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Abstract

Case Report

Introduction

Over the last decade, the use of autologous blood concentrates 
has gained importance in different medical fields.[1] The main 
concept is based on the centrifugation of the peripheral blood to 
concentrate its components that are important for regeneration 
such as platelets, leukocytes, and plasma proteins.[2] Activated 
platelets release a series of growth factors  (platelet‑derived 
growth factors) that are involved in different cascades of 
angiogenesis, regeneration, and wound healing.[3] Blood 
concentrates, as reservoirs of growth factors, are widely 
used to promote wound healing and enhance regeneration 
in the bone and soft tissue.[4] The first generation of platelet 
concentrates, platelet‑rich plasma  (PRP), mainly includes 
platelets and plasma proteins. Its preparation procedure 
consists of two‑step centrifugation and requires the addition 
of external anticoagulants. In addition, xenogeneic thrombin 
or calcium ions are added to PRP to activate platelets to 
release growth factors.[5] The use of external chemicals 

and activation factors may enhance the contamination risk 
and make the use of PRP in clinical routine an elaborate 
procedure. The further development of platelet concentrates 
led to the introduction of platelet‑rich fibrin (PRF), which is 
a fully autologous system. PRF is obtained through one‑step 
centrifugation without any anticoagulants.[6] In addition to 
fibrin, platelets, and plasma proteins, PRF includes a high 
number of leukocytes.[7] Depending on the blood collection 
tube and the centrifugation protocol, it is possible to generate 
either a solid or a liquid PRF matrix without anticoagulants. In 
terms of solid PRF, platelets interact with the glass surface of 
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the tube and activate their coagulation during the centrifugation 
procedure.[2,6] Immediately after centrifugation, the resulting 
solid PRF matrix consists of a fibrin scaffold with entrapped 
platelets, leukocytes, plasma proteins, and growth factors. The 
liquid PRF is generated using a blood collection tube with a 
plastic surface that enables the generation of a liquid PRF 
matrix without the use of external anticoagulants. At room 
temperature, the resultant liquid PRF preserves its liquid 
condition for approximately 15–30 min and forms a fibrin 
clot thereafter.[8]

Extensive research aiming to understand the effects that 
centrifugation has on the components and bioactivity of 
PRF introduced the so‑called low‑speed centrifugation 
concept (LSCC).[2] This concept states that reducing the applied 
relative centrifugation force (RCF) during the centrifugation of 
PRF matrices significantly enhances the platelet and leukocyte 
number in the resultant PRF matrix. In addition, PRF matrices 
that are prepared using a low RCF release significantly 
higher concentrations of key growth factors such as vascular 
endothelial growth factor  (VEGF), epidermal growth 
factor (EGF), and platelet‑derived growth factor (PDGF‑BB), 
compared to matrices prepared with a high RCF.[2,8‑10]

This case report presents the use of liquid PRF, prepared 
according to LSCC, for treating wound healing disorders, 
i.e., by a purulent and granulomatous dermal and subdermal 
skin infection associated with complications after hyaluronic 
acid (HA) treatment in the face for esthetic reasons.

Case Report

The subject is a 63‑year‑old  otherwise healthy female who 
sought HA treatment for skin augmentation of the temporal 
head region and the periorbital regions. Two weeks after 
HA injection, a purulent and granulomatous dermal and 
subdermal skin infection occurred in both temporal regions 
of the head. The granulomatous parts were incised, and 
purulent tissue was emptied. This process was repeated for 
6 weeks, with initial antibiotic therapy (Cefuroxime 500 mg; 
1‑0‑1), which was confirmed by an antibiogram and continued 
for 2 weeks. The skin of the patient showed many signs of 
dermal and subdermal scars and visible skin defects due to the 
aforementioned therapy [Figure 1a and a’]. Thereafter, liquid 
PRF was used to support wound healing and prevent further 
scar formation. The patient accepted the offered attempt of 
healing using liquid PRF as a minimally invasive treatment 
option and gave written informed consent for her treatment. 
In total, the patient received six treatment sessions. For each 
treatment session, 20 ml of peripheral blood (2 tubes of 10 ml; 
orange tubes PROCESS for PRF; NIS, France) was used for 
the PRF preparation as previously published.[2] The tubes were 
immediately placed in a preprogramed centrifuge with a fixed 
angle and a radius of 10  cm  (DUO centrifuge, PROCESS 
for PRF, NIS, France) and were centrifuged according to a 
previously published protocol (600 rpm, 47 g, 8 min). After 
centrifugation, the liquid PRF was collected using a 5 cc 
syringe with 18‑gauge × 2” needle [Figure 2a and b]. For each 

temporal side, 2 ml of liquid PRF was injected subdermally 
using a syringe with a 25‑gauge × 1.5” needle [Figure 2c], 
while 1 ml was used intradermally by a 30‑gauge × 0.5” needle 
within the previously infected area [Figure 2d]. The treatment 
was repeated every 4 weeks until the wound completely healed 
and then every 3 months for 1 year. The case was documented 
at the 2‑year follow‑up.

After the second session with liquid PRF injection, the signs 
of inflammation, i.e., swelling and redness, were significantly 
decreased compared to baseline [Figure 1a and a’]. According 
to the patient, the perceived pain was substantially reduced 
after the injection of liquid PRF. Subsequently, skin and 
soft‑tissue regeneration associated with visibly reduced 
scars on both sides of the temporal region was achieved after 
4 months, i.e., 4 injections. At this time point, the structure 
and color of the regenerated skin were already similar to 
those of the surrounding skin. The area of treatment had 
only a decedent superficial scar without obvious fibrous 
tissue [Figure 1b and b’]. After 2 years, the patient endorsed 
total satisfaction with the esthetic and functional results 
based on her subjective evaluation of the treatment success 
[Figure 1c and c’].

Discussion

In esthetic medicine, different filler materials are used for 
superficial and deep soft‑tissue augmentation.[11] Natural 
filling materials include collagen and HA. These materials 
are combined either with biologically degradable components 
such as poly‑L‑lactic as a resorbable material or with 
synthetic particles such as silicone or acrylates for long‑term 
augmentation.[12] Further, HA is one of the most frequently used 
materials for soft‑tissue augmentation in different regions of 
the face and head.[11] Its chemical structure, a polysaccharide 
consisting of D‑glucuronic acid and D‑N‑acetylglucosamine 
disaccharide units, allows the polypeptide to bind to water 
and enhance skin hydration.[12,13] HA is mainly derived 
from animals or synthesized using bacteria to mimic the 
HA structure that naturally exists within the dermis.[14] The 

Figure 1: a-c Stages of wound healing and skin regeneration
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injection of HA is usually a safe procedure.[15] However, some 
local complications have been reported in the literature. In 
addition to inflammation and a possible allergic or immune 
response, skin necrosis due to vascular occlusion is the most 
serious complication following HA injection.[16] This case 
report presents a case of purulent granulomatous skin infection 
after injection of HA combined with silicone particles. This 
reaction may have occurred due to the impurity of the silicone 
particles or as a foreign body reaction in response to these 
particles. The classic treatment for this complication is a series 
of surgical interventions to remove the granulomatous area 
and allow wound healing, as performed in this patient before 
starting the PRF injection therapy. This invasive treatment is 
an additional burden for the patient and is accompanied by a 
risk of further wound healing dysfunction as a complication of 
each surgical treatment and of scar formation. The treatment 
option presented in this study (i.e., liquid PRF injection) is a 
minimally invasive alternative that includes a fully autologous 
system to regenerate the subdermal and dermal tissue. The 
here presented protocol of intervals was chosen to support 
the regeneration process during wound healing additionally 
to reduction of scar formation process. Therefore, in the first 
phase, PRF was injected every 4 weeks to allow a sufficient 
regeneration process. The re‑application was used to boost the 
wound with the bioactive PRF components. After complete 
wound healing, PRF was used as a natural “filler” in terms of 
the included fibrin and a bioactive material to further reduce 
scar formation. In this case, the injection interval was set to 
every 3 months for 1 year.

Liquid PRF, which was prepared according to LSCC, is a 
concentrate of platelets, leukocytes, and their growth factors 
in a liquid fibrinogen‑based matrix.[8] These components are 
greatly needed for wound healing. Recent studies have shown 
the capacity of liquid PRF to release high concentrations 
of PDGFs  (PDGF‑BB, PDGF‑AB, and PDGF‑AA), EGF, 
VEGF, and transforming growth factor‑β1 over 10 days.[2,10,17] 
These growth factors are the main contributors to wound 
healing, especially in angiogenesis and epithelialization.[18,19] 
In vitro studies showed that the application of liquid PRF on 
human fibroblast significantly enhances their proliferation 

and activation.[20] In addition, the combination of liquid 
PRF with endothelial cells in vitro resulted in the formation 
of a significantly higher number of vessel‑like structures 
compared to the untreated endothelial cells.[10] Moreover, an 
in vivo study showed that optimized PRF matrices prepared 
according to LSCC provide significantly higher vascularization 
than do PRF matrices that are prepared using a high RCF.[21] 
Therefore, liquid PRF can serve as an autologous source of 
growth factors that triggers cell‑mediated vascularization and 
supports regeneration. However, no data were found on the 
use of liquid PRF in functional esthetic treatment. Therefore, 
this case report presents, for the first time, the use of liquid 
PRF for treating purulent granulomatous infections of the skin.

Physiological wound healing passes through three different 
phases: inflammation, proliferation, and regeneration.[22] 
Platelets, leukocytes, and their signaling molecules are the 
main contributors to the inflammation phase.[23] After these 
cells accumulate, they release signaling molecules to trigger 
additional cells involved in regeneration such as fibroblasts and 
endothelial cells.[23] However, the microenvironment in chronic 
wounds differs from physiologically healing wounds.[24] 
Chronic wounds primarily lack vascularization.[25] In the present 
case, the microenvironment of the wound healing disorder was 
influenced by injecting liquid PRF as a boost of cells and 
growth factors. This bioactive material (i.e., liquid PRF) may 
have led to changes in the inflammatory disequilibrium of the 
affected area and supported vascularization that led to healing 
and recovery. In addition, the release of EGF in liquid PRF 
supports the process of epithelialization, so wound closure is 
achieved without obvious scar formation or fibrosis.[26,27] A 
systematic review reported the use of solid PRF in plastic and 
reconstructive surgery. Four studies that included 116 patients 
used solid PRF as a wound dressing. Complete healing was 
achieved in 106 of the evaluated cases.[28] The use of this 
autologous system avoids the risk of an immune response 
or foreign body reactions. Our case report shows that this 
minimally invasive technique is a potential tool for esthetic 
medicine and skin regeneration. However, further controlled 
clinical studies are needed to elucidate the benefit of liquid 
PRF as an alternative material for different indications of skin 
regeneration.
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Figure 2: (a) Liquid PRF immediately after centrifugation. (b) Separation of 
liquid PRF from the red phase using a syringe and with a needle (18 gauge). (c) 
Syringe and needle (25 gauge) used for the intradermal injection. (d) Needle 
and syringe used for intradermal injection (30 gauge)

a b c d

[Downloaded free from http://www.cellsindentistry.org on Sunday, January 12, 2020, IP: 10.232.74.22]



Ghanaati, et al.: Platelet‑rich fibrin for skin regeneration contributors

International Journal of Growth Factors and Stem Cells in Dentistry  ¦  Volume 1  ¦  Issue 2  ¦  May-August 2018 77

References
1.	 Simonpieri  A, Del Corso  M, Vervelle  A, Jimbo  R, Inchingolo  F, 

Sammartino G, et al. Current knowledge and perspectives for the use 
of platelet‑rich plasma (PRP) and platelet‑rich fibrin (PRF) in oral and 
maxillofacial surgery part  2: Bone graft, implant and reconstructive 
surgery. Curr Pharm Biotechnol 2012;13:1231‑56.

2.	 Choukroun  J, Ghanaati  S. Reduction of relative centrifugation force 
within injectable platelet‑rich‑fibrin  (PRF) concentrates advances 
patients’ own inflammatory cells, platelets and growth factors: The 
first introduction to the low speed centrifugation concept. Eur J Trauma 
Emerg Surg 2018;44:87‑95.

3.	 Rowe SL, Lee S, Stegemann  JP. Influence of thrombin concentration 
on the mechanical and morphological properties of cell‑seeded fibrin 
hydrogels. Acta Biomater 2007;3:59‑67.

4.	 Eppley  BL, Pietrzak  WS, Blanton  M. Platelet‑rich plasma: A  review 
of biology and applications in plastic surgery. Plast Reconstr Surg 
2006;118:147e‑59e.

5.	 Textor  J. Platelet‑Rich Plasma  (PRP) as a therapeutic agent: Platelet 
biology, growth factors and a review of the literature. In: Platelet‑Rich 
Plasma  –  Regenerative Medicine: Sports Medicine, Orthopedic, and 
Recovery of Musculoskeletal Injuries. Springer, Berlin, Heidelberg; 
2013. p. 61‑94.

6.	 Ghanaati S, Booms P, Orlowska A, Kubesch A, Lorenz J, Rutkowski J, 
et  al. Advanced platelet‑rich fibrin: A  new concept for cell‑based 
tissue engineering by means of inflammatory cells. J  Oral Implantol 
2014;40:679‑89.

7.	 Marenzi G, Riccitiello F, Tia M, di Lauro A, Sammartino G. Influence 
of leukocyte‑  and platelet‑rich fibrin  (L‑PRF) in the healing of 
simple postextraction sockets: A  split‑mouth study. Biomed Res Int 
2015;2015:369273.

8.	 Wend S, Kubesch A, Orlowska A, Al‑Maawi S, Zender N, Dias A, et al. 
Reduction of the relative centrifugal force influences cell number and 
growth factor release within injectable PRF‑based matrices. J Mater Sci 
Mater Med 2017;28:188.

9.	 El Bagdadi  K, Kubesch A, Yu  X, Al‑Maawi  S, Orlowska A, Dias A, 
et al. Reduction of relative centrifugal forces increases growth factor 
release within solid platelet‑rich‑fibrin  (PRF)‑based matrices: A proof 
of concept of LSCC (low speed centrifugation concept). Eur J Trauma 
Emerg Surg 2017. Doi: 10.1007/s00068-017-0785-7. 

10.	 Dohle E, El Bagdadi K, Sader R, Choukroun J, James Kirkpatrick C, 
Ghanaati  S, et  al. Platelet‑rich fibrin‑based matrices to improve 
angiogenesis in an in vitro co‑culture model for bone tissue engineering. 
J Tissue Eng Regen Med 2018;12:598‑610.

11.	 Prager W, Agsten K, Kravtsov M, Kerscher PM. Mid‑face volumization 
with hyaluronic acid: Injection technique and safety aspects from a 
controlled, randomized, double‑blind clinical study. J Drugs Dermatol 
2017;16:351‑7.

12.	 Saturnino  C, Sinicropi  MS, Parisi  OI, Iacopetta  D, Popolo  A, 
Marzocco S, et al. Acetylated hyaluronic acid: Enhanced bioavailability 
and biological studies. Biomed Res Int 2014;2014:921549.

13.	 Oe M, Mitsugi K, Odanaka W, Yoshida H, Matsuoka R, Seino S, et al. 
Dietary hyaluronic acid migrates into the skin of rats. Scientific World 
Journal 2014;2014:378024.

14.	 Liu L, Liu Y, Li J, Du G, Chen J. Microbial production of hyaluronic 
acid: Current state, challenges, and perspectives. Microb Cell Fact 
2011;10:99.

15.	 Laurino C, Palmieri B, Coacci A. Efficacy, safety, and tolerance of a 
new injection technique for high‑ and low‑molecular‑weight hyaluronic 
acid hybrid complexes. Eplasty 2015;15:e46.

16.	 Wang Q, Zhao Y, Li H, Li P, Wang J. Vascular complications after chin 
augmentation using hyaluronic acid. Aesthetic Plast Surg 2018;42:553‑9.

17.	 Miron RJ, Fujioka‑Kobayashi M, Hernandez M, Kandalam U, Zhang Y, 
Ghanaati S, et al. Injectable platelet rich fibrin (i‑PRF): Opportunities in 
regenerative dentistry? Clin Oral Investig 2017;21:2619‑27.

18.	 Johnson NR, Wang Y. Coacervate delivery of HB‑EGF accelerates healing 
of type 2 diabetic wounds. Wound Repair Regen 2015;23:591‑600.

19.	 Moens  S, Goveia  J, Stapor  PC, Cantelmo  AR, Carmeliet  P. The 
multifaceted activity of VEGF in angiogenesis  –  Implications for 
therapy responses. Cytokine Growth Factor Rev 2014;25:473‑82.

20.	 Wang X, Zhang Y, Choukroun  J, Ghanaati S, Miron RJ. Behavior of 
gingival fibroblasts on titanium implant surfaces in combination with 
either injectable‑PRF or PRP. Int J Mol Sci 2017;18. pii: E331.

21.	 Kubesch A, Barbeck M, Al‑Maawi S, Orlowska A, Booms PF, Sader RA, 
et  al. A  low‑speed centrifugation concept leads to cell accumulation 
and vascularization of solid platelet‑rich fibrin: An experimental study 
in vivo. Platelets 2018:1-12. Doi: 10.1080/09537104.2018.1445835. 

22.	 Nurden  AT. Platelets, inflammation and tissue regeneration. Thromb 
Haemost 2011;105 Suppl 1:S13‑33.

23.	 Gurtner GC, Werner S, Barrandon Y, Longaker MT. Wound repair and 
regeneration. Nature 2008;453:314‑21.

24.	 Soliman AM, Das S, Abd Ghafar N, Teoh SL. Role of microRNA in 
proliferation phase of wound healing. Front Genet 2018;9:38.

25.	 Cieslik‑Bielecka  A, Choukroun  J, Odin  G, Dohan Ehrenfest  DM. 
L‑PRP/L‑PRF in esthetic plastic surgery, regenerative medicine of the 
skin and chronic wounds. Curr Pharm Biotechnol 2012;13:1266‑77.

26.	 Hong JP, Kim YW, Lee SK, Kim SH, Min KH. The effect of continuous 
release of recombinant human epidermal growth factor  (Rh‑EGF) in 
chitosan film on full thickness excisional porcine wounds. Ann Plast 
Surg 2008;61:457‑62.

27.	 Forsberg S, Rollman O. Re‑epithelialization from human skin explant 
cultures is promoted by ligand‑activated HER3 receptor. J Dermatol Sci 
2010;59:7‑15.

28.	 Yu P, Zhai Z, Jin X, Yang X, Qi Z. Clinical application of platelet‑rich 
fibrin in plastic and reconstructive surgery: A  systematic review. 
Aesthetic Plast Surg 2018;42:511‑9.

[Downloaded free from http://www.cellsindentistry.org on Sunday, January 12, 2020, IP: 10.232.74.22]


