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[Abstract] Guided bone regeneration (GBR) barrier membranes are of great significance for the reconstruction of the
health and function of different periodontal tissues. Biocompatibility, spatial maintenance, closure, controllability and bi-
ological activation are the main criteria that should be met by these membranes. Artificial barrier membrane biomateri-
als can be divided into synthetic polymer materials, natural polymer materials and metals. According to their degrada-
tion characteristics, these membranes can be divided into two categories, absorbable and nonabsorbable membranes.
GBR used for horizontal bone increments can be used to treat various types of bone defects, including the treatment of
bone fenestration and bone cracking. The use of a non-absorbable e-PTFE membrane or absorbable collagen membrane
can achieve the expected effect. However, for incremental or vertical bone growth at the alveolar crest, the use of this mem-
brane is very challenging and requires good strength to maintain the osteogenic space. This space can be enhanced with e-
PTFE or d-PTFE membranes with stable morphology, or absorbable membranes can be covered with titanium plates or
meshes to achieve vertical bone increments. Currently, bioactive membranes, digital 3D-printed titanium membranes and
piezoelectric active biological membranes are research hotspots. In future research, the biological activation of these mem-
branes will be further improved, which will promote the development of artificial membranes in the next stage.
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J Prev Treat Stomatol Dis, 2020, 28(6): 404-408.

(s HHI] 2019-05-27; [f&EBHA] 2019-12-29
[EZEE ) AT, B, A1, Email : 18435149492@163.com
[BE1ES) IME, FAEE, 11, Email : ruidoctor@163.com , Tel : 86-351-4960167



b

AisEfmkiie 20205£6 A $£28% o6
Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.6 Jun. 2020 htip://www.kgjbfz.com - 405 -

5| S5 B4 (guided bone regeneration, GBR) Ji
TR (ol e o B I PS04 A 1 b B A L DA B 4
G 2, A — AR Jf A Y 2 A KBRS
i A DX B A BE T Y 48 i e K BR R A O
b R SR B IE AL . GBR B B AR ) 51 4 o J5 41
ARSI e B A B2 E X, 2 E X GBR Bt &
A sl PR 7 JH 1 SR A — 253

1 AIREEMEERFEG

A YR 2, RIS 2L 8] A B4R
B, BN T B B SR Y A
A B — BRI VE o A 2R S m A 5, JFC )
AT ATERE 5 RS UM RES A R
B, S AL QA AR R, IS A )
A HXE L HASE Mz (8], e b B i T 18, A SE B
BB IR EF AR . O MM, A —E
BB AR, 1 B Ik b B2 25 40 2 2R N B g4t
DX, [ SRS SR v 4 LR A B A W T P T
REZEA , fE HE o PR AR A SRR A . @RI,
N LT e 58 Bk 22 ) $R A SR 32 B A I O S HY)
SR R G AT IR ANMEAN 5 5 AU
B, M0 H 5 KR 2 8 W R 5 F K E o o B 5 it
JEAS L, AT S SRR JUAS BE Tl A2 11 A = Ui ) 22
RUTS @AWim A, AR TN L5 A 1
ARIE B X — P 2R HE 1 X X — T i A fF
G, et N IO A AR — B B, il A
FHEE RO ES M E .

2 AEEMM R R ERE S 2

2.1 EmEmaTREME

2.1.1 VU & i (polytetrafluoroethylene , PTFE)
BB PTRE A4 RHE G 8 0 7 B0 R b oy 2 203
{7, 045 e-PTFE . d-PTFE LK BRI PTFE i, 15
VU B A R AN T B, 5 B TR o e
PTFE i B A7 5 19/ L, ] (e 2E 2 S0 i B, 2
T B S, [a] N IR i 245 4 2 21 R0 1 B 40 G 7
{EL DR A0 T 25 5 AR T 5 | 2 5 A8 R i 9 e
(& 2E 0 LB Wi d-PTFE JBEHRAR ., d-PTFE R
A L e-PTFE 5 B /NA AL, FLASBU )N, WA R = A
AR AT REPE AL AN o DR P A AR T 3 o DA B
i B I3 2 AL A I B8 Y LR BB, {5 d-PTFE fi5
L B A R BT a2 DX 3 A ot v AR 7 A PR
BRI B PTRE 5%, B2 — 1l PR L7 AR B
AELSCTR] IR0 B AR SR R B m i R, SR T Bk

i B PTFE 5 9 g 491 76 24 Rl Uk 5 D7) 19 4k K AH 488
FHIRIT X R AL 25 5 R A ARG IF RAE R i 2
T 38 S i 125 S 8 1 2 22 U R AR A X, R
BT G H 0 LA SR 5 47 BEARAT 35 R O 20K
2.1.2  JRWi% 2T (aliphatic polyesters ) 8B/ 8 £
$5 % 2 N HiE (poly epsilon-caprolactone, PLA) \ 5 2.
B 12 (poly glycolic acid, PGA) \ R FLFR (poly lactic
acid, PCL) SR EE IR (poly hydroxyl valeric acid ) |
FFEFE T R (poly hydroxyl butyric acid) DL A AT
I D AR AT B AT A AT
A Wy e g P AR BRI L TE G R N T2 o H TR
LA B AT A R i RS W R LR B TR
(polylactic-co-glycolic acid , PLGA ) & JEURE il £% (1) b7
W 5y WL 25 4], 2 0%, mT LAB 1k 2 i 2T 4
20 e 1) N AR A DRUEBLAREN BE |, T2t 48 2 5855 s
AN R, SR E P4 . Hoornaert 55 7E4 T 1
B4t GBR SZ 5 A 75 A& B PLGA il B Y XUZ A 1l i
PO D B 22 4, A AR 25 1 B, o A M sl 6
B HRAERE ) A4 HI AE ) S5 . Won 557 5@ 14 3D
FTENT7 UMM PLGA N TR, 7/ NVAS R B SR ah A5 Y
H GBR, F 5 % B PLGA JE7E I8 ) 2R 858 LEJC
R B RO SR E T & LIRS TGS AR GBR
Ji BRI £ 1 L

22 REmYTREME

221 B FE R F R R E LA ]
WA, G D 2 10 4 L A1 6 J3 e i AL ) R T N
WEAs Al LA O AR B B R A
BT R 4l 4 A ZURE R e AR AR, S T
20 e 7 s, O L BAT Al 0k 28 JR B0 0 A R
21 2 240 M Y R A A o e e A R D ph 2 A
J, He PR 22 L 3 T T 1) RS AL B R e T
Hr2H B, NTIT ST VE R A A GZ AL . SRR
2365 20 TH TR ) A2 2R S B R R L 7 1k 2T A A
JHL 14 B RN B R X U T A BE Ak I, B
THAE, ATRE, O 2 B T I K

222 FERME (chitosan) 5T RMEE—F KA AW
AW, & n- LT 2 KL 7 B A n- 4 %9 W8 i 5T
ALY . e I 58 3R P i R AR R 2
WA B Y . o R0t T H R AR AE WA A 1 AT
5 01 I A S IS A 25 0, AR R R AR R
A R A B B R0 ZF R R R SR Tz B
TES o WA, e RS T AR IR YRV, B IE
Ao, 55 B i SR A R AR, A 2 A 8 S8 s
B A IE 2 W IS A e T R AR AL T



b

AR FIiA 20205F6 A $28% HoM
+ 406 +  Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.6 Jun. 2020  hitp://www.kqjbfz.com

MIIREE . SR, B — 1 7 MBI AR 22 , AN 2
LA 280 Ml R 45 A R P A s ) B s 1 S A E R
A I T 5T RO I e A O Sl A TR
# GBR FRBR 0 1= tE e f g 12 ke . XA
) GBR & & B ELA R A4F 1 A= W) D g Fn g 24 1k
AE . B4 GBR F# B I 1) i — 2D WF 5 AT A 4 it R
GFRET
223 PEPR L (alginate ) B 3 R £h R & — Fh AT
LB T s R A T, mT
PR AR R E i B D A AR K W G AR
B SR AR A B IR B, BT A 2 T, PRk T
DA I By 2R T T AN A AR Y o e R R T AR A
BEL [ 245 4 20 20 5 4 Bk fd IX o H 2 PR G iR B AN
B B 2R s B B 1) B I D0 T AR Y B
T bR o Ao R VA R 38 9 FB 2 IR B R
W BEIR 5 50 WE DL SR R /S B ) i S TR
#Y CS/alge-teocpmBG & G B, 38 £ X 5 5% 1H I 5
WLEE WK BE T | 2 1 R R AR R o B
FWY, S A 0 1 20 R RS B R AR A R
Fr M MTT 60 2 W1, 52 45 JIEE X 40 1 I 40 i =5 1
YERT, 5 4l AR L, 52 5 I8 0125 by A 2F N B i [
JOT T A0 ML A 3 A X R T TROUR 25 A 15 3 ek
02 A BREAE GBR B B 5 (9 0 H v B R4
Hil 5% o
23 &kk

BR DR A 4 B S R e WV AT B A
I N = N =W = B S SR SR g
AERFRE T, BRI BB I Y 3% T U AH N O, X — 4y
RS T A0 TR A E T RE . HAETE (W) 322 n) @
S MR 585 LA B B 2 i B s e, K ) %) R T
LA b JHC Al R e b A8 457 25 T, AH T 8K R By D81
By 5 il A5 5 R 1 AR B 21 2 v g 2 T 20BK R
1) A1 5, AR RS ) AP EE AR D B IR . 51— T
1, H i b o B ek R e[RRI 2 B R R
AL EE AT DA A R 4 9 i (4 DA K e/ 4 B A1 R
Yy o 7E 20 BB B HOR 4 s A 1 AR e Ak, AT
PRk PR S s AR H 2R B, Rl AR e AT R 1 b B
L AT RS K (AR AORHME XE ] T 58 Ik TR
PRI, T 22 ARG L AR AL R /DN 08 BRI s AT DL o H
FAE I o i 0 ) — e a2 SR R
R B AT RS A7 B I R Y SR R RN FLAR 1Y 52 ),
DURE IR TE AL RIBB B, 7 S AT Ak PR AL B K
N, Ay A DXIR S PR 2H 2R R AR > 1% 55 7 I
W HATIE IR L C AR 2 A5 BRI R )iz

. (FrioslBoneShields® . Tocksystem MeshTM® M -
TAMTM®  Ti-Micromesh ACE®) , Ilfi PR 4F

3 GBREFREIENAES
3.1 AMEHEER

YA W AT 5T 32 OG- OFE P s I A
A A TV R Y B R A B S DL R At AR W AT R
fil IR E W s QUIRETE ST R IR, & 2 BA A TH Y
Az Wy e M AT B AR A ) 35 ik T e A A R
AT TR 2 TR R A R R R R B
A Wy S T AR AE i L B AR ISR S W A i
HEHE A>T o GBR B AT LLAE S A= 4 A 5 1Y
22 R A, A1 2E 20 L ) 8 B RCR O 1 AT E
A AR REPE R . 5B H A A A A A
PR 3 A B AT 4R A0 i AR K T (bassic fi-
broblast growth factor, bFGF ) 5 IE W H B &R
FE A A PR /N 5 A A DR R A A A A A
T4, WP R, bFGF & —Fh H A 145 A= BURE
MR 2 REA EFBEER NS5 EHE,
A I /NS R B SR R S R B, R I
RAR- L BER H O W IR R Y (poly-lactic acid-
co-glycolic acid-co- & -caprolactone , PLGC ) I 25 &
bFGF n] A7 2% {2 #t GBR @ 5 i #2 ' Caballe-
Serrano 55" TR /A R ZF HE B BN B T L0 525
A e {68 4 5 1L /N Al R AR A TR,
FHT BDZIRh oA 5 19 GBRAB A, 2 BB 15 B L W
T R A
32 HFHIDITIPAAR R

FE B 1R 7K V- R T ) AR AR TR A
B e F M REROCR B = CEERIEN . SR
TE N R T AR, AR 22 58 38 A7 e K P 308 B a6t
i 4TI GBR T AR B, A AE AL i
T R AS E M ALY | 4k A% A W b R Y SR T RE o
{HAE GBR B A i R v, 2 0 Tk i
SR, AR LR AR OB S A AR BT Ll
b B A AR 3D T ER A A 1S PEAL BRI
A LA B I 55 2 R it ) 2 22 ) s 38 dee AR ) DR
Be o B AT UK ) B A = AR R R
FARBEATIE R o AE B AT 72 ol S T TRIB B
B RORAa 5 T #AEmb ] o [R]i) Bai 457 5@ 8 3D
FTENFLAMI T S SR WA 114 J5E 32 LA 52 Wi 45 B 1Y
T RH A i, RS LB RNV RIEE BE X T
e EHA WA KRS 2 XEENIEMN ., JFH
JEHE 0.4 mm A BR AN AR 808 0% 1Y 5 % T EL X



b

AE&EmMmBE 20206 A $28% $HoH

Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.6 Jun. 2020 http://www.kqjbfz.com  + 407 -

RO AR /), SIS A i PR Y2538
33 EwEHAYRE

Fe r PR 2 AR AR B AE R T & il
PG EEAET . AR, S BRIR L L PR IR
BREAER RIS RR PR e PN AY T R B R PR R R A
Wy AR B Ik R U 5 R B Bz A R AR AR
BE Bai A5V A T MR PRR 1R (R IR LA =
3 £ s (barium titanate/polyvinylidene fluoridetrifluo-
roethylene , BTO/P( VDF-TrFE ) )RR K A G
R AT AR I 10 B B A G R SR A5 A
A E5IE , 5 B AR DU AR EAH L, B fe 4h
KA WA RSN B e BB SR P BETE R
SR N5 B 2 6 B AR MR . TR AR
B RS SRR 3D AT BN R LT 4 95 224
AJE H AT AL TR OB r S, AR
132 U4 e PR 138 A5 155 01 K, R 22 B0 Bk
YA AT R A 1 R SR BRI R . AR
FHEH 3D ATENBAR BT f AR Wi PER AR AT
Il PRI R

SUREC OIS 5 2 (MR 583 P o ke 1 WG o8 N o I i Ve
YAk D REPE I B Bl B 25 Wy A AR W T R Y
TeHLER i A rT W sovE B GBR B BRI i A HAT
AN B G AL) 1) 22 LI S S b 0 4 T A
AU S G SO DT TR HEAT GBR J57 it [ A 4F
FE 3 HAEA XS R GBR Bf B LR W) AL DI REVE IR L &
R T ARG GBR Jf R 22 RE T GBR JiF it [
ST T IR SEAS T S R AR

4 A6 BRI B R PR Y LR

Vi i AR B L g R T LA Sy mT s
R TT W, BLAT 2% 1 AR A >
4.1 TTROKAR

AL AT ek 2D R T I AN R
TR B AR T A KE L DL B AR I 2% B A i A
Mo AR A — R B B, A0 B B ) RE S 2 0 [A]
AN A A SRR S R R
LR b ) 78 23 A R A L SR o s 25 5 Bl
RLRARH RS Sl R L BB A BREIR
42 T RO SR

AN R WA AT — S A H, AN BB 2
i R A A AR A |5 R T DA R R R ] 2
P o 5 I ] IR il 25 M5 2 B 3 A I R Y
AT REPE T T A AT 1A [ A K R
P AR B L

5 GBREBRIEKREEEZE
51 RFmEis

FH T 7K 1) B 345 59 GBR ] LIVAYT £ Fh 21
P)E S, AR RIT T TR X T2k
o 19, 5 FHAS 0] W AT e-PTFE i ml, m] i g Je Jie i 1
A A BN A A U RCR: . AN AT IR e-PTRE JEATE 5K
BN R J& GBR By & br e, SR 7 A UL AR 21
PR A AT R A AN T R M B I8 s A B A ) R A
SUAHZYE, IF B SRR 28 A LA AT Tl A
FIEY 454 BoRntk 3 RS R A JEHLA- B %55 (anor-
ganic bovine bone matrix, ABBM ) ] HEREHT I
Bl 605 A X8 TR R 0 R AT e 4 S K
B G A AT R RS T GBR A X AU
FETFARAFEURDIR B B A R RS E M. FERZ 8L
o (v, T ARAS ) B SR AR T A AR AR Ty, 38
AN BT G B 2 ORI BOR B S 1) L
i R A S Pk AR, A I e R SR AR 7 A Y
[ 5 R AR AR, IF HAE R [ 1 B2 RR % Tk P
[ 4 e AR T AT Y o B AR R Bl
B, H P SR RO, O I AR B R T
P,
52 EHAGEHE

O 0 TO M e Bl L B Y TR R AR
A RE S ) B ARAS AR 3 A I R AR
W T PR . IF HXH B B AR AR LA B J5E i) 26 B
P TR B MZIK . Hai I R 05 5 A A
BF I ZAT UL AR B R TCHLAR TR A R
[ Fb SR B RS N g AR, 1 LRG0 H AR
H F ABBM sz H i 1™ 5 Sl 450 24l U5 - 4 & 10
FRE o TR B e ) BEoK 75 B HA R4S Y5
JEE T A4 iR 25 () PR B o 3l 50 19] GBR AT LA i
i K 584 5 BSR4 38 e-PTFE 8Y d-PTFE 5, 53
687 FH ek A 8 A P 8 5 T R A B ke S R T I 1

DIE=N
B

6 N 4

i AR = A= o7 A0 AR 8 A 5] IS 1 61 ) L 254 AR
it o R B A B DR e B Rl S R IR YT Y
o TEARRMBGE th 23k — 2048 v B A= W T Ak
P, e N T EAT — AP Bt

23 30k
[1]  Elgali I, Omar O, Dahlin C, et al. Guided bone regeneration: mate-
rials and biological mechanisms revisited[J]. Eur J Oral Sci, 2017,

12(2): 14-21.



b

OB &wBAE 2020FE6 A H$28% F o

- 408 -+ Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.6 Jun. 2020 http://www.kqgjbfz.com
[2]  Hoornaert A, Arros C, Heymann M, et al. Biocompatibility, resorp- [15] Spinell T, Saliter J, Hackl B, et al. In-vitro cytocompatibility and
tion and biofunctionality of a new synthetic biodegradable mem- growth factor content of GBR/GTR membranes[]J]. Dent Mater,
brane for guided bone regeneration[J]. Biomed Mater, 2016, 11(4): 2019, 35(7): 963-977.
045012. [16] Caballe-Serrano J, Abdeslam-Mohamed Y, Munar-Frau A, et al.
[3]  Won JY, Park CY, Bae JH, et al. Evaluation of 3D printed PCL/ Adsorption and release kinetics of growth factors on barrier mem-
PLGA/a-TCP versus collagen membranes for guided bone regenera- branes for guided tissue/bone regeneration: a systematic review|J].
tion in a beagle implant model[J]. Biomed Mater, 2016, 11(3): 13- Arch Oral biol, 2019, 100(6): 57-68.
55. [17] Bai L, Ji P, Li X, et al. Mechanical characterization of 3D-printed
[4]  Kim S, Hwang Y, Kashif M, et al. Evaluation of bone regeneration individualized Ti-mesh (membrane) for alveolar bone defects[J]. J
on polyhydroxyethyl-polymethyl methacrylate membrane in a rab- Healthe Eng, 2019, 44(3): 18-23.
bit calvarial defect model[J]. In Vivo, 2016, 30(1): 87-91. [18] Tandon B, Blaker JJ, Cartmell SH. Piezoelectric materials as stim-
[5]  Herzberg R. Vertical guided bone regeneration for a single miss- ulatory biomedical materials and scaffolds for bone repair[J]. Acta
ing tooth span with titanium-reinforced d-PTFE membranes: clini- Biomater, 2018, 73: 1-20.
cal considerations and observations of 10 consecutive cases with [19] Ehterami A, Kazemi M, Nazari B, et al. Fabrication and character-
up to 36 months follow-up[J]. Int J Periodontics Restorative Dent, ization of highly porous barium titanate based scaffold coated by
2017, 37(6): 893-900. Gel/HA nanocomposite with high piezoelectric coefficient for bone
[6]  Hoomaert A, D’ Arros C, Heymann MF, et al. Biocompatibility, re- tissue engineering applications[J]. ] Mech Behav Biomed Mater,
sorption and biofunctionality of a new synthetic biodegradable 2018, 79(3): 195-202.
membrane for guided bone regeneration[J]. Biomed Mater, 2016, [20]  Shokrollahi H, Salimi F, Doostmohammadi A. The fabrication and
11(4): 12-22. characterization of barium titanate/akermanite nano-bio - ceramic
[71  Won JY, Park CY, Bae JH, et al. Evaluation of 3D printed PCL/ with a suitable piezoelectric coefficient for bone defect recovery
PLGA/a-TCP versus collagen membranes for guided bone regenera- [J]. ] Mech Behav Biomed Mater, 2017, 74(3): 365-370.
tion in a beagle implant model[J]. Biomed Mater, 2016, 11(5): 13- [21]  Yu P, Ning C, Zhang Y, et al. Bone-inspired spatially specific pi-
24. ezoelectricity induces bone regeneration[J]. Theranostics 2017, 7
[8]  Ma S, Adayi A, Liu Z, et al. Asymmetric collagen/chitosan mem- (13): 3387-3397.
brane containing minocyclineloaded chitosan nanoparticles for [22] Mandracchia B, Gennari O, Bramanti A, et al. Labelfree quantifi-
guided bone regeneration[J]. Sci Rep, 2016, 6(5): 18-22. cation of the effects of lithium niobate polarization on cell adhe-
[9]  Pourhaghgouy M, Zamanian A, Shahrezaee M, et al. Physicochemi- sion via holographic microscopy[J]. J Biophotonics, 2018, 11(8): 67-
cal properties and bioactivity of freeze-cast chitosan nanocompos- 8.
ite scaffolds reinforced with bioactive glass[J]. Mater Sci Eng C [23] Bai Y, Dai X, Yin Y, et al. Biomimetic piezoelectric nanocompos-
Mater Biol Appl, 2016, 11(5): 180-186. ite membranes synergistically enhance osteogenesis of deprotein-
[10]  Huang D, Niu L, Li J, et al. Reinforced chitosan membranes by mi- ized bovine bone grafts[J]. Int J Nanomedicine, 2019, 14(3): 15-26.
crospheres for guided bone regeneration[J]. ] Mech Behav Biomed [24] Tandon B, Blaker JJ, Cartmell SH. Piezoelectric materials as stim-
Mater, 2018, 81(1): 195-201. ulatory biomedical materials and scaffolds for bone repair[J]. Acta
[11] Xu S, Chen X, Yang X, et al. Preparation and in viiro biological Biomaterialia, 2018, 73(2): 35-60.
evaluation of octacalcium phosphate/bioactive glass-chitosan/algi- [25] Caballe-Serrano J, Munar-Frau A, Ortiz-Puigpelat O, et al. On the
nate composite membranes potential for bone guided regeneration search of the ideal barrier membrane for guided bone regeneration
[J]. Biomaterials, 2015, 13(3): 46-65. [J]. J Clin Exp Dent, 2018, 10(5): e477-e483.
[12] Hasegawa H, Masui S, Ishihata H. New microperforated pure tita- [26] Soldatos NK, Stylianou P, Koidou VP, et al. Limitations and op-
nium membrane created by laser processing for guided regenera- tions using resorbable versus nonresorbable membranes for suc-
tion of bone[J]. Br J Oral Maxillofac Surg, 2018, 11(2): 16-17. cessful guided bone regeneration|J]. Quintessence Int, 2017, 48
[13] Rakhmatia YD, Ayukawa Y, Jinno Y, et al. Micro-computed to- (2): 131-147.
mography analysis of early stage bone healing using micro-porous [27]  Urban 1. Vertical and horizontal ridge augmentation: new perspec-
titanium mesh for guided bone regeneration: preliminary experi- tives[M]. Berlin: Quintessenz Verlags GmbH, 2017: 117-118.
ment in a canine model[J]. Odontology, 2017, 35(4): 46-77. (4REE  oKHE)
[14] Sekiguchi H, Uchida K, Matsushita O, et al. Basic fibroblast

growth factor fused with tandem collagen - binding domains from
clostridium histolyticum collagenase ColG increases bone forma-

tion[J]. BioMed Res Int, 2018, 24(2): 19-20.






