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Abstract 

Background

Chronic wounds pose significant challenges in home healthcare (HH) due to prolonged 

healing times and high costs. Digital wound care solutions (DWCS) have shown 

potential for improving healing efficiency. This study evaluated the impact of continuous 

DWCS use on healing times at HH organizations and explored area reduction in non-

healed yet improved pressure injuries (PIs) and diabetic ulcers (DUs).

Methods

This descriptive study analyzed 195,915 wound assessments from 59 HH organiza-

tions using DWCS in 2022 and 2023. Average healing time was calculated by wound 

type and compared across the two years, with subgroup analyses for wounds healing 

within three months versus longer. Improvements in non-healed DUs and PIs were 

further categorized by initial wound size (≤2 cm², >2 cm² for DUs; ≤4 cm², >4 cm² for 

PIs).

Results

Average healing time for all wounds decreased significantly from 62.5 days in 2022 

to 38.6 days in 2023, a 38.2% improvement (p < 0.001). DU and PIs showed reduc-

tions of 30.8 and 29.3 days, respectively. The proportion of wounds healing within 

three months rose by 8.9%, with decreased average healing times within this period. 

For wounds requiring over three months, the average time saved was 57.6 days (8.2 

weeks; P = 0.014), representing a 27% improvement. Non-healed but improving PIs 

showed increase in area reduction from 5.2 cm² to 17.7 cm², with a 25.4% faster time 

to reduction. Larger PIs (>4 cm²) showed greater reductions, with time to improve-

ment decreasing by 35.5 days (34.7%, p < 0.001). DUs also improved, with area 

reduction increasing from 4.8 cm² to 15.3 cm² and a 23.8% faster reduction time, 

while larger DUs (>2 cm²) saw a 32.6-day decrease in time to improvement.
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Conclusion

Continuous DWCS use significantly reduces healing times and improves wound area 

reduction, underscoring its effectiveness in enhancing wound care outcomes in HH 

settings.

Author summary 

This descriptive research evaluated the outcome of the ongoing use of a Digital 
Wound Care Solution (DWCS) on wound healing and area reduction within home 
health agencies (HHAs). Data evaluated from 195,915 wound assessments across 
59 HHAs between 2022 and 2023 showed a significant improvement in average 
healing times by 38.2% (from 62.5 days to 38.6 days). Specifically, diabetic ulcers 
(DUs) and pressure injuries (PIs) demonstrated notable reduction (30.8 days for 
DUs and 29.3 days for PIs). Furthermore, the overall proportion of wounds suc-
cessfully healed within three months improved by 8.9%, and the average time 
saved for wounds taking greater than three months to heal had an overall savings 
of 57.6 days. Non-healing wounds with improvement also achieved significant 
area reduction, with the area of PIs improved from 5.2 cm² to 17.7 cm² (25.4% 
faster), and DUs improved from 4.8 cm² to 15.3 cm² (23.8% faster). Larger wounds 
showed a decrease of over 30 days in time to improvement. These study findings 
highlight the impact of DWCS in improving the healing and management of chronic 
wounds, especially DUs and PIs, in home health settings.

Introduction

Due to factors such as an aging population and increasing comorbidities like obesity 
and diabetes, the United States is currently witnessing a significant rise in the inci-
dence of chronic wounds [1,2]. According to data derived from the Medicare data-
base, it is estimated that at least 6.5 million patients in the US are living with chronic 
wounds, making it a major public health concern [1,2].

Diabetic ulcers (DU) ranked as the most common cause of chronic wounds, affecting 
approximately 10% of diabetes patients in the USA [3]. Studies have shown that the 
prevalence of foot ulcers among diabetics is higher compared to other diabetic compli-
cations like ischemic heart disease, cerebrovascular disease, and retinopathy [4,5]. With 
the annual incidence of type 1 diabetes at 2.6% and 3% for type 2 diabetes [6,7], there is 
a 19–34% higher risk of developing diabetic foot ulcers throughout the lifetime [8].

Following diabetes, venous ulcers (VU) are the second most common cause of 
chronic wounds, accounting for approximately 15–20% of cases observed in vascu-
lar and foot care clinics [9]. In addition, pressure injuries (PI) affect an estimated 2.5 
million individuals each year in the United States alone [10]. The prolonged healing 
and associated complications of these prevalent chronic wounds pose a significant 
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financial burden to the healthcare system, with expenditures exceeding $25 billion USD per year [2]. This is due to the 
substantial consumption of healthcare resources and ongoing nursing care for wound management [11,12].

On average, chronic wounds require up to 50% more dressings than acute ones to promote healing, and increased 
dressing change frequency is associated with higher turnover rates, placing additional strain on healthcare resources [13]. 
The existing reimbursement policies related to wound care often lack the necessary specificity, inadvertently encourag-
ing costly treatment methods that may not optimize patient outcomes [14]. Therefore, in the case of chronic wounds, it 
is important to track the healing progress and understand the underlying causes of failure to progress in a timely fashion 
through the wound healing stages and to turn a chronic wound into a healing wound [15].

A comprehensive approach to both assessment, management and documentation, utilizing interdisciplinary exper-
tise, is essential [16]. Wound assessment should encompass a detailed evaluation and documentation of the wound bed 
status, characteristics, precise wound measurements, and pertinent local and systemic factors, including any existing 
comorbidities [17]. Comprehensive understanding of a patient’s wounds and overall health condition enables the determi-
nation of wound healing trajectories, which are vital for developing high-quality treatment strategies and ultimately achiev-
ing wound healing [16]. However, Ding and colleagues’ literature review study highlighted the limited evidence on wound 
assessment and documentation, particularly in relation to the frequency of wound assessments and the extent to which 
these assessments are documented [18].

Therefore, the healthcare sector faces significant challenges. The limited understanding and variability in documented 
wounds and their healing progress across different types of chronic wounds makes it challenging to accurately predict 
the necessary resources for effective treatment, leading to inefficiencies in care delivery [19,20]. Moreover, estimating 
the precise costs associated with specialized care becomes increasingly difficult, as the unpredictability of healing times 
can result in unexpected financial burdens for both healthcare providers and patients [14]. Additionally, the lack of clarity 
regarding healing durations hinders the development of comprehensive management plans tailored to individual patient 
needs and can lead to increased anxiety and dissatisfaction among patients [21]. Therefore, acquiring more robust and 
comprehensive data on the healing progress and times of different chronic wounds is critical for improving patient out-
comes, enhancing resource allocation, and optimizing care strategies in healthcare settings [11,20].

Ousey and colleagues descriptive study highlighted significant variability in beliefs and an inconsistent application of 
therapeutic decisions during wound care assessments [17]. This was evident when they surveyed attendees of the Euro-
pean Wound Management Association (EWMA). They found that only 60% of the respondents reported utilizing estab-
lished frameworks for conducting wound bed assessments in their clinical practice. This finding is particularly concerning 
given the respondents’ awareness and understanding of the importance of wound assessment tools, which suggests a 
gap between knowledge, wound assessment and practical application in wound care management [17].

Therefore, many healthcare organizations started leveraging artificial intelligence (AI) powered digital assessment tools 
to support a standardized assessment approach [20]. Evidence supports the efficacy of using AI technology in wound 
care assessment. For example, a quasi-experimental study evaluated an AI-based wound assessment tool’s usability and 
efficacy and provided evidence of the potential of AI in the field of wound management. Results indicated the application 
enhanced wound evaluation, facilitated care plan sharing, boosted patient compliance, and improved virtual care effi-
ciency. The study demonstrated the potential of AI in wound management [22].

Therefore, digital tools designed to consistently guide clinicians through the assessment process would ultimately lead 
to effective treatment decisions [17]. Consistency and standardization of assessments using the digital tools are the key to 
optimizing patient outcomes and ensuring that care is both effective and evidence based [17].

Swift Skin & Wound (Swift Medical Inc., Toronto, Canada) is a non-intrusive digital wound care solution (DWCS) 
employing AI for standardized wound evaluation. The DWCS utilizes an FDA-approved reference marker (Fig 1) to obtain 
scientifically calibrated, color-corrected images and employs intelligent algorithms to automatically delineate wound 
margins, measure dimensions, precisely calculate surface area, depth and instantly upload and document this data in 
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patients’ medical records [23]. Research shows a 99% measurement consistency among clinicians using Swift, ensuring 
reliability across experience levels [24]. The clinician-facing dashboard allows interdisciplinary teams to monitor patient 
progress, coordinate care, and offer real-time recommendations. Further, it provides detailed documentation that can 
protect clinical decisions, assist compliance with laws, and lower healthcare liability [20]. DWCS uses computer vision and 
deep learning algorithm to detect and accurately quantify the types of tissue in a wound, regardless of skin tones and the 
Healing Index draws on AI-based modeling and prediction to analyze wound characteristics and project healing trajec-
tories for better treatment planning. Studies demonstrate that Swift Skin & Wound’s wound analytics, automation, and 
documentation approach significantly improve operational and clinical outcomes. It reports a significant reduction in days 
to heal for pressure injuries [20] and saving clinicians a significant amount of time in assessing wounds [23]. Additionally, it 
accurately measures wound dimensions irrespective of variability in wound bed characteristics or skin tone [25].

This study represents the first systematic effort to document wound healing times using the DWCS (Swift Skin and 
Wound). We utilized the DWCS’s large, clinically validated database in a home healthcare (HH) environment. The primary 
goal was to accurately determine the average duration for wound healing in the HH setting and analyze changes in heal-
ing times over time, specifically in 2022 and 2023, with the consistent use of this innovative technology.

In addition to the primary focus, the study also compared the average healing times and the proportion of wounds 
that achieved healing after using the solution, categorized by their respective healing durations. This included a specific 
examination of wounds that healed in less than three months compared to those that took longer than three months in the 
assessment years (2022 and 2023). The research also explored the proportion of area reduction, and the percentage of 
improvement observed in non-healed but improved diabetic ulcers (DU) and pressure injuries (PI) within the same assess-
ment years (2022 and 2023).

Methods

Study design and data sources

The descriptive study analyzed the change in average healing times for various wound types across a cross-sectional 
sample of 59 home health agencies (HHA) that integrated the solution in 2021 and maintained DWCS as part of their 
wound care program in 2022 and 2023.

Fig 1. FDA-approved reference marker and capturing wound image.

https://doi.org/10.1371/journal.pdig.0000855.g001

https://doi.org/10.1371/journal.pdig.0000855.g001
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Some agencies were located in various geographical regions of the United States, which enhances the generalizability 
of the findings in this study. Included in the sample are agencies from Northeastern, Midwestern, Southern, and Western 
parts of the United States. Through sampling from all four regions, the attempt was made to capture variations that exist in 
local infrastructure for providing health care services, payment programs, and population demographics. Of the agencies, 
about 40% are situated in urban areas, 35% in suburban areas, and 25% in rural areas, thus ensuring balanced represen-
tation of home health settings.

Agencies varied greatly in their size and operational scale, given that they spanned from small agencies with average 
daily census of 50–100 patients (40%), medium size agencies (35%) with 100–500 patients, and large ones (25%) with 
over 500 patients across various states. This variation contributed, among other things, to differences in allocation of 
resources, workforce capacity, and technological integration. Most small agencies operate with small teams of 10–20 cli-
nicians. In contrast, larger agencies could have more than 100 field staff which could include nurses, physical therapists, 
occupational therapists, home health aides, and case managers.

Different staffing models and types of workflows represented in home care were also reflected in this study. Thus, some 
agencies employ the traditional clinician-based model where registered nurses and physical and occupational therapists 
provide direct supervision of patient care. In contrast, other agencies use a case management approach where a primary 
clinician coordinates care among interdisciplinary teams.

The solution software, user training, and technical support are standardized across all HHAs, facilitating a standard-
ized utilization process across different HHAs. Additionally, the study examined the average healing times and proportion 
of healed wounds categorized by their healing duration (wounds that healed in less or more than three months). It also 
explored the proportion of area reduction and percentage of improvement for non-healed but improved diabetic ulcers and 
pressure injuries.

The study utilized the large, clinically calibrated and validated DWCS database specifically designed for gathering and 
securely storing anonymous wound care data from participating HHAs. Data collected from the application is gathered 
from clinicians’ standard patient care wound assessments at the participating HH organizations that adopted the solution. 
The system’s unique feature is its generation of a unique code for each patient whenever a wound is assessed, which 
serves as the identifier for storing the wound data. This advanced system then can either retrieve the direct patient identifi-
ers from the app of the digital solution for the site’s follow-up purposes or purge them, thus providing an anonymous data-
set for research purposes. This ensures the meticulous and confidential collation of comprehensive wound information.

The server communications are encrypted using the Advanced Encryption Standard. Our secure database strictly 
adheres to privacy standards outlined in various acts, including the Health Insurance Portability and Accountability Act 
(HIPAA). The data warehouse engineers maintain the anonymous analytic database, and the clinical innovation team has 
secure administrative access. This systematic, secure collection of anonymized data facilitates comprehensive analysis 
for research purposes. This process does not alter or influence the care administered to the patient.

The DWCS database compiles a wide array of clinical and administrative data, encompassing patient assessment 
details such as unique ID code, age, sex, wound evaluation dates, wound type and class, anatomic location of the wound, 
temperature, odor, Bates-Jensen Wound Assessment Tool (BWAT) score, pain level, wound status progress, wound 
acquisition status (whether external or after admission), wound measurements including length, width, surface area, 
and depth. Additionally, the database includes evaluation review history (sign and lock progress), evaluation linked with 
images, drainage usage, and details of the role of clinicians conducting evaluations along with the healthcare settings and 
corresponding organizational branches.

This descriptive quality improvement study obtained an exemption for ethics review from Pearl IRB, LLC, an indepen-
dent institutional review board (ID: 2023–0100). The exemption was granted due to the study using only fully de-identified, 
retrospective wound assessment data collected in the normal clinical setting, with no direct patient contact or impacts on 
treatment or decisions. Each organization participating in the study was made known that anonymized data may be used 
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for quality improvement and research purposes. The digital health platform uses end-to-end encryption, stringent access 
controls, and compliance with HIPAA and other applicable privacy laws to ensure data privacy and security. Other robust 
de-identification protocols are in place to remove personally identifiable information that could lead to re-identification 
before data extraction and analysis. Such procedures uphold the ethical principles in the Declaration of Helsinki, ensuring 
appropriate handling of sensitive health data with an opportunity for advancements in evidence-based wound care.

Data abstraction process and sample

The anonymous wound care assessment records were collected from the DWCS database. The clinical innovation 
research team accessed the DWCS database and extracted all required wound patient data based on the wound start 
data from January to March 2024.

To ensure methodological rigor and data integrity, a structured data abstraction and validation process was employed. 
Data were extracted from the DWCS database. The research team performed structured queries to retrieve all relevant 
wound assessment records from participating 59 home health agencies (HHAs). Multiple levels of quality control were 
enacted to ensure accuracy, consistency, and completeness of the dataset.

1. Data validation process. The DWCS system has built-in validation checks that minimize errors in data entry, thus 
ensuring that the recorded wound assessments meet standardized documentation criteria. Additionally, the system also 
imposes a structured workflow by requiring mandatory fields to be filled out before allowing data-entry submission, which 
should avoid possible missing values in key fields, e.g., wound type, classification, and status progress. During data 
extraction, audits were performed regularly on the data to ensure that they were accurately transcribed and consistently 
formatted across different HHAs.

2. Handling of missing data. To manage missing data, a data completeness assessment was performed by the 
research team, ensuring that each record with missing or incomplete data had been examined systematically. Records 
containing missing key variables were excluded from the corrected analysis to avoid introducing bias into subsequent 
comparisons of outcomes. Since the size of the dataset (195,915 wound assessments) rendered imputation unnecessary, 
the presence of a sufficient volume of complete cases allowed for reliable statistical analysis.

3. Inter-rater reliability measures. The inter-rater reliability is sustained through standardized documentation 
protocols and systematic training of clinicians using the DWCS technology. The solution software, user training, and 
technical support are also standardized across the HHAs to facilitate a consisted utilization.

To be eligible for inclusion in the study a patient’s wound evaluation data must have fulfilled the following criteria:

1. Wound records (primary and secondary diagnoses) of any type were assessed at the participating 59 HHAs during the 
study period (2022 and 2023).

2. Wounds had to be assessed and managed using the DWCS technology

3. The records pertained to adult patients 18 or older.

Any wounds outside of the study period were excluded from the analysis. Wounds assessed at adoption branches 
other than the participating 59 HHAs were not included in the analysis. The study gathered and incorporated data from 
195,915 wounds assessed at the participating HHAs during the study periods in 2022 and 2023. Specifically, 66,878 
wounds were assessed in 2022, and 129,040 wounds were assessed in 2023.

Each patient in the study was assigned an ID number to ensure anonymity, and no medical record number (MRN) was 
accessed. The study aimed to compare clinical outcomes over time by analyzing the change in the average/median days 
to heal a wound from 2022 to 2023 for the 59 HHAs. The study extracted the following indicators from the eligible wound 
assessments for analysis in this study: a) wounds’ evaluation dates, b) patient demographic characteristics such as age 
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and sex, c) wound status progress (new, worsened, improving, closed/healed), e) wound acquisition status (whether 
external or after admission), f) wound type and class and, g) wound surface area.

Using the wound evaluation date metric, the study generated the first and last dates of evaluations. Days to heal were 
calculated as the time lapse between the first and last assessment date for the wounds marked as healed by the clini-
cian. The study also categorized wounds into two groups based on the time lapse between the first and last evaluation for 
wounds marked as healed: wounds healed in < 3 months and wounds healed in > 3 months. A comparison of the propor-
tion and the average days to heal the wounds that healed in less than three months and those healed in more than three 
months across all wounds was conducted.

Furthermore, the study investigated non-healed but improved diabetic ulcers (DUs) and pressure injuries (PIs). The 
study analyzed PI and DU wounds, which showed improvement and decreased surface area size. It examined the aver-
age reduction in area size, the change in the average time to recorded improvement, and the percentage of improvement 
between 2022 and 2023. The study also stratified the data for the same study period and for the same wound types based 
on the initial size of the DUs and PIs surface area, subcategorizing each PI wound based on the initial size of <= 4 cm2 
and > 4 cm2 and DUs based on the initial size of <= 2 cm2 and > 2 cm2.

This study utilized a clinically validated benchmarks to define “improved but not healed” wounds. This improvement is 
defined by the percentage reduction in wound surface area over time and is widely recognized within the wound-healing 
research community. If a wound showed a 40–50% decrease in surface area between the first and last recorded assess-
ments of a patient during the study period, it was considered “improved.” This cut-off point was forged from previous 
studies indicating that a closing of the wound size by 40–50% within four weeks is predictive of eventual wound closure 
[26,27].

Statistical analysis

The wound assessment data collected from 59 HHAs were analyzed using the Statistical Package for Social Sciences 
[SPSS; IBM Corp, Armonk, New York. Version 29; 2024]. The analysis included conducting descriptive statistics for 
numeric variables such as age and categorical variables such as sex and various types of wounds. Summary statistics 
were illustrated as frequencies expressed in percentages (%) or as mean values and standard deviation (SD).

Bivariate analyses were performed to explore relationships between different variables. A sample t-test was employed 
to investigate whether there was a statistically significant mean difference in the average number of days required to heal 
wounds across different types of wounds when comparing the assessment years of 2023 and 2022. Additionally, this anal-
ysis aimed to compare the average reduction in wound area size, the average time taken to record improvement, and the 
age of patients for those diabetic ulcers (DUs) and pressure injuries (PIs) that were classified as non-healed but showed 
improvement in both 2022 and 2023. To ensure the statistical tests’ validity, the data’s normality was assessed using the 
Shapiro-Wilk test. The analyses showed that normal distribution of data as assessed by Shapiro-Wilk’s normality test 
(P > 0.05). Additionally the Levene test was utilized to evaluate the homogeneity of variances and there was homogeneity 
of variances, as assessed by Levene’s test for equality of variances for the assessed groups (P = 0.136, P = 0.221, respec-
tively). A 95% confidence interval (CI) was reported, and the significance level was set at a P value of less than.05.

Additionally, subgroups were created to categorize healed wounds into two distinct groups based on the time elapsed 
between the first and last evaluations for wounds that were marked as healed. These groups were defined as wounds that 
healed in less than three months and those that healed in more than three months for the assessment years of 2022 and 
2023. Furthermore, non-healed but improved PI and DU wounds were subcategorized based on their initial size, specifi-
cally those with an area of less than or equal to 4 cm² and those greater than 4 cm². For diabetic ulcers, the subcategories 
were based on initial sizes of less than or equal to 2 cm² and greater than 2 cm². A Chi-square test was conducted to com-
pare the proportions of different types of healed wounds across the subgroups of healed wounds, as well as to analyze 
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the percentage of improvement, sex, and acquisition of wounds for the improved non-healed wounds across the assess-
ment years. The data were presented as frequencies expressed in percentages (%).

Two-way ANOVA tests were conducted to compare the average number of days required to heal different types of 
healed wounds across the subgroups of healed wounds (those healing in less than three months versus those healing in 
more than three months) during the assessment years.

Additionally, the average area size reduction, the average time taken to record improvement, and the age of patients 
were compared across the non-healed but improved PI and DU wounds. The results of these analyses were presented as 
mean values accompanied by their standard deviation.

Post hoc analyses involved conducting pairwise comparisons using multiple z-tests of two proportions, which were 
adjusted with a Bonferroni correction to account for multiple comparisons. This was done to test for significant changes 
between the different groups of input parameters. The significance level for the comparisons among these groups was set 
at a P value of <.0125.

Results

Overall characteristics

The data was collected from 195,915 wounds assessed at the participating HHAs using the technology in 2022 and 2023. 
Overall, the mean age of patients with wounds was 74.9 ± 15.9 years, with approximately half of the patients (47.9%) 
being female. In 2022, 66,878 wounds were assessed, and 129,040 wounds were assessed in 2023. The included 
wounds comprised various types, with surgical wounds accounting for 30.4% and pressure injuries for 18.1%, making 
them the most common.

In 2022, 20,128 (30%) of assessed wounds were healed, and 33,662 (26.1%) of assessed wounds were healed in 
2023 (Table 1). The included wounds comprised various types, with surgical wounds accounting for 21.0% in 2022 and 
35.9% in 2023, and pressure injuries accounting for 19.8% in 2022 and 17.0% in 2023, making them the most common 
wounds.

Overall, there were no statistically significant differences (P > 0.05) between the distribution of wounds assessed or 
healed in 2022 and 2023, except for the surgical wounds, indicating a fairly comparable distribution of wound types across 
both years.

Reduction in the average time to heal a wound

In 2023, the adoption branches saw a significant decrease in the average days required to heal a wound compared to 
2022 (P < 0.001). On average, the adoption group experienced a reduction of 23.9 days per wound (equivalent to 3.4 
weeks), with healing time decreasing from 62.5 days (8.9 weeks) in 2022 to 38.6 days (5.5 weeks) in 2023. This rep-
resents a 38.2% improvement in average healing time for the adoption branches (Table 2) (Fig 2).

Additionally, significant differences were observed in the average days saved between 2022 and 2023 for various 
wound types. The highest reduction was observed in diabetic ulcers with 30.8 days (equivalent to 4.4 weeks), followed 
by pressure injuries with an average decrease of 29.3 days (4.2 weeks), and venous ulcers with 19.1 days (2.7 weeks) 
(P < 0.001) (Table 2).

Comparison of proportions and time to heal for wounds healed in less than vs. more than three months

In 2023, the adoption branches saw an overall 8.9% increase in the proportion of wounds healed in less than three 
months compared to 2022. The most significant increases were observed in arterial ulcers (16.7%) and pressure injuries 
(11.2%), while burn wounds showed a slight non-significant decrease of 0.4% in the proportion of wounds healed in less 
than three months (Table 3).
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Additionally, within the same timeframe, the average time taken for wounds to heal within these three months 
decreased, especially for burn and surgical wounds, which saw a reduction of 3.5 days (0.5 weeks) (Table 4). Fig 3

Furthermore, for wounds that took more than three months to heal, there was a more significant decrease in the aver-
age time to heal, with an overall average of 57.6 days (8.2 weeks) saved (P = 0.014), resulting in 27% improvement. This 
was particularly notable for burn wounds (17.1 weeks), diabetic ulcers (10.8 weeks), pressure injuries (10.5 weeks), and 
venous ulcers (7.5 weeks) (Table 4) Fig 4.

Key characteristics of non-healed but improved diabetic ulcers

In 2022, 45.3% of non-healed diabetic ulcer (DU) wounds showed an improvement in area size, compared to 29.5% 
in 2023. However, the average area size reduced in 2023 was greater (7.9 cm2) than in 2022 (4.4 cm2). The moderate 

Table 1.  Overall characteristics of wound records at adopted branches in 2022 and 2023.

Adopted Branches 2022
Healed Episodes

Adopted Branches 2023
Healed Episodes

Number of episodes managed at par-
ticipating branches

20,128 (30.0%) 33,662 (26.1%)

Wound types

Arterial Ulcer 243 (1.2%) 307 (0.9%)

Burn 172 (0.9%) 268 (0.8%)

Diabetic Ulcer 1,019 (5.1%) 1,210 (3.6%)

Pressure Injury 3,994 (19.8%) 5,709 (17.0%)

Skin Tear 2,061 (10.2%) 3,080 (9.1%)

Surgical Wound 4,235 (21.0%) 12,090 (35.9%)

Venous 2,185 (10.9%) 2,904 (8.6%)

Other* 6,219 (30.9%) 8094 (24.0%)

Sex

Male 10,488 (52.1%) 16,531 (49.1%)

Female 9,640 (47.9%) 17,000 (50.9%)

Age (Mean±SD) 74.9 ± 15.9 73.3 ± 14.7

Sex (Females%) 9,640 (47.9%) 17,000 (50.9%)

Arterial Ulcer 92 (37.9%) 136 (44.3%)

Burn 83 (48.3%) 145 (54.7%)

Diabetic Ulcer 358 (35.1%) 392 (32.7%)

Pressure Injury 2064(51.7%) 3050(54.4%)

Skin Tear 1,011(49.1%) 1,503(48.9%)

Surgical Wound 2116(50.0%) 6432(53.3%)

Venous 930(42.0%) 1342(46.4%)

Age (Mean±SD) 74.9 ± 15.9 73.3(±14.9)

Arterial Ulcer 75.3 ± 14.8 75.2(±13.2)

Burn 71.9 ± 15.1 68.7 ± 15.5)

Diabetic Ulcer 68.8 ± 13.8 68.1(±13.2)

Pressure Injury 76.8 ± 15.1 78.8(±14.3)

Skin Tear 83.6 ± 12.7 82.8 ± 11.7)

Surgical Wound 68.1 ± 14.9 67.1(±13.4)

Venous 77.0 ± 13.4 76.5(±13.4)

*Other Types of wounds: Abrasion, laceration, blisters, seroma, carcinoma, hematoma

https://doi.org/10.1371/journal.pdig.0000855.t001

https://doi.org/10.1371/journal.pdig.0000855.t001
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Cohen’s effect size shows that 2023 had larger wound size reduction. There was a significant decrease in the average 
time to show improvement (P < 0.001), with 84.8 days (12.1 weeks) in 2022 compared to 62.8 days (9 weeks) in 2023, 
representing a 25.9% improvement. Additionally, there was a slight 1.2% increase in the proportion of acquired DUs that 
was improved from 2022 to 2023, although this was not statistically significant (Table 5).

Overall, there were no statistically significant differences (P > 0.05) in the distribution of age, sex, percentage of 
improvement, and wound acquisition of the non-healed but improved DUs between 2022 and 2023 (Table 5).

Table 2. Average days to heal a wound in 2022 and 2023.

Adopted Branches 
2022 Average Days 
to Heal (N = 20,128)
Mean ±SD

Adopted Branches 
2023 Average Days 
to Heal (N = 33,662)
Mean ±SD

P value T value 95% CI 
of mean 
difference

All wounds 62.5 ± 90.8 38.6 ± 47.6 <0.001 34.63 22.7-25.1

Arterial Ulcer 92.3 ± 100.9 65.2 ± 65.8 <0.001 4.22 16.9-46.4

Burn 53.6 ± 80.8 40.2 ± 46.8 0.044 2.02 1.7-25.7

Diabetic Ulcer 98.9 ± 119.7 68.1 ± 65.5 <0.001 7.37 22.7-39.2

Pressure Injury 79.6 ± 114.2 50.3 ± 58.3 <0.001 17.85 31.2-39.8

Skin Tear 40.6 ± 58.8 32.0 ± 36.6 0.046 5.85 5.7-11.5

Surgical Wound 39.0 ± 58.1 25.9 ± 32.1 <0.001 13.86 11.2-14.9

Venous 80.9 ± 103.7 61.8 ± 65.5 <0.001 7.57 14.2-24.1

https://doi.org/10.1371/journal.pdig.0000855.t002

Fig 2. Average days (mean) to heal a wound in 2022 and 2023.

https://doi.org/10.1371/journal.pdig.0000855.g002

https://doi.org/10.1371/journal.pdig.0000855.t002
https://doi.org/10.1371/journal.pdig.0000855.g002
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A comparison of non-healed but improved diabetic ulcers based on initial wound surface area size

In comparing 2022 and 2023, a significant difference was found in initial area sizes larger than 2 cm². The mean area 
size in 2023 was 10.2 cm², bigger than the 6.56 cm² average area recorded in 2022. No significant differences were 

Table 3. Proportion of healed wounds by healing duration in 2022 and 2023.

Adopted 
Branches
2022
Healed 
wounds in 
<3 months
(N = 16,284)
(N (%)

Adopted 
Branches
2022
Healed 
wounds in 
>3 months
(N = 3,844)
(N (%)

Adopted 
Branches
2023
 Healed 
wounds in <3 
months
(N = 20,128)
(N (%)

Adopted 
Branches
2023
Healed 
wounds in 
>3 months
(N = 33,662)
(N (%)

P value
(95% CI)
Across groups

All wounds 16284(81%) 3844(19%) 30237(89.9%) 3425(10.2%) 0.045 (0.032-0.058)

Arterial Ulcer 151(62.1%) 92(37.9%) 242 (78.8%) 64 (21.2%) <0.001 (0.000-0.003)

Burn 156(90.7%) 16(9.3%) 242 (90.3%) 26 (9.7%) 0.457 (0.426-0.488)

Diabetic Ulcer 687(67.4%) 332(32.6%) 881(72.8%) 329(27.2%) 0.053(0.039-0.067)

Pressure Injury 2,912(72.9%) 1082(27.1%) 4901 (84.1%) 908(15.9%) <0.001 (0.000-0.004)

Skin Tear 1,860(90.2%) 201(9.8%) 2891(93.9%) 189(6.1%) 0.677 (0.0648-0.706)

Surgical Wound 3,843(90.7%) 392(9.3%) 11578 (95.8%) 512 (4.2%) 0.782 (0.756-0.808)

Venous 1,586(72.6%) 599(27.4%) 2276(78.4%) 628(21.6%) 0.651(0.621-0.681)

https://doi.org/10.1371/journal.pdig.0000855.t003

Table 4. Comparison of mean days of wound healing across different wound types by healing durations in 2022 and 2023.

Adopted 
Branches
2022
Healed wounds in 
<3 months
(N = 16,284)
(Mean days±SD)

Adopted
Branches
2022
Healed wounds in 
>3 months
(N = 3,844)
(Mean days±SD)

Adopted 
Branches
2023
Healed wounds in 
<3 months
(N = 20,128)
(Mean days±SD)

Adopted 
Branches
2023
Healed wounds in 
>3 months
(N = 33,662)
(Mean days±SD)

P value
(95% CI)
Across 
groups

All 
wounds

27.3 ± 21.0a 212.9 ± 117.0 b 25.4 ± 19.9a 155.3 ± 60.5 c 0.014 
(0.007-0.021)

Arterial 
Ulcer

37.0 ± 23.5 a 195.3 ± 102.0 b 36.2 ± 23.9 a 173.1 ± 60.1 c 0.067 
(0.052-0.082)

Burn 31.3 ± 23.0 a 274.5 ± 108.8 b 27.9 ± 19.2 a 154.7 ± 68.0 c <0.001 
(0.000-0.005)

Diabetic 
Ulcer

35.6 ± 23.8 a 230.1 ± 131.6 b 35.7 ± 23.7a 154.8 ± 61.2 c <0.001 
(0.000-0.003)

Pressure 
Injury

29.9 ± 22.8 a 234.5 ± 127.5 b 29.3 ± 21.6 a 161.3 ± 65.1 c <0.001 
(0.000-0.007)

Skin 
Tear

24.5 ± 17.7 a 189.8 ± 96.2 b 24.5 ± 17.8 a 146.4 ± 55.5 c 0.045 
(0.0322-0.058)

Surgical 
Wound

24.0 ± 19.2 a 185.4 ± 96.4 b 20.7 ± 17.0 a 154.8 ± 61.2 b 0.054 
(0.040-0.068)

Venous 30.8 ± 22.4a 213.6 ± 117.0 b 33.3 ± 22.9 a 161.3 ± 65.1 c 0.024(0.015-
0.033)

*Significant difference using Post hoc analysis with a Bonferroni correction was accepted at p < .0125. Different letters between groups = significant 
difference(P < 0.0125). Same letters between groups = non-significant difference (P ≥ 0.0125).

https://doi.org/10.1371/journal.pdig.0000855.t004

https://doi.org/10.1371/journal.pdig.0000855.t003
https://doi.org/10.1371/journal.pdig.0000855.t004
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observed for areas smaller than 2 cm². Additionally, the average time required for DU improvement decreased signifi-
cantly for areas larger than 2 cm2 (P < 0.001), from 98.7 days (14 weeks) to 63.8 days (9.1 weeks), representing a 35.6% 
improvement in wound management efficiency. Overall, when examining the demographic factors, there were no statisti-
cally significant differences (P > 0.05) in the distribution of age or sex between the years 2022 and 2023, as illustrated in 
Table 6.

Key characteristics of non-healed but improved pressure injuries

In 2022, the average area size of non-healed pressure injuries (PIs) decreased by approximately 5.2 cm². The positive 
trend continued in 2023, with the average reduction in area size increasing to 17.7 cm² for non-healed PIs, compared to 
5.7 cm² in 2022. The overall improvement in PI area size also increased from 56% in 2022 to 61% in 2023, marking a 
5% rise. Additionally, there was a significant decrease in the average duration required to observe improvement in these 
wounds. In 2022, the average time taken to show improvement was 86.5 days (equivalent to 12.3 weeks), which reduced 
to 64.5 days (or 9.2 weeks) in 2023, representing a 25.4% improvement. (Table 7). Effect size analysis revealed a mod-
erate effect for area size reduction (Cohen’s d = -0.501, 95% CI [-0.549, -0.453]), indicating that wound reduction was sig-
nificantly greater in 2023 compared to 2022. A small effect was observed for days to last improvement (Cohen’s d = 0.222, 
95% CI [0.174, 0.269]) and % improvement (Cohen’s d = -0.175, 95% CI [-0.223, -0.128]), suggesting slight but meaningful 
differences between the two years.

Fig 3. Comparison of mean days of wound healing across different wound types for wounds healed in less than 3 months durations (2022 
and 2023).

https://doi.org/10.1371/journal.pdig.0000855.g003

https://doi.org/10.1371/journal.pdig.0000855.g003
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A comparison of non-healed but improved pressure injuries based on initial wound surface area size

When comparing the years 2022 and 2023, there was a significant difference in the initial area sizes exceeding 4 cm². 
The mean reduction in area size exceeding 4 cm² in 2023 was 16.2 cm², which was significantly larger than the average 
area size of 10.4 cm² in 2022. However, the changes in area size were mainly seen in the larger categories, with no sig-
nificant differences noted for areas smaller than 4 cm². Additionally, the percentage of improvement for areas larger than 4 
cm² increased by 3% from 2022 to 2023, although this change did not reach statistical significance.

In addition to the changes in area size, the average time required to observe improvement in PI reduced significantly 
for areas larger than 4 cm² (p-value < 0.001) from 101.8 days (14.5 weeks) in 2022 to 66.5 days (9.5 weeks) in 2023, 
marking a 34.7% improvement in the efficiency of wound management practices. Overall, when examining demographic 
factors such as age and sex, there were no statistically significant differences (P > 0.05) in their distribution between the 
years 2022 and 2023, as illustrated in Table 8.

Discussion

The findings of this quality improvement study illustrate significant insights into the potential benefits of incorporating 
DWCS into the standard wound care practices of HHA on wound healing outcomes. By analyzing a robust dataset com-
prising 195,915 wound assessments over a two-year period of the cross-sectional sample of 59 HHAs that adopted the 
digital wound care solution at the same year, this study demonstrated a significant improvement in the efficiency of wound 
healing processes. Notably, the data not only highlighted an overall enhancement in healing times but also offered a 
detailed analysis of DWCS impacted different types and sizes of wounds.

Fig 4. Comparison of mean days of wound healing across different wound types for wounds healed in more than 3 months durations (2022 
and 2023).

https://doi.org/10.1371/journal.pdig.0000855.g004

https://doi.org/10.1371/journal.pdig.0000855.g004
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Table 5. Key characteristics of non-healed DU wound records at adopted branches in 2022 and 2023.

Adopted Branches
2022
Non-healed but 
Improved DU Episodes
N = 1,356 (45.3%)

Adopted Branches
2023
Non-healed but 
Improved DU Episodes
N = 1,520 (29.5%)*

P 
Value

Effect Size 
(Cohen’s d) 
[95% CI]

Average area 
size reduc-
tion (cm2)

4.4 ± 9.10 7.9 ± 7.3 <0.001 -0.424 
(-0.498,-0.350)

Average 
days to last 
improvement

84.8 ± 112.5 62.8 ± 63.2 <0.001 0.241 
(0.168,0.315)

% of 
improvement

55% ± 30.0% 54% ± 28.0% 0.150 0.034 
(-0.039,0.108)

Sex

Male 835 (61.6%) 1003 (66.0%) 0.234

Female 521 (31.7%) 517 (34.0%)

Age 
(Mean±SD)

67.2 ± 14.0 66.4 ± 14.8 0.354

Wound 
acquisition 
Acquired (after 
admission)

226 (16.6%) 270 (17.8%)

External (on 
admission)

1,130 (83.4%) 1,250 (82.2%) 0.067

*Out of non-healed DU wounds (2,988 in 2022 and 5141 in 2023).

https://doi.org/10.1371/journal.pdig.0000855.t005

Table 6. Comparison of the Non-healed but Improved DUs Based on Initial Wound Area Size in 2022 vs. 2023.

Adopted 
Branches
2022
Initial 
Area ≤ 2 cm2

N = 570 
(42%)

Adopted 
Branches
2022
Initial Area 
>2 cm2

N = 786 
(58%)

P value
2022
(<vs > 2 
cm2)

Adopted 
Branches
2023
Initial 
Area ≤ 2 cm2

(N = 20,128)

Adopted 
Branches
2023
Initial Area 
>2 cm2

(N = 33,662)

P value
2023
(<vs > 2 
cm2)

Overall
P value between 2022 and 
2023*

Average area 
size reduction 
(cm2)

0.51 ± 0.44 a 6.56 ± 11.3 c <0.001 1.9 ± 1.5 a 10.2 ± 7.30 b <0.001 <0.001

Average days to 
last improvement

65.1 ± 86.2 a 98.7 ± 126.4 
b

<0.001 60.4 ± 66.9 a 63.8 ± 61.8 a 0.683 <0.001

Improvement % 50% ± 32.0% 
a

59% ± 30.0% 
b

0.034 45% ± 27.0% 
a

57% ± 28.0% 
b

<0.001 <0.001

Sex %

Male 348 (61.0%) 387 (62.0%) 0.265 370 (62.5%) 627 (67.5%) 0. 241 0.162

Female 222 (39.0%) 399 (38.0%) 222 (37.5%) 301 (32.4%)

Age (Mean±SD) 68.7 ± 12.7 65.4 ± 14.0 0.374 69.7 ± 13.1 67.8 ± 14.1 0.515 0.510

*Significant difference using Post hoc analysis with a Bonferroni correction was accepted at p < .0125. Different letters between groups = significant 
difference(P < 0.0125). Same letters between groups = non-significant difference (P ≥ 0.0125).

https://doi.org/10.1371/journal.pdig.0000855.t006

https://doi.org/10.1371/journal.pdig.0000855.t005
https://doi.org/10.1371/journal.pdig.0000855.t006
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Improvement in healing times

The study showed an overall reduction in the average healing times of 23.9 days (equivalent to 3.4 weeks) across various 
wound types from 2022 to 2023, representing a 38.2% improvement.

The results support previous research that emphasizes the benefits of digital health technologies in improving healing 
times [20,28]. This finding underscores the effectiveness of the DWCS in improving the wound healing process. Digital 
solutions often offer real-time access to secure, comprehensive, detailed wound assessment data. Furthermore, digital 

Table 7. Key characteristics of non-healed PI at adopted branches in 2022 and 2023.

Adopted Branches
2022
Non-healed but Improved DU 
Episodes
N = 2576 (30.0%)

Adopted Branches
2023
Non-healed but Improved DU 
Episodes
N = 5194 (30.4%) *

P Value Effect Size (Cohen’s d) 
[95% CI]

Average area size 
reduction (cm2)

5.2 ± 10.4 17.7 ± 33.7 <0.001 -0.501 (-0.549,-0.453)

Average days to last 
improvement

86.5 ± 122.1 64.5 ± 69.3 <0.001 0.222 (0.174, 0.269)

% of improvement 56.0% ± 29.0% 61.0% ± 28.0% 0.042 -0.175 (-0.223,-0.128)

Sex

Male 1,186 (46.1%) 2338 (45.1%) 0.211

Female 1,388 (53.9%) 2,856 (54.9%)

Age (Mean±SD) 74.5 ± 17.7 75.4 ± 15.8 0.362

Wound acquisition

Acquired (after 
admission)

578 (22.4%) 1,379 (26.5%) 0.178

External (on 
admission)

1,998 (77.6%) 3,815 (73.5%)

*Out of non-healed PI wounds (8576 in 2022 and 17084 in 2023).

https://doi.org/10.1371/journal.pdig.0000855.t007

Table 8. Comparison of the Non-healed but Improved PIs Based on Initial Wound Area Size in 2022 vs. 2023.

Adopted Branches
2022
Initial Area ≤4 cm2

N = 1422 (55.2%)

Adopted Branches
2022
Initial Area >4 cm2

N = 1152 (44.8%)

P value
2022
(<vs > 4 
cm2)

Adopted Branches
2023
Initial Area ≤4 cm2

N = 2,867(55.2%)

Adopted Branches
2023
Initial Area >4 cm2

N = 2,327(44.8%)

P value
2023
(<vs > 4 
cm2)

Overall
P value between 
2022 and 2023*

Average area 
size reduction 
(cm2)

0.86 ± 0.82 a 10.4 ± 13.7 c <0.001 1.57 ± 1.09 a 16.2 ± 32.8.2 b <0.001 <0.001

Average days to 
last improvement

74.3 ± 109.6 a 101.8 ± 134.4 b <0.001 48.2 ± 70.6 c 66.5 ± 70.6 d <0.001 <0.001

Improvement % 54% ± 27.0% a 59% ± 30.0% b 0.046 49% ± 27.0% a 62% ± 28.0% b <0.001 0.052

Sex %

Male 616 (43.3%) 570 (49.4%) 0.265 1252 (43.6%) 1086 (46.6%) 0. 061 0.162

Female 806 (56.7%) 582 (50.5%) 1,615 (56.3%) 1,241 (53.3%)

Age (Mean±SD) 76.8 ± 14.8 71.6 ± 20.3 0.374 78.9 ± 13.1 74.9 ± 15.9 0.425 0.510

* *Significant difference using Post hoc analysis with a Bonferroni correction was accepted at p < .0125. Different letters between groups = significant 
difference(P < 0.0125). Same letters between groups = non-significant difference (P ≥ 0.0125).

https://doi.org/10.1371/journal.pdig.0000855.t008

https://doi.org/10.1371/journal.pdig.0000855.t007
https://doi.org/10.1371/journal.pdig.0000855.t008
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tools accurately assess wounds compared to other methods [25]. Their precise measurement of wounds’ area sizes and 
active tracking of size changes and surrounding wound bed areas [29] enhance wound monitoring and facilitate more 
consistent and evidence-based wound care practices, potentially leading to positive clinical outcomes [30].

Additionally, our study demonstrated a decrease in the average healing times across different wound types. For exam-
ple, the study recorded a significant decrease of 30.8 days (equivalent to 4.4 weeks) for diabetic ulcers, 29.3 days (4.2 
weeks) for PIs, and 19.1 days (2.7 weeks) for VUs.

These findings suggest that the DWCS could significantly benefit these complex wound types, often requiring more 
comprehensive management approaches. This coincides with previous research highlighting the benefits of digital health 
technologies in enhancing healing times for complex wounds, such as pressure injuries at their different stages in Skilled 
Nursing Facilities (SNFs) [20].

As many wounds are diverse and complex, so with active monitoring and proper assessment, clinicians can deliver 
personalized care-based strategies to wounds with unique characteristics [31], enhance treatment strategies to achieve 
faster healing [32], and control wound complications such as infection, ultimately leading to shorter healing duration and 
enhanced overall quality of care for patients.

This finding has an important financial implication for the healthcare system. Previous studies have indicated that 
shorter healing times of wounds could potentially reduce healthcare costs [32,33,34]. Studies have shown that nurses 
spend roughly 60% of their time changing dressings [35,36]. By utilizing advanced wound care technology to reduce 
healing time, the cost of wound management could be reduced by one-third compared to the expenses associated with 
additional clinic visits, wound supplies, and interventions [37]. Additionally, Lutz and colleagues, 2020) found that saving 
an average of 5 days in wound healing could save up to $5,000 per patient [34].

Impact of DWCS on the proportion and healing duration of wounds healed in less than three months and more 
than three months

The higher proportion of wounds that healed within three months compared to those that healed in more than three 
months, along with the significant increase in this proportion from 2022 to 2023 (P = 0.045) and the 8.9% decrease in the 
number of wounds healed beyond three months, all underscore the potential impact of DWCS on enhancing both short 
and long-term wound management and efficiency. The analysis of these time groupings supports that DWCS benefit both 
acute and chronic wound healing, meaning technology enabled wound care should not be limited after delayed wound 
healing occurs.

The decrease in healing duration for wounds that took longer than three months to heal was particularly notable for 
chronic burn wounds (17.1 weeks), diabetic ulcers (10.8 weeks), PIs (10.5 weeks) and venous ulcers (7.5 weeks). This 
further underlines the potential for the DWCS to address specific challenges associated with chronic wound management 
effectively.

This observation aligns with the findings of Wang and colleagues in 2022, who demonstrated that the use of AI in 
wound care significantly reduced healing times for chronic diabetic ulcers and pressure injuries. This improvement was 
attributed to AI tools’ ability to provide precise wound assessments and optimized treatment recommendations [31].

Managing chronic wounds presents significant challenges for healthcare professionals and systems. Treating persistent 
wounds over a prolonged period often leads to clinician fatigue and attrition, contributing to stress and dissatisfaction [38].

Resource limitations, such as insufficient staffing and equipment, especially in a system that struggles with grow-
ing demand and high patient volumes, further complicate this issue, intensifying the strain on medical practitioners and 
patient care [39]. Moreover, the economic impact on healthcare systems is substantial; long-term wound treatment leads 
to increased costs for direct interventions and associated complications [40]. Research indicates that these expenses 
significantly affect healthcare budgets due to the extensive use of medical supplies, recurrent patient consultations, and 
supplementary procedures [41].
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Therefore, by reducing the average healing period, clinicians can significantly reduce the time spent managing chronic 
wounds and applying dressings. A study by Mohammed et al. in 2024 revealed that implementing new wound assessment 
technology could save up to 44,808 hours of clinician time on PI dressing changes in a year [20]. This saved time could 
then be allocated to other patient care activities and enhance treatment plans, potentially improving overall healthcare 
delivery and patient outcomes [20].

Thus, healing patients faster, especially for chronic wounds, aligns with DWCS’s goal of optimizing patient recovery and 
potentially ensuring efficient resource utilization and reduced cost. These combined benefits can reduce the burden on the 
healthcare system.

Non-healed but improved wounds

The study’s findings on non-healed but improved diabetic ulcers and pressure injuries provide an additional layer to 
the effectiveness of the DWCS. Although the proportion of non-healed diabetic ulcers showing improvement decreased 
from 45.3% in 2022 to 29.5% in 2023, the larger improvement of 44% for DU in average wound area size and the 
decreased time to heal by 25% in 2023 indicate that the DWCS enhances the management of these challenging cases. 
Additionally, the improvement in pressure injuries, with a notable increase in the average area size reduction of 70% 
and a significant decrease in the time to improvement of 25%, further reflects the positive impact of the DWCS on 
wound care outcomes.

These results suggest that even in cases where complete healing is not achieved, the DWCS can still facilitate mean-
ingful progress in wound management. This is particularly important for patients with chronic wounds, as any reduced 
wound size and improved condition can lead to a better quality of life and reduced risk of complications. These findings 
are likely attributable to the DWCS’s monitoring of wound healing progress over time and its comprehensive documen-
tation features. This enables clinicians to identify trends and patterns, guiding subsequent treatment strategies. The 
data-centric solution enhances the understanding of wound healing dynamics and supports the development of targeted 
interventions to address specific challenges encountered by patients with non-healed wounds.

The findings are in line with the studies conducted by [42,43,44]. Toh and colleagues observed significant improve-
ments in wound area measurements and patient comfort using AI-powered digital wound assessment systems despite 
incomplete closure and healing of the wounds [42]. Similarly, Patel and colleagues highlighted that even for PI patients 
who did not achieve complete healing, the AI tools lead to meaningful advancements in PI patients’ wound state and 
overall quality of life [44]. Furthermore, Davis and coauthors demonstrated that AI tools enhanced diabetic ulcer man-
agement by providing accurate measurements and illustrating healing patterns, allowing clinicians to offer tailored treat-
ment strategies and achieve considerable reductions in wound size and associated symptoms, even without achieving 
full closure [43].

Non-healed but improved wounds based on initial wound size

The findings of wound improvement in non-healed DU and PI stratified by their initial size suggest that the DWCS has 
been effective for larger wound management, as significant reductions in area size and time to improve a wound were 
observed for DU and PI with initial sizes greater than 2 cm² and 4 cm², respectively. This finding is important as larger 
wounds often present more significant challenges in wound management and require prolonged healing periods [45]. 
Studies indicated that large-sized wounds often require more intensive and prolonged treatment protocols since they cor-
relate with higher infection and complication rates [45].

Additionally, Sullivan et al’s study emphasized that larger chronic wounds, including diabetic foot ulcers, often encoun-
ter additional challenges to healing, such as compromised blood flow and an increased risk of comorbidities [46]. Similarly, 
Lantier and coauthors demonstrated that wounds exceeding 10 cm² often necessitate advanced, multifaceted treatment 
approaches, including specialized dressings and more frequent clinical interventions [47].
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The DWCS’s capacity to support adequate progress in larger wounds underscores its potential to enhance the treat-
ment of patients with complex, extensive wounds. Its effectiveness in managing larger chronic wounds can lead to a more 
comprehensive approach to wound care within healthcare systems. By incorporating the DWCS into standard protocols, 
healthcare providers can guarantee that patients with more extensive and complex wounds receive the essential attention 
and resources, thereby improving patient comfort. This integration can potentially sustain ongoing improvement in wound 
care practices, ultimately benefiting a broader wound patient population.

Ethical consideration of AI in wound care

With the broad-scale incorporation of AI wound care technology, ethical concerns must correspondingly be addressed 
in order to ensure fidelity to its implementation. Data privacy and security being a major player since AI rationalization 
hugely relies on extensive data collectivity and digital monitoring, patients’ sensitive clinical information should be partic-
ularly handled with extreme diligence [48]. Maintaining transparency in AI decisions, clinician surveillance, and aligning 
with recommendations supported by evidence-based guidelines are other notable factors necessary for the development 
of faith and stimulation of equitable health delivery [49]. Future research should focus on strategies for mitigating bias, 
explainability of AI recommendations, and common ethics frameworks that provide guidance on the appropriate use of AI 
in wound care.

Limitations

The study employed a descriptive design, making it difficult to establish a causal relationship between integrating DWSC 
in practice and the observed improvement in wound healing. While the study showed a significant reduction in healing 
times and the higher percentage of wounds healed in under three months, attributing these outcomes solely to the DWCS 
necessitates consideration of other potential contributing factors, like individual patient characteristics and wound com-
plexity and severity. Future studies should incorporate randomized controlled trail or quasi-experimental design with a 
comparative group to assess causality.

A major strength of this study is its assessment of sustained impact over two years, providing a more complete over-
view of long-term effects following DWCS adoption. Yet, selection bias may present a limitation, as HHAs involved in the 
study adopted DWCS voluntarily. This could imply that these agencies were more likely to adopt advanced clinical work-
flow and innovative ideas. Staff in these agencies may have had greater engagement with training programs and wound 
care protocols compared to non-participating HHAs, thereby limiting the generalizability of findings. Future studies should 
include a comparative assessment alongside HHAs not participating in DWCS adoption for better isolation of their effects.

Another likely source of bias is the so-called Hawthorne effect; healthcare practitioners may have enhanced their 
documentation and adherence to clinical instructions just because they were aware that they were being evaluated on 
their practices relating to wound care. While the sustained improvement over two years was captured by this study, future 
research should focus on whether these improvements remain stable with the sustained use over the years.

Although the study controlled for certain demographic factors like age and sex and examined various wound types, 
other patient-specific variables such as comorbidities, overall health, and wounds’ complexity and severity might still 
contribute to the healing process. The study’s data did not include detailed patient health information, wound severity or 
adherence to treatment plans; therefore, for a more comprehensive understanding of the effectiveness of the DWCS, 
future investigations should take these patient-related factors and wound severity into account.

Inclusion of such factors in future analyses would further strengthen the findings and provide a better understanding of 
how certain patient characteristics affect wound assessment and treatment responses

Additionally, the study analyzed data from various HHAs that started using the solution around the same time, some 
of which may have employed different clinical practices and wound care protocols. Discrepancies in applying DWCS in 
practice, adherence to technology protocols, and variations in care practices could impact the consistency of the results 
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and potentially affect the generalizability of the findings. Research that accounts for these differences and investigates the 
impact of standardized protocols and adherence to DWSC across different settings would provide more reliable insights.

Furthermore, the study assessed the effects of the DWCS on wound healing times and rates over a two-year period. 
However, it’s important to explore the long-term sustainability of these improvements over extended periods. Future 
research should also investigate each complex wound type individually and conduct long-term longitudinal studies to bet-
ter understand how the DWCS impacts each type’s improvement over time.

Conclusion

The study reported a significant improvement of 38% in time to heal a wound with the sustainable use of DWCS from 
2022 to 2023 for different types of wounds across a cohort of 59 HHAs. This improvement highlights the potential impact 
of DWCS on accelerating the wound healing process. Furthermore, the observed significant decrease in healing dura-
tion for chronic wounds for diabetic ulcers, pressure injuries, and burn wounds underscores the association between the 
utilization of DWCS and efficiency in managing chronic wounds and addressing challenges associated with them. Fur-
thermore, the DWCS has shown promise in managing larger wounds efficiently, as significant reductions in area size and 
time to improve a wound were observed for DU and PI with larger initial area sizes. addressing longstanding challenges in 
wound care. Overall, these findings support DWCS’s important role in improving wound care outcomes, which ultimately 
can optimize resource use, and enhance patient care delivery. As healthcare providers continue to integrate technological 
advancements into practice, it is essential to vigilantly monitor and evaluate the impact of these innovations on patient 
health and overall healthcare delivery. Future research should explore the impact of implementing wound care technology 
on complex, severe wounds and delve into the long-term impact in various healthcare settings. Further longitudinal stud-
ies and randomized controlled trials (RCTs) should be conducted to examine the sustained effectiveness of DWCS over 
extended periods across different settings. These studies should assess whether the initial benefits observed in wound 
healing rates remain consistent beyond two years, how clinician adherence to DWCS changes over time, and whether the 
system continues to optimize wound management across diverse clinical environments. Moreover, future studies should 
focus on conducting economic evaluations to comprehensively understand the financial impact of implementing DWCS on 
the healthcare system. These analyses should examine how reductions in wound healing time translate into cost savings 
after considering the initial investment and ongoing operational costs of DWCS.
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