustainability.

The human dimension was characterized by enthusiasm to
hesitation, abstention to mistrust. Nurses did not resist
technology per se, but distrusted implementations perceived as
top-down or evaluative [29]. The anonymity of BNuUT's survey
component mitigated some of these concerns, yet lingering fears
of data misuse illustrate fragile power dynamics [26]. Time
pressure and cognitive overload further limited engagement,
with research showing that human-resource scarcity continues
to undermine even well-designed interventions [17].

Taken together, our findings reinforce the view of health care
organizations as complex adaptive systemsin which technical,
organizational, and human subsystems aretightly coupled [16].
Localized improvementsin one domain cannot compensate for
deficits in another. The nurse-led success case exemplifiesthis
interdependence:  strong executive sponsorship overcame
technical and organizational inertia, producing a functioning
sociotechnical equilibrium. In contrast, sites lacking such fit
experienced cascading failure: data integration delays reduced
managerial trust, which in turn decreased organizational priority.
Implementation success thus required “al lights green,’
confirming HOT-fit's central premise that sustainable adoption
depends on balanced interaction across domains.

The conceptual contribution of BNUT liesin extending decision
support beyond patient-level staffing ratios towards team-level
optimization, incorporating leadership, workload, and safety
culture. This holistic approach addresses gaps identified in
recent reviews of nursing decision-support systems, which report
limited theoretical grounding and minimal postimplementation
evaluation [30]. Yet the difficulties experienced in this project
also underscore the persistent divide between research
prototypes and operational systems. Bridging this divide will
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require not only improved technical integration but also
structural empowerment of nursing leadership to act as equal
partnersin digital transformation.

The lessons from BNuUT have concrete implications for the
design of future nursing decision-support systems. First,
scalability demands a shift from monoalithic, all-or-nothing
deployment towards modular architectures that allow
organizations to adopt core functionality with minimal
integration effort and progressively expand as digital maturity
grows. An API-first, cloud-native design would reduce per-site
configuration costs and enable integration with diverse IT
ecosystems without requiring bespoke development for each
vendor. Second, adaptability requires that indicator sets are
configurable to organizational context: rather than imposing a
fixed 250-variable model, future systems should allow
ingtitutions to select domains aligned with their strategic
priorities and data availahility, with the full model serving as
an aspirational benchmark. Third, integrating predictive
analytics, for example, flagging units where scheduled team
composition falls below stability thresholds, or forecasting
turnover risk based on employment pattern trends, would shift
such tools from retrospective reporting towards prospective
decision support, increasing their value for both unit-level
workforce management and organization-wide strategic
planning. Fourth, interoperability should be embedded by design
rather than retrofitted: adopting open data standards and
European Health Data Space-compatible datamodels from the
outset would reduce dependency on vendor-specific export
mechanisms. For clinical data, standards such asHL7 fast health
care interoperability resources provide a foundation; however,
workforce-specific data (including turnover, employment
patterns, and team composition metrics) are not yet covered by
existing interoperability standards, highlighting the need for
standardized data models for nursing workforce analytics as a
prerequisite for tools like BNUT.

Taken together, the findings demonstrate that sustainable digital
innovation in health care depends on achieving fit across human,
organizational, and technological systems. Where one domain
fails, whether through technical fragmentation, limited
leadership authority, or mistrust, momentum across the others
may diminish. Conversely, fit across all domains enables small
successes to compound into sustained adoption.

Furthermore, they revea a troubling urgency paradox. Given
mounting workforce shortages, cost pressures, and quality
demands, strategic optimization of nursing team deployment
should arguably be among health care organizations highest
priorities. The nursing workforce represents both the highest
operational cost and the most direct interface between an
organization and its patients. Yet across the sites studied,
workforce optimization tools were consistently deprioritized in
favor of regulatory compliance systems, billing infrastructure,
or projects with more immediate financial returns. This
misalignment between stated workforce priorities and actual
resource allocation warrants attention from nursing leadership
and policymakers alike. Trand ating these insightsinto practice
yields several actionable lessons for the key stakeholders
shaping the future of the nursing workforce.
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Several limitations of this viewpoint must be acknowledged.
First, the authors were the developers of BNuUT, which creates
an inherent risk of presenting the tool more favorably than an
independent analysis might. We havetried to apply aself-critical
lens, particularly in examining whether the system’'s own
complexity contributed to adoption failure, but readers should
interpret the analysis with thisin mind. Second, the reflections
presented here are grounded in 8 years of sustained stakehol der
engagement rather than in formal qualitative data collection
with recorded interviews, systematic coding, and member
checking. This gives us considerable ecological breadth and
depth of immersion, but lacks the methodological safeguards
of structured qualitative research, and the insights may be
subject to recall bias and selective interpretation. Third, all
implementation attempts occurred within the Belgian health
care system, with its specific configuration of hospital
governance, vendor markets, and regulatory frameworks.
Although we have drawn paralels with international
experiences, direct generalizability to other jurisdictions should
not be assumed. Fourth, criterion validation of BNUT against
patient and staff outcomes was planned but could not be
completed because the sociotechnical barriers described in this
paper prevented sustained implementation. The system’s
effectiveness, therefore, remains empirically undemonstrated,
and the tool should be understood as a theoretically informed
prototype rather than avalidated intervention. Fifth, the contrast
between the single successful site and the 7 hospital sites should
beinterpreted with caution: the successful organization differed
structurally in governance, scale, and patient population, and
the comparison cannot isolate which specific factors were
sufficient or necessary for adoption. Nonetheless, we believe
that systematically documenting implementation failure through
astructured analytical framework serves an important function
in the health informatics literature, where publication bias
towards successful cases limits collective learning.

L essonsLearned

The synthesis of our findings, summarized in Figure 2, yields
actionablelessonsfor the diverse stakeholdersinvolvediin digital
nursing innovation. While grounded in the BNUT experience,
these insights reflect broader structural issues relevant to
sociotechnical implementation in health care.

Researchers

For researchers developing digital decision-support tools, the
BNuUT case offers a sobering lesson. BNuT was developed
bottom-up from explicit practitioner demand: nursing leaders
requested better decision-support tools, and 18 health care
organizations collectively crowdfunded its development. The
project incorporated end user co-design throughout, with nursing
managers and CNOs involved in iterative development cycles.
Implementation science principles guided the approach,
including stakeholder mapping, staged rollout, and continuous
evaluation. Yet despite these methodologica strengths, BNuT
still encountered fundamental barriers that prevented adoption
in most sites. This suggests that the obstacles to data-driven
decision support in nursing may be more systemic than
methodological: even well-designed, practitioner-endorsed
innovations may fail when organizational structures do not grant
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nursing leadership the authority to implement them. Researchers
should therefore embed evaluation within a sociotechnical
framework from the outset, document contextual mechanisms
rather than merely outputs, and advocate for the structural
conditions that enable adoption, not only develop technically
sound tools.

Health Care Organizations

For health care organizations, our analysis underlines that the
success of nursing informatics projects depends on granting
nursing leadership formal authority over budget and data
infrastructure. CNO enthusiasm alone cannot compensate for
siloed governance or outsourced IT functions where access to
the health care organization's own data is locked by software
vendors. Health care organi zations need to address thisissuein
future contract negotiations with the software vendor so that
access to their proper data can be faster, more flexible, and at
a much lower additional cost. Organizations that positioned
nursing as an egqual partner in strategic planning achieved
smoother integration and sustained use. Embedding nursing
analytics tools such as BNuT within long-term workforce
strategies, rather than treating them as stand-al one one-fits-all
pilots, fosters alignment across organizational hierarchies and
improves accountability.

Policymakers

For policymakers, the BNUT experience highlights that the
barriers to digital nursing innovation are systemic rather than
local. Fragmented data architectures, vendor lock-in, and
inconsistent interpretations of data-protection regul ation create
environments where interoperability remains prohibitively
expensive. Concretely, this requires policy action on multiple
fronts. First, mandatory interoperability standardsfor health IT
vendors would reduce the per-project negotiation costs that
limited BNUT’sdataintegration. Second, dedicated pilot funding
mechanismsfor nurse-led digital health innovation could provide
the financial continuity that free proof-of-concept approaches
cannot sustain. The BNUT experience suggests that offering a

Vleminckx et al

tool free of charge may paradoxically reduce organizational
commitment; phased funding models tied to implementation
milestones might better incentivize sustained engagement. Third,
governance reforms that mandate nursing representation on
hospital IT steering committees and digital transformation
boardswould address the chronic underrepresentation of nursing
leadership that proved decisive across our implementation sites.
Addressing these “barriers of insufficiency” [17] requires
structural investment in digital infrastructure and governance.
Equally essential is embedding nursing leadership within
national digital health strategies. Policies that enable nurse
leaders to access and use workforce data are not merely equity
measures but economically rational interventions that enhance
quality, safety, and system performance.

Conclusions

The BNUT experience demonstrates that the challenge of digital
transformation in nursing may lie less in technology than in
achieving fit across sociotechnical domains. Sustainable
innovation appears to depend on the concurrent readiness of
human, organizational, and technological systems, none of
which can substitute for another. When fit isachieved, asin the
nurse-led organization, digital tools can become enablers of
strategic decision-making rather than isolated projects. The
persistent barriers encountered across most sitesreflect structural
issues that extend far beyond any single system: the
undervaluation of nursing leadership, fragmented data
infrastructures, and chronic underinvestment in interoperability.
Equally, our experience suggests that decision-support systems
of this scope must be designed with explicit attention to the
data-governance capacity of target organizations, adopting
modular architectures that lower the threshold for initia
adoption. Addressing these systemic imbalances—in
interoperability governance, nursing leadership authority, and
the design of implementation-ready tools—will be essential not
only for future iterations of BNuUT but for the broader success
of nursing informatics asadriver of resilient and learning health
care organizations.
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Abstract

Background: Nursing Development Units (NDUs) are structured clinical environments designed to enhance professional
development, collaboration, and organizational learning. While NDUs have been widely studied for their impact on nursing
practice, their role in supporting digital transformation in health care has been less explicitly examined.

Objective: This scoping review aimed to map the characteristics, structures, and processes of NDUs and identify how these
elements may relate to digital readiness and the integration of digital toolsin nursing practice.

Methods: We conducted a scoping review of 40 publications describing NDUs. Data were coded iteratively to identify patterns
at theindividual, interpersonal, and organizational levels. Core elements and subcategories of NDUs were mapped, highlighting
potential connections to capacities required for digital transformation.

Results: NDUSs operate across three levels: (1) individual—fostering professional role development, leadership, and resilience;
(2) interpersonal—promoting participatory cultures, collaborative practice, and shared unit visions, and (3)
organizational—providing structured frameworks for practice philosophy, role development, resource and change management,
and embedded eval uation systems. While most primary publications did not explicitly addressdigital competencies, the structures,
reflective practices, and collaborative processes described represent foundational capacities for engaging with digital tools,
innovation, and organizational change.

Conclusions: NDUSs are characterized by multilevel structures and processes that enhance professional and organizational
capacities. Although explicit evidence on digital transformation is limited, these capacities align with key prerequisites for the
adoption and effective use of digital technologiesin nursing practice. Further research is needed to examine how NDUs directly
support digital innovationin clinical settings.

(JMIR Nursing 2026;9:e89051) doi:10.2196/89051
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merely technical but rooted in organizational culture, leadership,
and professional identity. Consequently, digital transformation
in nursing often fails due to misalignment between technol ogical
innovations and clinical practice [6]. In this review, digital

Introduction

Digital transformation is no longer a future scenario in health
care but apresent reality driven by artificial intelligence, remote

monitoring, electronic health records, and data-informed
decision-making [1-4]. While these innovations promise
improved care quality, efficiency, and patient engagement, their
implementation in nursing faces persistent challenges, including
digital burnout, workflow disruption, resistance to change, and
insufficient staff-centered design [5,6]. These barriers are not

https://nursing.jmir.org/2026/1/e89051

transformation in nursing is understood as a sociotechnical
process. It involves technological adoption, changes in
professional roles and competencies, and the adaptation of
organizational routines and culture.

Nursing Development Units (NDUs) have emerged as a
promising model to foster innovation and support digital
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transformation in nursing. NDUs are nursing-led, practice-based
innovation hubs designed to integrate research, education, and
clinica practice through reflective, participatory, and
evidence-informed development cycles [7-9]. Unlike isolated
pilot projects, NDUs are embedded within health care
organizations and supported by dedicated leadership, resources,
and evaluation systems, enabling long-term iterative learning
and continuous improvement [10,11]. Their core
mechani sms—structured reflection, participatory
decision-making, and embedded evaluation—directly address
known barriersto digital transformation by empowering nurses
as cocreators of practice change.

Degspite this potential, NDUs remain undertheorized in the
context of digital health. Systematic mapping of their conceptual
features, functional roles, and organizational
frameworks—particularly regarding how they enable or
congtrain digital transformation—is lacking. Moreover,
terminological variation (eg, “Clinical Development Unit,”
“Practice Development Unit,” and “ Nursing Professional Unit”)
complicates cross-contextual comparisons and limits the
transferability of insights [11-13]. This conceptual and
methodological heterogeneity highlights a key research gap:
the absence of acoherent, internationally applicable framework
to understand how NDUs function as catalysts for digital
innovation in nursing.

This scoping review aimed to addressthis gap by systematically
mapping theinternational literature on NDUS, synthesizing their
core conceptual features, functional roles, and organizational
frameworks. The review also explored how NDUs engage with
digital transformation—not as passive recipients of technology
but as active spaces of knowledge trandation [14],
organizational change [15], and co-design [16]. A scoping
review methodology was chosen due to the conceptual
complexity, terminological diffusion, and limited existing
synthesis of the NDU concept [17,18]. This approach allows
for a comprehensive, transparent, and structured mapping of
theliterature, providing afoundation for futureimplementation
models and strategies for digital innovation in nursing.

Methods

This scoping review followed the Joanna Briggs Institute
methodology [17] and the framework by Arksey and O’ Malley
[18], which encompasses 4 phases: identifying relevant
publications, selecting publications, extracting data, and
synthesizing findings. Reporting adhered to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses extension for Scoping Reviews) checklist to
ensure transparency and reproducibility [19].

Search Strategy

A systematic literature search was conducted in May 2025 in
thedatabases MEDLINE (viaPubMed), ScienceDirect, EBSCO,
Cochrane Library, and Europe PMC. Supplementary searches
in Google Scholar and LIVIVO captured gray literature and
publications not indexed in biomedical databases. Resultswere
sorted by relevance, and all retrieved records were screened
without a stopping rule to maximize sensitivity.

The primary database search used the exact phrase “Nursing
Development Unit” to prioritize conceptual precision. No
additional filters (eg, publication year, study design, or language)
were applied to capture the complete literature on NDUs. This
decision was grounded in the historically established use of the
term. In the literature, “NDU” often denotes a defined
organizational model rather than ageneric practice development
activity. We anticipated that broader search strings (eg, including
“Practice Development Unit” or “Clinical Development Unit”)
would markedly increase retrieval in the main databases. Much
of thisliteratureis conceptually adjacent but heterogeneous (eg,
general practice devel opment, quality improvement, or clinical
education units) and does not necessarily reflect the NDU model
targeted in this review.

To reduce the risk of missing relevant publications due to
terminological variation, we complemented the core database
search with supplementary searches and screened for records
that provided structural or process descriptions consistent with
NDUs(eg, “Clinical Development Unit,” “ Practice Devel opment
Unit,” “Nursing Clinical Development Unit,” and “Nursing
Professorial Unit”). The full MEDLINE search syntax is
provided in Multimedia Appendix 1.

Publications were included if they described structural,
functional, or organizational characteristics of NDUs, as well
as development processes and implementation strategies.
Publications primarily evaluating effectiveness or outcomes
(eg, patient metrics and clinical performance) were excluded
as the focus was on conceptual mapping rather than outcome
assessment. Disease- or popul ation-specific NDUswereincluded
only if they provided insightsinto NDU structures or processes.
Only English- or German-language publications with available
full textswere considered. English was used to ensure coverage
of the international literature, whereas German-language
publications were included for feasibility given the review
team’s proficiency. Textbox 1 summarizesthe eligibility criteria.
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Textbox 1. Inclusion and exclusion criteria.

Gangnus et al

Inclusion criteria
«  Empirical and conceptua publications with abstracts available
«  Language: German or English

«  Description of content-related aspects, progressive development process, and implementation strategies of Nursing Development Units (NDUs)

Exclusion criteria

«  Disease-specific focus (unless NDU structures or processes were described)

«  Evaluation of NDUs (effectiveness or outcomes)

«  Full text not available

Publication Selection and Data Extraction

Duplicate records were manually removed based onftitle, author,
digital object identifier, journal, and year. Threereviewers (AG,
PM, and KG) independently screened titles and abstracts, and
any record deemed €eligible by at least one reviewer progressed
to full-text review. Theinvolvement of 3 reviewers at this stage
was chosen to efficiently manage the large number of retrieved
records.

Full-text screening was performed independently by 2 reviewers
(AG and KG) using predefined inclusion and exclusion criteria,
with disagreements resolved through discussion. All included
publications were full-text documents (peer-reviewed articles
or gray literature reports) that underwent thematic analysis. Data
extraction followed astandardized charting framework capturing
structural, functional, and organizational characteristics;
development and implementation processes; and references to

digital transformation where present. Each publication was
extracted by a single reviewer, with the framework ensuring
consistency. Given the more in-depth nature of full-text
assessment, the involvement of 2 reviewers was considered
sufficient to ensure consistency and methodological rigor.

A quadlitative synthesis was conducted using the structured
qualitative content analysis by Kuckartz and Rédiker [20], as
recommended by Levac et a [21]. Thematic categories emerged
through an iterative process: (1) deductive mapping of initial
categories from the research questions (eg, “leadership
identity”), (2) inductive coding of al publications to identify
recurring patterns, and (3) aggregation of overlapping patterns
into the final thematic structure through team consensus.
Category definitions, anchor examples, and iterative coding
refinement ensured analytical rigor. Figure 1[20] illustratesthe
process.

Figure 1. Qualitative content analysis process according to Kuckartz and Rédiker [20] (applied in thisreview).
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Ethical Considerations Results

As this study was a scoping review of published literature, it
did not involve human participants, and therefore, ethics
approval was not required.
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Publication Selection
The database search conducted in May 2025 yielded 1293

records. 106 (8.2%) from MEDLINE (via PubMed), 818
(63.3%) from Google Scholar, 72 (5.6%) from LIVIVO, 89
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(6.9%) from ScienceDirect, 1 (0.1%) from the Cochrane Library,
123 (9.5%) from Europe PMC, and 84 (6.5%) from EBSCO.
After removing duplicates and screening titles and abstracts, of
the 1293 publications, 101 (7.8%) underwent full-text review.
Applying the predefined eligibility criteria resulted in 40

Gangnus et al

publications included for in-depth analysis. No unresolved
disagreements occurred during the selection process. The
publication selection process is illustrated in the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flowchart (Figure 2 [22]).

Figure2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart illustrating the study selection process (adapted

from Moher et a [22]). NDU: Nursing Development Unit.

‘ Identification of publications via databases and other methods

Main Characteristics of the Included Publications

The 40 included publications originated from the United
Kingdom (n=26, 65%) and Australia (n=14, 35%) and covered
the period from 1991 to 2017. Most publicationswerein English
(n=39, 97.5%), with 2.5% (n=1) in German. Study designs
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comprised qualitative, quantitative, mixed methods, and
conceptual approaches. The publications examined how
professional roles, leadership, collaborative practices,
organizational structures, and reflective processes shape nursing
practice. Publication characteristics are 