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Abstract
With the proliferation of wound assessment apps across various app stores and the increasing integration of artificial intel-
ligence (AI) in healthcare apps, there is a growing need for a comprehensive evaluation system. Current apps lack sufficient 
evidence-based reliability, prompting the necessity for a systematic assessment. The objectives of this study are to evaluate 
the wound assessment and monitoring apps, identify limitations, and outline opportunities for future app development. An 
electronic search across two major app stores (Google Play store, and Apple App Store) was conducted and the selected apps 
were rated by three independent raters. A total of 170 apps were discovered, and 10 were selected for review based on a set 
of inclusion and exclusion criteria. By modifying existing scales, an app rating scale for wound assessment apps is created 
and used to evaluate the selected ten apps. Our rating scale evaluates apps’ functionality and software quality characteristics. 
Most apps in the app stores, according to our evaluation, do not meet the overall requirements for wound monitoring and 
assessment. All the apps that we reviewed are focused on practitioners and doctors. According to our evaluation, the app 
ImitoWound got the highest mean score of 4.24. But this app has 7 criteria among our 11 functionalities criteria. Finally, 
we have recommended future opportunities to leverage advanced techniques, particularly those involving artificial intel-
ligence, to enhance the functionality and efficacy of wound assessment apps. This research serves as a valuable resource for 
future developers and researchers seeking to enhance the design of wound assessment-based applications, encompassing 
improvements in both software quality and functionality.

Keywords  Wound · Ulcer · Mobile · Smartphone · Apps · Artificial intelligence

Sabiha Samad, Fahmida Ahmed and Samsun Naher these authors 
contributed equally to this work.

 *	 Muhammad Ashad Kabir 
	 akabir@csu.edu.au

	 Sabiha Samad 
	 u1604035@student.cuet.ac.bd

	 Fahmida Ahmed 
	 u1604107@student.cuet.ac.bd

	 Samsun Naher 
	 u1604048@student.cuet.ac.bd

	 Jill Featherston 
	 Jillfeatherston@optusnet.com.au

	 Craig Laird 
	 craig@walkeasy.com.au

	 Sayed Ahmed 
	 sayed@footbalancetech.com.au

1	 School of Computing, Mathematics and Engineering, 
Charles Sturt University, Bathurst 2795, NSW, Australia

2	 Department of Computer Science and Engineering, 
Chittagong University of Engineering and Technology, 
Chattogram 4349, Chattogram, Bangladesh

3	 School of Medicine, Cardiff University, Cardiff CF14 4YS, 
Wales, United Kingdom

4	 Principal Pedorthist, Walk Easy Pedorthics Pty. Ltd., 
Tamworth 2340, NSW, Australia

5	 Principal Pedorthist, Foot Balance Technology Pty Ltd, 
Westmead 2145, NSW, Australia

6	 Offloading Clinic, Nepean Hospital, Kingswood 2750, NSW, 
Australia

http://crossmark.crossref.org/dialog/?doi=10.1007/s10916-024-02091-x&domain=pdf


	 Journal of Medical Systems           (2024) 48:80    80   Page 2 of 14

Introduction

A wound is characterized as a disruption or injury to the 
skin, resulting in a break in the skin’s integrity, leading to 
a complex and dynamic process of healing [1]. An ulcer, a 
specific type of wound, manifests as an open, painful sore 
that can range from minor skin injuries to severe scars pen-
etrating muscle tissue, and, in severe cases, exposing bones 
and joints, potentially leading to chronic wounds and sig-
nificant morbidity [2]. Various types of ulcers, such as pres-
sure ulcers (also known as pressure injuries or bedsores) and 
diabetic foot ulcers (DFUs), pose substantial challenges in 
healthcare settings due to their high prevalence, complex-
ity, and potential for severe complications [3, 4]. Pressure 
ulcers, for example, are a common problem in immobile 
patients, while DFUs are a major concern for individuals 
with diabetes, highlighting the need for effective prevention 
and management strategies [5, 6].

Pressure ulcers, prevalent in intensive care units (ICUs) 
in Brazilian hospitals, afflict 17.2% to 41% of patients [7, 8]. 
In the United States, ICUs report prevalence rates ranging 
from 8.8% to 12.1%, while acute care units experience rates 
as high as 22% [9]. DFUs are equally concerning, affecting 
approximately 50,000 individuals daily in Australia alone 
and resulting in significant healthcare utilization, includ-
ing hospitalizations, amputations, and costs amounting to 
approximately $1 billion annually [10–12]. The long-term 
consequences of DFUs are alarming, with over 20 million 
individuals globally having undergone lower limb ampu-
tations [13], a number projected to double by 2030 [14]. 
Moreover, DFUs not only impact physical health but also 
have profound implications for mental well-being, affecting 
patients, families, workplaces, and communities [10]. Stud-
ies have shown that more than 70% of individuals with DFUs 
experience disease progression over a five-year period, high-
lighting the chronic and debilitating nature of this condi-
tion [15]. Additionally, untreated skin ulcers are susceptible 
to infection, leading to prolonged healing times and poten-
tially exacerbating the underlying condition.

This necessitates a physician’s and health team’s sys-
tematic monitoring of the wound’s progress. Wound 
assessment comprises both qualitative (appearance of the 
wound, boundaries, perilesional skin) and quantitative 
evaluations (length, width, area, depth, etc.) [16]. In the 
latter case, an effective method or technique should allow 
repeatable assessments from one inspector to the next, as 
well as responsiveness to minor wound changes. However, 
in-person evaluation and follow-up by trained profession-
als are not always possible, particularly when the patient 
does not have access to special transportation to a special-
ized care center or has no family member or resident in a 
remote place. Wound evaluation can now be optimized by 

allowing an interprofessional team to remotely see, ana-
lyze, and monitor wound evolution through apps, thanks 
to the rise of mobile health (mHealth) and the prevalence 
of mobile devices in clinics and hospitals [17].

In contemporary clinical settings, the widespread integra-
tion of smartphones and tablets is increasingly prevalent [16]. 
The utilization of mobile applications (apps) in wound care 
holds considerable promise, offering the ability to capture 
images of wounds using smartphone cameras to calculate 
the size and surface area. Such apps have the potential to 
significantly enhance nursing practices and improve patient 
care [18]. A recent study in a health service in New South 
Wales, Australia, reported improvements in wound docu-
mentation with the use of an AI-enabled mobile app [19]. 
AI-powered mobile imaging enables practitioners to detect 
and classify the stages of pressure injury wounds [20] and to 
measure size [21], while also remotely analyzing and tracking 
the progression of wounds over time [22–24]. This technol-
ogy enhances the accuracy and efficiency of wound manage-
ment [25]. Implementing standardised wound assessment and 
documentation processes through mobile apps can signifi-
cantly enhance the quality of wound care management. These 
mobile apps enable care providers to access comprehensive 
patient information in a centralized location, available any-
time and anywhere. Additionally, decision-makers benefit 
from access to statistics, analytics, and resource utilization 
data, facilitating informed decision-making and improving 
overall healthcare outcomes [26].

Over the past decade, the proliferation of mobile health 
(mHealth) apps, particularly those focused on wound qual-
ity assessment, has been notable. Many apps in this domain 
have exhibited various challenges pertaining to usability, 
design, and functionality [27–29]. Content et al. [30] empha-
sised the need for rigorous validation processes in wound 
care mobile applications. Ensuring the validity and reliabil-
ity of these apps is crucial. Inadequately validated apps may 
expose users to biased or inaccurate information.

The stimulus for this study was twofold. Firstly, the 
escalating global burden of chronic wounds, coupled with 
the rapid integration of mobile devices in clinical settings, 
sparked our interest in evaluating the efficacy and usabil-
ity of mHealth apps in wound care. Secondly, the prolif-
eration of mobile health technologies over the past decade 
has seen a surge in apps designed for wound assessment, 
yet challenges such as usability, design, and functionality 
persist. Through our review, we aimed to provide a com-
prehensive assessment of existing apps, highlighting their 
strengths, weaknesses, and potential impact on clinical 
practice. Our objective is to contribute valuable insights 
that inform healthcare professionals, researchers, and 
developers in refining these technologies to better serve 
patient needs and improve overall healthcare outcomes.
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Koepp et al. [17] conducted a qualitative synthesis of research 
studies focusing on the development of wound apps. In [31], the 
focus was on patient-centric wound care mobile apps, with only 
three apps identified and their quality assessed using the Mobile 
App Rating Scale (MARS) [32]. In contrast, our study did not 
confine its scope solely to patient-centric apps; instead, we iden-
tified wound apps primarily tailored for healthcare practitioners. 
Moreover, our evaluation of these apps was conducted utilizing 
a custom app rating scale. Unlike MARS, which predominantly 
encompasses general functionality criteria like ‘ease of use’, 
‘navigation’, and ‘gestural design’, our devised scale integrates 
advanced technology-based wound app functionality measure-
ment criteria.

In this paper, we conducted a comprehensive review of 
wound apps. To identify apps related to wound assessment and 
monitoring, a keyword-based search were undertaken in two 
major app stores (Google Play Store and Apple App Store). The 
electronic search yielded 170 apps, of which 10 were chosen for 
evaluation based on our study criteria. Subsequently, the exist-
ing app rating scales were adapted to develop one suitable for 
qualitative and quantitative evaluation of our finalized apps. The 
research has yielded four key contributions, as outlined below:

•	 We conducted a thorough evaluation of the existing wound 
apps available in the two major app stores (i.e., Google Play 
Store, and Apple App Store).

•	 We developed a specialized app rating scale tailored for the 
evaluation of wound assessment apps by extending existing 
mobile app rating scales.

•	 We assessed the existing wound apps using our newly devel-
oped app rating scale and identified their limitations.

•	 We discussed future opportunities to harness advanced tech-
niques, particularly those involving artificial intelligence, to 
enhance the functionality and effectiveness of wound apps.

The remainder of the paper is organized as follows. Section 
"Methodology" outlines the app search and selection proce-
dure, as well as the devised wound assessment app rating scale. 
The results of the app evaluations are presented in Section "The 
Results". Section "Findings and Discussion" discusses the limi-
tations of this study and our findings, including those of the 
reviewed apps, and future opportunities. Finally, Section "Con-
clusion and Future Work" offers concluding remarks and sug-
gestions for future research.

Methodology

App Search Procedure

We conducted an electronic search to identify relevant apps 
from two major app stores: Google Play Store and Apple 
App Store. We employed a keyword-based search process, 

following similar approaches used in previous studies [33, 
34]. The keywords used for searching were: “ulcer” and 
“wound”. Both app stores were searched using the same 
keywords to minimize variance and maintain uniformity. 
This process was carried out independently by three inves-
tigators. Each investigator utilized several smartphones to 
conduct the search and maintained separate lists, which were 
later merged to form the final app list. Any discrepancies 
between the lists were resolved through discussion among 
the investigators.

App Selection Process

We adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines [35] for 
transparency and clarity. Figure 1 illustrates the app screen-
ing, eligibility, and selection process.

A keyword-based search yielded 170 apps from the 
Google Play and Apple App stores, with 140 and 30 apps 
identified, respectively. We excluded 28 duplicate apps found 
under the same developer in both stores after confirming 
identical functionalities on the Android and iOS platforms.

During the screening stage, 142 unique apps were 
evaluated based on their descriptions in the app store. We 
excluded 118 apps for various reasons, including educational 
content, non-English language, relevance to other diseases, 
and unrelated functionalities. Inclusion criteria focused on 
wound monitoring, such as tracking healing progress, and 
assessment capabilities, such as contour detection, measure-
ment, and tissue color classification.

For eligibility screening, 24 remaining apps were down-
loaded, but 14 required a special account and/or approval 
from the respective authority, hindering the evaluation (see 
Appendix A). Finally, 10 apps underwent further assess-
ment, with 8 from the Apple App Store and 2 from Google 
Play Store. Table 1 provides details of these 10 apps.

Rating Scale for Wound Apps

We developed a rating scale for evaluating wound apps by 
building upon and extending existing rating scales such 
as the Mobile Application Rating Scale (MARS) [32], 
uMARS  [36], a mobile app rating tool for foot meas-
urement (FootMARS)  [34], FinMARS  [37], and oth-
ers [38–41]. Although existing rating scales cater to spe-
cific domains, there is no established research to evaluate 
wound apps. Drawing inspiration from these scales, we 
customized them to suit the requirements of wound assess-
ment apps.

Our rating scale, adapted from FootMARS [34], incor-
porates changes tailored for wound evaluation apps based 
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on the insights gained from studying their functionality. It 
encompasses categories such as app classification, aesthet-
ics, general features, performance and efficiency, usability, 
wound assessment-specific functionality, transparency, and 
subjective qualities. These domains are crucial for a compre-
hensive review of wound assessment-based apps.

The app classification category served to collect descrip-
tive data about the app, but was not included in the quantita-
tive analysis. The aesthetics, general features, performance 
and efficiency, usability, application-specific functionality, 
transparency, and subjective quality were all incorporated 
into the app quality evaluation.

We devised a questionnaire comprising 53 questions 
covering all app quality domains. Irrelevant questions from 
prior rating scales, such as those concerning social sharing 
features or user notifications, were excluded. Additionally, 
the subsection on perceived impact on the user and specific 

functionality were either modified or omitted to align with 
the needs of wound assessment-based apps. A five-point 
Likert scale was employed for 37 questions, with five indi-
cating the highest level of agreement and one representing 
the lowest level of dissent. Some questions were on a binary 
scale, but for consistency, these were converted to a Likert 
scale. An option for “Not Applicable” was provided where 
certain queries were deemed inappropriate for all apps. To 
calculate the overall score of this rating scale, the mean of 
individual app quality domains was computed.

For apps designed to assess wounds, specific functionali-
ties are essential. Accurate wound measurement is critical 
for analyzing wound severity and estimating healing time. 
Clinical criteria dictate that the first step in assessing any 
wound is wound segmentation, separating the wound from 
surrounding skin and background [42]. Wound measure-
ment aims to track healing progress by measuring changes 
in length, width, area, circumference, depth, or volume [43, 
44]. Subcutaneous tissues become apparent as the wound 
spreads [44]. Proper diagnosis and wound therapy prescrip-
tion rely on accurately classifying wound tissue [42]. Tem-
perature measurement is crucial in wound assessment [45], 
as the healing process may slow if the wound bed tempera-
ture drops below core body temperature [46]. Conversely, a 
rise in temperature indicates wound infection [47]. Thus, in 
the app-specific functionality domain of our app rating scale, 
we have considered following factors: i) contour detection 
of wounds, ii) flexibility in adjusting contour, iii) length and 
width measurement, iv) area measurement, v) circumference 
measurement, vi) depth measurement, vii) volume measure-
ment, viii) temperature measurement, ix) tissue color clas-
sification, x) visualization of healing, and xi) requirement 
of servers.

Fig. 1   Flow diagram of study 
methods

Table 1   List of wound assessment based apps included in quantita-
tive and qualitative analysis

App name Country of origin Platform

ImitoMeasure Switzerland Android and iOS
ImitoWound Switzerland Android and iOS
Wound Capture USA iOS
Wound Doc 3 China iOS
eKare Insight Health China Android and iOS
Wound Measurement Spain iOS
SeeWound Online Sweden iOS
iX Camera Canada iOS
WoundDesk - Wound Care Germany Android and iOS
Woundly+ India Android
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The raters utilized a Likert scale to rate all specific func-
tionality-related evaluations in the app rating scale. The 
Likert scale, commonly used in survey research, provides 
a means for respondents to express their level of agreement 
or disagreement with a given proposition. Our Likert scale 
comprised five points, with a rating of 5 indicating the best 
version of a feature, rating 4 signifying a moderately decent 
version, and rating 3 indicating a point of equilibrium, 
neither good nor bad. Ratings of 2 and 1 denote progres-
sively worse versions of a feature. Table 2 outlines the app 
functionality measurement criteria and their corresponding 
ratings.

For instance, the ability to detect the contour of a wound 
was rated on a scale from 5 to 1, reflecting the varying lev-
els of capability across different apps. Fully automatic con-
tour detection received a rating of 5, supported by numer-
ous studies [48–50]. Partially automatic contour detection 
received a rating of 4, while apps allowing manual contour 
detection with minimal user input were rated 3. Apps rely-
ing entirely on manual contour detection were rated 2, and 
those lacking contour detection functionality received a rat-
ing of 1. Similarly, the feasibility of adjusting the contour 
of a wound was rated on a scale from 5 to 1, with a rat-
ing of 5 indicating excellent feasibility. Ratings of 4 and 3 
were assigned to apps with “Good” and “Fair” feasibility, 
respectively. Apps with poor feasibility received a rating of 
2, while those lacking this feature were rated 1.

In any wound assessment-based app, measuring dimen-
sions such as length, width, area, and circumference is cru-
cial. Technologies like digital camera photography [51], 
Android system photography [52], and others have enabled 
contactless wound measurement methodologies via photo 
capture for smart wound size measurement. Additionally, 
various studies have automated the measurement of wound 
dimensions without physical contact [53–56]. Apps capable 
of automatically measuring these metrics receive a rating of 
5. Rating 4 denotes apps capable of automatic measurements 
but requiring a marker or user input. Apps able to perform 
manual measurements without a marker receive a rating of 
3, while those requiring a marker are rated 2. Apps lacking 
these measurement capabilities receive a rating of 1.

To accurately assess wounds, measuring depth and vol-
ume is crucial. Previous studies  [57–59] have explored 
methods for measuring these parameters using images. Apps 
capable of automatically measuring depth and volume from 
a single wound image received a rating of 5. Those able to 
measure from multiple photos received a rating of 4, rec-
ognizing the inconvenience of capturing multiple images. 
Apps using an in-built depth camera were rated 3, while 
those relying on an external depth camera received a rating 
of 2. Apps lacking the capability to measure depth or volume 
were rated 1.

Skin temperature plays a crucial role in wound healing by 
regulating cell and tissue metabolism [58]. Apps capable of 

Table 2   App functionality measurement criteria and their ratings

Measurement criteria Rating 5 Rating 4 Rating 3 Rating 2 Rating 1

Contour detection Fully automatic Partially automatic Manually with less user 
input

Complete manually Does not support

Flexibility of adjusting 
contour

Excellent Good Fair Poor Does not support

Length and width 
measurement

Fully automatic Automatic but need 
marker/user input

Manually without 
marker

Manually but need 
marker

Does not support

Area measurement Fully automatic Automatic but need 
marker/user input

Manually without 
marker

Manually but need 
marker

Does not allow

Circumference meas-
urement

Fully automatic Automatic but need 
marker/user input

Manually without 
marker

Manually but need 
marker

Does not allow

Depth measurement Based on 2D (single) 
image

Based on 2D (multiple) 
image

Using in-build depth 
camera

Yes, but need external 
depth camera

Does not allow

Volume measurement Based on 2D (single) 
image

Based on 2D (multiple) 
image

Using in-build depth 
camera

Yes, but need external 
depth camera

Does not allow

Temperature measure-
ment

Without external 
device

Need external device - - Does not allow

Tissue color classifica-
tion

With excellent visuali-
zation/graph

No visualization (just 
color value/percent-
age)

- - Does not allow

Visualization of heal-
ing

With wound images 
and graphs

With wound images With only graphs - Does not allow

Requirement of servers Not at all - completely 
offline

- partially - some cases - Does not allow
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measuring wound temperature without an external device 
were rated 5, while those requiring an external device 
received a rating of 4 due to user inconvenience. Apps lack-
ing this feature were rated 1.

Tissue classification is vital for evaluating wound heal-
ing. Previous studies have investigated methods for classify-
ing wound tissue [58–61]. Apps that excel in representing 
wound tissue classification, with graphical representation, 
received a rating of 5. Rating 4 indicates apps capable of dis-
playing only percentages or values of different tissue colors. 
Apps lacking this feature received a rating of 1.

Monitoring wound healing poses challenges for clini-
cians and nurses who must check wounds regularly [62]. 
Visualizing healing progress aids in understanding improve-
ments. Apps capable of visualizing progress with both ulcer 
images and graphs were rated 5, while those only displaying 
ulcer images received a rating of 4. Apps using only graphs 
received a rating of 3. Apps lacking this feature received a 
rating of 1.

The requirement for server usage is also considered. Apps 
capable of functioning entirely offline were rated 5, while 
those functioning partially offline received a rating of 3. 
Apps unable to save data, whether in the cloud or on the 
device, were rated 1.

Bias Assessment

Each app was assessed using our devised app rating scale/
tool by three individual raters (i.e., investigators). To evalu-
ate the results for each app, we collated the average scores 
for each sub-scale by calculating the scores from each ques-
tion in each sub-scale. The scores used in the calculation 
were derived from all raters’ assessments and then discussed 
as a group to reach a consensus.

The rating tool and the rating quality of raters were exam-
ined through internal consistency and inter- and intra-rater 
reliability, respectively. Internal consistency of the sub-scales 
of our modified rating scale was calculated to measure the con-
sistency of the scale items. Internal consistency measures the 
degree of inter-relationships or homogeneity among the items 
on a test (in our case, the questions/items used in a sub-scale/
assessment criteria), such that the items are consistent with one 
another and measure the same construct [63]. We used Cron-
bach’s alpha, the most popular means of calculating internal 
consistency [64]. Cronbach’s alpha ( � ) reliability coefficient 
indicates internal consistency, ranging between 0 and 1, with 
0.9 ≤ � as excellent, 0.8 ≤ 𝛼 < 0.9 as good, 0.7 ≤ 𝛼 < 0.8 as 
acceptable, 0.6 ≤ 𝛼 < 0.7 as questionable, 0.5 ≤ 𝛼 < 0.6 as 
poor, and 𝛼 < 0.5 as unacceptable [65]. The closer the value is 
to 1, the higher the internal consistency. We randomly selected 
two apps, ImitoWound and eKare Insight Health, 
for determining internal consistency. Our revised rating scale’s 

overall internal consistency was high, with an alpha value of 
0.73, which is regarded as acceptable [65].

Inter-rater reliability quantifies the level of agreement 
between two or more raters who independently rate an item 
(in this case, an app) based on a set of criteria [66]. We used 
the intra-class correlation (ICC) method to assess inter-rater 
reliability. ICC is one of the most widely used statistics for 
evaluating inter-rater reliability when a study includes two 
or more raters [67]. In our study, all apps were rated by the 
same three raters. Thus, we used the ICC two-way mixed 
model, as it is recommended when the raters are fixed and 
each of the apps is rated by all raters [68]. Depending on 
the 95% confidence interval of the ICC estimation, values 
smaller than 0.5, within 0.5 and 0.75, within 0.75 and 0.9, 
and higher than 0.90 suggest poor, moderate, good, and 
excellent reliability, respectively [68]. The ICC score of 
our final ten apps was calculated as 0.98 (95% CI ranging 
from 0.98 to 0.99), indicating an excellent level of inter-rater 
reliability.

Intra-rater reliability measures how consistent an individ-
ual is at measuring a set of criteria over time. This reliabil-
ity estimation involves the same rater performing the same 
evaluation on more than one occasion. To measure the intra-
rater reliability of the three raters, we randomly selected two 
apps from our included list of ten apps. These two apps were 
eKare Insight Health and Woundly+. The three 
raters reviewed these two apps twice over two months. All 
three raters demonstrated a significant level of intra-rater 
reliability between their two ratings, with two-way mixed 
ICC values of 0.95 (95% CI 0.92–0.95), 0.94 (95% CI 
0.90–0.97), and 0.93 (95% CI 0.93–0.97), respectively.

The Results

Target Users and Technology Integration

In our assessment of wound apps, we evaluated three key 
factors: target user, technology, and external dependencies. 
For target users, we distinguished whether the apps were 
designed for doctors or patients.

Under the technology category, we analyzed four sub-
categories: image processing (IP), 3D or video processing 
(VP), augmented reality (AR), and machine learning (ML). 
We recognize the significance of wound images for accurate 
diagnosis, with 3D shapes offering benefits such as improved 
measurement accuracy and avoidance of cumbersome pro-
cedures like molding or serum injection [69]. Advanced 
visualization techniques, including augmented, mixed, and 
virtual reality, further enhance medical experiences [70]. 
Moreover, machine learning technologies have been exten-
sively employed in wound assessment apps [49, 71].
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Additionally, we noted that some wound assessment apps 
require tools such as sensors and markers for precise meas-
urement. While these accessories can enhance measurement 
accuracy, they may also pose usability challenges for users.

Table 3 summarizes our assessment results for the 10 
selected apps. All the reviewed apps were designed specifi-
cally for use by doctors or wound assessment experts, with 
none intended for patient use. We found that all apps utilized 
2D image-based technology for wound measurement, while 
some incorporated video or 3D models. Apps such as Wound 
Capture and Wound Measurement utilized augmented 
reality, while others like Wound Capture, SeeWound 
Online, and Woundly+ employed machine learning algo-
rithms. Furthermore, we noted that the majority of current 
apps require external sensors or markers for wound measure-
ment, which may adversely affect their usability.

Assessment of Functionality

Table 4 summarizes the evaluation of app functionality based 
on the criteria outlined in Table 2. Among the 10 apps assessed, 

SeeWound Online is the only app that automatically detects 
wound contours effectively, as depicted in Fig. 2a. In contrast, 
Wound Capture and Wound Measurement lack con-
tour detection capabilities entirely, while the other six apps only 
offer partial support for this feature. In terms of automatically 
measuring wound length and width, only imitoMeasure 
and Wound Measure excel, while SeeWound Online 
and Woundly+ lack this functionality. Similarly, Wound 
Capture and Wound Measurement do not offer area 
measurement capabilities, unlike SeeWound Online and 
imitoMeasure.

Circumference measurement, crucial for understanding 
the healing process, is present in only 40% of the evaluated 
apps, with imitoMeasure being the standout performer. 
Adjusting contour flexibility is a common feature, present in 
60% of the apps, with Wound Doc 3 and imitoMeas-
ure among the top performers.

Depth measurement and tissue color classification fea-
tures are scarce, present in only 20% of the apps, with eKare 
Insight Health (see Fig. 2b) and Wound Meas-
urement being the exceptions. Volume and temperature 

Table 3   Target user and 
technology integration of 
wound apps

IP Image processing, VP Video processing, AR Augmented Reality, ML Machine learning

App name Target user Technology Additional acces-
sories

Practitioner Patient IP VP AR ML Sensor Marker

ImitoMeasure ✓ ✗ ✓ ✗ ✗ ✗ ✗ ✓
ImitoWound ✓ ✗ ✓ ✗ ✗ ✗ ✗ ✓
Wound Capture ✓ ✗ ✓ ✗ ✓ ✓ ✓ ✗
Wound Doc 3 ✓ ✗ ✓ ✗ ✗ ✗ ✗ ✓
eKare Insight Health ✓ ✗ ✓ ✓ ✗ ✗ ✓ ✗
Wound Measurement ✓ ✗ ✓ ✗ ✓ ✗ ✗ ✗
SeeWound Online ✓ ✗ ✓ ✗ ✗ ✓ ✗ ✓
iX Camera ✓ ✗ ✓ ✓ ✗ ✗ ✗ ✓
+WoundDesk ✓ ✗ ✓ ✗ ✗ ✗ ✗ ✓
Woundly+ ✓ ✗ ✓ ✗ ✗ ✓ ✗ ✓

Table 4   Result of App 
functionality Assessment

Measurement criteria Rating 5 Rating 4 Rating 3 Rating 2 Rating 1

Contour detection 1 (10%) 6 (60%) 0 1 (10%) 2 (20%)
Flexibility of adjusting contour 4 (40%) 1 (10%) 1(10%) 0 4 (40%)
Length and width measurement 2 (20%) 6 (60%) 0 0 2 (20%)
Area measurement 2 (20%) 6 (60%) 0 0 2 (20%)
Circumference measurement 1 (10%) 3 (30%) 0 0 6 (60%)
Depth measurement 0 0 1 (10%) 1 (10%) 8 (80%)
Volume measurement 0 0 0 1 (10%) 9 (90%)
Temperature measurement 0 1 (10%) – – 9 (90%)
Tissue color classification 2 (20%) 0 – – 8 (80%)
Visualization of healing 1 (10%) 1 (10%) 3 (30%) – 5 (50%)
Requirement of servers 8 (80%) – 0 – 2 (20%)
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measurement functionalities are largely absent, with only 
eKare Insight Health offering volume measurement 
and Wound Capture providing temperature measurement.

Healing progress visualization is available in 50% of 
the apps, with Wound Capture and ImitoWound 
featuring this functionality. Overall, eKare Insight 
Health offers the most comprehensive range of function-
alities, meeting 10 out of 11 criteria, followed by Wound 
Doc 3, imitoWound, and imitoMeasure. In con-
trast, Wound Capture and Woundly+ lag behind, 
meeting only 4 criteria out of 11.

The majority of the apps fail to meet several specific 
functionality requirements, particularly in measuring depth 
and volume and showing wound healing progress. Tissue 
color classification is also lacking in 80% of the apps.

While we have reviewed all 10 apps, including screenshots 
of each app would not add significant value to our discussion. 

Instead, we focus on illustrating particular functionalities that 
exemplify the technological advancements in wound care 
applications. This targeted approach allows us to provide a 
deeper insight into the unique contributions of these apps. 
By concentrating on these specific examples, we aim to high-
light the diversity and innovation within the field without 
suggesting bias towards these two applications. Our selection 
is based solely on the distinctiveness of their features, which 
are pertinent to the context of our study.

Evaluation Scores

In Table 5, we present the mean and standard deviation of 
each app’s sub-scales scores, as well as their overall score. 
The app with the lowest score, Wound Measurement, 
achieved an overall mean score of 2.39, indicating poor qual-
ity and ineffectiveness in wound measurement. Conversely, 

Fig. 2   Apps screenshot (a) 
SeeWound Online app dem-
onstrating contour detection (b) 
eKare Insight Health 
app demonstrating depth meas-
urement and tissue classification
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ImitoWound received the highest mean score of 4.24, dem-
onstrating its superiority across all rating sub-scales.

Performance and efficiency, usability, and transparency 
domains showed better rankings compared to others, with 
mean scores of 4.43, 3.55, and 3.73, respectively. In con-
trast, application-specific functionality and subjective qual-
ity domains received the lowest mean ratings of 2.55 and 
3.03, respectively. Notably, app performance and efficiency 
received the highest mean score of 4.43.

These scores were utilized to calculate both domain-spe-
cific and overall app ratings, as depicted in Fig. 3. The aver-
age app rating across all apps was 3.46 out of 5, indicating 
a moderate level of performance and quality.

Findings and Discussion

Limitations of Reviewed Apps

Despite the abundance of wound assessment apps, many 
lack critical features deemed essential in our study, such 
as the ability to measure length, width, depth, volume, 
temperature, and tissue classification. Only one app, See 
Wound Online, was capable of automatically detecting 
the contour of a wound, while most apps required markers 
for this purpose. Obtaining and using these markers proved 
cumbersome for users, as different apps often required dif-
ferent markers. Additionally, the absence of markers often 
restricted further wound measurements in some apps.

Depth measurement, a vital aspect of wound assessment, 
was lacking in 80% of the reviewed apps, rendering volume 
measurement impossible in their absence. Only eKare 
Insight Health could measure wound volume, albeit 
requiring an external depth camera. Similarly, temperature 
measurement, crucial for wound infection diagnosis and 
healing rate assessment, was only possible in Wound Cap-
ture, albeit requiring an external device.

Tissue classification, vital for determining wound sever-
ity, was absent in 80% of the reviewed apps, and only half of 
them displayed wound healing progress. None of the evalu-
ated apps met all critical parameters for wound assessment.

Despite the rapid advancements in mobile technology, 
most reviewed apps did not leverage advanced technolo-
gies. Video or 3D image processing, powerful for auto-
matic wound assessment, was utilized in only 20% of the 
apps, with eKare Insight Health and iX Camera 
being exceptions. Augmented Reality, beneficial for der-
matological measurements, was present in only two apps, 
namely Wound Capture and Wound Measurement. 
Additionally, only three apps utilized machine learning, a 

Table 5   Evaluation scores for wound apps

App name Aesthetics Performance Usability Functionality Transparency Subjective Mean (Std dev)

eKare Insight Health 3.25 4.25 3.50 3.45 4.25 3.67 3.73 (0.43)
Wound Capture 3.50 4.25 3.75 2.27 4.50 2.67 3.49 (0.87)
Wound Doc 3 5.00 4.37 3.50 3.36 4.75 4.33 4.22 (0.66)
Woundly+ 2.25 3.75 2.50 2.09 2.50 1.33 2.40 (0.79)
imitoMeasure 4.00 4.75 5.00 3.09 4.25 4.00 4.18 (0.67)
+WoundDesk 4.25 4.75 4.25 2.36 4.25 4.00 3.98 (0.83)
ImitoWound 5.00 4.87 4.50 3.09 4.00 4.00 4.24 (0.70)
iX Camera 3.00 4.62 3.50 2.18 4.00 3.00 3.38 (0.86)
Wound Measurement 1.00 4.12 2.75 1.90 2.25 2.33 2.39 (1.03)
SeeWound Online 2.50 4.50 2.25 1.72 2.50 1.00 2.41 (1.17)

Fig. 3   Sub-scale specific ratings and overall rating
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technology with significant potential for improving wound 
assessment accuracy.

Moreover, the majority of apps targeted healthcare pro-
fessionals, utilizing medical terminology that may be chal-
lenging for the general public to comprehend. Thus, there is 
a need for the development of patient-focused apps with sim-
plified language to enhance accessibility and understanding.

Opportunities

In this study, we identified significant functional gaps in 
wound assessment-based apps, highlighting the need for 
functional enhancements leveraging advancements in arti-
ficial intelligence and related research. Despite extensive 
research on wound contour detection, most existing apps 
lack automated functionality in this regard [48–50]. Simi-
larly, although numerous studies have explored automatic 
measurement of wound dimensions such as length, width, 
area, and circumference, few apps incorporate these features 
[54–56]. Additionally, research on automating wound depth 
and volume measurement, skin temperature assessment, and 
tissue classification presents opportunities for future app 
development [57–59].

Several studies have employed machine learning and deep 
learning algorithms for wound area detection, segmentation, 
and tissue classification [72–79]. Similarly, 3D modeling 
techniques have been utilized to extract wound features such 
as width, length, area, depth, and volume [58, 62, 80], and 
to monitor healing [81]. Augmented Reality (AR), although 
underutilized in current apps, shows promise for enhanc-
ing user experiences in wound assessment and health sci-
ence education [82–84]. Furthermore, various sensor-based 
approaches [85], such as LiDAR camera [86], have been 
explored for wound assessment, yet most current apps do not 
leverage sensor technologies [87–89]. Given the potential 
of these technologies and the advancements in smartphone 
capabilities, future wound assessment apps should integrate 
these features.

Visual appeal and usability are crucial factors for app 
success. However, our findings indicate that many reviewed 
apps scored poorly in these domains [90]. Enhancing the 
visual appeal and usability of wound assessment apps is 
imperative for improving user satisfaction and engagement. 
Aesthetic improvements can enhance user experience and 
attract a broader audience, while improved usability ensures 
efficient task completion and user satisfaction [91]. There-
fore, future app development efforts should prioritize visual 
design and usability enhancements to meet user expectations 
and preferences.

One notable limitation is the lack of apps designed spe-
cifically for patients. While the assessed apps primarily tar-
get healthcare professionals, there is a notable gap in apps 

tailored for patient use. Patient-focused apps are crucial 
for empowering individuals to actively participate in their 
wound care management, facilitating better communication 
with healthcare providers, remote monitoring, and enhanc-
ing overall patient engagement and satisfaction.

Limitations of This Study

Several limitations must be acknowledged in this study. 
Firstly, our analysis was restricted to wound assessment 
applications available in English, potentially excluding 
apps in other languages that may offer valuable features. 
Secondly, since our app search and evaluation, some of the 
apps may have been updated with improved features, been 
removed from the app stores, or new apps may have been 
added. Additionally, apps with region-based access restric-
tions were not included, limiting the comprehensiveness of 
our assessment. Some apps required user account approval, 
which we attempted to obtain but encountered challenges 
with non-responsive authorities, leading to the exclusion of 
potentially relevant apps. The inability to assess these apps 
may have impacted the breadth of our findings.

Furthermore, the use of different mobile devices with 
varying operating systems by the raters resulted in differ-
ences in app performance and ratings for certain criteria. 
This variability may have influenced the consistency of our 
evaluations. Additionally, while our study focused on the 
presence of functionality in wound assessment apps, we 
did not assess the accuracy or reliability of these functions. 
Therefore, the effectiveness of the identified features was not 
evaluated, which may limit the applicability of our findings 
in real-world clinical settings. These limitations should be 
considered when interpreting the results of our study.

Conclusion and Future Work

In this study, we conducted a systematic review of mobile 
apps available on major app stores, resulting in the identi-
fication of 170 relevant apps. Subsequently, we rigorously 
evaluated and rated 10 selected apps using our modified 
app rating scale, specifically designed for assessing wound 
assessment-based apps. Despite the wide array of available 
apps, our findings revealed significant shortcomings in their 
functionality and design.

Our research uncovered that the majority of existing mobile 
apps do not fully meet the necessary criteria for accurately 
assessing human body wounds. While some apps offered 
certain expected features, none of them encompassed all the 
required functionalities. This highlights a critical gap in the 
current landscape of wound assessment apps and underscores 
the need for further development and improvement in this 
domain.
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Moving forward, future research should focus on address-
ing the identified design flaws and enhancing the function-
ality of wound assessment apps. This could involve leverag-
ing advanced technologies such as image/video processing, 
machine learning, and augmented reality to improve the accu-
racy and efficiency of wound assessment. Moreover, there is a 
pressing need for rigorous validation studies to assess the reli-
ability and effectiveness of the identified factors (in particular, 
wound assessment-specific functionality) in real-world clinical 
settings. By collaborating with healthcare professionals and 
researchers, developers can ensure that these apps meet the 
standards required for clinical use and contribute to improved 
patient outcomes.

In conclusion, while the current state of wound assessment 
apps may fall short of expectations, ongoing advancements in 
technology and research present promising opportunities for 
the development of more comprehensive and effective solu-
tions in the future.

Appendix A

List of Wound Apps that Required Approved 
Membership to be able to use

Table 6   List of wound apps that were not accessible

App name

PointClickCare Skin and Wound
Wound Tracker Professional
Swift Skin and Wound
InteliWound
Swift Skin and Wound Training
Medline
WoundVision
Healogics Photo
Collab Care
Tissue Analytics
Parable
Rita your wound care expert
My Wound Doctor
SeeWound

Author Contributions  M.A.K. conceptualized and designed the meth-
odology, provided resources, and supervised the project. S.S., F.A., 
and S.N. conducted the study under the supervision and guidance of 
M.A.K. M.A.K., S.S., F.A., and S.N. wrote the first draft of the manu-
script. J.F., C.F., and S.A. validated and reviewed the manuscript.

Funding  Open Access funding enabled and organized by CAUL and its 
Member Institutions This work was partially funded by Foot Balance 
Technology Pty. Ltd. and Walk Easy Pedorthics Pty. Ltd.

Data Availability  No datasets were generated or analysed during the 
current study.

Declarations 

Competing Interest  The authors declare that Sayed Ahmed is the prin-
cipal pedorthist in Foot Balance Technology and Craig Laird is the 
principal pedorthist in Walk Easy Pedorthics. These funding organiza-
tions did not play a role in the design of the study and in the collection, 
analysis, or interpretation of data.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Velnar, T., Bailey, T., Smrkolj, V.: The wound healing process: 
an overview of the cellular and molecular mechanisms. Journal 
of international medical research 37(5), 1528–1542 (2009)

	 2.	 Isoherranen, K., Montero, E., Atkin, L., Collier, M., Høgh, A., 
Ivory, J., Kirketerp-Møller, K., Meaume, S., Ryan, H., Stuermer, 
E., Tiplica, G., Probst, S.: Lower leg ulcer diagnosis & princi-
ples of treatment. including recommendations for comprehensive 
assessment and referral pathways. Journal of Wound Management 
24(2), 1–76 (2023)

	 3.	 Werdin, F., Tenenhaus, M., Rennekampff, H.-O.: Chronic wound 
care. The Lancet 372(9653), 1860–1862 (2008)

	 4.	 Olsson, M., Järbrink, K., Divakar, U., Bajpai, R., Upton, Z., 
Schmidtchen, A., Car, J.: The humanistic and economic burden 
of chronic wounds: A systematic review. Wound repair and regen-
eration 27(1), 114–125 (2019)

	 5.	 Fujiwara, H., Isogai, Z., Irisawa, R., Otsuka, M., Kadono, T., 
Koga, M., Hirosaki, K., Asai, J., Asano, Y., Abe, M., et al.: 
Wound, pressure ulcer and burn guidelines–2: Guidelines for the 
diagnosis and treatment of pressure ulcers. The Journal of Der-
matology 47(9), 929–978 (2020)

	 6.	 Lipsky, B.A., Senneville, É., Abbas, Z.G., Aragón-Sánchez, J., 
Diggle, M., Embil, J.M., Kono, S., Lavery, L.A., Malone, M., and 
Asten, S.A., et al., Guidelines on the diagnosis and treatment of 
foot infection in persons with diabetes (iwgdf 2019 update). Dia-
betes/metabolism research and reviews 36, 3280, 2020.

	 7.	 Baron, M.V., Reuter, C.P., Burgos, M.S., Cavalli, V., Branden-
burg, C., and Krug, S.B.F., Experimental study with nursing staff 
related to the knowledge about pressure ulcers1. Revista Latino-
americana De Enfermagem. 24, 2016.

	 8.	 Rogenski, N.M.B., and Kurcgant, P., The incidence of pressure 
ulcers after the implementation of a prevention protocol. Revista 
Latino-americana De Enfermagem. 20, 333–339, 2012.

http://creativecommons.org/licenses/by/4.0/


	 Journal of Medical Systems           (2024) 48:80    80   Page 12 of 14

	 9.	 Catherine VanGilder, M., Amlung, S., Harrison, P., and Meyer, 
S., Results of the 2008–2009 international pressure ulcer preva-
lence™ survey and a 3-year, acute care, unit-specific analysis. 
Ostomy Wound Manag. 55, 39–45, 2009.

	10.	 Lazzarini, P.A., Gurr, J.M., Rogers, J.R., Schox, A., and Bergin, 
S.M., Diabetes foot disease: the cinderella of australian diabetes 
management?. J. Foot Ankle Res.. 5(1), 1–9, 2012.

	11.	 Lazzarini, P.A., O’Rourke, S.R., Russell, A.W., Derhy, P.H., and 
Kamp, M.C., Reduced incidence of foot-related hospitalisation 
and amputation amongst persons with diabetes in queensland, 
australia. PLoS One. 10(6), 0130609, 2015.

	12.	 Lazzarini, P.A., Hurn, S.E., Kuys, S.S., Kamp, M.C., Ng, V., 
Thomas, C., Jen, S., Kinnear, E.M., d’Emden, M.C., and Reed, 
L., Direct inpatient burden caused by foot-related conditions: a 
multisite point-prevalence study. BMJ Open. 6(6), 010811, 2016.

	13.	 Chen, H., Cheng, R., Zhao, X., Zhang, Y., Tam, A., Yan, Y., Shen, 
H., Zhang, Y.S., Qi, J., and Feng, Y., et al., An injectable self-
healing coordinative hydrogel with antibacterial and angiogenic 
properties for diabetic skin wound repair. NPG Asia Mater. 11(1), 
1–12, 2019.

	14.	 Brem, H., and Tomic-Canic, M., et al., Cellular and molecular 
basis of wound healing in diabetes. J. Clin. Res. Invest. 117(5), 
1219–1222, 2007.

	15.	 Apelqvist, J., Larsson, J., and Agardh, C.-D., Long-term progno-
sis for diabetic patients with foot ulcers. J. Intern. Med. 233(6), 
485–491, 1993.

	16.	 Do Khac, A., Jourdan, C., Fazilleau, S., Palayer, C., Laffont, I., 
Dupeyron, A., Verdun, S., and Gelis, A., mhealth app for pressure 
ulcer wound assessment in patients with spinal cord injury: Clini-
cal validation study. JMIR mHealth and uHealth. 9(2), 26443, 
2021.

	17.	 Koepp, J., Baron, M.V., Martins, P.R.H., Brandenburg, C., Kira, 
A.T.F., Trindade, V.D., Dominguez, L.M.L., Carneiro, M., Frozza, 
R., and Possuelo, L.G., et al., The quality of mobile apps used for 
the identification of pressure ulcers in adults: systematic survey 
and review of apps in app stores. JMIR mHealth and uHealth. 
8(6), 14266 (2020)

	18.	 Gagnon, J., Probst, S., Chartrand, J., Reynolds, E., and Lalonde, 
M., Self-supporting wound care mobile applications for nurses: 
A scoping review. J. Adv. Nurs. 2024.

	19.	 Ang, A., Apps can help improve wound care, according to 
eHealth NSW study. Healthcare IT News. (2022). Last Accessed 
1-July-2024

	20.	 Lau, C.H., Yu, K.H.-O., Yip, T.F., Luk, L.Y.F., Wai, A.K.C., Sit, 
T.-Y., Wong, J.Y.-H., and Ho, J.W.K., An artificial intelligence-
enabled smartphone app for real-time pressure injury assess-
ment. Front. Med. Technol. 4, 905074 (2022)

	21.	 Lucas, Y., Niri, R., Treuillet, S., Douzi, H., and Castaneda, B., 
Wound size imaging: ready for smart assessment and monitor-
ing. Adv. Wound Care. 10(11), 641–661, 2021.

	22.	 Chairat, S., Chaichulee, S., Dissaneewate, T., Wangkulangkul, 
P., and Kongpanichakul, L., Ai-assisted assessment of wound 
tissue with automatic color and measurement calibration on 
images taken with a smartphone. In: Healthcare, vol. 11, p. 
273, 2023. MDPI

	23.	 Anisuzzaman, D., Wang, C., Rostami, B., Gopalakrishnan, S., 
Niezgoda, J., and Yu, Z., Image-based artificial intelligence 
in wound assessment: a systematic review. Adv. Wound Care. 
11(12), 687–709, 2022.

	24.	 Rippon, M.G., Fleming, L., Chen, T., Rogers, A.A., and Ousey, 
K., Artificial intelligence in wound care: diagnosis, assessment 
and treatment of hard-to-heal wounds: a narrative review. J. 
Wound Care. 33(4), 229–242, 2024.

	25.	 Barakat-Johnson, M., Jones, A., Burger, M., Leong, T., Frotjold, 
A., Randall, S., Kim, B., Fethney, J., and Coyer, F., Reshap-
ing wound care: Evaluation of an artificial intelligence app to 

improve wound assessment and management amid the covid-19 
pandemic. Int. Wound J. 19(6), 1561–1577, 2022.

	26.	 Sigam, P., Mobile applications in wound care: a digital trans-
formation. Health Europa Q. 2018. Last Accessed 1-July-2024

	27.	 Schoeppe, S., Alley, S., Van Lippevelde, W., Bray, N.A., Wil-
liams, S.L., Duncan, M.J., and Vandelanotte, C., Efficacy of 
interventions that use apps to improve diet, physical activity and 
sedentary behaviour: a systematic review. Int. J. Behav. Nutr. 
Phys. Act. 13(1), 1–26, 2016.

	28.	 Bonoto, B.C., Araújo, V.E., Godói, I.P., Lemos, L.L.P., God-
man, B., Bennie, M., Diniz, L.M., and Junior, A.A.G., Efficacy 
of mobile apps to support the care of patients with diabetes 
mellitus: a systematic review and meta-analysis of randomized 
controlled trials. JMIR mHealth and uHealth. 5(3), 4, 2017.

	29.	 Whitehead, L., Seaton, P., The effectiveness of self-management 
mobile phone and tablet apps in long-term condition manage-
ment: a systematic review. J. Med. Int. Res. 18(5), 4883, 2016.

	30.	 Gagnon, J., Chartrand, J., Probst, S., and Lalonde, M., Content 
of a wound care mobile application for newly graduated nurses: 
an e-delphi study. Bmc Nurs. 23(1), 331, 2024.

	31.	 Dege, T., Glatzel, B., Borst, V., Grän, F., Goller, S., Glatzel, 
C., Goebeler, M., and Schmieder, A., Patient-centered chronic 
wound care mobile apps: Systematic identification, analysis, and 
assessment. JMIR mHealth and uHealth. 12, 51592, 2024.

	32.	 Stoyanov, S.R., Hides, L., Kavanagh, D.J., Zelenko, O., Tjon-
dronegoro, D., and Mani, M., Mobile app rating scale: a new 
tool for assessing the quality of health mobile apps. JMIR 
mHealth and uHealth. 3(1), 3422, 2015.

	33.	 Rivera, J., McPherson, A., Hamilton, J., Birken, C., Coons, M., 
Iyer, S., Agarwal, A., Lalloo, C., and Stinson, J., Mobile apps 
for weight management: a scoping review. JMIR mHealth and 
uHealth. 4(3), 5115, 2016.

	34.	 Kabir, M.A., Rahman, S.S., Islam, M.M., Ahmed, S., and Laird, 
C., Mobile apps for foot measurement in pedorthic practice: 
scoping review. JMIR mHealth and uHealth. 9(3), 24202, 2021.

	35.	 Tricco, A.C., Lillie, E., Zarin, W., O’Brien, K.K., Colquhoun, 
H., Levac, D., Moher, D., Peters, M.D., Horsley, T., and Weeks, 
L., et al., Prisma extension for scoping reviews (prisma-scr): 
checklist and explanation. Ann. Int. Med. 169(7), 467–473, 
2018.

	36.	 Stoyanov, S.R., Hides, L., Kavanagh, D.J., and Wilson, H., Devel-
opment and validation of the user version of the mobile applica-
tion rating scale (umars). JMIR mHealth and uHealth. 4(2), 5849, 
2016.

	37.	 Huebner, J., Schmid, C., Bouguerra, M., and Ilic, A., Finmars: A 
mobile app rating scale for finance apps. In: Proceedings of the 
9th International Conference on Information Communication and 
Management, pp. 6–11 2019.

	38.	 Samad, S., Ahmed, F., Naher, S., Kabir, M.A., Das, A., Amin, S., 
and Islam, S.M.S., Smartphone apps for tracking food consump-
tion and recommendations: Evaluating artificial intelligence-based 
functionalities, features and quality of current apps. Intell. Syst. 
Appl. 15, 200103, 2022.

	39.	 Sinclair, R., Nodi, S., and Kabir, M.A., Evaluating mobile appli-
cations for estimating soil properties: Quality of current apps, 
limitations and future directions. Comput. Electron. Agri. 216, 
108527, 2024.

	40.	 Siddiqua, A., Kabir, M.A., Ferdous, T., Ali, I.B., and Weston, 
L.A., Evaluating plant disease detection mobile applications: 
Quality and limitations. Agronomy. 12(8), 1869, 2022.

	41.	 Pritha, S.T., Tasnim, R., Kabir, M.A., Amin, S., and Das, A., Smart-
phone apps for child sexual abuse education: gaps and design con-
siderations. Int. J. Mobil. Learni. Org. 18(1), 101–134, 2024.

	42.	 Marijanović, D., and Filko, D., A systematic overview of recent 
methods for non-contact chronic wound analysis. Appl. Sci. 
10(21), 7613, 2020.



Journal of Medical Systems           (2024) 48:80 	 Page 13 of 14     80 

	43.	 Fette, A.M., A clinimetric analysis of wound measurement tools. 
World Wide Wound. 2006.

	44.	 Zahia, S., Zapirain, M.B.G., Sevillano, X., González, A., Kim, 
P.J., and Elmaghraby, A., Pressure injury image analysis with 
machine learning techniques: A systematic review on previous and 
possible future methods. Artif. Intell. Med. 102, 101742, 2020.

	45.	 Baron, M.V., Martins, P.R.H., Brandenburg, C., Koepp, J., Rein-
heimer, I.C., Dos Santos, A.C., Dos Santos, M.P., Santamaria, 
A.F.M., Miliou, T., and Costa, B.E.P., Accuracy of thermographic 
imaging in the early detection of pressure injury: a systematic 
review. Adv. Skin Wound Care. 36(3), 158–167, 2023

	46.	 McGuiness, W., Vella, E., and Harrison, D., Influence of dressing 
changes on wound temperature. J. Wound Care. 13(9), 383–385, 
2004.

	47.	 Schreml, S., Szeimies, R., Prantl, L., Karrer, S., Landthaler, M., 
and Babilas, P., Oxygen in acute and chronic wound healing. Br. 
J. Dermatol. 163(2), 257–268, 2010.

	48.	 Gamage, H., Wijesinghe, W., and Perera, I., Instance-based seg-
mentation for boundary detection of neuropathic ulcers through 
mask-rcnn. In: International Conference on Artificial Neural Net-
works, pp. 511–522, 2019. Springer

	49.	 Goyal, M., Reeves, N.D., Rajbhandari, S., and Yap, M.H., Robust 
methods for real-time diabetic foot ulcer detection and localiza-
tion on mobile devices. IEEE J. Biomed. Health Inform. 23(4), 
1730–1741, 2018.

	50.	 Fraiwan, L., AlKhodari, M., Ninan, J., Mustafa, B., Saleh, A., and 
Ghazal, M., Diabetic foot ulcer mobile detection system using 
smart phone thermal camera: a feasibility study. Biomed. Eng. 
Online 16(1), 1–19, 2017.

	51.	 Verma, O.P., Hanmandlu, M., Sultania, A.K., and Parihar, A.S., A 
novel fuzzy system for edge detection in noisy image using bacte-
rial foraging. Multidimens. Syst. Signal Process. 24(1), 181–198, 
2013.

	52.	 Zhang, X., Yang, L., Wang, J., Zhao, Q., and Qiao, A., The design 
of wound area measurement software based on android operating 
system. In: Proceeding of the 11th World Congress on Intelligent 
Control and Automation, pp. 2946–2950, 2014. IEEE

	53.	 Wang, S., Zhang, Q., Huang, W., Tian, H., Hu, J., Cheng, Y., and 
Peng, Y., A new smart mobile system for chronic wound care 
management. IEEE Access. 6, 52355–52365, 2018.

	54.	 Chino, D.Y., Scabora, L.C., Cazzolato, M.T., Jorge, A.E., Traina-
Jr, C., Traina, A.J.: Segmenting skin ulcers and measuring the 
wound area using deep convolutional networks. Comput. Methods 
Programs Biomed. 191, 105376 2020.

	55.	 Liu, C., Fan, X., Guo, Z., Mo, Z., Eric, I., Chang, C., and Xu, Y., 
Wound area measurement with 3d transformation and smartphone 
images. BMC Bioinform. 20(1), 1–21, 2019.

	56.	 Chan, K.S., Chan, Y.M., Tan, A.H.M., Liang, S., Cho, Y.T., Hong, 
Q., Yong, E., Chong, L.R.C., Zhang, L., and Tan, G.W.L., et al., 
Clinical validation of an artificial intelligence-enabled wound 
imaging mobile application in diabetic foot ulcers. Int. Wound J. 
2021

	57.	 Barone, S., Paoli, A., and Razionale, A.V., Assessment of chronic 
wounds by three-dimensional optical imaging based on integrating 
geometrical, chromatic, and thermal data. Proc. Inst. Mech. Eng. 
Part H: J. Eng. Med. 225(2), 181–193, 2011.

	58.	 Chang, M.-C., Yu, T., Luo, J., Duan, K., Tu, P., Zhao, Y., Nagraj, 
N., Rajiv, V., Priebe, M., and Wood, E.A., et al., Multimodal sen-
sor system for pressure ulcer wound assessment and care. IEEE 
Trans. Indus. Inf. 14(3), 1186–1196, 2017.

	59.	 Sirazitdinova, E., and Deserno, T.M., System design for 3d wound 
imaging using low-cost mobile devices. In: Medical Imaging 
2017: Imaging Informatics for Healthcare, Research, and Appli-
cations, vol. 10138, p. 1013810, 2017. International Society for 
Optics and Photonics

	60.	 Veredas, F.J., Luque-Baena, R.M., Martín-Santos, F.J., Morilla-
Herrera, J.C., and Morente, L., Wound image evaluation with 
machine learning. Neurocomputing. 164, 112–122, 2015.

	61.	 Rajathi, V., Bhavani, R., and Wiselin Jiji, G., Varicose ulcer (c6) 
wound image tissue classification using multidimensional convo-
lutional neural networks. Imaging Sci. J. 67(7), 374–384, 2019.

	62.	 Wannous, H., Lucas, Y., and Treuillet, S., Enhanced assessment 
of the wound-healing process by accurate multiview tissue clas-
sification. IEEE Trans. Med. Imaging. 30(2), 315–326, 2010.

	63.	 Christmann, A., and Van Aelst, S., Robust estimation of cron-
bach’s alpha. J. Multivar. Anal. 97(7), 1660–1674, 2006.

	64.	 Cronbach, L.J., Coefficient alpha and the internal structure of 
tests. Psychometrika. 16(3), 297–334, 1951.

	65.	 Gliem, J.A., and Gliem, R.R., Calculating, interpreting, and 
reporting cronbach’s alpha reliability coefficient for likert-type 
scales. 2003. Midwest Research-to-Practice Conference in Adult, 
Continuing, and Community

	66.	 Lange, R.T., In: Kreutzer, J.S., DeLuca, J., Caplan, B. (eds.) Inter-
rater Reliability, pp. 1348–1348. Springer, New York, NY, 2011. 
https://​doi.​org/​10.​1007/​978-0-​387-​79948-3_​1203

	67.	 Sawa, J., and Morikawa, T., Interrater reliability for multiple 
raters in clinical trials of ordinal scale. Drug Inf. J.: DIJ/Drug 
Inf. Assoc. 41(5), 595–605, 2007.

	68.	 Koo, T.K., Li, and M.Y., A guideline of selecting and reporting 
intraclass correlation coefficients for reliability research. J. Chi-
ropr. Med. 15(2), 155–163, 2016.

	69.	 Anisuzzaman, D., Wang, C., Rostami, B., Gopalakrishnan, S., 
Niezgoda, J., and Yu, Z., Image based artificial intelligence in 
wound assessment: A systematic review. arXiv:​2009.​07141. 2020.

	70.	 Goo, H.W., Park, S.J., and Yoo, S.-J., Advanced medical use of 
three-dimensional imaging in congenital heart disease: augmented 
reality, mixed reality, virtual reality, and three-dimensional print-
ing. Korean J. Radiol. 21(2), 133–145, 2020.

	71.	 Wang, L., Pedersen, P.C., Agu, E., Strong, D.M., and Tulu, B., 
Boundary determination of foot ulcer images by applying the 
associative hierarchical random field framework. J. Med. Imag-
ing. 6(2), 024002, 2019.

	72.	 Kolesnik, M., and Fexa, A., Multi-dimensional color histograms 
for segmentation of wounds in images. In: International Con-
ference Image Analysis and Recognition, pp. 1014–1022, 2005. 
Springer

	73.	 Hani, A.F.M., Arshad, L., Malik, A.S., Jamil, A., and Bin, F.Y.B., 
Haemoglobin distribution in ulcers for healing assessment. In: 
2012 4th International Conference on Intelligent and Advanced 
Systems (ICIAS2012), vol. 1, pp. 362–367, 2012. IEEE

	74.	 Li, F., Wang, C., Liu, X., Peng, Y., and Jin, S., A composite model 
of wound segmentation based on traditional methods and deep 
neural networks. Comput. Intel. Neurosc. 2018, 2018.

	75.	 Aguirre Nilsson, C., and Velic, M., Classification of ulcer images 
using convolutional neural networks. Master’s thesis, 2018.

	76.	 Veredas, F., Mesa, H., and Morente, L., Binary tissue classifica-
tion on wound images with neural networks and bayesian classi-
fiers. IEEE Trans. Med. Imaging. 29(2), 410–427, 2009.

	77.	 Nejati, H., Ghazijahani, H.A., Abdollahzadeh, M., Malekzadeh, 
T., Cheung, N.-M., Lee, K.-H., and Low, L.-L., Fine-grained 
wound tissue analysis using deep neural network. In: 2018 IEEE 
International Conference on Acoustics, Speech and Signal Pro-
cessing (ICASSP), pp. 1010–1014, 2018. IEEE

	78.	 Jishnu, P., BK, S.K., and Jayaraman, S., Automatic foot ulcer 
segmentation using conditional generative adversarial network 
(afseggan): A wound management system. PLOS Digit. Health. 
2(11), 0000344, 2023.

	79.	 Chang, C.W., Christian, M., Chang, D.H., Lai, F., Liu, T.J., Chen, 
Y.S., and Chen, W.J., Deep learning approach based on superpixel 

https://doi.org/10.1007/978-0-387-79948-3_1203
http://arxiv.org/abs/2009.07141


	 Journal of Medical Systems           (2024) 48:80    80   Page 14 of 14

segmentation assisted labeling for automatic pressure ulcer diag-
nosis. Plos One. 17(2), 0264139, 2022.

	80.	 Shah, A., Wollak, C., and Shah, J., Wound measurement tech-
niques: comparing the use of ruler method, 2d imaging and 3d 
scanner. J. Am. Col. Certif. Wound Spec. 5(3), 52–57, 2013.

	81.	 Wahabzada, M., Besser, M., Khosravani, M., Kuska, M.T., Kerst-
ing, K., Mahlein, A.-K., and Stürmer, E., Monitoring wound heal-
ing in a 3d wound model by hyperspectral imaging and efficient 
clustering. PloS One. 12(12), 0186425, 2017.

	82.	 Rodriguez-Abad, C., Fernández-de-la-Iglesia, J.-d.-C., Martinez-
Santos, A.-E., and Rodriguez-Gonzalez, R.: A systematic review 
of augmented reality in health sciences: A guide to decision-mak-
ing in higher education. Int. J. Environ. Res. Public Health. 18(8), 
4262, 2021.

	83.	 Mamone, V., Di Fonzo, M., Esposito, N., Ferrari, M., and Ferrari, 
V., Monitoring wound healing with contactless measurements and 
augmented reality. IEEE J. Transl. Eng. Health Med. 8, 1–12, 
2020.

	84.	 Poyade, M., Eaglesham, C., Wilson, B., Burton, G., and Quinn, 
K., Learning about skin breakdown: Design, development and 
evaluation of an augmented reality application to inform about 
pressure ulcers (sores) and moisture lesions. In: Medical Visu-
alization and Applications of Technology, pp. 27–69, 2022. 
Springer

	85.	 Lu, S.-H., Samandari, M., Li, C., Li, H., Song, D., Zhang, Y., 
Tamayol, A., and Wang, X., Multimodal sensing and thera-
peutic systems for wound healing and management: A review. 
Sens. Actuators Rep. 4, 100075, 2022.

	86.	 Liu, T.J., Wang, H., Christian, M., Chang, C.-W., Lai, F., and 
Tai, H.-C., Automatic segmentation and measurement of pres-
sure injuries using deep learning models and a lidar camera. 
Sci. Rep. 13(1), 680 2023.

	87.	 Fraiwan, L., Ninan, J., and Al-Khodari, M., Mobile application 
for ulcer detection. Open Biomed. Eng. J. 12, 16 2018.

	88.	 Wang, L., Jones, D., Chapman, G.J., Siddle, H.J., Russell, D.A., 
Alazmani, A., and Culmer, P., A review of wearable sensor sys-
tems to monitor plantar loading in the assessment of diabetic foot 
ulcers. IEEE Trans. Biomed. Eng. 67(7), 1989–2004, 2019.

	89.	 Golledge, J., Fernando, M., Lazzarini, P., Najafi, B., and G. Arm-
strong, D., The potential role of sensors, wearables and telehealth 
in the remote management of diabetes-related foot disease. Sen-
sors. 20(16), 4527, 2020.

	90.	 Chetrari, A., Characteristics of value-providing consumer smart-
phone apps. PhD thesis, Empire State College, 2017.

	91.	 Parsazadeh, N., Ali, R., Rezaei, M., and Tehrani, S.Z., The 
construction and validation of a usability evaluation survey for 
mobile learning environments. Stud. Educ. Eval. 58, 97–111, 
2018.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Mobile Apps for Wound Assessment and Monitoring: Limitations, Advancements and Opportunities
	Abstract
	Introduction
	Methodology
	App Search Procedure
	App Selection Process
	Rating Scale for Wound Apps
	Bias Assessment

	The Results
	Target Users and Technology Integration
	Assessment of Functionality
	Evaluation Scores

	Findings and Discussion
	Limitations of Reviewed Apps
	Opportunities
	Limitations of This Study

	Conclusion and Future Work
	Appendix A
	List of Wound Apps that Required Approved Membership to be able to use

	References


