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Abstract

Complex, chronic or hard-to-heal wounds are a prevalent health problem

worldwide, with significant physical, psychological and social consequences.

This study aims to identify factors associated with the healing process of these

wounds and develop a mobile application for wound care that incorporates

these factors. A prospective multicentre cohort study was conducted in nine

health units in Portugal, involving data collection through a mobile applica-

tion by nurses from April to October 2022. The study followed 46 patients with

57 wounds for up to 5 weeks, conducting six evaluations. Healing time was the

main outcome measure, analysed using the Mann–Whitney test and three Cox

regression models to calculate risk ratios. The study sample comprised various

wound types, with pressure ulcers being the most common (61.4%), followed

by venous leg ulcers (17.5%) and diabetic foot ulcers (8.8%). Factors that were

found to impair the wound healing process included chronic kidney disease

(U = 13.50; p = 0.046), obesity (U = 18.0; p = 0.021), non-adherence to treat-

ment (U = 1.0; p = 0.029) and interference of the wound with daily routines

(U = 11.0; p = 0.028). Risk factors for delayed healing over time were identi-

fied as bone involvement (RR 3.91; p < 0.001), presence of odour (RR 3.36;

p = 0.007), presence of neuropathy (RR 2.49; p = 0.002), use of anti-

inflammatory drugs (RR 2.45; p = 0.011), stalled wound (RR 2.26; p = 0.022),

greater width (RR 2.03; p = 0.002), greater depth (RR 1.72; p = 0.036) and a

high score on the healing scale (RR 1.21; p = 0.001). Integrating the identified

risk factors for delayed healing into the assessment of patients and incorporat-

ing them into a mobile application can enhance decision-making in

wound care.
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Key Messages
• This study aims to identify factors associated with the healing process of

complex wounds in order to develop a mobile application for wound care
that incorporates these factors.

• The findings emphasize the importance of considering both individual attri-
butes and wound characteristics in assessing the risk of delayed healing.
The local factors related to the wound characteristics have a more signifi-
cant impact on healing compared to systemic or demographic factors.

• Incorporating risk factors for delayed healing into a mobile application will
allow the development of an individualized, patient-centred treatment plan,
and can help healthcare professionals make informed decisions regarding
wound care.

1 | INTRODUCTION

A wound can be defined as a disruption in the integrity
of the skin, membrane or tissues, and its presence can be
considered a factor of physical and emotional vulnerability.1

While wounds that follow a normal and orderly healing
process heal within the expected time frame, those that per-
sist for more than 30 days due to local and/or systemic fac-
tors present a significant challenge for patients and
healthcare professionals. These types of wounds are often
classified as chronic, complex, hard-to-heal or stalled.1-4

The implications of complex wounds are multifaceted, caus-
ing numerous issues for patients, families and healthcare
systems, including prolonged healing time, substantial
direct and indirect costs, complications such as infections
and amputations that may even result in fatalities, as well
as decreased quality of life, suffering, pain and isolation.5,6

Examples of complex wounds include those stemming from
pressure, friction, shear forces and/or moisture (pressure
ulcer/injury), chronic diseases (e.g., diabetes, peripheral
venous insufficiency, peripheral arterial disease) and com-
plications (e.g., infected surgical wounds).3,7

It is estimated that 1% of the world's population expe-
riences, throughout their lives, episodes of complex
wounds, such as leg ulcers (LU), pressure ulcer/injury
(PU/PI) and diabetic foot ulcer (DFU).8 The overall prev-
alence of complex wounds is reported to be 1.67 per 1000
population,9 and in the United States more than 25 bil-
lion dollars are spent annually on wound care. Wound
care expenditure is growing rapidly, with an annual
growth rate of 7%.10 In the United Kingdom, this cost
is estimated at US $3 billion a year,11 whereas in
Australia, it amounts to approximately US $2.85
billion.12

Efficient prevention and treatment of wounds in
patients are of paramount importance for healthcare ser-
vices as it ensures the optimal utilization of resources
and enhances overall effectiveness. A comprehensive
approach to wound management should consider factors
that impede healing during the initial assessment, allow-
ing for the identification and correction of underlying
causes, the anticipation of potential delays and informed
decision-making regarding therapeutic options.13

Nowadays, the difficulty of health professionals to
objectively, regularly and systematically evaluate and
monitor the local state of the wounds is evident.14 More-
over, treatments for patients with wounds are constantly
changing, denoting the lack of consistency in the care
plan and the difficulty for professionals to use informed
interventions based on scientific evidence.15 The training
of health professionals worldwide is also lacking in this
area.16-18 These limitations, identified in several publica-
tions, are evidence of the need to create ways to support
health professionals in making informed and challenging
decisions. Thus, we propose to study the creation of inno-
vative solutions built in the light of the best available and
updated scientific evidence. One of the solutions involves
the construction of digital tools, such as a mobile applica-
tion, promoting the adhesion of health professionals to
the collection and compilation of systematized and stan-
dardized information for the patient with wounds.19

This study is conducted as part of the ClinicalWound-
Support: Wound Analysis to Support Clinical Decision
project, which aims to integrate technical, scientific and
clinical knowledge to develop an innovative solution that
addresses the identified needs in current clinical practice
for adult patients with wounds. The system being devel-
oped will offer several functionalities: (i) an automatic
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tool for capturing images of wounds and dressings to
speed up the wound registration process; (ii) algorithms
designed to semi-automatically determine wound proper-
ties such as area, different tissue types and dressing
saturation and (iii) clinical algorithms to support
the diagnosis, monitoring and treatment of wounds,
coupled with alerts on recommendations for evalua-
tion and treatment. These functionalities will be incorpo-
rated into an application connected to a web platform,
facilitating the management of material and financial
resources.

The primary objective of this study is to identify fac-
tors associated with the healing process of complex
wounds, in order to develop a mobile application for
wound care that incorporates these factors. We set the
following specific objectives:

1. Characterize adult patients with complex wounds in
terms of demographic and clinical characteristics;

2. Evaluate the evolution of wound healing over a speci-
fied period of time;

3. Examine the association between the attributes of the
patient and the characteristics of the wound and the
delay in healing within a period of 3 weeks;

4. Determine the survival rates of the evaluated patients
in terms of delayed healing.

These specific objectives aim to provide a comprehen-
sive understanding of adult patients with complex
wounds, including their demographic and clinical pro-
files. The study will assess the wound healing progress
over time and investigate the relationship between
patient attributes, wound characteristics and the likeli-
hood of delayed healing. Additionally, the survival rates
of patients in terms of delayed healing will be deter-
mined. These objectives will contribute to enhancing
knowledge about the factors influencing wound healing
outcomes in adult patients with complex wounds and
inform clinical decision-making and treatment strategies.

2 | MATERIALS AND METHODS

2.1 | Design study

This study followed a prospective multicentre cohort
design, employing an analytical and observational
approach with a focus on quantitative analysis. The
research adhered to the guidelines outlined in
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) Statement,20 ensuring thor-
ough and transparent reporting of key study elements.

2.2 | Setting

The study population comprised adults and elderly
patients with complex wounds who were receiving care
in various healthcare settings, including the national net-
work of continuous care (long-term care and mainte-
nance, medium-term care and rehabilitation and
convalescence), hospitals (medical ward and in outpa-
tient consultations), community care and outpatient facil-
ities in the northern and central regions of mainland
Portugal. A total of nine health institutions participated
in the study.

Data collection was conducted over a period of
7 months, with the participation of nurses from the insti-
tutions who were invited and voluntarily agreed to partic-
ipate in the study. The follow-up period for patients
ranged from a minimum of 1 week to a maximum of
5 weeks. The follow-up duration was adjusted based on
individual cases, taking into account factors such as
wound healing, discharge or death. Throughout the
study, a total of six observations were conducted for each
patient, involving the entry of patient data into the sys-
tem, treatment scheduling for the next visit and subse-
quent weekly assessments.

For this study, a data collection instrument was devel-
oped and integrated into a mobile application named
MpDS_study, available on both Android and iOS plat-
forms. The application facilitated the capture of various
types of images, including dressing, dirty wound and
clean wound images. Additionally, the application
allowed for the collection of comprehensive information
pertaining to the patient, the wound and the treatment
process. This digital tool streamlined the data collection
process and ensured standardized and efficient data entry
for analysis and evaluation purposes.

2.3 | Participants

A non-probabilistic sample convenience was chosen for
this study. It included all patients aged 18 years or older
with PU/PI, venous LU, arterial LU, LU of unknown
aetiology and DFU, irrespective of the stage of wound
healing. Participants were patients who sought consecu-
tive care or were present in any of the nine health units
from April to October 2022. Throughout this period, they
were under observation and periodic evaluation of the
progression by nurses. Exclusion criteria encompassed
patients with circular wounds, as capturing images of
such wounds proved challenging, and patients who
explicitly opposed to image capture or refusal to partici-
pate in the study.
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2.4 | Variables

In this study, the dependent variable was defined as the
duration of time without a reduction of at least 20% in
the wound area, whereas the independent variables
encompassed all factors potentially associated with the
healing process. Survival time was operationalized as
the period that a patient with a complex wound remained
in a well-defined state (such as follow-up or hospitaliza-
tion) until a subsequent event occurred, specifically the
occurrence of delayed healing, which was clearly defined.
Therefore, in this study, survival time was defined as
the duration between the initiation of the follow-up
period and the occurrence of delayed healing, which
was characterized as a period of 3 weeks without a
reduction in the wound area.1,21–31 These variables
were collected by the collaborating nurse directly
through the application and were based on the nurse's
perception. The distribution of these variables was as
follows (see Appendix I):

1. Nineteen variables on the attributes of the patients,
which were divided into sociodemographic data, life
habits and clinical information;

2. Eighteen variables related to wound characteristics;
3. Six variables about the treatment performed.

The percentage of healing was calculated as the dif-
ference between the wound area at baseline and the
fourth evaluation, divided by the wound area at baseline
and multiplied by 100%.32 This calculation provided an
estimate of the percentage of healing achieved during the
study period.

Using the variables of length, width, amount of exu-
date and types of tissue present in the wound bed, we
applied the Pressure Ulcer Scale for Healing (PUSH). The
PUSH scale assigns a score ranging from 0 to 17, with
17 indicating the most severe state of the wound, reflect-
ing the deterioration of the lesion.33,34 This scale was
developed for PU/PI; however, it can be applied for
chronic or complex wounds.33

Quality of life, that is, the patient's perception of their
position in life, in the cultural context and in the value
system in which they live and in relation to their goals,
expectations, standards and concerns,35 was assessed
through a scale from 0 to 10, where 0 is the worst possi-
ble and 10 the best.

We assume healed wounds when the area was equal
to 0 cm2, 0 mm2 or complete epithelialization, although
the FDA recommendation is ‘Complete wound closure is
defined as skin reepithelialization without drainage or
dressing requirements confirmed at two consecutive
study visits 2 weeks apart’.36(p16)

2.5 | Data sources/measurement

Nurses used their mobile devices, such as smartphones,
or the devices provided by the institution. They were
granted unrestricted access to the MpDS_study applica-
tion, which facilitated data collection in digital format
and enabled the capture of anonymized images. Prior to
commencing data collection, nurses received comprehen-
sive and practical training on the utilization of the
MpDS_study application and the image capture process.

2.6 | Ethical considerations

This study received approval from the Ethics Committee
of the Regional Health Administration (ARS) of the Cen-
ter (Decision no. 114/2021), ARS of the North (Decision
reference CE/2022/13) and Local Health Unit of Guarda
(Decision no. 87/2022). The participants' personal data
were stored and maintained on servers in a cloud in the
European Union, under the most recent legislation on
the General Regulation on the Protection of Personal
Data. Informed consents were obtained from the collabo-
rating nurses and from the study participants or from the
legal representative.

2.7 | Bias

To mitigate potential sources of bias, rigorous training
was conducted on the proper use of the application,
image capture techniques and accurate wound measure-
ment. Consistent measurement practices were main-
tained by distributing identical rulers to collaborating
nurses for monitoring the length, width and depth of the
wounds. Additionally, efforts were made to ensure that
the same nurse consistently followed up and monitored
the wound in each data collection location, minimizing
potential variations in measurements and observations.

2.8 | Study size

For the sample calculation based on the comparison of
survival times, the following formula was used37: n = d/
(2 � S1(∞) � S2(∞)), in which d refers to d = (Z1 � α/2
+ Z1 � β)2. (1 + Ψ/1 � Ψ)2 and Ψ = ln S2 (∞)/ln S1
(∞). In these expressions, Z1 � α/2 corresponds to the
confidence level, Z1 � β is the statistical power, S1(∞)
corresponds to the survival percentage among those with
the prognostic indicator and S2(∞) refers to the percent-
age of survival among those without the prognostic indi-
cator. Our prognostic indicator was defined as the time of
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at least three consecutive weeks without a 20% reduction
in the wound area. The collaborating nurse entered the
length, width and depth in the application and then
the area was calculated. Thus, the sample size considering
that 45% (S2 = 0.45) of chronic wounds heal after 3–
4 weeks,38 a confidence level of 95% (Z1 � α/2 = 1.96),
a statistical power of 80% (Z1 � β = 0.84) and 30%
(S1 = 0.45 + 0.30 = 0.75), the difference in the outcome
rate when comparing individuals with and without a prog-
nostic factor was 45 individuals. For the present study,
57 wounds in 46 patients were evaluated.

2.9 | Statistical methods

To test the possible associations between a patient's attri-
butes over time and healing, non-parametric statistical
tests were performed, due to the reduced sample size,
since it was impossible to fulfil the necessary assump-
tions for applying parametric tests. As we wanted to com-
pare two independent groups (percentage of wound
healing and patient attributes), we applied the Mann–
Whitney test. The analysis was made between the fixed
characteristics associated with the patient and the per-
centage of healing of the same wound over time. We
selected a cohort for 3 weeks of follow-up. The selected
parameters correspond to the baseline and the fourth
evaluation, due to the amount of data available in these
two evaluations and the loss during the follow-up, espe-
cially after the fourth evaluation. This option was sup-
ported on the basis of the recommendation of several
authors to monitor the wound and the percentage of
healing every 2–4 weeks for adequacy of treatment and
evaluation of the effectiveness of interventions.2,4,29,32,39

To establish associations between wound characteristics
and healing trajectory, the Wilcoxon test, the McNemar
test or the marginal homogeneity test were applied. If the
variable to be analysed had more than two observations,
the Friedman test, the Cochran test or the Kendall test
were used.

For statistical analysis of patient attributes, we used
n for patients and wound characteristics n for
evaluations.

The survival time related to the delay in the healing
process was analysed using rates and their respective con-
fidence intervals obtained from the Kaplan–Meyer esti-
mator. The Peto test was also applied, evaluating the
discrepancy between expected and observed survival
times between the categories of the analysed variables.

For the analysis of the variables that influence the
survival time in the healing delay, three Cox regression
models were adjusted. Each model presents the risk
ratios and their respective confidence intervals for each

variable. For risk ratios, values above 1 indicate over-risk
and values below 1 indicate protection.40 In addition, a
Wald test was applied to verify which variables influence
the survival time of patients.

Of all the variables analysed, only those in which the
level of statistical significance was 5% with respective
95% confidence intervals are listed.

The data collected by the application every 2 weeks
were transferred to an Excel file database (Microsoft®

Corporation, Albuquerque, New Mexico, USA) in an
anonymized way and the IBM SPSS software (Statistical
Package for the Social Sciences) version 28 (IBM Corpo-
ration, New York – USA) and R software (R Foundation
for Statistical Computing, Vienna, Austria) version 4.3.0
for data processing.

3 | RESULTS

3.1 | Sample characterization

The initial sample consisted of 46 patients, with a pre-
dominant representation of advanced age patients (mean
age 77 years), evenly split between men and women
(n = 23). The most common skin phototype observed
was II (white), accounting for 43.5% of the sample. Fol-
lowing the six observations conducted over the 5-week
follow-up period, the final sample size was reduced to
11 participants. The reasons for the loss of participants
were: healed wounds (n = 8), discharge or transfer
(n = 5), withdrawal (n = 5), death (n = 3) and loss of
follow-up (n = 14).

The assessments for each patient and their wound
were not consistently conducted throughout the follow-
up period. In the baseline evaluation, a total of 57 assess-
ments were obtained, whereas in the final assessment,
only 11 evaluations were available, resulting in an aver-
age of 31 assessments per data collection point. Table 1
summarizes some of the attributes of patients with
wounds.

Among the 57 wounds evaluated, PU/PI accounted
for the highest proportion at 61.4%, followed by venous
LU at 17.5% and DFU at 8.8%. The majority of the
wounds originated from home settings, comprising 40.5%
of the cases, and 28.1% of the wounds had a history of
previous ulcers. Recorded wounds were localized exclu-
sively in the anatomical region of the trunk and lower
limbs. The most frequently observed sub-regions were
the external malleolus of the right foot (16.3%), the sacral
region of the spine (9.3%), the right trochanteric region
(9.3%) and the right leg (9.3%).

Regarding the prevalence of diseases among different
types of wounds, it was observed that diabetes and
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hypertension were prominent among patients with
venous LU, PU/PI and DFU. Furthermore, venous and
arterial vascular issues were more commonly associated
with patients having arterial wounds of unknown aetiol-
ogy. These findings highlight the significant presence of
diabetes, hypertension and vascular problems in patients
with various types of complex wounds, emphasizing the
potential impact of these underlying conditions on
wound development and healing.

The study revealed the presence of long-lasting
wounds, with an average duration of approximately
1 year and a maximum duration of nearly 5 years.
Among the different types of wounds, LU of unknown
aetiology exhibited the highest average duration of
785 days, followed by DFU with an average duration
of 761 days and arterial LU with an average duration of
275 days. These findings highlight the chronic and persis-
tent nature of these wounds, underscoring the need for
effective management strategies to promote healing and
prevent complications in patients affected by such wounds.

Various local characteristics were considered in asses-
sing the wound, including its dimensions. Arterial LU
exhibited a larger area (mean 56.58cm2). Additionally,

among wounds where the depth was monitored, the
DFU and PU/PI were found to have the greatest depth.

The assessment of wound progression using the
PUSH score revealed interesting trends based on wound
aetiology over time. Most types of wounds demonstrated
an average decrease of one to two points in the PUSH
score, indicating a positive evolution. Specifically, PU/PI
and DFU showed positive improvements. Venous LU
remained relatively stable, with no significant changes
observed. However, LU of unknown aetiology demon-
strated a deterioration in healing progress based on the
PUSH score.

The type of tissue observed in the wound evaluations
varied over time, with granulation tissue being the most
frequently present, followed by slough tissue. In some
wounds, the presence of necrotic tissue was also noted.
Clearly, DFU had the highest percentage of necrotic tis-
sue among the evaluated wounds.

The most frequent signs and symptoms of infection
identified in the wound assessments included a stalled
wound without any signs of improvement in the last 2–
4 weeks (n = 40), increased exudate (n = 37) and the
presence of necrotic and/or slough tissue (n = 32).
The most signalled aetiologies with infection, during
evaluations, were LU of unknown aetiology and PU/PI.

The patient was asked how he classified his quality of
life with the presence of the wound(s), the average was
5 for 25 patients who responded (mean 4.88; SD 2.386),
evaluated by the scale (from 0 to 10), and the types of
wounds identified with the worst quality of life were arterial
LU and LU of unknown aetiology. We also checked what
bothered the participant the most about the existence of his
wound—the most frequently mentioned factor being the
long healing time (15 patients answered yes).

Finally, in terms of wound-cleaning solutions, the
most frequently used solution was 0.9% saline solution,
followed by water and polyhexanide. Autolytic and
mechanical debridement methods were the most com-
monly employed for wound debridement. Dressings with
silver and polyurethane foams were the most frequently
registered dressing materials, although the use of com-
presses as wound coverings was also noted. Treatment
frequency varied based on the type of wound. PU/PI typi-
cally required treatment every other day, whereas venous
LU were typically treated once a week.

3.2 | Associations between wound
characteristics and healing evolution

The evolution of healing over time was evaluated
through some changes in the variables of wound charac-
terization and PUSH scale.

TABLE 1 Characterization of participants.

Variable n (%)/mean (SD)

Body mass index (kg/m2) 27.28 (SD 4.70)

Arterial pressure

Systolic (mmHg) 127 (SD 17)

Diastolic (mmHg) 71 (SD 12)

Capillary blood glucose (mg/dL) 131 (SD 66)

Haemoglobin (g/dL) 10.87 (SD 2.51)

Tobacco consumption (yes) 8 (13.8%)

Alcohol consumption (yes) 7 (12.1%)

Medication (yes)

Anticoagulants 24 (66.7%)

Steroids 6 (33.3%)

Factors (present) that contribute to delayed healing

Immobility 23 (50%)

Pressure forces 17 (37%)

Frictional forces 15 (32.6%)

Decreased tissue perfusion 14 (30.4%)

Sedentary lifestyle 13 (28.3%)

Incontinence 13 (28.3%)

Associated disease (present)

Hypertension 25 (43.1%)

Diabetes 20 (34.5%)

Venous insufficiency 11 (19.0%)

6 MARQUES ET AL.
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There was a positive evolution in terms of width. A
greater number of wounds were obtained with a reduc-
tion in width than those that increased or remained the
same width between the third and the first evaluation
since the average of the rankings is greater in the nega-
tive average ranks in relation to the positive ones (15 vs.
6), and statistically significant differences were observed
(Z = �2.26; p = 0.024).

The tissues present in the wound bed, slough and
necrotic tissues, have changed over time. A greater num-
ber of wounds with a decrease in slough tissue were
found than wounds that increased or maintained the
slough tissue, between the fourth and the first evaluation,
as the average of the rankings was higher in the negative
mean ranks in relation to the positive ones (15 vs. 2), and
statistically significant differences were observed
(Z = �2.52; p = 0.012). A greater number of wounds
with a decrease in necrotic tissue were obtained than
wounds that increased or maintained the necrotic tissue
between the first, third and fourth evaluations, this is
because the average of the rankings was higher in the
average negative ranks in relation to the positive ones
(8 vs. 0; 5 vs. 0), and statistically significant differences
were observed for moment three (Z = �2.58; p = 0.010)
and moment four (Z = �2.12; p = 0.034) compared to
moment one.

The intensity of pain during the dressing application
was higher in the mean negative posts in relation to the
positive ones (8 vs. 1), and statistically significant differ-
ences were observed (Z = �2.16; p = 0.031). It implies
that there was a greater number of patients with a
decrease in pain than patients who increased or main-
tained their pain throughout the treatment between the
fifth and the first evaluation.

The PUSH scale score varied over time, there were a
greater number of wounds with positive evolution (PUSH
score reduction) than wounds that increased or maintained
the PUSH score, between the third and fourth and fourth
and sixth evaluations, because statistically significant differ-
ences were observed (Friedman's test = 2.18; p = 0.019)
(Friedman's test = �2.06; p = 0.027), respectively.

Wound width, necrotic and slough tissues, pain inten-
sity and PUSH score were the characteristics that showed
significant changes, indicating a positive evolution over
the period evaluated for the total sample of evaluations.

3.3 | Associations between patient
attributes and delayed healing

The presence of chronic kidney disease was associated
with a lower percentage of wound healing. The lowest
mean rank was recorded (Mean Rank: 5.88 vs. 13.29) in

the wounds of patients with chronic kidney disease, with
statistically significant differences when comparing the
groups without chronic kidney disease (U = 13.50;
p = 0.046).

The same happened with regard to obesity, which
points to a lower percentage of wound healing in the
face of its absence, registering the lowest average of
the rankings (mean rank: 6.50 vs. 13.94) and observ-
ing statistically significant differences between the
groups of patients with and without obesity (U = 18.0;
p = 0.021).

Non-adherence to treatment was associated with a
lower percentage of wound healing compared to adher-
ence, as the lowest mean rank was recorded (mean rank:
2.00 vs. 12.95), and statistically significant differences
were observed (U = 1.0; p = 0.029) between groups.

Participants who reported changes to daily routines
due to the presence of the wound exhibited a lower per-
centage of wound healing compared to those whose rou-
tines were not affected by the wound (mean rank: 5.25
vs. 13.42). These findings indicate statistically significant
differences between the two groups (U = 11.0;
p = 0.028), suggesting that the interference of the wound
with daily routines may hinder the healing process.

There was a negative association between the pres-
ence of chronic kidney disease, obesity, non-adherence to
treatment and interference of the wound in the patient's
daily routines and the percentage of wound healing over
time, that is, if these factors are present, they make the
wound healing process difficult and make it difficult to
reduce the wound area.

3.4 | Survival rates

By analysing the survival time, it was possible to verify
that until the sixth evaluation only 22% of the patients
did not present a delay in the healing process. A greater
decrease was observed in the fifth evaluation (fourth
week), which corresponds to the period in which a higher
percentage of wounds begin to heal later.

3.5 | Variables that influence survival
time in delayed healing

Among all the variables tested, only the skin phototype
showed a difference in survival time. In order to create a
dichotomous variable and achieve an equitable division,
we subdivided the skin phototype: into II, (white); and
III, (light brown). From the fourth moment on, patients
with phototype III had a longer survival time than
patients with phototype II, that is, patients with
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phototype II express the delay in healing more quickly
when compared to subjects with phototype III (6.4 vs.
7.06; Peto's Test: χ2 = 4.80, gl = 1; p = 0.030).

Using the Cox proportional hazard models, it can be
seen that patients with neuropathy are 2.49 times more
likely to present a delay in the healing process at each
unit of time when compared to patients without neuropa-
thy (Table 2).

Patients who take anti-inflammatory drugs are 2.45
times more likely to have a delay in the healing process
per unit of time when compared to those who do not take
anti-inflammatory drugs (Table 2).

In Table 2 it is also possible to observe that for each
unit increase in the PUSH score there is a 21% increase
in the risk of delay in the healing process at each unit
of time.

Furthermore, wounds with odour were found to be
3.36 times more likely to exhibit a delay in the healing
process compared to wounds without odour. Addition-
ally, wounds with greater width were 2.03 times more
likely to experience a delay in healing when compared to
wounds with smaller width (Table 3). These findings
highlight the significance of odour and larger wound
width as factors contributing to delays in the healing
process.

The analysis indicates that wounds with a larger area
are associated with a reduced risk of delay in the healing
process per unit of time compared to smaller wounds
(Table 3). Deeper wounds are 1.72 times more likely to
have a delay in the healing process per unit of time, when
compared to shallower wounds (Table 3).

Considering the evaluation of signs and symptoms of
infection over time, wounds with bone involvement,
stalled wound without evolution in the last 2–4 weeks
and intense odour, respectively, have 3.91, 2.26 and 1.59
times more risk of a delay in the healing process, at each
unit of time, when compared to wounds without these
factors (Table 4).

4 | DISCUSSION

Our findings have provided evidence of an association
between the attributes of the patient and the characteris-
tics of the wound with the occurrence of delays in the
healing process. Specifically, we observed that local fac-
tors related to the wound characteristics have a more sig-
nificant impact on healing compared to systemic or
demographic factors, aligned with previous studies that
have also reported similar conclusions.41 The emphasis
on local factors suggests that factors directly related to
the wound itself, such as odour, depth, bone involvement
and wound-related symptoms, play a crucial role in
determining the healing trajectory. Understanding and
addressing these local factors are key in optimizing
wound management and promoting timely healing.

Although a larger area was obtained in arterial LU, our
study contradicts the commonly reported characteristics of
this type in the literature.42,43 Arterial LU are typically
described as small and deep wounds. The discrepancy
between our findings and the existing literature may be due
to the specific sample characteristics, variations in wound

TABLE 2 Cox proportional hazards

model for delayed healing considering

variables related to the patient and

wound.

Variables RR Robust SE CI 95% z p-value

Neuropathy 2.49 0.64 1.41 4.39 3.15 0.002

Use of anti-inflammatory drugs 2.45 0.35 1.23 4.89 2.55 0.011

PUSH Score 1.21 0.06 1.08 1.36 3.24 0.001

TABLE 3 Cox proportional hazards

model for delayed healing considering

wound-related variables.

Variables RR Robust SE CI 95% z p-value

Wound time (weeks) 1.00 0.00 1.00 1.00 �2.71 0.007

Odour 3.36 0.48 1.40 8.09 2.71 0.007

Width 2.03 0.23 1.29 3.18 3.08 0.002

Area 0.96 0.02 0.93 0.99 �2.46 0.014

Depth 1.72 0.26 1.04 2.87 2.09 0.036

TABLE 4 Cox proportional hazards

model for delayed healing considering

variables related to signs and symptoms

of infection.

Variables RR Robust SE CI 95% z p-value

Stalled wound 2.26 0.36 1.12 4.53 2.28 0.022

Intense odour 1.59 0.23 1.01 2.51 2.00 0.046

Bone involvement 3.91 0.31 2.13 7.19 4.39 <0.001
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aetiology within the arterial LU group, or other factors that
influenced the wound characteristics in our study
population.

One finding that stood out was the fact that the
wounds of unknown aetiology had worsened over
the course of the evaluations. This leads us to think that
a possible cause of the aggravation will eventually be the
lack of adequacy of the treatment due to the lack of
knowledge of the respective aetiology. The norms of good
practices in the care of patients with chronic or complex
wounds thus recommend: establishing the diagnosis and
removing the cause for an efficient and effective
treatment.2,32

Studies indicate an association between healing time
and lower quality of life scores.44-46 It should be noted, in
addition to the healing time that was transversal to all
types of wounds, that patients with PU/PI also reported
pain during the day, those with LU (arterial and venous)
also mentioned interfering with sleep and patients with
DFU also reported interfering with activities of daily liv-
ing. In a systematic review, it was concluded that patients
(mostly over 60 years old) with chronic wounds report
lower quality of life scores and that pain and physical
mobility are the most affected domains,6 so in the elabo-
ration for the construction of the application these
parameters should be incorporated in the approach to the
patient with a complex wound.

Obesity and chronic kidney disease were, to some
extent, factors contributing to the expected delay in
healing, judging by the results of numerous published
studies.21,22,25,47-51 However, the innovative and little-
explored factors in the evidence are the behavioural ones.
In this study, we found that non-adherence to treatment
and changes in daily routines due to the presence of the
wound influence the healing of certain complex wounds.
This finding allows us to say that patients whose wounds
interfere with their routines may eventually have an
increased negative risk factor influencing healing, for
example, stress. Psychological factors that cause stress
delay the onset of the inflammatory phase of the healing
process and affect the hypothalamic-pituitary-adrenal and
sympathetic-adrenal medullary axes,25 which impairs
wound healing. We found a study in which depression was
a risk factor that impaired the healing of venous LU52 and
another in which non-adherence to treatment also affected
the healing time of wounds.27

Through the analysis of the survival time, it was pos-
sible to verify a greater drop in the fifth evaluation
(fourth week), which corresponds to the period in which
a greater percentage of wounds start to delay healing.
These results corroborate what the literature recom-
mends that the wound healing rate can be evaluated
every 4 weeks.2,4,29,32,39

In our findings, the delay in the wound healing pro-
cess was more evident among patients with skin photo-
type II compared to patients with skin phototype III. This
result will have to be interpreted with caution since the
study sample was essentially made up of patients with
skin phototypes II and III, which deserves to be explored
in future studies with different skin phototypes. There is
a lack of evidence on phototype or skin tone in treating
the injured patient.53 However, the literature tells us that
in patients with darker skin tone it is more difficult to
identify skin changes early, for example, redness and ery-
thema, compromising the early diagnosis of PU/PI.54,55

Using Cox proportional hazard models, it was found
that patients with neuropathy were 2.49 times more
likely to have a delay in the healing process. Diabetes-
associated neuropathy causes skin denervation,
compromising wound healing.56 Tissue denervation
causes a reduction in the production of nerve growth fac-
tor and microvascular response, as well as a delay in the
inflammatory phase and in re-epithelialization, which
may explain why patients with neuropathy are at greater
risk.56

Although our results only pointed to the association
with anti-inflammatory drugs, there are other drugs that
also have an impact on wound healing, such as anticoag-
ulants, antineoplastic agents, vasopressors, disease-
modifying anti-rheumatic drugs, immunosuppressants
and corticosteroids.57,58 Nonsteroidal anti-inflammatory
drugs inhibit haemostasis and/or the inflammatory
phase, which causes a delay in healing.

The finding of shorter wound time associated with
reduced risk of delay was expected. Several authors refer
that the time of existence of the upper wound (from 3 to
6 months) is a prognostic factor for delayed healing.59-62

Although larger wounds were expected to be related
to delayed healing,38,41,60-67 our results obtained the
opposite, that is, larger wounds were related to reduced
risk of delay. This association can be explained by the fact
that, in larger wounds, the effect of treatment on healing
is more noticeable than in smaller wounds. This result
also enhances the trajectory of healing, which begins first
with the growth of granulation tissue, reflected in depth,
followed by contraction of the edges, mirroring later in
the reduction of the wound area.68

Deep wounds are associated with a greater chance of
non-healing.69 Through the developed model, it was pos-
sible to verify that there is a greater association between
depth and wound healing than between area and wound
healing. The delay in the healing process turns out to be
greater in deeper wounds than in wounds with a larger
area and less depth.

Odour was a parameter evaluated twice, when char-
acterizing the wound and collecting signs and symptoms
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of an infection, and both variables are associated with a
risk of delayed healing. The presence of odour or malodor
in the wounds is the result of necrotic tissue due to poor
vascularization, infection or increased bacterial load.70 Odour
control should be a health professional's focus of attention,
because in addition to being associated with delayed healing,
it has a negative impact on the patient's well-being, with
associated discomfort and embarrassment.70

The results found in the study allow us to build a set
of metadata to characterize the patient and the wound
that have an impact on healing. In order to complement
our findings, three retrospective studies were identified
in the literature with an analysis of clinical records that
named several factors, such as anatomical location,
affected tissues, wound aetiology, number of concomitant
wounds, high exudate, age (over 65 years), sex, smoking,
infected wound, peripheral artery disease, diabetes, paraple-
gia, Alzheimer's disease/dementia, congestive heart failure,
coronary artery disease, stroke, chronic obstructive pulmo-
nary disease, high blood pressure, wounds associated with
pressure/friction/shearing, non-ambulation and need for
hospitalization.27,41,61 The incorporation of our results with
the variables identified in the literature with an impact on
healing delay will allow the creation of a minimum data set
that will integrate the digital solution for the diagnosis and
treatment of patients with complex wounds. There is a lack
of training, knowledge and research on risk factors for
delayed healing, so tools that establish the link between risk
factors and the assessment of the patient can be advanta-
geous for health professionals.71

4.1 | Limitations

We acknowledge several limitations in our study, which
are common to prospective cohort studies. One limitation
is the small sample size, despite our efforts to conduct a
multicentre study involving nine health units. The
reduced sample size may limit the generalizability of
the findings and reduce the statistical power of the analy-
sis. As a result, the precision of the observed changes
may be affected, and the ability to detect smaller but
potentially important effects may be limited. Another
limitation is the loss of initial participants and the
reduced number of evaluations during the follow-up
period. Attrition is a common challenge in longitudinal
studies, and it can introduce bias and affect the represen-
tativeness of the final sample. Due to the limited sample
size, only the univariate analysis was performed and the
confounding variables were not analysed. A larger sam-
ple increases the statistical power to detect associations
and allows multivariate analysis. Simultaneously, a
streamlined and simplified data collection tool would

facilitate ease of use, improve data quality and promote
better adherence among the research team.

We did not obtain data on the ankle-brachial index in
the evaluation of patients with LU. The absence of this
data may limit understanding of the overall vascular sta-
tus and its impact on wound healing. This raises valid
concerns about the sensitivity, motivation and availabil-
ity of human and material resources.

Exploring the factors associated with delayed healing
by specific wound types and considering the potential
influence of skin tone on the healing process would pro-
vide valuable insights into the nuanced aspects of wound
healing. Different wound aetiologies and patient character-
istics may interact differently and impact healing outcomes,
warranting specific investigations in future studies.

By addressing these recommendations, future research
can overcome some of the limitations identified in this
study, improving the comprehensiveness, rigour and appli-
cability of the findings in the field of wound care.

4.2 | Implications for nursing practice

This study has identified important risk factors for delayed
healing, highlighting the need to incorporate these factors
into an assessment and treatment tool for the patient with
a wound. By integrating these risk factors into the tool,
healthcare professionals can proactively identify potential
delays, develop effective treatment plans and address any
gaps in care.28,72 The continued and closer presence of the
nursing professional, having an instrument to assess the
course of the healing process, will be a crucial element for
the success of the treatment to be instituted and for a more
efficient recovery of the injured patient's quality of life.

With our results, we recommend to assess the healing
rate every 4 weeks.

5 | CONCLUSIONS

The integration of new technologies can contribute to a
comprehensive and thorough assessment of complex
wounds, facilitate clinical reasoning and provide valuable
decision support for healthcare professionals. By incorpo-
rating risk factors for delayed healing, these technologies
can enhance the precision and effectiveness of treatment
decisions.

Our study has identified several modifiable risk fac-
tors associated with delayed healing, including chronic
kidney disease, obesity, non-adherence to treatment and
interference of the wound with the patient's daily rou-
tines. Furthermore, the presence of odour, neuropathy,
use of anti-inflammatory drugs, larger wound width and
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depth, higher PUSH scores and signs and symptoms of
infection (such as bone involvement, stalled wound and
intense odour) are associated with a greater risk of
experiencing delays in the healing process over time.
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APPENDIX I

The data collection instrument consisted of the following
variables:

1. Nineteen variables on the attributes of the patients,
which were divided into sociodemographic data, life
habits and clinical information [age, sex, skin photo-
type (Fitzpatrick Scale), tobacco consumption in the
last 6 months (Yes; No), consumption of alcoholic
beverages daily (Yes; No), perception of quality of life
(scale from 0 to 10), presence of factors that bother the
patient in relation to the existence of his wound (Pain
during the day/night not associated with the moment
of treatment; Odour; Edema; Itching; Aesthetic effect
of the dressing; Aesthetic effect of the wound; Delayed
healing time; Interfering with mobility; Interfering
with employment; Interfering with your daily rou-
tines; Interfering with socializing with others; Interfer-
ing with your sleep; Treatment costs; Interfering with
sexuality; Frequent dressing changes), presence of
associated pathologies (Diabetes; Autoimmune dis-
eases; Congestive heart failure; Oncological disease;
Peripheral neuropathy; Anaemia; Malabsorption syn-
drome; Peripheral arterial disease; Venous insuffi-
ciency; Deep vein thrombosis; Hypertension; Chronic
respiratory disease; Chronic kidney disease; Chronic
liver disease; Connective tissue diseases; Obesity;
Stroke; Endocrine diseases; Neurodegenerative dis-
eases; Others), medication in use (Chemotherapy;
Corticosteroids; Nonsteroidal anti-inflammatory
drugs; Immunosuppressants; Anticoagulants; Vaso-
pressors; Others), allergies (no, if so which ones), pain
(scale from 0 to 10), body temperature, blood pressure,
weight and height, latest haemoglobin, albumin and
capillary blood glucose values, ankle-brachial index
(value obtained in the last 3 months) and presence or
absence of systemic infection, antimicrobial resis-
tance, malnutrition, dehydration, radiotherapy, stress,
pressure, friction, shear, incontinence, immobility,
sedentary lifestyle and/or non-adherence to the treat-
ment performed];

2. Eighteen variables related to wound characteristics
[type of wound (Venous LU; Arterial LU; LU of
unknown aetiology; DFU; PU/PI; PU associated with
medical devices; Others), origin of the wound (In the
place where you are hospitalized; At home; At the
hospital; At home; In the national network of con-
tinuing care; In primary healthcare; Unknown),
relapses (Yes; No), anatomical location (Signalling in
image and description of the area), duration (Date of
onset of injury), shape (Oval; Round; Irregular;
Other), dimensions (Length, Width and Depth in cm),
tissues affected (Intact regenerated/healed skin or
with ecchymosis; Affecting the dermis and epidermis;
Affecting the subcutaneous cellular tissue; Affecting
muscle; Bone and/or attached tissues affected or
necrosis that does not allow visualization of the
underlying tissues) or category of the PU/PI, topo-
graphic changes (Undermining; Tunnelling; Fistula),
percentage of tissues in the wound bed (Necrotic tis-
sue; Slough tissue; Granulation tissue), epithelial
tissue (Present; Absent), edges (Intact, adherent and
flush with the wound bed; Maceration; Dehydration;
Undermining; Rolled edges), perilesional skin
(No changes; Maceration; Excoriation; Dry skin;
Hyperkeratosis; Callus; Eczema), surrounding skin
(Dry; Moist; No change), exudate (Type and colour;
Consistency; Quantity) odour (Present; Absent), signs
of infection and/or biofilm (stalled wound, without
evolution in the last 2–4 weeks; Increased exudate;
Granulation tissue very red and friable or easily bleed-
ing; Presence of necrotic or slough tissue; Intense or
unpleasant odour; Increased wound size; Increased
temperature; Exposure or bone compromise; Satellite
or new areas of necrotic tissue; Perilesional erythema;
Perilesional edema; Increased pain), presence or
absence of continuous trauma to the wound bed, hyp-
oxia and/or decreased tissue perfusion]

3. Six variables about the treatment performed (lists of
products for cleaning, debridement, dressing material,
complementary and adjuvant therapies and fixation
were made available so that the nurse could select
what was used, and write the frequency of treatment).
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