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Abstract
Background: Globally, 537 million persons live with diabetes, and a lifetime risk of up to 34% of developing diabetic foot
ulcers (DFUs) necessitates strengthened preventive initiatives.
Objective: The study aimed to develop and evaluate a clinical decision support system (CDSS) to be used by health care
professionals in foot assessment and risk stratification as a base for prevention.
Methods: Based on principles of human-computer interaction, the CDSS was developed for DFU risk assessment. Users,
health care professionals from Region Västra Götaland in Sweden, evaluated the functions regarding effectiveness, efficiency,
and satisfaction using a mixed methods usability testing approach. Expectations and experiences of using the CDSS were
evaluated with the System Usability Scale (SUS).
Results: A total of 9 participants participated. User expectations of the CDSS, measured by SUS, averaged 77.2 (SD 14.6).
Posttest SUS scores were 68.9 (SD 14.3), with a mean difference of 8.3 (P=.07), a nonsignificant reduction of usability after
testing. The effectiveness of the CDSS in supporting users to complete 9 clinical tasks showed that for 7 (78%) tasks, at
least 5 (56%) testers successfully achieved the intended goals. Tasks involving the identification of ingrown toenails and
the confirmation of foot status, including risk stratification for the patient, were completed by fewer testers. Efficiency,
measured as mean task completion time, ranged from 7 seconds to 9 minutes 20 seconds, and qualitative feedback informed
recommendations for further system refinement. Users reported that a structured CDSS has the potential to support more
equitable, consistent, and person-centered DFU prevention within a digital health service.
Conclusions: A digital health service for DFU risk stratification was developed based on national and international guidelines.
Although the users’ expectations of the usability were higher compared to how they experienced the CDSS, the SUS test
was near a threshold of 70, indicating that the system being tested was above average in usability. Further development
and validation, both nationally and internationally, with continued attention to users’ needs and contextual factors, are
recommended.
Trial Registration: ClinicalTrials.gov NCT05692778; https://clinicaltrials.gov/study/NCT05692778
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Introduction
Background
Globally, 589 million persons live with diabetes [1], with
a lifetime risk of developing diabetic foot ulcers (DFUs)
ranging from 19% to 34% [2]. Out of 10.6 million people in
Sweden, 600,000 persons had diabetes in 2024, according to
the Swedish National Diabetes Register (NDR) [3]. In India,
an increase from 90 million people with diabetes in 2024
to 157 million in 2050 is estimated [1]. DFUs are a serious
and growing global health challenge. When left untreated
or not promptly addressed, DFUs can lead to severe compli-
cations, including lower-extremity amputation, significantly
affecting patients’ quality of life and increasing health care
costs [4,5]. The 5-year mortality rate following DFU is 30%
due to complications related to diabetes and comorbidities
[6]. Worldwide, 18.6 million people live with DFU, with

vascular, neurological, and biomechanical components [2].
The International Working Group on the Diabetic Foot
identifies the following key risk factors for DFU develop-
ment: peripheral neuropathy, peripheral vascular disease,
skin pathologies, foot deformities, and a history of previ-
ous DFU or amputations [7] (Figure 1). These risk factors
need to be identified regularly in each person living with
diabetes. Despite well-established guidelines recommending
regular foot examinations and risk assessments, a signifi-
cant proportion of at-risk patients do not undergo structured
screening for DFU risk in Swedish clinical practice. For
instance, data from NDR indicate that 25% of patients in
Sweden do not undergo the recommended foot examinations
[3]. Timely interventions, such as podiatry and therapeutic
footwear, may be omitted. Early prevention is recommended
to hinder DFU progression and reduce the risk of amputation,
and rapid referral to multidisciplinary care teams is recom-
mended for patients diagnosed with DFUs [7].

Figure 1. Schema of the risk stratification as described in Swedish national clinical guidelines [8].

Risk grade Symptoms

No signs of distal neuropathy or peripheral
vascular disease and no other risk factors

Information on 
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Podiatry Regular foot control 
made by nurse or 
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Footwear and
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1

Signs of distal neuropathy or peripheral
vascular disease2
Signs of distal neuropathy or peripheral
vascular disease, previous ulceration,
amputation, foot deformity, skin pathology 
(eg, callosities/fissures)3
Presence of foot ulcer or osteoarthropathy or
severe pain syndrome4

NO

YESYES

YESYES

YES YES YES
and MDS and MDS and MDS

YES

YES

Prevention and multidisciplinary service (MDS) of foot complications in diabetes

The Role of Digital Health Services in the
Prevention of Foot Ulcers
The accelerated digitalization of health care has promp-
ted efforts to integrate clinical decision support systems
(CDSSs) [9] that allow health care professionals (HCPs)
to register patient data, store it securely, and use it for
evaluation and audit, and potentially for artificial intelli-
gence (AI)–driven outcome prediction. However, despite
efforts to develop digital health solutions, promoting foot
health for patients with diabetes, no integrated system is
currently in use in Sweden or elsewhere (as of 2025). On
a global scale, Kabir and Ashmed [10], in their review,
found that existing software for DFU management lacks

sufficient evidence-based reliability, emphasizing the need
for systematic evaluation. Their review of 170 applications
identified major shortcomings, such as inadequate assess-
ment tools, poor integration of best practices, and limi-
ted use of AI-driven enhancements. To ensure that these
applications meet health care standards, a robust evaluation
framework, such as human-computer interaction (HCI), is
crucial, ultimately enhancing DFU management, improving
patient outcomes, and reducing health care costs [10].
Theoretical Framework: HCI
The field of HCI has evolved beyond its initial focus
on computer-centric usability to encompass diverse technol-
ogies, including CDSS. HCI research aims to optimize
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interactions between users and digital tools. Bevan and
Harker [11] contributed to improving human interaction
design in health care by refining the ISO 9241‐11 usability
standard [12], emphasizing a more comprehensive under-
standing of usability beyond efficiency, effectiveness, and
satisfaction. User-centered design is an iterative development
methodology that prioritizes user needs, tasks, and environ-
mental factors throughout the design and implementation
processes. This approach ensures that digital tools align
with end users’ requirements, thereby enhancing adoption
and clinical use. Furthermore, evaluating the usability of the
system is crucial in order to ensure that the system fulfills the
needs and performs effectively in clinical settings [13].

Grundgeiger et al [14] advocated for incorporating user
experience (UX) principles in safety-critical health care
environments. They emphasized that beyond usability, factors
such as emotional response, trust, and cognitive workload
significantly impact HCPs’ interactions with technology. UX
refers to the overall impact of a user’s interaction with a
system, spanning initial impressions, long-term engagement,
and emotional responses. Usability, a core component of
UX, refers to the effectiveness, efficiency, and satisfaction
with which users achieve specified goals in a given context.
The concept of “UX” by Norman et al [15] highlights the
importance of a holistic interaction design beyond interface
usability.

A limited number of applications, such as CONNECTPlus
[16] and D-Foot [17-19], have been specifically developed
for HCPs to support systematic identification of DFU risk
and structured foot assessment. Both D-Foot and CONNECT-
Plus aim to facilitate risk stratification and support clinical
decision-making by providing structured assessment tools and
guidance.

D-Foot, developed within Region Västra Götaland (VGR)
in western Sweden, was designed for use by certified
prosthetists and orthotists. The system is based on a struc-
tured foot examination aligned with recommendations from
the Swedish Association of Local Authorities and Regions
[8,20].

CONNECTPlus offers features such as risk-specific
education, self-management support, and remote monitoring
intended to empower patients and potentially reduce health
care burden; however, its direct impact on clinical outcomes
has not yet been established.

Prior to this study (in 2020), the principal investigator
(UT) led a regional development group in the VGR that,
based on national guidelines [20], created a workflow for
a foot examination in paper format to facilitate risk stratifi-
cation for patients with diabetes (Multimedia Appendix 1).
The face validity of the foot examination was secured by
HCPs regionally and nationally during 2 workshops. The
foot examination in paper format, with its structured foot
assessment, has previously been explored regarding how
HCPs experienced its use during foot assessments of patients
with diabetes [17]. The HCPs found that the foot examination
simplified examinations, highlighted differences in current
standard management, and had the potential to standardize

care and achieve good, equal, and person-centered care
[17]. While some inconsistencies in risk categorization were
noted, the anticipated digital version was expected to enhance
documentation, accessibility, and adherence to guidelines.
Aim and Research Question
Despite digital advancements, no CDSS is incorporated in
a digital health service aimed to be used by HCPs, such
as nurses, podiatrists, and doctors, for the early detection
of risk factors that precede the development of DFUs. To
address this gap, this study presents the design and evaluation
of a digital health service including a CDSS for managing
structured foot examinations.

The specific research questions were as follows:
1. How should a CDSS be designed to effectively capture

and support the workflow in diabetic foot care?
2. Does the CDSS function as intended in meeting

user expectations and supporting HCPs in real-world
settings?

3. How does usability with pretest and posttest surveys
contribute to refining the design of a CDSS?

Methods
Design and Setting
The study was part of a larger research initiative aimed at
optimizing the prevention and care of patients with diabetes
at risk of developing DFUs. The study was conducted in
collaboration with VGR, the public health care provider for
the second largest region in Sweden, serving approximately
1.8 million inhabitants. The study was carried out in 2 health
care settings within VGR: Skaraborg Hospital in Skövde
and Sahlgrenska University Hospital in Gothenburg (Multi-
media Appendix 2). Usability testing sessions were conduc-
ted at these hospital sites during 2022. Each session lasted
approximately 2 hours and was designed to allow in-depth
observation and interaction with the CDSS in a controlled
clinical environment. In addition, at a later stage, researchers
from Amrita University in India were involved as a reference
group.

The methodology comprised three phases—(1) design, (2)
testing, and (3) iterative refinement—following established
usability testing principles described by Dumas and Redish
[21].
Design Phase
In the design phase, the following steps were taken:

1. An innovation team, consisting of a clinical researcher,
a researcher in health informatics, a master's student in
biomedical engineering, and a researcher in biomedical
engineering, formulated the strategy for the develop-
ment of the digital health service.

2. The requirements for the digital health service were
defined based on the foot examination that HCPs had
created (Multimedia Appendix 1), a literature review,
patients’ needs as expressed in the national clinical
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guidelines [8], and a review of existing diabetic foot
care workflows in the VGR.

3. The key steps in diabetic foot care were identified
and integrated into the design. Personas were created
(Multimedia Appendix 3). Personas are useful in HCI
and are fictional yet research-based representations of
specific user groups, helping designers [22]. They guide
design decisions by encapsulating user characteristics,
behaviors, and goals, ensuring usability and accessibil-
ity in the development of interactive systems [23,24].

4. The software Lucidchart [25] (Multimedia Appendix
4), a web-based diagramming application, was used
to create the conceptual design by visualizing the
workflow anticipated in the digital health service during
foot examination. The workflow for HCPs included
useful features such as an education section for
enhanced learning during use, an examination section,
and a documentation section.

5. In the development of the digital health service, the
software Figma (Dylan Field and Evan Wallace), a
collaborative web application useful in interface design,
was used (Multimedia Appendix 5) [26].

The Test Phase
The usability testing followed a structured, sequential process
(Figure 2). First, users’ initial expectations, knowledge,
and confidence in using the CDSS were assessed using a
pretest questionnaire (Multimedia Appendix 6). This was
followed by scenario- and task-based testing, during which
HCPs performed tasks reflecting routine diabetic foot care
workflows. User interactions were observed to identify
technical issues and assess whether functional requirements
were met.

Figure 2. The test phases. CDSS: clinical decision support system; SUS: System Usability Scale; UX: user experience.

Qualitative feedback was then collected regarding usability,
functionality, and design. Usability was further evaluated
using pretest and posttest surveys, including the System
Usability Scale (SUS), to assess user expectations and
satisfaction [27-30]. Finally, posttest surveys (Multimedia
Appendix 7) were used to assess users’ perceptions of how
well the CDSS met their needs and expectations, as well as to
identify issues related to ease of use, navigation, and overall
UX.
Participants
Participants were HCPs employed within VGR and were
recruited using a purposive sampling approach. Inclusion
criteria were that participants had clinical experience working
with patients with diabetes at risk of developing DFUs.
Eligible HCPs were systematically contacted by a member

of the research team, informed about the study, and invited to
participate in the usability testing.

A total of 9 HCPs participated in the study, including
3 nurses, 4 podiatrists, 1 physiotherapist, and 1 certified
prosthetist and orthotist. Participants’ ages ranged from 37
to 68 years, and their clinical experience in diabetes care
ranged from 1 to 40 years. To support detailed observation
and interaction, each usability testing session included a
maximum of 3 participants. The number of participants was
judged to be sufficient, given the diversity of professions
among testers and considering the cost of testing against the
value of the information gained [31].
Ethical Considerations
The study was approved by the Swedish Ethical Review
Authority (register number 2020‐02715) and was conducted
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according to the ethical principles described in the Declara-
tion of Helsinki, following the Code of Ethics of the World
Medical Association for experiments involving humans [32].
The participants received oral and written information about
the study, including information on their right to withdraw
from the study at any time without explanation. Participants
were included after providing written informed consent,
and all participants agreed to be photographed. Written
informed consent was also obtained for the publication of
any potentially identifiable images or data included in this
article. There is always a risk of intrusion of integrity when
personal experiences are shared with others. However, the
advantages for future patients were judged to balance the
possible inconvenience that participants might experience, for
example, the time they spent on travel and participation in the
study. The participants were ensured confidentiality and were
informed that any concerns could be clarified by contacting
the research team. No such concerns were expressed. The
ClincalTrials.gov ID is NCT05692778.

Written informed consent was obtained from all individ-
uals depicted in figures for publication of their images in
this open access article. Privacy measures were implemented
to protect participants. No personally identifying information
(eg, names or other identifiers) is included in the image or
accompanying text. The images are used solely for illustrative
purposes within the context of the study. Participant data
were de-identified prior to analysis, and no directly identi-
fiable information (eg, names or personal identifiers) was
included in the dataset. No such concerns were expressed. No
compensation was provided to the individuals.
Workshop for Usability Testing
The usability test was held in the Skaraborg region, at Skövde
Hospital and in Gothenburg during 2022. First, during the
workshop, the study participants filled in a survey capturing
demographic data, professional background, and experience
of using digital tools in assessing foot status in patients
with diabetes. Participants answered a mix of closed-ended

(yes/no, multiple choice) and open-ended questions with
pretest surveys (Multimedia Appendix 6). Furthermore, the
HCPs’ prior experiences and their expectations of working
with digital tools were registered. During the tests, the
participants performed simulated user tasks, and the usability
was evaluated with the following measures: (1) the time it
took to perform the tasks and (2) registration in a think-aloud
protocol, meaning that users’ thoughts were registered while
performing tasks [33].

None of the 9 testers had, at the time of the workshop,
previously used digital tools for assessing foot status in
patients with diabetes. Six testers had not previously used
digital tools for assessing patients’ health either. However,
2 testers had registered health status in the NDR [3], and 1
tester had documented foot status of the patient with a photo
stored in software, Piscara [34]. Eight of the 9 testers took
photos of the patient’s foot during examination in clinical
practice but without registering where the photos were stored.
Five of the testers preferred to use iPad [35], 3 testers
used Android systems (eg, Samsung, Xiaomi, OnePlus, and
Motorola), and 1 tester did not know which system they used.

The usability test was introduced by 2 persons from
the study team (SR and UT). The observers (n=2) made
observations during the tests and registered comments from
the testers, according to the think-aloud method [33]. The
test sessions were recorded to be able to recall the comments
made. The rooms used for the usability test were arranged so
that testers had all the necessary equipment and information
at hand (Figure 3), for example, a file, in paper format, was
assigned to each of the testers with all instructions and the
pretest and posttest surveys.

The English language was used, since the study was a
collaboration with English-speaking researchers at Chalmers
University of Technology and Amrita Vishwa Vidyapeetham,
Kochi, in India. During the tests, the testers were free to
ask questions in Swedish for clarification, and think-aloud
comments were made both in English and in Swedish.
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Figure 3. Usability testing of the digital health service. The testers were provided with tablets and documents in paper format with information about
the usability test and the pretest and posttest surveys, and instructions on how to perform the usability tasks.

Statistics
The study used a mixed methods design, combining
qualitative and quantitative methods [36]. Quantitative data
were analyzed using descriptive statistics and hypothesis
testing. Participant characteristics were summarized using
counts and percentages for categorical variables and means
(SDs) for continuous variables. The SUS consists of 10 items
rated on a 5-point Likert scale. Although individual items
are ordinal, the SUS total score is calculated according to
standard procedures to yield a composite score ranging from
0 to 100. Consistent with established practice, the aggrega-
ted SUS score was treated as continuous data and analyzed
using parametric statistical methods, including paired Student
t tests, to compare pretest and posttest scores [37], with
a significance threshold set at P<.05. Task efficiency was
assessed by measuring the time required to complete each
predefined task and is reported as mean values with SDs.
Task effectiveness was evaluated by calculating the propor-
tion of participants who successfully completed each task.

Qualitative data from think-aloud protocols, observatio-
nal notes, and open-ended survey responses were analyzed
using an inductive content analysis approach supported by
AI-assisted categorization. The AI tool was used to facili-
tate initial identification and grouping of meaning units in
a data-driven manner. All preliminary codes and categories
were subsequently reviewed, refined, and validated by the
research team to ensure they accurately reflected the original
data and study context. Final categorizations and interpreta-
tions were made by the researchers.

The study was reported in accordance with the CON-
SORT (Consolidated Standards of Reporting Trials) eHealth
checklist (Checklist 1).

Results
User expectations of the digital health service, measured with
the SUS pretest, were 77.2 (SD 14.6), and the posttest SUS
scores were 68.9 (SD 14.3), with a mean difference of 8.3
(P=.07), indicating a nonsignificant reduction in perceived
usability after use. The effectiveness of the digital health
services in supporting users to complete 9 specified clinical
tasks showed that for 7 (78%) tasks, at least 5 (56%) testers
successfully achieved the intended goals (Table 1). Tasks
involving the identification of ingrown toenails and confirma-
tion of foot status and risk stratification for a fictitious patient
were completed by fewer testers. Participants expressed that
a structured CDSS has the potential to contribute to more
equitable and person-centered DFU prevention. Efficiency,
measured as mean task completion time, ranged from 7
seconds to 9 minutes 20 seconds. The final task was to
discuss the care plan with the fictitious patient, based on the
risk stratification and foot status. One of the testers suggested
that the foot assessment and the risk grade should be printed
as a base for further discussion regarding self-care and care.
In addition, it was suggested that the need for podiatry and
the use of appropriate shoes should be discussed with the
patients. Furthermore, it was suggested that the CDSS should
automatically allow sending digital referrals for podiatry, to
the Department of Prosthetics and Orthotics, and to specialist
care.
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Table 1. Effectiveness and efficiency of the usability tests (n=9).a

Task and specification of goals to reach Effectiveness (goal reached)
Efficiency, mean
(SD), mm:ss

Yes, n (%) No, n (%)
Missing, n
(%)

Warm-up task
  To enter the app N/Ab N/A N/A 05:15 (05:15)
Warm-up task
  To select your patient N/A N/A N/A 00:23 (00:16)
Examine for pressure area
  Did the testers save Yes (pressure) for the left and right foot? 6 (67) 0 (0) 3 (33) Missing
  Did the testers examine both feet? 7 (78) 0 (0) 2 (22) Missing
Examine for ingrown nails
  Did the testers save Yes (ingrown nails) for the right foot? 4 (44) 1 (11) 4 (44) 02:06 (01:13)
Examine for hallux valgus
  Did the testers click on the “Learn about” button? 5 (56) 3 (33) 1 (11) 00:37 (00:31)
  Did the testers save Yes (hallux valgus) for the right foot? 7 (78) 1 (11) 1 (11) —c

Ask the fictitious patient if he has peripheral neuropathy
  Did the testers save “Loss of sensation” for the left and the right foot? 6 (67) 1 (11) 2 (22) 02:39 (02:39)
Examine the fictive patient to check if he has peripheral neuropathy
  Did the testers click on the “Learn about” button? 7 (78) 1 (11) 1 (11) 03:38 (02:42)
  Did the testers save “Loss” for the left and the right foot 7 (78) 0 (0) 2 (22) —
Look at the summary and confirm that results are “OK”
  Look at the summary and confirm that results are “OK” 0 (0) 0 (0) 9 (100) 00:48 (01:12)
Discuss the care plan with the fictitious patient
  Did the testers show the results to the fictitious patient? 6 (67) 0 (0) 3 (33) 02:04 (01:48)
  What discussion did the nurse/tester have with the fictive patient regarding the

care plan?
1 (11) 0 (0) 8 (89)

—

aThis table summarizes the results of the usability testing in terms of effectiveness, efficiency, and task completion metrics. Nine main tasks were
included. In the column “Specification“ column, details about each task are presented. Efficiency, meaning the time spent to execute the tasks, is
presented in the “Efficiency” column.
bN/A: not applicable.
cNot available.

Several useful suggestions for refining the design of the
CDSS were recorded, based on the think-aloud protocols. The
following themes were identified: (1) referrals and communi-
cation, (2) foot examination features, (3) user interface and
navigation, (4) training and usability, (5) technical issues, (6)
workflow and click analysis, (7) content feedback, and (8)
login and simplicity (Table 2).

Results from the posttest survey showed that all testers,
except 1, would prefer to use a tablet in future digital foot
examinations, with the rationale that the screen is larger
compared with a smartphone screen. For 1 tester, the type of
hardware did not matter. All testers would prefer an auto-
matically generated risk scale in the final CDSS, comment-
ing that an automatically generated risk scale could enhance
clarity and flexibility and improve security regarding care.

One comment was “Becomes clear and allows you to assess
and inform about the result,” and there were comments that
the assessment made by the HCP of the overall need of
each patient is necessary, assuring person-centered care. A
total of 8 (89%) participants found it useful to register foot
status for the left and the right foot separately and gave the
rationale that it is of importance to address separate registra-
tion, thereby ensuring clarity and distinction. Instead of the
current design, involving clicking forwards and backwards in
the CDSS, 5 (56%) participants would prefer a scroll-down
feature to navigate between questions. The structure of the
CDSS was described as logical, clear, and good by 4 (44%)
of the participants. A minor challenge noted was that it was
“somewhat complicated, especially the language,” as English
was used instead of Swedish.
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Table 2. Suggestions for improvements of the digital health service.
Theme Feedback and comments
Referrals and communication • Enable digital referrals to podiatry and prosthetics and orthotics based on the foot summary.

• Provide an option to print or send a referral link to the patient’s mobile.
• Patients should be able to independently contact specialists (in person, by phone, or by email).

Foot examination features • Ability to take and store photos of the feet (dorsal and plantar views).
• Ensure image access for both patients and health care personnel.

User interface and navigation • Include a “Back” button or icon on all question pages.
• Allow zoom-in functionality for images.
• Add a search function for the patient list.
• Highlight “Yes/No” buttons upon selection for validation.
• Consider removing the “Save” button if selection highlights clearly indicate that input has been registered.
• Add visual confirmation (eg, click animation) to indicate when buttons are pressed.
• Clarify whether all questions must be answered by the HCPa.

Training and usability • Provide user training prior to access.
• Show tester feedback below each question.
• Clarify whether illustrations (eg, ingrown nails) depict real cases or demos.
• Address communication barriers between testers and observers.

Technical issues • Device required firm pressure due to the screen protector.
• Device performed better when handheld rather than lying flat.
• “Learn about” button was overlooked during testing.

Workflow and click analysis • Task 3 required 15 clicks to access the page and complete the task (tested 3 times).
• Task 4 required 7 clicks before returning to “Back to inspection.”
• Suggest reducing the total number of clicks to simplify navigation.

Content feedback • Ingrown toenail assessment was misinterpreted as evaluating thickened nails.
• Illustrations need clearer contextual explanations.

Login and simplicity • Request for a simpler login process.
aHCP: health care professional.

Discussion
Principal Findings
This study aimed to design and evaluate a digital health
service to support HCPs in conducting structured foot
assessments and risk stratification for DFUs. The principal
findings indicate that the developed CDSS was usable and
acceptable to HCPs across diverse professional backgrounds
and varying levels of digital experience. Most participants
were able to complete the majority of predefined clinical
tasks, and the system demonstrated reasonable effectiveness
and efficiency in supporting structured DFU assessment
workflows. Although posttest usability ratings were slightly
lower than pretest expectations, overall usability remained
close to established acceptability thresholds. Importantly,
participants perceived that a structured CDSS could sup-
port more consistent, equitable, and person-centered DFU
prevention, aligning with the overarching objective of
improving early detection and preventive care [38].

The usability and acceptance of the CDSS observed in
this study are consistent with previous research indicating
that structured foot assessment and digital decision support
tools can assist HCPs in standardizing DFU assessments and
improving adherence to clinical guidelines [38-42]. Similar
to earlier usability studies of digital health interventions,
participants were able to engage with the system despite
limited prior experience with comparable tools, underscoring

the importance of intuitive design and workflow alignment in
early-stage implementations [43].

The observed decrease in SUS scores from pretest to
posttest, although not statistically significant, reflects a
pattern reported in other usability studies, where initial
expectations tend to exceed postuse perceptions once users
encounter practical constraints and design limitations [29,44].
This underscores the importance of formative usability testing
in identifying mismatches between user expectations and
real-world system performance. Tasks related to identifying
specific foot conditions and confirming final risk stratifica-
tion were less consistently completed, suggesting that these
cognitively demanding steps require clearer visualization and
decision support. Previous studies on DFU risk assessment
have similarly reported challenges in ensuring consistent
interpretation of clinical findings, particularly when multiple
risk factors must be integrated into a final classification [45].
Participants’ emphasis on automated risk scoring and clearer
differentiation between left and right foot assessments aligns
with literature advocating for cognitive support features to
reduce variability and enhance clinical decision-making [46].
Beyond usability, the perception that the CDSS could support
person-centered and equitable care is in line with growing
evidence that structured digital tools can improve communi-
cation, transparency, and shared understanding between HCPs
and patients in chronic disease management [47].
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Usability and Acceptance of the CDSS
The CDSS was generally well received by participating
HCPs, representing varied professional backgrounds and
clinical experience. Notably, although the majority of
participants had little or no prior experience of using digital
health services for diabetic foot assessments, they were able
to engage with the current CDSS and complete most of the
clinical tasks. Pretest SUS scores indicated high expectations
(77.2, SD 14.6), while posttest scores were slightly lower
(68.9, SD 14.3), though the difference was not statistically
significant. This reduction suggests that while the tool was
functional and promising, aspects of its usability require
improvement to better meet user expectations.

Several usability challenges were identified through
think-aloud protocols and posttest surveys, including different
navigation options (eg, scroll-down vs page-by-page design),
difficulties with English-language prompts, and requests for
clearer supporting information. These findings underline the
importance of an iterative user-centered design and the value
of including real users in early testing stages to refine the tool
for real-world use [12].

Effectiveness in Supporting Clinical Tasks
and Workflow
The CDSS demonstrated reasonable effectiveness in
supporting users through structured foot assessment work-
flows. Fifty-six percent of the participants completed 7
of 9 clinical tasks successfully, showing that the tool
facilitated critical steps in DFU risk evaluation. However,
tasks involving the identification of specific conditions (eg,
ingrown toenails) and final risk stratification were less
consistently completed, pointing to areas where the interface
or decision logic could be enhanced. Participants emphasized
the importance of an automatically generated risk score,
separate documentation for the left and the right foot, and
real-time feedback during the assessment. These suggestions
align with the goal of supporting clinical reasoning and
improving consistency in risk classification, which is vital
for ensuring timely and accurate referrals and interventions.
Importantly, the tool was perceived to promote equitable and
person-centered care, a critical aspect of DFU prevention in
both high-resource and resource-constrained settings [48].

Implications for Future Development and
Implementation
Despite the growing digitalization in health care, few digital
tools currently exist that are tailored for early DFU detec-
tion by HCPs. This study addressed a clear gap by develop-
ing a CDSS grounded in national guidelines, evidence-based
practice, and real-world workflows. The digital health service
has the potential to be scaled and localized for broader use,
particularly given the global burden of diabetes and DFUs in
Sweden and India, 2 countries represented in this project.

For successful implementation, future iterations of the
CDSS should incorporate language adaptation, enhanced
onboarding and training modules, and seamless integration
with existing electronic health records (EHRs) or quality

registers such as the Swedish NDR [3]. Furthermore,
expanding tests to include patients and HCPs in clinical
settings will be essential to validating the CDSS’s effec-
tiveness in reducing DFU incidence and improving patient
outcomes.

To facilitate the usability test, the tests were conducted
close to where the HCPs worked, in Skövde and Gothenburg,
respectively. It was considered easier to perform the test on
site where the HCPs worked, as they did not need to travel to
a usability lab situated elsewhere. This arrangement allowed
HCPs working in the city of Gothenburg in the Skaraborg
region, that is, in the countryside, respectively, to contribute
with their experiences of using the CDSS.
Methodological Considerations
A strength of this study was the integration of qualitative
and quantitative data within a mixed methods framework.
Findings from think-aloud sessions and user observations
were triangulated with survey responses to identify con-
vergent usability issues and inform iterative refinement
of the CDSS. This integration enabled the translation of
user feedback into concrete design improvements, includ-
ing enhanced navigation functions and refinement of the
output report to support patient communication and referral
decisions. Another strength of the study was the diversity
among the testers in professional backgrounds, experiences,
and familiarity with technology.

A limitation of this study is the small sample size for
the usability evaluation (n=9), which may be considered
low from a research perspective. However, this number
is consistent with established methodological guidance for
formative usability testing in user-centered design, where the
primary aim is to identify usability issues rather than to
achieve statistical generalizability. Prior work demonstrates
that most usability problems are detected with small samples
and that returns diminish beyond approximately 5 to 10
participants [49-51]. Nevertheless, the findings should be
interpreted as indicative rather than definitive, and additional
usability issues may emerge with broader testing. Another
limitation is that the sample may not fully capture the
heterogeneity of intended end users, including variations in
clinical settings, digital literacy, and demographic character-
istics. In addition, a survey question regarding prior use of
digital tools may have been misinterpreted, as participants
did not consistently consider routine use of EHRs as use
of a digital tool. The mixed use of English and Swedish
during usability testing also constituted a limitation, as it
may have contributed to uncertainty during task performance
and missing data. Furthermore, some visual elements and
task formulations led to misinterpretation (eg, illustration of
an ingrown toenail as a thickened toenail), indicating areas
requiring refinement in future iterations of the CDSS.

Finally, a limitation is that implementation was not
examined as an explicit object of inquiry using a for-
mal implementation framework. Although organizational,
contextual, and workflow-related issues emerged during
usability testing, these were not systematically analyzed
using an implementation science framework, such as the
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Nonadoption, Abandonment, Scale-up, Spread, and Sustain-
ability Clinical Assessment Tool [52]. Previous work from
the western region of Sweden has highlighted complex
challenges related to technical readiness and organizational
preparedness for the development and implementation of
CDSSs [53]. Consequently, determinants related to long-term
adoption, scale-up, and sustainability in real-world clinical
settings were not comprehensively assessed in the present
study and should therefore be interpreted with caution.
Future Development
Future work should include summative usability evaluations
and real-world implementation studies involving larger and
more diverse user groups to assess generalizability, clini-
cal effectiveness, and impact on patient outcomes. Further
development must also align with regulatory requirements
for medical devices, particularly the European Medical
Device Regulation, including clinical validation, usability
engineering, and risk management [54]. Beyond usability,
future studies should evaluate the accuracy, reliability, and
adaptability of automated risk stratification algorithms while
ensuring that clinicians retain the ability to exercise clinical
judgment. Integration with EHRs and quality registers, as

well as structured onboarding and training for HCPs, will
be essential for sustainable implementation. To support
broader adoption, future research should explore cultural and
regional adaptations of the CDSS, including use in resource-
constrained settings, hardware preferences (eg, tablet vs
smartphone), and workflow integration across different health
care systems. Addressing these factors will be essential to
realizing the full potential of digital decision support in
advancing equitable and person-centered DFU prevention.

This study demonstrates the feasibility of developing a
user-centered CDSS to facilitate structured foot assessment
and DFU risk stratification in clinical practice. The findings
indicate that the CDSS was usable and acceptable to HCPs
with diverse backgrounds and levels of digital experience,
and that it can support consistent, efficient, and person-
centered preventive workflows. While further development,
validation, and implementation-focused research are required,
this work provides important formative evidence and design
insights that can inform future digital decision support
solutions aimed at improving early detection and prevention
of diabetic foot complications.
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