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[Abstract] Objective To study the effect of vascular endothelial growth factor on the healing of
nano block bone grafting in critical-sized mandibular defects. Methods Four critical-sized defects in each
side of mandible of four Beagle dogs were built. There were two groups in our study, i.e., the VEGF/nHA/
coral group acted as the experimental group, and the nHA/coral group as the control group. Pure nano-
hydroxyapatite/coralline blocks and VEGF-coated blocks were implanted into the above defects in a split-

mouth design. In three and eight weeks, the animals were euthanized, and the angiogenesis and bone
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regeneration in both groups were histologically observed by Masson’ s trichrome and vWF staining
technique. Newly formed calcified bone was evaluated by two fluorescents labeling technique. Neovascular
density of vWF immunohistochemical stained blood vessels and the percentage of fluorescent marked
calcified new bone area were statistically analyzed in two independent sample ¢-test in SPSS 18.0. Results
At three weeks in two groups, from the Masson stained images, newly formed trabecular bone was obvious
with immature collagen fibers disorderly arranged and blue stained. Compared to the newly-formed bone in
nHA/coral group, collagen fibers in VEGF/nHA/coral group were relatively more mature and regular
arranged; Osteoblasts were surrounded by osteoid bone, which evoluted into bone cells and bone lacuna;
Calcium salt deposited bone cells and bone lacuna structure were blue stained. At eight weeks in both
groups, blue stained bone cells and mature bone with better aligned and wider collagen fibers were
observed; Mature collagen matrix secretion was significantly increased, and some woven bone formation
can be easily found. In addition, immunohistochemical analysis revealed that compared to the nHA/coral
samples (105 + 31 vessels/mm’) , the VEGF/nHA/coral samples showed an increase in the neovascular
density (146 =33 vessels/mm’) at three weeks, with a significant difference between the two groups (P <
0.05). At eight weeks, with the increasement of bone healing time, the quantity of new blood vessels in the
two groups significantly increased. The neovascular density innHA/coral group and VEGEF/nHA/coral group
increased to 269 + 67 and 341 + 71, respectively, without significant difference (P> 0.05). Fluorescence
analysis results indicated that at three weeks, the percentage of calcified new bone area was (0.79 +
0.21)% for the nHA/coral group and (1.08 + 0.29)% for the VEGF/nHA/coral group, with a significant
difference between two groups (P <0.05). At eight weeks, fluorescence labeled new bone in periphery and
internal of scaffolds was significantly increased, and yellow tetracycline fluorescence can be easily
observed in the different parts of blocks in two groups. PMBF in both groups increased to (4.25+1.13)%
and (5.21 + 1.07)% , respectively, with no significant difference (P> 0.05). Conclusion The local
delivery of VEGF can significantly improve neovascularization and mineralization of newly formed bone at
the early stage of block bone healing in this dog implantation model.

[Key words] Bone transplantation; Tissue engineering; Neovascularization; Fluorescence
labeling

Fund programs: Natural Science Foundation of Guangdong Province (2016A030310240) ; Medical
and Technological Key Project of Foshan (2018 AB002711)

DOI:10.3877/cma.j.issn.1674-1366.2020.05.004

LTINS IR NN LTRE S TS I RS
AR HPBAFLERES) (A — BT SR 2 I 5
RGPl # Ik AfT @G, & B T E . AR

AR B ) DGR . LA N R A
H: K A ¥ (vasculare endothelial growth factor, VEGF)
ST PR AR AE N R AR B PR, AT D3 A R N R

BB — AN R T A A R S he i, (LT
TP RE ORI, B ER  BURCIR A T3 B R
LR B AR RE T (H 23 (B i RE 82, XE LR
HAAR AL S HE . 5 ARBEIALE, AT
BHARIR 2, RE AN SZ R £ 2= m] LSRR E
i, EIREUEAR o SR, BORN T BAB A7 7 A
HRRENR T iz AL 25 ), — EUORBESE B iz
R PRI

AT SR, B 2 R = g SR A
AR H AUk B B IR 2R 0 R A A
B R BB i A0 N W A0 ) £ b
¥ B A LI R I AE A2 2R AR R, R R

20 B A B RSB, (e 0 I A B, S 2R A VEGF
JEE L TR PR R E e TR, A,
SRR R A AR A A PR AR g R RS PR
AP RE T LA B 2H 0B AR 5 e A 2 I S St 4
ZUT R M EZEH . Ik, AR50 VEGE 5
nHA/coral 5 A, SR G HEA LU K ST R ol
P, WF5E R0 VEGE 99K 5 S ht il 4
b IR a oy I R a8

M5 TE

— MRS )
1. SEER T BRI REAS I 3 7 - QK IR IR IR A1/



296 A T BE 2R 2435 (R TR ) 2020 4F 10 H 45 14 %5 5] Chin ] Stomatol Res(Electronic Edition) , October 2020, Vol.14, No.5

W3 B (nano-hydroxyapatite/coralline , nHA/coral ,
KA 6 mm X9 mm x 12 mm, JU R AR A PR
A, Cy I EE (B 1A) o Jeol JSM-6300F 14 H,
Bi(SEM, HA) T LGB P2 P SRR ZE0E K A1
A AR AE ELAE (L% 20 kV) |, nano measurer 1.2.5 F71%
AT (B B ) I ZALA5 LR R/

B AORIREERE A I B DA SNSRI AR

2. SIS ENY - R 4 HE R LEAg R, 12 ~
13 71, FHER(122+0.3) kg, B R E E 2500
ST B¢ FUAS KA I W IR 5 I & PO AR R T e
5 :SYXK - 2008-0007) ; 2K F At <7 8 rh B 77 4l 75 1
JEVIE N 5 AT I8, AR rh AR JE X S ik B AR A
S TEA R

3. nHA/coral ‘B B4y BRI B} 1045 P9 Jz A= K R
ZIRE A SCER (108, T T EE TAES L%
nHA/coral ‘B H Al 7 i F IR R SR ML il 7%
T2 1] SZ B N 218 v E A 0.25 mLL (0 JC B i AR £h 2% v
W (PBS) ;¥ TG HC 119 0.25 mL Y VEGF/PBS {5
SENETEATHRN, EE 0.5 h(3 pg thVEGF o/ B H) .

TR S i ik

SEES A M4, VEGF/mHA /coral 2H Ry S5 4H
nHA/coral 1M Xt FE2H . WEEHS 0] A 3 8 . L6 5
VIR H BN E R AT REALER 5, 9T T K s
B A0 ST 4 AR AL I S i e,

‘ilt 3 X -
2 I PR T AU BT R <7 K R IR B AT /] (nH A coral ) B B A BbE AE A R RRIIRIRR T 2R AR e 3 5 o U
USRS = DU TS O L 5 — RIS s 2 (P2-M2) , 43 S XU T 450 i 45t 4 A AL AR AU I S8 B il B — TR 8 R 3RAR 1912
T B TR T ; C XA BB BB A T E R Y B nH A/ coral ‘B HUFIIMAS P B2 4 AR 4 7 (VEGF ) InH A/coral ‘B HEZH 43I B Bl Py

FH2 0% BREH, BEHLER VEGF/nHA/coral B HLA T
— B T, B nHA/coral ‘B ERAE T 55—,

=B AR R ST

1. 55— B B TR (3 Al 5 18 i e 483 il
) KT 24 h 2R &, A H SV TC TR AR AE 7 vk
R 7 WL B 8 (0.2 mL/kg) , 3% )% B He 22 R v Uk
(0.3 mL/kg) K 569 4 SRR, BRI D), % 52
5 s LU EM B TFAR G Lo IHEE I, 2
2ERR 1 L AT AR X R BRI T R . R A AR ik
PR B O RRAR L = DU R A R — T
T 27 A U T 1) DD 8 B B, R, 0.9% S AL B
TV HVR T 50U 1 4 a4 244, L/ NER &l
TE AL I D)3 5 R 0, AR B T R s,
fe AL RE B S AT S VAT | 20 il il 25t 4 A A AR 78
Il FE At (n=8) , K/N6 mm x 9 mm x 12 mm (35
T 1) BE B 6 mm, A R 19] 5 B8 9 mm, 3T 8 ) R
B 12 mm) , B A B 4 mm (B 2A) ; 523 87
W0 A, 20 I B A, 22 £k TRl 4 A, B R
K2 H . RIGHESHE®HER (80x10°UM)7 d, i
e,

2B B OR CE RS AR ) - 4 BRI R T,
BV AU TOU 1) D) T RS, B (R 2B) , X
FE R SR T BB YRR He BECR O BRI F
8 nHA/coral B LA 8 B VEGF/nHA/coral ‘B H2H 73
SR A BB Y (B 20) , IPERK DI 0, 6
BT, 2R RWE S, A3, RFHENEHER
(80X 10° 5147 /d)7 d, HEHEL

U D SEhRic S REAR AL B

BHE A 3.8 8, it KA AL S W) . AbSE
Fi 13,14 d B2 T 355 10 mg/mL £ 52 1Y 35 2% 2 67
(30 mg/kg (R ) , AL FEHT 3.4 d 7 T 14 10 mg/mL
FE AR B DR (10 mg/kg KT ) . HI4 MRS ) H 1)
TR 58 B HURD & 1B 2 mm B 414, R AR 26 0.9% 51k
BRI S P S L O 4% b % o R




rPAE T BE 2T 2 s (R T 0) 2020 4F 10 H 58 14 #5255 S 3] Chin J Stomatol Res (Electronic Edition) , October 2020, Vol.14, No.5 297

Wrh T 4 CEBEKF N EE 7 do 15 0.9% AL
LR N Bt IR 7 i s R R VA A i e
U AR A IE & 10 I E A P, — 2B L BEK
PERR AL, H7E 50 pum JEEEHEBASAEZHZID) 5 55—
K 10% 2, iU 2R (EDTA) T WA , 2B K,
B0 ALH R S wm RS R

BN R SR - N iR Lo R A T S 7 oY e T
Uk

1. RS R 2212 05 vWF Sesse 2 fb e 6 il
SE AT AN FEARTIE 345 wm JREEESE Y] A,
A3 34T Masson Fl vWF 44 €4, ) 1) Fi] Masson 4 {5, 33
AT A P T DAL F 4 D7 400 1) 2 21 2 s, ]
VW T 32 41 Ak G €0 9F 17307 A6 1 A 19 i . e
P 2H A Yo o o R A A 7 R 1 U I O S B L 1
FHAPT R ) vWF —$E (1:1500) FIHi 5 1eG 357 &
(Dako, f8IE ) , SR JG HEAT IR AR Z Gs o SR HIXUE ¥4
B 3UBE R R 20 A5 W%, R IPP R 14 (Media
Cybernetics , 3¢ & ) I & Ff-3 14 o0 A 1A %5 R

ST IS B = SR BT A I A S S R TR

2. AEMiES A 21 2] | AR ic /A < A 4 4
VIR CE T LSM 510 303 R 42 W ise |, Rz g
WERIC RS AL B 2 B R i DAY, A58
SRRAMC IS A RN S SR ud el WS
PR ' 45 B ac 0 8 A= i, A ZEN 2009 Light
Edition 3K {4 (Zeiss , 75 ) 5 Wi 43 98 5 e 28 6w
I B A K EEE (K 3A ~3B) . RFXE:, 3107
o B 2l 5 A o T TPP A 0 o S 4R P 5 bl
485 A A i 2 2 T RN S 2R 1w A (& 3C ~ 3D) .
BEAL B A B AL R DL ARG R

AR AR B TR L (%) = SR N HERRIC 45 AL 4
B A S AR % 100%

VAR W =Y\ BTN

I FH SPSS 18.0 # A X 5 47 523t 3.

AEAEH x £ TR AR E RN 8, X HLUE S+
-5 0% 74T Kolmogorov - Smirnov 1E 2% P AG 55 , 4%
Jii Hl Levene's test K5 J5 2252 M 551 o 241l 2 1E7&
g3 H 5 22 55 PR, SR PRI 7 AR AR ¢ K 9 % 47
AR B BAIEL LU 5 MR R TE A A A0 B AN 5 5
PR, SR FH Bk ST AEAS o S50, LU () A I A
FE VAR A B B AR L 22 5. AP <0.05 2

# R

— YK R T W A /M B e B A T i AG
%k

SEM 45 5 7R , nHA/coral 1 He A = 4E 2L 45
i, g ST FLEE R FLAR M 62 ~ 164 wm , A 53458 £L
ZERI B AR N 107 ~ 550 wmo FREERE AT S AL A
YA B HL R, HAR 71 ~ 99 nm([EI4A ~ 4E)

SRR LU R e AR ST
AR ICMEL L

L KRS : AR5 HAg R TOIET, i s 1E
W, NAUE AR X TCL M Rk, O B R T

2. L2 MBS FNZH 2 2500 2 235 SR - Masson ¢
) i 2212 OB 48 1 o, 3 ] st 1 AL T % P e
JRAE 2815 8K, 5 nHA/coral HAH H , VEGF/mHA/
coral ZH 3 AF By It S 21 24 AR X Rl L 55, JRpdmT 2
B B S8 R AN Y BB AL, TR B B S S
Y DL BARFEAT B I R S 5 8 R B I 4 3] Dl i
F4) /200 R R L L D R ol S ) e e 4 4 HE
GV ST SR, AR T A B 2 R o A 1
e 2 AT SV E I (B 5A ~ 5D),

3. s AL YL RN SUE B 25 51 - vWF [
P 0 DX 37 I A PR R 4 o ) S, AR R A
145 (K 6A ~ 6B) .,

3 H BN B Y R B ERRIT T 1Y ZEN 2009 Light Edition &M FIMT /R K A8t ZEN 2009 Light Edition 4
FIFFE R, ST A split AT, /RS [l 8 A5 16 5 B sk o 2D A S B0 AY AL I 5 C 2 GROK SR FEM R A1 3] (nFLA /coral ) RN PN B2 A1 LA 4 IR
F(VEGF)/nHA/coral 15 ¥t~ 4 SR A S [m) VI HIMEAS LS RE AL 200 |, OISR M2 AT R HE B0 B (R 1&] s D« (i FH TPP AR e 5

S TR RIS (L A 2 LR AR, IR S RN AE



208 v A I s 2 2 9T 25 (R 1) 2020 4F 10 A 4 14 5255 5 ] Chin J Stomatol Res (Electronic Edition) , October 2020, Vol.14, No.5

Bowvonswnkzzz
°g

s

g isephaasiils
i sy

2

2

ISERBRRIANNE
Rhutueiiin

***by Jie Xu, Fudan Univ. Email:shine6832163.com****

4 WUORZRIERE AT/ (nHA/coral) B B i RMONEEFIR I SOMEE M A nHA/coral B HICHUL I it AR F1 22 FLESH4 5 B:nHA/coral
B PCEAT AR SR I — A B0 AN ML 3 3 22 AL 254, AR T K @, T nano measurer £ I i £L£5 44 15 1) E4% (SEM) 5 C: F 1] nano
measurer H7F A E A, IF-F I I FLAR KN ; D :nHA/coral B SR R SIS HORANAK G 1 (@it A, 870 S ATE SR SRRl & S — 1, T

nano measurer F /4 H AR IR ELE AT SRS B4R (SEM) ; E: FIIFH nano measurer 2L B 4, -5 Hh U 19 SR B SR

- . 1§ o e S
ey RIS Ty
= S
tg = — —

5 R[AIA] S PR FEAS Masson Je (A5 A YL L MBS A3 JE I8 K SR S B A /IR (nHA/coral ) 21 TT LT B2 B, 5 e 1 e JB
FZERTE IR s B2 3 SR INH L8 PN iz 4 AE K R 7 (VEGF ) InH A /coral £H 7] W% Y5 [ 5, AHAEAT OIS RSN 8 5 C: 8 I nHA/coral £H 1] L
WA €6 118 B 20 R B R 2H 2R L R ) B DA T A HE A B 5 I AR X 3803 5 D : VEGF/mH A coral ZH 8 J] B B8 1) 87 A= i 2H e J5E 40 AT 357 B Jd 34

L AR UURRWI N , 2L AR 5 BE 240 B AR5, nv AT A NS nb BT AR SR8,

3 JE B}, nHA/coral 20 1 VEGF/nHA/coral 2H 1
vWF [HPEZRIE XIS E 2 e B 18 £ it
Ak, IR INA— BN BDE A58 (0 (O e g
PR 0 P M R R B S il > | 76 v g J LR
UL vWF BHYE 235 . VEGF/mHA/coral 2H Y BH 4 6 1k
X IE0% 22 nHA/coral ZH U AE X 55570 .

8 JI B, il B A B TR n , G 20 s A ot 7
B YA W N, AN OURFE S YA E XK T
TE S AR N B I e B BH 1 2 08 DX 3
nHA/coral ZH W% /0 1 VEGF/nHA/coral 2H ) PH P 3
IR XA X 2

HAUE AN E 45 R BoR, 3 JEE, VEGF/mHA/
coral ZH I BT A= M55 %5 32 (146 + 33) S/ mm?, W] i
5 T nHA/coral 41 (105 = 31)4/ mm?*, 2534 G112
B X (1=256,P<0.05) ;8 Ji i}, nHA/coral 41 Al

5 S 7S e S B 4 A

VEGF/mHA/coral 2H B8 A= 145 %2 B 3 1) 3 22 (269 +
67) (341 + 7T1) AN mm’, 22 57 TGI8 L (1 =
2.098,P>0.05,16C),

4. DS EARIC MEE A ZUE M 45 5L . 3 R,
nHA/coral 20 ¢ (055 15 2r R UOCH B 2 BLRAR , F2 8L
Gy AR TE SO A R T TS - SR B AL, T
TEB RN EBEAE SR 73 A A D SR 053G, 18
VA8 EH - SRS AL WD A DU R R O R
7R 5 1M VEGF/MHA/coral 21 28 (6,55 05 2f Z 92 G AH
XEZ B YN AT WA A a0, 4%
I AELGET W FLE5H bR T, 18 A &R
i ABIMFLARZS [ N (BT TA ~ TB) o 8 &I 2H B¢
RS O TEOCARIC 1 HT B TE AR P A 4 B
T 2 | (8 DU BR R DA SCAR N [ 24t
B MHELZ T, VEGF/mHA/coral 41195 G I 5. £



PR T B A F 5 2 i G RRD 2020 4F 10 A 4 14 4555 5 ] Chin J Stomatol Res (Electronic Edition) , October 2020, Vol.14, No.5 299

T nHA/coral H . PHZH B S AL AT KRN, B T 7F
SCERIALBESS AR R B EAR I — AL 2
HbFEAR R B B S BRIE SO (1 7C ~ D) o
AL FMELER WAL 1, 3 JERT, nHA/coral
ZH 1 VEGF/mHA/coral 20 15 Ak A5 B T AR LE 43531
7(0.79 £0.21) % F1(1.08 £ 0.29)% , Levene's test £
A F=0.911, )5 22550 ST FEA KR B 45 2R 2o =
2.199, P=0.045; 8 JE I}, VEGF/nHA/coral ZH 1 nHA/
coral 21 A9 5 Ak 8 A= 1 T AR EL 43001 o8 (4.25 +1.13) %

(521 +1.07)% , G BHE5F 5 1L 4040 , Levene's
test i £x : F=0.000, J7 22 55 M M FEAS ¢ 5 95 245
H:1=1.725,P=0.107, nHA/coral 2 N 3 F1 8 J& 451k
B a A ST BT A IE A 437, Levene's
test Ky : F=9.776, 17 22 /N353 ST REAR o/ K6 06 45 2R
1" =8.430,P <0.001, VEGF/nHA/coral 4P 3 Fl18
JE) A5 Ak B A B T R e g B AR A IR A A A
Levene's test f8x : F=12.413, 7 2555 s M S REAS
K45 8 -1'=10.497, P < 0.001,

500 . nHA/coral

= \Q \ ~ [l VEGF/mHA/coral
R
100 pm > b
R(A) B
o &
*\\44;\»_/1‘ i
e —&5’%"
= > £ 40N
Z \X S 3 8
G (8] i) (/) (C]

6 vWF L e AL D) (A U AR R AL SUR S 0T AvWE RIS Y 5 B vWEF G a1 S ) iR s € vWF S 4l
LURE AR AT B EEXS H AT (R £5,n=8) ,"P < 0.05,"P < 0.01; i Kk I I TRAR (35 451y vWF S BHPE A3 A 10045

B7  BECFMC RIS R O IR BEWEE A PR RIS A /8] (nHA/coral ) 21 2 €055 B 2 3 9 A 0 22 BR800 A 76 S8
Jah eI R A - SR A AL 5 B2 3 R B LA P R A A 4 T (VEGE ) /InH A coral 414% (45 8 4% K 986y AR & | & 4 3tE A B R FLAR
BN ; C 2 8 JAIT nHA/coral ZH 85 €6 R4 (0 5 AR AT B 78 SR S8 0 AT T 2404 B i b 35 D 8 JEI I VEGEF/mHA/coral 2H 95 s JiHO2
BHOU R L, WEEFT LRI R AR IC SO, T EHTL IR R IR U R R IC I B GO0, 0 R i (IHHE) .S
RFZHR (B

R AR ] RO A A A L AL U (%0, 3 £5)

20 51 FEA 3JH 8 J& At V{E PE
nHA/coral 41 8 0.79+0.21 425+1.13 2.52+1.95 8.430 <0.001
VEGF/nHA/coral 41 8 1.08+0.29 5.21+1.07 3.15+2.26 10.497 <0.001
it 0.94+0.29 473+1.18 2.23+2.10 178.214 <0.001
1y 2.199 1.725 4.749
PAH 0.045 0.107 0.038




300 A T BE 2R 2435 (R TR ) 2020 4F 10 H 45 14 %5 5] Chin ] Stomatol Res(Electronic Edition) , October 2020, Vol.14, No.5

Wit

H AT, Hok-a B4 B o B F A A 5] e AL
AR L ARBEM R Z . fER AU TR,
A B A SRR AR B TR SRS i OCHEERT
BT BN, ek B s s AR, A S
L R AR A AN AL |, 18 s O 4 Sk
FER B T R, B I HOR - RS AR AR} P 4 A
B RN 534k AT 5 W BT 15 1o AR5 3 ol 41 412
F G e AL A AT LA B T B T8 R IS o A AN
IR E S B2 EN P S5 I W K = 1K= 3 S o
T AR HNE it L PR AR D 5 Ak, SRR R
FH VEGF 0] 768 BAH AL A L AR5 B8 22 109 1 A Fn 5
WEHLE A, FR S R AT REIH A T R
IR TS AN [F] A AR RN ASOR AR . A AR S 56
S A ERABUAR TR v S A . (ST AR R
T~ 2 mm BB WL, SR IR X R 2%
AN A B SRR ) g Sy AR ek s A
FE P B U 2 ALINLAS A 43405 , 38 S BUR B AL
AL o BHIARBIFGE I - BUI i B A A o
RS PR UL T1IR B 1 B A F AR 7 =0,
i T Iz KA 3 R Bl e i St T
AR, 73 A AN ) LG LA K =y v FH VEGF 1Y
TR B0 28 IR S, A2 0 A5 B A AR v I VAR X
LT RREE R CHERIALE

FHAR B S 0N 172 B BRAE A 2 FLEE R, T L A
VFRGCE 4R ) SZ AR AT A, I 1T PR ) i A 2
S o LB 20 I R 8 FR I8 fm 1A, S e
HIFLAE RN TR TR R T B, R LA
pNUUESI N E AV N e SN i R SRR N E
fisk, ) 200 B 00 L AN A L SR FLAR T R S
BB AR A Bl Z M RHR S AR A ST R AL AR
FES TEAHIEG Al FH A B AR SR ZALANK R
WK AT B BRI 40 SEM BUR TR, B i
HA 2 fLE Y, fLAE R 107 ~ 550 wm, 7] LI AL
VEAI M ) L BN EBIC T A K . 7 Masson 42 (@ i 55
Y R F9E AR ie A 23] b, KR & A VEGF 1Y
BA B SRS ATY AT WL T SR AL A A R T, I8
T AH A S ) 2L AR 1 P AR, R P B 4 e
FIURL 4 L A S P ] SRR IS T

YR TE S — A S MR Y B HEA o
FETE AR, 98 630 AT LALS 46 8 F K A BB IO,
BUE AL 8, NI R A B A 2 AR HP AR IC AN [H]

IF TR R8T B B, IE A R B A5 B B 2H 24
FEIBRYANY o 55 B Ak 3 M DU SR R 9O & A ]
YIRS AEAN (] B Fsf T8 9 A2 53] B 102 P ) L4
PR E AL VR R B, EARDESE g
IRIRICH B S (B2 ) A B 8 dJ5 AR
(YT B, TS E 4k R AR A AL BT A= B A A 18 d
JETEBURIHT B o KRB KA 7 B RS Ak
Ui, FEA 8 d J BB I i BT SR A, s
O AEH D UL & A VEGE J5 8540 378 A2 i A i
i, G EATIIR AL . B ERFEA 18 d iR, 2
FRic BB A8 15 7R WO 2H 1Y SR N R8T AT DL & B, B
B 3Ot . AR TEE
DY B P AR A VEGEF ASRE A% B TR 40 A 4y
AN B B 0 A o, T A 3 e AR 2 N e A A 22
Sy LM S 5 A G R v i A8 AR R 1 2H 41
AL AT X A G R A A — B, AR
RS ChRIC s BT R B i3S 52 A VEGF 1Y R i b
FH AT LA 3 i i) nHA/coral 3 A& - F W1 87 Ak i
T2, PR B A

HHA A S MEE R R, /e S
AR R B A ST AR B SR WSS Y 5 v
2 AT AR, nHA coral H HLEAH Z 1L,
S5FFN nHA @ AT A0 IR A% S E DL RGE B R I
ENIER R TEE. HAh, 4 rhVEGF165
AEAE AL & P32 5 nHA/coral ‘B BERS AR A9 1L B A4
M HET M, SR, XT3 R854 i AE A AR K
PRI FATI A V1 22 52 2% )it 1) R REAS B Ak D, anAS [] 55)
1Y — B A A R B AE A A K R R
RGEFE RSB AR A
5T AL 46 nHA/coral ‘B e FIUH AT A= 9 8 Aot 114 28 1k
N2 R AR FR G Mo A & K /7 A
PRGN ¥ 4555
IR A VEE T LRI R 25 vh %€

2 % x #t

[1] Schwarz F, Rothamel D, Herten M, et al. Lateral ridge
augmentation using particulated or block bone substitutes
biocoated with thGDF-5 and thBMP-2: an immunohistochemical
study in dogs [J]. Clin Oral Tmplants Res, 2008, 19 (7) : 642-
652. DOI:10.1111/5.1600-0501.2008.01537 x.

[2] Schwarz F, Sager M, Ferrari D, et al. Influence of recombinant
human platelet-derived growth factoron lateral ridge augmentation
using biphasic calcium phosphate and guided bone regeneration :

a histomorphometric study in dogs[J ]. Periodontol, 2009,80(8)



FR AR ] s R 2EF T 2 2 (R TR 2020 4F 10 A 58 14 4555 539 Chin J Stomatol Res(Electronic Edition), October 2020, Vol.14, No.5 301

1315-1323. DOI:10.1902/jop.2009.090034.

Hayashi K, Kishida R, Tsuchiya A, et al. Honeycomb blocks
composed of carbonate apatite, B - tricalcium phosphate, and
hydroxyapatite for bone regeneration: effects of composition on
biological responses[.]l Mater Today Bio, 2019,4:100031. DOI:
10.1016/j.mtbhio.2019.100031.

SRR, R, EI L 4E BT 3D 1T EVAY SUR BER 5 I i ok
PESZARL) ) P EALR TR, 2019,23(30) : 4780-4786
DOI:10.3969/).issn.2095-4344.1421.

WK, UK, L%, 45, 3D AT ENSR O A BRAN KRB I A
SG SRS IR SR ST AR A RS A AR R L) ] P 2
LT FEFSE, 2019,24(4) : 589-595. DOI: 10.3969/j.issn.2095-
4344.1880.

XUV, DRI, AR K52, 45, BTBRIR BAVE YT 0s B BTR Ve DA
RSB AFsE ) . rh 25, 2016,32(3):394-398. DOL:
10.3969/j.issn.1001-1978.2016.03.019.

Leach JK, Kaigler D, Wang Z, et al. Coating of VEGF-releasing

(9]

[10]

scaffolds and bone
regeneration [J]. Biomaterials, 2006,27(17) :3249-3255. DOI:
10.1016/j.biomaterials.2006.01.033.

TRDT 7, BRI 2T 248 S 6 2T B A ik
AT L) ], R B2 0E 52, 2019, 35(8) £ 527-530. DO
10.13701/j.enki.kqyxyj.2019.06.005.

Miller MQ, McColl LF, Arul MR, et al. Assessment of hedgehog

with  bioactive glass for angiogenesis

signaling pathway activation for craniofacial bone regeneration in
a critical - sized rat mandibular defect [J]. JAMA Facial Plast
Surg, 2019, 21 (2) : 110-117. DOI: 10.1001/jamafacial.2018.
1508.
Bao X, Zhu L, Huang X, et al. 3D biomimetic artificial bone
scaffolds with dual - cytokines spatiotemporal delivery for large
weight - bearing bone defect repair [J]. Sci Rep, 2017,7(1) :
7814. DOI:10.1038/541598-017-08412-0.

(e H 391:2020-06-14)

(A SCHiH . £18)



