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Background
To predict the healing time for each patient is not always 

a simple task. The healing process is the result of a complex 
interaction between factors related to injury, the treatment used, 
skills and knowledge of the nursing staff. The best way to shorten 
the healing time is an accurate staging of the lesion [therefore a 
proper understanding of the gravity of the wound] and then the 
decision of the most appropriate therapy. In the last twenty years 
there have been great strides in the understanding of the biological 
mechanisms involved in repairing wounds, so now more than ever 
we have the means necessary to assume a time of complete healing 
as accurate as possible [1].

Since 2007, Ligresti et al. [2], with the introduction of the 
TIME - H, relate the healing time with the type of therapy used: it 
focuses on how the therapy is used with the same type of lesion 
to make a difference in healing time. Starting in 2008 with the 
EWMA position document [3] a holistic approach to wound healing 
is considered but also the complexity of the wounds, the healing 
process, psychosocial factors involved in healing and economic 
burden of chronic wounds are considered. Our paper work tends to 
make available to the medical staff a valid model showing the most 
correct treatment for a certain type of injury that can allow us to 
predict the healing time.

Materials and Methods
We performed a study on a group of 40 patients, enlisting 28 

females, 12 males aged between 30-87 years. The injuries were  

 
wounds and skin ulcers of similar size [50-100cm2], pressure 
ulcers, venous leg ulcers, diabetic foot, PDS posttraumatic. All 
patients were treated with one of the principals randomly choosing 
among those listed with intervals recommended by the type of 
wound. The study duration was 6 months.

In our proposal we considered a whole TIME, pain conditions, 
environmental conditions and lifestyle to get a severity index [IG], 
which allows us to have a prediction of healing time. The severity 
rate also allows us to adopt different therapeutic strategies based 
on the severity of various injuries Starting from TIME we built a 
scale of values that we added from a maximum score of 16 [2-6]. 
Then, we considered the volume [volume “W” single ulcer or the 
sum of multiple ulcers]. As shown by Kramer et al. [7] the size and 
depth of pressure ulcers are good predictors of healing: as lower as 
the ulcer grade is greater will be the chance of recovery.

We then moved on to the study of pain considering parameter 
with score 1 as no pain, mild pain score with value 2 [stimulated 
during the dressing value and 3 to intense pain [without stimulation] 
[8]. Finally, we look at general conditions and environmental factors 
[9-24]. At this point in our algorithm we add the Time and the FAC 
[factors, anamnestic, social and clinical] and multiply them for pain 
and volume: the value obtained is our gravity index [IG].

TIME [1-16] + FAC [1-18] x PAIN [1-3] x VOLUME [2-32] = IG

The healing time [TH], as already stated, also depends on the 
therapeutic strategy undertaken: the numerical value is in direct 
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relation with the therapy. The TH is=to IG and will not change if 
the therapeutic choice [soft] resides on the left side of the table; 
is <30% of IG if therapy undertaken [medium aggressive] is in the 
middle of the table; is <60% of IG if therapy choice [aggressive] is 
on the right side of the table. We assume that we are faced with 
an ulcer from healing [healing time >60 days]. We can change the 
situation by customizing the type of therapy on the individual case. 
In this way we can modify the healing time [4].

Take for example a lesion volume between 50 and 100cm3. 
We can have a lesion T0, I0, M0, E0, thus devoid of necrotic tissue, 
bacterial contamination, exudate and with re-epithelialisation 
rate >75%, or a lesion T4, I4, M4 and E4 with 100% of necrotic 
tissue infections, exudate and the absence of spontaneous re-
epithelialization: with the same situation, in any case, the choice 
of therapy will change the history of the lesion and the timing of 
healing. For example, the T, we can see how, by choosing a soft 
treatment [such as autolysis, we have a significant improvement 
of the lesion as low as 25 days [25-27]. This time can decrease, 
even drastically, by level up in the type of strategy used: the time 
passes to 20 days with osmosis, 15 days with the larvae, until a 
day using hydrotherapy, ultrasound or surgery. Regarding the I: 
we passed from an improvement of 55 days with saline [strategy 

blander], to 21 days of antiseptics/ dressings with silver/NPWT 
[negative pressure wound therapy] up to 7 days after the surgery/ 
antiseptics/antibiotics/NPWT. The M represents an increase in 55 
days with hydrogel/hydrocolloid, hydrofibre 28 days with up to 10 
days of the surgery. Finally, the E: re-epithelialization from 100 days 
with advanced medications, VAC 45 days with up to 10 days with 
autologous graft [28-56].

Time of Healing
The numerical value is in direct relation to the selected therapy.

It is=to that of IG patient and its value will not change if the 
therapy choice [soft] is in the left side of the table therapeutic

It is <30% of IG patient if treatment choice [medium-aggressive] 
is in the centre of the table therapeutic

It is <60% of IG patient if treatment choice [aggressive] is on 
the right side of the table.

Result
The test results have shown that the margin of error in 

predicting the healing time was <10% of the 40 patients analysed 
in detail (Table 1):

Table 1: Soft: not aggressive treatment.

Type of Wound
P Performed Treatment Performed Treatment Time of Healing Time of Healing Difference of 

Healing in Days 
Time40 First 30 days 30-180 days Expected (days) Realized (days)

Post-traumatic wound 7

3=soft 3=MA 21 24 3

2=MA 2=MA 28 32 4

2= A 2=A 40 45 5

Cutaneous vascular 
venous ulcer 21

12=soft 7=soft 32 35 3

7=MA 12=MA 28 30 2

2=A 2=A 28 32 4

Diabetic foot 9

4=soft 2=soft 21 24 3

3=MA 5=MA 30 32 2

2=A 2=A 40 44 4

Pressure ulcers 3
1=MA 1=MA 56 59 3

2=A 2=A 60 65 5

MA: Medium-Aggressive Treatment; A: Aggressive Treatment

Report of the results obtained with the averages of the healing times on a number of 22 patients, obtaining a slightly 
higher percentage of error of 10% in the prediction of healing time.

Our protocol

GI is <23=and ASA 1-5 soft therapy 

GI is 24-50 and ASA <4 with infection between 1-2=medium-
aggressive therapy

GI is >50 and ASA <4 with infection between 3-4=aggressive 
therapy

GI is >50 and ASA is 4-5 with infection between 1-2=soft therapy 

GI is >50 and ASA is 4-5 with infection between 3-4=medium-
aggressive therapy

Discussion
Nowadays, various systems today try to give a prediction of 

healing time, taking into account various parameters. Troxler et al. 
[4] studied the importance of periodic evaluations of the wound, 
accompanied by measurements of its surface, for the identification of 
potentially hard-to-heal wounds. The early detection of a reduction 
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in the size of the wound is set by measuring the progress of the 
margin [epithelial advancement]. Phillips et al. [57] considering the 
percentage reduction in venous ulcer area found that in about 77% 
of cases, healing outcomes could be predicted based on a wound 
size reduction of more than 44% at three weeks. Margolis et al. 
[58,59] were able to show that for venous leg ulcers a simple rating 
system score based on size and duration can give a good indication 
of the likely outcome at 24 weeks. Falanga et al. [60] incorporated 
measurement of epithelial advancement into a scoring system on 
the healing of venous leg ulcers. This system [wound bed score] 
also examines other characteristics including the extent of skin 
dermatitis around the wound, the presence of eschar, callus and/or 
fibrosis around a wound, pink or red wound bed, exudate and the 
volume of the edema (Table 2).

Table 2.

Protocol A1 30 Days Soft

T=fibrin autolytic cream

I=absent saline or ringer Lactate

M=absent hydrogels or hydrocolloids

E=depth 0 hydrocolloids, hydrofibres, collagen, ac. 
Ialuronico

The complexity of the wound is likely to exert a significant 
influence on the progression of the healing process, and the factors 
that combine to determine it can be classified into four main 
groups: patient factors, factors related to the wound, knowledge of 
the HCP, factors and resources related to the treatment. In a study 
by Margolis et al. on a group of patients with venous ulcers, it has 
emerged a correlation between some specific characteristics of the 
wound and the healing process: wound duration, size, depth of the 
wound]. Ulcer size [>2cm2], the duration [>two months] and depth 

[penetration through exposed tendon, ligament, bone or joint] 
were the three most important factors for predicting the outcome. 
Patients with all three factors had only a 22% chance of healing by 
20 weeks (Table 3).

Table 3.

Protocol A2 60 Days Moderate

T=slough autolytic or osmotic dressing

I=contamination antiseptic

M=absent collagen or hyaluronic acid

E=depth 0,5 growth factors

For the physiological nature of the healing process, it is 
inevitable that large wounds will require more time to heal than 
smaller wounds. In addition, the longer a wound remains open, 
the greater the risk of complications, such as infections, is present. 
Therefore, a treatment that reduces the size of the wound and 
the infection risk is able to offer potential benefits. The presence 
of necrotic tissue in a wound has been for a long time considered 
an obstacle to the evaluation of the lesion, as well as a potential 
predictive factor of delayed healing and a possible outbreak of 
infection (Table 4).

Table 4.

Protocol B 120 Days Aggressive

T=infected surface, static edges Surgical debridement

I=critical colonization antiseptic, Ag dressing, NPWT,anti-
biotics

M=+++infected polyurethane-NPWT therapy

E=depth 1-2 allografts, bioengineered implants, 
dermal Substitutes

Table 5.

Protocol C1 180 Days Aggressive with Hospitalization

T=deep necrosis Surgical debridement

I=certain infections H2O2 (abscesses), antiseptics, surgical debridement, dressing Ag, NPWT,antibiotics

M=++++ infection surgery, NPWT, polyurethane

E=depth 2 stimulators or dermal substitutes dermal surgery

In chronic wounds, there is a tendency for the inflammatory 
response [which is an important element of the initial response to 
the lesion]. This results in increased production of pro inflammatory 
cytokines, reactive oxygen species and proteolytic enzymes [such 
as certain MMPs, elastase and plasmin]. This activity is combined 
with a minor issue, for example, inhibitors TIMP (Table 5), and is 
further enhanced by alterations of pH at the level of the wound bed. 
Excessive activity of these enzymes causes not only deleterious 
extracellular matrix destruction, but also inactivation of growth 
factors. There is a correlation between the state of chronic 
inflammation of a wound, the high levels of protease exudate 
and the slowdown in the process of tissue repair. The control of 
inflammation and the concentration of MMPs [metalloproteases 

are essential, as the protease, not only degrade the fabric, but lead 
to malnutrition of the growth factors [61-69].

Table 6.

Protocol C2 >180Days Containment

T=necrosis enzymatic dressing

I=certain infections H2O2 (raccolte), Antiseptic, Medicazioni Ag, 
Antibiotic

M=++++ infected Hydrofibres + Ag, Polyurethane

E=depth 0-2 Hydrocolloids, hydrofibres, hyaluronic acid, 
growth factors
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Gjødsbøl et al. [70] found a significant link between diversity 
and the density of the bacterial species detected on the diagnostic 
buffer and the time required for wound healing. Also, the presence 
in a wound of specific bacterial species has been put in relation 
with the outcome of healing. For example, the presence of 
Pseudomonas aeruginosa in venous leg ulcers can delay healing. 
According Mogford et al. [71], an ischemic wound is probably the 
most common cause of non-healing. Because of a poor perfusion, 
metabolic gas exchange at the level of tissues become inefficacious. 
It has been shown that the healing of a wound following surgery is 
compromised by dehydration and by a low body temperature of the 
patient, factors that are associated with reduced perfusion tissue 
and poor oxygenation (Table 6).

Physical factors such as diabetes mellitus, obesity, malnutrition, 
advanced age [over 60], decreased perfusion, peripheral vascular 
disease, cancers, organ failure, sepsis, and even restrictions mobility, 
can affect the healing process. Marston et al. [72] have found that 
improved glycemic control has a positive influence on the outcome 
in diabetic foot wounds, particularly when dermal substitutes 
are used. Terms of immunodeficiency, use of immunosuppressive 
drugs [corticosteroids, azathioprine or methotrexate] [73-75] or 
the presence of diseases [such as diabetes mellitus] [76-79] known 
to affect the immuno-inflammatory response, are all circumstances 
that may influence negatively healing and increase the risk of 
wound sepsis.

It was also found that psychosocial factors [80-82], such as 
social isolation, gender, smoking, the economic conditions and 
the experience of pain could influence wound healing. Stress and 
depression have been linked to changes in immune function and 
may therefore adversely influence a wide range of physiological 
processes, including wound healing. In a human experimental 
model, it was found that stress and depression had a possible 
role in the modulation of matrix metalloproteinases [MMPs] and 
expression of tissue inhibitors of metalloproteinases [TIMP]. 
According to some studies also the ability to cope with stress is a 
factor that can influence healing times. Salaman et al. [83] studied a 
group of 45 hospital patients with venous ulcers, 16 [36%] of who 
do not make satisfactory progress. Only half of these 16 patients said 
they have received any explanation about the cause of the ulcer and 
the treatment method used. This study raises important questions 
about the impact on wound healing of the patient’s beliefs and their 
confidence in treatment. Blunting is the case of patients who are 
indifferent to the processing and not very interested in the progress 
of the wound towards the healing.

Although the feeling of helplessness experienced by some 
patients, many of them make every effort to ensure that the care 
they receive meets their needs. Some patients become experts in 
their own condition, often using the Internet to gather information 
on it. When a wound is located on a pressure-bearing surface or 
a mobile area such as around a joint, the choice of the material 
of the dressing and the method of attachment is of in extreme 
importance. However, Chipchase et al. [84] observed that, while the 
overall healing rates of foot ulcers were similar, lesions located in 

the heel tended to heal more slowly. The authors concluded that the 
outcome was generally favorable, with 65.6% of heel ulcers healed 
in a median time of 200 days.

Harding [85] has the potential effect of fibroblast senescence on 
chronic wound healing. There was a correlation between the ratio 
of senescent fibroblasts/non-senescent fibroblasts and healing 
outcomes: an accumulation of more than 15% senescent fibroblasts 
is considered the threshold beyond which wounds will have trouble 
healing. Moreover, the response to treatment can be an indicator of 
tissue viability and healing potential. For example, it was suggested 
that a reduction in wound area of around 15% within one to two 
weeks of topical negative pressure therapy is a positive indicator of 
the likely evolution of the wound, and that this observation can be 
the decision to continued therapy.

As seen above, many attempts and proposals tend to quantify 
the time required for wound healing. On the basis of previous 
attempts, our aim is to propose an algorithm not only to accurate 
the quantification of healing time, but also a precise protocol 
of treatment to be associated with any situation and any type of 
wound. It is therefore clear, as the challenge of healing of a skin 
lesion, cannot be achieved by a single specialist. It’s fundamental 
the collaboration between various specialists. It’s obvious that the 
planning therapy must be organised by a team leader to coordinate 
the rest of the medical staff [various specialists including plastic 
surgeon, vascular surgeon, the internist, the nutritionist, the 
endocrinologist, the dermatologist, etc.] and not by hospital nurses 
or domiciles medical figures. Only with careful collaboration and 
clearly careful training you can pursue the goal in the shortest time 
possible and with a greatest patient comfort.

This protocol sets itself as a general guideline of the ulcer 
treatment for all types of professionals involved in the management 
of the patient but is particularly useful for those who approach the 
world of vulnology [wound treatment], but who do not yet have a 
detailed knowledge about. It appears a useful tool, since for the first 
time, it offers a mathematical model in which a score is calculated 
and according to the same applies a type of therapy.

Conclusion
The algorithm that we propose is a useful tool for staging the 

severity of injuries and provides a simple means to adjust therapy. 
It describes how the therapy used should change significantly 
according to the type and severity of the wound that we are facing 
and how this in turn can affect significantly the healing time 
estimated. It’s clear that, not always, the mathematical calculations 
are an exact prediction, but allow however to have a prediction of 
the initial situation. There are margins of error, especially when 
it takes over factors that complicate the wound management. It 
is highly appreciated that, to predict the outcome of recovery in 
individual patients, it will be necessary to use not a single marker, 
but the data resulting from a combination of several markers, as we 
proposed. Many authors have stressed the importance of training 
the nursing staff, designed to provide the knowledge and skills 
necessary to establish appropriate treatment and process protocols 
and forms relating to wound care [56].
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However, we can conclude by saying that we do not presume 
to have created a perfect model for the treatment of skin lesions, 
we only want to provide a useful tool to the caregiver based on 
current knowledge and on current therapeutic strategies. We are 
still waiting for new knowledge that can lead us to an even higher 
level in the treatment of this complex disease.
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