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The Feasibility of Platelet-Rich Fibrin Matrix Filler in a 
Nude Mouse Model

INTRODUCTION
With aging, the face develops numerous wrinkles and can acquire 
deformities, such as soft-tissue deficits, due to trauma. Over the 
last 30 years, facial rejuvenation for the correction of facial wrinkles 
or small deficits has developed dramatically from the treatment of 
superficial rhytides, focusing on methods of revolumization. These 
developments stem from a comprehensive understanding of the 
changes in the bone and soft tissue that can occur in an aging face. 

Recently, with increasing interest in beauty, a number of research-
ers have been performing wrinkle or facial correction using low-
cost, simple procedures with rapid recovery times. Due to these 
trends, various types of filler are being researched and developed, 
and the range of procedures in which they are applied is becoming 
broader. Over the last several years, injectable fillers have become 
essential in cosmetic therapy. These advances are ongoing, and we 
are coming closer to finding an ideal product that is durable, per-
manent, and well tolerated. In addition, such fillers could provide 
subtle, natural, and potentially reversible outcomes.
 Dermal stimulation and augmentation are fundamental facial 
treatments in the field of cosmetics, and they are being used in-
creasingly often. These treatments initially use bioresorbable sub-
stances, such as hyaluronic acid [1]. Many exogenous fillers show 
volume augmentation while maintaining a fibrotic response at the 
dermal level [2]. However, despite the biodegradability of the sub-
stances, exogenous injections may show obvious adverse effects. 
These include transient effects, such as persistent erythema, swell-
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ing, encapsulation, and granuloma formation, as well as chronic or 
delayed infections [3-6]. For this reason, doctors have been search-
ing for autologous sources for soft tissue augmentation. Autologous 
platelets are an excellent source of growth factors due to their bio-
logical properties and endogenous origin. They are currently the 
main source of growth factors that promote wound healing. Nu-
merous studies have shown that platelet-rich plasma (PRP) pro-
moted early wound healing [7-9] and was effective at enhancing 
the treatment of diabetic ulcers [10]. PRP is a desirable autologous 
source to promote soft-tissue deposition in areas of depletion, and 
it is often used in oral, maxillofacial, and plastic surgery proce-
dures. As a natural reservoir of growth factors, PRP can be used to 
facilitate the synthesis of collagen in fibroblasts, keratinocyte prolif-
eration, and hyaluronic acid generation, thereby increasing dermal 
elasticity and producing a positive effect on facial rejuvenation 
[11,12]. Because platelet-rich fibrin matrix (PRFM) filler is isolated 
from autologous blood, it is safe from immune rejection, but many 
conflicting opinions exist about its long-term use. Thus, in this 
study, Thrombo, Push-Man, and Air-Man kits (Melsmon, Seong-
nam, Korea) were used to prepare PRFM. An animal experiment 
was conducted using nude mice to examine the efficacy of PRFM 
filler containing autologous plasma on soft tissue augmentation 
and volume maintenance.

METHODS

Materials
Twenty nude mice weighing 200 to 300 g were raised by a breeder 
at a constant temperature and humidity. Hyaluronic acid filler (Re-
stylane®; Q-Med, Uppsala, Sweden), PRFM filler from autologous 
plasma, fibrin glue (Tissel®; Baxter AG, Vienna, Austria), and phys-

iological saline were used. Four locations on the back of the 2 nude 
mice were prepared and injected with 1 mL of each of the 4 fillers: 
normal saline (location A), fibrin glue (location B), hyaluronic acid 
filler (location C), and PRFM (location D).

Methods
Fabrication of PRFM filler
Thrombo, Push-Man, and Air-Man kits were used to prepare PRFM 
filler before injection. To prevent coagulation, 2 mL of heparin was 
added to 8 mL of blood in a 10-mL syringe, and the 10-mL hepa-
rin-blood mixture was injected into the Thrombo kit. Before cen-
trifugation, the Thrombo kit was weighed to prepare another Throm-
bo kit containing saline with the same weight, and the 2 tubes were 
placed in opposite positions in the centrifuge (Fig. 1). After centrif-
ugation for 6 minutes at 2,000 g, the Thrombo kit was removed 
and inserted into the Push-Man kit. The centrifuged blood con-
tained platelet-deficient plasma, buffy coat, and erythrocyte layers. 
The platelet-deficient plasma and buffy coat layers were then trans-
ferred to a 1-mL syringe using the Push-Man kit to prepare PRP. 
Subsequently, the PRP was heated at 91°C using the Air-Man kit 
for 10 minutes and then cooled at 4°C for 5 minutes for solidifica-
tion. The solidified PRP was stored at a consistent temperature of 
4°C until use.

Injection of PRFM filler
The 20 mice were divided into groups of 2, and 2 injection sites 
were drawn on the back of each mouse for a total of 40 injection. 
Normal saline, fibrin glue, hyaluronic acid filler, and PRFM filler 
were injected into each site. Anesthesia was maintained with xyla-
zine HCl (Rompun®, Bayer Korea Ltd., Seoul, Korea) (10 mg/kg) 
and ketamine HCl (Huons ketamine-HCl®; Huons, Seongnam, 

Fig. 1. Gross photograph of the platelet-rich fibrin matrix (PRFM) filler system. The PRFM filler system was composed of (A) a Thrombo kit 
(Melsmon, Seongnam, Korea), (B) Push-Man kit (Melsmon), and an (C) Air-Man kit (Melsmon).
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Korea) (100 mg/kg) via an intra-abdominal injection. With the 
mice in the prone position, the abdominal region was disinfected 
with betadine and alcohol, and a 30-gauge syringe was used to in-
tradermally inject the prepared fillers evenly into the 20 mice, such 
that all 4 fillers were injected into a group of 2 mice (Fig. 2). All fill-
ers were stored in a refrigerator until injection, and the nude mice 
were housed at room temperature. To prevent infection, the injec-
tion sites were dressed daily until postoperative day 7, but antibiot-
ics were not used. The tissues surrounding the injection site were 
isolated at 4 and 8 weeks after filler injection.

Assessment
Volumetry
The volume of the injected filler was measured using the volumet-
ric taping bowl method and magnetic resonance imaging (MRI) 
(3.0 Tesla System; GE Healthcare, Milwaukee, WI, USA) under in-
tra-abdominal anesthesia on the day of the experiment and at weeks 
2, 4, and 8 after the experiment. The measurements using the tap-
ing bowl method were performed by 3 different doctors, 3 times 
each, using an identical method. Hence, a total of 9 measurements 
were obtained and averaged. The average of the first set of measure-
ments of residual filler volume using the volumetric taping bowl 
method and the second set of measurements of residual filler vol-
ume using the MRI system was used as the final residual filler vol-
ume. 

Volumetry using a volumetric taping bowl
The margins of the fillers injected into the soft tissues were identi-
fied, and taping was performed precisely using 8 tapes (length, 1 

cm; width, 0.5 cm) per measurement area to make a volumetric 
taping bowl. The tapes were removed to create a volumetric taping 
bowl corresponding to the volume of the residual filler. Normal sa-
line was micropipetted into the volumetric taping bowl to measure 
the exact volume of the residual filler (Fig. 3).

Volumetry using MRI 
After measuring the volume using a volumetric taping bowl, MRI 
of the filler injection site was performed. The MRI images were 
then converted into 3-dimensional images using the volume ren-
dering program of the Advanced Workstation Volume Share Ver-
sion 4.5 System (GE Healthcare), which was then used to quantify 
the volume with the volume measuring tool (Fig. 4).

Histological assessment
Residual fillers and the surrounding capsule were extracted from 
the 20 nude mice at postoperative weeks 4 and 8 and were fixed 
with 10% neutral formalin to acquire 20 tissue samples. After being 
embedded in paraffin, tissue slices were made and stained with he-
matoxylin and eosin and Masson trichrome. The stained slices were 
then observed under a light microscope (Nikon ECLIPSE 80i; Nikon 
Corporation, Tokyo, Japan) to assess the inflammatory response, 
reactions with the surrounding tissue, and new collagen fiber for-
mation. Filler absorption was examined and compared based on 
the density and compactness of the tissue at high magnification.

Fig. 2. Gross photograph of the intradermal filler injection. (A) Four 
types of filler were injected in each mouse intradermally. (B) Gross 
photograph of the injection area after the procedure.

A B
Fig. 3. Procedure for making a volumetric taping bowl. (A) Pliable, 
sticky medical tape was used to make a volumetric taping bowl, and 
the volume of the residual filler was closely related to the size of the 
bowl. (B) The residual volume of the filler was evaluated 4 times 
over the course of 8 weeks. The volume of saline in the bowl was ex-
amined using a syringe and a micropipette.

A B
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Statistical analysis
All measured data were statistically analyzed using SPSS version 
16.0 (SPSS Inc., Chicago, IL, USA). The residual filler volume among 
the groups was compared using the Kruskal-Wallis test. Post-hoc 
tests of the average of each group’s residual volume were performed 
using Dunn multiple comparison. P-values<0.05 were considered 
to indicate statistical significance.

RESULTS
All nude mice survived the study period. Leakage or migration of 
injected filler material and inflammation were not observed in any 
of the mice.

Gross findings
Inflammatory findings, such as flare-ups or edema in the injection 
sites, and filler migration were not observed throughout the 8-week 
study. The hyaluronic acid and PRFM fillers, which were relatively 

solid, formed regular nodules upon injection, whereas the normal 
saline and fibrin glue, which were in liquid form, created broader 
nodules than the solidified materials. Furthermore, the hyaluronic 
acid fillers were more easily manipulated to achieve the desired shape 
than the PRFM fillers, but these 2 types of filler did not differ in 
their effects on the augmentation of soft tissues at the injection site.

Volumetry
Volumes were measured 4 times over the course of 8 weeks: on the 
day of injection and at weeks 2, 4, and 8 after the experiment. At 
week 2, the residual volumes compared to the initial injection vol-
umes were 10.50% (0.105 mL) for normal saline, 20.50% (0.205 
mL) for fibrin glue, 70.31% (0.703 mL) for the PRFM filler, and 
82.00% (0.820 mL) for the hyaluronic acid filler. This result indi-
cates that the normal saline and fibrin glue were mostly absorbed, 
whereas much of the initial injection volume was maintained for 
the PRFM and hyaluronic acid fillers, with only a small amount 
absorbed. At week 4, normal saline and fibrin glue showed a marked 

A AB

C AD

Fig. 4. Three-dimensional reconstructed image of the filler injection area obtained using magnetic resonance imaging at 4 weeks after the in-
jection of 4 types of filler. (A) Normal saline, (B) fibrin glue, (C) hyaluronic acid filler, and (D) platelet-rich fibrin matrix filler. 
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Table 1. Residual volume changes of the 4 types of filler

Group
Period

2 weeks (mL) 4 weeks (mL) 8 weeks (mL)

Aa)

   Vbowl 0.1070 ± 0.0002 0.0210 ± 0.0001 0.0000 

   VMRI 0.1030 0.0190 0.0000 

   Vavg 0.1050 0.0200 0.0000 

Bb)

   Vbowl 0.2090 ± 0.0001 0.0940 ± 0.0001 0.0300 ± 0.0004

   VMRI 0.2010 0.0860 0.0200 

   Vavg 0.2050 0.0900 0.0250 

Cc)

   Vbowl 0.8230 ± 0.0001 0.3540 ± 0.0002 0.1764 ± 0.0001

   VMRI 0.8170 0.3460 0.1702 

   Vavg 0.8200 0.3500 0.1733 

Dd)

   Vbowl 0.7067 ± 0.0001 0.2700 ± 0.0003 0.1472 ± 0.0001

   VMRI 0.6995 0.2650 0.1402 

   Vavg 0.7031 0.2675 0.1437 

V, volume; MRI, magnetic resonance imaging; avg., average.
a)Normal saline.
b)Fibrin glue.
c)Hyaluronic acid filler.
d)Platelet-rich fibrin matrix filler.

Fig. 5. Residual volume graph of the 4 types of filler. The remaining 
volumes of the hyaluronic acid and platelet-rich fibrin matrix (PRFM) 
fillers were higher than those of normal saline and fibrin glue at 4 
and 8 weeks after the experiment. Compared with the hyaluronic 
acid filler, the PRFM filler did not show a significant difference in soft 
tissue filling capacity or durability at 2, 4, or 8 weeks after the proce-
dure (P<0.05). PRP, platelet-rich plasma; OP, operative; POD, post-
operative day; wk, weeks.
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decrease in volume, with residual volumes of 2.00% (0.020 mL) 
and 9.00% (0.090 mL), respectively. In contrast, the PRFM and hy-
aluronic acid fillers were relatively well maintained, with residual 
volumes of 26.75% (0.267 mL) and 35.00% (0.350 mL), respective-
ly. At week 8, the normal saline had been completely absorbed, and 
2.50% (0.025 mL) of fibrin glue remained; the PRFM and hyaluron-
ic acid fillers were relatively well maintained, with volumes of 14.37% 
(0.143 mL) and 17.33% (0.173 mL), respectively. No statistically 
significant differences were found in the volumes of hyaluronic 
acid and PRFM fillers at any of the 4 different measurement points 
throughout the 8 weeks of the study period (P<0.05) (Fig. 5 and 
Table 1).

Histological findings
Inflammatory cell count
To examine the extent of the inflammatory reaction after filler in-
jection, areas with a high density of inflammatory cells were ran-
domly chosen and polymorphonuclear leukocytes and monocytes 
were counted under ×400 magnification. Acute inflammatory re-
sponses were observed early after injection in all 4 areas, with no 
statistically significant differences among the groups. However, most 
inflammatory responses had subsided by week 8 after the injection. 

Filler absorption rate
To measure the filler absorption rate, tissue slides were examined 
at high magnification at 4 and 8 weeks after filler injection. The 
normal saline was absorbed fastest at 4 weeks, and the fibrin glue 
was mostly absorbed at 8 weeks. The hyaluronic acid filler was slow-
ly absorbed over time (Fig. 6). Compared to the hyaluronic acid 
filler, the PRFM filler using autologous plasma showed a marginal-

ly higher but similar absorption rate. Based on the amount of the 
remaining filler at 8 weeks, the PRFM filler showed the same vol-
ume maintenance as hyaluronic acid (Fig. 7).

DISCUSSION
Various minimally invasive plastic surgery procedures are being 
performed using filler not only to remove aging-related wrinkles, 
but also for skin rejuvenation and in other procedures for aesthetic 
purposes [3]. Ongoing efforts have been made to determine the 
ideal filler for the correction of facial deformities, such as soft-tis-
sue deficits, but there is still no substance that lasts permanently 
without adverse effects.
 Recently, substances that are highly compatible with human tis-
sues have been produced; one example is Restylane®, which is a 
filler made up of hyaluronic acid. However, the greatest shortcom-
ing of these synthetic fillers is that they are recognized as a foreign 
substance by the body, which can cause immune rejection or a gran-
ulomatous response. Several studies have reported that these fillers 
were biocompatible, but other studies have shown a risk of adverse 
reactions [3-6]. Moreover, when the area to be corrected is wider, a 
large amount of filler is required, and this presents limitations due 
to cost. To overcome the limitations of synthetic fillers, autologous 
tissue can be used to correct deficits, but graft surgery using autol-
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Fig. 6. Microphotographs at 4 weeks after the injection of 4 types of filler (hematoxylin and eosin stain [H&E], ×200). (A) Normal saline, (B) fi-
brin glue, (C) hyaluronic acid filler, and (D) platelet-rich fibrin matrix (PRFM) filler. Normal saline and fibrin glue formed a loose, tidy filler ma-
terial network between normal tissues. In contrast, the hyaluronic acid and PRFM fillers formed a denser, compact filler material network. 

ogous tissue can cause complications, such as scarring, pain, and 
bleeding at the donor site. Therefore, PRFM filler from autologous 
plasma was used to achieve effective soft tissue augmentation with-
out any hypersensitivity reaction while minimizing complications 
at the donor site.
 Autologous platelets are an excellent source of growth factors 
due to their biological properties and endogenous origin, and they 
are the main source of growth factors that promote wound healing. 
Several studies have reported that PRP not only promoted early 
wound healing [7,8], but also aided in the healing of diabetic ulcers 
[10].
 In addition to the widespread use of PRP to promote wound 
healing, important clinical evidence can be observed in other areas 
of medicine. In addition to pathological issues, PRP is now also be-
ing successfully used for cosmetic purposes. The more substantial 
concentration of platelets compared with normal blood provides a 
unique source of growth factors. When PRP is injected into the 

target tissue in the dermis or subcutaneous layer, the platelets have 
an endogenous effect mediated by coagulation factors. Their acti-
vation causes significant degradation of the platelets, which in turn 
stimulates a chain of growth factors, such as platelet-derived growth 
factor, insulin-like growth factor, epidermal growth factor, and trans-
forming growth factor beta. Activated platelets secrete numerous 
proteins, including adhesive glycoproteins such as fibrin, fibronec-
tin, and vitronectin. Following subcutaneous injection, these pro-
teins and growth factors interact with basal cells in the subcutane-
ous tissue, including fibroblasts, endothelial cells, and subcutane-
ous stem cells. After binding to specific cellular receptors, the gly-
coproteins and growth factors stimulate the production of extracel-
lular matrix proteins, as well as the intracellular processes of cell 
proliferation, migration, and survival, and all these processes con-
tribute to tissue rejuvenation [13].
 We fabricated PRFM using Thrombo, Push-Man, and Air-Man 
kits. These kits are used for various orthopedic, vascular, and oral 
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Fig. 7. Microphotographs at 8 weeks after injection of the 4 types of filler (hematoxylin and eosin stain [H&E], ×200). (A) Normal saline, (B) fi-
brin glue, (C) hyaluronic acid filler, and (D) platelet-rich fibrin matrix (PRFM) filler. The normal saline had been absorbed completely, whereas 
a little fibrin glue remained. An abundant amount of the hyaluronic acid and PRFM fillers was observed.

and maxillofacial surgical procedures. In each field, PRFM promotes 
the healing process through angiogenesis in association with tissue-
appropriate cellular proliferation. The regeneration of both bone 
and soft tissue has been confirmed from in vitro and in vivo exper-
iments. The topical application of PRFM is excellent for the treat-
ment of refractory venous leg ulcers [14], and its clinical use in fa-
cial plastic surgery has shown outstanding outcomes in various 
studies [15,16]. PRFM not only contains various growth factors, 
but also produces no adverse effects, such as immune rejection. It 
does not have limitations in terms of economic accessibility, even 
for extensive corrections, and can be used effectively both for the 
soft tissue augmentation of facial deficits and for general filler appli-
cations, such as wrinkle correction [17,18]. Therefore, since PRFM 
is effective at restoring deficits, and the growth factors also stimu-
late regeneration by inducing proliferation of the surrounding skin, 
PRFM could enhance skin elasticity and correct shallow wrinkles. 
However, previous studies have reported conflicting opinions about 

the durability of PRFM filler compared with hyaluronic acid filler. 
Other studies were limited by only applying the treatment to pa-
tients in clinical settings. In the present study, we conducted an ex-
periment involving nude mice to verify the efficacy of PRFM filler 
on soft tissue augmentation and volume maintenance.
 During the 8-week study period, we observed pattern changes 
in nodules where 4 fillers had been injected. No signs of infection 
were noted, but histological observations showed an early inflam-
matory response for all 4 fillers; however, the acute inflammatory 
response was no longer present at 8 weeks. Compared with normal 
saline and fibrin glue, the hyaluronic acid and PRFM fillers showed 
better nodule formation and a more desirable change in shape for 
soft tissue augmentation. Volumetry was used to analyze the dura-
tion of the maintenance of the soft tissue augmentation effect. A 
superior augmentation effect was observed for the PRFM filler 
compared with fibrin glue and normal saline, and this effect was 
maintained significantly throughout the study period. Compared 
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with the hyaluronic acid filler Restylane®, which is currently used 
ubiquitously, PRFM filler showed a slightly higher absorption rate, 
but no difference was noted in the soft tissue augmentation effect 
or volume maintenance. Nevertheless, the 8-week duration is a 
limitation of this study, since fillers are used in contexts that require 
long-term durability. To overcome this limitation, a 6 to 12-month long-
term study and clinical trials are required. PRFM filler from autol-
ogous plasma is made up of the patient’s own blood, which means 
that it produces no immune rejection. It has few economic limita-
tions for extensive correction, contains various growth factors that 
enhance skin regeneration, and is effective at improving skin elas-
ticity and correcting wrinkles [3,14-18].
 In conclusion, the PRFM filler showed no statistically significant 
difference from the hyaluronic acid filler that is in current use in 
terms of durability during the 2-month study period, and its soft 
tissue augmentation effects were also the same. Therefore, PRFM 
filler using autologous plasma may be a good soft tissue filler for 
correcting facial deficits.

PATIENT CONSENT
Patients provided written consent for the use of their images.
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