— AL EEN R RUB R R =
=l RYA 35 JAERL 2

(2017ﬁﬂ§) qﬁﬁi FDED

Tokyo Plastic Dental Society

FEITAE I H CFIR304E 315 H

Contents

o7ar oL - Wikth
2017 #£E  FE 81|
AR R R GRS [ R il i &

02017 4 st
92016 - 2017 4FEE WGBhHLY

.................................................................................................................

@ LN UK BRI |




— AL AN RROB KRR =



Contents

— B AR R R R R RS 2017 £

W
&
B

BT

23 Greeting

08k Abstract

1

2017 Felm BAER MKRERIEH ERMFIERS Tur75 D8
3
PLEE Congratulatory Speech 4+5
BH{EMEEE Event Outline 6
=5 (EFRFFRIFRHZS)  Contribution 7.8
Ay a—)V ([E B R R Z)  Schedule 9~11
TPDS 35 J&4ERL/&/X—7— Contribution (Dinner) 12
13~22
2R RZEWN  Guidance of the company display 23
HRARZER A% Exhibition company reference 24
25~30

IR # Insertion

—fRFEEA FRERERT R 2017 F XA

+An Evaluation of the accuracy of the subtraction method used for determining platelet counts in advanced platelet-rich fibrin and concentrated growth factor

preparations

31~41

«Platelet—rich fibrin prepared from stored whole—blood samples

42~48

*Mechanical and degradation properties ofadvanced platelet-rich fibrin (A-PRF),concentrated growth factors (CGF), andplatelet—poor plasma—derived fibrin

(PPTF)

## Greeting

JSOITEHEE |

FRAED) S

B

49~54

*Quality Assessment of Platelet—Rich Fibrin—Like Matrix Prepared from Whole Blood Samples after Extended Storage 55~65
—AEEEBEA FEERERFES 20162017 R TEBHHE

6768

R (2016 4EJE ) A#8E DFE  Voice of the passer 69

SOl r—ATF LB — a0 386k (2016 425) BB D Voice of the passer 70

TPDS At JSOI R E#EE 2 (2016 4EE ) =ZiE#E D7 Voice of the student attending a lecture 71

TPDS At i k%E  Academic meeting hosted by TPDS 72

Society activity in foreign countries 73

TPDS Ef¢ WHEiZ > 9> Conference Presentation 74

FERF(NFARE RO RAX—FH) Conference Presentation 75~78

HEERFZE (TPDS X HiE KT Cooperative Research 79-80

LIVE #—=Y—_ Hands On Live Surgery,/Hands On 81~86

Social gathering 87

TREFAERERB L7 E Authorization certificate 88

TRAERHHE MEfT The enforcement of the law
FEEMIRIN T RGED e /TR RGO “MEE BRI =2) —2 N F 7 TPRP T DHAE BOXI DR o 8990
List of the officer 91

feEi4n fi



#%UHE  Prolusion

—H AN AU RIS MR - BER EBR M - silaiERIS A &#% (ISBB)  F=7 v
EFEBEMIRI =y s fbik ESELE BSE oo

RRICBI LA / R—va V2 BRT2REEDOFMER. BUIREZEHELT! !

AARDEROBT 27 VT IT7 & LTOBREZZTZIBEIC, FI28 T o020 DN RFEOMFEERTIERNA 5722 Lin
L. ZOFEEITHIEL L TOEBRTDORIHML T, LD A= T2 DD LD H A U TIEWARWES S M idi-%7-
HEPE TR M O 2R IR U C 2 OBESHE A MERF T~ 5 7212, FERICE DR WGENFIE L, TP EFREBRO HEICE A T4
P DZDFRBIEIED 72 2o THY . ZNNE L DEFHBIR AL £, WAHESICHE CERVBEANE AT Z & ixh LT
fERSERZ L TV, ZOFIITHOHEBEMS S, DT T TIERWIEAS I N ? ZOFEIZARE ANLLNE, WROBSE)N
LERNPEDER P Z BFEIC, &b 5 FH TEIS 2WBHERICIEE L. £ L TEDOH L FHMERB REMRHE T ES Th
%D, REOBREFRUEOEBORF L LT, YIFRZISET, HEL OFERCTTHIBEBATZHREZRE L, Hmit bl &
RPN DOFAIFE GRS A B L C& 7o, ARRICZOFEEABH L T D, Z0Z L, BHEEICL > TREPRD T LHINE
THERRH D HOEY THDH, THETETHEROBRGENLAENTEY, TZHbRFOHMELIENRH Y | KK L T D
LVEERHDEBALTWS, D (Ath) BAROWEEASA 7T MERORFRERCEOZE S ZOME FIch 5,

™~ = | [T R ] R T B

E?-. BT Judl By

ERNRROEE S L ORI L LT, YRS OEEIOSIE, BAROMSHFRRES 2 5T 5 72 DICREmE i~ s 2
RO TE T, FAULHEE, EREOEA 770 MERICOL 0 BME Y, RS HEZROE > TEOEHOERFHCHRAB oA
V7T MR E RO TE T, MRRKRDOA 7T v MERE L TRBIICITBRZ BTNy TORREEMIZRY Dz, 7
T v FORMEEINEE | SIEFAEETFORBO—HSIIHMT 2~ < BERMK - SllaiERsAsiEk (ISBB) & LT AR,
NTWTERLTWND,




2017 4R

%8 m

BEAER MEERRGH ERFREES

—AEHEEN HOROR A AT SR (TPDS)

iy ,« L
W I'd

e
V] 5% i 975 - s e g A i P 5% (ISBB)



B  Greeting

—RAEEEN ROURRERIE R 2R
HRHEERER Btk
HAHE /R

2017 R #ehEl [HAER MKREKRSH EERSIEES] BECHY

2011 FFIHIE CTEWNSAN O L < ORFFEE T NCERIRZE 2 £ T, ERMIRAERMEHRERISHSER M Thbnz0n, SDWEH ok
A D, FHEFEIZ OEREELRD Z LN TELHEER TH D, FRDBEMRALE CTFR 0 BEAEMREZEB L, W
STHWDRWAIZEBMEPRP - PRFZISHLET, PRPPRFEIE., &FHTOEIRSRAE DBIREE R OB o—F &
20 9%, @mEERIC L o TRIEEDER CH S, 15 8 RIEEMIRERIC A FEERRRIERS 13, R K EM#ERE To
BAMESFEFIEIC LY 2017 4F 10 A 225 2018 4F 3 AICARIZ R o e BBIFBVTH T\ D, IWAHEMZFZET 5 BAEEHR (PR
P+ PRF%) OBEHFEO—2THD, ZONFITELMELLTODIN, BRIZBWTTSIENE D BORZ, HARRILR
HMEEE O, FERERITER, ZO—oDFE & LT, Pk 26 4F 11 Akl STz [HEEREOZEMOHREICET 5
Bl BnEFEND Lo TS, TETHNEZ OREMTICE L CTHRZEICPRP « PRESOMLEN L ZOLEMIZ OV A & FEIC
EONTTOILTWE b O, [HAEERSEOREMEDORAEICET HIEME] MTRi3L—L & HE - o b LIRHEFREOMFE
ROSEHENE & 2 F DIERE OFAENELLZFETHD, PRP - PRF & fEEAITHI LA, BREIIMGHET S, ZeMEOMRIC
BOWTHERZ b LW, M/MIE R LAWASGA T —FfHE LTIHT S LAYy, EEASHE L. Zer ik
THEN) I ETHEERERITEAZHEL TV DO N VD, M OmERH LL— E B - EEEITL TS L0
ERUERICERT L0 b, BROBBHET, ZASLEIT, A ¥ —Fy M ETHAERREZIROT > T D R o F
FRAeE T2 2 L0, ERFYEILEICER DO TERW LR, SIREIMDIZDR0h, BENRN TS TIEIEV, B
TR RTTE ST, ERLEER RIS 2 #28 U BN SN2 2 128 LR RSB 2 2R 1595 L 3kic, B S - 1mss
DERRIEATE S L) YA — b, ARy M CHMRBICSMERLT 5 HICbMERE T TOET, Bz bR
B35 & MBI DS W THARK ORI R 2 BE DT DIATo TVWEET, BAERKPRP - PRFEIA-L%E
LTS5, Db ITBINET D 2 E BRI LET,



#lEE  Congratulatory Speech

FORRZFERZFGE AR FERIS R A O - EEIRRE R ARl DB R %
BONKRZFEFHMERE 74 v 2 - 2 V=7 V78 #k
2 FiA

2017 FFEE%E 8 ] BARR MEEKICH EERRRESFERICHIZ-T

55 8 PR R I i B PR G E R RIRR I OB, SICR O TL 5 T8 WE T,

AEIOFES T, T —~ 2 FEICRSIEY T2 EELT, EAADLT LBIFOL, BURRWEIFENFRTEZ 5 T
T FERERIE, BARDFEIRIEIC L EE ST, LEEROMRIELE Z RIS L 2R RHIKE b BIETRRLRIIEFIRTH Y |
MIRD TR L2 D A = HRHEMRLEM D72 59 SREEARRIBFO ST < (2 > TS TWE T, Z2D7H, LA
BEREEAVRELZLEL LET, ZORT, SHOFEHSIE, Z<OZLPRINTELILDE, RERELAILTEY £7,

PRP <° PRF 72 & MRSy 2 T B P AERBDRIZIT, HEHAR 2 TS, A% 2 1SS R S D RSB T3, AT
B, ERRED, HhRE, fRERE), R E e & O b ZMINTEHE L T, ARFERERA~DIRET 5T 7/ n =T AA L b E D
DIEHET, EDOTWIZLEE, LVENEHERROBRA~OHL SND Z L2 Mff iz LET,



fLEE  Congratulatory Speech

ANFHFNEN BARARES 5 v MRS
HERE
EE E

A

2017 4FEE%E 8 (B A E R MRERR IS AR AGRE S FRRICHIZY

OIFEFEAN AARONEA 7T MRS HRAHEREIRIC R 5 Ol 7T MEOFIRF R OHER & ER~D OfEA v
T v MEREZR U2 O/, BT AEMEA L TR £7, [T UDITERN L ORIEDEE~D T34, ZhicxtL
FLTONLEHHA L EFET,

WRE 26 4F 11 AU THARERS ORZ RSB T 258, BAREREORSMEOMIRE B 2 BT & O AEERE O
ZARVEOMERFICBT 21k NEAEBEERRIT R IRIER L v @5 S, BTSN E Lz, ZhdnkEs 77 > Mak
EITOBAIZOIERICHLARmNE ZATHY . BRISHEZTT> T\ % PRP ZH5MRINEEN Z Oxtg & 720 97, PRP OKIG
TR OERL, IEEICAERATHD Z ERF LN > TERY £, PRPIIH 3 EHAERBKSICHEIN, 5B InEHERT Y
i, FHEE AR LB AERRRMEEIC ST 50 R EFEEREZERIC L 2FEEEZ T T AT LI 7,

C OB [ENAI O AT A RS U AR R L R A G E R B 2 S E R M - iR RIS &% ISBB) F=7+
v —RAEENE ARG R E R R R SO R WAF JofiAEE ERELE L LR R E SRR AR B
ECHBEIND Z L L E LT, RMEHSE B SN E LB JTRAICIEE B EPRIEH ORI, B LS 0
BEICZRRIRNEZENTEBVET, ZOHEZBMEY LTBILRL LT ET, AESVEMCHEISNET L, BIO%A
TR OBHARRICHEETIVEEHINOIEREL AR INL 2 LA2Ta L THEDBHRWE SETHE £,



REMIE (EERREES) Event Outline

BEKALTH 2017 FFHEES 8 [al PRAEDRMR MR EEAIC ] EBRRRRIREI

7T - = BRI I 2 PR DI - BRR & REFEHERICMT ToTmrn—27
ES 1 —MAEEREAN RERERITES (TPDS) /ERR KK - sifabfRis 25 (ISBB)
® & —RAEEEN BARERERYS RO 7T v MRS

B & B & 201843 H 256 H (HEEH)  10:00~17:00 EFRIHIIEE L RALANTINET,
B & 35 Br WHRKT:  EFRHER B e 14F S50 a0E 5
T113-8654  HEHERSCHUXASS 7-3-1  TEL.03-3812-2111(1%%)

BnREE — 25,000 —fRtEEREAN RAUERCHEBIIES MRk
FREEE AN RURRERIIE S iR - BER

EFRMAE - MRS S (ISBB)  F=7~r  E¥EL By ¢
AEHSOBR L REER

FAEBIIEMITIZE Y PRP - PRF (CGF) - PRGF I RAIESRIS HENTHAREE L TEASNE LR, RIZIZZEOHH
MIET U ANRZZWVIRILTH Y BFFEMHENSLIEE SNET, TL T, B2 BLOFHIZOWTHLHERARETHL7-0, L&
2 BLT L CERDIREOH D, ZOL ) ilHES 5% bike L TIRIEEL TV 97,

FEHS BEORMR

Filtes PR Hh T—v /A
2003 HOR PRP B ORRATER il
!
2013 Vv The 1st Congress of Asia Anti-Aging&Regenerative Medicine
2014 2y SYFAC % 7 [Fl[E % Growth Factors
2014 HOR MEFFAEMEHERISA « PRF - PRP #/E, PRF - PRP - b2 B VISHIZ DN TR
2014 il TIOT ~ RN T 4y I T AT I—A T T hOREEZESM
2015 R MR AR EHEE RIS 12 81F 5 PRP & OF PRF %&-## Growth Factor LR & Fek, FH/E

BHEDRRIR L EHI OV TH

2015 O FAEEFERAT B LB RORRREFZ AW BAERE  ~2 O L i~

2016 WO B ARG & — b 2 72 B SRR T AR TR & AR A 7T o R D RTREPEIZ DN T
!

2016 H B OEKIGH,PRP - PRF

2017 HO FRIRFHHLA & Bt B IRFEE A D T 2D JEE
{

2017 B BERT R HE BN D A 7T v MG

FITERER A N—:

OFTZER (FBREIRD) « 815 o (HBREETEAN FUERERIIES ik - B /R - wiia g R s 2
ISBB F =7~/ NittHENBARONEA 77 v MeaocisE GREICOI 2 k)

OFATRIZEER : F8M RK (HREHEN FRUPRERIIER 2R)
OFATRIZER - M1 Bl (—iAEHEN FOUR R ERIE S B

OEEMY « #H 3L (HRAEEIEAN RAUBREFITES 555 )7)

6



Contribution

=% (ERSHIHEES)

HHKRE AfEXy X EFTHAREEMRER SMisER
T113-8654 HULESCRIXANS 7-3-1 AT RFIEFE B IR 14 B
TEL.03-3812-2111({%%)

WEEHV R
R e TR - A= T BB 4F/HO L0 TIEEM] bk 25
HR A bR Ek T AR - AM=T BB 2F M0 Xy TMEMEM) RBE5 5

WR%EY M By —HABER

FHERIF] X fEs 15y THOBR) I C3d: 1200 - 1500 (59 20 43)
IR M X1y EANMTER ) |2 C3fedi: 2200 - 2600 (5 30 43)
MEfEM ] X1 5y MErfElly I CoRH . 2300 - 2700 9 (%9 30 %)
FHEEM] X1y MEJIER) (2 CIRH . 3200 - 3800 [ (9 40 47)

OERKE KX L RRETDT 7 &R

A7 —x ZRAOBE, THEMM) Lo AL T EF
D AR v o RZARERAT) £ TR LTES &R T,

¥ I7 ¥ BT
1
® RTHEM e
WAH LA 1
_ RS i
W EBFrVIR i
¢ En e 11
*E5 - o
ERFRHARRE Lt
o nm E¥E B oiw
¥ a8 | B |
“‘h?Hh mmn :I
le
H. 201 ENEI®E EUn
Sw=T ! BT
Ed CR L ® sm=TQ \2::? 1=} : i EEw
1
| |
LT
| |
| B |
| I |
| B |
W
| B |
| I |
| |
| B |

- A
Ene
na

—— -0 LR
——— O N

— 0 LR

e TR - .



OXMKREFE AEx v AN RHK

smasy  SRPAEDAGER”

WEARD FEikER

RARIER

: S
3] I \
\ 1
N/
| Fo=. i3

rrrre

HRARD A/

AR=TER

L !

L)
1
.

-
Ersss s s e

RN Tk TFE

AH=TBER

-
an®
--

BEARD THIES

i EER

Contribution

[ESFEBEWIEA] 14 B

WEHARD FUER

R

1
L]
]
L]
1
]
L]
1 ]
L]
{ |
]
L]
]
| |
]
1
1
b

*
‘ﬁ




AT a—)v (EBRERERS) Schedule

@3 )] 25 H

9:30~10:
10 : 00~10:

10 : 056~10:

(AER)

00 I3%fF)
05 MBI&= “BASOBE” —iEEEAN HAERRERES SR HAl &k

55 [EFAHEE)

B
RS | e e b EERRREEELEEEEEEEELERELEEE Ao
W e R R O EE ©
BRHT 51T % AR [ESR PRP 13 & = % OWIZE RI) 28 A2 302
B BA (BB KA
10:05 ! ! WD Fed (— iR
R R KSR R B R AR
-~ : ) : - TN R B s B AT 2T
- B R S 2 4 BT PR A AR

I o A | o & BE BT Eow
| WERIE B AR R R B B

| | )
R A R R R A 0 R
| e )

11 : 00~11:

56 [ABAFER ~ OHEERROFBEDERK & EiR~ | XERKREM : 165 (HE - IBE b 581)

E 2L L i ey el e ity
HHE Esp3 TR Ex © Ex @
MR AARALEE PRP & W= R HIER] MRk Gth
L1200 = m s e e e e e e o o e e e e e e e e
i YN B (R
~ | | WED HF (ks
: A EE N RO R, TN U RR Bl R AT 2T
11015 |EW HA HEPN ! TN BT R R ST 23 , )
| FBHFsEs BRE RS i HLERERURE R AT
! AR L
; TN ) =y )
B R 7 A= A 3 7 C
) el
| i N AR E Lk (—ARELED ]
~ , RN BRI Rk A B (— A EE A
: : B HEN BB R RMTZE
11:35  |A i e HA S BRSO EB TR AR TR 22
: : = Bh ) o8 R HE
R E BT | 7 T FHERE)
! be) !
Facial Control~PRF Zf\W\7=A 7" F > s DGR~
11540 |-mmmmmmmmmmmm e Pommommmeoe- e RRREEETEEEEETEETEE T ERGRRGREETEETERTEED T
! ‘ i L R O (AR
~ I RFEETE N RO AR R R (— AR L
s N T Akt R ST

A IES HEPN FHFE S RIS ESREINAN  HRRk h B SR 2 i
! | | I Y ay T
' SRV R )=y s HE N R RER)
: ! R V= 7)




Schedule

11 : 55~13 : 00 TB-& /IKEA]

13 : 00~14 : 00 @R

" e
I e foeseeneaneaee ponme e GRS GRS
A I B R O R @

13:00 ! DI B R 2 R 95 5 !
~ | iR DR Y A EEE IR GBI NPEA R T =1 (R
14:00  |f1)1] F&w] A T a VB T T MR MR AU R AR 2

R KA LT TR EERER) e BIAE)
R ERLE |

14 : 05~15: 00 [HHERE ~AESTHbEINET UV FA DU T~ BEREER 164 (BR - &5 55T)

W
L L R I T R e
A e R R O R ©

TUoFIADT e =TT LA NTE vs  [TXWIRE Y]

14105 | | WO ERL (AR A
: : : 38 (A EEA
~ | AR AR KU R R
| | L SSUY R R R
14:20 [P Fiz EES RIS B bR E T R E B
: : : ‘ VR REAREE R R
| Y=y REERNRE AR &R B
: Lo CERERE KB EER)
k) |
T S AR ORGRITIE S DO T D 5 Z & ~Cure 235 Care DB DR~
14:25
~ § AR AR RO AT BEA (AR B (AREEREA
14340 T Ak A BHIFSEE /T 7 v 2 VN SORU U B 7E 2 BUSOF i BT 76 22
| )=y K 1D Bt D)
BRRALOVZTIEDDT o F A DV T ~FE LT ARA~DHEE  Buck to the nature ! ~
ts BRI SRR A !
' BB S MR RN AR K (AR ‘
~ | ) L I B (— iR
! WEANRLA © 7T v b AN R A R 782! o
15:00  |AbAT & EES ! ! N R EUE B o R 52

T4 Yy FraBE S OS bR
i i =R RNERE)
iﬂ‘/lz:r_::/\‘~“/5“4’ (‘7:iU:‘)7) |

7) HAHE

10



AT a—)v (EBRERIGERS) Schedule

15 : 00~15 : 20 k&

FAEIR] 8D Zm— S FT v (BB) XAITIFAT 2N (HX)
g5l 8D Fm—r\WA 37 v 7HERT (B) FEWRBIZRE

15 :20~16 : 20 EFFHER “HTRARMEE”

O
247 U
B EgE BB R O EE @
B~ 72 X HER 1
N e L P s
15:20 5%‘%?&/7 ?%7%@\5%%‘.%%?% !
~ | et (b REAL 7 ) = —] A RS (— AR A
! ! OB IESE (FRA T TV
16:20 | HEEB AA > g v aaRE /NPO EAS -] FOURIIE S B Tl L
: NBFgE MR SR )

N =TT A R A BRAT LR 2 U % 4 L)
R Y Y PP ’

WP 2Bl i

16 :25~16: 55 SR ATFT 4 A B v ayv]

T—=
1 s
REY R R EE O EE ©
Az & TAMIZE Z & CREEFIRZHERF TE 2O TL L 90 ?
16:25 ! L i i1‘: gt (—%t%f)\i
S REER )N P X R AN CRUR P RERE E  R A TR !
~ ‘ . . i YRR R B OE
HB AR R - TEEWRRE R AR RSN BR) ) ! )
16:55 i o B - sk TSBB A
XN Fnz X a1l g1 GRORER R R A8 80R R LT IE] |
. ‘ - =T v r S ET R
BRSPS e ER A JEAT RE(ERERT) ! !
AR U =)

16 : 55~17 : 00 MBS PAROBRE” RAEEIEAFRUERKERIES B M B

11



o

TPDS35 JE4Eit&/N—7 4 — Party Contribution

IR AR BT FER RIS 36 REFLLE NN —T 4 — (HLER) ]

HEF : 201843 H 25 H (H) 17:15~
235 . [Capo PELLICANO A | B KEESSMFERI BV 18F AT AU ST KA 7-3-1

Tur T h R

RS P22 —MRAEEE AR R RS iRk - BEFER RS T

KE R JIR 2 =l HE—RR Keng-Liang Ou

SRR

JRFHTIRIE 5 - B EA

TR IR T ANCEEENRER B %

TR IR T KEZRE - AMERE  —REFEEARGUERERIIES  BE ik B Lk
HAR  FEFS —MRFEEVE AR BT E S AR e S

&

JSOI BEHERETHE DI LOSE —AEEE AR R E S Rl AR IES
JSOI FBEE = #& T T RER G &R

&

Hiffish R —RAEEE AR ERIE S SR HAEE BER

12



4% Abstract

FERFER

3A25H(RA) 10:05~10:55

SHEE R HT HBAER PRP ZECETHRER)AT TAEA?
BEEIE Mz

k-

Bolt, BiaH5, PRP IZBIT M8 0OAV 2 — 5 EHARNEZ, BFOHRLTTHE, PRP IROELNERICHETNETULITE
BEISSSIZLTNSG. AT ZELE=HAETIE, PRP OZ RN ETHL TECESNTNSA, TAUATIE, ERAHL = PRP OEA,
WEFSICAR—YEZPLEENEONH CHMNICLERNICLELERNME L5EL TS,

PRP MIRDEHEKREC 4 HicpFohd. F—HIE, M/MrEBFERFORBORI, E_HEREEFREZERALEVRAREORE,
FoHFEBERFORKEO LR, 2L CERHEAMNKEADOZIEDOKRITTHS. MiTLT, MEFECHBEE LA RENI=HE
TR, T4TVVICLHBENDRELEDEEN AR LM E SN DA, PRP O EFRGRT)ICIEBYZ G of-.

RBIZ PRP OB MMEICK § 2ERTKALLTIRERL. EEIL, ZOREO—mEBELIERATORIMEEYEEOEARNEZ HH
BOBRIRIZHDEHTND. 1zEAIE, bhubhld in vitro TEMBINZII/NMEAESZEEIZDNTENLLDILEEBELTNDEA5D. HD
W, BIERFUMNET RV — LAPGRERFORBEERVDESSN. —F, BYAERICITE BIVCEIMELL\SEZANHLIN, Th
ET PRP BNBRN(ENBEFDRBH A ENSEDIRIBEINTELEZE5H. [BANESTWSRIEARBAZISAET D1EE0S5H, PRP (&
(FOLTHBEDHEZETIAEL.

PRP BREDIL VREVNSKBELDIZ, R TIEH DA, [BELEMERDITIZEEICRVEA TEEbhbhOERHRAREHHE THE
L, SEROMEDBIET NEHMEITDNTEELTLN.

JAaJ4—IL:

& E 2013 F  NMKFRFIREFHITBIFEEHEM (~2014 F)
1985 F HARANFHEFIEE REIZED

1985 F HBAKNFRFREFHEMAZ

1986 &£ [ HR [Fiy=

1986 &£ HTAXNFHEFIHF FIRKFZRERERFRS IR

1990 & B (%) FROESF SAHREBRYHE EREEROE EBR

1991 & RATIRFEFHRHMBF (~1993 F) HAEMKXEHREMEFT FEHR

1992 £  HFBAFEFIRAELD

1993 £ HBAFEFIMHBHIR

1997 & HUHARZEFEEHEFE (~1998 F)

2002 & FRAFARFREEFRATRFELRICE BRI
2012 & BAERKFFREDEFMEEHR

13



Abstract

FOEERER]

3A258(A) 11:00~11:15

JERE: MR A AR PRP KEAW=REER EiGh
BHEHET EH FA

k-

ER B ERBIZE A TlE PRP OB AMIZE BL Dr MARX 21850 Live Ope 47> TULELAY. Faht Dr MARX OFEEERIL=DIEHE
ENFSHTTLE, ZORBICRGELTUSE, PRP £EEERICIEALT 15 EABEELE, WEIFHEBEMELTIE Xenograft Z L\ PRP &4t
LTWET, BBERRELT— B AR LUV O AN TELEEIZ, ZREBKRICAVZEROER, BICRKELLLEDTHNE
CCNERVWAREERTEDIET T, TOLIRBMIHERICIIBELROLEEBNET, PRP ZANVERE CAERVR EWSERNEZ
HEFELT, 4ElIE PRP % Sinus  Graft (CAWLNT 10 FU LFBLIERZHEL. REA X fRH. ABNICEORIZE(LEZONER THE
WEBWET, Xenograft ZROVERDERIILIFLALRINERSTRELTOEYT, BBAICEBREEERLRALELENV TV
FRAIFZRYBWNTWET, CHIZKLT Allograft ZAWERITIENRUIRINERL, COHEEIRDDONERRIZRSTELRERLTNET,
FRPRRELT GBR E4T3ICEELAIICL TLBIEERTELLEVEBNET,

JAaJ4—IL:

& /E

[BF0 60 £  AINKZFEFERZEZE
BEERKZOEARAR

B 624 RXFOENEBF

T 4 EFEL
BEERKZOENRIEREEEM

" mEEERRERE
&
BARAOREAVTISUNELSEME

BEEROBRAVTISUMNELTERRIEE

14



8% Abstract

FOEERZR]
3A258(A) 11:20~11:35
R EATEEEEEEAT
BEE AME Bz
k-
VT SUNEEEHIIZE DI, FRBOH RO THRMBMOELENDERARGERLRD.
BREAERE, BFAVTIUMEATIREEICHETINGEN—RNTHY, ZORICEIRERFRICLVERBS LUERBOXESE
FIERRICH T DA F TR EFELEEBICERLAITTESEL.
RHCEMEBICBOTUE EMBEOEBRLRBICREELZT MY THYREICKHEL TR ENDHS. BEZOHEICDNTIIERLGE
DOHHY, HEHENEE BRARABELEEFRERAEBOERELIT—7 U HXORINEMBOFERLGENEZERAIN TS,
LOLEASWTNOF EDREORESPYROBEFRGEDRBEIDYIERIC LICFREEZRLGT IFEDE.
ZOHRTHAEFMBEER FEFALEEMNEBE SN THY, BATIEGFHEAE 2 B /MR H RIEFER F(GEM21S®0) P EEF
HHEZ B EFER T (NFUSE Bone Graft®) TH 4L <)y~ X(EMDOGEIN®), ER TIZ#E# 2 BIEN bFGF (V/OR) BEERN=H %
MY TIEASN TS, SHICABIEBEEREORRH AV B R M B ROEMREL/NMRMEDOEANZHFSN, LoD PRP(Platelet-rich
plasma)iRAEY B OE RN ATRETHD. Shld, M/INREAROEIERFETTIVREDHIRERE D FESAERADLY XIBERRTS
FHETHY, 1VTISUNERIZIGAT 2 CRABMEBIEE® GBR OBEIINILOE S EE{RET DRIBEENHD. SRR TIIERRHE
ERZIEHSERERVISEAEICODWTERRLAEIZ DWW TIERERDH 5.

JAaJ4—IL:

B& R

1988 FF A AKRFNF FEREFZE 1999 EFEREANBEHR OETEIERER BER
1988 FHAKRZESFR HWROPENRAZEAR 2013 FHAKRFMPEPE BRARFHEE REFA
1997 HFoEBN ERIETFKR 2014 FRAAKRFNFEFE BRI

iR &

R ERER BaR BAOESEFEREE

BAROBEIUTIUMER BEME ITI Fellow

BAMRBNEYs REE ITI Study Club, Packs Tokyo Director

BASBERAVIIVNERRE

T179-0076 REREMEXEZH2-29-16
EEEAME BRR DEHHERER

15



Abstract

FOEESRR]
3A258(A) 11:40~11:55
SERA Facial Control~PRF #RW\=A VTS UDBGRER~
RRE HA EL
Pk
Prof. B3 T SLEMNEEMICEERIT TRRIBLTWAOEL, SEERERORARERILIMERER T BEAEERKRIGHAITY., £
DFRT, PRF ZAWAV T IUMNERDEGMEERBESETHEFET, [FABORELBEILLLIT, REDTNIIAV AN I3V IFBHT
BERINE)T =23V EENEEHRINTOET,
SBIZBEY—VITHTHBAREW ALEFIOEHEIC LS ELO AT EMEREE IOBREEAIO—X TV TEINTETVET,
HEEERORARARICENT, OTE2ECEMERICSNT, THE 3 2010BBANNRLENERNEANEELEENLES
MAIBEESNTVET,
BE. AIEESOAVTIUNERAVEREBERICRDREFBRICT, TILIIRIIAV AN Y3V ET3H->T, BERDERC
BHLABEENRELEMEAETE/OILEBRELTVET,
BREZTEEFEIAN, OBLORMN BENLHIIEKEHEREBEOHELSY. ABORER, #REFECHNT, BHWHEREMS
BERMEELERIDOERIZDEND, ThIE, BRENGTERNEAEELTRBENBEIINTETLS,
4@, FEEDEGERARIZEY, 1V TINBEVT U h—AVTIUNBERELEHT=
HHIDEHFRREFBEBC T BWHEMARESETEEET,
Stk BRAREEMA, IETVAT—ADERELLIC, SYBRVERRHOFRAMEADRENDBETHIEEILNES, OTOEFR
EREFEADTVFIADVT  VINIAOVTDOREIZHFETHK $%6B 4, BRIOBRKICRAEE>TKHHFTY,
SEOWEN, EREROREE. BERODEELERERN. LEHOABLED—MEGNIEENTT,
(SEOEFFRESE. 5 101 B, 103 @, 1056 IEXAEBNEER, BE7O7EBNBERRREKZILRANBEELLOTY, )

a8

JaJq—IL:

MR AR

E¥E LT RRERKE #EF

BARORETSUNESRE EBE-FME
BAORAVIINNFRBDERBRKFERR  (—REFENRREAEMARREISRK
ISBB REE HEEEANMRBEE

EREAME GY REBER - RENBYERYI=v)/GY BRERNRREI VT 42—
RRBPRXFTBEREMS/ PRAXAERMNERER =B
RRERAFRRPRR TG MBEMIE L HE

BAEMAL—Y— S EREE

O Fx BB HRFBLELH

16



8% Abstract

FEREE]
3 A 25H8(R) 13:00~14:00
HE R RIT A BEERIFECETHEAREN?
FERE M ET
ek

EROESIE, fbhhizOEABERYVR T FrL o POELRTHo-EES >THBRE TEEL, ZOESLOH T, TEOHBEEDTIVL
ELT 4. BEERICKESGHENFELNATNS, ERIZHNTIE, 1950 FRBENSIVRTRT (L 2—EAN=EEMBBBRICELS
AIREBOBFEREINHEASN (K1), /R 25 FFEBNT 1982 (2 Nyman 50BIRF7RTILEZ—EALVz, L2 GTR(Guided
Tissue Regeneration)i&IC &S EMBDBEFRENRENS, TDOE, BEDBERHTILIL>TRBBBEETORLGMRE, O
D 40 FTHREITESLTER, Ll COYBN A ETORBEEFEERDE. BRRLHY. FHELETL—IZAIL—DKRDLNT=, TbhS,
ZLOEBIARER T, COTL—IRIL—DHELERTON, S5RKERRGICHEAENDDHD, TO—2H, EEBAREFOISA (M
BRHEERDOISALED) THY, 25— dOHEMAZS PS Mifaals AV -MIE TZOMATHD. AEFERTE. BEX wFBEHOBEER
DINFETOHHEMBLOD. MAEDERICHTIBEEROTREEFER(R2)ERLEWN, AR, BESNABIESEEZRTS
DM HBNE, KoEFREEREBELMNLEVFEFRICEBEFESE T, BURALERTEEEBN R ONLEREE VD, SBELERE
BHELSTINGE, BEERICETIRAGCBABRRICOVTHERETROEL.

M1 SURT7®IT ILA—E AL iR E B ERER 2 WRIERICEIT2BEER
(Bassett et al., Exp. Neurol, 1:388, 1957) (Egusa et al., J Prosthodont Res. 56:235, 2012)
tizsue enginesring approach
~ .
i .
- Yo { N -
L ——. e
= RS, 5
JAaJ4—IL:
FRERET
AMEBXERBERREIRRR OREBRUNE)T—av 0B8R, HEHk DR TSR R
EE e
fBFN 61 £ 3 A MR KSR 2R 2 IR 11412 A R B RFHEFEBERN
fBFN 61 %4 B NINERKZRPREEH AR AT 1545 A FUNBE R SR (B RHER T B E)
I 1 F£4R8 HAZFMiRES R ER A DC %A Rk 16410 A TUNEE R RFEHIR (opEpyeur—s 2 258)
IR 2 £3A FINER KPR PR P RNRHME T PRI E RN i =t A o e
WFEELTERS TUE—R

L 2 F£4 1 N—N—RREEFHELTHEE TRk 2444 R NMERKFEFR R
¥ 3 F4A FINER K F P ED ) F (RS % =) Y5 28 4R FUMER KM EREEIRR &
7T F£4R [RERFEFEF (HRHEREE —FRE) REIZED

17



Abstract

FOEESRR]
3 A 25H(A) 14.05~14:20
BB TUFIASUT A —FILILAILFR vs [&WEHADE ]
RERE B ME
ek

FUoFIADUTIZIFTHFEREIERET I EVDEBRE BT EST IEVSERAD D, BIEIZDNTIE, 54 80 REBEA =, LHL. mE LA
HELTET, REECESUNH RRARBLL>TE T, UKD TS, BEFGELEEL. —BEBEFEHLREBETONBHFOTS
VDESTHD, F—FILITLA L (ODEEEDEZ) S HETT HE. HLARZT (FHREBRD B HET)ICEUELZYICHRDZENSTEND, O
DHBEERZASERVEIICT HIENRIBIN TS, ODEEEICZLOEOFEEIT RN LD, 8020 EEHIRIET DL57%, 1=12ELDE
MHEOTNBIELTFTOLDESSIN? B, LTOEATEIWEAEHLE ITHOTHHTODHBEEZRETED, WALEIZEEDAN
WERBETHD, LT AVTIVNIENL LOHRERET D, KVEHAEDEOEGEHAT D, COLIRIRETIEB /NI ANE
W\ I DEKSEDAIBEL D, KKMIAMG T BT LIZRY, O FHAMNMBIE, N~OMRENEML., REEFDBEHFEEMET 5, oI, KKER
AT, FRABERAICT HERFHD, THET | (BRAATES) LOT VLI T, B G EKEE I KYITh BB T A Th b, Fi=.
FEEBRLUMNRE - HE RENRBHESETRBELEELL, MHIER, COLIBMWA T, RFPACTHEOBZ LT hbE, T£E50]
THd,

Z1t

JAaJ4—IL:

& /E

BRI RFZE - ORENRIFEE—FE AFO979 4)
NVTWVTRE 5B-BEE- OENE BF(1982~1083 4)
BE. REMCTHEO98T 4)

g

BAROBE AV TIUNER EME

BAERAFs BEE

BEARBEEF: RVEE

ISBB(The International Society of Blood Biomaterials) 525 &
International College of Dentistry (BRI ¥+ =) HAS = EE(FICD)
BAERERESRFS TE8

R RERIRS BE

18



ek Abstract

FOEESRR]

3A 25 A(A) 14:25~14:40

EBE I ESEROMRIIEHDETRHDZE ~Cure 5 Care DFFHOERA~
REREIR KX

k-

LEFBETE, AW, BEARK. B, 1V IIUNERFLERELECETORZIH LI ERICEREZES, —EORNAT (AL
NI—RAVRETILIMTM) ISR ST EETo>T S, RECHEARMHSPLEEICA DRI, 788 2ESOREIZE =00, BRIE
G0N TS EERE, BWEARICGEDIAIEELENHDON ITORRICREEAENIFENDDON 1, BRIAEDOBEREROF RO VE
BECIBELEBLTESS, COLIGHEARBOTALERMTOCEREZEOTUAIQERH DI LKLY, ARR~OELNEFY, BE
BEMNAREREDOOBERNELY—BFAIET IR EED, ZLTERERIEHAN VT FUAANEEN ST, 12— ILERDELDRA
WERFTDHIENTED, MILBEODENG LML EBRECED V) -V J I EHNICERERICTMNGONEESADF AL
REDAIZEFHORUIEFHALTWNEE, EH SBBREELRIETHMICREEZNMABOEIICT B FHORTIEEFHAL TLEKELS
LT3, BADETRODIZEENANALENYEABTE, ERLVKRERL, SANSIUTHEHNEAICBOTREREEEERLSLS
EDTED, BRTEHZO DA VT TV AFTO—EDRNELER B TORUMAH FREERTAREFITTHBAEE TV

JAaJ4—IL:
RREHEA X%
EFEZAME kB TIHETUALI)=v) BEER
B& FE
19824 fEMERI KFE %
19924 KERAS KREEFET RN FITEE

1989 FFHHREIERS.
19914F YRA—FTHA TV XERBE
1992F~1997F BT VALTHTI— %

£ HBHHFENE
19974 EREAME RER TIBTULII=vIRRK
Bk

20084 #A—FLTASVvURBRE
20094 EEOEATISUMES REE
Ry AOREA TSI FER (DGZ) AR $YZXNERE

19



Abstract

rOEEsR]
3A 25 H(A) 14:45~15:00
HE BARARLYZTUEDETUFIAOU T ~REILLEBERANDIRE Buck to the nature | ~
RRE IR 2
ek
EEMICE, TOFIAOVTERMBEERT B RRNBEZ (T FIAOVTERE)RHBY, ML 3B RGEYFEHTOEIA
ONAIZLYMBEEREOREREL T, BadFEm TR BREFIZHSTEFZTHYFTH. EMEORTH, HFREBILT
COERDPOAEGERBLEAVEET DAZELZNLETIEETHYFELLD,

FCEZBN " BRIZHT Z - "EWNSRINLOSEDEETE, HFYCHREATRETETETH, TAESNBVRKICEEEBIIME K
BELTEHLE bhH 3 FHOIL—TOHRAFHORTERMK, $H4HLED v VL TORBRELLC, AHENICEDN TS R
ERELLT TER G IV YTV OFTEFCHBESINTOIE KOS IMEOERKIC, EFHRI-E S AIZEN
ELIOSBNL T FHEETDFETHVET.

WRRZDNFEDRRT—LRE, TIVADD v 7L TREHVETH, CCICFORMEER, SSEED N TNEICHS 1 E
FROBEANELNANILEREINTOET,

FEAKRTORMBOMETH, ANZRILEVOFED, BIRBEZFHOREVEZNICEL GO TRBRSRFHOMFINERSNES,
T NKEED EFABHO. TR /IBOEM, AN ZRRILEY JEEWDNEZERPOILTFV—ILEENHIHICLLIET T 5.
CERENHH>TETVET,

FREOLSBEREMICRIISNATNDILIZMZ. BARTTTHONTNS/N\TI)—LEEFDOBEBEOI /N7 LT |OHREHDOHT
ERTII—ITRERODEZFBCODVNTEBNATENELEZ THY, ZIUEAZEOETFERETEELREVMBDILELTNVET,

JAaJ4—IL:

& E

BAMO0F 3 A MREHNKFEFIEERZEE

a6 F£12 73 wFEBELSREERIIERAZE)

TR 4 F 4R ERRFEFBRBNBE~EHEF

MBS0 F 4 A MAEMKFEHF(ORNRZES 1 FBE)
TR R KRB IR (OB RIZE 1 BEE)
TEREAFERRE OENAMER(RER LS FH AN fEHRT)

BAM61F12 7 wFBEL PUZE

BE  EMNOEARACTIUMEVEI—FTR MAEMKEE EHR BN R
)RR MRS IS AR FURT R a8 AT Ty FLaFazn—1T4(X=F) BEHE

AR R K PR PR H0R (D RSB m AN R B )
i
R
BARDORENRFRER
BAOENRF LB EREE
BAROBEAVTIUNEREME
HASEHEE A TIUNERIREE

20



8% Abstract

rEE

3A258(H) 15:20~16:20
R R EE A DRI E R |
REE A K80

4%

JAaJ4—IL:

BEE THRF—V— BRR. /57— VEREESEFRRE

& E

H£FAB 19832410812 8

1932 FERMICEETND, 1964 FAR)7 - FOA—2—FUEICHBARAELTHHT Sh0. KR 172.084 00 L FFDTH FHTELEHS 1L,
1966 FELIIERK, 1970 FIRLZN-HI22)L 8000m it RixE i A X+ — R (FARARE) EMLEITF, ZOELEKBRE [THE MAN
WHO SKIED DOWN EVEREST] Z7HTI—E%2E, 1985 FHRA L RKESRBIEDRAF—BEETLEM., 2003 FXRB(ZXR)&LLbizT
RNLZANETE, SRFOHARSEHRETELRHZ (70 5% 7 7 A)BIL, 2008 4. 75 % 2 BB, 2013 4 80 mICT 3 EEOIALANETE(HE
AREEREBEREZREFIERLT, TRRUFr— AF—v—LLTHET AL £2EIC 1 AU EERLIVBREBESIER. 77—V58
BeEFrRORREHDD, LHERE, FER. EEEH.

&l
H

B TORAR—YKREKRBE ARMVIUERLERE. 7THTI-ERMCEREA, #HRILEFRIBREISE. 7V MNEE
TR, Za—3—IBREREI-ILT oA —7 L KRE (BiR), BEFRRES  SRIFRFIE. NEREXERY. 75V ABRAR—YE
DEWUHESE. Z-TINTG IWH 90T NITBREGN-VBR), ERLETR. MIMRREE. ERELETREINFE, ERER
REXRE, RNTRXEE, BRAR—VISVIVE, LBERXEE. RRBLEHNR

iE
W=U7-PLT X REREER V7 VERERSFFRRE (HeEFML VT —avifaai /NPO EATO-N L AR -UT 5
A7TABER/BEFBHENESNERRKAE EE WP BRERE

21



Abstract

22



ERBREN  Guidance of the company display

EERTI-T - BALFED SESV,

O
&
b
S
4
o
=
A
&
N
>/40
2
2]

%
te
&
=t
S
%
Pl
4k
&
S
T
S
&F
S
-
b

B (HRRSD)

ILAR—Z—FR—)L

i
[ /MEGERT ] RI4T
D smEHADO
(61 & [ @] 0|
HEn
OB¥REET A AT Ot TL—R—2 A ITIAT (AL
QERESHA—FR @K =+ OSSTEM JAPAN @FEFTURILIRIN)— (BRFEEREILAESH)

23



HEA®FE BE&E5  Reference of the exhibition company

%4  company name BREHIA AT 4 www. geomedi. co. jp

tH¥43E  the person in charge kit /& B KAl (m =1 TY)

fEFT  address T812-0016 @[ WLra b i XL M —~ T H 7% 22 5 7 v 7 u—2E/L6F « TF
TEL 092 -409-4050 / FAX 092-409-4051 / E-mail info@geomedi. co. jp

B W8S, (— B R) handling product (service) A FT7 bV a—ar, CAD/CAML YY) =2— g

L company name BT —rR—2x www. brain—base. com

Y H  the person in charge S M BT KU 7o)

fEFT  address T 140-0014  HUUERin I XK 1-49-15 7 7 B A RFFHTE/L 6 F

TEL 03-3778-0745 / FAX 03-3778-4910 J/ E-mail hosokawa@brain-base. com

B s, (— 1 R) handling product (service) Arrow Bone- 8 —Dental. /X7 &' —
%4 company name BR&EEA—TF X www. olas. co. jp

$HY43E  the person in charge W #EZ

EPT address T349-0217 EEE AT /NAAE 874-1 FFiE /L 201

TEL 0480-93-1218 /S FAX 0480-44-8866 / E-mail olas@olas. co. jp

BB, (—ER) handling product (service) RS c AT N RRL—T

%4 company name R 441 OSSTEM JAPAN jp. osstem. com
fHYE  the person in charge E SRk (A4 7 Va)
fEFT  address T 144-0051 SRS HXPERH 5-27-14 BT 714 BV 4F

TEL  03-5714-5955 / FAX  03-5714-5956 / E-mail kj. lee@osstem. com

B WELE, (—E &) handling product (service) SS,/VS,/TS Fixture * Abutment, Cas. Las. Taper. 123. Esset KIT
L company name FTIFIRAT 4 T okuderamedical. main. jp

HMHE  the person in charge M| s

fEFF  address T114-0002 HHERILX EF 2-26-2-3F

TEL 03-3919-5111 / FAX 03-3919-5114 / E-mail  okudera@carrot. ocn. ne. jp
B\ #lE, (—ER) handling product (service) F—=FGNTT TR AT T RNTT TR, LAYV A K

¥4 company name EFTUEINTRT b)Y — (BFERCAEREAM)

#MF  the person in charge EEAEM T Y A b e Bl

R address T114-0002  HAEHBAL K EF 2-26-2-3F

TEL ~ 03-3919-5495  FAX 03-3919-5114  E-mail  oji-dental. labo@outlook. jp
IO (—E R) handling product (service) R T AR

24



B EE - #E SPILSVERE

it

(EAXRLEHIE

DX BEHEHRDHBICHBIWALET,

E AR HERE RIS
HERIRDH B D ?

HITET A 8
TXZ0 7 Al ?

g
SHBILERINADE ST BBV
HEEICH OO AED Lz

®-

ED XStz e

KOO ERN?

STRBBE T,

www.sasaki-ad.co.jp

L1 IR T T Se——

Ll allly - |
. - weam - L —
- Rt ARARREEDLE
- BRENOENEEYMaTAL
l EREERSSDET.
T T
. TEPRLEEY i
L. L
R — e
= N G pataeen
;_; [_-&= :u..-.-n-.-.-.-
gy, ey Y
----- Ea-8 A e -

s PEE | asses T,
p e Rl SRS
P L "

I~ i‘
o —— ] oyl T
T o NG g maas ., Eiroer
I & [om— o5 RS L Ll Bl Lo -
= S
Iﬁ; S
—= £V
i
| - ol
Lo it it o

mman -
- L
- A= = 54

KETHA VD AT A T3 9 Y RET I =RV THH— ] zx

SASAKI ADVER

8B sraumakms

T113-0021 RREEBXEXAEDA 1-11-5 TEL03-3944-1991 FAX03-3944-1982 E-mail : info@sasaki-ad.co.jp




Jgb suuEsA BAORA L TSUMEeRTHS @ —ntAzA ERERIEFIHES &

. (D BXROEAS VTS ISR EEES

| 20185m SSIERAEES EE

REHAEEAN BAOREEA /7°7 Y NEEOHEREMR CTHERAMERARE TIE. T 30 F 4 BIcHE LGRS tFEABAORE
ATV N ERRERLBROZHEELZEEDNTY . A1 36 AELDA. BN THIEZRXRT 2ERAE ) — NI 2HEHKRCTT. BEDE
BEERTE Eﬁ“’F‘%b‘b—?—ﬁﬁ%i—C@—um@uﬁﬁmﬁi%?’ﬁ% L. ERSEHERDHER - RBIIEEAA ERHSHM - CARE CZHERELLRR
LIchVF 15 LZRABLTEIEY., FEE - FFIE - {5 EEOIRSICAIT TEH.EICT BICSEAHMESTEWL I LET,

BER-BRE-EFEE BRF T

|§§§,Hﬁﬁ'sﬁ| 2018E4E~2019$3E H/10 - EHEE $12|§||351E(w1@[;j; Beak)

= Bl AOFSAFAAN
A2ORT14F1—bt25— S m =
RREIEX T F2-26-2 - (33 BAORA TS5 MFRRE

[Z@E,/ JR- A MO [EFERIKWUESHK S 7] [SEE| [SHE] [EEE]
= BB & LDk R EERm
I;'_E El 208 cacnormnsmogyzy.
[BRINSIEM - WHIZT
= NN ATS U hEMEL-VEE
I§ E% 7|‘—|— | 6509000 P emen . momme commoas
_ - - ) . _ ICRERDOEERER - Xiliz
[FASA4 = >F—FEOEE] Mm% LT Web L TEHETER VAT LAEHBELTLETD, BWEREDORTS ViEHEL

XEFAITU T BREEEIET,

20185 E FHARAT P a—I xFELL HEHE - NS BN EELHIBANCEVET . FOTTEEVET.

20184 HAM RE  (HABERER €T BRELAL T AR~ BB LA T~
4A158(H) BEHABA (JSOIREZEREIFER) [E=) JSOIFIEE HFERS-FH  OBRNSEERE
cAzrm(m) REHE  CHEIEHAEAERRIUSvS (LTSI HEE | (#5] Ao TS A

=i (RBRIAZE H2EEHE) %) AT S

HE AKX (BLEhERIY=S) €1 FARH—Szt—
6B24E(A) I BH (REERNTALII=VD) € BREHEOD LT EEH

L KA GLBFLAILoU=v5) ) e

2H B (BAKEALS EEERE R MERE) (%) .
7TA29B(R) Hmms  (BAAS RS S [Hands-on] ERDSESALTIUERBE KT

WAR B (GRE)I R A A O R S ) %) ST e
8A26H(H) =i HE  (NBLIR T ER AP E LEA RN E L AT (%) y -

BEER  (EFERHEBSARIU—V) [Hands-on] MHEEFE (VM- #EXE)
opsom(m) IR H— C(IREHER %) WARREDAL TS B

Ak (%) RAHORI—TE BRI R AE
1028 (B) it 2z  (hHERER (BE] o) BHEBHEA(TSUNETRE—TS

: (BRAE T B RAT R HE) (#x)

TTR18E(R) AR EZ (i memmakiis Bl E) {Hands-on] GBR

BEER  (EFRREBNRIU=y) i e |
128158 (%) Smra (ERERER [GE=] L EEREES EAT
12B16H(A) BF £t (—i) ERBAEHHES B2 E) [Hands-On] LSEFEZEH PRF
20196 TBE H—  (GREHE A O R R ) %) WREEE BREDA T AR
1A278(B) BFEfL  (—i) BRBREHHES B2 E) (LVEFR]  SATH—S— (42T b <)

B A (BAL—Y— s BEE) € AT AR T Bl —t— 0> A 0%
PR2AB(R)  mamE (EESBAPESHEH DRARESE gmm (Rl 0TSUME R RS RS A
sA17EE) NHEAZ  GERAFAFRENSEATIHALE (REE)  WRGEE SRR MREEGR ik

moA el P (RFE)  wREE RS MRERGA MR

2018 (L) BFOREA TS5 NERRETEEEE SHEHFIAS

MUFORERIRICZEADE TR (BSEEEHRIRNDE-mail 77 FL X HIMIFAXESZTIEE TS\,
#E FBBLY TEES BTV REZ TN FHEBL I ERHIBIMBEII T (BBEER) S THEEL VRS LOBENRLETFET,

JU%F = _
BEE ZfERR
. TEL ( ) -
Bk E-mail
FAX ( ) -

— s = EES@MERE BEERSEAS

itz RRERERRAS ( ABHEEA BAORA 75> 8 BEBR )
T114-0002 ERHBIEREF2-26-2 YT VKX RALFSENZ 3F A9F5AF 4 ALK BHE 8 : HEEX
U=903-3919-5111 FX303-3919-5114 Ef) okudera@carrot.ocn.ne.jp

http://www.tpdimplant.com/




#3758 EEE#ﬁ
Rt YR —

PRP .~ PRGF.” CGF ./ PRF
23 BAEEREZEBEBRARETSICE

ER26F11A25BICIBEEREDLREMDOEARFICET 5EE
(FR25FXZEFESST) HNEITIN, ZM/NMRT1T )4 JLPRF
(CGF) A% M/MrME (PRP, PRGF) Z ALV BEZTIIRTOE
BRI TORY“ BH RV ?m.'jj”b\ii‘%ﬁwbhibto
[BEERFIRUAE IO RBEICOZTELTIL., BALTREM TS . _
NTWSIERE ORITEE izﬁhé%ﬂimu‘ SRRATERE EREFBEEREUELR
ﬁk*@ﬂ’ﬁﬁ?’i‘%ﬁmﬁil’i%%%ﬁ%( AFEE S NB3150011) ot =1 Eﬁilﬁﬁ%§=‘“
SLET, £=. EEEREO Y R— 2 ERR MK - SRR A o B R R

S (1SBB) CHRTAVET, “BH RUEH" DY H— h%ﬁ*ﬁé Nz
NBHEEEET, TEFTHEREETIL, “BH " RUVRHE"EE
FTICBEERDIRMEZTo-1HE. SIBAEARAINET,

MEH IR VTR 1IIETEE2D
OEFEHBENIYEEDNEY QBEAERFRETEDIRE

S]

£

EHEND BHiEROYR—k HE-fEE
Y R—k T HA R &t HEHEE

ISBB mipemin- s mrarsmkms AL

The International Society of Blood Biomaterials and Stem Cell Clinical Application

W TId
~—r

T114-0002 REHIREF2-26-2 ITILRRFITIEIRIF AUTIAT4HILA
TEL.03-3919-5111./FAX.03-3919-5114.”E-mail : okudera@carrot.ocn.ne.jp



EEEHEE%EGDEJ?EI?’&FHL\K
3 ﬁiﬁ,ﬁ

b e Jm DE124.S

~PRF2:EEI~EI /I:"/’&EFH L7=PRPDEKFiEE T DERERIG A~

£2%20,000+ 84
%%1 0,000+ 8§
CRI51)

ﬁ# JT DD.S.PhD.

(B mABERKGASHE ISBB 2R R ERSFEAXEORANENSBER BXROES 77V M 2 REEERE)

(B)BAORA 75 3 2 BERE RRVBEERAES RRXSBFRT LS/

55

Dg}nsz B / PRE, PRPO A Rk

/.. \
£ VT SYNERECH B ELER
SETIE, BB (BRE - RS - B
_ _nr ; B ATB). 5 (EResmhs -
| ' e ' | BEEB®). YOFILHT (HEE
(REEFZRAVBE LR B (PRF, PRP, EE OV E Y DERE) F - BERIVINTE) OEFED
W75 MERICEsEERE M PRF(SM/AME717YY) DER CORHOREBFT . R THD
B PRP (% f/MRIM3%) &1 B PRP (% /MR 3%) D4 R BB IR AAATOEE

B PRF(ZSMm/MR717)) &l
Bl PRPEPRFDEWICDIT

B BCrOYEVDERK Y. ZDMIRZSIEHFEEVTFIL
EUTHREFHIEZREETZIE-
TVWETaF. CORBERRAF
DHABENERGATN. RIS

BRERLTVET,

ZITZDDVD Tl liREFZH
VWeBEREOHR. RUBcmh
5185N% KL PRP (ZI/\RIT
5%) ¥ PRF (BRI« TUY) D&
BUEEZ DERRILABIZETLTW
F9o

IELL\E2E21A. iilD#ERZL. &
ERZTORICHREFZHATN

- : ] B o (3. READRUSBRIC DIBRHWEED
(EBI1: PREGFIO B IEAUA(GER)) (EFI2: WL SARS L SBAMEIREA) ey =l R

B EGBEEEETEICOVT B EFIBIE SRR EICOVT BEEENTONZOROA VTS
B PRFDA B B PRF&PRPRU'BC,OVEEK Y NABICORIBIENTEET,
B FB45ES%EE (GBR) B &R _E SRS b

B 7 iR 5B 1k s BN R B A 47

[B518 BFrn. B8 -f8 RFBRANOSHVEHEREREIC!] REBEARXRETF 2-26-2 VIV RZXFITFEINZX 3F

03-3919-5111 1:403-3919-5114



- L e BCMBRBEMRRTFZRALC

BEE®RMm LineUp | i 0

Processing Products of Reproduction Material Line Up QKUDERAMEDICAL
Tissue Regeneration Material 30 Marphogenesis Device Simple Model Portable Clean Bench
AEEEME3IDRERRE BBER—ITINVIV-2RIF
Nﬁ%ﬂ)ﬁﬁf:h‘b‘pﬂ%"ﬁ” ) (BEES V-2 T—2R)

"Socket Preservation” [CE 3 hts BERL:vERYEiSHH

At
B . AT LA (SUS316)
ik 199mm x 69.5mm x 26mm
Ml :220g

fR7Efi%: 120,000 #=HCl-EHxs, HWHNE AR FEM4% 61,8503 XHATI-Rox ey, JHWHT Rk
OETEC Crusher & Mini-barrel
B TR ARTAISYIr—&IR—USIVEZNLIL 1

L Tmm AU S — L LR

AR 7o it - 90,000/
S R HIRRE

R R IR O D0065R 0005
Sopi s A — S

MR T i L COB2X000T 0000421

—ifd i T ST b T
AR Fo{MR 60,000/ = iRc- Rax . R LR

# FREERE. ZEXKEICED, MBI EELFSIEGHE0ET., ENTHH. FWECHEATETOEEEET .

™~ ™
Leaflat For Patient Explanation HEBENEA

r_ \ Br
D2 menmkORERTERVEBERE || SEpe A HEE A

~PRFEBCHOVE A EERLIEPRPOERGELS T OREGH~ Ad_ﬂj Ej]ﬁ IJ—j l‘,\y }-\,

L fehr - = r . EEHSICHLT. mE - MEERCODVWTHBIC
EfE®F ¢ D.0.S.,Ph.D.- EE-BiN.8F #4 0.0.5.,Ph.D — Eg?}%ﬁfcjﬁut'c&al‘ |;ﬂfjm?.‘__gw
OEeREEDE] 24-1 (59min.) MEEMEE.PAF,. PRPODY @S \ BY—=LTY,U=2vFRADGERICERSE
OFmSBEEDE124-2(80min.) PRFEPRPRIFESHVE OBIEGA \ MELTHREHULETY,

j\ AR5 (% 1 10048 10,0007
L BRFTAmAE - B 10,0008 =EE-FE, EUHAE L e HIRE] - Fxp HMHIR® 3

ﬁﬁ 'EEE‘ M4 E N A5 H, TEERHER S G, SEOLEFENL, Bod8 LT L aAD
MAMRED PRP,PRF, PRGFIL CRE » MO R BN FNSFEELTL-AERBELLESHRE S

"BAENDEREITE" PIR—F crncprosumessnmndons e L26L s 0RES0Y A b EETURESET
[BEERSZSEREEICOVWT MHL FEC. SMEe FEL

OKUDERAMEDICAL BT ATTIATANANIN—=T

$114-0002 BEHBEEEF2-26-2M T LR AT ITSEILLIF

—HHEHZARFELIERREEERE  RRELROERRcECENSSRaNERE Hid
TEL:03-3919-5111 FAX:03-3919-5114 Email:okudera@carrot.ocn.ne.jp




——

b g i

J‘d

*f FRYT 42— ﬁnu§? #001
G/ BEXGAFRAV TN AVRAYIVAY

S5 WYDM

|| @FFEICHHE (ST RETITIL VIERICBLWRRDTES
Y @A ISR T RE-BRICRERL - YIMHEL, (YIMEOREREF)

AF A H—H5BRHETO Head 1% IMHBICA G LI TAE X 1% O2E 15 mTHEHZRE — @R Y LITRARTHRWEF ICHA - E/AT]
5mm-9mm & UfzoShank #i3 ENFEE NG ETANHANA %73 ' - . =
0 60° & LR b5 REER AN L A0 LR O & FRE % RIRFIT A C & BRI AaH

FADNAGERE LABEE ULEHEA VAV VA Y P RIGH LS T
LR LE LT,

PEHEARILA—SZ — BRES#02 F—YATLYT4YV9YATL Ba%e 1003
B8 RERNUF h—Lky b B BYOM | 8% BEREESTAL YT FERE

e e I #1 EEAEHFTES 09820011 2 85T WYDM

-

\\‘/ —#2 4 :'EE:#?’ '-

1 PRI O EZERICRA L B 2 RS 450 &5 1
HAF R RE—EIEREA IR E IR E BN S W 2B & £ 2 T2 0
- o IREEIC PV VIBA VT T P REALET,
- BB DD DL -2 —TH %,

E#1 B#2 BE#3 E#4 B#S
20mm 24mm 28mm 34mm 40mm

7] '
I 51 > FRERRSBT
T > %

y k
B AR IR

|

RANGEOAN—ZDEIREICEA L SRR Misdk.

EEBERIELAVNE ST LA—4— 1’?%7&1TL‘$T0
; f _—

HOAERI DADEREA

-

B#) d#) f#3 fhd

AFAS-BEBORICHALYE EREHRICHEA ARG BA L RSB - SHALET, 22mm 28mm 34mm 40mm

HIRBIRFEEF maBs 1006 FIAARVTZ— BHRES #004
B4 AT TSRABF AARE wenwyou mt/ RFN WESREREET ERBEHTES 11801318 o~
ERAEFIES 11820131 5 — = 4
~ Ny 2 HEBETICERRMERBAT AT LICLY i il

ﬁ :E BIEPREDIAZL 4/777/#0)@7\&1‘“ AbL— HL(?_#; EENERD EOOEHE
o UToHERE DA CHEREA BT B 1C1d. AESREL TIBR — | JITRUTIEESEOTT RPL—PORND  eacsmams. o P
LBBOAA—VEZZET NHIEMIIBHAER LT t—-@—’ HWTICLY WEEEN SIS EROMEERS  PEA
BT £ RS Hend & Handle 125314 At 8661 ML BRI (v M. BRI SN TB YN ER T,
BHEDFTERE LTz, Head 13 60° DTV FILEEZR. = = ) a
S AATAIFI V% RS #005
e REHEEROFAEL LTco ZOMBIE BERT Y LR G4/ BERX B S MRIE ERBEHTES 098200115 D
EAVELR, .

BRBISBOR—VFF AV T~ AV RRETHEICBERD TES
EEONTVET ARTA Y 7y Y v~ BRENRICENRE RS
ICLET.GBR* GTR i LERRDISAIE | DIRZLIF AT ENTEET,

Y—JhIVATV b BRESH07
| 2%/ BER FUYUVIEAHA R mer @YoM
EFRETES 118201318 - @
HRBAT > hIcBS

iz iR s BRI BRME, EREEOERIC Bl : .
BOERLBIFAR L BEEIEET AL EONE, : m

p—— MEBO R )V T ERRICARICTA Y — TV TS OBELLD  CEACKUVSE

BEih1 PEE2  ABE]  AHF)  EEREBGIRNERTUALEASIEYC, B Smm. & Smm, 27U R DR a
RO T e (CHiE G CBEDER

[BEEE -BERFEK] T114-0002 HREPIXEF 2-26-2 VIV AF Y TIEIVX3F
OKUDERAMEDICAL TEL : 03-3919-5111 FAX : 03-3919-5114 E-mail : okudera@carrot.ocn.ne.jp




dentistry journal MDPI|

Article

An Evaluation of the Accuracy of the Subtraction
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Abstract: Platelet concentrates should be quality-assured of purity and identity prior to clinical use.
Unlike for the liquid form of platelet-rich plasma, platelet counts cannot be directly determined in
solid fibrin clots and are instead calculated by subtracting the counts in other liquid or semi-clotted
fractions from those in whole blood samples. Having long suspected the validity of this method, we
herein examined the possible loss of platelets in the preparation process. Blood samples collected
from healthy male donors were immediately centrifuged for advanced platelet-rich fibrin (A-PRF)
and concentrated growth factors (CGF) according to recommended centrifugal protocols. Blood
cells in liquid and semi-clotted fractions were directly counted. Platelets aggregated on clot surfaces
were observed by scanning electron microscopy. A higher centrifugal force increased the numbers
of platelets and platelet aggregates in the liquid red blood cell fraction and the semi-clotted red
thrombus in the presence and absence of the anticoagulant, respectively. Nevertheless, the calculated
platelet counts in A-PRF/CGF preparations were much higher than expected, rendering the currently
accepted subtraction method inaccurate for determining platelet counts in fibrin clots. To ensure the
quality of solid types of platelet concentrates chairside in a timely manner, a simple and accurate
platelet-counting method should be developed immediately.

Keywords: fractionation; platelets; platelet-rich fibrin; concentrated growth factors; quality assurance;
regenerative therapy

1. Introduction

Ever since platelet-rich plasma (PRP) was reported to be effective for skeletal regeneration in
sinus floor elevation [1], PRP and its other subsequently developed derivatives, all of which can
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be designated as “platelet concentrates”, have been widely applied as a source of growth factors
in various fields of regenerative therapy. In the fields of periodontology and maxillofacial surgery,
platelet-rich fibrin (PRF), a PRP derivative, has increasingly been used for treatment of hard and
soft tissues [2-5]. In terms of their preparation, the principle behind the fractionation of blood cell
components remains misunderstood and actual counts of the components may be overestimated.
Centrifugal fractionation is the most efficient method available for separating particles of different
specific gravities and sizes. However, because blood cells are not ideally spherical or mechanically stiff,
they cannot be clearly fractionated according to their specific gravity and size. Among most clinicians
involved in regenerative therapy, it has nevertheless been generally accepted that platelets are highly
concentrated in the buffy coat and are hardly present in other neighboring fractions, especially the red
blood cell (RBC) fraction, after centrifugal fractionation.

This misunderstanding is not limited to the efficiency of evaluating platelet concentrations
in liquid samples but can be expanded to the evaluation of platelet counts in self-clotted platelet
concentrates, such as advanced-platelet-rich fibrin (A-PRF) and concentrated growth factors (CGFs).
Since platelets have no nuclei, their counts cannot be determined by DNA contents. Therefore,
to determine platelet counts in fibrin clots, a “subtraction method” is currently applied for the
calculation [6-9]. According to this method, the platelet counts contained in fibrin clots are calculated
by subtracting those in the clot exudate, the supernatant serum, and the RBC fraction (i.e., the red
thrombus) from those in the starting whole blood sample. However, this method does not consider the
possibility of platelet contamination in the RBC fraction or the possible loss and damage of platelets
during processing for cell counting.

Therefore, we have long suspected the validity of this method. To assure the quality of platelet
concentrates, the purity and identity, at least, should be evaluated in each preparation prior to
clinical use, as described in the guidelines for major advanced therapeutic medicinal products [10,11].
To evaluate the possible contamination and loss of platelets in the preparation process in self-clotted
platelet concentrates, in this study, we examined the distribution of platelets and white blood cells
(WBCs) after fractionation by the centrifugal protocols recommended for their preparation. From the
results, we found that the subtraction method is not appropriate for the accurate quantification of
platelets in fibrin clots.

2. Results

The appearances of the samples in the presence of the anti-coagulant after fractionation under the
indicated centrifugal conditions are shown in Table 1. The buffy coat, a thin white line just above the
RBC fraction, was somewhat more clearly formed by high-speed centrifugation using a swing rotor,
which is recommended for the 1st spin of PRP preparation. In contrast, the low-speed centrifugation
recommended for A-PRF preparation could not clearly fractionate RBCs, which were, to some extent,
diffused into the upper plasma fraction.

The WBC distributions of the fractionated samples are shown in Figure 1. Whole blood samples
containing the anti-coagulant were centrifuged by the indicated protocols as in Table 1. WBC counts
(i.e., concentration) in the RBC fraction were significantly higher in the A-PRF/CGF-simulation models
than in the PRP/plasma rich in growth factors (PRGF)-simulation models, whereas those in the upper
fraction tended to be lower in the A-PRF/CGF-simulation models. The common factors of the A-PRF-
and CGF-simulation models were the use of glass tubes and an angle rotor, but not the centrifugal force.
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Table 1. Centrifugal conditions for preparation of four platelet concentrate types and the

resulting fractions.

Centrifugation PRP PRGF A-PRF CGF
692

Force (g) 1100 580 200 547
592

855

Duration (min) 8 8 8

Upper Fr.
Appearance of ACD-A-contained
blood samples

RBC Fr.

RBLC fraction M =12-15 Upper fracion
100 = 0 —
a e ToE— b :
‘;‘f B0 4 - BO -
=
X 80| _
2 40
2wl
O |
20 —_—
S 2|
ol [
FRF FRGF  APRF  CGF PRP  PRGCF A-PAF CCF
Whole blood
0
€

-

WEC counts (x10°/L)
e
=1

PRF  PRGF APRF CGF

Figure 1. WBC counts in the RBC fraction (a), upper plasma fraction (b), and whole blood sample (c).
Peripheral blood samples were collected in the presence of the anti-coagulant and centrifuged by the
individual centrifugation protocols. The upper fraction was collected above the line indicated in Table 1.
The remainder of the fractionated sample was used as the RBC fraction. N = 12-15. The asterisks
represent statistically significant difference (p < 0.05).
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Platelet distributions in the fractionated samples are shown in Figure 2. Whole blood samples
were fractionated as in Table 1. Platelet counts in the RBC fraction were relatively lower in the
PRGF-simulation model. Instead, those in the upper fraction were significantly higher in both the
PRGF- and the A-PRF-simulation models than that of the PRP- and CGF-simulation models. Both the
PRGF- and A-PRF-simulation models adopted relatively low-speed centrifugation.

REBC fraction Upper fraction
25 60
a b
I 20 : 50 .
=) 40 - X
% 15 T
Z — 30 - T —
5 10 [ — T
8 1 20
o
o S ’ 10 4
0 0
PRP  PRGF A-PRF CGF PRP  PRGF A-PRF CGF
Whole blood
30
C
25
=
e 20 ‘
=X
w
£ 15
8
P 10
T
5

PRP PRGF A-PRF CGF

Figure 2. Platelet (PLT) counts in the RBC fraction (a), upper plasma fraction (b), and whole blood
sample (c). Peripheral blood samples were collected in the presence of the anti-coagulant and
centrifuged by the individual centrifugation protocols. The upper fraction was collected above the
line indicated in Table 1. The rest of the fractionated sample was used as the RBC fraction. N = 12-15.
The asterisks represent statistically significant difference (p < 0.05).

To demonstrate similarity, WBC and platelet distributions in the self-clotted A-PRF/CGF
preparations were examined. As shown in Figure 3, in the A-PRF/CGF prepared from the blood
samples collected in the absence of the anti-coagulant, both apparent WBC and platelet counts in
the sum of the RBC and exudate fractions were substantially lower than those in the whole blood
samples. As a result, the calculated WBC and platelet counts in the clotted A-PRF/CGF fractions were
extraordinarily higher than those in the other fractions. These findings indicate that, unlike those in the
upper fractions obtained in the presence of the anti-coagulant, both WBCs and platelets are evaluated
to be concentrated predominantly in the A-PRF/CGEF clots by the subtraction method according to the
Formula (1) described in the Materials and Methods section.

To detect platelets in the red thrombus, the upper region of the red thrombus, indicated by the
yellow dot square that is approximately 2 mm below the cutting edge in the upper left panel of Figure 4,
was dissected and washed three times with PBS to remove RBCs loosely trapped by fibrin meshwork
of the clot. Platelet aggregation in the upper region of the red thrombus is shown in the lower panel of
Figure 4. In contrast to RBCs, WBCs and platelets seemed to tightly attach to fibrin fibers, and platelet
aggregates were found almost everywhere on the surface of this region.
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Figure 3. WBC (a,c) and platelet (PLT) counts (b,d) in the A-PRF (a,b) and CGF preparations (c,d).
Peripheral blood samples were collected into glass tubes in the absence of the anti-coagulant and
centrifuged by the individual centrifugation protocols. The freshly formed fibrin clots were withdrawn
and dissected from the RBC clots. The resulting A-PRF/CGF preparations were compressed to collect
the exudate fractions, whereas the RBC clots were minced and gently combined with the liquid form of
RBC fraction. WBC and platelet counts were determined in the whole samples, A-PRF/CGF exudate
fraction, and RBC fractions. Calculated WBC and platelet counts in the A-PRF/CGF preparations,
which were calculated by the subtraction method, were substantially greater than that of the other
fractions. N = 10. * The exudate fraction also included a small volume of the acellular serum fraction.
** Sum of these fractions corresponds to the upper plasma fraction shown in Table 1.

The possible loss of platelets during collection and centrifugation was then examined. The number
of WBCs and platelets that tightly adhered to the inside wall of the glass tubes is shown in Figure 5.
In the glass tubes recommended for A-PRF preparations (A-PRF+®), as well as in plastic tubes
(Neotube®) (data not shown), washing with PBS three times thoroughly removed almost all of the
potentially attached WBCs and platelets. In contrast, a significant number of WBCs and platelets
were detected in the glass tubes usually used for the preparation of CGF (Vacutainer tube®). These
findings indicate that, possibly because of insufficient or absent surface siliconization or other coating,
particular types of glass tubes, such as the Vacutainer tube®, allow WBCs and platelets to tightly
adhere to their inside walls along with a more efficient induction of clotting.

To confirm this observation, the basic ability of platelet’s adhesion to plastic and glass labware
and RBC was examined using SEM. As shown in Figure 6, platelets adhered to polystyrene culture
dishes and glass coverslips within 10 min. Some platelets emitted pseudopodia, whereas others were
spread to form flatten disks. In contrast, in the lid of a plastic culture dish that is not modified for better
cell affinity, most platelets appeared in a resting state. Furthermore, in the presence of RBCs, some
platelets were found to attach to RBCs by their pseudopodia, as indicated by the dotted-line circle.
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Upper region of ned theombus

nm:‘

Figure 4. (a) Appearance of the A-PRF clot prepared using a centrifuge equipped with an angle
rotor and the recommended glass tube. (b) The A-PRF preparation with a small portion of the red
thrombus was prepared by scrapping off most of the red thrombus. (c) The region indicated by
the yellow dot-square was subjected to examination by Scanning Electron Microscopy (SEM). In the
CGF preparation, the red thrombus was usually shorter than that of the A-PRF preparation. SEM
observations of aggregated platelets in the upper region of the RBC clot formed just below A-PRF
preparations. Similar findings were obtained in the preparation of CGF. Bar = 10 um.

a WEC b PLT
F <0001 F <0001

8

VBG counts (x10 uba)
s
E——
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=

o

o L ! 0 - _—
BD glass tube  A-PRF+ glass iube BDO glass tube  A-PRF+ glass fube

Figure 5. WBC (a) and platelet counts (b) on the inside wall of two types of glass tubes. After the
A-PRF/CGEF clots prepared in the absence of the anti-coagulant were removed, the inside of the tubes
were washed thoroughly. WBCs and platelets were enzymatically detached for counting. N = 8
(A-PRF+®) or 12 (Vacutainer tube®).

36



Dent. J. 2017, 5,7 7of 11

Lid of plastic dish

Glags covership

Figure 6. SEM observations of platelets on cell culture wares in the absence or the presence of
RBCs. Washed platelets suspended in Hepes—Tyrode solution were placed on plastic dishes (a),
hydrophobic lids of plastic dishes (b) or glass coverslips (c) and incubated for 10 min at 37 °C.
As above, RBC-contaminated platelet suspensions were plated on the coverslip and incubated (d). Data
is representative of three independent experiments. Bar = 10 um.

3. Discussion

In general, as the centrifugal force increases, the volume of the RBC fraction becomes smaller,
whereas that of the upper fraction becomes larger. It should be noted that this phenomenon by itself
provides the background influencing blood cell counts, i.e., blood cell concentration, in each fraction.
Under these conditions, WBC counts did not appear to be significantly influenced by the centrifugal
force. Centrifugation using an angle rotor and glass tubes, regardless of centrifugal force, significantly
increased WBC counts in the RBC fraction, whereas the WBC counts in the upper plasma fraction
were decreased. In contrast, platelet counts were apparently influenced by centrifugal force; they were
increased in the upper plasma fraction by low speed centrifugation, whereas those in the RBC fraction
were decreased.

The main purpose of this study was to validate the currently accepted method of determining
platelet counts in fibrin clots. The current method involves subtracting the platelet counts in the
RBC, supernatant “acellular” serum, and A-PRF/CGF exudate fractions from those in the whole
blood sample [6-9]. However, given that platelets easily aggregate upon activation and adhere to
glass/plastic/metal surfaces, we have suspected that platelet counts can be determined accurately by
cell counting in the liquid /semi-clotted fractions after multiple steps and subsequent calculation.

In this study, we demonstrated that platelets easily and rapidly attach to both glass and plastic
surface optimized for cell adhesion. However, platelets appeared not to attach to hydrophobic plastic
surface. Judging from the disclosed manufacturers’ information and research investigators’ data [12],
it is thought that the inside wall of blood collection tubes is generally, but not invariably, coated with
silicon or similar agents to prevent cell adhesion. Therefore, possible platelet adhesion to the inside
wall of the tube may be low and insignificant. On the other hand, loss by platelet adhesion to the
stainless-steel compression device or dry gauze and damage during compression to squeeze exudates
should be considered as demonstrated in the previous study [13].

However, we would indicate that the contamination of platelets in the RBC fraction, i.e., the red
thrombus is the major factor causing miscalculation of platelet counts. The scheme of migration of
major blood components during centrifugation is illustrated in Figure 7. Owing to their deformability
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and Fe?*-dependent high specific gravity, although smaller in size than large WBCs, RBCs spin-down
faster. Specific binding and mechanical interaction, to some extent, cause RBCs to bring platelets
into the RBC fractions, as demonstrated in previous studies [14,15]. WBCs and platelets spin-down
essentially depending on their size. However, if aggregated, platelets would spin-down faster than
WBCs. Conversely, the fibrin clot captures blood cells, especially platelets and WBCs, and tends to rise
to the upper surface by buoyant force. These reactions are synchronized to form A-PRF/CGF clots.

a L
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ar
o, %o ,
@ L f
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w,'

[ éﬁ
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Figure 7. Scheme of migration of major blood components during centrifugation.

To release possibly contaminating platelets and WBCs and determine their counts more accurately,
we did mince the red thrombus using scissors; however, the resulting platelet counts were much lower
than those in the RBC fraction in the presence of the anti-coagulant. Taken together with the finding
that platelet aggregation was actually detected in the red thrombus, it should be noted that a significant
number of platelets is included in the red thrombus and isolated from subsequent calculation.

As for possible alternatives, the measurement of PDGF, a major growth factor produced in
platelets, may provide data that enables estimation of platelet counts. However, because the ELISA
method is time-consuming, the measurement of PDGF is not appropriate for quality assurance of
A-PRF/CGF preparations prior to clinical use in case of on-site preparation. Therefore, other accurate
methods that enable us to directly count platelets should be developed to assure the quality of
A-PRF/CGF preparations.

4. Materials and Methods

4.1. PRP and PRGF Preparation

In a previous article [16], we literally compared PRP and other PRP derivatives and concisely
described the difference of their characteristics.

As previously described [17-19], blood samples (~9.0 mL) were collected in the presence of acid
citrate dextrose solution-A formulation (ACD-A; Terumo, Tokyo, Japan), an anti-coagulant, using
plastic vacuum blood collection tubes (Neotube®; NIPRO, Osaka, Japan) equipped with 21-gauge
needles from healthy, non-smoking volunteers (nine males; 28 to 71 years old). As listed in Table 1,
to obtain the PRP (1st spin of the double-centrifugation protocol) and PRGF preparations, the blood
samples were centrifuged using a KS-5000 centrifuge (Kubota, Tokyo, Japan) equipped with a swing
rotor at 2480 rpm (1100 x g) and 1800 rpm (580 g), respectively, at 25 °C for 8 min.
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The study design and consent forms for all procedures performed within the study subjects were
approved 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.

4.2. Simulation of A-PRF and CGF Preparation in the Presence of the Anti-Coagulant

As described previously [13,20,21], blood samples (~9.0 mL) were collected with ACD-A,
using conventional glass vacuum blood collection tubes (Vacutainer tube®; Becton, Dickinson and
Company, Franklin Lakes, NJ, USA), from the same donors, and were immediately centrifuged using a
Spectrafuge 6C® centrifuge (Labnet International Inc., Edison, NJ, USA) equipped with an angle rotor
or a Medifuge® centrifugation system (Silfradent S. r. 1., Santa Sofia, Italy) according to the protocol for
preparation of A-PRF or CGF, respectively. The centrifugal conditions are listed in Table 1.

4.3. Preparation of A-PRF and CGF in the Absence of the Anti-Coagulant

For preparation of the A-PRF and CGEF, the recommended glass vacuum blood collection tubes,
A-PRF+® (Jiangxi Fenglin Medical Technology Co. Ltd., Fengcheng, China) and Vacutainer tube®
were used, respectively. Blood samples were collected without the anti-coagulant and immediately
centrifuged under the conditions listed in Table 1.

4.4. Determination of Blood Cell Counts

The number of blood cells in the initial whole blood and fractionated liquid samples were
determined using an automated hematology analyzer (pocH-100iV diff; Sysmex, Kobe, Japan). First,
RBCs, WBCs, and platelets were counted immediately after blood collection. Second, freshly prepared
fractions in the presence of the anti-coagulant were immediately evaluated for blood cell count.
To maximize the collection of platelets, the border between the RBC fraction and upper plasma fraction
was established as 1 mm below the apparent border between these fractions (see Table 1).

To determine WBC and platelet counts in the absence of the anti-coagulant, after centrifugation,
the supernatant serum fraction, if any, was collected first. Then, the resulting clot was removed, and the
semi-clotted, or loosely-clotted, red thrombus was scrapped off, using dental tweezers, from the upper
fibrin clot approximately 1 mm below the apparent border (Table 1, Figure 5). The resulting fibrin clot
was then compressed using a PRF compressor [13] to squeeze the fibrin clot exudate. The RBC clot
was minced with scissors and gently mixed by inverting the tube several times. Each fraction was
subjected to cell counting using the hematology analyzer. Platelet and WBC counts in the fibrin clot
were determined by subtracting those counts in the RBC, supernatant serum, and A-PRF/CGF exudate
fractions from those counts in the anti-coagulant-free whole blood sample, as calculated according to
the following Formula (1).

(PLTs/WBCs in fully clotted A-PRF/CGF preparations) = (PLTs/WBCs in liquid WB) —
[(PLT/WBCs in semi-clotted RBC fraction) + (PLTs/WBCs in liquid serum) + 1)
(PLTs/WBCs in liquid exudate fraction)],

To determine the numbers of WBCs and platelets attached to the inside wall of the tubes, after
removing the clots and other liquid fractions, the tube was washed thoroughly with PBS three times,
and tightly adherent WBCs and platelets were detached with 0.05% trypsin plus 0.53 mM EDTA
(Wako Pure Chemicals, Osaka, Japan) with gentle agitation for 5 min. Cell suspensions were directly
subjected to cell counting.

4.5. Scanning Electron Microscopy (SEM)

To detect platelets in the upper region of the red thrombus, the region below the border, which is
indicated by a yellow dot-square in Figure 4, was dissected, washed in PBS three times, fixed with
2.5% glutaraldehyde, dehydrated with a series of ethanol and t-butanol washes, freeze-dried, and then
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examined by SEM (TM-1000, Hitachi, Tokyo, Japan) with an accelerating voltage of 15 kV, as described
previously [22]. Aggregated platelets were microscopically examined, but not counted.

To observe platelet morphology on cell culture wares, the PRP was prepared as described
previously [17,23], and the platelets were washed with a 10 mM Hepes-Tyrode buffer (pH 7.4),
suspended in a Hepes—-Tyrode buffer containing 100 ng/mL prostaglandin E1 (Cayman Chemical,
Ann Arbor, MI, USA), and stored while gently stirring with a rotator at ambient temperature until
used, usually within 2 days. Platelets were placed on plastic dishes, lids of plastic dishes, or glass
coverslips for 10 min at 37 °C. Then, platelets were fixed and prepared for examination by SEM.

4.6. Statistical Analysis

The data are reported as the mean value + standard deviation (S.D.). For multi-group
comparisons, statistical analyses were performed to compare the mean values by one-way analysis of
variance (ANOVA) (SigmaPlot 12.5; Systat Software, Inc., San Jose, CA, USA). When the data did not
pass the normality test, Dunn’s (for platelet counts in the RBC fraction) or Tukey’s multiple comparison
tests were performed. p-values < 0.05 were considered significant.

5. Conclusions

Significant numbers of platelets are present in the RBC portion of fractionated whole blood at
greater levels than expected, especially after centrifugation with a higher centrifugal force. In the
absence of the anti-coagulant, platelets are aggregated on fibrin meshwork of the red thrombus
and cannot be easily released for counting. Therefore, it is suggested that the current subtraction
method is not appropriate for the determination of platelet counts in clotted A-PRF/CGF preparations.
An accurate, direct, simplified method should be developed immediately to help the quality assurance
of A-PRF/CGF preparations for clinical use.
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Abstract

Background: In regenerative therapy, self-clotted platelet concentrates, such as platelet-rich fibrin (PRF), are
generally prepared on-site and are immediately used for treatment. If blood samples or prepared clots can be
preserved for several days, their clinical applicability will expand. Here, we prepared PRF from stored whole-blood
samples and examined their characteristics.

Methods: Blood samples were collected from non-smoking, healthy male donors (aged 27-67 years, N=6), and
PRF clots were prepared immediately or after storage for 1-2 days. Fibrin fiber was examined by scanning electron
microscopy. Bioactivity was evaluated by means of a bioassay system involving human periosteal cells, whereas
PDGF-BB concentrations were determined by an enzyme-linked immunosorbent assay.

Results: Addition of optimal amounts of a 10% CaCl, solution restored the coagulative ability of whole-blood
samples that contained an anticoagulant (acid citrate dextrose) and were stored for up to 2 days at ambient
temperature. In PRF clots prepared from the stored whole-blood samples, the thickness and cross-links of fibrin
fibers were almost identical to those of freshly prepared PRF clots. PDGF-BB concentrations in the PRF extract were
significantly lower in stored whole-blood samples than in fresh samples; however, both extracts had similar
stimulatory effects on periosteal-cell proliferation.

Conclusions: Quality of PRF clots prepared from stored whole-blood samples is not reduced significantly and can
be ensured for use in regenerative therapy. Therefore, the proposed method enables a more flexible treatment
schedule and choice of a more suitable platelet concentrate immediately before treatment, not after blood
collection.

Keywords: Platelet-rich fibrin, Coagulation, Fibrin fiber, Anticoagulant, Calcium chloride

Background preparation protocol are the zero cost of preservation
Blood preservation is generally and widely used in the and no risk of degradation and contamination.
fields of blood transfusion and surgery for either autolo- In Niigata University Hospital, when relatively severe

gous or allogeneic blood [1-3]. In case of small lots of surgical operations (e.g., large bone defects that require
blood-derived materials used in regenerative therapy, hospitalization for alveolar ridge augmentation and sinus
such as platelet concentrates, it is generally accepted floor elevation) are planned, relatively large volumes of
that autologous blood samples should be collected on-  blood samples are usually collected the day before the
site and immediately centrifuged for processing [4]. operation, and platelet-rich plasma (PRP) is prepared
Accordingly, it is officially recommended to use thus and stored at ambient temperature until use [5]. Never-
prepared materials immediately. The advantages of this theless, there are no established methods for preparation

of self-clotted platelet concentrates from stored whole-
C : - . blood (WB) samples. This may be another reason why
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On the other hand, if PRF can be prepared from stored With informed consent, blood samples (~9.0 mL per
WB samples on the next day or later without significant  tube) were collected from six non-smoking, healthy,
reduction in the bioactivity, clinical applications of PRF  male volunteers (27 to 67 years old) using 21-gauge nee-
will expand. In this study, we developed a method for dles equipped with conventional vacuum plain glass tube
preparation of PRF from stored WB samples by adding (Plain BD Vacutainer Tube; Becton, Dickinson and
CaCl, and evaluated the quality in terms of suitability = Company, Franklin Lakes, NJ, USA) as described previ-
for regenerative therapy. As a result, we successfully vali-  ously [6-8]. For preparation of control PRF by the con-
dated the method and ensured the quality of PRF pre- ventional method, the anticoagulant was not added.
pared from stored WB samples. Blood samples were immediately centrifuged or stored

by gentle mixing using a tube rotator at ambient

temperature (18-22 °C).
Methods The blood samples collected with the anticoagulant
Blood collection, preservation, and PRF preparation and stored for up to 2 days were centrifuged by means
The study design and consent forms for all proce- of a Medifuge centrifugation system (Silfradent S.r.l,
dures performed on the study subjects were ap- Santa Sofia, Italy). After elimination of the red blood cell
proved by the ethics committee for human subjects fractions, the resulting PRF clots, more specifically
at Niigata University School of Medicine in accord- termed as concentrated growth factors (CGF) [9], were
ance with the Helsinki Declaration of 1975 as revised stored at —80 °C until measurement of growth factor

in 2008. concentration.
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Fig. 1 Glucose levels (a), calcium levels (b), and pH (c) of stored WB samples. Supernatant serum fractions were examined. Plasma fractions
prepared by quick centrifugation were used to determine calcium levels in fresh and stored WB samples that were not added CaCl,. N=6
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For preparation of platelet-poor plasma (PPP), blood
samples (~9.0 mL) were collected from the same volun-
teers by means of plastic vacuum blood collection tubes
(Neotube®; NIPRO, Osaka, Japan) equipped with 21-
gauge needles, in the presence of 1.0 mL acid citrate
dextrose solution-A formulation (ACD-A; Terumo,
Tokyo, Japan), an anticoagulant [8, 10]. The blood sam-
ples were centrifuged on a KS-5000 centrifuge (Kubota,
Tokyo, Japan) equipped with a swing rotor at 1700 rpm
(530g) and 3000 rpm (1660g) for the first and second
spin (8 min), respectively. The resulting supernatant
fractions were collected as PPP preparations. To form fi-
brin clots, bovine thrombin (Liquid Thrombin
MOCHIDA softbottle, Mochida Pharmaceutical Co.,
Ltd., Tokyo, Japan) was added to PPP at a final volume
percentage of 2.5%.

Determination of glucose, calcium, and pH

WB samples were quickly centrifuged at 1500 rpm for
3 min to prepare plasma fraction, which were subjected
to determine total free calcium levels using a commer-
cial kit based on MXB method (Calcium E-test WAKO;
Wako Pure Chemicals, Osaka, Japan).

Stored WB samples were then mixed intermittently
with 200 pL (20 pL x 10 times) of 10% CaCl, solution
and centrifuged by a Medifuge centrifugation system
to prepare PRF. When lower amounts of CaCl, were
added, PRF clots were less reproducibly prepared.
When higher amounts of CaCl, were added intermit-
tently, or when the optimal amount of CaCl, were
added at once, PRF clots were never prepared
(Kawase, unpublished observations).

The supernatant serum fractions were subjected to de-
termine calcium and glucose levels as described above
and using a commercial kit based on GOD method
(Glucose ClII-test WAKO; Wako Pure Chemicals). The
serum fractions were also used to determine pH levels
by pH indicators (MColorHast; EMD Millipore Corp.,
Billerica, MA, USA).

A bioassay on human periosteal cells

The frozen PRF samples were minced with scissors and
homogenized using a disposable homogenizer (Bio-
Masher II, Nippi, Tokyo, Japan). After high-speed centri-
fugation (7340g), supernatants (PRF extracts) were
collected and used for the bioassay described below and
for measurement of growth factor levels.

Because alveolar periosteum strongly contributes to
regeneration of periodontal skeletal tissue [11], we used
human alveolar bone-derived periosteal cells for evalu-
ation of the potency and efficacy of PRF preparations.
The periosteal cells were obtained and expanded as de-
scribed elsewhere [8, 12]. With informed consent,
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human periosteum tissue segments were aseptically ex-
cised from the periodontal tissue on the healthy buccal
side of the retromolar region of the mandibles of two
non-smoking female volunteers (age = 19 and 29). Small
periosteum pieces were expanded to form multilayered
cellular periosteal sheets (@ 30—40 mm), and then these
sheets were enzymatically digested with 0.05% trypsin
plus 0.52 mM EDTA (Invitrogen, Carlsbad, CA, USA) to
release single cells. After expansion in monolayer cul-
tures, the cells were seeded at a density of 0.4 x 10* per
well in 24-well plates and treated with PRF extracts (0,
0.5, 1, 2, or 4%) for 72 h in DMEM containing 1% of
fetal bovine serum (Invitrogen, Carlsbad, CA, USA). Six
different lots of PRF extracts were used for each ex-
periment. At the end of the incubation periods, the
cells were harvested using 0.05% trypsin plus
0.53 mM EDTA and immediately counted on an au-
tomated cell counter (Moxi-z; ORLFO Technologies,
Ketchum, ID, USA) (N =6) [13].

ACD-containing blood
(stored for 2d)

VS, ACD-free, fresh blood

Fig. 2 Appearance of PRF clots prepared from WB samples stored
for 2 days. These observations are representative of WB samples
obtained from four donors
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Quantification of a growth factor by an enzyme-linked
immunosorbent assay (ELISA)

PRF extracts prepared as described above were subjected
to measurement of PDGEF-BB levels using the Human
PDGEF-BB Quantikine ELISA Kit (R&D Systems, Inc.,
Minneapolis, MN, USA) as described previously [8].

Scanning electron microscopy (SEM)

The PRF clots that were compressed in a stainless-steel
compressor were fixed with 2.5% neutralized glutaralde-
hyde, dehydrated with a series of ethanol solutions and
t-butanol, freeze-dried, and then examined under a scan-
ning electron microscope (TM-1000, Hitachi, Tokyo,
Japan) with an accelerating voltage of 15 kV, as described
elsewhere [7, 14].

Statistical analysis

The data were expressed as mean + standard deviation
(SD). For multigroup comparisons, statistical analyses
were conducted to compare the mean values by one-way
analysis of variance (ANOVA) followed by Tukey’s
multiple-comparison test (SigmaPlot 12.5; Systat Soft-
ware, Inc., San Jose, CA, USA). Differences with P values
<0.05 were considered significant.

Results
Glucose and calcium contents and pH of WB or serum
samples after centrifugation are shown in Fig. 1. Because
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glucose is contained in the ACD-A solution, glucose
levels in the stored WB and serum samples (see Fig. 4c)
after centrifugation were significantly greater than those
of freshly collected WB samples. Total free calcium
levels, including calcium chelated by citrate, in WB sam-
ples decreased significantly during storage and were sig-
nificantly increased by addition of a 10% CaCl, solution.
The pH levels of freshly collected WB samples were
6.0-6.5, and similar pH was observed in stored WB sam-
ples. Addition of the ACD-A solution (~10%) did not
significantly decrease the pH of the stored WB samples.
For reference, pH of ACD-A solution was 4.5-5.0.

The appearance of PRF clots prepared from freshly
collected WB samples and WB samples stored for 2 days
are shown in Fig. 2. There were no visual differences be-
tween these two PRF preparations. Microstructure of fi-
brin clots formed from fresh and 2-day-old WB samples
is shown in Fig. 3. As for thickness and cross-links of fi-
brin fibers, no substantial differences were observed. For
reference, fibrin clots that were prepared from PPP and
bovine thrombin were composed of apparently thinner
fibrin fibers as compared with PRF clots from either
fresh or stored WB samples.

The biological activity was tested on human periosteal
cells. The effects of PRF extracts on the cell proliferation
are shown in Fig. 4a. PRF extracts (0—4%) prepared from
fresh, 1-day-old, and 2-day-old WB samples exerted
similar stimulatory effects on the proliferation of

L . T
ACD-containing frozen PPP + thrombin
(wio centrifugation)

Fig. 3 SEM examination of fibrin fibers formed in self-clotted PRF and thrombin-stimulated PPP clots. PRF was prepared from fresh and 2-day-old
WB samples. Similar observations were obtained from WB samples collected from three other donors. Scale bars = 10 um

L e

ACD-free, fresh blood
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periosteal cells. PDGF-BB concentrations in PRF extracts
prepared from fresh and stored WB samples are shown
in Fig. 4b. PRF extracts and the supernatant serum frac-
tion (see Fig. 4c) were subjected to measurement of
PDGEF-BB levels. The concentration of this representa-
tive growth factor of platelet concentrates [4] was signifi-
cantly reduced in PRF extracts by storage. In contrast,
PDGF-BB levels noticeably (but not significantly) in-
creased in the supernatants.

Discussion

Platelet preservation is restricted to 3 and 5 days in Japan
and worldwide, respectively. This limit is based on the fact
that platelets are sensitive to changes in temperature and
pH: when samples are stored at 2 to 6 °C, platelets become
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unsuitable for production of platelet concentrates [3].
Preservation of platelet concentrates results in a drop of
pH below 6.0 depending on the platelet count [15], and
pH below 6.2 correlates with decreased in vivo efficacy of
platelets [16]. Furthermore, it was recently demonstrated
that growth factors in PRP degrade in the course of stor-
age at 22 °C [17].

On the other hand, in general, WB can be stored in
the presence of ACD or citrate phosphate and dextrose
(CPD) at room temperature for a relatively long period
(3 weeks or longer) before it is processed into blood
components [1]. The WB storage has also been sup-
ported by recent developments in oxygen-permeable
plastic bags. Nevertheless, out of concern about bacterial
contamination, the maximal storage period is restricted
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to 8 h in some countries [3]. To minimize and prevent
bacterial proliferation, it is recommended to maintain
white blood cells in WB samples during the initial 16 to
20 h of storage to digest bacteria during storage [18, 19].

Here, it is worth discussing which functional states of
platelets are expected to be maintained during storage
for subsequent preparation of platelet concentrates (to
be used for regenerative therapy). There is no doubt that
the functional states observed in freshly isolated platelets
are the best for preparation of platelet concentrates and
for their best clinical performance. Nevertheless, given
that platelet concentrates are expected to provide signifi-
cant amounts of growth factors and fibrin(ogen) at im-
plantation sites, stored platelets are not necessarily
expected to function as fully as fresh ones (e.g., in terms
of aggregation). Rather, stored platelets are expected not
to lose growth factors during the storage period, while
coagulation factors, especially those involved in the en-
dogenous coagulation cascade, should maintain their ac-
tivities to convert and polymerize fibrinogen to form
well cross-linked fibrin fibers.

Considering the current status of clinical use of platelet
concentrates in the fields of periodontology and oral sur-
gery, in this study, we used 10-mL glass tubes that are not
oxygen-permeable instead of oxygen-permeable plastic
bags for storage of large volumes of WB or platelets. We
advanced a working hypothesis that the storage of WB
samples in glass tubes would result in a more rapid and
substantial pH drop and inactivation of several enzymes
involved in coagulation. This study revealed that addition
of an optimal amount of a CaCl, solution successfully re-
stored the coagulation ability of the anticoagulant-
supplemented WB samples. The fibrin fibers prepared
from the stored WB samples were almost identical to
those of fresh WB samples. PDGF-BB concentrations were
significantly lower in PRF extracts prepared from stored
WB samples than in those of fresh WB samples. This ef-
fect can be explained by a growth factor release from plate-
lets after stimulation by calcium ions or maybe (less likely)
by degradation of PDGEF-BB. Nonetheless, the bioactivities
did not significantly worsen during the short storage.

In general, autologous platelet concentrates are prepared
and immediately used for regenerative therapy in dental
clinics at present. Our method should expand the clinical
applicability of platelet concentrates, especially PRF prepa-
rations, and make the treatment schedule more flexible.

Conclusions

The self-clotted types of platelet concentrates (PRF) can
be prepared from ACD-containing stored WB by
addition of CaCl, without a significant reduction in their
bioactivity and without other specific reagents or de-
vices. This approach should contribute to dissemination
of PRF therapy.
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Abstract

more degradable.

Degradability

Background: Fibrin clot membranes prepared from advanced platelet-rich fibrin (A-PRF) or concentrated growth
factors (CGF), despite their relatively rapid biodegradability, have been used as bioactive barrier membranes for alveolar
bone tissue regeneration. As the membranes degrade, it is thought that the growth factors are gradually released.
However, the mechanical and degradable properties of these membranes have not well been characterized. The
purpose of this study was to mechanically and chemically characterize these membranes.

Methods: A-PRF and CGF clots were prepared from blood samples collected from non-smoking, healthy donors and
were compressed to form 1-mm-thick membranes. Platelet-poor plasma-derived fibrin (PPTF) clots were prepared by
adding bovine thrombin to platelet-poor plasma. A tensile test was performed at the speed of 1 mm/min. Morphology
of the fibrin fibers was examined by SEM. A digestion test was performed in PBS containing trypsin and EDTA.

Results: In the tensile test, statistical difference was not observed in Young's modulus, strain at break, or maximum
stress between A-PRF and CGF. In strain at break, PPTF was significantly weaker than CGF. Likewise, fibrin fiber thickness
and crosslink density of PPTF were less than those of other membranes, and PPTF degraded faster than others.

Conclusions: Although the centrifugal conditions are different, A-PRF and CGF are prepared by essentially identical
mechanisms. Therefore, it is conceivable that both membranes have similar mechanical and chemical properties. Only
PPTF, which was prepared by a different mechanism, was characterized as mechanically weaker and enzymatically

Keywords: Platelet-rich fibrin, Concentrated growth factors, Platelet-poor plasma, Young's modulus, Fibrin fiber,

Background

Platelet-rich fibrin (PRF), a self-clotted preparation of
platelet-concentrated, blood-derived biomaterials, is pre-
pared solely by contact activation of intrinsic coagulation
pathways through centrifugation without addition of co-
agulation factors [1, 2]. Therefore, the preparation proto-
col is drastically simplified, and the resulting clot can be
handled easily with forceps. PRF is further modified to
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@ Springer Open

two types: A-PRE, an advanced type that is expected to
contain greater numbers of white blood cells [3] and
concentrated growth factors (CGF), which is prepared
under a facilitated intrinsic coagulation cascade [4].
Since these preparation protocols are similar and share
the same principle of clot formation, A-PRF and CGF
clots are not easy to differentiate either macroscopically
or microscopically.

In clinical settings, both A-PRF and CGF preparations
have been applied as barrier membranes and/or as carriers
of growth factors to facilitate wound healing and tissue
regeneration. However, their mechanical properties as

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.
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barrier membranes have not been investigated sufficiently.
For example, there is no available evidence as to which
membrane is mechanically tougher. In addition, because
the fibrin membranes degrade gradually at the implant-
ation site in vivo, it is poorly understood how their mech-
anical properties change during the degradation process.

Degradability is also closely related to growth factor
release, a phenomenon that is a key parameter in the
efficacy at the implantation site. Recently, it has been
demonstrated that growth factors are concentrated in
A-PRF/CGF clots and released with time [5-10]. These
experimental systems simulated the initial phase of
growth factor release by simple diffusion; however, the
simulation experiments were performed using conven-
tional culture media in the absence of serum or prote-
ases, which is not an appropriate simulation system of
in vivo conditions. Therefore, it is apparent that growth
factor release by degradation of fibrin fibers [11] is not
well simulated. In the data obtained from our previous
[12] and preliminary studies, fibrin clots can be main-
tained without substantial degradation under similar
protease-free conditions for longer than a week. How-
ever, clinicians have frequently claimed based on their
clinical experiences that fibrin clots applied to surgical
sites, e.g., socket after tooth extraction, are almost com-
pletely degraded within a week or two. This observation
is supported by several clinical review articles [13, 14].

In this study, we hypothesized that the mechanical
properties of the fibrin membrane are closely related to its
degradability. We compared these characteristics among
A-PRE, CGE, and PPTF membranes through tensile and
digestion tests.

Methods

Preparation of A-PRF and CGF clots

Blood samples were collected from four non-smoking,
healthy, male volunteers with ages ranging from 27 to
56 years. Although having lifestyle-related diseases and
receiving medication, these donors had no hindrance in
daily life. The study design and consent forms for all
procedures 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.

As described previously [6, 15, 16], blood samples
(~9.0 mL) collected without anticoagulants using vac-
uum plain glass tubes (A-PRF+; Jiangxi Fenglin Medical
Technology Co. Ltd., Fengcheng, China) or conven-
tional vacuum plain glass tube (Plain BD Vacutainer
Tube; Becton, Dickinson and Company, Franklin Lakes,
NJ, USA) from the same donors were immediately cen-
trifuged by an A-PRF centrifugation system (A-PRF12;
DRAGON LABORATORY Instruments Ltd., Beijing,
China) or a Medifuge centrifugation system (Silfradent
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S. r. 1, Santa Sofia, Italy). After eliminating the red
blood cell (RBC) fractions, the resulting A-PRF and
CGF clots were compressed using a stainless-steel com-
pression device and preserved between wet gauze until
mechanical testing (usually for a maximum of 3 h).

Preparation of PPP clots

To prepare platelet-poor plasma (PPP), peripheral blood
(~9.0 mL) was collected using syringes containing A-
formulation of acid-citrate-dextrose (ACD-A) (1.0 mL;
Terumo, Tokyo, Japan) and immediately fractionated by
the conventional double-spin method [17, 18]. The super-
natant was collected as the PPP fraction. To prepare fibrin
clots, bovine thrombin (Liquid Thrombin MOCHIDA
Softbottle, Mochida Pharmaceutical Co. Ltd.,, Tokyo,
Japan) was added to the PPP at a final volume percentage
of 2.5% (v/v) at ambient temperature in glass chambers.
The resulting PPP clots, which is designated as platelet-
poor, thrombin-activated fibrin (PPTF), were compressed
and preserved between wet gauze until mechanical testing
(usually for a maximum of 3 h).

Determination of water content in fibrin clots

After excess amounts of exudate were quickly absorbed
by the dry gauze, wet weights of freshly prepared A-
PRE, CGE, and PPTF clots were measured using an
electric balance. After compression with the stainless
compressor, their weights were measured again. The
compressed clots were then dried by heating at 140 °C
for 30 min and were weighed in a pre-heated moisture
analyzer (MA35; Sartorius Corporate Administration
GmbH, Goettingen, Germany).

Mechanical testing

The mechanical properties of gel sheets were measured
at a stretching speed of 1 mm/min with a desktop uni-
versal testing machine (EZ test; Shimadzu, Kyoto, Japan),
of which maximum load cell capacity was 500 N under
standard ambient conditions at 25+ 3 °C and 50 + 25%
RH. The samples were gripped by clamps at each end
(using slip-proof rubber sheets to prevent slippage) such
that the initial apparent gauge length (the distance be-
tween clamp faces) was set to 10 mm for all the samples
tested.

Young’s modulus, maximum tensile strength, and ten-
sile strain at break were obtained from the stress-strain
plot. Stress was calculated by dividing the force by the
initial tissue cross-sectional area, assuming a rectangular
geometry (Table 1). The modulus for each sample was
determined from the slope of the stress-strain curve dur-
ing the apparent strain of 50-150% where the curve was
almost linear while the sample had a sag during the ap-
parent strain of 0-50%. The strain was recalculated to
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eliminate the sag when the Young’s modulus and the
maximum strain at break.

According to the definition in the Handbook of Polymer
Testing [19], “Young’s modulus” is the modulus of elasti-
city in tension and defined as ratio of stress difference to
the corresponding strain difference (stress/strain). In this
study, the initial elongation property (slope) was evaluated
to determine Young’s modulus. “tensile strain at break” is
defined as tensile strain at the tensile stress at break, if it
breaks without yielding. “Maximum tensile stress” sus-
tained by the test specimen during a tensile test represents
tensile strength.

Digestion test

A-PRF/CGF/PPTF clots (1 mm thick) were compressed in
the stainless-steel compressor [16] and were punched out
(¢8 mm) using a biopsy punch (Kai Corp., Tokyo, Japan).
After repeatedly rinsing the disks with PBS to eliminate as
much serum as possible, the disks were immersed into
4 mL of 0.05% trypsin plus 0.53 mM EDTA (Invitrogen,
Carlsbad, CA, USA) in a 35-mm dish inside a CO, incu-
bator. Fibrin is well known to be specifically degraded by
plasmin in vivo; however, because it takes a long time
to determine degradation using plasmin in vitro [12]
and because fibrin could be degraded also by other pro-
teases in vivo, we used trypsin plus EDTA, which is
usually used in cell culture, in this study.

After pipetting the digestion solution, 50 pL of the
digestion solution was collected every 20 min and was
stored at -20 °C until protein measurement. Protein
levels, which can be considered primarily as levels of
digested fibrin fiber, were then determined by a BCA
protein assay kit (Takara Bio, Kusatsu, Japan). The pro-
tein levels at the time point when the initial fibrin disks
were completely digested overnight were evaluated at
100%.

Scanning electron microscopy (SEM)

The PRF clots that were compressed in a stainless-steel
compressor, were fixed with 2.5% neutralized glutaral-
dehyde, dehydrated with a series of ethanol solutions
and #-butanol, freeze-dried, and then were examined
under a scanning electron microscope (TM-1000; Hitachi,
Tokyo, Japan) with an accelerating voltage of 15 kV, as
described previously [16].

Table 1 Similarity in size and stretching property of A-PRF and
CGF membranes

Size (W x L mm) Stretching (times longer) Number
A-PRF 86+1.2x275+35 2-4 9
CGF 84+£08%x276+25 2-4 9
PPTF 83+£12%x318+21 2-4 3
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Statistical analysis

The data were expressed as mean + standard deviation
(SD). For multi-group comparisons, statistical analyses
were conducted to compare the mean values by one-way
analysis of variance (ANOVA) followed by Dunn’s
multiple-comparison test (SigmaPlot 12.5; Systat Software,
Inc., San Jose, CA, USA). Differences with P values < 0.05
were considered significant.

Results

The main purpose of this study was to compare A-PRF
with CGF preparations to find possible differences in
mechanical properties. As shown in Table 1, the sizes of
A-PRF clots compressed to membranes were 8.6+
1.2 mm (W) x 27.5 £ 3.5 mm (L) and very similar to those
of CGF clots (8.4 + 0.8 mm x 27.6 + 2.5 mm). As reference,
PPTF membranes were also prepared by adding CaCl, to
liquid PPP preparations using a molding glass chamber.
The size of PPP membranes prepared by adding thrombin,
designated PPTF in this study, was 8.3 £ 1.2 mm x 31.8 £
2.1 mm. Furthermore, when subjected to the tensile test,
both membranes could be stretched two to four times
their original length. As shown in Table 2, the water con-
tent of A-PRF clots was very similar to that of CGF clots.
However, PPTF clots contained significantly less amounts
of water than both A-PRF and CGF clots.

Surface microstructures of various fibrin clots, includ-
ing A-PRF and CGF clots, were compared, as shown in
Fig. 1. Based on SEM examinations, CGF clots contained
thicker fibrin fibers than A-PRF clots. PPP clots pre-
pared by adding CaCl, were composed mainly of rela-
tively thin fibers. In contrast, PPTF clots were easily
distinguishable from the other three clot types and were
composed of highly crosslinked fibers that were the thin-
nest observed.

Individual membrane types were examined by a tensile
test and were characterized by three parameters: (1)
Young’s modulus, (2) strain at break, and (3) maximum
stress in the stress-strain curves. As shown in Fig. 2, no sig-
nificant differences in both Young’s modulus and maximum
stress were observed among A-PRE CGE and PPTF
membranes. However, in strain at break, PPTF membranes
were significantly inferior to CGF membranes.

Degradability of individual membrane types was exam-
ined in PBS containing trypsin and EDTA. As shown in

Table 2 Comparison of water content of A-PRF, CGF, and PPTF

clots

Wet weight (g) Dry weight (g) Water content (%)
A-PRF 1.905+ 0416 0.043 +0.014* 978 +0.7%
CGF 1.753+0.302 0.035 +0.009* 980+ 0.6*
PPTF 1.774+0.287 0.066 + 0.004 96.2+0.7
N=5

*P < 0.05 compared with PPTF
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PPP + Thrombin (glass chamber)
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Fig. 1 Surface microstructures of A-PRF, CGF, and fibrin clots prepared by PPP + CaCl, and PPTF (fibrin clots prepared by PPP and thrombin). Similar
observations were obtained from other three independent blood samples. Scale bar =10 um. Note: the same magnification (x9000) was used in all
the SEM images shown here
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Fig. 3 Enzymatic degradability of A-PRF, CGF, and PPTF membranes.
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with A-PRF at the same time points

Fig. 3, PPTF membranes degraded significantly faster
than A-PRF and CGF membranes. This disparity in de-
gradability was observed at 20 and 40 min.

Discussion
In this study, we found no apparent differences between
A-PRF and CGF clot microstructures, especially in fibrin
fiber thickness or crosslink density. However, in PPTF
clots, which were prepared through direct conversion of
fibrinogen by thrombin, fibrin fiber thickness and their
crosslink density were substantially thinner and higher,
respectively, than those of either A-PTF or CGF clots.
This finding was supported by the water content data,
which revealed that significantly less amounts of water
were contained in PPTF clots. These data are summa-
rized along with the centrifugal conditions in Table 3.
Since the ratio of surface area to volume is known to be
a significant factor for degradation of polymer material
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[20], these structural characteristics can be correlated to
their degradability. As expected, we demonstrated that
PPTF membranes degraded faster than other self-clotted
fibrin membranes and A-PRF and CGF degradation rates
were almost identical. However, it has not yet been clari-
fied if those structural characteristics are correlated to
mechanical properties.

In the tensile test, we again found no significant differ-
ence in any parameters evaluated among A-PRF, CGE,
and PPTF membranes. However, in the strain at break,
PPTF membranes were broken by a significantly weaker
tensile force. The order of this parameter from high to
low was CGF = A-PRF > PPTF. As described above, the
order of degradability was PPTF > CGF = A-PRF, which
is the reverse of the mechanical strength. Despite higher
crosslink density, fibrin fibers formed in PPTF clots were
substantially thinner and therefore they are probably not
capable of bearing higher tensile forces. The manufac-
turer explains that the difference between PRF and CGF
is related to the centrifugation techniques; programmed
switching between acceleration and deceleration facili-
tates both conversion of fibrinogen to fibrin and their
polymerization more efficiently than centrifugation at
fixed speeds. However, as far as we examined, CGF is
identical to A-PRF in terms of mechanical and degrad-
able properties.

Growth factor release is a key function of these fibrin
clots for tissue regeneration. Our previous study [16]
demonstrated that CGF membranes compressed by the
stainless steel compression device contain significantly
higher levels of growth factors even after releasing ap-
proximately 85% of exudate. Repeated rinsing with PBS
failed to completely remove the growth factors from
CGF membranes. The rinsed CGF membranes retained
angiogenic effects in ex vivo and in vitro experimental
systems. Considered together, these data imply that sig-
nificant amounts of the growth factors are secured in
CGF membranes, specifically in fibrin fibers. Similar

Table 3 Summaries of preparation procedures, relative mechanical, degradation, and related properties of A-PRF, CGF and PPTF

A-PRF CGF PPTF
Centrifugal conditions 198 g X 8 min 692 g x 2 min® 580 g x 8 min (1st)°
547 g x4 min 1060 g x 8 min (2nd)
692 g x4 min
8559 %3 min
Anticoagulants None None ACD-A
Coagulation factors None None Thrombin
Mechanical strength Tough Tough Moderate
Serum retention High High Medium
Degradation Moderate Moderate Fast
Fibrin fibers Thickness Thick Thick Thin
Crosslink density Low Low High

“The centrifugal force was automatically changed by the specific program of centrifuge

PPPP was prepared by the double-spin method
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functions were found in A-PRF and PPTF membranes.
Therefore, it is thought that two distinct mechanisms
are involved in controlled release of growth factors in
exudate-depleted fibrin membranes: growth factors
adsorbed to fibrin fibers and growth factors caged in
platelets aggregated on fibrin fibers.

The initial phase of growth factor release from fibrin
clots is mainly attributed to simple diffusion. In contrast,
the late phase, i.e., the delayed growth factor release, is
probably due to degradation of fibrin fibers and platelet
membranes. We think that these combined releasing
mechanisms determine how long the individual fibrin clot
types last for tissue regeneration. This complex process of
growth factor release from PRF (CGF) membranes should
be investigated more carefully by developing appropriate
experimental conditions.

Conclusions

In the mechanical parameters and degradability we tested,
CGF membranes were almost identical to A-PRF mem-
branes. In contrast, PPTF membranes were mechanically
weaker and highly degradable. Therefore, we conclude
that all of these fibrin membranes are tough enough to
serve as barrier membranes; however, we should pay at-
tention to their degradability and choose an appropriate
membrane type depending on the purpose of treatment
and the condition of wounds or bone defects.
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Abstract: The platelet-rich fibrin-like matrix (PRFM) is usually prepared onsite and immediately used
for regenerative therapy. Nonetheless, to meet the clinical necessity of preserving the PRFEM without
quality deterioration, we developed a method for preparation of PRFMs from short-term-stored
whole blood (WB) samples. In this study, to evaluate the practical expiration date of storage, we
extended the storage time of WB samples from 2 to 7 days and assessed the quality of the resulting
PRFMs. WB samples collected with acid-citrate-dextrose were stored with gentle agitation at ambient
temperature. To prepare PRFMs, the stored WB samples were mixed with CaCl, in glass tubes
and centrifuged. Fibrin fiber networks, CD41 and CD62P expression, and Platelet Derived Growth
Factor-BB (PDGF-BB) levels were examined by scanning electron microscopy (SEM), flow cytometry,
and an Enzyme-Linked ImmunoSorbent Assay (ELISA), respectively. Long-term storage had no
significant effect on either blood cell counts or platelet functions tested. The resulting PRFMs
were visually identical to freshly prepared ones. PDGF-BB levels did not markedly decrease in a
time-dependent manner. However, fibrin fibers gradually became thinner after storage. Although the
coagulation activity may diminish, we propose that PRFMs can be prepared—without evident loss of
quality—from WB samples stored for up to 7 days by our previously developed method.

Keywords: platelets; platelet-rich fibrin; platelet-derived growth factor; fibrin fiber; storage

1. Introduction

Among the various types of platelet concentrates, the platelet-rich fibrin-like matrix (PRFM) has
been increasingly used as the most convenient biomaterial for regenerative therapy in dentistry [1].
Moreover, this popularity is supported by its multiple functions as both a matrix and scaffold and its
higher capacity for tissue regeneration than platelet-rich plasma (PRP) [2,3]. When compared with
other platelet concentrate subtypes, PREM is usually expected to be prepared onsite as per patients’
needs, and immediately used for regenerative therapy. In practice, however, due to a patient’s physical
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condition or a doctor’s technical capabilities, PRP is extensively prepared on the day or just before a
surgical procedure.

In Japan, new regulations for regenerative medicine established in 2014 require all physicians and
dentists administering a regenerative therapy that involves a platelet concentrate to record and report
the preparation procedures and quality assessment data for PREM preparations [4]. As a time-saving
measure, some physicians or dentists, mainly in private practice, outsource the PRFM preparation
process. Therefore, there is a need to develop an off-site PRFM preparation process.

Because anticoagulants, such as citrate and acid-citrate-dextrose (ACD), are added to whole
blood (WB) during collection, PRP can be prepared from stored blood and delivered the next day.
Even though some physicians or dentists intend to outsource PRFM preparation, due to a lack of
anticoagulants, PRFMs cannot be prepared off-site on the next day. Accordingly, another option is
to preserve their home-made PRFMs under appropriate conditions. However, there is no reliable
scientific evidence to support the safety and effectiveness of a preserved PRFM.

To circumvent this problem, in our previous study [5], we developed a technique for preparation
of PRFMs from WB samples stored short-term, and we validated their quality for use as a biomaterial
for regenerative therapy. In this previous study, however, we examined WB samples stored only for
up to 2 days. It is still unclear how long WB samples can be stored for PRFM preparation without
significant quality loss. In blood transfusion, platelet products can be stored for a maximum of 4-7 days,
depending on national guidelines and the type of product [6]. Therefore, it can be predicted that
platelets may not be useful for medical purposes after this expiry period. In this study, to evaluate
biological implications of the officially recommended period of storage for our purposes, we applied
our previously developed technique to WB samples stored for relatively long periods (>5 days) and
assessed the quality of the resulting PRFMs.

To help readers correctly understand the identity of the fibrin matrix preparations used in this
study, we should emphasize the differences between our PRFM and Choukroun’s PRF: although
in a broad sense and judging by visual inspection, our PREM is almost identical to Choukroun’s
original PRF prepared from freshly collected WB samples without anticoagulants, our PRFM may be
distinguished from original PRF by the use of both an anticoagulant and CaCl, and the protocol for
concentrated growth factors (CGF) preparation in a narrow sense.

2. Experimental Section

2.1. Blood Collection, Preservation, and Platelet-Rich Fibrin—Like Matrix (PRFM) Preparation

The study design and consent forms for all procedures involving human participants were
approved by the ethics committee for human subjects at Niigata University School of Medicine in
accordance with the Helsinki Declaration of 1975 (revised in October 2008).

Blood samples (approximately 9.0 mL per tube) were collected from six nonsmoking healthy male
volunteers (age 32-68 years) using 21-gauge needles equipped with a conventional vacuum plain glass
tube (Plain BD Vacutainer Tube; Becton, Dickinson and Co., Franklin Lakes, NJ, USA) for immediate
PRFM preparation or with a vacuum plain plastic tube (Neotube; NIPRO, Osaka, Japan) for stored WB
samples as previously described [7-9].

For preparing a control PRFM by the conventional method, fresh WB samples were collected
into glass tubes in the absence of ACD-A (Terumo, Tokyo, Japan) and were immediately centrifuged
by means of a Medifuge centrifugation system (Silfradent S.R.L., Santa Sofia, Italy). This centrifuge
was designed to prepare CGF (which may be considered a member of the PRF family) and employs a
program that automatically changes the centrifugal speed as follows: 30”7, acceleration; 2’, 2700 rpm
(600x g); 4’, 2400 rpm (500 g); 3’, 3000 rpm (800 g); and 36”, deceleration and stop [10].

For delayed preparation of PREM, WB samples were collected into plastic tubes in the presence of
ACD-A and stored for up to 7 days at ambient temperatures (20-24 °C) with gentle agitation using a
tube rotary mixer (NRC-20R; Nissin, Tokyo, Japan). At various time points, the stored WB samples were
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transferred into glass tubes, warmed at 37 °C, intermittently mixed with 200 uL (20 pL x 10 times) of
a 10% CaCl, solution and centrifuged on the Medifuge centrifugation system. After elimination of the
red blood cell (RBC) fractions by forceps, the resulting PRFM samples were immediately compressed
with a stainless-steel PRFM compression device (PRF stamper®; JMR Corp. Ltd., Niigata, Japan) [11]
and washed thrice with PBS for scanning electron microscopy (SEM) or stored without washing at
—80 °C until determination of PDGF-BB levels.

2.2. Measurement of Glucose and Ca?* Levels and pH

Prior to Ca®* addition, the stored WB samples were quickly centrifuged at 415x g for 3 min
to obtain the plasma fraction, which was used to determine total free Ca?" levels by means of a
commercial kit based on the MXB method (Calcium E-test Wako; Wako Pure Chemicals, Osaka, Japan)
as described elsewhere [5].

For PRFM preparation, the supernatant serum fractions obtained after centrifugation were
subjected to analysis of Ca?" levels as described above and to quantification of glucose with a
commercial kit based on the GOD method (Glucose CII Test Wako; Wako Pure Chemicals) [5].
The serum fractions were also subjected to measurement of pH with pH indicators (MColorHast; EMD
Millipore Corp., Billerica, MA, USA) [5].

2.3. Quantification of a Growth Factor by an Enzyme-Linked Immunosorbent Assay (ELISA)

PDGEF-BB levels were measured in the PRFM extracts using the Human PDGF-BB Quantikine
ELISA Kit (R&D Systems, Inc., Minneapolis, MN, USA) as previously described [8,11,12]. In brief,
individual PREM samples were minced and homogenized for 1 min with sample tube size disposable
homogenizers (BioMasher II; Nippi, Tokyo, Japan). After centrifugation, the resulting supernatants
were analyzed by an ELISA.

2.4. Determination of Blood Cell Counts

The total number of blood cells in WB samples and in fractionated liquid samples was determined
in the same types of sample tubes and an automated hematology analyzer (pocH-100iV Diff; Sysmex,
Kobe, Japan) [5,13]. RBCs, white blood cells (WBCs), and platelets were counted either immediately
after blood collection or after storage, but before centrifugation.

2.5. Flow-Cytometric (FCM) Analyses

The platelet fraction was isolated from WB samples by centrifugation (530 g, 10 min), washed
twice with PBS, and resuspended in PBS at a density of 1-2 x 108/mL. The platelets were incubated
with 10 mM adenosine 5’-diphosphate (ADP; Wako Pure Chemical, Osaka, Japan) or 0.1% CaCl,
(Wako) for 15 min at ambient temperature. To stop the reaction, an equal volume of a commercial
fixative, ThromboFix (Beckman-Coulter, Brea, CA, USA) was added to each platelet suspension
(100 puL) and incubated for 30 min. Platelets were then washed twice with PBS and probed with both a
phycoerythrin (PE)-conjugated mouse monoclonal anti-CD41 antibody and a fluorescein isothiocyanate
(FITC)-conjugated mouse monoclonal CD62P antibody (1:20) (BioLegend, San Diego, CA, USA) for
45 min at ambient temperature. After two washes with PBS, platelets were analyzed on a flow
cytometer (Cell Lab Quanta SC; Beckman-Coulter Inc., Brea, CA, USA) as previously described [14].
For isotype controls, mouse IgG1 (BioLegend) was employed.

2.6. Scanning Electron Microscopy

To examine the microstructure of fibrin fiber networks, PRFM samples were compressed, washed
thrice with PBS, and cut into small pieces. Then, the PREM pieces were fixed with 2.5% glutaraldehyde,
dehydrated with a series of ethanol and t-butanol washes, freeze-dried, and finally examined by SEM
(TM-1000, Hitachi, Tokyo, Japan) with accelerating voltage 15 kV, as previously described [5,15].
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2.7. Evaluation of Platelet Surface Antigen Expression by an Immunofluorescence Assay

Platelet concentrates were prepared from stored WB samples, rinsed, and resuspended in PBS in
sample tubes. Platelets were then treated with CaCl; at a final concentration of 0.1% and incubated for
15 min at ambient temperature. ADP (10 mM) served as a positive control [16]. After completion of the
required incubation time, the reaction was stopped by addition of ThromboFix (Beckman Coulter Inc.,
Brea, CA, USA). The platelets were washed twice and incubated with anti-human CD41 or CD62P
monoclonal antibodies (1:20; BioLegend, San Diego, CA, USA) (primary antibodies) for 40 min at
ambient temperature. Next, the platelets were again washed twice with PBS and were probed with a
secondary antibody, a goat anti-mouse IgG Hé&L antibody (an Alexa Flour® 555 conjugate; 1:50; Abcam,
Cambridge, MA, USA), for 30 min at ambient temperature. Finally, after subsequent PBS washes,
the platelets were mounted with an antifade mounting medium (Vectashield®; Vector Laboratories,
Burlingame, CA, USA), and CD41 and CD62P expression levels were examined under a fluorescence
microscope equipped with a cooled CCD camera (Nikon, Tokyo, Japan).

2.8. Statistical Analysis

The results are reported as mean =+ standard deviation (SD). For multigroup comparisons,
statistical analyses were performed by one-way analysis of variance (ANOVA) (SigmaPlot 12.5; Systat
Software, Inc., San Jose, CA, USA) with Bonferroni’s post hoc test. Differences with p-values < 0.05
were considered statistically significant.

3. Results

3.1. Time-Dependent Changes in The Characteristics of Whole Blood Samples

WB samples were stored with gentle agitation at ambient temperature because they were collected
into plain plastic tubes and stored for up to 7 days. During this period, both the platelet and RBC
counts did not change significantly (Figure 1a,b). Additionally, WBC counts did not shift, but relative
percentages of WBC subtypes underwent marked alterations (Figure 1c,d). The percentages of small
and medium-size components of WBCs, such as lymphocytes, increased, whereas those of the large
components, such as granulocytes, decreased.
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Figure 1. (a—c) Stable counts of platelets, red blood cells (RBCs), and white blood cells (WBCs) in stored
whole blood samples (1 = 8); (d) A comparison of WBC components between fresh and 7-day-stored
WB samples. The data were calculated from an average of 8 samples. W-SCR: WBC small cell ratio,
W-MCR: WBC middle cell ratio, W-LCR: WBC large cell ratio.
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Platelets’ responses to stimulants were evaluated by comparing the expression of CD62P with that
of CD41 [17]. After storage for 2 days, CD41 expression was similar among all the samples, regardless
of the external stimuli (0.1% CaCl, or 10 mM ADP for 15 min; Figure 2). In contrast, CD62P expression
levels were upregulated by the CaCl, or ADP challenge. The 7-day storage duration did not alter
the platelet activation responses. CD62P expression levels were likewise increased by treatment with
similar concentrations of CaCl, and ADP.

Platelet fraction prepared from 2-day stored WB samples Platelet fraction prepared from T-day stored WB samples

CO41 CDe2P cDa1 CDe2F

{a) control

(e} 0.1% CaCi2

{c) 10mM ADP (f) 10mM ADP

Figure 2. Immunofluorescent staining of CD41 and CD62P expressed in platelets isolated from 2-day-
or 7-day-stored WB samples. (a,d) Control resting platelets; (b,e) platelets stimulated by 0.1% CaCl,
for 15 min; and (c,f) platelets stimulated by 10 mM ADP for 15 min. The platelets were derived from
the same donor and were distributed with almost the same density in all the dishes (views).

Similar observations were made during quantitative FCM analysis (Figure 3). In terms of elevated
CD62P expression levels, platelets’ responsiveness to ADP or CaCl, stayed at constant levels with
storage time.

In the liquid fraction of WB samples, Ca* levels remained similar throughout the storage period,
whereas glucose levels, mostly increased by ACD-A, decreased with storage time (Figure 4a,b).
Plasma pH stayed at 7.5 ~8.0 (Figure 4c).
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Figure 3. Flow-Cytometric (FCM) analysis of CD41- and CD62P-double-positive platelets in platelet
fractions that were prepared from fresh or stored WB samples and stimulated with 10 mM ADP or
0.1% CaCl, for 15 min (n = 4). * p < 0.05 as compared with control platelets at the same time points.
No significant differences were observed in time-course changes.
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Figure 4. Stable Ca?* (a) and glucose levels (b) and pH (c) of fresh and stored WB samples.
Because stored WB samples contained ACD-A as an anticoagulant, CaCl, was added to the samples for
PRF clot formation. Ca%* levels were determined before and after the addition of CaCl,. Glucose levels
were determined in WB samples before the addition of CaCl,. * p < 0.05 as compared with the individual
control levels on day 1 (n = 8).
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3.2. Time-Dependent Changes in the Quality of The Resultant PRFM Samples

Storage time did not substantially affect the visual appearance, size, or serum retention of PRFMs
prepared from stored WB samples (Figure 5). However, fibrin fibers formed in these PRFMs became

somewhat thinner with time (Figure 6).

VT

WB: fresh 2 days

Figure 5. Visual appearance of platelet-rich fibrin-like matrixs (PRFMs) prepared from WB samples
stored for the indicated periods. WB samples were simultaneously collected from the same donor.
Similar PRFM samples were obtained from three other experiments.

(@ffresh. < L |/ Ro) 1 oay { (cySdays

{1

Figure 6. Scanning electron microscopy (SEM) images of fibrin fibers formed in PRFMs prepared from
WB samples stored for the indicated periods. WB samples were simultaneously collected from the
same donor. Similar findings were obtained in three other experiments.
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PDGE-BB levels in the extracts of the resulting PRFM samples significantly decreased during the
initial 3 days but recovered to control levels thereafter (Figure 7).
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Figure 7. Time-dependent changes in the concentration of PDGF-BB extracted from PRFM samples
that were prepared from stored WB samples and compressed to squeeze out PRFM exudates. * p < 0.05
as compared with fresh WB samples as controls (1 = 8).

4. Discussion

The biochemical mechanisms underlying different phases of platelet activation, including
adhesion, shape change, the granule release reaction, and aggregation, have been well delineated [18].
To treat specific diseases, such as thrombocytopenia, functionally complete platelets are required.
However, in the PRFM used for regenerative therapy, platelets are only required to aggregate in
response to Ca?* and/or thrombin, to release growth factors, and to support clot formation. In our
previous study [7], we demonstrated that short-term storage does not influence the minimally required
platelet functions or quality of the PRFM. The aim of this study was to investigate the possible expiry
limit for the storage of PRFM. In general [19], the storage of platelets for clinical use is limited to a
maximum of 5 days. Consequently, we did not extend the storage period to >7 days, and we assessed
the quality of PRFMs prepared from stored WB samples.

Both RBC and WBC counts tended to gradually, but not significantly, decrease with storage
time, whereas platelet numbers did not. Regarding the time-dependent changes in Ca?*, glucose,
and PDGF-BB levels, as previously demonstrated [7], PDGF-BB levels in PRFMs prepared from WB
samples stored for 1-3 days were significantly lower than those of fresh WB samples. Nonetheless, with
increasing storage time, PDGF-BB levels recovered to those of the freshly prepared PREM. Only glucose
levels changed with time; they decreased with increasing storage time, and at 5 days and later, they
were significantly lower than those of the ACD-treated WB samples on day 1.

It is generally accepted that adequate oxygen supply is needed to increase platelet viability in
platelet concentrates because oxygen reduces their glucose consumption and lactate production [20,21].
It is known that even under the improved storage conditions, platelets gradually lose their function,
a phenomenon that is called the storage lesion [22]. Furthermore, it was recently demonstrated
that growth factors in PRP degrade in the course of storage at 22 °C [23]. Therefore, Bausset et al.
recommend injecting PRP within 3 h after preparation to avoid the loss of efficacy [24]. There is an
opposite viewpoint, that PRP for tissue regeneration can be stored for at least 5 days [25].

In the present study, gas-impermeable plastic tubes were used for WB preservation, so that
blood cell viability can be maintained mainly by glycolysis (as explained elsewhere [26,27]) of glucose
provided by the ACD-A solution [26,27] after depletion of remaining oxygen. In this case, even though
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platelets are not concentrated as highly as platelet concentrates for storage, it is possible that RBCs in
cooperation with platelets produce lactate and significantly decrease pH. On the other hand, plasma
pH of the stored WB samples remained constant at ~6.5 under our preservation conditions. As a result,
platelets could be preserved well, judging by the finding that the ability of the platelets—isolated
from 7-day-stored WB samples—to respond to Ca?* and ADP challenges was mostly similar to that of
platelets obtained from the WB samples following short-term storage. A possible explanation for this
successful preservation may be suppression of cell metabolism by citrate-dependent Ca?* chelation:
platelet activation is known to be prevented by citrate [28], whereas it is also possible that RBC activity
can be reduced through inhibition of Ca?*-mediated cellular functions [29] by Ca?* chelation.

Because WBC-depleted transfusion is necessary to avoid WBC-mediated adverse reactions,
particularly in allogeneic blood transfusions [30], the lifespan of WBCs in vitro has not been
clearly described in the literature: approximate lifespans of circulating RBCs, platelets, neutrophils,
eosinophils, and B cells are reported to be 120, 10, 1-5, and 2-5 days and 4-7 weeks, respectively [31].
Accordingly, granulocytes (large components of WBCs) may have the shortest survival period in vitro.
In contrast, lymphocytes, which constitute the small components of WBCs, and RBCs may survive
longer than can other blood cell types in vitro. Consistent with these standard lifespans, our present
findings indicate that the percentage of large WBCs decreased with time. Although WBC counts did
not significantly decrease within 7 days, it cannot be ruled out that the automatic hematology analyzer,
which uses particle size differences for calculations, may have detected and counted WBCs that were
reduced in size, probably by apoptosis.

The thickness of fibrin fibers of PRFM samples gradually decreased with time, probably due
to degradation of coagulation factors, a reduction in their enzymatic activity, or a decline of platelet
functions. Therefore, it can be hypothesized that PRFMs composed of thinner fibrin fibers may be
easily susceptible to degradation and may release growth factors faster than do fresh WB samples.
Nevertheless, fibrin fibers observed in fibrin clots that were prepared from fresh or frozen platelet-poor
plasma by the addition of thrombin were considerably thinner, and their cross-link density was
considerably higher relative to stored WB samples [7]. In our preliminary study, with a limited
number of WB samples, the degradation assay involving a trypsin and EDTA solution failed to detect
significant differences in PREMs prepared from long-term-stored and fresh WB samples (data not
shown). We believe that the PRFM prepared from WB samples stored long-term can be an alternative
option for regenerative therapy in clinical settings.

Although blood transfusion studies have established standard protocols for the storage of WB
samples [32,33], the time-dependent reduction in WBC counts may result in weakened bactericidal
effects [34]. In addition, the possibility that autolysis of WBCs can trigger degradation of specific
proteins, which in turn can influence PRFM formation, cannot be ruled out. Consequently, to validate
the clinical use of such a PREM, its safety and efficacy should be assessed further in experimental
models based on relatively large animals.

5. Conclusions

The PRFM is conventionally prepared onsite; however, it would be convenient if this material
were prepared several days later. We demonstrated that a clinically applicable PRFM can be prepared
from WB samples that are stored for up to 7 days by the addition of appropriate amounts of Ca>*.
This method can make the treatment schedule more flexible and benefit both the patients and physicians
or dentists involved in regenerative therapy with the PREM. Although the period of WB sample
storage may be further extended by improving several conditions, we would recommend using a fresh
autologous PREM prepared onsite as the first choice and the PRFM prepared from stored autologous
WB samples as the second choice. To minimize the possible loss of efficacy and unidentified or
unpredictable risks, it would be better to utilize the stored autologous WB samples as soon as possible,
at least within a week in accordance with the national guidelines [6].
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