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From the University of Miami Miller School of Medicine, Surgery, Dr. Robert e. Marx Professor, we have also directly to the actual paper 

greeting card is listed. 20 years ago, since the recommendations of the platelet-rich plasma therapy, progressed target of care, it has now 

become, orthopedics, dermatology, helping millions of people in the field of orthopedic surgery. 

Its origin has received a message of what is felt to research Research  was very proud and there is no doubt in that it has evolved from the 

need in particular in the teeth, oral implant treatment.Think if, We are Prof. AinStein University that have been made in the United States 

1992 It inherited the theory when I went to LIVE course of RICHARD KRAUT. Learn from Prof RICHARD KRAUT that your Prof. Visiting 

and Study Group University of ROBERTE MARX, also has been the training process and invited in a number of meeting. MARX has come will 

actively disseminate information to launch start-up to and subsequent development to tissue regeneration BMP2 conference that your PRP 

Society.In countries around the world is Not a basis of the theory, to develop. Material is there along with the wide variety of devices in the 

current. Our Japan nephew also has been the activities organized the PRP Study Group of ISBB international blood regeneration clinical 

applications stem cell conference from around 2008.Has various names and effects in glamorous now, its origin is no doubt that PRP derived 

substances from the blood. Must recognize that is not particularly innovative. From the blood of 100 years ago theory existed that calmness 

and a scientific perspective you foresee. Not to end in a kind of epidemic, you need Domoto clinical evidence is missing. Toward the study of 

Japan we make better and PRP clinical purposes this kind of planning and we. Japan play new three and include any of these treatments, 

there are already irreversible situation. One of the Labor Congress can't see movement in the province at this time is very important. It 

consist in 1 practitioner group for medical development efforts were rewarded and understand the sense of mission and current activities such 

as competitions in Japan and Yuichi have pride. 
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Congratulatory Speech  
 

Professor of Surgery and Chief 

University of Miami Miller School of Medicine 

Division of Oral and Maxillofacial Surgery 

Robert E. Marx, DDS 

 

 
 
 

 

Greetings of the celebration 

From its humble beginnings twenty years ago, Platelet Rich Plasma has become a standard of care and has helped millions of 

people in the orthopedic, dermatology, and plastic surgery arena.  However, its origins were in dentistry and in no other area 

has it had such a profound beneficial impact thanks to many precise surgeons and dedicated researchers such as yourself.  

While I cannot attend to the conference, I congratulate the organizers and all the participants and wish you a successful 

meeting. 
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佐々木広告社は
このようなお客様の声にお応えします。

は
なお客様の声にお応えします

制作デザインも
できるの ? 料金は ?

どんな雑誌や新聞に
出せば効果があるの ?

どのように広告を出せば
よいのかわからない ?

今ある広告は内容がまったく良くない !
購買に結びつく広告がしたい !

広告デザインからメディア･ミックスまでトータルでサポート!

www.sasaki-ad.co.jpwww.sasaki-ad.co.jp

〒113-0021 東京都文京区本駒込 1-11-5  TEL03-3944-1991 FAX03-3944-1982  E-mail：info@sasaki-ad.co.jp











[ お問合せ･資料請求 ] 〒114-0002  東京都北区王子 2-26-2 ウェルネスオクデラビルズ３Ｆ
TEL：03-3919-5111　FAX：03-3919-5114　E-mail：okudera@carrot.ocn.ne.jp

インプラント関連インスツルメントインプラント関連インスツルメント
オクデラ式インプラントインスツルメントオクデラ式インプラントインスツルメント

より早く簡便に効果的

サイナスリフター 商品番号 #001

フェイスリフター 商品番号 #004粘膜骨膜剥離子 商品番号 #006

オステオクラッシャー 商品番号 #005

サージカルステント 商品番号 #007

品名／奥寺式 サイナスリフト インスツルメント
製造元：㈱ＹＤＭ

“これ 1本で行える万能サアイナスリフター”

スナイダー粘膜剥離子のHead 部は､初期剥離に容易な卵形で大きさは､
5mm･9mmとした｡Shank 部は､頬が影響されず､また洞内挿入が容易な
彎曲の 60°として､近心部すなわち鼻腔犬歯窩側と遠心部上顎結節部迄
挿入が容易な長さと角度とし､複雑なインスツルメントを応用しなくて
も万能な形態としました。
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与

ウィンド形成後追打 サイナスリスターを初期挿入

任意な方向に剥離 他症例の初期挿入

スナイダー膜と骨の間に挿入し剥離 任意な方向に挿入

＃１

＃２ ＃３

品名／奥寺式ペリオトームセット 製造元：㈱ＹＤＭ

歯根膜の歯槽空隙に挿入し､歯槽骨を破損させないように
歯根膜を断裂させながら歯牙を動揺させ､抜歯を行いその
後､抜歯窩にドリリング後インプラントを埋入します。
動揺抜歯のためのエレベーターである。

最初､近心スペースの歯根膜に挿入し､歯根膜を断裂後､
歯槽骨を破損しないようにエレベーター作用を行います。

また同様に遠心部にも挿入し､充分動揺が起きたら撤去します。

即時埋入用エレベータ－ 商品番号 #002 ボーンスプレッディングシステム 商品番号 #003

セーフティー･マルチ抜糸シザース
Ｎｅｗ

●刃先に丸みを付け､尖鋭剪刀より組織に優しい抜糸ができる
●片側鍵型にて､迅速･確実に糸を拾い･切断が可。( 切断後の糸も保持 )
●全長 15 ㎝で深部迄届く－●スリムな形状で狭い術野に挿入･使用可
●切断と除去を同時に併用でき時間短縮

製造元：㈱ＹＤＭ

品名／奥寺式歯槽骨拡大インプラント窩形成器
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品名／オクデラ式剥離子 4本組 製造元：㈱ＹＤＭ

癒着した粘膜や大きく粘膜を剥離するには､従来型では時間
と組織のダメージを支えます｡人間工学的立場が考案した
剥離子｡その形態をHead と Handle に分け､先端部は､鋭利
な刃をつけて蕾状とした｡Head は 60°のアングルを与え､
刃は左右につけ､容易な剥離が可能です｡
また､尖頭を蕾状の形態とした｡その材質は､硬質ステンレス
を用いました｡

中曲＃１　  中曲＃２　    大曲＃１　    大曲＃２

臨床例

切開後､剥離子挿入｡剥離が一気にスムーズに行える｡

粘膜癒着部も比較的容易でしかも挫滅傷になりにくい｡

粘膜骨膜下に骨補充材を間移入することにより歯槽
骨幅や高さの拡大を行い､インプラントの埋入と共に
フェイスリフトを行うものです｡ストレートの大小の
剥離子により､歯槽骨頂から口蓋･舌側の剥離を容易
に剥離し､骨面にフィットさせる形態です｡左右に分けられており操作が容易です。

品名／奥寺式　歯槽骨頂骨膜剥離子

小曲＃２

小曲＃１

中曲
大曲

医療用具許可番号 11BZ0131 号

ストレートにて揺離
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補充材を挿入

歯槽頂か舌側の
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品名／奥寺式　採取骨片粉砕器

自家骨応用のボーンオギメンテーションは安全で確実に骨造成ができる
と言われています｡オステオクラッシャーは小骨片を対象に骨粉砕を容易
にします｡GBRや GTRなど臨床の応用はⅡの幅を広げることができます｡

品名／奥寺式　ドリリング挿入ガイド

手術を迅速と的確に行える器材は､ 手術時間の延長に
絡む苦痛と創傷治癒と長期保存に関係すると思われる｡
初期のドリリングを的確に容易に行えるサージカル
ステント。

直径 5mm､高さ 5mm､
広口の漏斗状

製造元：㈱ＹＤＭ
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に障害なく操作が容易

口腔内でドリリング中

製造元：㈱シオダ医療用具許可番号 09BZ0011 号
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Abstract

Platelet-rich plasma (PRP) is widely used in regenerative medicine because of its high
concentrations of various growth factors and platelets. However, the distribution of
blood cell components has not been investigated in either PRP or other PRP
derivatives. In this study, we focused on plasma rich in growth factors (PRGF), a
PRP derivative, and analyzed the distributions of platelets and white blood cells
(WBCs). Peripheral blood samples were collected from healthy volunteers (N=14)
and centrifuged to prepare PRGF and PRP. Blood cells were counted using an
automated hematology analyzer. The effects of PRP and PRGF preparations on cell
proliferation were determined using human periosteal cells. In the PRGF
preparations, both red blood cells and WBCs were almost completely eliminated,
and platelets were concentrated by 2.84-fold, whereas in the PRP preparations, both
platelets and WBCs were similarly concentrated by 8.79- and 5.51-fold, respectively.
Platelet counts in the PRGF preparations were positively correlated with platelet
counts in the whole blood samples, while the platelet concentration rate was
negatively correlated with red blood cell counts in the whole blood samples. In
contrast, platelet counts and concentration rates in the PRP preparations were
significantly influenced by WBC counts in whole blood samples. The PRP
preparations, but not the PRGF preparations, significantly suppressed cell growth
at higher doses in vitro. Therefore, these results suggest that PRGF preparations
can clearly be distinguished from PRP preparations by both inclusion of WBCs and
dose-dependent stimulation of periosteal cell proliferation in vitro.

Introduction

Platelet-rich plasma (PRP) is a source of growth factors that
promote wound healing and tissue regeneration (Marx et al.
1998) and is widely used in a variety of fields involving regen-
erative therapy (Kawase 2015). In addition to platelet-derived
growth factors, PRP provides fibrinogen, which is converted
into insoluble fibrin fibers, to support cell adhesion and
control the delivery of growth factors (Kawase et al. 2003).
Furthermore, PRP provides anti-inflammatory factors and
anti-bacterial peptides to optimize the local environment by
suppressing inflammatory responses (El-Sharkawy et al.
2007; Cieslik-Bielecka et al. 2012b; Tohidnezhad et al. 2012;
Burnouf et al. 2013). Because the augmentation of inflamma-
tory responses delays or suppresses wound healing and tissue

regeneration, it is important to control acute inflammation to
induce the best performance of growth factors. Therefore, it
can be speculated that when a regenerative action is combined
with an anti-inflammatory action, these actions will exert
synergistic regenerative effects at sites of PRP application.
Along with platelets, high concentrations of white blood

cells (WBCs) are found in PRP preparations. WBCs are
known to release pro-inflammatory cytokines, such as
interleukin-6. The presence of WBCs in PRP preparations
may augment the inflammatory response at the application
sites (Anitua et al. 2015b). However, in various clinical and
preclinical animal studies (Burnouf et al. 2013; Mariani et al.
2014; McCarrel et al. 2014), PRP has frequently been observed
to suppress infection and inflammation. These data suggest
that PRP preparations possibly contain significant amounts

©2016 The Authors. Clinical and Experimental Dental Research published by John Wiley & Sons Ltd. 1
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of anti-inflammatory cytokines and anti-bacterial peptides
(Cieslik-Bielecka et al. 2012b; Tohidnezhad et al. 2012;
Burnouf et al. 2013) that control acute inflammation.
Choukroun (Cieslik-Bielecka et al. 2012a), a developer of
platelet-rich fibrin (PRF), has claimed that appropriate num-
bers of WBCs should be contained in PRP and its derivatives
to facilitate wound debridement. Based on his concept,
Choukroun recently improved PRF (Dohan et al., 2006) to
an advanced form (A-PRF) that is further enriched with
WBCs (Ghanaati et al. 2014). In contrast, based on his belief,
Anitua developed PRGF by eliminating WBCs from PRP
(Anitua et al. 2015a,2015b). To our knowledge, although
adverse events or complications have not yet been reported
for either derivative, the use of WBCs for healing and
regeneration remains controversial in clinical settings.

In this study, we examined the fractionation of WBCs and
platelets during PRGF preparations and compared these
characteristics with those of PRP preparations. To obtain the
maximum benefit from growth factors, it is usually thought
that platelets should be maximally concentrated; however, if
WBCs are simultaneously concentrated in the platelet
fraction, the positive effects of growth factors may be reduced.
To address this matter, we also examined the effects of PRGF
and PRP preparations on the proliferation of human
periosteal cells in vitro.

Materials and Methods

Preparation of plasma rich in growth factors

According to the manufacturer’s instructions, blood
samples were collected from seven healthy volunteers (male;
37–68 years old) using 18G needles and PRGF-Endoret®
Tubes (BTI Biotechnology Institute, S.L., Miñano, Spain)
containing 0.2mL of sodium citrate. The tubes were
centrifuged at 580 g for 8min. Fraction 2 (the fraction above

the interface of the red thrombus fraction) was collected as
PRGF in this study (Fig. 1A) and subjected to the following
experiments.

Preparation of platelet-rich plasma

An anticoagulant, acid citrate dextrose (1.5mL) (ACD-A;
Terumo, Tokyo, Japan), was added to syringes equipped with
18G needles, and blood samples (12.0mL) were collected
from the same volunteers. Because of its high efficiency,
PRP was prepared using Food and Administration-approved
Ycellbio PRP preparation tubes (YCELLBIO MEDICAL
CO., LTD., Seoul, Korea) (Fig. 1B). Briefly, according to the
manufacturer’s instructions, freshly collected blood samples
were transferred to funnel-shaped tubes and centrifuged at
1800 g for 4min. After adjusting the level of the buffy coat,
the tubes were centrifuged for an additional 4min. The
resulting PRP fractions were collected using syringes equipped
with long needles (N=14).
The study design and consent forms for all procedures

performed with the study subjects were approved by the
ethical committee for human subject use at Niigata University
School ofMedicine in accordance with theHelsinki Declaration
of 1975 as revised in 2008.

Determination of blood cell counts

The numbers of blood cells in whole blood samples, PRGF
preparations, and PRP preparations were determined using
an automated hematology analyzer (pocH-100iV diff;
Sysmex, Kobe, Japan). First, red blood cells (RBCs), WBCs,
and platelets were counted immediately after blood collection.
Second, freshly prepared PRGF and PRP samples were used
for the blood cell count. The obtained values were adjusted
by their relative dilution factors.

Figure 1. Images of PRGF and PRP preparations produced using a vacuum blood collection tube for PRGF preparation (A) or a Ycellbio PRP preparation tube
(B), respectively. PRGF, plasma rich in growth factors; PRP, platelet-rich plasma.

K. Nishiyama et al.Platelets and WBCs in PRGF
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Evaluation of cell proliferation

Human alveolar bone-derived periosteal cells were isolated and
cultured as described in the succeeding discussion. With
informed consent, human periosteum tissue segments were
aseptically dissected from the periodontal tissues of the healthy
buccal side of the retromolar region of the mandibles of non-
smoking volunteers (Kawase et al. 2009). Small periosteum
pieces were expanded to form cell-multilayered periosteal sheets
(ϕ30–40mm) in humidified5%CO2, 95%air at 37°CwithMe-
dium 199 (Invitrogen, Carlsbad, CA) supplemented with 10%
fetal bovine serum (FBS) (Invitrogen), 25μg/mL ascorbic acid
2-phosphate, and antibiotics. Then, the periosteal sheets were
enzymatically digested to release single cells. The resulting cells
were further expanded in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% FBS.

Single cells were seeded at a density of 1×104 in 6-well plates
and pre-cultured for 24h in 1% FBS-containing DMEM. The

medium was replaced with the same fresh medium containing
PRGF or PRP (0.31–10%), and the cells were cultured for 48h.
Cells were then photographed and counted in four randomly
selected views using IMAGE-PRO PLUS software (Media
Cybernetics Manufacturing, Warrendale, PA).
All subjects enrolled in this study responded positively

to an informed consent that was approved on 22 June
2006, by the Ethics Committee for Human Subject Use
at Niigata University Medical and Dental Hospital in
accordance with the Helsinki Declaration of 1975 as re-
vised in 2008.

Statistical analysis

After a normality test, the statistical significance of differences
among individual groups was analyzed using Student’s t-test
for two groups or one-way analysis of variance for three or

Figure 2. The number of RBCs, WBCs (SCC, MCC, and LCC), and platelets in whole blood samples, PRGF preparations, and PRP preparations. The center
lines of the boxes represent medians (N = 14). SCC: lymphocytes, MCC: monocytes, and LCC: gametocytes. RBC, red blood cells; WBCs, white blood cells;

PRGF, plasma rich in growth factors; SCC, small white blood cells; MCC, middle white blood cells.

K. Nishiyama et al. Platelets and WBCs in PRGF
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more groups as implemented in SIGMAPLOT software (Version
12.5; Systat Software, Inc., San Jose, CA). Comparisons between
individual groups were determined using Tukey’s multiple
comparison test. P-values< 0.05 were considered significant.

Relationships among the three cell components were
analyzed by simple linear regression. Linear correlation
coefficients were calculated using SIGMAPLOT software. When
the R-value was within the 0.7–0.9 and 0.40–0.69 ranges, the
correlations were considered strong and moderate,
respectively. When R was less than 0.4, the correlation was
considered weak and not significant.

Results

Comparisons of RBC, WBC, and platelet counts between
PRGF and PRP preparations are shown in Figure 2. In the
PRGF preparations, both RBCs and WBCs were almost
completely eliminated, and platelets were significantly con-
centrated by 2.84-fold. Conversely, in the PRP preparations,
the concentration rates of platelets and WBCs in the PRP
fractions were 8.79- and 5.51-fold over the whole blood
samples, respectively. For the WBC counts, lymphocytes
(SCC: small white blood cells) were the most concentrated
by 10.2-fold, whereas monocytes (MCC: middle white blood
cells) and gametocytes (LCC: large white blood cells) were
4.27- and 3.30-fold, respectively.

The concentration rates of platelets andWBCs and the total
numbers of platelets and WBCs per preparation were com-
pared between PRGF and PRP fractions in Figure 3.
Although the concentration rate of platelets was substantially
higher in the PRP fractions than in the PRGF fractions, the
total number of platelets per preparation was slightly higher
in the PRGF fractions compared with the PRP fractions.
WBCswere concentrated in the PRP fractions, whereasWBCs
were excluded from the PRGF fractions.
The correlations between blood cell components (platelets,

RBCs, and lymphocytes) in whole blood samples and platelet
counts and concentration rates in the resulting PRGF and PRP
preparations are shown in Figure 4. Significantly positive
correlations were observed between platelet counts in whole
blood samples and those in the PRGF and PRP preparations
[Pearson correlation coefficient values (R)=0.798 and 0.767,
respectively]. RBC counts in the whole blood samples were neg-
atively correlated with the platelet concentration rates in the
PRGF and PRP preparations. In addition, lymphocyte counts
in the whole blood samples influenced the platelet concentra-
tion rate (R=0.468) negatively and platelet counts (R=0.641)
positively only in the PRP preparations.
The effects of PRGF and PRP preparations on the

proliferation of human periosteal cells are shown in Figure 5.
After 48-h treatments, the PRGF preparations (0.31–10%) in-
creased the number of periosteal cells in a dose-dependent

Figure 3. Concentration rates and number of platelets and WBCs in whole blood samples and PRGF fractions. The center lines of the boxes represent
medians (N = 14). WBC, white blood cell; PRGF, plasma rich in growth factors; PRP, platelet-rich plasma; PLT, platelet.
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manner. In contrast, the PRP preparations (0.31–10%) showed
a biphasic effect on cell proliferation with maximal effects at
2.5%. However, when the doses (x-axis) were normalized
by conversion to platelet counts, the effects of PRGF ap-
peared to be almost identical to those of low doses of
PRP. Therefore, to further examine the possible dependency
of these phenomena on platelet counts, we performed an ad-
ditional experiment using platelet-concentrated PRGF prepa-
rations. As shown in Figure S1, even PRGF preparations
containing the highest platelet counts, which were equal to
40% of the original PRGF preparations, still stimulated pro-
liferation of the periosteal cells. However, PRP preparations

exhibited the biphasic effect that was particularly evident at
higher platelet counts.

Discussion

The specific gravities of RBCs, WBCs, platelets, and plasma
are 1.095–1.101, 1.055–1.095, 1.058, and 1.024–1.030, respec-
tively (Malchesky 1996). Based on these values, the theoretical
order of the individual fractions from the bottom to the top of
the centrifugation tube during PRP preparation is the RBC
fraction, the WBC fraction, and the platelet fraction.
However, because of the properties of the fractions and the

Figure 4. Correlations between blood cell components in whole blood samples and platelet concentration rates or platelet counts in PRGF and PRP
preparations (N = 14). RBC, red blood cells; PRGF, plasma rich in growth factors; PLT, platelet; PRP, platelet-rich plasma; SCC, small white blood cells.
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cells, such as the viscosity of the plasma, cell size, and cell
deformability, individual blood cell types cannot clearly be
fractionated. Therefore, the upper part of the RBC fraction
below the buffy coat also contains WBCs and platelets, and
the buffy coat contains not only platelets but also WBCs.

In this study, we demonstrated that relatively slow centrifu-
gation for the preparation of PRGF was not suitable for
forming a clear buffy coat, which resulted in low platelet con-
centration rates, but it was beneficial for separating platelets
fromWBCs. Therefore, WBC counts in the whole blood sam-
ples did not significantly influence platelet fractionation in the
PRGF preparations. However, RBC counts in the whole blood
samples somehow significantly reduced the platelet concen-
tration rates in both the PRGF and PRP preparations. In blood
vessels in which shear flow occurs, RBCs experience a wall-
normal force that arises because of their deformation and
propels them away from the wall. By volume exclusion,
however, platelets marginate toward the wall (Vahidkhah
et al. 2014). During centrifugation of blood samples contained
in tubes, similar phenomena may take place depending on the
centrifugation speed, and this affects the distribution of plate-
lets and RBCs, especially near the tube walls. This possible
mechanism is illustrated in Figure 6. During slow centrifuga-
tion, similar to PRGF preparation, it is theoretically thought

that blood cells are fractionated mainly by their specific
gravities. Therefore, cell fractions that overlap each other are
rarely obtained. However, in a case of fast centrifugation, it
is thought that blood cells are subject to various influences
and that cell fractions can overlap each other.
Recently, studies have proposed that the optimal concen-

tration of platelets for tissue regeneration would be at most
approximately threefold higher than that of whole blood
(Weibrich et al. 2004; Graziani et al. 2006; Rappl 2011). The
over-concentration of platelets reduces the positive effects of
PRP preparations on tissue regeneration. Our data obtained
from PRP-treated cell cultures supported this concept; how-
ever, those of PRGF-treated cell cultures suggested that other
components in the PRP preparations, rather than platelets,
may interfere with the expected PRP-induced cell growth.
Based on their belief that WBCs should be eliminated,

Anitua and his research group developed PRGF (Anitua
et al. 2007). In this study, we demonstrated that the platelet
concentration rate in the PRGF preparations was in the
optimal range. Even though platelets were concentrated in
PRGF preparations, PRGF preparations still maintained their
mitogenic action. In addition, even though platelet-poor
plasma was added to diluted original PRP preparations two
to three times, we preliminarily observed that higher doses

Figure 5. Effects of PRGF and PRP preparations on the proliferation of human periosteal cells. Cells were treated with PRGF or PRP at the indicated
doses for 48 h in 1% FBS-containing medium. (A) Representative images of the cells, (B) dose (%)–response curves for PRGF-treated or PRP-treated

periosteal cells (N = 4), and (C) platelet count–response curves for PRGF-treated or PRP-treated periosteal cells (N = 4). PRGF, plasma rich in growth
factors; PRP, platelet-rich plasma.
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(~10%) of the diluted PRP preparations still significantly
reduced the stimulatory effects of PRP observed at lower doses
(Kawase et al. unpublished observations). On the other hand,
a recent article demonstrated that dopamine and serotine
released from activated platelets are necessary to endogenous
stem cell recruitment and subsequent dentin repair
(Baudry et al. 2015). These monoamines may suppress the
proliferation of target cells while accelerating cell
differentiation. Therefore, at present, we speculate that a
factor(s) contained in PRP preparations, but not in PRGF
preparations, such as WBC-derived factors, is the most
involved in the reduction of the accelerated proliferation.
However, it cannot be ruled out that other unidentified
components released from activated platelets may also solely
or cooperatively influence the periosteal cell proliferation.
Further investigation should be performed to identify the
key factors involved in this phenomenon.

Conclusions

The inter-individual efficacy and potency of PRP preparations
has been explained solely by the individual-dependent levels
of growth factors. In this study, the statistical analysis
demonstrated that WBCs and platelets could be concentrated
similarly in the individual PRP preparations. However, we
also found that slow centrifugation can remove WBCs from
the platelet fraction during PRGF preparation. BecauseWBCs
have often been indicated as a negative potent factor for tissue
regeneration, the individual-dependent differences in WBC
counts could be an alternative or additional explanation for

the inter-individual efficacy differences in PRP preparations.
PRGF preparation, in which platelets are optimally concen-
trated and WBCs are excluded, may be a more appropriate
application for tissue regeneration than PRP preparations.
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Figure S1. Effects of platelet-concentrated PRGF preparations
on the proliferation of human periosteal cells. Blood samples
were collected from healthy male volunteers (age: 26 and
48-years old) and centrifuged to prepare PRGF fraction 2.
This fraction was further centrifuged to concentrate platelets
by 4-fold. The number of platelets were counted at the end
of each step. These platelet-concentrated PRGF preparations
or the normal PRP preparations were added to cell culture
medium at concentrations of 1.25%, 2.5%, 5% or 10% (w/v)
and cell numbers were evaluated by image analysis. PPP prep-
arations were added as control at a dose of 5% or 10%. Differ-
ences between two groups were assessed by Student’s t-test.
When normality testing failed, a Mann-Whitney Rank Sum
test was performed. A p-value of less than 0.05 was considered
to be statistically significant. N = 4 – 7.
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Abstract

Background: The development of platelet-rich fibrin (PRF) drastically simplified the preparation procedure of
platelet-concentrated biomaterials, such as platelet-rich plasma (PRP), and facilitated their clinical application. PRF’s
clinical effectiveness has often been demonstrated in pre-clinical and clinical studies; however, it is still controversial
whether growth factors are significantly concentrated in PRF preparations to facilitate wound healing and tissue
regeneration. To address this matter, we performed a comparative study of growth factor contents in PRP and its
derivatives, such as advanced PRF (A-PRF) and concentrated growth factors (CGF).

Methods: PRP and its derivatives were prepared from the same peripheral blood samples collected from healthy donors.
A-PRF and CGF preparations were homogenized and centrifuged to produce extracts. Platelet and white blood cell counts
in A-PRF and CGF preparations were determined by subtracting those counts in red blood cell fractions, supernatant
acellular serum fractions, and A-PRF/CGF exudate fractions from those counts of whole blood samples. Concentrations of
growth factors (TGF-β1, PDGF-BB, VEGF) and pro-inflammatory cytokines (IL-1β, IL-6) were determined using ELISA kits.

Results: Compared to PRP preparations, both A-PRF and CGF extracts contained compatible or higher levels of platelets
and platelet-derived growth factors. In a cell proliferation assay, both A-PRF and CGF extracts significantly stimulated the
proliferation of human periosteal cells without significant reduction at higher doses.

Conclusions: These data clearly demonstrate that both A-PRF and CGF preparations contain significant amounts of
growth factors capable of stimulating periosteal cell proliferation, suggesting that A-PRF and CGF preparations function
not only as a scaffolding material but also as a reservoir to deliver certain growth factors at the site of application.

Keywords: Growth factor, Platelet-rich plasma, Platelet-rich fibrin, Plasma rich in growth factors, Concentrated
growth factors
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Background
Platelet-rich plasma (PRP) was originally demonstrated to
be effective in the operation of alveolar ridge augmenta-
tion and immediately spread to the fields of periodontal
and oral maxillofacial surgery [1]. This clinical application
was endorsed by evidence that several major growth fac-
tors are contained at high levels in PRP preparations.
However, for some reasons, such as low handling effi-
ciency, addition of animal-derived thrombin for clotting,
and fundamental individual differences, it has been indi-
cated that it is difficult to reproducibly control the quality
of PRP preparations at similar levels [1]. To overcome
these drawbacks, Anitua developed plasma rich in growth
factors (PRGF) by modifying the procedure of PRP prepar-
ation [2]. It simplified the preparation protocol and re-
placed animal-derived thrombin with calcium for clotting.
Platelet-rich fibrin (PRF), a self-clotted preparation of

PRP derivative, also overcame these matters. Blood sam-
ples collected in the absence of anticoagulants are im-
mediately centrifuged to form fibrin clots. This simple
preparation procedure has been widely accepted in vari-
ous medical fields and spread worldwide. Choukroun, a
developer of PRF, further modified it to an advanced
form (A-PRF), which is expected to contain a relatively
greater number of white blood cells (WBC) [3]. Because
of low-speed centrifugation, this fibrin clot is softer than
that of the original PRF. On the other hand, concen-
trated growth factors (CGF), another modified form of
PRF, are prepared by repeatedly switching the centrifu-
gation speed and are characterized as a relatively stiffer
fibrin clot [4]. Therefore, it has been anticipated that the
difference in mechanical characteristics may produce a
difference in the growth factor content.
The aim of this study was to address the question as to

whether growth factors are equally or more concentrated
in A-PRF or CGF preparations and whether these prepara-
tions function like a reservoir of major platelet-derived
growth factors as do PRP and PRGF preparations to
facilitate wound healing and tissue regeneration. Thus, we
evaluated the levels of the selected major growth factors
and pro-inflammatory cytokines in A-PRF and CGF ex-
tracts and compared the data with those of PRP and PRGF

preparations. To reduce the individual-dependent differ-
ences in the growth factor levels, we collected sufficient
volumes of peripheral blood samples from the same donors
both in the presence or absence of anticoagulants and
immediately prepared four types of platelet concentrates.

Methods
Preparation of PRP
Based on their characteristics and fractionation, the dif-
ferences among PRP and PRP derivatives are concisely
described in our previous article [1].
As previously described [5, 6], blood samples

(11.5 mL) were collected using syringes or vacuum
blood collection tubes equipped with 18G needles from
seven non-smoking, healthy, middle-aged, male volun-
teers (37 to 68 years old) three times with a 2-week
interval. Even though they are suffering from lifestyle-
related diseases and receiving medication, these donors
had no hindrance in daily life.
To quantify each blood cell component, peripheral

blood (~12.0 mL) was collected using syringes contain-
ing acid citrate dextrose solution (ACD-A) (1.5 mL;
Terumo, Tokyo, Japan). Because of its high efficiency,
PRP was prepared using FDA-approved Ycellbio PRP
preparation tubes (Ycellbio Medical Co., Ltd., Seoul,
South Korea). As previously described [7], freshly col-
lected blood samples were subjected to blood cell count
and simultaneously transferred to funnel-shaped tubes
and centrifuged at 3200 rpm (1800g) for 4 min (Table 1).
After adjusting the level of the buffy coat, the tubes were
centrifuged for an additional 4 min. The resulting PRP
fractions (buffy coat) were collected using syringes
equipped with long needles and stored at −80 °C until
determination of growth factor levels and the in vitro
bioassay using periosteal cells (n = 20). Small aliquots of
the freshly prepared PRP were subjected to blood cell
count.
The study design and consent forms for all proce-

dures performed with the study subjects were ap-
proved by the ethical committee for human subjects
at Niigata University School of Medicine in accordance
with the Helsinki Declaration of 1975 as revised in 2008.

Table 1 Centrifugation conditions for preparation of PRP, PRGF, A-PRF and CGF

Preparation
type

Models Rotor Radius
(mm)

Rotational speed Time
(min)rpm g

PRP Kubota4000 swing 160 3,200 1,800 4 x 2

PRGF Bti Endoret swing 151.6 1,850 580 8

A-PRF A-PRF angle 105 1,300 198 8

CGF Medifuge angle 85 2,700
2,400
2,700
3,000

692
547
692
855

2
4
4
3
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Preparation of PRGF
According to the manufacturer’s instructions, blood
samples (~9.6 mL) were collected from the same
volunteers using 18G needles and PRGF-Endoret®

tubes (BTI Biotechnology Institute, S.L., Miñano,
Spain), which contained 0.2 mL sodium citrate. The
tubes were centrifuged at 1850 rpm (580g) for 8 min
(Table 1) [8]. Fraction 2 (a fraction above the buffy
coat) was collected and stored at −80 °C until use.
Small aliquots of the freshly prepared PRP were sub-
jected to blood cell count.

Preparation and homogenization of A-PRF and CGF
As described previously [7, 9], blood samples (~9.5 mL)
collected without anticoagulants using vacuum plain
glass tubes (A-PRF+: Jiangxi Fenglin Medical Technology
Co. Ltd, Fengcheng, China) or conventional vacuum
plain glass tube (Plain BD Vacutainer Tube; Becton,
Dickinson and Company, Franklin Lakes, NJ, USA)
from the same donors were immediately centrifuged
by an A-PRF centrifugation system (A-PRF12: Dragon
Laboratory Instruments Ltd., Beijing, China) or a
Medifuge centrifugation system (Silfradent S. R. L.,
Santa Sofia, Italy) (for the conditions of centrifuga-
tion, see Table 1). After eliminating the red blood cell
(RBC) fractions, the resulting A-PRF and CGF clots
were placed on dry gauze to eliminate excess amounts
of serum (~10 s) and then transferred to freezing
tubes for determination of growth factor contents.
Frozen samples stored at −80 °C were then minced,
homogenized by disposable homogenizers (BioMasher
II, Nippi, Inc., Tokyo, Japan), and centrifuged at
3000 rpm for 10 min at ambient temperature. The
resulting supernatants were stored at −80 °C until
use.
For determination of blood cell counts, another set of

A-PRF/CGF clots was prepared from blood samples ob-
tained from the same donors.

Determination of blood cell counts
The numbers of blood cells were determined twice in
the process of PRP preparation using an automated
hematology analyzer (pocH-100iV diff; Sysmex, Kobe,
Japan). First, RBCs, WBCs, and platelets were counted
immediately after blood collection. Second, freshly pre-
pared PRP and PRGF samples were directly submitted
for the blood cell count. The obtained values were ad-
justed by their relative dilution factors.
As for A-PRF and CGF preparations, RBC, WBC, and

platelet counts were determined by subtracting those
counts in RBC fractions, supernatant acellular serum
fractions, and A-PRF/CGF exudate fractions from those
counts in whole blood samples, a method which we des-
ignated “indirect subtraction method.”

Determination of growth factor and cytokine levels by ELISA
The concentrations of transforming growth factor-β1
(TGF-β1), platelet-derived growth factor-BB (PDGF-
BB), and vascular endothelial growth factor (VEGF) in
frozen PRP, PRGF, A-PRF, and CGF samples were de-
termined using human TGF-β1, PDGF-BB, and VEGF
Quantikine ELISA kits (R&D Systems, Inc., Minneapolis,
MN, USA). Concentrations of interleukin-1β (IL-1β) and
interleukin-6 (IL-6) were determined using the IL-1β
human ELISA kit and IL-6 high sensitivity human ELISA
kit (Abcam, Cambridge, MA, USA).

Evaluation of cell proliferation
Because alveolar periosteum is closely contributed to
periodontal skeletal tissue regeneration, we used human
alveolar bone-derived periosteal cells for evaluation of
efficacy of the PRP derivatives. The periosteal cells were
obtained and expanded as described below. With in-
formed consent, human periosteum tissue segments were
aseptically dissected from the periodontal tissues of the
healthy buccal side of the retromolar region of the mandi-
bles of non-smoking volunteers [10]. Small periosteum
pieces were expanded to form cell-multilayered periosteal
sheets (φ30–40 mm) in humidified 5 % CO2, 95 % air at
37 °C with medium 199 (Invitrogen, Carlsbad, CA, USA)
supplemented with 10 % fetal bovine serum (FBS) (Invi-
trogen), 25 μg/mL ascorbic acid 2-phosphate, and antibi-
otics. Then, the periosteal sheets were enzymatically
digested to release single cells. The resulting cells were
further expanded in DMEM supplemented with 10 % FBS.
Single cells were seeded at a density of 1 × 104 in 6-well

plates and pre-cultured for 24 h in 1 % FBS-containing
DMEM. The medium was replaced with the same fresh
medium containing PRP, PRGF, A-PRF extract (A-PRFext)
or CGF extract (CGFext) (0.625, 1.25, 2.5, 5.0, 10 %), and
the cells were further incubated for 48 h. Because em-
bedded in fibrin gel by the treatment of PRP or PRGF,
cells were not enzymatically harvested for determining cell
counts. Instead, cells were photographed and counted in
three randomly selected views using Image-PRO Plus soft-
ware (Media Cybernetics Manufacturing, Warrendale, PA,
USA) [11] (n = 4). Although cells were not embedded in
the medium containing A-PRFext or CGFext, to compare
these efficacies with those of PRP or PRGF, cell prolifera-
tion was evaluated by the same method.

Statistical analysis
The data were reported as the mean value ± standard
deviation (SD). For multi-group comparisons, statis-
tical analyses were performed to compare the mean
values using one-way analysis of variance (ANOVA)
followed by Dunn’s or Tukey’s multiple comparison
test (SigmaPlot 12.5; Systat Software, Inc., San Jose,
CA, USA). P values <0.05 were considered significant.
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Results
Numbers of platelets in PRP and PRGF preparations are
shown in Fig. 1 (upper panel). Platelets were significantly
concentrated both in the PRP and PRGF preparations,
and the concentration rate of PRP preparations was sub-
stantially higher than that of PRGF preparations (8.79-fold
vs. 2.84-fold). Numbers of platelets in A-PRF and CGF
preparations calculated by the indirect subtraction
method are also shown in Fig. 1 (upper panel). Platelets
were significantly concentrated also in both A-PRF and
CGF preparations with the concentration rates of 17.85-
fold and 15.51-fold, respectively.
Numbers of WBCs in PRP and other PRP derivatives

are shown in Fig. 1 (lower panel). WBCs were similarly
concentrated in these platelet-concentrated preparations
(PRP: 5.51-fold, A-PRF: 11.87-fold, CGF: 8.63-fold).
However, only an exception was PRGF preparations;
WBCs were almost completely eliminated from PRGF
preparations (0.015-fold).
The concentrations of growth factors in PRP, PRGF,

A-PRF, and CGF preparations are shown in Fig. 2. The
order of growth factor levels (TGF-β1, PDGF-BB, VEGF)
were A-PRF ≥ CGF > PRP >> PRGF. PRGF preparations
contained the lowest amounts of growth factors.

The concentrations of inflammatory cytokines in PRP,
PRGF, A-PRF, and CGF preparations are shown in Fig. 3.
IL-1β in PRGF preparations was under detectable levels,
while it showed a similar level in other three prepara-
tions. For IL-6, in contrast, there were no significant dif-
ferences among these preparations.
The effects of individual PRP derivatives on the

proliferation of human periosteal cells are shown in
Fig. 4. As shown in the preceding study [12], PRP
preparations exerted a biophasic effect with the
maximal effects observed at 2.5 %, while in PRGF
preparations, A-PRFext and CGFext stimulated cell
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proliferation in a dose-dependent manner (0.625–10 %).
The apparent order of potency was PRP > CGF > A-PRF
> PRGF.

Discussion
Although the growth factor contents in PRF and CGF
preparations and their bioactivities have been demon-
strated in in vitro studies by several independent groups
[8–11, 13–20], many clinicians still believe that the re-
generative effects of PRF/CGF are solely due to fibrin
clots. We speculate that this discrepancy may be caused
by two major factors. First, the initial report on PRF by
Choukroun and his co-workers showed that PDGF-BB,
TGF-β1, or IGF-I is not significantly concentrated in
PRF preparations [21]. Second, the preparation protocols
of PRF extraction are not fully disclosed in several arti-
cles and likely varied with the individual groups. In the
previous study [7], we demonstrated that intense com-
pression of PRF preparations, which is designated as
CGF preparations in this study, with dry gauze fully
removes PRF exudate and substantially reduces the con-
tent of growth factors. Therefore, we concluded that the
major source of growth factors in PRF preparations is its
exudate; however, as a minor source, growth factors are
thought to be secured by fibrin fibers.
To confirm these observations, we recently examined

the angiogenic activity of PRF/CGF preparations in
endothelial cell cultures and the chick embryo chorio-
allantoic membrane (CAM) assay [22]. As a result, it
was demonstrated that PRF/CGF preparations are some-
what more potent in angiogenesis than PRP prepara-
tions. To further assure the growth factor contents in
the self-clotted PRP derivatives, in this study, we com-
pared the growth factor contents in four types of PRP
derivatives (PRP, PRGF, A-PRF, CGF) prepared from the
same donors. The main finding of this study was that
both A-PRF and CGF preparations contained TGF-β1,
PDGF-BB, VEGF, IL-1β, and IL-6 at levels similar to or
higher than PRP preparations. The expected proliferative
effects of both A-PRF and CGF extracts were demon-
strated in the in vitro assay using human periosteal cells,
which give rise to osteoblasts involved in periodontal
skeletal regeneration. Therefore, as do PRP preparations,
these self-clotted PRP derivatives are expected to function
not only as a scaffolding material but also as a reservoir to
deliver certain growth factors and pro-inflammatory cyto-
kines at the implantation sites.
In the previous study [12], we found that PRP and

A-PRF preparations exert distinguishable actions on
periosteal cell proliferation. Because both IL-1β and
IL-6 are known to be produced by WBCs [23], and
because WBCs are not included in PRGF prepara-
tions, we thought that the bi-phasic effects of PRP
preparations may be attributed to WBCs. Furthermore, if
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WBCs are highly concentrated in A-PRF, it is expected
that IL-1β and IL-6 are concentrated at higher levels to
exert negative effects at higher doses of A-PRF extracts in
this study. As Choukroun intended [3], we observed that
WBCs, as well as platelets, were highly concentrated in A-
PRF preparations. Similarly, WBCs were found to be con-
centrated in CGF preparations. In addition, the inflamma-
tory cytokines were not exceptionally concentrated at
higher levels in PRP preparations, and no strong positive
correlation between WBC counts and pro-inflammatory
cytokine levels was observed in PRP preparations (data
not shown). Therefore, we speculate at present that the
negative effects of PRP preparations at higher doses may
not be due to these pro-inflammatory cytokines or WBCs.
However, at the same time, we are concerned how accur-
ately the indirect subtraction method determines WBC
and platelet (PLT) counts, because this method does not
count any possible adhesion-dependent loss of blood cells
or nonuniformity of cell distributions especially in red
thrombus. Thus, further studies are needed to perform to
obtain convincing evidence to explain this discrepancy.

Conclusions
The present study clearly demonstrated that both A-PRF
and CGF preparations contained significant amounts of
growth factors, which makes us to believe that A-PRF and
CGF preparations would not only function as a scaffolding
material but also as a reservoir to deliver certain growth
factors at the site of application. Accordingly, it is expected
that these two preparations are more potently capable of
inducing angiogenesis and subsequent wound healing/
tissue regeneration than PRP preparations.

Authors’ contributions
HM, TO, TW, and TK conceived and designed the study, performed the
experiments, and wrote the manuscript. MS, KN, HO, and KU performed the
experiments and data analysis. KN and CYS participated in the manuscript
preparation. All authors read and approved the final version of the
manuscript.

Competing interests
Hideo Masuki, Toshimitsu Okudera, Taisuke Watanebe, Masashi Suzuki,
Kazuhiko Nishiyama, Hajime Okudera, Koh Nakata, Kohya Uematsu, Chen-Yao
Su, and Tomoyuki Kawase declare that they have no competing interests.

Author details
1Tokyo Plastic Dental Society, Kita-ku, Tokyo, Japan. 2Bioscience Medical
Research Center, Niigata University Medical and Dental Hospital, Niigata,
Japan. 3Department of Dentistry, National Yang-Ming University, Taipei,
Taiwan. 4Division of Oral Bioengineering, Institute of Medicine and Dentistry,
Niigata University, Niigata, Japan.

Received: 21 June 2016 Accepted: 18 August 2016

References
1. Kawase T. Platelet-rich plasma and its derivatives as promising bioactive

materials for regenerative medicine: basic principles and concepts
underlying recent advances. Odontology. 2015;103:126–35.

2. Anitua E. The use of plasma-rich growth factors (PRGF) in oral surgery. Pract
Proced Aesthet Dent. 2001;13:487–93.

3. Choukroun J. Advanced PRF, &i-PRF: platelet concentrates or blood
concentrates? J Periodont Med Clin Practice. 2014;1:3.

4. Corigliano M, Sacco L, Baldoni E. CGF- una proposta terapeutica per la
medicina rigenerativa. Odontoiatria. 2010;1:69–81.

5. Nakajima Y, Kawase T, Kobayashi M, Okuda K, Wolff LF, Yoshie H. Bioactivity
of freeze-dried platelet-rich plasma in an adsorbed form on a
biodegradable polymer material. Platelets. 2012;23:594–603.

6. Okuda K, Kawase T, Momose M, Murata M, Saito Y, Suzuki H, Wolff LF,
Yoshie H. Platelet-rich plasma contains high levels of platelet-derived
growth factor and transforming growth factor-beta and modulates the
proliferation of periodontally related cells in vitro. J Periodontol.
2003;74:849–57.

7. Kobayashi M, Kawase T, Horimizu M, Okuda K, Wolff LF, Yoshie H. A
proposed protocol for the standardized preparation of PRF membranes for
clinical use. Biologicals. 2012;40:323–9.

8. Takeda Y, Katsutoshi K, Matsuzaka K, Inoue T. The effect of concentrated
growth factor on rat bone marrow cells in vitro and on calvarial bone
healing in vivo. Int J Oral Maxillofac Implants. 2015;30:1187–96.

9. Nishimoto S, Fujita K, Sotsuka Y, Kinoshita M, Fujiwara T, Kawai K, Kakibuchi
M. Growth factor measurement and histological analysis in platelet rich
fibrin: a pilot study. J Maxillofac Oral Surg. 2015;14:907–13.

10. Lundquist R, Dziegiel MH, Agren MS. Bioactivity and stability of
endogenous fibrogenic factors in platelet-rich fibrin. Wound Repair
Regen. 2008;16:356–63.

11. Su CY, Kuo YP, Tseng YH, Su CH, Burnouf T. In vitro release of growth
factors from platelet-rich fibrin (PRF): a proposal to optimize the clinical
applications of PRF. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2009;108:56–61.

12. Nishiyama K, Okudera T, Watanabe T, Isobe K, Suzuki M, Masuki H, Okudera
H, Uematsu K, Nakata K, Kawase T. Basic characteristics of plasma rich in
growth factors (PRGF): blood cell components and biological effects. Clin
Exp Dent Res. 2016:DOI: 10.1002/cre2.26.

13. Clipet F, Tricot S, Alno N, Massot M, Solhi H, Cathelineau G, Perez F, De
Mello G, Pellen-Mussi P. In vitro effects of Choukroun’s platelet-rich fibrin
conditioned medium on 3 different cell lines implicated in dental
implantology. Implant Dent. 2012;21:51–6.

14. Gassling VL, Acil Y, Springer IN, Hubert N, Wiltfang J. Platelet-rich plasma
and platelet-rich fibrin in human cell culture. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2009;108:48–55.

15. He L, Lin Y, Hu X, Zhang Y, Wu H. A comparative study of platelet-rich fibrin
(PRF) and platelet-rich plasma (PRP) on the effect of proliferation and
differentiation of rat osteoblasts in vitro. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2009;108:707–13.

16. Kang YH, Jeon SH, Park JY, Chung JH, Choung YH, Choung HW, Kim ES,
Choung PH. Platelet-rich fibrin is a bioscaffold and reservoir of growth
factors for tissue regeneration. Tissue Eng Part A. 2011;17:349–59.

17. Passaretti F, Tia M, D’Esposito V, De Pascale M, Del Corso M, Sepulveres
R, Liguoro D, Valentino R, Beguinot F, Formisano P, Sammartino G.
Growth-promoting action and growth factor release by different
platelet derivatives. Platelets. 2014;25:252–6.

18. Roy S, Driggs J, Elgharably H, Biswas S, Findley M, Khanna S, Gnyawali U,
Bergdall VK, Sen CK. Platelet-rich fibrin matrix improves wound
angiogenesis via inducing endothelial cell proliferation. Wound Repair
Regen. 2011;19:753–66.

19. Lucarelli E, Beretta R, Dozza B, Tazzari PL, O’Connel SM, Ricci F, Pierini M,
Squarzoni S, Pagliaro PP, Oprita EI, Donati D. A recently developed bifacial
platelet-rich fibrin matrix. Eur Cell Mater. 2010;20:13–23.

20. Zumstein MA, Berger S, Schober M, Boileau P, Nyffeler RW, Horn M,
Dahinden CA. Leukocyte- and platelet-rich fibrin (L-PRF) for long-term
delivery of growth factor in rotator cuff repair: review, preliminary results
and future directions. Curr Pharm Biotechnol. 2012;13:1196–206.

21. Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ, Mouhyi J, Gogly B.
Platelet-rich fibrin (PRF): a second-generation platelet concentrate. Part I:
technological concepts and evolution. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2006;101:e37–44.

22. Kobayashi M, Kawase T, Okuda K, Wolff LF, Yoshie H. In vitro immunological
and biological evaluations of the angiogenic potential of platelet-rich fibrin
preparations: a standardized comparison with PRP preparations. Int J
Implant Dent. 2015;1:31.

23. Sonnenschein SK, Meyle J. Local inflammatory reactions in patients with
diabetes and periodontitis. Periodontol 2000. 2015;69:221–54.

Masuki et al. International Journal of Implant Dentistry  (2016) 2:19 Page 6 of 6

58



RESEARCH Open Access

Enhancement of mechanical strength and
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Abstract

Background: In an attempt to prepare scaffolds with porosity and compressive strength as high as possible, we
prepared porous β-tricalcium phosphate (TCP) scaffolds and coated them with regenerative medicine-grade
gelatin. The effects of the gelatin coating on the compressive strength and in vivo osteoblast compatibility
were investigated.

Methods: Porous β-TCP scaffolds were prepared and coated with up to 3 mass% gelatin, and then subjected
to thermal cross-linking. The gelatin-coated and uncoated scaffolds were then subjected to compressive
strength tests and implantation tests into bone defects of Wistar rats.

Results: The compressive strength increased by one order of magnitude from 0.45 MPa for uncoated to
5.1 MPa for gelatin-coated scaffolds. The osteoblast density in the internal space of the scaffold increased by
40 % through gelatin coating.

Conclusions: Coating porous bone graft materials with gelatin is a promising measure to enhance both
mechanical strength and biomedical efficacy at the same time.

Keywords: β-TCP, Gelatin, Compressive strength, Cytocompatibility

Background
Porous hydroxyapatite (HA) and β-tricalcium phosphate
(β-TCP) have long been clinically used for bone grafts
because they enable perfusion of cells and other factors
necessary for bone regeneration and because they allow
bone ingrowth [1–3]. There have been a large number of
works on the effect of porous structures on biological
efficacy. For example, pores larger than 100 mm are
essential for bone ingrowth into HA scaffolds [4, 5], and
larger pores facilitate faster bone ingrowth [6]. There-
fore, much effort has been devoted to the fabrication of

scaffolds with pores as large as possible, and various pro-
cessing techniques have been reported, although most of
them were attempted on HA [7, 8]. Examples include
freeze casting [8–10], sponge templating [11, 12], gel
casting [13], particle templating [14, 15], whisker sinter-
ing [16], robocasting [17], extrusion deposition [18], and
slurry foaming [19].
Although larger pores and porosities are favorable for

faster bone ingrowth, they deteriorate the mechanical
strength of the scaffolds. From a practical viewpoint, the
compressive strength needs to be higher than approxi-
mately 1.0 MPa in order to avoid collapsing of the scaf-
folds during the handling for implantation. Therefore,
there is a trade-off between the mechanical strength and
the porosity. One of the promising methods to reinforce
scaffolds without lowering its porosity or biomedical effi-
cacy is to coat the scaffolds with biocompatible polymers
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because the infiltration of polymers into the microcracks
of the scaffolds reduces the fracture origin [20]. The
most widely used polymers are poly(lactic acid)- and
poly(caprolactone)-based polymers [14–16, 21–25].
Others include glycerol sebacate [26], gelatin [14, 27],
and collagen [28]. When scaffolds were coated with
poly(lactic acid) or poly(caprolactone), the compressive
strength generally increased [21–25]. However, the ef-
fects of those coatings on the biomedical efficacy of
the scaffolds differ from report to report. In some
cases, in vitro differentiation of MC3T3-E1 preosteo-
blast cells and bone marrow stroma cells were pro-
moted [21], whereas in other cases, the initial
attachment and proliferation were suppressed [16, 23, 26].
Biomedical evaluation was not quantitatively described
in some reports [22, 25]. Some studies reported the
in vitro cytocompatibility of collagen-coated scaffolds,
in which the proliferation and differentiation of
MG63 were enhanced [28] and the differentiation of
rat-originated osteoblasts was promoted [29]. Still,
in vivo evaluation of those polymer-coated scaffolds
has been very scarce.
One of the present authors (SY) has developed

endotoxin-free gelatin for regenerative medicine [30].
Gelatin is an inherently cytocompatible substance, and
its mechanical strength can be enhanced by thermal
cross-linking. Therefore, gelatin is a promising substance
for the reinforcing coating of porous ceramic scaffolds.
In the present work, we first reinforced porous β-TCP

scaffolds by gelatin coating, followed by thermal cross-
linking. Then, the resultant scaffolds were evaluated for
in vivo cytocompatibility from animal implantation tests.

Methods
Preparation of porous β-TCP blocks
Porous β-TCP scaffolds were prepared in our laboratory
by sintering porous green bodies in the following man-
ner. Commercial β-TCP powder (β-TCP −100, Taihei
Chemical Industrial Co., Ltd., Osaka, Japan) was ground
with an automatic agate mortar for 30 min to crush any
coarse agglomeration. Then, 36.84 g of the β-TCP pow-
der was added to the dispersion medium, which was
prepared by dissolving 0.325 g of polyvinyl alcohol
(polymerization degree 2000) and 3.0 g of an ammonium
polyacrylate-based dispersant (Kaocera 2000, Kao Corp.,
Tokyo, Japan). The mixture was ball milled for 12 h.
MgO (0.37 g) was added to suppress the phase transition
during sintering, and the mixture was ball milled again
for 1 h to prepare a well-dispersed slurry. The solid con-
tent of the slurry was approximately 45 vol%.
A foaming agent (6 mL, EMAL D-3-D, sodium poly-

oxyethylene alkyl ether sulfate, Kao Corp.) was added to
30 g of the slurry. The mixed slurry was then whisked
with a kitchen blender. The whisked slurry was poured

into a polymer mold approximately 40 × 40 × 50 mm in
volume, frozen with liquid nitrogen vapor, and then ly-
ophilized to give a porous green body. The green body
was sintered at 1473 K for 12 h in ambient air to obtain
β-TCP scaffolds. The porosity of the as-sintered scaffolds
was 92 % as measured by the Archimedes method.

Gelatin coating
Two kinds of gelatin were used: reagent-grade gelatin
(Wako Pure Chemicals Ind., Ltd.) for the preliminary ex-
periments and regenerative medicine-grade gelatin (RM-
100, Jellice Co., Ltd.) for the final experiments. Porous
β-TCP scaffolds were immersed in aqueous solutions
containing 0.5, 1.0, or 2.0 mass% gelatin for 30 s, taken
out, and the redundant solution was removed by wiping
the blocks with paper towels. The β-TCP blocks bearing
gelatin solutions were cooled in a refrigerator at 253 K
overnight and then dried at room temperature in a vac-
uum. The dried, gelatin-coated β-TCP scaffolds were
subjected to heat treatments in a vacuum to obtain
cross-linked gelatin. The cross-linking temperatures
were 373, 393, 413, and 433 K, and the duration was
12 h.

Characterization of gelatin-coated β-TCP
The crystalline phase of the sintered scaffold was ascer-
tained to be β-TCP by X-ray diffractometry (data not
shown). The gelatin content was determined by thermo-
gravimetry. The compressive strength of the β-TCP
scaffolds, both gelatin-coated and uncoated, using sam-
ples approximately 10 × 10 × 20 mm in size was mea-
sured on an Aikoh testing machine at a crosshead rate
of 1.0 mm/min. The compressive strength was defined
as the maximum stress before the strain exceeded 10 %
of the specimen length. The microstructure was observed
with a scanning electron microscope (SEM, e-SEM,
Shimadzu Rika Corp., Tokyo, Japan).

Animal implantation test
The animal implantation tests were conducted under the
permission of the Ethics Commission on the Animal
Tests, Kanagawa Dental College (No. 2014-8.11-1). Male
Wistar rats, 7 weeks of age, were used. A bone defect
5.2 mm in diameter was made in the cranial bone of
each rat with a dental drill. Either a gelatin-coated or
uncoated β-TCP block (samples E and O in Table 1) was
implanted into the defect, and the skin was sutured.
Each group contained nine rats. After 2 weeks, the ex-
perimental sections were retrieved, sliced into thin sec-
tions 3.5 μm in average thickness, decalcified, and
stained with hematoxylin–eosin. One thin section was
prepared from each rat. From each thin section, pictures
from five fields of view were taken, and the number of
osteoblasts in a 100 × 100 μm area in the internal space
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of the scaffold was counted. The statistical significance
of the osteoblast density was examined by Student’s t
test.

Results
Physical properties of the β-TCP scaffolds
Table 1 summarizes the preparation conditions and
physical properties of the gelatin–β-TCP scaffolds. The
contents of the gelatin coatings varied from 0.6 to 3.0
mass%, depending on the gelatin concentration in the
coating solution. The decrease in porosity after the gel-
atin coating was small, and all the scaffolds had porosi-
ties higher than 90 %.
A Weibull plot of the compressive strengths of the

scaffolds is shown in Fig. 1, and the typical stress–strain
curves of uncoated sample O and gelatin-coated sample
F are shown in Fig. 2. The average compressive strength,
standard deviation, and Weibull coefficient of each sam-
ple are given in Table 1. The enhancement of the com-
pressive strength by the gelatin coating was remarkable;
just 3.0 mass% of gelatin increased the compressive
strength by one order of magnitude. The compressive
strength increased with increasing gelatin content

(comparing samples O, A, B, and F) and with increas-
ing cross-linking temperature (comparing samples C,
D, E, and F). Cross-linking, however, seemed to ter-
minate at 413 K because there was no significant dif-
ference in the compressive strength between samples
E and F. In spite of the increase in the compressive
strength, the Weibull coefficient did not increase
upon gelatin coating.
The microstructures of the uncoated and gelatin-

coated scaffolds are shown in Fig. 3. The pore diameter
seemed to be quite uniform, ranging from 200 to
500 μm. The gelatin layer was visible in the interconnec-
tions of the pores in the coated scaffold [Fig. 3c]. Under
a higher magnification, infiltration of gelatin in the
coated scaffolds was observed because pores smaller
than a few micrometers were buried and the surface be-
came smoother [Fig. 3d].

In vivo tests
Figure 4 shows histological photographs of the im-
planted gelatin-coated [Fig. 4a] and uncoated [Fig. 4b]
scaffolds. In both pictures, white areas correspond to
unresorbed β-TCP and blue dots correspond to osteo-
blasts. Newly formed bone was not yet recognized in
either picture; however, the osteoblast density seemed

Fig. 1 Weibull plots of the compressive strengths of uncoated and
gelatin-coated scaffolds

Fig. 2 Examples of stress–strain curves of uncoated sample O and
gelatin-coated sample F

Table 1 Preparation conditions and physical properties of gelatin-β-TCP scaffolds

Sample Gelatin content (mass%) Cross-link temp (K) Porosity (%) Average compressive strength σ (MPa) Standard deviation Weibull coefficient

O 0.0 − 92 0.45 0.1 4.4

A 0.6 433 92 3.36 1.3 2.9

B 1.4 433 91 3.38 1.0 3.2

C 3.0 373 91 3.42 1.1 3.0

D 3.0 393 91 3.59 1.1 2.9

E 3.0 413 91 5.14 1.2 4.2

F 3.0 433 91 5.04 1.6 2.9
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to be higher near the gelatin-coated scaffold. The
osteoblast density analysis is shown in Fig. 5. The
osteoblast density around the gelatin-coated scaffolds
(sample E) was higher than that around the uncoated
scaffolds (sample O) by approximately 40 % with stat-
istical significance: from 4 × 105 cells/cm3 for the un-
coated scaffolds (O) to 5.6 × 105 cells/cm2 for the
gelatin-coated scaffolds (E).

Discussion
The present gelatin coating effectively reinforced porous
β-TCP scaffolds. Generally, the fracture of brittle mate-
rials originates from the weakest crack tip where the
applied stress is concentrated. The applied stress (σ) is
concentrated at the crack tip to a value of σm depending

a b

c d

Fig. 3 SEM pictures of a, b uncoated sample O and c, d gelatin-coated sample F

a

b

Fig. 4 Histological pictures around implanted scaffolds: a uncoated
sample O and b gelatin-coated sample E. β-TCP and OB stand for
unresorbed β-TCP and osteoblast, respectively

Fig. 5 Osteoblast densities in the internal space of uncoated sample
O and gelatin-coated sample E. *p < 0.05
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on the depth (c) and curvature radius (ρ) of the crack
tip, in the following manner:

σm ¼ 2σ
�
c
=ρ

�1
2=

ð1Þ

The fracture starts when σm exceeds the theoretical
strength of the material, σth. Therefore, the mechanical
strength of a material increases as the cracks become
less sharp and shallow. As shown in Fig. 3, the coated
gelatin seemed to infiltrate into the microcracks of the
framework of the scaffolds and flatten the framework
surface, which should enhance the compressive strength
of the scaffolds.
Presently, porous bone augmentation materials clinic-

ally used in Japan are fabricated so that the material pos-
sesses porosity as high as possible while retaining
minimal compressive strength. To the authors’ know-
ledge, the lowest compressive strength of clinically used
β-TCP scaffolds is 0.9 MPa (Osferion, Olympus Terumo
Biomaterials, Tokyo, Japan) and its porosity is 75 %. In
contrast, we have succeeded in preparing β-TCP scaf-
folds whose porosity and compressive strength are far
higher than those of the commercial scaffolds. If the
requisite minimum strength for bone augmentation
material is approximately 1.0 MPa, there is a room to
further increase the porosity.
In addition to reinforcing β-TCP scaffolds, the gel-

atin coating increased the osteoblast density near the
scaffolds. This seems natural because gelatin has long
been known to be a cytocompatible material. In the
present study, however, 2 weeks of implantation may
have been too short to observe the rates of the new
bone formation within the pores of the scaffolds and
of the resorption of those. Those studies will have to
be conducted to more precisely and quantitatively as-
sess the effect of gelatin coating. At least, still, a
higher osteoblast density may imply faster new bone
formation.
On the other hand, it has been well established that

the dissolution of β-TCP promotes the migration of
osteoclasts and osteoblasts [31], and calcium ions re-
leased from β-TCP may promote differentiation of oste-
oblasts [32, 33]. The gelatin coating may slow the
dissolution of β-TCP, depending on the amount and
thickness of the coating. Therefore, an increase in the
osteoblast density alone does not guarantee fast bone re-
generation. Although further studies are necessary to
elucidate the biomedical efficacy of gelatin coating, this
work is the first to report the in vivo effect of the gelatin
coating on osteoblast density.
Hydrolysis of gelatin gives peptide oligomers. Among

those, tripeptides, which consist of glycine and two other

amino acids, have been proven to promote osteoblast
differentiation [31] and in vivo bone healing [34, 35].
There is a possibility, therefore, that the coated gelatin is
hydrolyzed to tripeptides, thus further promoting bone
formation.

Conclusions
Porous β-TCP scaffolds with approximately 90 % poros-
ity were prepared and coated with gelatin. The gelatin
coating and subsequent thermal cross-linking increased
the compressive strength by one order of magnitude.
The highest compressive strength attained was 5.1 MPa.
The gelatin-coated and uncoated scaffolds were im-
planted into bone defects of the cranial bones of
Wistar rats for 2 weeks. The osteoblast density in the
internal space of the scaffold was enhanced by 40 %
by gelatin coating, implying the possibility of faster
bone formation.
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