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Application of alendronate locally applied regulates bone metabolism in stomatology
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[Abstract] As a classic nitrogen-containing bisphosphonate drug, alendronate (ALN ) is very effective in preven-
ting diseases caused by bone loss, mainly by down-regulating osteoclast activity and inhibiting bone resorption, thereby
promoting osteogenesis. In the oral bone-resorption diseases, the destruction of the balance between osteoblast-promoting
bone formation and osteoclast-mediated bone resorption in the body is considered to be the only possible reason. Although
ALN has advantages in the application of oral bone-resorption diseases, long-term intravenous or oral application of ALN
can lead to side effects such as bisphosphonate-related osteonecrosis of the jaw (BRON]J), renal failure and esophageal
damage. Whether ALN can be safely and effectively applied to oral bone-resorption diseases by changing the route of
administration to reduce its adverse reactions is a difficult problem that needs to be solved in the short term. Therefore,
this paper briefly expounds the mechanism of ALN on bone metabolism, and discusses the advantages and disadvantages
of its application in the oral bone-resorption diseases, to provide theoretical guidance for the application of ALN as a local
drug to treat oral bone-resorption disease.

[Key words] Alendronate; Oral bone-resorption disease; Bone metabolism; Local application

B At A BE B AR R R A A S B IR AR N R I R &1 (Alendronate, ALND #i J2& £ 00U AR £h (1 — F . XA
B~ B IR 40N A AT S S SR e R A s T M — e 7B BT R B R A 0 A R A AR BE R LI o W A AR R
PRI s BT O 30 ok B 5 T R A L L R R B AR S A B HE ARG T R, ALN 7 65 R W i v g
2. MR L Bisphosphonate, BP ) S0 08 & FHHBCH A g oy pp e T LA S 22 00 4. (EL B I DR AR (0 O R K Rl
T P A S R K HE PR R R AR R R . BT BFSEHITE A B 58 B 22 14 SC IR 4R 3 T 1K 00 Bk sk 1 B % R

ALN i 5 80 AH ¢ 4 f & B $8 JE (bisphosphonate-related osteo-

EETH:THAZOAMAFALH B (2021AAC03357)
BHRAEE . B AR A FIF,Email :494343962@ qq. com

necrosis of the jaw, BRONJ ) 5 511 . i 75 38 1 o 25 25 24 i

BIEART . L2, MR AR A TN AR5 AY B T 98 > AN BSR4 ALN 28 4 30 W FH T 6001 i WRIAC 98
WAECEES P EM[]]. &4 E$,2023,35(4):619-624. DOI. 10. 953 T, J2 B AT AR AR 28 0 I ME A . B AR SO ALN X AR
3969/]. issn. 1672-3511. 2023. 04. 030 VE T HL 2 30 A7 6 0 0 8D 5% I X JE 7 400 2 0 e 95 o5 o 19 37



* 620 - WERES 2023 554 A % 35 K% 448 Med ] West China, April 2023, Vol. 35,No. 4

KG9 BEAT R T LI ALN JRISH0 45 25 3R 97 60 1 - W ik
RIS S
1 ALN X &R 1E R

ALN JE F A S 50 00 X 5% B 40 B A B a0 e i 25
BET 2 MR I R A ST B R AAAE " . BFST K B BP 22h
AT L H R T T 0 R A0 ML, S BOH U T F B 68 AR E i A
11 58 5 40 i P 47 2R 1 (Osteoprotinginek, OPG) Y & ik
Mk ¥ KB Z 3% L F B K (Receptor activator of the
NF-kB li-gand, RANKL) (3 . 1] 45 410 i B B 20 B 11 3% %
VB4 RN L 34 B R RO SY  ALN R O B K 8 T Il
PR 28 e 1) & RO BERR R 28 2590, BA g vl LA ZE 9P | 5 il
Z IH] 1 R4 A
L1 Xaemanfa ey s ER  ALN FE g 30 80 1Y & 8 3UBE R
5 RSB K A A SRR N AT U0 AR 8 0 A B R 3 R R A
BB A R v A B T A R e B 4 I 3 e A RS R 48 2% v
23300 AY 5T F 2% 4 S R MR ) TV i R SR K A A il ALN
B PRSI o 38 A A VR ) ERA 2% A A R B A N
S M5 ¥ JE ik £5 g B2 4 W (Farnesyl pyrophosphate synthase,
FPPS) (1 K 4K ¢ 57 10 £ B WIS ) GPP/DMAPP i 454, 38
4+ GPP/DMAPP Jic ¥ i 45 & 0 2, $0H HOR mRiE& h i
FPPS i PE O R 4 4% ) 32 B Ty RS2 A Al IEL T 5t LA B /N
GTP [ iy 155 5 A Wik J¢ % £2 % B8 (Farnesyl pyrophosphate,
FPP) A1 24 JL 2 4 4 JL & — #5 #8 £ (geranylgeranyl diphos-
phate,GGPP)™™ . ALN i 1 4 il FPPS AT 41 %] FPP 1 GGPP
B 1 AT BEL 1k /N GTP i S 8 045 A o fe 8 15 40 L 14 1% 328 4 o
WIS 8 B R K T EBOR] 43 WA TR 1R M 0T 1) T B A48 L 19 448 L S
1% RPN i R TR o s = 11 U A NG o S LB B
T2 S5 Ah ALN Al Al 5 i 0 4 5 % 0 5 45 % B2 (Isopentenyl
Diphosphate Isomerase, IPP) S A4 i . + 38 5 5 — 1l & 42,
IEf AR B 400 M 36 9 20 W T . miR-101-3p & ALN 4b 3
T B 40 ML v Y RS TN ALN ] o R 94 miR-101-3p 411
B A AT
1020 b 4 M i £ 3 1
1.2.1  ALN AT 3d 2o 94 35 JL A 20 i P55~ 4 D7 0 3 40 e 1)
2 M 5 0 B 20 B Y U E R A IS R R R R R R
RERI 253 ALN, 38 i 40 Jfd 27 6 DU & B, ALN S ok 41 i) 42 % 1
S i PR -6, 410 4 - 4 6008 T, DA T 9 28 AR 4 Tl s 7 i Tk
W, BB AR B AFAE RN T kB Z AR IR LN T (recep-
tor activator for nuclear factor-x, RANK) , X4 52 #| Ji% & 40 g &
KB RANKL {55 508, 7T 5 2 456 02 25 05 40 M 098 15 7%
. TR AR SR M ) OPG L nl 15 33k 1) RANKL 454,
T PERH 1 RANKL 5 RANK 2 [6] 5945 4 W 1 400 45 5% 15 40 i
TR A S TR A S0 HE R 40 S T D A R 3R
HEW] T ALN S8 53 82 0 i B 240 i 20 W i) OPG Al RANKL,
ik RANKL/OPG Lt 2 , 490 il 5 H 200 Jf % Vv 20 eh W A 375 5 19
BB R AR
1.2.2  ALN ] i@ i3 9% 95 ERK MAPK {5 5 #% £ i i B 24
R AL T 1 34 i ( Mitogen-activated protein kinase, MAPK)
REfE A Y 2 Fh i i AR L AR AE 8 MAPK W& I E 516 S ik

Z—ERK MAPK 55 i § 75 15 8% & 5 v & 35 S g 1E T
Liv Z098 0 T ALN A B 008 A 48 0E 88 7 Hoal f2 K 5
BE 4 W (Focal adhesion kinase, FAK) Fl itg #b (= 5 I8 7 184 Aif§
(Extracellular signal-regulated kinase, ERK) [1%) # fig 1 , 18 1 3%
1 ERK 15 5 8 P& 45 5 Runt # & 7% 3 [ F 2 (Runt-related
transcription factor 2, RUNX2) %% 5, {1k iy & A & FL I R ik .
AR DC AR KT T AR B AL

2 ALNEFMEFTENER

2.1 RERMMBELS AR TEE NS HELE, Fiy
T 22 LA BRI R IR A AR . AR R AR E
JOI R IR HFeE kAR KRR B EBGR T B8 O AW 5 B A
LG, faE BRI B 45 & 1872 Thae 0 f T Mg ik B B A
B 47 0 e i e RO B R R ORE A 22 ) R TE AR 4 AR LT, M
AR S S AR J5) I R 5 ) DB 18 A= B O 5 R B 5 A Ad
TRARFETE B Re 2 BT 09 1 45 5 R P e A F R A LT i ¢
HEE., AFFANMREERS T AR LR R
JOE o DTS SR 2 98 RE 2 A 2T 48 200 0 A= AL T K i AT
i 2 2 A0 AR A O 5 R S T T BOR AR I R AR R e 3 T
B BRI B BOTC A 10 E T R TR Y R Al
LA ) BB W 0B Ji i /N L 7 — i AR B A 1 S8 S L S A7
Qifu g AR TR AT B, E A RCE S e B R
FLUF BB 8545 J2 DRUE AR (R4 0TI R ROCR 19 6 At . U 4Rk K
HAFGE R R ERZ S PR TIEBER S0 ALN B 8076 i i
PR SRTHT U AR B A R THT  J5) 348 /0N 700 & 45 11 245 9 e e » LA A 7E
W/ 2 ) B VE T B AR R (R R A AR A R L A
WIFE N ALN X gk R AL o fbe e, FI A mMiEREA S
K H TiO, By OH H:J 09 W 51 ¥ i A B AR A ol 3l 2 4 i %
H 4 BRI e 7E TiO, R EAY ALN B B Fl Z ] iy 240 % 3%
He ALN WERR 2] TiO, T 28 52 5 1 19 22 1 1801 200 A Y 9
B 43 b ELoeE B2 T 6 A5 L A A R B T R A
R 7 I 5 4 K L 3 e R P U R SR R AN T — o R A AR T
LR RS kB A O ALNF s TR
HE L ZBOEREETIT 0945 FAIE 2R /MR ALN A2 HEFh kg
P B 2 0 R OR 2 W] LU S 9 L H H BT ST I R AR
TEANHWN, 25BN LT S L2 ) L 5 Z I R OF
¢ B RFEAR RO SR

2.2 SRR JHEE BRI TE B AR RS ST R i R
HEETTHEERE MEERBRENEEHEA LUE R,
% BE AR 2H R IOOL 2 4 B R R A Y OP T 5 B b A
HIRIF R, 51 OP M AR £, 2 e ARk #8
W e VR P 0% 40— i 4 9 A R gt
ALN 1E H A 2 A % % B 240 M A a0 60476 0 254 . 9t
Jvz MR TG R IE YT OP. IR A BF 98 & 24 3 i VE — Fh &
ALN 37 BUK BB 8 ALN Jmy &8 82 J T R Bl OP #8025
SRR RUKEE 20 A9 BIC L X REEB M T 2. 77, M AW T
P BB DX B [ R A2 A SO0 o TR A ) R R O B M
=, AR RE W R LR 25 W) R I 9% (Raloxifene, RaD
I ALN #4245 A 20 81240 0 o 0 R 25 1 45 & L B — 1 H
Ral S0 H %5 /5 08 Al P 78 B8 B ( Alkaline optimum, ALP) 3% 14 F01



WA ESF 2023 F 4 A % 3545 % 448 Med] West China, April 2023, Vol. 35,No. 4 . 621 -

BAR PTG A R R 1 B FR [l ( Tartrate resistant acid phospha-
tase, TRAP) M , 3 3% B 1 B0 25 ) 45 & Eb B — (i ] Ral, g 5
SRR A0 G B e Ak ) 0 AR G Ak AR
Tl ¢ JE] BB B (9 08 B B fe OP AR (- 25 507 R, 3t
B ZF R B B I B R AN R L 45 A N ALN A
Ral 0 gt Jy 3 B B & A 5007 %8 . ALN B IBY7 OP [
— 2R 25 H R AR I PR b B i 0 IR 25367 OP, Hixd sl
OP 5 ikt JB1 Bl B o 4008 0 I o 1 it 9 22 4 v A 267 I
ATy K Bk W PR AF 5 38 — 25 06 TIF =) 4 FH 25 0 b ke A ] BB
YEM .
2.3 FORERAL AR E AR AARAE A S K Bk A
e T R A A R e A IR L B R e b S
TR VN 2 A = R 2 2 Al 1 v =1 O S B RNy e o
B, RSN EEAE 50~150 pm SR, BA B4 99
Fe R T o R A PR A MRS | 003 A BT L T B B 2 D (0
B AR R E M R T N T M 5 4 S A A, S B
PRFABhIBE 7 07 FE SRR B L SR T A R S R AR O i A
B 55K R 43 SRR T i R A PR A Bh ) B DG B T
ALN 0 D3 sk fin i 24 4 0 fe) Bt 4 7 000 e 3 A A 0 i 5
R A R W AR E . A FSE R R R A ALN Al AE L)
WA g R R R R E D e B ALN )
S ] LI B L A R S 14 K, AR R R R AR
E R,
3 ALN %= Efs KR A

S TR 4 2 v A 35— b 5 22 Fh 4T TR AR 0 0 R RE R
07 o Wi A b 5 A ) Ui 20 1 4 TR AR 5 AT S 3 R RORE R
JO7 BN T TR B 9T 0 A R 6 . AR A 3 SR g I R R S
T 38 5 I R B AR ML A Bk A R R G 2 R SR B Ak G % 40
S R LUA TR FERDT L B BP AR 2 B B M il
FRAE 3 % ROE BV A T A — B, ALN 2 —Fhw Y
BP, A 3 42 W B 40 M O 400 460 e B A0 M 3 L 4 Ok B 4
P [ AR A5 28 S8 41 U R A 56 B JL R 4 Jm 4R P, D9 kT
LA LR T 08 2 R R A T . ALN X 08 bk 2 R 4k 1Y
WRITVER , BB IR B B 16 An S HL B 5 K ik 2 . 1% ALN
WA T T FE R 36 97 (A 58 B R . 1% ALN ¥ B (10 mg/
mL) W JR) #8445 245 3 TR R R v R R DR G BRI R T 4
Fe . Santinoni 257 HF 55 A N ALN A /0 B W Wi, 38 AT
i 2 G T A A 3, I R A A i B R A LA 1 mg/
mLALN ¥ 53 78 55 A 18 P 28 J 46 R BB AL 2F Al 4% N 9F 45
AR A ARSS 30 d, A7 K TN B A X T R4, ALN 3R 97
S A I T AT A 1 ) L S AR R TR AT A Sy L
FEIE . AN R LI B 2 ALN S BhA TR 8 A
R BB LG AR TR BE AR 2t w00 2 B B 8D, {H Meta 43 AT
TR 3K AT 2 A TR YT R LS 40 P8 ek a0 A 1 32 AT T e )
Kot It BT A O M 102 48 510 70 A a0 . B IR R A
W AR AT S S 28 JEL 9 0% 8 e R 36 L T AR 3 R I IR 3R 1 A
SR A ST HEAT T A A BT AR TR R T Y R A
AR R L R 100 ALN X484 5 J& 98 1) 16 b B B 25 7K
SR S AR AN 32 W PR WA B R e gt 2 R AR R E T R

gt — WA AT 10 HEE ML X R eGSR SR T 531
% B AT Meta 20 3F WA B 126 ALN %t 28 J& B P A4 A3 4k
FEEI R IBD RGN UA B s B | o e et B2
ALN BT MR KRB BRI Z B s AP RMAT
A5 25 G2 ) AN (6] 1Y B AL G S 56 30 A7 S 20 43 A7 » 285 2R 3 B A
RECFRARBA ALNIRYT 6 NMHE, KZHERN & EA 2
FUCE BELS V)RR ZRT S IRERE EH
I PR B 7K P B 7K ST i IR B 2 7K O 55 B WL, X AT R B R A
ALN X 2 J& 55 09 1 FH 16 ) 25 4k o 4B B AR ML AR B A 7
4 ALN ZEB#H MR A

OP Fc# WL 1Y I K0 5 2 e v 0 » PR 0 R o O 2 8
Rl 52 20 52 0 0 A1 g 300 8, i B S BOWE B BT, A0 4 A
ool B a2 R AR R R S A T R R,
EAF R, — H R A W s B 35 300 & A = ke BT 1 T g
PAEE K, B g #ekE_REFWILINE
BN BB T A Ry SR RE UL L T g L ek
SEEH 4 A B, Horh o R I A e G Y
W, ALN fE % 58 1 40 0 B B 40 6 L 39 0 B %5 % (bone
mineral density,BMD) Jz ALP,OC,ODF #l OPG mRNA % f
FHBE R ML, W8R8 & B SR 0 RE 7 IR Al
LU mAtT . EA— I I A T — Fh BB A5 )R 8 4L R
ALN BH .8 Ji J5 X 8 B K R AT micro-CT 548, 4 A ALN
BB AR 0 41 S 7 R B B R By (52, 7846, 84) U6, i A A
TC 25 B AL 2T B R FR AN (23,6 £3.81) 5, 4878 ALN fig
W E AT (AR Z A% ALN 454 @A WA 351
FAA T 0 BE AR KB ALN 597 2 5% 5 5 TR 04 oW g 2%
PR /N R ] B TS B ™ T A R B T R X
S 5 , Davison 25570 X 30 il R 5 X A0 15 1 B kAT 25k
GE LR RS TESh AT AT b SR R ER S 3 i e 4E i R R
R A 552 B8 v i Y 00 390 o T B R R 3N, B BT R A & PR
I+ T 8 AT I 2 B O R R i U IR G 2 T O R AL BB
L, BRILZ A0 6 ALN TR Y7 2 31 35 B 3 00 04 080 A3 10 A0F o 2k
A oy BRF- 42 B VA 56 TR R ALN {2 5 91 6 2 2 &
23 368 BB S T B A3 . R R A E I A K a5 B A 5 A6
R FE] ALN R H A 2B 5 00U 92 &k J=) 348 7 FH 347 7T 45 3%
L 1 2 S | s L B LB o )< NN P | -
SRR HEGT X ALN ZE I PR 55 e vh (0 J5) 3 248 24 25 Sk A7 9 A
ALN JE# 45 256 AR B IT A s m R 2 . (0B R4
A B HE W RS ALN AT G U2 AR BT a S . Bird
FRAZZHEFVWNE LR EmET B R EE
A4 RS, — 2 R LA I8 R 3R — 28 R W i e R
—IAF SR ALN 5 R [ AR 45 A 45 SRR W Bk A ALN
TR ARG, 5 F Sl 0000 0 5 8 A 58 (8 i
L1 11 52 2 e R 3R 9T IR 3 R A R 2 i B st .
I, B —FE ALN R 5 3 06 09 48 202 AN /] HU L 25 1R 45 4 W
A T S %o T B I A T T S e B SR A i e A 4T b [
B ST AR ) A 0 A B AR AR O Ry — A 2 R 5
o+ 48 B A8 8 L B K A (Strontium Substituted Hydroxyapatite
Nanocrystals, Se-HA) 94 K f 4 f1 ALN L [F 4036 78 AZ31 B4



* 622 WERES 2023 554 A % 35 K% 448 Med ] West China, April 2023, Vol. 35,No. 4

G E £ Bk (polydopamine, PDA) # i I, & 41 5 4 45
RFWALN A Sr-HA 99K f ik 41 % 75 PDA # B E /9 £ )
RE VAR JZ AT LA 25 18 0 0 0 N P 5 O A R B A T AT
PR T R
5 ALNEHXRFEBREFHIEA

P OF QU G 122 I 18] 23 Sk & S 300 L 8 4 900 | O R
W=AWrBe. B E A E A ) R B AR MR TOm
0 F A R L S ECH R B A B2 K 0 R S R R
JERBRET i A T A L 1 R R S TR A R
REPRIIE Pl AL IS A9 S 00O R OsE A0 4k 28 J 2 Bl B Wi 36 T
BER o ALN 3 410 ol o A A O L T IR IR CE R B A
B R B R RO, A BT S A IR B ALN YR T 1
T AR Z A R R R T LR XL
AN I B 1y ALN X 7 £ 5O R W B X . HZ SR
Al ALN W46 2 e B R T A S R B . WA
ALN e B2 365 1 3 2 0 WY S DX 01 33k — 4% 9 200 R T L 1D 5 1R
ELWRBE RS R RS ST RE I MRIE ST A5 S AT A A R
FEE . FA ALN T E58 48 0 40 A A 1 AR 45 BB AU
kB R WA R A, Kaulfmann 5507 858 % A 5
ALN G5 F AR BL A4 55 — b & FOBURE R £5 1A K B iR — B 45 & i &
PO BB A AF AR /N R SR QAL v, 55 258 7 B K B R —
Bl 2 A B R AR L RE 8 D A 5 I O R 0 B B AR 2k 2
WaER A W EA.
6 ALNHEBMAHHNE

ALN B89 75 P 500 4ROk e . A AT 5 23 50 4 T
WeREESN 107 MO 107 MY ALN &G A A 9. Al A e & Bk
AR JE P T AET AR R 45 R R B 1070 MOALN 4 g G
7 B A0 MR SRR A RO T e L T 107 M
ALN 2 55 20400 B 40 B 3 4 o (H e 4 3 BOB P BUR D L X R
WAV e 32 J 348 B2 AN A 808 13 T2 . Rumian 5550 1y
PRSMR S U] W 5 pe/mL A1 2.5 pg/mL #) ALN AL
Xof B H 240 i T 2 P T L B iR 24 o T 4 i A L
B AR L X AT RE 5 R AR HR B L] ALN RE i 7E AR 40 1 A
A, ENTIIE R /NTF 107° M (1 ALN XF 5 8 40 g 34
AR MR 107 M ALN 1 35 i 7F A& 40 g 3%
BRI SR S v e B L AN 2 bl A S B
BT A B R (B R AR T ALN X B AR AR A
i VP B (3 32 L) e K 24 i L ATS TG S 18 ol ORI PR AT
FLitt— Rk
7 ALNEAOBEEFHNANRZEEHR

H i 2 F BRONJ B0 HLIE i T8 8 38 B BT 1% B0 KW
ML AR 0 32 B AT B o A A | O A AR A ] R S R
AR A - ALN R ULRLT T 0B A 5 S 0 A0 R A4 v B IR it
R ALN MO H B A5 7 T8 400 T 410 ) R 3 P e
R SFECE RS T, R& B0 E BRONJW . A 4
BA ] ALN AT 0 860 100 A5 P9 Bz 40 o % 5 R T I I A Y
T B 3 B Je 0 e A O e 4 BUKR 4 BRONJSY o g . 1 S A7
FE I 2 15 B0 J8 I 2 % E BRONT 28 A KUR R R T, Ik
Jeor FEOR K X SR HLH 32 23000 LR 50 e B0 I AT 4

HEZ FIHE 22 ) ¥ SE 0l IR 1 PR HE B, % 2B SR ENY L A ST
F W O R RSSO e B A ALN 2 @ 8UL 4 BRON]
AT DR 388 A0TSR L ALN JR) 0 45 24 AR B A AR e BE L/
PR (i = gl 1 AN o = N M = 1 N W 3
JELT . EH HTUE 938 o JR A ALN 32 BRONJ ) %
A I SCHR /D S 56 A AR AR O G R A8 R I R SE B F O .
BG4 T ALN JR) & 45 25 ik 5 98 20 BRONJ 1 & A= A3 5 i —
5 11 i T SE B A ok W
8 NG

ALN G 3 400 ] 882 - 40 D) 68 . 8 2 1 W i, Ay R R R
AR SE P PR T — b i e S I . ALN 7 B 1A 36 i R 3 2% 18
R T A S RAF OB 45 & B AR B T R, (A
X ALN 72 28 R 7 T B4R T 2 B0 50 4 B TE AN M S 5 sh 9
SEEGJZE U B Z I R F 50 B R R A 0B ST 5 R N
I ALN e85 F Q1 UG b ny F 58 0 Jm) BR P — B, )= 3 iz
ALN ] A7 250 98 18 M 28 J) 9 28 5 1 48 AR KRG I 3 K 4R
S BHRBT RN RN E . AN X T BB A P T, ALN
AR BT B A @A B s E ALN R P4 250
ARF ISR m AR . BET ALN 5880 H A9
AR R AR R AR 4 25 I AL 51 BRONT i 4F A AL LA
RS A ALN BE45 4 2008 2> BRONI /Y % Az 45 473 2 B AT 0F
TR R ZAb T R

(&% x#k]

[1] KOCIJAN R, KLAUSHOFER K. MISOF B M. Osteoporosis
therapeutics 2020 [ J]. Handb Exp Pharmacol, 2020, 262.
397-422.

[2]  MCGOWANK,MCGOWAN T.IVANOVSKI S. Risk factors for
medication-related osteonecrosis of the jaws: A systematic re-
view[ J]. Oral Dis,2018,24(4) ;527-536.

[3] ACIL Y,ARNDT ML,GULSES A,et al. Cytotoxic and inflam-
matory effects of alendronate and zolendronate on human osteo-
blasts, gingival fibroblasts and osteosarcoma cells[J]. ] Cranio-
maxillofac Surg,2018,46(4) :538-546.

[4] ROGERSM J. CROCKETT J C, COXON F P, etal. Biochem-
ical and molecular mechanisms of action of bisphosphonates[ ]].
Bone, 2011,49(1) :34-41.

[5] ZAMEER S.NAJMI AK.VOHORA D.et al. Bisphosphonates:
Future perspective for neurological disorders [ J]. Pharmacol
Rep,2018,70(5) :900-907.

[6] ROY M,ROUX S. Rab GTPases in osteoclastic endomembrane
systems[J]. Biomed Res Int.2018,2018(8) :4541538.

[7] ARJMAND G G, HAERI M R M R. Antibacterial Effect of
Some Eukaryotic Sterol Biosynthesis Inhibitors[]J]. Advanced
biomedical research, 2022,11(1):90.

[8] LIJ,LI Y.WANG S,et al. mi R-101-3p/Raplb signal pathway
plays a key role in osteoclast differentiation after treatment with
bisphosphonates[ J]. BMB Rep,2019, 52(9):572-576.

[9] SILVA RAB.SOUSA-PEREIRA A P.LUCISANO M P.et al.
Alendronate inhibits osteocyte apoptosis and inflammation via

1L.-6, inhibiting bone resorption in periapical lesions of ovariec-



WA ESF 2023 F 4 A % 3545 % 448 Med] West China, April 2023, Vol. 35,No. 4

* 623 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

tomized rats[J]. Int Endod J,2020,53(1):84-96.
AMIN N,BOCCARDI V, TAGHIZADEH M, et al.
and bone disorders: the role of RANKL/RANK/OPG pathway
[J]. Aging Clin Exp Res,2020,32(3):363-371.

ZHU S,HUSSLING V, ASPERA-WERZ R H.et al. Bisphos-

Probiotics

phonates Reduce Smoking-Induced Osteoporotic-Like Altera-
tions by Regulating RANKL/OPG in an Osteoblast and Osteo-
clast Co-Culture Model[J]. Int J Mol Sci, 2020, 22(1):53.
KIM J M,YANG Y S,PARK K H,et al. The ERK MAPK
pathway is essential for skeletal development and homeostasis
[J]. Int J Mol Sci,2019,20(8):1803.

LIU L. GAO X, LI X.er al. Calcium alendronate-coated com-
posite scaffolds promote osteogenesis of ADSCs via integrin and
FAK/ERK signalling pathways[J]. ] Mater Chem B, 2020, 18
(31):6912-6924.

PANDEY C, ROKAYA D, BHATTARAI B P. Contemporary
Concepts in Osseointegration of Dental Implants: A Review[]].
Biomed Res Int, 2022,2022:6170452.
AMENGUAL-PENAFIEL L, CORDOVA LA, CONSTANZA
JARA-SEPULVEDA M, ez al. Osteoimmunology drives dental
implant osseointegration: A new paradigm for implant dentistry
[J]. Jpn Dent Sci Rev.2021,57:12-19.

SHEN X, MA P, HU Y, etal. Alendronate-loaded hydroxyap-
atite-TiO(2) nanotubes for improved bone formation in osteopo-
rotic rabbits[J]. ] Mater Chem B, 2016,4(8):1423-1436.

JI H, WANG Y, LIU H, et al. Programmed core-shell electro-
spun nanofibers to sequentially regulateosteogenesis-osteoclasto-
genesis balance for promoting immediate implant osseointegra-
tion[J]. Acta Biomater, 2021,135:274-288.

KARLSSON J, MARTINELLI A, FATHALI H M, etal. The
effect of alendronate on biomineralization at the bone/implant in-
terface J]. Journal of biomedical materials research. Part A,
2016,104(3):620-629.

KARLSSON J, HARMANKAYA N, ALLARD S, er al. Ex
vivo alendronate localization at the mesoporous titania implant/
bone interface[ J]. Journal of Materials Science: Materials in
Medicine, 2015,26(1):5337. doi: 10.1007/s10856-014-5337-7.
KIM H S, LEEJ I, YANG S S, etal. The effect of alendronate
soaking and ultraviolet treatment on bone-implant interface[ J].
Clin Oral Implan Res, 2017,28(9) :1164-1172.

ZHENG Y. GAO A, BAI J, et al. A programmed surface on
polyetheretherketone for sequentially dictating osteoimmuno-
modulation and bone regeneration to achieve ameliorative os-
seointegration under osteoporotic conditions[ J]. Bioact Mater,
2022,14.364-376.

ALBANO C S,GOMES A M, DA SILVA FELTRAN G.et al.
Bisphosphonate-based surface biofunctionalization improves tita-
nium biocompatibility [J]. J Mater Sci Mater Med, 2020, 31
(11):109.

VAN DE VEN CJJM,BAKKER NEC, LINK D P, et al. Sus-
tained release of ancillary amounts of testosterone and alendr-
onate from PLGA coated pericard membranes and implants to
improve bone healing[J]. PLoS One,2021,16(5) :e0251864.
AGHALOO T, PI-ANFRUNS J, MOSHAVERINIA A, et al.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

The Effects of Systemic Diseases and Medications on Implant
Osseointegration; A Systematic Review[ ]J]. The International
journal of oral and maxillofacial implants, 2019,34:s35-s49.
NOH J, YANG Y, JUNG H. Molecular Mechanisms and E-
merging Therapeutics for Osteoporosis[ J]. Int J Mol Sci, 2020,
21(20):7623.

JIANG W,HOU F,GU Y,etal. Local bone metabolism balance
regulation via double-adhesive hydrogel for fixing orthopedic im-
plants[J]. Bioact Mater,2021,12(10);169-184.

MU C, HUY. HUANG L, et al. Sustained raloxifene release
from hyaluronan-alendronate-functionalized titanium nanotube
arrays capable of enhancing osseointegration in osteoporotic rab-
bits[J]. Mater Sci Eng C Mater Biol Appl, 2018, 82 (1):
345-353.

DAVIES J E. Understanding peri-implant endosseous healing
[J]. J Dent Educ, 2003,67(8):932-949.

PARK Y,CHEONG E.KWAK ] G,et al. Trabecular bone or-
ganoid model for studying the regulation of localized bone re-
modeling[JJ. Sei Adv,2021,7(4) ;eabd6495.

JAVED F, ROMANOS G E. The role of primary stability for
successful immediate loading of dental implants. A literature re-
view[J]. J Dent, 2010,38(8) :612-620.

DI STEFANO D, AROSIO P, PERROTTI V, et al. Correla-
tion between Implant Geometry, Bone Density, and the Inser-
tion Torque/Depth Integral: A Study on Bovine Ribs[J]. Den-
tistry Journal, 2019,7(1):25.

SUN Y,ZHAO Y Q,ZENG Q;et al. Dual-Functional Implants
with Antibacterial and Osteointegration-Promoting Performances
[J]. ACS Appl Mater Interfaces,2019, 11(40) ;36449-36457.
VERTESICH K,SOSA B R, NIU Y, et al. Alendronate En-
hances Osseointegration in a Murine Implant Model[J]. J Or-
thop Res,2021,39(4):719-726.

HAJISHENGALLIS G, CHAVAKIS T, LAMBRIS ] D. Cur-
rent understanding of periodontal disease pathogenesis and tar-
gets for host - modulation therapy[ J]. Periodontology 2000,
2020,84(1) :14-34.

VAN DYKE T E. Shifting the paradigm from inhibitors of in-
flammation to resolvers of inflammation in periodontitis[ J]. J
Periodontol,2020,91(Suppl 1) :S19-S25.

HEIKKILA P, TERONEN O, MOILANEN M, ezal. Bisphos-
phonates inhibit stromelysin-1 ( MMP-3), matrix metalloelas-
tase ( MMP-12), collagenase-3 ( MMP-13) and enamelysin
(MMP-20), but not urokinase-type plasminogen activator, and
diminish invasion and migration of human malignant and endo-
thelial cell lines[J]. Anticancer Drugs, 2002,13(3) ;245-254,
CHECCHI V, MARAVIC T, BELLINI P, ez al. The Role of
Matrix Metalloproteinases in Periodontal Disease[ J]. Int J Env
Res Pub He, 2020,17(14):4923.

SHEOKAND V,CHADHA VS, PALWANKAR P. The com-
parative evaluation of 1% alendronate gel as local drug delivery
system in chronic periodontitis in smokers and non smokers:
Randomized clinical trial[J]. J Oral Biol Craniofac Res, 2019, 9
(2):198-203.

SANTINONI C S,SILVEIRA F M, CALDEIRA M L, et al.



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[51]

[52]

[53]

624 -

HAEF 2023 F 4 A % 35 4% 448 Med] West China, April 2023, Vol. 35,No. 4

Topical sodium alendronate combined or not with photodynamic
therapy as an adjunct to scaling and root planing: Histochemical
and immunohistochemical study in rats[J]. ] Periodontal Res,
2020,55(6) :850-858.

ZYMPERDIKAS V F, YAVROPOULOU M P, KAKLAMA-
NOS E G, et al.
Treatment; A Network Meta-Analysis[J]. ] Dent Res, 2021,
100(4):341-351.

WANIKAR I,RATHOD S, KOLTE A P. Clinico-radiographic

Bisphosphonates as Supplement to Dental

evaluation of 1% alendronate gel as an adjunct and smart blood
deriva-tive platelet rich fibrin in grade II furcation defects[J]. J
Periodontol ,2019,90(1) :52-60.

LI F,JIANG P,PAN J,et al. Synergistic Application of Plate-
let-Rich Fibrin and 1% Alendronate in Periodontal Bone Regen-
eration; A Meta-Analysis [ ] ]. Biomed Res 2019,
2019:9148183.

KANIS ] A.NORTON N,HARVEY N C.et al. SCOPE 2021.

Int,

a New Scorecard for Osteoporosis in Europe[ J]. Arch Osteopo-
ros,2021,16(1) :82.

BROWN J P,ADACHI J D,SCHEMITSCH E,et al. Mortality
in older adults following a fragility fracture: real-world retro-
spective matched-cohort study in Ontario[ J]. BMC Musculoske-
let Disord,2021,22(1) :105.

CAMACHO P M,PETAK S M, BINKLEY N,ez al. American
Association of Clinical Endocrinologists/American College of
Endocrinology Clinical Practice Guidelines for the diagnosis and
treatment of postmenopausal osteoporosis-2020 update[ J]. En-
docr Pract,2020,26(Suppl 1) :1-46.

I, T /N7 T A5 TS L AT A R R R LT .
A W5 B ARSI R BF5E ., 2021,18(6) :70-74,79.

COMPSTON J E, MCCLUNG M R,LESLIE W D. Osteoporo-
sis[J]. Lancet,2019,393(10196) :364-376.

ZHAO X, ZHU L, FAN C. Sequential alendronate delivery by
hydroxyapatite-coated maghemite for enhanced bone fracture
healing[ J]. J Drug Deliv Sci Tec, 2021,66:102761.

HUR W, PARK M, LEE J Y, et al. Bioabsorbable bone plates
enabled with local, sustained delivery of alendronate for bone re-
generation[ ] ]. J Control Release, 2016,222:97-106.

ONEAL J M, DIAB T, ALLEN M R, et al. One year of alen-
dronate treatment lowers microstructural stresses associated
with trabecular microdamage initiation[ ] ]. Bone, 2010,47(2) .
241-247.

BALA Y, DEPALLE B, FARLAY D, et a/. Bone microme-
chanical properties are compromised during long-term alendr-
onate therapy independently of mineralization[J]. J Bone Miner
Res, 2012,27(4) .825-834.

DAVISON K S, SIMINOSKI K, ADACHI J D, et al. The
Effects of Antifracture Therapies on the Components of Bone
Strength: Assessment of Fracture Risk Today and in the Future
[I7]. Semin Arthritis Rheu, 2006,36(1):10-21.
GREINER S H, WILDEMANN B, BACK D A. er al. Local
application of zoledronic acid incorporated in a poly (D, L-lac-

tide)-coated implant accelerates fracture healing in rats. [J]. Ac-

(58]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

(671

ta Orthopaedica, 2008, 79(5).717-725.
PARK K, YUN Y, KIM S, et al. The Effect of Alendronate
Loaded Biphasic Calcium Phosphate Scaffolds on Bone Regenera-
tion in a Rat Tibial Defect Model[ J]. Int J] Mol Sci, 2015, 16
(11):26738-26753.
HAUSER M,SIEGRIST M,KELLER 1,et al. Healing of frac-
tures in osteoporotic bones in mice treated with bisphosphonates
- A transcriptome analysis[J]. Bone,2018, 112:107-119.
WEI P, WANG B, LU X, et al. Bio-inspired immobilization of
strontium substituted hydroxyapatite nanocrystals and alendr-
onate on the surface of AZ31 magnesium alloy for osteoporotic
fracture repair[ J]. Surf Coat Tech, 2017,313:381-390.
SCULEAN A,STAVROPOULOS A,BOSSHARDT D D. Self-
regenerative capacity of intra-oral bone defects[J]. J Clin Peri-
odontol,2019,21.:70-81.
SAULACIC N,MUNOZ F, KOBAYASHI E, et al. Effects of
local application of alendronate on early healing of extraction
socket in dogs[J]. Clin Oral Investig, 2020,24(4):1579-1589.
KAUFFMANN F,HNHNE C, ASSAF A T,et al. The Influ-
ence of Local Pamidronate Application on Alveolar Dimensional
Preservation after Tooth Extraction-An Animal Experimental
Study[J]. Int J Mol Sci,2020,21(10):3616.
KITASATO S, TANAKA T,CHAZONO M,et al. Local appli-
cation of alendronate controls bone formation and B-tricalcium
phosphate resorption induced by recombinant human bone mor-
phogenetic protein-2[J]. ] Biomed Mater Res A,2020,108(3) :
528-536.
RUMIAN L, WOLF-BRANDSTETTER C, ROBLER S, et al.
Sodium alendronate loaded poly(l-lactide-co-glycolide) micropar-
ticles immobilized on ceramic scaffolds for local treatment of
bone defects[]J]. Regen Biomater,2020,7(3):293-302.
SR SC B L B BT R TR A R K B B M R [ ).
FREE,2021,42(3) . 3.
KUROSHIMA S,SASAKI M,MURATA H.,et al. Medication-
related osteonecrosis of the jaw-like lesions in rodents: A com-
prehensive systematic review and meta-analysis[J]. Gerodontol-
0gy»2019,36(4) :313-324.
KUN-DARBOIS J D, LIBOUBAN H., MABILLEAU G, et al.
Bone mineralization and vascularization in bisphosphonate-relat-
ed osteonecrosis of the jaw; an experimental study in the rat[J].
Clin Oral Investig,2018,22(9):2997-3006.
DI FEDE O,PANZARELLA V,MAUCERI R,et al. The Dent-
al Management of Patients at Risk of Medication-Related Osteo-
necrosis of the Jaw: New Paradigm of Primary Prevention[]].
Biomed Res Int,2018,2018.2684924.
OKAMURA M, SUZUKI T, OOMURA Y. er al. Effect of
Bacterial Infection on Bone Quality and Structure in Osteonecro-
sis of the Jaw by Bisphosphonate (BP) Administration[ J]. ]
Hard Tissue Biol, 2021,30(3):323-330.
ABTAHI J, AGHOLME F, SANDBERG O, et al. Effect of
Local vs. Systemic Bisphosphonate Delivery on Dental Implant
Fixation in a Model of Osteonecrosis of the Jaw[ J]. ] Dent Res,
2013,92(3):279-283.

(W75 B H9:2022-10-05; 12 B H #1:2023-03-17 : f 45 - B 4L 1H)





