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ABSTRACT
OBJECTIVE: The objective of this paper is to

present the application of our own algorithms for preven-
tion and treatment of problematic skin wounds (PSW) by
using the platelet-rich plasma (PRP) based on the first
study on PRP application carried out in Bulgaria.

MATERIAL AND METHODS: The study was car-
ried out at the Clinic of Orthopedics and Traumatology,
UMBAL Kanev Ruse, for a period of 84 months - from
February 2009 to September 2016. A total of 83 patients
with PSW have been treated with platelet-rich plasma.
Scores introduced by Cancela AM are used for the assess-
ment of the respective wound. Each of these scores is used
for assessing specific wound parameters.

RESULTS: Our own algorithms for prevention and
treatment of PSW by PRP increase the percentage of suc-
cessfully cured wounds. Prevention algorithm of apply-
ing PRP ensures that a high percentage of acute skin
wounds will not turn into PSW. The proposed algorithms
for prevention and treatment of PSW by applying PRP are
an effective and safe way to reduce the uncured compli-
cated skin wounds and ensure the subsequent normal life
of patients. They also ensure more predictable skin heal-
ing.

CONCLUSION: Our own algorithms for prevention
and treatment of PSW by PRP increase the percentage of
successfully cured wounds. The proposed algorithms for
prevention and treatment of PSW by applying PRP are an
effective and safe way to reduce the uncured complicated
skin wounds and ensure the subsequent normal life of pa-
tients.

Keywords: problematic skin wounds, platelet-rich
plasma, algorithms for prevention and treatment

Problematic skin wounds (PSW) are a global medi-
cal and financial issue because patients usually have vari-
ous concomitant diseases such as chronic venous insuffi-
ciency (CVI), diabetes mellitus, decubital skin defects,
etc. [1, 2]. Approximately 100 000 patients in Bulgaria

have similar ulcerations [3].
 PSW are defined as wounds that fail heal for at

least 6 weeks. This category includes wounds resulting
from high-energy injuries with bone or tendon prominence
or metal surgical implant, as well as wounds where
reconstructive surgery is not possible [4].

We view at PSW as an accumulation of acute (po-
tentially problematic), hard-to-heal and chronic skin
wounds. A potentially problematic wound is any wound
that could turn into chronic. They are usually caused by
a traumatic agent or surgical intervention in combination
with concomitant metabolic or vascular diseases, and pro-
longed compression.  Apart from etiological factors, the
anatomical location, presence of infectious agents and pa-
tient’s age also have a significant impact. In general,
acute skin wounds primarily heal following the normal
tissue regeneration pathway, but when accompanied by
the above intrinsic and extrinsic factors they could be-
come potentially problematic and subsequently chronic
[5]. Lindholm et al. support the same view by proving that
approximately 15% of acute wounds turn into chronic [6].

It is known that the major cause for impaired and
delayed wound regeneration in PSW is the lack of growth
factors in the damaged area, which adversely affects nor-
mal skin healing [7]. There various non-surgical (con-
servative) and surgical procedures for treatment and they
lead to different outcome [8]. Consequently, the PRP
method has been developed as the only one delivering
growth factors, ensuring biological treatment and com-
plete tissue regeneration of PSW [9].

Based on our significant clinical expertise, we have
come to the conclusion that the development of clear pre-
vention and therapeutic algorithms is essential for the
proper application of PRP and for improvement of results.
They offer accurate, initial assessment of each wound and
ensure consistent and competent PRP treatment.

The algorithms we have proposed would help and
facilitate any practitioner in selecting adequate treatment
for complete wound healing and ensuring the patient’s
subsequent normal life.
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MATERIAL AND METHODS
1.1 Patients
The research was carried out at the Clinic of Or-

thopedics and Traumatology, UMHAT Kanev, Ruse for a
period of 84 months - from February 2009 to September
2016. Out of a total of 83 patients with PSW have been
treated with PRP. They have been studied, treated and
monitored for at least 6 months. This representative sta-
tistical sample forms the first longitudinal research in the
world on treating patients with PSW by applying PRP ac-
cording to available data.

The distribution of patients by age has been as fol-
lows: 20,48% of them in the age group 70-79 years),
21,69% of them in the age group 50-59 years, 28,92% of
them in the age group 60-69 years. The greatest share of
patients with PSW - 71,09%, fall into age groups over 50
years. Women and men with PSW were 42 males, 50,6%
and 41 females 49,4%.

The distribution of patients by wound type shows
the equal distribution in the three groups – acute wounds
– 36,1%, 30 patients; hard-to-heal wounds – 30,1%, 25
patients and chronic wounds – 33,7%, 28 patients.

Distribution of traumatic wounds, decubital
wounds and wounds of inflammatory origin was as fol-
lows: 66 traumatic wounds (79,5%); 15 decubital wounds
(18,1%) and 2 wounds of inflammatory origin (2,4%).

With patients have been isolated the following in-
fectious agents: S.aureus – 17 patients and E.coli – 10,
Kl.pneumoniae – 6, P.aeruginosa – 6, E.faecalis – 4. In
28 patients the following concomitant conditions have
been observed: type 2 diabetes mellitus - 21 patients; CVI
- 2 patients; phlebothrombosis of the shin and Parkinson’s
disease - 1 patient; paraparesis of lower extremities - 1
patient. The most common concomitant condition is type
2 diabetes mellitus (as the only concomitant disease) – a
total of 21 patients (75%).

1.2 Analytical Method
The treatment algorithm with PRP we used for PSW

is as follows: first, there is surgical treatment and debri-
dement of the wound. The first PRP application is on the
second postoperative day. It is derived as follows: the nec-
essary amount of blood is drawn in blood collection tubes
containing 3,8% sodium citrate. Tubes are centrifuged
with a speed of 1800 rev./min. for 8 minutes. Using pi-
pettes the plasma is drawn off without leukocytes and 10%
CaCl2 activator is added to it at a ratio of 1 ml. plasma to
50 microliters of activator or calcium gluconate at a ratio
of 0,1 ml activator to 1 ml. plasma. The results of the two
activators according to our observations are identical. If
fibrin clot with activated platelets is necessary according
to our observation approx. 40 min. should pass, in order
to obtain the 3D gel. Activated plasma is used to infil-
trate the wound edges and the fibrin clot is used to fill
the wound itself. Sterile gauze dressing, soaked in 0,9%
sodium chloride saline is made. The procedure should be
repeated every week because activated platelets secrete
growth factors within 7 days [10]. After removing the

bandage the surrounding skin should be cleaned with
povidone-iodine and the wound itself with saline solu-
tion. Subsequent manipulations after the initial wound
processing and activated plasma application in a hospi-
tal might be performed in outpatient practice.

Wound assessment is done by the use of scores, in-
troduced by Cancela et al. [11].  Specific wound param-
eters are presented numerically. Total Wound Score
(TWS) stands for total wound parameters – oedema
around the wound, erythema around the wound, puss dis-
charge, fibrin, granulation, oedema at the bottom of the
wound and ocher oedema. Total anatomic score (TAS)
stands for total anatomic parameters– open bones and ten-
dons, à.dorsalis pedis pulse and à.tibialis posterior pulse;
Total Score of Wound data (TSWD) stands for the gen-
eral wound conditions– size, depth, erosion and period
of existence of the wound.

1.3 Data Analysis
The statistical analyses of our results have been

processed by the SPSS software (Statistical Package for
the Social Sciences) involving three nonparametric tests:
Kolmogorov-Smirnov, Mann-Whitney and Wilcoxon to
verify the significance of relations between features
[5,12]. They are of crucial importance for the development
of our treatment and prevention algorithms.

1.4 Our algorithms
Based on our in-depth experimental studies and

analyses of treatment outcomes when applying PRP on
PSW we have developed our own prevention and treat-
ment algorithms for optimization of treatment for every
single patient [5].

1.4.1 Algorithm for prevention application of
platelet-rich plasma for treating potentially problematic
skin wounds

Figure 1 shows the algorithm’s structure in detail.
It has been developed in order to minimize the risk of turn-
ing of an acute and potentially problematic skin wound
into the chronic wound, by clear and precise assessment
of indications and counter-indications and major risk fac-
tors.

The first step of the algorithm is diagnosing an
acute, potentially PSW by taking a detailed history, as-
sessing the local and somatic status and indications and
counter-indications criteria. If the wound and the patient
do not have the proper indications in accordance with Fig.
1 they have to be referred for any of the alternative treat-
ment methods.

Patients with indications for PRP treatment should
be checked against anatomical localization criteria. If the
wound is located on the lower limb, Achilles tendon or
calf, it is suitable for treatment with platelet-rich plasma.
The rest of the cases are referred for treatment by stand-
ard methods depending on the pathology.

Next, the wound must be tested for infectious
agents. If the test is negative the age criterion is applied.
If an infectious agent is isolated it should be subjected
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to a microbiological test to determine its type. If it is
S.aureus and E.coli we proceed by applying the age cri-
terion. If the infection is Kl. pneumoniae, Enterococcus
faecalis or Ps. aeruginosa antibiotic treatment based on
an antibiogram is administered and the age criterion is
applied

The analysis of our study has shown that age is cru-
cial for treatment due to physiological changes experi-
enced by patients [5].  The threshold age is set to 50 years.
If the patient belongs to the age group below 50 years,
they should be referred for standard treatment methods for
the pathology. If they belong to the age group above 50
years they should be tested for comorbidities. In the ab-
sence of comorbidities, patient should be referred for sur-
gical treatment of the wound and debridement, followed
by application of platelet-rich plasma as indicated. If there
are comorbidities, the underlying condition should be
controlled followed by the application of our method.

1.4.2 Algorithm for treatment application of plate-
let-rich plasma on problematic skin wounds

Our algorithm for PRP application has been devel-
oped in order treatment of patients with various PSW to
be carried out following strict rules for effective treatment
leading to full tissue regeneration. It is applicable mostly
for PSW referred by the prevention algorithm, for acute
potentially problematic skin wounds, as well as for other
hard-to-heal and chronic wounds. Figure 2 shows the al-
gorithm’s structure in detail.

For patients referred for PRP treatment, as de-
scribed above, a detailed history should be taken and lo-
cal and somatic status assessment should be performed
again. At this stage wound parameters and wound, locali-
zation should be determined. The criteria specified should
be used.

After determining the specific wound parameters
follows thorough surgical debridement, second wound as-
sessment and PRP application according to our method.
Upon patient’s weekly visits only cleansing the wound
with saline solution PRP application is performed.

The wound healing process in time is assessed
based on TWS, TAS and TSWD criteria. If the wound
score is zero on the three criteria, treatment is successful
and the problematic skin wound is fully healed. If the
wound score is not zero, the TWS, TAS and TSWD scores
have to be compared to the previous ones. If scores tend
to decrease, PRP treatment is continued to complete heal-
ing of the PSW. If no decrease in scores is observed for
three months, PSW is considered not affected by the treat-
ment, it should be discontinued, and other treatment meth-
ods should be considered.

RESULTS
The results obtained have been processed through

a variance analysis of the variables containing informa-
tion about the initial and final data from each series of
the study. The objective has been to determine the basic
numerical characteristics of the variables and to check

their variation trends through comparative analysis.
By comparing “treatment outcome” to “weeks of

treatment” we have found that the majority of patients
have fully recovered between 8 (34,94% ) and 12 (28,91%)
weeks, which is 63,85% (53 patients). Of this group,
91,38% of patients have been successfully treated by the
PRP method.

The used PRP method has led to the full recovery
of 21 (100%) patients with only one concomitant disease:
type 2 diabetes mellitus. Patients with only one concomi-
tant condition such as shin phlebothrombosis and Parkin-
son’s disease, paraparesis of lower extremities have been
successfully treated with PRP.

Patient distribution by sex is uniform and the PRP
method leads to equally good results for both sexes, there-
fore the method is not influenced by patient’s sex. Treat-
ment outcome for all patients treated by applying PRP is
successful for 93,9% of patients with traumatic wounds,
88,8% with decubital wounds and 100% with wounds of
inflammatory origin.

By comparing the interaction of results of «treat-
ment outcome» and «weeks of treatment» to the presence
of «infectious agent» we have found that for patients with
S.aureus treatment should be extended to 24 weeks. When
E.coli is present, treatment should be extended to 16
weeks, in the case of Kl.pneumoniae - treatment should
reach 20 weeks. According to the results, the type of agent
significantly impacts treatment duration.

 The most common concomitant disease is type 2
diabetes mellitus (as an only concomitant condition),
which combined with any infectious agent prolongs treat-
ment. PSW anatomical location strongly impacts treat-
ment duration and areas such as shin, foot and Achilles
tendon, are especially difficult due to their anatomical
features. Healing rate of skin ulcerations is not determined
by the PSW depth. The etiological group has a moderate
impact on PSW treatment duration. This allows drawing
the conclusion that a larger percentage of patients with
decubital wounds will have longer treatment periods as
compared to patients with traumatic wounds. Our results
and the statistical study carried out proves that the PRP
method gives significant results for PSW treatment despite
aggravating factors such as causing agent, concomitant
conditions, location and 92,77% of patients have experi-
enced complete wound healing. Only 7,22% of patient
treated based on our method have unsatisfying results due
to advanced concomitant conditions [5].

DISCUSSION
The most important conclusion, derived from the

results of our study, is that our PSW treatment and pre-
vention algorithms through the PRP method increase the
percentage of successfully cured wounds. This is due to
the proper selection of patients by strict initial wound as-
sessment, risk factors evaluation, prescription of follow-
up therapy, and observing the necessary sequence of steps
for proper implementation of the method leading to com-
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plete recovery. After getting acquainted in detail with the
available literature, we have not found any similar algo-
rithms for PSW  prevention and treatment by PRP appli-
cation.

Of the first 25 patients with PSW we have treated
with PRP, we have registered full recovery of 76% of them
and this result is in full compliance with studies by other
authors [7,11]. It is known by world literature sources that
PRP treatment has some shortcomings. They are mainly
biological (such as the insufficient quantity of autologous
PRP and necessity of its quick processing) and technical
ones (possible platelet fragmentation and lysis, early re-
lease of growth factors and cytokines leading to compro-
mising their bioactivity) etc. [13]. Along with these dis-
advantages we have reported some difficulties and errors
in the selection of our first group of patients and the treat-
ment sequence when using the PRP method. We have re-
ported 24% of them failed to fully heal and we have
reached the conclusion that in order to improve results it
is necessary to reconsider and streamline our diagnostic
and treatment plan. In order to solve these problems, we
have developed our own prevention and treatment algo-
rithms. With their application, we have increased success-
ful results from 76% to 92,78% and reduced unsuccess-
ful cases from 24% to 7,22% [5].

There are many literature sources that prove the
positive outcome of PRP application for chronic skin
wound healing [14]. Research papers on its application
for the prevention and treatment of acute skin wounds are
quite limited [15]. As we have already mentioned 15 %
of them turn into chronic wounds [6]. So we have included
in our study acute potentially PSW because they require
extra precision of PRP treatment approach. This is accom-
plished through the introduction of a number of criteria
and a sequence of their application. We consider that this
sequence could be implemented through a clear and pre-
cise algorithm.

According to our study, 71,09% of PSW patients
are above 50 years of age, which is related to a natural
change of their biological state and occurrence of vari-
ous comorbidities [5]. This has been confirmed by a
number of authors [16]. Thus, the algorithm is necessary
to streamline indications, counter-indications and major
risk factors, which would have a negative impact on the
treatment process. Apart from the patient’s age other im-
portant factors having an impact on wound healing are:
anatomical localization, presence of infectious agent and
comorbidities. We have shown that anatomical localiza-
tion on the lower limb deeply impacts treatment duration
[5]. This has been supported by VanDen Kerkhof et al. [17].
We have shown that tissue regeneration of PSW is not in-
fluenced by a wound’s anatomical depth [5].

Another risk factor that has a strong impact on the
healing process is the infectious agent since the absence
of pathogenic microorganisms is of crucial importance for
normal skin regeneration without any complications. Ac-

cording to our experience and scientific research, no an-
tibiotic treatment is required upon the presence of S.aureus
and E.coli (due to the antimicrobic properties of PRP),
while in the case of Kl. pneumoniae, E. faecalis or Ps.
aeruginosa antibiotic treatment is required [18].

The most common concomitant disease in our se-
ries has been diabetes mellitus. In order for a PSW to heal
in such a case, it is necessary to control the condition,
apply our PRP method and our own algorithms. Thus, we
have achieved 100% wound healing. This approach has
been successful in patients with other single comorbidities
(CVI, phlebothrombosis, Parkinson’s disease, etc.) [5].
When analyzing literature research we have found out that
our method of treatment and results excel what has been
published by other authors [19].

Chronic wounds resulting from diabetes mellitus,
CVI or long-term compression are also a major therapeu-
tic challenge. Now, most treatment protocols recommend
standard treatment methods for an initial period of 4
weeks, after which a reassessment has to be made in terms
of its area reduction [20]. Based on our clinical experi-
ence we distance ourselves from these protocols and rec-
ommend basing treatment on our algorithms. It saves time
and money.

Our own prevention and treatment algorithms are
based on our significant clinical expertise, in-depth re-
search and statistical analyses. We use the digitalized cri-
teria of Cancela et al. for wound assessment [11]. They
are the foundation of our treatment algorithm because
they allow optimal initial wound assessment, successful
weekly, ongoing follow-up of tissue regeneration of PSW
and reporting the final outcome. Criteria allow us to group
the results obtained. So we are able to predict treatment
duration.

The final result from PRP application based on our
method and prevention and treatment algorithms for PSW
is 92,78% full tissue regeneration [5]. By reviewing avail-
able literature we have found out that it excels the results
published by many authors [7]. We believe that our bet-
ter results could be explained by the application of our
own algorithms since the PRP method has been identical
with us and other researchers.

Both algorithms we have developed are different.
The prevention algorithm has a diagnostic focus on acute,
potentially PSW. We use it to properly select specific pa-
tients and wounds for adequate treatment and for mini-
mization of the risk of turning them into chronic wounds.
The treatment algorithm follows a strict sequence of treat-
ment steps for all PSW. In this way, we reduce the risk of
possible mistakes and complications in the course of tis-
sue skin regeneration. We would like to strongly empha-
size that both algorithms are logically linked, sometimes
overlapping and following one another enhancing diag-
nostics and treatment in order to reach the best clinical
results. The presented algorithms are easily and effectively
applied in outpatient and patient care.
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Fig. 1. Algorithm for preventive application of platelet-rich plasma on potentially problematic skin wounds
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CONCLUSION
Our own algorithms for prevention and treatment of

PSW by PRP increase the percentage of successfully cured
wounds. Prevention algorithm of applying platelet-rich
plasma ensures that a high percentage of acute skin wounds
will not turn into problematic skin wounds. The proposed
algorithms for prevention and treatment of problematic skin
wounds by applying platelet-rich plasma are an effective
and safe way to reduce the uncured complicated skin
wounds and ensure the subsequent normal life of patients.
They also ensure more predictable skin healing.

Fig. 2. Algorithm for treatment application of platelet-rich plasma on problematic skin wounds
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