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Effects of Hydroxyapatite-Coating on Titanium Cap on Bone

Augmentation in Rat Calvaria

Hiromasa YosHiNO', Hiroshi ITor? and Keiso TAKAHASHI!

The purpose of this study was to build up a novel model of vertical bone augmenta-
tion inside a titanium cap on rat calvaria and to evaluate how the finish of the inner
surface of the cap would take effect on bone augmentation. Thirty-two 10-week-old
male Sprague-Dawley rats were used. The calvarium was exteriorized and two trephine
grooves (bmm) were created bilaterally on the parietal bone without marrow penetra-
tion. Titanium caps with three different types of inner surface were prepared, i.e. ma-
chine polished, sandblast-treated and HA-coated. Two titanium caps among the three
different ones were randomly chosen and set in the grooves with their open ends in
contact with the calvarium. At 4 or 8 weeks after surgery, the animals were sacrificed
to obtain sections for histological, histomorphometric and immunohistochemical exami-
nations. The amount of newly generated tissue and bone inside the caps was quanti-
tated using an image analyzer.

New bone formation on the surface of calvarial bones was observed in the extracal-
varial experimental space and the newly generated tissue contained newly generated
bone, mineralized bone and marrow tissue. High-powered microscopy revealed osteo-
blasts and osteocytes, while few osteoclasts were observed in the newly generated bone.
Osteocalcin-positive cells were observed around the newly generated bone whereas os-
teopontin-positive cells were around and inside the bone. The amount of mineralized
bone in the generated tissue was the highest in the HA-coated caps (p<0.05). The other
two groups did not significantly differ from each other in the volume of augmented tis-
sue or that of mineralized bone.

In this rat GBR model, vertical bone augmentation was observed in all the three
titanium caps and it was shown that the HA-coated surface significantly enhances bone

augmentation in the cap.

Key words : HA-coated titanium cap, vertical bone augmentation, rat calvaria, osteoblasts

2t PHK28E12H20H, 2P 2942 H 1 H
BUBIAY KPP BRI - DR B
BUBL A U S TR 13 Ry
58

(R« AR SUD)

(1)

Department of Endodontics and Periodontics,

Ohu University, Graduate School of Dentistry’
Division of Oral Pathology, Department of Oral
Medical Sciences, Ohu University School of Dentistry®
(Director : Prof. Keiso TAKAHASHI)



2 LR N

=

il

HE P 2E 527 (guided tissue regeneration)
OWEE AR AL 28 HEEEE (guided bone
regeneration LA T GBR) OAF#EA Dahlin 5
IZ K> TR &S, WGIE % T 725 B Kl A3
RIBH T %, Kostopoulos 52 1% 7 v D
THEE RIS T 7 u Y SR EFRE L SR
TNERNT, BROGMIZBED 5 AR 2L
AT 5 T WG OZEE FIE RS S
oWt U7, BIRT O3 RIS R 28 L
THIEA Y77 Y MBREITD 2 EPWHEIC 5 5
TETWEH, ARPFAFRERIC R U CRE NS
BRI OFPRIPERML LS, BRRERT IS & > TH & i
AR U 72 B U IR W 7 i Bkl 4
LS EETEZEnLEEh S,

MFEEH) GBR OEFEERIZIZ I E THEICT S
FAMEH SN, FHZEIZ S F I LBESHERD
KEAZRBE L 22 HE STV 579
Schmid 52 1%, 74 FHIEFG FICEREL 2T
A 2L DFEAZERICHEREPREI 52 Lh5,
GBR IZ & 2 B#fF S IR O T B2 T
W E W L7z, Yamada 5% 1&7X0O HEVEPH
BDF 2 2% v o THEHECHEN TS 25 LG
L7z, Bl cldndhdFv v TdH 50
320 v & — NI & BRI L 7= 8 oM S h
THh, F8F vy TORNKETER, BRI
JAERIRIIMET E Tz,

Lundgren 57 IZBEMIE S -5 L8
VA—NEESY FT 52 MU ZEIckS
TV ) YA —NOWHEFRIIARIIIML &
Mol DD, AKILERY ) V& — NI EE
PRl L TS MBAINL 72 Z & 2 W& L 7=,
O ZAERIEF 2 V8L ) v & — DN % PIEE
b 5 VLN T 2 Z itk -T, VY
v S — NRIHANOF T M Oz, K5
BROSMUICEEL 52, Hidaoakbr EiE
SN ZEERBL TS F/2, FE /Ay Yo
i & hydroxyapatite (LT HA) L4 5 Z
LitkoTEEHmAEZRETZ I Z e RESh
TW3%, F 2 VEMBARBOSEIZL 5T
GBR Ozh#E UL, ANTAEEME, o7

-
—

£}

(2)

Er
A

S 2017

B B % IS U725 kI U Tk A
T DA B RN TEEIC L 5 728, BRIRI 7%
ERITKEW,

HHERIZ B 5 VS E ARG L CHIT
BIOERIZEN T RbE, & Db, BHEIC
GEh2IEas—rovorrey st v
INOBTH DA AT A HI) LV (osteocalein BATF
OCN) IZEIFMfu TR T hNA FaFf 734
1 MERBEEA L TE D, B X 28K
Y=Hh—=eEBEIZLNTWBEY, —J, 274K
v F  (osteopontin L T OPN) i35 # fiflud &
O MifuA & AR S N, FFTEICETE AR AR
FTeELLNTNWEY, GBRETNIZEIT S
BRI DWW TR O MR E R RRET SN A T,
FAEMBEANOMEEF X 2 FE 4 VSR
(OCN # K U° OPN) D pEAEMRED B 2 5
A5 Z LIckDMEER GBR DFEEETLICE
B EFERT O TR AT 5 720 OTEH
52 MG Ehs,

AW TIE, 7 v FEES EOREE R K
DFEERETINAEREL, 3HHONEAE, O
WO, @3 F7 7 2 LB, @ HA QUL %
L7zF42 v#lty v TE2WMMEL, 2 ZFhoF
BV Fx oy TNTRZ 25 HEIS DO THLEER Y,
FHRRE T2 Fo K OSGRPERLERIL = 12 TR - gt
L7z,

HRELVFEE

1. Fa688xvv7

HAXF 4 A~ 57 0 7 RAEHE (UT
JMM, KBR) &HETHRBLEZF2 v AEF v v
7 BUTFFLvFr 7)) BEBRICHEHLE, P
HFER A 5 T v b EZE O RIREA R A T O 58
THEICHBARAF 2V F vy TOHE%6mm
ICPEL7Z (Mla), KWFZETHHLZF 42 v
Fyy FITEH Y FT 52 NP KO HA AL
BUCIN AR 2 8BDIEARBETH 572720, F
AVEETay s (Ti-6A1-4V; 7L 36%, /3
FVY L% EEL IMM OKEL VTS5 Y b e
R CAEH 2 50.5mm ORJE CTHE X 220mg D F
By F vy TEAEHLCERIZHLZ (K1),
HEWBT S X =52 V¥ v v TEIZTIL I F



Vol. 44 No. 1

C

X1

HARE S ol (9 B RT3 R - 5 5Es 3

KRICERALEFE2 X v v TORIK

a HMIE ¢ 6mm, N ¢5.0mm, & X3mm THREDE £0.5mm, WO & X

3Smm®DFER K — LIk TH 5,

b AEWIIE L 725 % v F v v TONE IR
c WY FNTIZAMUBELEFZVE v v TONGTER
d  HAWPEL 725 % ¥ F % v TONEER

V= X #1804 KX fFTH Y F T 5 2 b ALEE?
7572 (X 1lc)e ZHUZIMMDT 4 7 ZAF v —
FINATITE® @ HA L8 & [6] C &Ik Th %,
5L, YV FTIX MU EEL =575 v
Fyy STV —LEHHEIZKD HA 2 -7 ¢4
YIRS REY (KM1d), ZHIEIMM DT 1 o
2 F + — FINATITE® & Al C£mitEIRTH 5.
bl U7z 3FRSH (BEMROTEE, > F 75 2 MLBE
HAMWER) OF & v F % v T & BEWRFTGHL, + —
N2 L — TR A i L CHEEBRICE L 72,

2. EREY

Sprague Dawley RHEVEZ » b (10Efm 300
~350g HAZ L 74k, 80) 32DL % FBRIZ W 72,
FERRHAG IS B 1~ 2 M PhfE L, J v b
PEFETH B Z & MR L 72, SIE IR &
R (F ) v ZOVEERETSE, H) B KUK

(3)

%5z, BPIRFE MR (iR24°C,
TEIE65%) THE Lz, Ak, AFFRIZEPIK
FE T B2 O KR UKGEHE T No. 42) #
13 CHUPIR B S B e % 85F L TIT -5 72,

3. ERF &

Ito 5 OWMEIITHEL TiT R 72 Thab B, T v
FHEREIZ N Y YL X =L F Y YA
(Somnopentyl® a8 Hit) &7 o MME
Hlkeg & 72 D 50mg %25 L &G fFE 4 17 75 - 7=,
EHICTE 7Y 1 ,/80,000980M2 % Y P
A4y (ERHF A4V F—) v D, 13
RS M 2tE, a0 2 O Ta TRk
AT o720 WNT #15¢ B A ASVEHH * 2 & v
T H RS KD ICTERE 2RI L, HIR % ik
L7z (K2a), TS E A TELDE
TEEER kR AR PR K CRIEBE, ) o



c

B2 FarFvvTOREFE
a BB L UEIROUIM I & OHIEE
d HIRES e PUHMES

AKFCEES mm D kL7 4 v 23— (GC 4L, H50)
A HOWTHER ICIRIROEE R L 2% (X 2Db)
T4y ¥y == #700) EHWTFLYFrvy
TOWRET B X ITHEONEE0.5mm F THAL,
EZ6mm O OEIRDE A=K L, Bk L 7=
WIZ3MDOF 4 v F vy T7ONT A 1 DEKE
L7z (M2¢)s F2YF vy THEMRNESIC
LT PSSR (D8106 =F Y J&J, USA)
EFHOCTRERAL (K2d), Zo®%ICTFiiH
WA (789G TF T J&J) & W TSRS
L7z (X2e). &7z, fiitaDEGTHIE LTR=
v 1) ¥ G (60,000IE/0.02m], FHE B o 50)
Iml % B¢ FHSHL 72,

4. fHBFHHR

itk 4 @B KO8 HMA BRI, YVIFL
I—FUBENC KO ERa L S FEE S B 72, HD
IZURZET &R EAER A e LR L, 4Co
10 % FP AR AR L~ ) 2 T 24E R ] $£1210%
EDTA (ethylendiamine tetra acetic acid) /A&
BELUTHKL @C, 4EM), ¥2 v v v
ERERISBBEICME ST 7 4 VA L7, 8

b

(4)

DT

E T 2017

c FxouTREE

ZE LT WG OFr R R -
TRIETE 5 K5 IZJE &5 um ORI % 1E
LT, N rEy )y xrv vt (UTFH-
E ) #iTWBRE R S BIS 2175 72,

5. TRAP &8&

WA HINE D AL 2 WERR 3 5 72 D LI I IR
Mk 27 7 2 — €G3 (LIT TRAP J¢) %175
7z Thabb, W77 4 VHOYF A10mM
) v R PG (BUF PBS, pH7.4) Tk
# L, 77 F—J)L AS-MX phosphate (Sigma,
USA) #FVE & L T0.2M Bl FR R % T50mM
ABIZI2 L C TRAP Y4 % 17 - 721, PBS 3t
HRIZA Y =D~ M+ ) VRIS 3 SR
L, Wil F 2L VAR B A%IC TRAP Bk
il AR L 7=,

6. wEERLE

RIEGEIT Moriya & DG ITHE - TiT 4 >
Jzo FYVL VKBTI 4 VRIS, W)
Fr %3 % @R b K BAIZ R T20507=27E L T
PN AF o 2 —¥afrE L, —Rbitke LT,
PBS T1,000f5 ML 7=~ 2417 v b OCN i



Vol. 44 No. 1

c
E3 H - EREOXFEMFER

HARE S ol (9 B RT3 R - 5 5Es 5

a  FEBRBHAG 48127 o b I RIS 2 i AR OO BT SR G (BT I) (A5 3R1%) .
FERA I REHROR O #2E CRAD &, £72F 2 v F v v TR - THHE CRED 2E T T

55, EHOMBHEIATITH S,

b HEE LICHITIE % 2 U223 M2 5 R it A o CGREL, &%) .

¢ FEERHMG 8 M%IT T v b EHZEE IR & 72 W AR ML o i SEIT 5 CREBRIITIE I (IRR%R1%) .
F XV F vy T TEBA RAN AVEC T34, L7 ISR AR (5280 28R

T3,

d - HEE LISHEEE A4 B U 7T M 2 R if2 At A T CGRED, @RI .

K (27534 4, KiH#) %7213 PBS T100f%
#HW L=~ 2H 5 v F OPN Hi & (ARP,
USA) #fiHL, Wdh g/ L300M=ERT
JS & & 7=, PBS PEiiz, —kPitk& LT
*F A - BRERT I BARY) v —EREA LN
v APk (ZF L AN A TV, FR)
L EI T30 BIRIG & 27, PBS vEifi%, ~L
FERVA-—VYOREIIDABF v & (=FL 4N
A HA TV A, FE) IZXDIT0, Av b FY
) VRS U ORI & F O CHLER S
RAelTk -7z, BENKHE LT —&kPikiciz <
PBS TRIBZ 1T - 72Ul & w2, Zhoxt
HYI R D2 U B W THERISIZAD 5 h s b -
720

7. HMBEtRZER

F 4V F vy T OF AR X O A i

(5)

MoOERX, H- EGEET - 280N omg
I2OWTC, WEENTY 7 b (WinRoof, = A4,
fEH)© % B CEHIlEPH ROI(Region of Interest)
AREE L, B AR g 2 B R o
& %) 2R L7,
8. #t 5t 3

A ZEME 1 Mann-Whitney U-test 12 & - T
To72, p<0.05O L EHEXEDHD EHEL /2,

b5 3

1. ABENEE

4% F 2V F vy TONEERIZED 6§
HAEHRSF 24 v F v v THTHEEL Tz,
SRR AR I & PAT IS REOR B B SRR & h
T3 (K3a) O»R@mEhz, 72, AKIL
BRF AV F vy THIIZIHD K5I EAICH



by
o
>P
=
..K

B

co
Co

NB
BM

d e f

4 H-EFBOXFIEMER
a  FERBHMG 8 RIS T v b EEZE _EISEk X 7 B ERR oO BT A T RIS R (IR R15)

WEH LR L UF 2 U F vy T2 TEITHER B SRS TER S Tv 3 (RHD .
F 7z, HHHE B T B (RIH) .
b BRI 8 MM 7 v b IEHZEE IR S B AR misElTm (777 2 M) (IK65E3R18)
FEBRATHEIE & FARICHIZE T L KOV v o TS - T ISHE T b K OHEMREA K & 1
T (RHD) . F7, Al S5 To 5 (R .
¢  FEBRGHAA 8 WMIMIC 7 v b EHZEE FISTERK & A7z B AL MLk oD ai SE b i (HAMLBERE) (IK65215)
JHERE FB L UF v v 70 T EAICHEE B LOWEMBP R ST GRAD . #id
AL ds & UM RRIZ B WIS B 5 72,
d aOEfEEG
e b OEFEEG
f coEfiFEB
NB ; #iE4, BM s i, CO ; SEHEPERS A MLk

BM
NB

a
X5 TRAP 3t DXFIEMEESG
a  FERPAMA S HRN%IC T v b EEZE BISER & - 5 AR (HAZVEERE) (Rf52%1(%) . TRAPFS
PERINEIZIE & A LR TE Bd 572,
b FEERBHAA S M T v b UHE ISR & N7z Bk AR (R AEEE ) (P R(%) . TRAPKS
PERIHE (RED G RHRE ZEAE L 7228, HiAmcidiZ L A CRERTE b 5 7=,
NB: #4:4, BM; &84, B sa&Ed

b

(6)

2017



Vol 44 No 1
o
NB
BM
a
Yy v
b
X6 OCNHLUOPNDOREHEGEFIHEERK
a, b : OCNFGYEMIIE (RED, as WHEE b &EEE%) HikH
OCNBEE/R L 72,
c,d:
DE LA OPNEGMEZ 78 L 7=,
NB ; #E4, BM ; &b, CO 5 SrMEVERSA W

NoTER I T (R3a), HiEMEL
EBOHAE BB A U, BRHEVERS & MRk 23 &
ZEIZAEL T (K3a), HiEEROERM
1213, FMHIROEREE U 728 i A 3R & il A
LTw7 (RH X3b),

S + 4WBICHIRL T, F4VF v v TD
WIAPERIZEH 535 0 2 < OFEFLTER S
Tk, F8F vy TN BEMES5E 20
2L TCWBZEndHo7 (X3c, K4da-f), HA
Z IPAT LT & = R Bk O 37 A 13 BE
ZHEICHERIL TR 0 aiiluz iR 72, itk
TIEEFHIMIEE A2 L vz (X3d). #r
AR V23S I PRI & 5 0B it 2 R
Eh7z (X 3c, X4a-f),

HABEF & v & v v THIRAGITIERIKLE 2
HARPEF 2 v F v v TSRS K512 B
R Eh, BEEEHRICES>THWEZEDH -5
7= (X4e),

(7)

HARE S ol (9 B RT3 R - 5 5Es 7

BM

HIIZ BT 2 FFMaDIzE A ERN

OPNFGPEMINE (RE, ¢ WhfER1% 45 @G i Ea a0 2 8l s L OE RN

2. TRAP 2#

F 4 v F vy TONKMERIZEDH 59 TRAP
PRI Z AT D UEZE B IS HUE L Tz,
BEIZREFEEAER O L 572 (X 5a, b),

3. EEBEREHMR

F 4V F vy TONEPERICBED & A aE
HIZH T 3 EHEMIIC BT, 122 AERTOM
laAt OCN B2 /R LTz (X 6a, b),

WA B2 OB AR & R RN O F RO
WIS S OPN BEMERlaD B A 2o 7z (X 6¢, d).

4. fEBETRIZIRER

B OE I 8 EM % DB TIT 5 72, HA
AUPERE S E B R A i & S 5 72 (p<0.05),
YT T A R & BT & ORIZIZA R
Ei3EN 572 (X7),

HA QUBRRE ISR AT T 2 s U T A i A /
WM (%) 2HEHERICAERICE» - 72
(p<0.05) (X18).



8 LR N

T *
| T
EB_ _—|__
S 4r
3
2
1_
0
HEARBTEE 75k HA

K7 3EBREBEOHEESTEDHE (ROIE)
HALLERTE (SR AL BT 1 i U CH RS W R
BRI L T2, % @ p<0.05

e

% %=

KW 5 LU ORRE1372, 1) HA QLFHF
THEBESRATH 72, 2) B
4HEE TR AEMNEAER L T D s i#EittEs
e X 7= 3, itk 8 M TIIHMFRI % 2 L
LT3 EAhkINs, 3) OCN 3 H4E 8 M kk
JEA D TEMALIZ, OPN (3374 ik rh oo 45
fuds & OVE MRS S ISR BIL Tz, 4)
eEMldIZ e A EBIB SN 5 7,

INE TG SNy ¥ FEEE & - RE
GBR EF L DR TIE, KEDOWREF &V
F o THHHINTE 759, KiFETIE, 7
N GH 25 12 B T RE T % 5 D HA QLEE A Al g
BFAVF vy TEMELTERET- 72, B
Hicid, #2647 ay 205 N EE
5mm O F-ERJE F — 44RT, 3,0000C O ELELZ
Mz 65 &I ICREFDEAH0.5mm D F 4
YFrv T (Kla) #ilfEL 7z, KWK THM
LEF2yFyy 7THEOHA I —F 4 V22
SIAGHEIE 513,0000C & MKV 7 L — A 04t
WAEMHHLZ, HA2—F7 4 V27 7L — 4
BANEOMIZ G 75 ARG, BUrRikls KO
228w A) VSRS, 4 VT Ty MARORKIE
W&, a—7 4 YIROBEAR, £fEE XU

(8)

2017

i)

80
70
60
50
40
30
20
10

B /AR (%)

WarE S5 A b

X8 IEBRHEOHEEE/HEMBE (%) DILE
HALLBETHE (SR MRATT S AL B | 2 PUsE U A s A i
WM (%) @A 572, % : p<0.05

HULEEZ 7207, HA I —F 4 ¥ 7 HEOEN
IZ&k o> TEHBENRNREL S0 8 Lk,

BRI L 7272 v F v v TERE L72GAIIC
SEHAENERES N (M3, 4), ZORHRI,
YL 25 EORBEYNZ I L TT v b TidE#HE
MU Gl getE 2 7812 U 72 Aspenberg 5 D
RO &2 LFEL Tz, BIREOENIC K - TEY
KOFENRFRE B D08 Lk,

FER D 4 %3 H MO e FHE T
Ho722& (KI3b) 5 4EBTIEELF vy
TN THIBEPZERICIT Ebh s &L,
SHBOW A E AR L2, HA BIEECIIM
PREFFEETE L Lol U O R A A R B L ¢
Wz (X8), ¥V F7 52 MU TIIAERE
IR OG>, ZOERIEF 2 v EH 4
YET I A ML TEEHEOKIRSBRS
N o7z T5WME? LFE LV, HA QLM
HOFFESHRIE®R I N0, YV VT T
Z MR K 5 TF 2 v NEOE R L 72
ZElZk o MifagEmmEm A A 222 8IS AT
HA QUPEIC X 25 82 O EEAE FH 23 B 72 5 5 &
HFibhbd, SHOFEBTHHAL20ThoF 4
VE Xy SICBEOTEENESHEE RIS PAT
LTERENIEAEEFZ VF v v THHIZH S
TEANERREINZ 565050 (X4), #Hik



Vol. 44 No. 1

B RO R I MR X0 & e % & A 728
it B S Nz, BOAKIMEEIZ DV TIE
SET L Cnengy, S E R E o f Ik
BIIEL T HocidaneBbh/z, ZoMEms
v 4 2 u CT & 7= BER R & —F L Tw
725

AWFEDFIERET I CIEBBLE 74~
Frv7 (M1) AL, 79 VEEFEFH
VR oy 7L TH E N PHEZERNTHTE S e
A BT RN R I U 720 ARFEERCR Clavig I H R e
DiEE AT X A0, REREHROMIEEE,
T2 b B EMRR L OERERRO AR
farvE#EicBb o7& 25N %, Yamada 5°
B FHBHFIZFL T vy TERELTHESE
FEHEI N2 F v v TERERT 28 D& D LKH»
5,37 A%OFEMMREIT [RaeL] T [Rd 0]
SOEHPEENAERICEWZ EERE L, b
DEETIE, AR SR ORRHE RS S /2 + v v
TNIZADAATEES % Z & THAMMDOIZ
EHET S Z LR E Nz, ZORRIE, FFEO
BIRDF vy TNEHOFHKIZSIZERE S HH
U WHEEME 2 RIE LT 238, JKDKE X &2/
LR, FIREREF ORIR D - TH T
AELIDIEETE RN EEZ b, N AR
AT 5~ 4 2 u T 2k L ORI 2 TRD
MFxh b, Miyamoto 520 13 IR HSKEAHIIE & 72
Wid 2 ZETHEARMIRES 72 MELTHD,
HHlE & B R SR O BAERIC & > TEBE
EiEEACR A MR B A 5N B,

INE TOBMROBYIEEET T IIZIZTEIZY
HEBREHINTELL, KK TIET v b2l
AU 7z BFEMCHEmMOEMEICA T, Mg
AW KON AN T 7 a —FBRESIC
B, BT OSTRERARET 2 Z L
frEh s, RS hpikizEICe r, v 2k
FTT vy MCHLUTUER—EN TS 720, F2EE)
MaETHENL Ty MIZEZ-T LIZXD %EH
WAL BIFR A FEINC AT 22 2 5 & HR1Z, in situ
hybridization 7% % W TH AL IZ BT 55
il K OO EIE T RBIREIZOWTE
MR ERIEXED Z N REIZE S,

FrEFLmoEFMiEs A E4TH OCN

(9)

HARE S ol (9 B RT3 R - 5 5Es 9

Bt cd 72 (X6a, b)o —H, HiEHOERY
Wil & OVE AR OPNMETH 572 (K6,
d)o ARERITINSFHRM 2 /37 B H GBR £
TILTHIA E N BT (S EH B A ] % 51 C
TWAZ L ERIET 5, OPN IR &
Bk, B, vou7ry—-Unlilimnml T
D, AT T LEDENKEREERTHY VA
Ny AOFESKRAHET 2 %E ¢ Rz L T
bEEN3?, £z, OPNIEGTFHNIZA VT
) UM AR L TCED, ZhEtL M-
FB s &8 U Clla s LasEic il 545 2 &
BHISN T3S, 72 OPNE, HFMiao 14~
T v ERE L, B MRROYIES LA (T
3%, KWTFIZ BT, BHMOFER~ — 7 —
Th % OCN 2HEF LD B HFMEDIFE L AL
TROGNZ kL, FEFIZET 2 F M0
bl K OREER T ThH % OPN A 6 h/=Z
EnE, HIAEFORKA OCN & OPNIZ&k - T
EINTNE I ERRE SN,
IhETOMZEA 613 GBR ICk T 5 A E%
LOBEEIZ DN TR B8 £ 25T
BOEE® ERME SN TE D, R
o Ty, REFTFEILABHEHDBRA T v
TTREBEWETEELLH DY, PiiEBROER
TI v MEEFICRERE AT ADELS LY E
Wik ARk 2720, KR TIEF 2 v F vy
TN OB R % Bl § 5 ECH S5 AR
BAFERCEARS T2 LA F R L CUREESELE
fThkh o7z, BRTE EZEANGE O EE AR K
iz 475 B2, BHEOEAS]L~ 2mm FE D
Lo BB A LR ), Rompen 5% 13
7 v MEHBFISHROPTAMEOF 4 v F 2 v
IN—HRE L THEBARDOEREZITT->TED, KE
T2 fL & ML & TR U 72352 BB A e X
TeEWMELT0EA, dMEFCHSOWTEEHER
BlEEn<TH D, PHE ETHERELZBIERL
Kostopoulos 5 D#HE? & FHPLL 285RTH - 7=,
tokd, AMETIEI ML T 4 )N —T6mm ©
EROEEE L T (K2b), BEISIZE
BRHIREEZNAZ TOEVEFWAT, LTy
VOS—TIK U =3O B HED & R LBIEER
MR BEZE & F 4 v F v v T CHA S h 221



10 L N

100EE U TR RIcB S U 22T sg i3k % .
AT, 79 PEEEF LICF 4V F v 9T
B L CEBN GBR EFLAREL, 4V
F v v TNE HAWLPY 5 2 & TERENEHA
MMEEXND Z L EW S22, B TR
AR S TAEER Tld b B A%, T A b
EREMIZE L OMEER A TS, — ), At
T2 CIEMREN 28 TR & - TEIER 2RI
T ZZ LT TH 7226, FEENE
BEAANET B F 2V A o Y2 d BRI
FARANEN S,

% W

J v MEEE FIZF 2V F vy TEBRELE
HH GBR EFLIZEBWT, FRYF v v THE
a HAWBE$ 5 Z &2 & 0 #iE Bk % (e ik
L7,

Kam X OEF I, 300 H ARSI A 222k (OF
2446 A10H, Ha0) J K USSR Y2 (OF

2546 H15H, M) (2hWTREL =,

X 73

1) Dahlin, C., Sennerby, L., Lekholm, U., Linde,
A. and Nyman, S. : Generation of new bone
around titanium implants using a membrane
technique : an experimental study in rabbits.
Int. J. Oral Maxillofac. Implants 4 ; 19-25
1989.

2) Kostopoulos, L., Karring, T. and Uraguchi, R. :
Formation of jawbone tuberosities by guided
tissue regeneration. An experimental study in
the rat. Clin. Oral Implants Res. 5 ; 245-253
1994.

3) Schmid, J., Himmerle, C. H., Olah, A. J. and
Lang, N. P. : Membrane permeability is un-
necessary for guided generation of new bone.
An experimental study in the rabbit. Clin.
Oral Implants Res. 53 125-130 1994.

4) Lundgren, D., Lundgren, A. K., Sennerby, L.
and Nyman, S. : Augmentation of intramem-
braneous bone beyond the skeletal envelope
using an occlusive titanium barrier. An experi-
mental study in the rabbit. Clin. Oral Im-
plants Res. 6 ; 67-72 1995.

5) TIto, K., Nanba, K. and Murai, S. : Effects of
bioabsorbable and non-resorbable barrier

(10)

6)

7)

8)

9

10)

11

12)

13)

14)

15)

16)

2017

p=m
S

membranes on bone augmentation in rabbit
calvaria. J. Periodontol. 69 ; 1229-1237
1998.

Yamada, Y., Nanba, K. and Ito, K. : Effects
of occlusiveness of a titanium cap on bone gen-
eration beyond the skeletal envelope in the
rabbit calvarium. Clin. Oral Implants Res.
14 ; 455-463 2003.

Lundgren, A. K., Lundgren, D., Wennerberg,
A., Himmerle, C. H. and Nyman, S. : Influ-
ence of surface roughness of barrier walls on
guided bone augmentation : experimental
study in rabbits. Clin. Implant Dent. Relat.
Res. 1;41-48 1999.

Vehof, J. W., Spauwen, P. H. and Jansen, J. A.:
Bone formation in calcium-phosphate-coated
titanium mesh. Biomaterials 21 ; 2003-2009
2000.

Vehof, J. W., van den Dolder, J., de Ruijter, J.
E., Spauwen, P. H. and Jansen, J. A. : Bone
formation in CaP-coated and noncoated tita-
nium fiber mesh. J. Biomed. Mater. Res. A.
64 ; 417-426 2003.

Neve, A., Corrado, A. and Cantatore, F. P. :
Osteocalcin : Skeletal and extra-skeletal ef-
fects. J. Cell. Physiol. 228 ;1149-1153
2013.

Morinobu, M., Ishijima, M., Rittling, S. R.,
Tsuji, K., Yamamoto, H., Nifuji, A., Denhardt,
D.T. and Noda, M. : Osteopontin expression in
osteoblasts and osteocytes during bone forma-
tion under mechanical stress in the calvarial
suture in vivo. J. Bone Miner. Res. 18
1706-1715 2003.

Yamagami, A., Yoshihara, Y. and Suwa, F.:
Mechanical and histologic examination of tita-
nium alloy material treated by sandblasting
and anodic oxidization. Int. J. Oral Maxillofac.
Implants 20 ; 48-53 2005.

Hayashi, K., Uenoyama, K., Matsuguchi, N.
and Sugioka, Y. : Quantitative analysis of in
vivo tissue responses to titanium-oxide- and
hydroxyapatite-coated titanium alloy. J.
Biomed. Mater. Res. 25 ; 515-523 1991.
WE T WA AR AR E R R &
29 ;5 1169-1179 2001.

Ekuni, D., Tomofuji, T., Sanbe, T., Irie, K.,
Azuma, T., Maruyama, T., Tamaki, N., Mu-
rakami, J., Kokeguchi, S. and Yamamoto, T. :
Periodontitis-induced lipid peroxidation in rat
descending aorta is involved in the initiation
of atherosclerosis. J. Periodontal Res. 44 ;
434-442 2009.

Moriya, K., Maruo, Y. and Minagi, S. : Does



Vol

17)

18)

19)

20)

21)

22)

23)

24)

.44 No'l

rotational strain at screw tightening affect the
attainment or maintenance of osseointegra-
tion? Clin. Oral Implants Res. 17 ; 451-458
2006.

BRHWEA, I & JFEIES , S, A
T« RMGHDEAHIZ K B4 Faf o784
AT =F4 VT4 VT TV DRI .
HIOfEA >~ 77~ M6 205 592-601  2007.
Aspenberg, P., Lohmander, L. S. and Thorn-
gren, K. G. : Monkey bone matrix induces
bone formation in the athymic rat, but not in
adult monkeys. J. Orthop. Res. 9 20-25
1991.

Tamura, T., Fukase, Y., Goke, E., Yamada, Y.,
Sato, S., Nishiyama, M. and Ito, K. : Three-
dimensional evaluation for augmented bone
using guided bone regeneration. J. Periodontal
Res. 40 269-276 2005.

Min, S., Sato, S., Saito, M., Ebihara, H., Arai, Y.
and Ito, K. : Micro-computerized tomography
analysis : dynamics of bone augmentation
within a titanium cap in rabbit calvarium.
Oral Surg. Oral Med. Oral Pathol. Oral Radi-
ol. Endod. 106 ; 891-895 2008.

Miyamoto, 1., Tsuboi, Y., Takahashi, K., Hyon,
S. H. and Iizuka, T. : Enhancement of bone
volume in guided bone augmentation by cell
transplants derived from periosteum : an ex-
perimental study in rabbit calvarium bone.
Clin. Oral Implants Res. 153 308-314 2004.
Sodek, J., Ganss, B. and McKee, M. D. : Os-
teopontin ; Crit. Rev. Oral Biol. Med. 11 ;
279-303 2000.

Liaw, L., Skinner, M. P., Raines, E. W, Ross, R.,
Cheresh, D. A., Schwartz, S. M. and Giachelli,
C. M. : The adhesive and migratory effects of
osteopontin are mediated via distinct cell sur-
face integrins. Role of alpha v beta 3 in smooth
muscle cell migration to osteopontin in vitro. J.
Clin. Invest. 95 ; 713-724 1995.
Nishimura, I., Shimizu, Y. and Ooya, K. : Ef-
fects of cortical bone perforation on experi-
mental guided bone regeneration. Clin. Oral

(11)

HARVEE A B BRI TSR B Es 11

Implants Res. 15 ; 293-300 2004.

25) Majzoub, Z., Berengo, M., Giardino, R., Aldini,
N. N. and Cordioli, G. : Role of intramarrow
penetration in osseous repair : a pilot study in
the rabbit calvaria. J. Periodontol. 70 ;
1501-1510 1999.

26) Min, S., Sato, S., Murai, M., Okuno, K., Fuji-
saki, Y., Yamada, Y. and Ito, K. : Effects of
marrow penetration on bone augmentation
within a titanium cap in rabbit calvarium. J.
Periodontol. 78 ; 1978-1984 2007.

27) Rompen, E. H., Biewer, R., Vanheusden, A.,
Zahedi, S. and Nusgens, B. : The influence of
cortical perforations and of space filling with
peripheral blood on the kinetics of guided bone
generation. A comparative histometric study
in the rat. Clin. Oral Implants Res. 10 ; 85-
94 1999.

28) Slotte, C. and Lundgren, D. : Impact of corti-
cal perforations of contiguous donor bone in a
guided bone augmentation procedure : an ex-
perimental study in the rabbit skull. Clin. Im-
plant Dent. Relat. Res. 4 ; 1-10 2002.

29) Lundgren, A. K., Lundgren, D., Himmerle, C.
H., Nyman, S. and Sennerby, L. : Influence of
decortication of the donor bone on guided bone
augmentation. An experimental study in the
rabbit skull bone. Clin. Oral Implants Res.
11 99-106 2000.

30) Greenstein, G., Greenstein, B., Cavallaro, J.
and Tarnow, D. : The role of bone decortica-
tion in enhancing the results of guided bone
regeneration : a literature review. J.
Periodontol. 80 ; 175-189 2009.

FHANOMAES - HEUEIE, (T963-8611) HiLivis HIM]
FEMEIL-1 BUPIR A bR 27 B R DR A2 i 132 PR S o 2
55y

Reprint requests : Hiromasa YOSHINO, Division of
Periodontics, Department of Conservative Dentistry,
Ohu University School of Dentistry

31-1 Misumido, Tomita, Koriyama, 963-8611, Japan



