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Abstract

Skin graft is one of the techniques used to reconstruct surgical wounds. The graft is composed of epidermal and
dermal segments that are completely removed from the donor region and transferred to the recipient bed. After
its implantation it’s recommended to make compressive dressing in the receiver bed. Since the grafts do not have
a vascular pedicle, it’s important to make the compressive dressing to improve graft contact with the wound and
allow adequate angiogenesis. The compressive dressing is made with a sponge or foam, which offers adequate
protection and reduces the discomfort of the patient in the postoperative period. The use of platelet-rich plasma
(PRP) is the objective of several studies associated with the reduction of postoperative surgical complications,
especially necrosis. This product is a result of the centrifugation of the patient’s blood that promotes the
separation of its constituents and allows the extraction of plasma with higher concentration of platelets. PRP
improves the tissue healing process by releasing biological mediators and growth factors at the site of application.
Researches on platelet-rich plasma used in reconstructive surgery are important because this product has
therapeutic characteristics to promote healing. When it’s used in skin grafts, platelet-rich plasma is able to
improve graft integration in the recipient bed, and reduce necrosis after the surgical procedure. The use of
postoperative surgical sponges associated with platelet-rich plasma is indicated to improve the healing of the
graft and to avoid its displacement of the recipient bed.

Keywords: reconstructive surgery, skins grafts, PRP, compressive dressing
1. Introduction

Reconstructive surgeries are formed by various techniques which can be used to repair large defects with loss of
continuity of the integument or lack of skin elasticity, that compromise wound healing. Thus, in these cases, the
use of skin grafts or flaps are options for treatments (Pavletic, 2010).

Flaps consisted of a tissue segment partially removed from its original location and dislocated to another which
will overlie the defect. The greatest advantage of using skin flaps is the immediate closure of the affected region,
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as well as reducing the tissue healing time, which gives the patient not only better functional but also aesthetic
results (Hedlund, 2005).

Therefore, grafts are epidermis and dermis segment that are completely removed from the donor site and
transferred to the receiving region (Hedlund, 2008; William et al., 2013). However, being devoid of an artery and
vein in its constitution are very affected by necrosis and ischemia after being implanted in the receiving region
(Pope, 1996).

According to Adams et al. (2005), vascularization of the flaps and grafts is necessary, and much have discussed
about the proportions of length and width of the flaps are fundamentally determine their viability, as when it is
extensive, occurs vascular compromise and distal regions are left without blood supply, causing necrosis in distal
margins. The grafts are devoid of artery and vein in its constitution, so are affected by necrosis after implanted
in the recipient region (Tobias, 2011). After faced with these problems, many authors have reported the use of
substances to improve healing, by stimulating angiogenesis, which was boosted by the use of platelet-rich
plasma (PRP) in surgical wounds (Vendramin et al., 2010; Pazzini et al., 2016a).

The preparation of grafts is done only with the presence of healthy granulation tissue into the receiving region;
however, this condition makes the lengthy procedure being conducted in three steps: first carrying out
disinfection of the wound, next after following it wait for the presence of tissue granulation, and finally the
surgical correction (Pazzini et al., 2015). As soon as the surgery is done, the dressing employment is essential,
knowing that grafts are devoid of vascular pedicle, thus using compressive dressings can optimize the contact
between the graft and the wound and then it allows proper angiogenesis (Pavletic, 2010).

Curatives also reduce the possibility of graft dislocations, as well as minimize the presence of hematomas and
seromas, events which usually leads to loss of viability of the graft and subsequently death (Pazzini et al., 2015).
Moreover, the more compressive dressings are used Tie over (Fossum, 2007), which consists of suture material
on the wound, and can be done with cotton, surgical sponges and foams. The idea of surgical sponges or foam is
practical, by evenly distributing pressure on the wound (Zanini, 2004), and to promote healing and integration of
the graft to the receiving region.

The aim of this study is to make a review of the main features and answer questions about platelet-rich plasma,
skin grafts and surgical sponges.

2. Reconstructive Surgery

Wound large areas caused by trauma, congenital abnormalities, and tumors that result in loss of viability of
tissues and lead to healing by secondary intention, are cases that need to use reconstructive surgical techniques
(Castro et al., 2015). However, the procedure success will depend on upon the extent of an injury and the amount
of how involved structures (Slatter, 2007). Reconstructive surgery should be planned by considering the wound
location, tissue elasticity available blood supply and quality of wound local (Fossum, 2007).

Throughout the execution of reconstructive surgery, it is essential to preserve the microcirculation of the skin to
maintain its viability (Mota et al., 2012). However, when microcirculation is not conserved, due to inadequate
surgical manipulation, you can begin a process of ischemia and subsequently lead to local necrosis of the
surgical procedure involving the entire region (Slatter, 2007; Amsellem, 2011) (Figure 1).
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Figure 1. Images of the lesion in the left forelimb in carpal region of rabbits (Oryctolagus cuniculus) showing the
necrosis macroscopic variables (Arrow) with 15 days that were submitted to the reconstructive surgery
procedure at the Veterinary Hospital Faculty of Agricultural and Veterinary Sciences (FCAV) of UNESP,
Jaboticabal Campus, 2015

According to Pavletic (2007), wounds that have difficulty in healing by primary sutures should be treated with
reconstructive techniques which can be either adopted flaps or skin grafts for correction. The use of these
techniques is a useful therapeutic alternative to reconstructing injuries resulting from trauma, removing tumors,
or ischemia.

3. Skin Grafts

A skin graft is useful to reconstruct surgical wounds since preserved the principles of vascularization, antisepsis,
and hemostasis (Zanini, 2004). A skin graft is a segment the epidermis and dermis that are completely removed
from the donating region and transferred to the receiving area (Hedlund, 2008).

The grafts receive their nomenclature as their origins, such as autograft, isografts, allografts, and xenografts. In
the autograft donor and recipient are obtained from the same patient. Isografts are obtained from donors of the
same species and genetically identical to the receiver as monozygotic twins. Already allografts are obtained from
donors of the same species, but genetically different. And xenografts are derived from animals of different
species (Pavletic, 2010).

Grafts are classified according to their thickness, and it may be complete or partial (William et al., 2013). Full
thickness consists of the epidermis and dermis full and partial thickness composed of epidermis and dermis
variable layers (Pazzini et al., 2015).

The advantage of partial-thickness grafts is associated with viability greater than the total thickness. However,
significant disadvantages are more essential fragility, lack of hair growth in some cases; in addition to collecting
require specific material (Fossum, 2007). For these reasons, use is preferably the full thickness grafts (Corr,
2009).

According to Fowler (2006), full-thickness grafts have some advantages when compared with partial thickness,
have components responsible for similar cicatrization of the healthy skin, promoting hair growth and being able
to withstand injury as well as to normal skin. Also provide good color and texture to the receiving region, and are
characterized by having minimal shrinkage of the wound, and adnexal structures remain intact dermis (Ratner
1998). Different from the partial grafts, full thickness does not require specialized equipment for collect, addition
success rate is as good as that obtained with partial grafts (Pazzini et al., 2015).

Application of grafts is limited in veterinary medicine, by being necessary to await the formation of the previous
granulation tissue before surgery, making it impossible in some cases their use (Pavletic, 2007). Therefore use
components that stimulate angiogenesis and promote healing are options to allow use graft surgical routine
(Pazzini et al., 2016a).
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4. Types of Grafts

Skin Grafts are produced in lateral chest wall and areas containing abundant skin (Fossum, 2007). Skin grafts are
divided into full and partial thickness. Full thickness grafts consist of dermis and complete epidermis. And
partial thickness grafts consist of a dermis and a variable dermis layer (Pope, 1996). Full-thickness grafts are
better than partial thickness grafts because they are more resistant to trauma. On healing, hair growth is similar
to normal skin, and the grafting can be done with a scalpel only, and the grafts in partial thickness Are fragile,
hair growth does not occur during healing, and for making this graft, special material is needed (Pope, 1996).

Layer grafts are used in places with free granulation tissue infection, but have disadvantages in the degree of
expansion, by being less flexible and less adaptable (Pavletic, 1999). The grafts mesh have parallel incisions in
the shape of slits, which promote drainage, flexibility, conformation and expanding (Hedlund, 2008). This type
of graft has many advantages and can be expanded to close large defects, conform well to irregular surfaces, this
occurs presence of the slits is better drainage of exudate, and for this purpose can be used in difficult areas to
immobilize (Pazzini et al., 2015; Pope, 1996).

Such a graft can be made with particular device expansion or manually. Grafts mechanically processed into mesh
are more expandables than those created manually because first expands into more than one direction, and
second in only one direction, however, the therapeutic effect is similar and is manually accessible and
inexpensive (Pazzini et al., 2015). It is known that cosmetic appearance is better when the slits are placed in
parallel the skin tension lines (Pavletic, 2010; Fossum, 2007).

Graft survival is a widely discussed issue because of the lack of a vascular pedicle to perform its nutrition in the
recipient bed, and healing can be compromised because of the absence of vessels (Hedlund, 2007).

After implanted the graft into the receiving region, the cicatrization begins with plasmatic imbibition phase,
following inosculation, revascularization and finally contraction (Fossum, 2007).

Plasmatic imbibition phase happens approximately 24 hours after surgery, this period occurs the ischemia of the
graft (Ratner, 1998), due to its removal from the donor area. Blood vessels have a spasm, and eliminate part of
blood components by the edges of sectional overhead vessels, such as erythrocytes and leukocytes, and these
accumulate between the graft and its receiving region (Pope, 1996).

Soon after the implantation of the graft in the receiving area, happens transudation of plasma, for the nutrition
and to assist graft fixation. This phenomenon consists of the graft to adhere the mesh of fibrin, and fibrin
filaments shrink for coating the wound (Pazzini et al., 2015). Fibroblasts, leukocytes, and phagocytes invade the
fibrin mesh, converting it into the fibrous tissue between the graft and its receiving region (Pope, 1996). In this
phase, there may be a presence of edema because of inadequate circulation to promote venous and lymphatic
drainage. After reestablished drainage, a liquid is removed and happens regression the edema, normalizing aspect
of the graft (Pazzini et al., 2015). According to Ratner (1998), this fibrin present in the graft is gradually replaced
by granulation tissue, being able to promote permanent graft adherence to his local, favoring the process of
revascularization.

Following in inosculation phase where it occurs the anastomosis of small capillaries which are between
responsible for communicating the graft surface to the receiving region, this phenomenon happens within 24
hours after the surgery, and at that stage the fibrin mesh keeps the graft the fixed to his local, assisting as a
support structure for the formation of vascular sprouts in receiving region graft (Pope, 1996). It is known that
many vessels can contact and suffer anastomosis, but few that survive, so it is only possible to know if the
surgery went well after the phase of revascularization (Pazzini et al., 2015).

In revascularization phase, the graft is still fragile and cyanotic, because it does not have real vessels. This step
happens approximately five to seven days of surgery, and there is the formation of new blood vessels, which are
responsible for the actual graft flow (Ratner, 1998). The neoformed capillaries have about 5 to 15 um in diameter,
and by constant divisions of the arterioles they give rise to the venules (Konig et al., 2011). Besides blood
vessels, they are also formed new lymphatics, which promote lymphatic drainage graft (Hedlund, 2008).

Finally, the last phase of healing of the grafts is the contraction which happens so late, and can last up to six
months of surgery. In this phase myofibroblasts and contractile ptoteinas are responsible for the contraction of
the graft in the receiving region. This moment some adverse cosmetic effects can occur, such as the presence of
irregular scars and bad cosmetic aspects (Pazzini et al., 2015).
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5. Skin Graft: Immobilization and Dressings

Once the graft is done, the fixation of the pressure dressing on the receiving area is fundamental to the success of
the surgical procedure. This dressing is necessary for large and thickness grafts. However, there are some
situations where the pressure dressing is not recommended, as in infected wounds or located in areas that
potentially produce a large amount of lymph, as an inguinal region (Vasconez, 1994).

It is known that the graft does not have vascular pedicle, and for this reason recommended compression bandage
to optimize the contact of the graft to the wound and allow for adequate angiogenesis. In between three to five
days begin communications with vascular arise transplanted skin, so the pressure dressing reduces a possibility
of dislocations that affect this communication. Furthermore, they enable reduced occurrence of seroma and
hematoma, events that frequently leads to loss of vitality and, consequently, to graft failure (Leffel, 1994).

According to Larson (1990), the appropriate pressure on the graft varies from 15 to 30 mmHg, so if the weight is
not suitable may predispose fluid collections. However, excessive pressure can compress the capillaries and
determine necrosis of the graft (Amsellem, 2011). Ideal compression is achieved with some materials such as
surgical gauze, cotton, and sponge (Figura 2).

Figure 2. Images of the lesion in the left forelimb in carpal region of rabbits (Oryctolagus cuniculus) showing the
pressure dressing used sponge (Arrow) with 15 days that were submitted to the reconstructive surgery procedure
at the Veterinary Hospital Faculty of Agricultural and Veterinary Sciences (FCAV) of UNESP, Jaboticabal
Campus, 2015

The usual technique of pressure dressing is suture surgical gauze agglomerate on the graft, known as Tie over
(Pavletic, 2010). This dressing is kept for a period which ranges from seven to fourteen days, since there are no
signs of infection, hemorrhage, and loss of immobilization. Otherwise, the dressing should be removed, and the
graft reevaluated (Hedlund, 2008).

However, other materials can be used as compressive dressings like gauze, cotton, plastic discs and wax molds
(Vasconez, 1994). The idea of sponge or foam use appeared in 1929 (Blair et al., 1929), the authors of this
discovery, better pressure on the graft was from the utilization of the sponge.

According to Zanini et al. (2004), to use the surgical sponge, should initially make their preparation, being done
in two steps. First, highlight the brush sponge, being a simple process. Furthermore, by using scissors or a
scalpel blade, it reduces the thickness of the sponge to 0.8 or 1 cm. It is important to leave a portion of about
0.5cm around the edge of the graft. Before starting the placement of the dressing evaluates absence of bleeding
and verify correct placement of the graft. The suture should exercise adequate tension to keep set the graft. The
evaluation must be done in a period that can range from 24 to 72 hours to observe any surgical complication. The
dressings and sutures are removed in seven days face and two weeks elsewhere.

The main advantages of using sponge are low cost, by offering adequate protection of the graft, easily performed
a technique, formable into different shapes, have uniformly distributed pressure, easy removal, and provide a
reduction of post-operative patient discomfort. When compared to post-operative care of the usual technique
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with gauze or cotton, sponge seems to be more practical for do not accede to the graft, but if this occurs in some
case, it can remove it more quickly (Blair et al., 1929). In cases where there is a need to evaluate the graft, both
as to the sponge removal replacement is easier than other techniques. The reduction of patient discomfort means
that any bleedings occurring in post-operative likely to be completely absorbed by the sponge (Zanini et al.,
2004).

The great benefit of reconstructive surgery is to allow the patient to return their normal routine more quickly and
with satisfactory cosmetic results. In some cases, complications can occur, such as inadequate vascularization,
graft handling and infection, and factors that predispose the occurrence of necrosis (Amsellem, 2011). In such
cases, the graft will present inviability signals in about three to four days after surgery, with paler staining, which
moves rapidly to black segment indicating necrosis (Richard, 1999). Thus, the neovascularization-related
problems in surgical procedures are the focus of studies in various medical fields, especially in orthopedics and
dentistry. Thus, the platelet-rich plasma (PRP) is the subject of several studies associated with complications in
these areas.

This product, platelet rich plasma results from the patient’s blood processing centrifuges which promote the
separation of its constituents, and allows extraction from plasma with a higher concentration of platelets and is
capable of potentializing the wound healing process through the release of biological mediators and growth
factors at the application site (Pagliosa et al., 2007). It is believed that this product stimulates various processes
involved in tissue recovery including mitosis, cell differentiation, chemotaxis and angiogenesis (Garcez et al.,
2013).

6. Platelet-Rich Plasma (PRP)

According to Jain (1993), blood is a fluid tissue that circulates through the blood vessels carrying essential
elements to the cells and receives the waste metabolites to take them in excretory organs. Blood contains three
components being red blood cells, platelets, and leucocytes, which are dissolved in the liquid known as plasma
(Reece et al., 20006).

PRP is obtained by the centrifugation of autologous blood, which results in increased concentration of platelets
in a smaller volume of plasma (Pagliosa et al., 2007). Evidence of the effectiveness of its use is subject to many
studies. However, researchers are secking knowledge of the effectiveness of its biological effects when applied
to soft tissue, bone, and skin (Anitua et al., 2007; Silva et al., 2011).

Production of the PRP at first was to reduce the presence of bleeding during surgical procedures; however, its
use was propagated in various human healing modalities. In 1998 it was published a study reporting the success
of the healing bone graft when combined with platelet-rich plasma (Marx et al., 1998; Albuquerque et al., 2008;
Garcez et al., 2013). Thus, with this episode, the product started to be used in orthopedic surgery, cardiac, plastic,
general, vascular, neurological, obstetric, gynecological and ophthalmic, to avoid complications and achieve
success in the proceedings (Floryan et al., 2004).

Platelet rich plasma has a gelatinous consistency. In order to obtain the gel it is necessary to carry out the
enrichment process. First, platelets go through an enrichment process in which one searches obtain greater
numbers of platelets to activate at least 60 their biologically active substances. This activation is essential
because of tissue repair processes, which are responsible for promoting chemotaxis, proliferation, cell
differentiation, immune modulation, remodeling and microbial activity (Bolta, 2007; Vendramin et al., 2010).
However for this process to happen in all its phases, it is important the participation of an agonist agent at the
time of platelet activation (Jain, 1993).

Platelet activation is to modify the format of the projection of the platelets to release their inside contents (Reece
et al., 2006). Inside the platelets there are three types of storage compartments that are o granule, dense and
lissosomais, and most of the substances found are stored in o granule. The granules secrete biological mediators
after platelet activation and the liberated elements are thrombin, thromboxane AZ? adenosine diphosphate,
thromboplastin, coagulation factors, calcium, serotonin, histamine, von Willebrand factor, fibrinogen, and
catecholamines, being the growth factor a greater substance in the production of platelet rich plasma is (GF)
(Bolta, 2007).

The growth factor production happens in several tissues and cells such as fibroblasts, macrophages, endothelial
cells, osteoblasts, and leukocytes, salivary and lacrimal glands. However, in the platelet studies are the subject of
most interest, because they are easy to obtain and incorporate other essential substances in the regeneration
process and tissue repair (Santos, 2007).

56



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 4;2017

One of the growth factors and most abundant found in o-platelet granules are growth factors derived from
platelets (PDGF), and growth factor beta transformer (TGFb) that have specific activities as angiogenesis,
mitogenesis and activation of macrophages (Camargo et al., 2002). Functions performed by these factors are
critical to body functioning, and angiogenesis becomes more important when it comes to surgical wound healing
and reduction of post-operative complications, especially tissue ischemia and necrosis (Clifford et al., 2001).

Platelet rich plasma is easy to produce and is inexpensive. However, in the past, its production was more
complicated, with high costs (Maia et al., 2009). Lemos et al. (2002), Macedo (2004), Barbosa et al. (2008)
developed other protocols to obtain platelet-rich plasma, using laboratory centrifuges to facilitate their
production. Currently many researches are carried out using this methodology with good results (Textor et al.,
2011; Pazzini et al., 2016Db).

According to Camargo et al. (2002), to obtain the platelet-rich plasma is initially done by centrifugation, which
can be performed in a single time or in two steps depending on the protocols used. Jameson (2007), Pazzini et al.
(2016b) describe a protocol double centrifuging, after the first centrifugation (1600 revolutions per minute (rpm)
for 10 minutes), red cells are discarded, then the plasma returns the centrifuge to second centrifugation (2000
revolutions per minute (rpm) for 10 minutes), resulting in the precipitation of platelets and very few erythrocytes
in the bottom of the tube. Subsequent to this process, an average of 80% of the top of the plasma corresponds to
the platelet-poor plasma (PPP), which is discarded, and observed the presence of platelet button bottom of the
vial, which is resuspended in the remainder of plasma to form the platelet-rich plasma (PRP) (Figure 3).

Figure 3. Images of platelet-rich plasma (PRP) procedure at the Veterinary Hospital Faculty of Agricultural and
Veterinary Sciences (FCAV) of UNESP, Jaboticabal Campus, 2015

Then, the platelets are activated by the degranulation process and thus releasing growth factors (Albuquerque et
al., 2008). Some protocols recommended platelet activation with addition of bovine thrombin, thromboplastin or
thrombin autogenous (Bolta, 2007), although others recommend calcium gluconate as a platelet activator
(Pazzini et al., 2016b). The use of such substances results in the formation of a gelatinous substance similar to a
thrombus called platelet gel (Bolta, 2007).

After its production is carried out the platelet count, it is essential that the count is greater than the whole blood,
to occur the proper release of growth factors in the region of its implementation (Pagliosa et al., 2007). The
count must provide platelet concentration greater than 1.000.000/uL, which can be performed on automatic
machine in hemocytometer or by indirect counts in blood smears (Lemos et al., 2002).

It is essential that the final product is appropriate; all stages of preparation are carried out with precision, from
the collection of blood to obtain the gel in order to avoid the occurrence of inadequate fragmentation of platelets
and early release of growth factors in the solution responsible for reducing the effectiveness of the product.
Platelet activation should be performed only at the time of application of the product, because after this process
the release of growth factors occurs immediately, about 10 minutes, and hour in the first 70% to 100% of them
have been released. Immediately after release of these factors, the product acquires a gelatinous consistency,
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which provides greater ease for application to the desired site (Albuquerque et al., 2008) Platelet concentrate can
also be applied directly on the wound or incision, without being in the form of gel (Jameson, 2007).

Platelet-rich plasma is regarded as an adjuvant product in the healing process of reconstructive surgery because
of its auxiliary potential in stimulating processes of new blood vessels (Pazzini et al., 2016a). However, other
authors report some contradictory results through the use of the product, and suggest that more experimental
studies need to be done in order to really demonstrate efficacy of the product, and also emphasize that more
research is needed in veterinary medicine because there are few experimental works related to the use of PRP
(Garcia, 2005).

7. Conclusions

Researches on platelet-rich plasma used in reconstructive surgery are important because this product has
therapeutic characteristics to promote healing. When it’s used in skin grafts, platelet-rich plasma is able to
improve graft integration in the recipient bed, and reduce necrosis after the surgical procedure. The use of
postoperative surgical sponges associated with platelet-rich plasma is indicated to improve the healing of the
graft and to avoid its displacement of the recipient bed.
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