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ABSTRACT.
Aim. The aim of this study was to determine
whether the use of Leukocyte-Platelet Rich
Fibrin (L-PRF) in the treatment of skin ulcers
improved outcome.
Methods. Seventeen patients with 22 skin
ulcers of various types (10 post- traumatic, 6
diabetic, 2
venous
stasis, 1 mixed
(arteriovenous), 1 pressure, 1 peristomal, 1
rheumatoid), some
already
treated
unsuccessfully with advanced dressings, were
treated with L-PRF: Blood was collected with
certified 10 ml tubes (Intra-Lock) and
immediately centrifuged (with an IntraSpin™
centrifuge, Intra-Lock), with the result that red
blood
cells were separated from
coagulated plasma. The latter was applied,
once a week, directly onto lesions presenting
with granulation tissue or those previously
treated with surgical or enzyme debridement.
Results. Nineteen lesions (86.4%) healed
completely. One diabetic patient with
comorbidity and skin allergy, after initial
improvement, worsened
resulting
in
interruption of L-PRF application. Another
diabetic patient died during treatment because
of acute renal failure caused by urinary tract
infection. Another one was transferred to
another institution before ending the
treatment.
L-PRF application led to the formation of
highly vascularized and regenerated new
tissue in 21 lesions (95.4%), as well as a
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reduction in pain, in the need for analgesics
and in healing time.
Conclusions. L-PRF is easy to prepare and
inexpensive. When used topically, it could
have an important role on the healing of skin
wounds with remarkable repercussions on
quality of life.
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FILE TEXT.
BACKGROUND.
Chronic wounds are breaks in the skin that do
not heal or that frequently recur. They include

different types of ulcer: pressure ulcers,
venous or arterial ulcers, neurotrophic ulcers
and foot ulcers in people with diabetes [1].
The incidence of these conditions has
gradually risen over the past decades because
of the aging of the world population and the
steady increase of cardiovascular and
metabolic diseases, with a consequent risein
social and health care costs [2]. Among the
multitude of traditional and advanced
dressings available for the management of
skin ulcers, regenerative medicine, born in late
90s and based on platelet growth factors, has a
certain importance. Two recent metaanalyses
demonstrated that in the treatment of diabetic
ulcers Platelet-Rich Plasma (PRP), which has
a liquid consistency, results in complete
healing of chronic wounds, reduces infections
in acute wounds and there is significant
scientific evidence to show that it is superior
to other advanced medications [3, 4]. In May
2016, the Authors of Cochrane Collaboration
concluded that PRP may improve the healing
of foot ulcers associated with diabetes;
instead, it is unclear if PRP influences the
healing of other chronic wounds. Well
designed and adequately powered clinical
trials are needed [5]. Recently a new
preparation that has a solid consistency and is
easy to apply has been developed: LeukocytePlatelet Rich Fibrin (L- PRF). L-PRF is
obtained with a simplified production
technique that does not involve biochemical
manipulation (heparin, EDTA, bovine
thrombin, calcium chloride): the blood just
collected is immediately centrifuged, resulting
in the separation of red blood cells from
coagulated plasma. The fibrin so formed is
characterized by a three-dimensional structure
like a "mesh", and it can capture large
amounts of platelet cytokines that survive and
are released for a long time. LPRF has been
used for years in maxillofacial bone grafts
facilitating
post-surgical
scarring
and
accelerating integration and shaping of the
grafted material; also it is utilized in repair of
corneal lesions and periodontal surgery [6].
The aim of our study was to investigate the
role of L-PRF in the treatment of skin lesions.

MATERIALS AND METHODS.
Seventeen patients (22 wounds) with various
types of skin lesions (10 post- traumatic, 6
diabetic, 2 venous stasis, 1 mixed
(arteriovenous), 1 pressure, 1 peristomal, 1
rheumatoid),
some
already
treated
unsuccessfully with advanced dressings,
underwent L-PRF application. Informed
consent was obtained from all patients.
For the preparation of L-PRF, a FDA
approved/CE marked centrifuge (IntraSpin™,
Intra-Lock System Europe SpA, Salerno,
Italy) was used. This centrifuge is already in
use in dentistry for gingival and alveolar
regeneration.
Blood samples were taken with certified 10 ml
tubes (Intra-Lock) (from 4 to 8 tubes
depending on the wound size), immediately
centrifuged for 12 minutes at 2700 rpm / min,
obtaining separation of the red blood cells
from coagulated plasma (Fig. 1). Then, LPRF
was applied once a week directly onto lesions
presenting with granulation tissue or
previously treated with surgical or enzyme
debridement and covered with gauze soaked
in sterile saline.

Fig.1 L-PRF
RESULTS.
Nineteen lesions (86.4 %) healed completely.
Patient 1
An 80-year-old woman who was a smoker
with a history of insulin dependent diabetes
mellitus and chronic peripheral artery disease,
with a non-healing arteriovenous leg ulcer
from the past 5 years, treated with a skin graft
and an ipsilateral femoral popliteal bypass,
followed by thrombosis, resulting in severe

skin sensitization to any topical medication,
stable for 1 year prior to presentation (Fig. 2
A). After the first application of L-PRF,
locoregional inflammation disappeared and
there was rapid re-epithelialization of the ulcer
as well as smoothing of its edges (Fig. 2B).
After the subsequent applications however the
lesion worsened (Fig. 2C), and treatment was
interrupted after 3 sessions.

single application of L-PRF caused significant
approximation of the edges and partial
transformation into vital skin. The lesion
healed in 6 weeks.
The patient also had a traumatic lesion of the
left calf (4,5 x 2,5 cm). Application of LPRF
led to development of new epithelial tissue in
the center of the lesion and remodeling of the
edges. The lesion healed in 6 weeks.
Patient 4

Fig. 2A: the stable ulcer
Fig. 2B: after the first application of L-PRF
Fig. 2C: the ulcer worsened
Patient 2
An 85-year-old woman with a history of
chronic venous insufficiency and second
degree burns that occurred several years
earlier, had developed a post traumatic,
nonhealing leg ulcer 6 months prior to
presentation (2 x 2 cm). After the first
application of L-PRF, there was significant
circumferential reepithelialization of the ulcer
and improvement of periwound skin trophism
and complete restitutio ad integrum after 6
weeks.
Patient 3
A 92-year-old woman with a history of insulin
dependent diabetes mellitus, hypertension,
chronic lymphedema due to heart failure and
difficulty walking had developed a nonhealing superficial leg ulcer 3 months prior to
presentation (7 x 7 cm) due to traumatic
injury. With the application of LPRF, a
progressive increase in dermal thickness, good
vascularization of the dermis, and a reduction
in the size of the lesion narrowing were
obtained. There was almost complete healing
in 5 months.
The same patient had a traumatic superficial
lesion of the controlateral leg (3 x 1 cm). A

An 82-year-old woman with a history of heart
failure, hypertension, anemia, and diabetes
mellitus complicated by amputation of the
fourth and fifth metatarsal of the right foot due
to gangrene, had an infected and penetrating
diabetic ulcer (2 x 2 cm) for 12 months before
presentation with exposure of the fifth
metatarsal head of the left foot, caused by a
tight shoe. During the treatment the reduction
of locoregional inflammation, edema and pain
was observed as well as remodeling of the
edges of the ulcer and growth of subcutaneous
tissue. However the patient died in the
twentieth week of treatment due to acute renal
failure caused by a urinary tract infection.
Patient 5
An 88-year-old man presented with a large
traumatic skin lesion (9 x 4 cm) on the right
forearm (Figures 3A, 3B). Seven days after
the first application of L-PRF, a reduction of
locoregional inflammation, edema and pain as
well as remodeling of the lesion edges was
observed as well as valid granulation tissue
and initial reepithelialization of the margins.
After 14 days epidermal covering of about
50% of the wound with macroscopic areas of
neo-vascularization (Fig. 3C). After 6 weeks,
the wound was almost completely healed.

Fig. 3A: forearm lesion
Fig. 3B: application of L-PRF
Fig. 3C: neovascularization

Patient 8
Patient 6
A physically inactive obese 88-year-old
woman with a history of gout, stroke, and
chronic venous insufficiency presented with a
post-traumatic non-healing leg ulcer (2,5 x 1
cm), that had developed 2 months earlier.
Seven days after the first application of LPRF,
smoothing and approximation of the edges of
the ulcer was observed, with reduction of
inflammation. After 14 days, there was a
significant reduction in ulcer size.
The lesion healed after 4 weeks.
Patient 7
A 99-year-old woman had developed a
slowhealing pressure ulcer on her left hip (3 x
3 cm) 2 months before presentation (Fig. 4).
Seven days after the application of L-PRF
resolution of inflammation and complete
restitutio ad integrum was achieved (Fig. 5).

A 78-year-old woman with a history of
diabetes mellitus presented with a double
peristomal ulcer that had developed 2 months
earlier (Figures 6A, 6B). Five weeks after,
healing of smallest ulcer, and progressive
neovascularization and reduction in the size of
the larger lesion were observed. After 3
months, new epidermis formed, separating the
ulcer from the stoma. A residual granuloma
was treated with silver nitrate. After 4 months
complete healing was achieved (Fig. 6C).
The procedure allowed a reduction of healing
time (on average 6-9 months) avoiding
complications such as fistulas or dermatitis.

Fig. 6A: peristomal ulcers
Fig. 6B: application of L-PRF
Fig. 6C: complete healing
Patient 9

Fig. 4: pressure ulcer

Fig. 5: complete healing

An 80-year-old woman presented with a
penetrating rheumatoid ulcer of the right hip
(0,6 x 1 cm), that had developed 7 months
earlier. She was bedridden and on steroid
treatment for severe rheumatoid arthritis, with
severe, recurrent leg ulcers which usually
resolved after 7-9 months when treated with
twice-weekly dressings but were sometimes
complicated by infection. Four days after the
first application of L-PRF, there was a
reduction in the size of the lesion. The
removed L-PRF membranes were still intact
and viable, so the next application was not
removed. In the following weeks, a
progressive approximation of the ulcer
margins was observed. After 6 weeks,
complete healing was achieved.
The same
patient had a large post-traumatic ulcer on the
right arm (5 x 8 cm); the skin was thin and
dystrophic. Application of L-PRF led to
progressive re-epithelialization of the margins

with significant neovascularization. After 6
weeks neovascularization allowed grafting of
L-PRF membranes that were seen to be viable
grafts. After 9 weeks progressive reduction in
wound size was observed until complete
healing occurred after 15 weeks. The patient
had another post-traumatic lesion on the left
forearm (2 x 1,5 cm). The vitality of the flap
was preserved and with the application of LPRF complete healing was achieved in 5
weeks.
Patient 10
An 80-year-old man in good general condition
with a history of hypercholesterolemia and
diabetes mellitus and peripheral artery disease
presented with a gradually worsening
neuroischemic diabetic ulcer (1,5 cm x 1,5
cm) with exposure of the left Achilles tendon
due to a new shoe, that had developed 2
months previously as well as left posterior
tibial artery obstruction. After application of
L-PRF, locoregional inflammation decreased
rapidly and progressive coating of the Achilles
tendon was seen as well as progressive
reduction in the size of the lesion until
complete closure after 11 weeks.
The same patient developed another ulcer
just above the previous one, due to decubitus
of the dressing on extremely fragile skin.
Restitutio ad integrum was achieved 6 weeks
later.
Patient 11
A 75-year-old woman with a history of
peripheral
artery
disease
(stage
I),
hyperuricemia,
and
diabetes
mellitus
presented with a non-healing diabetic hallux
ulcer (1,5 cm x 1,5 cm) with exposure of the
apex of the distal phalanx (Fig. 7A), the result
of onychectomy. There were no radiological
signs of osteomyelitis. We decided to try a
conservative approach instead of the usual
amputation. After the first application of
LPRF, immediate regression of locoregional
inflammation and improvement of perilesional
skin trophism (Fig. 7B) and progressive

neovascularization and tissue growth was
observed. Complete healing was achieved
after 5 months (Fig. 7C).

Fig. 7A: hallux ulcer
Fig. 7B: improving skin trophism
Fig. 7C: complete healing
Patient 12
An 89-year-old woman with a history of
hypertension and atrial fibrillation on oral
anticoagulation therapy presented with a large
non-healing venous stasis ulcer (9 x 5 cm) on
the internal malleolus, that had developed 6
years previously. Treatment with L-PRF was
started. In the following weeks, significant
neovascularization
and
rapid
reepithelialization of the wound edges
occurred and there was progressive wound
closure leading to almost complete healing
after 14 weeks.
Patient 13
A sedentary 80-year-old woman in good
general condition with chronic venous
insufficiency presented with extensive ulcers
(the biggest: 14 x 7 cm) on the left leg that had
recurred despite skin grafting with healing 3
years earlier, compounded by injuries due to
scratching. After treatment with L-PRF was
started, there was a reduction of inflammation
and growth of new well vascularized tissue.
Two months later, grafting and vascularization
of membranes was followed by necrosis with
underlying preservation of vital tissue.
Resolution of necrosis was achieved after
another application of L-PRF. Then treatment
was stopped because the patient was
transferred to another institution.

Patient 14
An 80-year-old man with a history of diabetes
mellitus, hypertension, chronic renal failure
and gout presented with non-healing partial
amputation of the right forefoot. After the
removal of purulent tissue, L-PRF was applied
and resulted in the resolution of edema and
progressive rapid new tissue formation and
ulcer narrowing. Ten weeks later complete
healing was achieved.
Patient 15
An obese 60-year-old woman with a history of
diabetes mellitus and venous and lymphatic
insufficiency presented with a post-traumatic
ulcer of the dorsum of the left foot (1 x 1 cm).
After
application
of
L-PRF
rapid
approximation of the margins of the lesion
was observed as well as a reduction of edema.
After 4 weeks complete restitutio ad integrum
was achieved.
Patient 16
A 72-year-old man with a history of diabetes
mellitus, peripheral artery disease and dialysis
for chronic renal failure presented with
delayed healing of the stump after forefoot
amputation (Figures 8,9). Already after the
first application of L-PRF, gradual reduction
in the size of the lesion was observed. After 6
weeks complete healing was achieved (Fig.
10).

Fig. 8: delayed healing of stump
Fig. 9: application of L-PRF
Fig. 10: complete healing
Patient 17
A 32-year-old healthy man presented with a
large post-traumatic hematoma of the elbow
(4,5 x 4,5 cm) with an eschar in the overlying
skin. The deep defect left after the eschar was

removed, filled quickly within 30 days due to
treatment with L-PRF.
In our patients, treatment with L-PRF led to
the formation of highly vascularized and
regenerated new tissue in 21 lesions (95.4%)
regardless of the size and the etiopathogenesis,
as well as reduction in pain, in the need for
analgesic therapy and in healing time.
DISCUSSION.
The use of platelet derivatives for the
treatment of skin lesions began in 1970 with
Matras who applied a fibrin glue consisting of
a concentrate of fibrinogen polymerized by
thrombin and calcium to a lesion on the skin
of rats to accelerate healing. That preparation
is still used as a hemostatic, protective agent
for sutures or obliteration of pseudoaneurysms
(Tisseel, Baxter,
Deerfield, IL, USA), but the use is limited by
the complexity and costs of production
protocols [7].
Some years later (1975-1979) several authors
proposed the use of blood extracts, called
platelet compounds, fibrinogen and thrombin
or platelet jellies. The concept was strengthen
the fibrin gel with the healing properties of
platelets.
Since then many preparations of concentrated
blood have been presented. These products are
the first plasma gels enriched with platelets as
we understand them today and provided
excellent
preliminary
results
in
ophthalmology, neurosurgery and general
surgery.
These concentrates defined PRP had many
common points: the blood collected was
combined with anticoagulant and centrifuged,
the process took about an hour and the blood
was stratified into tubes on three levels: red
blood cells at the bottom, white blood cells
and platelets in the middle, serum at the top.
Then numerous and different procedural
protocols gave rise to various types of platelet
compounds that could be applied directly or
by injection activating fibrin polymerization
with calcium and / or thrombin (or a similar
substance).

These techniques have developed slowly until
articles by Whitman published in 1997 and in
particular an article by Marx published in
1998 on bone growth in maxillofacial surgery
that have established the concept of using
platelet growth factors for regenerative
medicine [8,9].
All these products were defined as PRP,
regardless of their content or their structure.
Another form of platelet concentrate defined
Leukocyte-Platelet Rich Fibrin (L-PRF) was
developed by Choukroun in France in 2001
through direct polymerization of the fibrin gel
by
centrifuging
without
adding
an
anticoagulant, thrombin or calcium. The
natural coagulation process made possible the
formation of a clot containing platelets and
leukocytes in a simple and inexpensive way
[10].
Fibrin, platelets, slow-release growth factors,
white blood cells and other cells are key
players in the natural healing process and
combined together form a sort of natural tissue
extracted from the blood.
The clot L-PRF, due to its consistency and
ease of handling, has often been described as
the best blood preparation to be used
surgically, as in the protection of sutures in
gastric surgery [11].
A modern classification distinguishes the
following two families:

Plasma (PRP) and Fibrin (PRF)
- Plasma: a network of low-density fibrin
• without leukocytes:
P-PRP: Pure Platelet-Rich Plasma
• with leukocytes:
L-PRP:Leukocyte and Platelet-Rich Plasma
All of these products, are available in liquid
solution or in activated foam, and may be
used, for example, in injectable form in sports
medicine or as gel on skin wounds or sutures
similarly to fibrin glue.

- Fibrin: a network of high-density
•

without leukocytes:
P-PRF: Pure Platelet-Rich Fibrin

•

with leukocytes:
L-PRF: Leukocyte- Platelet Rich Fibrin

By definition these products exist only in the
form of a strongly activated gel, they cannot
be injected or used like traditional fibrin glue,
but they are used as a solid material [12].
This classification has been widely cited and
validated by a multidisciplinary consensus
conference published in 2012 [13].
The Periodontology, Oral Surgery, Esthetic
and
Implant
Dentistry
Organization
(POSEIDO) adopted this classification in
2013 as a guideline for all publications on the
subject [14].
The L-PRF membranes remain solid and intact
even after 7 days and continue to release a
large amount of growth factors produced by
cellular population trapped within them, while
the P-PRP gel releases most of its growth
factors in first hours after application and
typically dissolves after 3 days [15,16].
These two families of gel placed in a culture
medium for 7 days slowly release:
3 key growth factors:
- Transforming Growth Factor β1 (TGFβ)
- Platelet-Derived Growth Factor AB (PDGF-AB)
- Vascular Endothelial Growth Factor (VEGF)
3 key coagulation and matrix proteins:
- Thrombospondin 1 (TSP1)
- Fibronectin
- Vitronectin.
The L-PRF family suits the needs of oral and
maxillofacial surgery providing clots and
membranes which have a volume and a shape
easy to use with the majority of surgical
techniques, such as filling and interposition of
healing biomaterial or protective membrane
[17]. These membranes have a robust

consistency, provide a slow release of several
growth factors for long periods and are easy to
prepare in large quantities and at a low cost,
making them particularly suitable for
everyday clinical practice [18].
According to some authors, the presence of
leukocytes may have a negative effect on
outcome, because of a potential risk of an
inflammatory response after injection [19].
Other authors insist on the need for a certain
population of leukocytes in injectable PRP
[20] to increase production of growth factors,
release of pain mediators [21] and the innate
immune response [22].
Many leukocytes, especially lymphocytes,
play a key role as modulators of the
inflammatory process and healing, and in the
literature no adverse events attributable to this
role are reported. White blood cells are not
only inflammatory cells, they possess
antinociceptive properties through various
chemokines, anti-inflammatory cytokines
(IL4, IL-10 and IL-13) and opioid peptides
(Bendorphins, metencefaline and dynorphinA) and therefore they can promote clinically
important inhibition of pathological pain.
During inflammation, these cytokines
counteract the effects of proinflammatory
mediators generated naturally in the early
stages of the inflammatory process.
The current unpublished consensus on this
matter is that white blood cells are probably
advantageous, depending, however, on the
concentration of various types (lymphocytes,
monocytes, granulocytes) and on their state of
conservation (the centrifugation process can
destroy white blood cells, or gently activate or
pathologically stimulate the inflammatory
response). PDGF, TGF-beta, VEGF growth
factors, and the other molecules (fibrinogen,
fibronectin and vitronectin) contained in
platelets (alpha-granules), give these products
the ability to modulate many phases of healing
process as hemostasis and angiogenesis [23].
The L-PRF membrane releases in vitro, for
more than 7 days, a significant amount of
autologous growth factors (in particular
PDGF-AB, TGFβ, and VEGF), cytokines and
healing proteins (including fibronectin). Fibrin
induces the expression of αv β3integrin by

endothelial cells, allowing connections with
structural proteins such as fibronectin and
vitronectin, supporting the capillary forming
process [24,25]. Fibrin also allows the
association of some growth factors such as
FGF and PDGF involved in angiogenesis and
useful as chemotactic factors, favoring
diapedesis of white blood cells [26].
In maxillofacial surgery, the immunological
properties of L-PRF, resulting from its content
of leukocytes, may be useful in preventing
surgical site infections, such as post dental
extraction alveolitis, limiting the symptoms of
inflammation. The presence of leukocytes is a
very important parameter for stimulating
healing and wound control [27]. Studies
suggest that the use of L-PRF in post dental
extraction filling is an effective and useful
procedure for managing postoperative pain
and improving the healing process of alveolar
soft tissues, especially in the early
postoperative period, reducing the negative
effects of inflammation [28].
Traditional platelet concentrates can be
produced by law only by blood transfusion
centers, the only ones authorized to
manipulate human blood with reagents. The
cost of such compounds however is high
because of the materials used and the highly
specialized staff and can reach 160 € per unit
as in the case of platelet concentrate from
heterologous cord blood [29].
Since to obtain L-PRF there is no need for
staff specialized in transfusion medicine and
the cost is only 1€ per tube, this compensates
somewhat for the initial expense of the FDA
certified centrifuge (3000-4000 €). Using an
average of 4 to 8 tubes based on the size of the
wound, the total average cost is about 10 € per
session.
The complete legislation governing use of
plasma derivatives not used for transfusion,
published in the ordinary supplement of the
Official Journal n. 300 of 28/12/2015 General
series, gives control to the Blood Transfusion
Service which is responsible for training tasks,
training of responsible contact person and of
health staff involved, registration of products
and of treated patients, notification of any

adverse reactions and the execution of
periodic verification activities.
So far L-PRF has been mainly used in dental
and maxillofacial surgery and its use in the
skin lesions treatment is still being studied.
At the 5th Congress of WUWHS - World
Union of Wound Healing Societies, held in
Florence, Pinto presented a work about the use
of L-PRF in the treatment of chronic wounds
refractory to conventional therapy. Of the 473
patients enrolled from 2010 to 2014, 334 had
venous ulcers, 124 diabetic ulcers, and 15
post-surgical complications. All the patients
were treated with a weekly application of LPRF.
Four hundred and forty-six patients (94.5%)
achieved full healing; 11 (2.3%) did not
totally heal but achieved a considerable
reduction in lesion size; and 15 (3.2%) did not
complete their treatment for reasons unrelated
to therapy.
The median follow-up period was 22 months
(range 12-39 months). During that period, 432
wounds (97%) remained closed. There were
no adverse effects. A significant reduction in
pain was observed.
The histological and clinical findings showed
a high level of regeneration instead of scar
tissue formation.
The author concludes by saying that this
technique has proved to be effective (with a
net reduction of pain in absence of adverse
events), simple, safe and inexpensive, and
associated with a low rate of injury recurrence
supposedly related to the high quality of
regenerated tissue [30].
CONCLUSIONS.
L-PRF is inexpensive, easy to prepare and
easy to apply, and it could have an important
role on healing of skin wounds, regardless of
the size and the etiopathogenesis, with
remarkable repercussions on quality of life for
patients and on associated social and health
care costs.
Randomized controlled trials with significant
statistical power are required to validate the
technique and confirm the favorable results
obtained in our preliminary experience.
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