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Micro-CT evaluating inhibitory effect of zoledronic acid on polyethylene particle-induced periprosthetic osteolysis
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ABSTRACT Objective: To observe inhibitory effect of zoledronic acid on polyethylene particle-induced periprosthetic oste-
olysis model. Methods : Thirty male adult specific-pathogen-free SD rats  (weighted 250 to 300 g) were randomly divided into
sham group,model group,and zoledronic acid group, 10 in each group. Modeling were building by titanium screws and
polyethylene particles implanted into right femur of rats,sham group and model group were performed hypodermic injection by
0.9% saline with 2 ml/kg ,zoledronic acid with 0.1 ml/mg were injected into zoledronic acid group,once a week for 8 weeks.
After 8 weeks, right femur specimens were drawn and used to san microstructure of femoral cancellous bone in rats model was
examined by Micro-CT,and the images were treated with three-dimension reconstruction and analysis software BMD,BV/TV,
Th.N,Th.Th,SMI,BS/BV ,Th.Sp and Th.Pf and other parameters include. Results: According to Micro-CT three-dimensional
imaging, BMD in model group was significantly decreased than sham group ,bone microstructure damage was serious, bone tra-
becula changed thinning continuity ; while bone microstructure was obviously improved compared with model group and zole-

dronic acid group. After analyzing Micro—CT parameters of femur microstructure , BMD in model group (0.081+0.020) was sig-
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nificantly decreased than control group (0.160+0.018) and zoledronic acid group (0.125+0.012); BV/TV in model group
(10.563+1.070) was obviously lower than control group (27.935+1.834) and zoledronic acid group (14.559+1.258); Th.N in
model group (1.005+0.165) was lower than control group (2.058+0.108) and zoledronic acid group (1.515+0.126) ; while Th.
Th in model group (0.075+0.016) was decreased than control group (0.158+0.016) and zoledronic acid group (0.124+0.011).
Meanwhile ,SMI in model group (1.817+0.127) was significantly higher than control group (1.104+0.120) and zoledronic acid
group (1.547+0.122) ; BS/BV in model group (35.784+1.650) was higher than control group (21.506+2.771) and zoledronic
acid group (30.399+2.730) ; Th.Sp in model group (0.735+0.107) was higher than control group (0.423+0.057) and zoledronic
acid group (0.577+0.082) ,TB.Pf in model group (9.088+1.283) was higher than control group (2.447+0.703) and zoledronic
acid group (5.862+1.042). Conclusion : Zoledronic acid could change bone microstructure of rats to inhibit polyethylene parti-

cle-induced bone solution, which provides a scientific basis for prevent bone solution by zoledronic acid as a therapeutic inter-

vention.

KEYWORDS Bioprosthesis;  Osteolysis;

Models, biological

Zhongguo Gu Shang/China J Orthop Trauma,2017,30(12):1107-1112  www.zggszz.com

N TR B ARTER R . EEXTTY)
RESF 7 T A RIS . A & 2T g N T8y
AR FAREA AW S, FARTEEE I H &
iE AL, AR5 PR AR S Bk A i 0 i 3
AR TG TR A B LA de BB R, N TR 7
i P A R Hp AN T 3 A 1 £ R A TR 4 7 A S R
T 4 P 5 AR R 8 5 | Ak S R 2 4 A TE TR M R EE
e SO = 1 R D = U N = @S <]
B HE I e AR AR B HRTI R L R FH e R
R VE SR TT B BTSN E « B % 7% MR 45 i AR
AT T R0 s A B A A B ok 5 IR g
BN ) 2R A TR T 14 R BRI ] R 0 fi A
TR B 20 B 1 0 1 O B AR TL-1B \TL—6 \TNF—ar 554
L R 1 e 3 1, (L 6 T M of 9 1R B 5 410 7 M AR
Jei) 1 e 1) R 3 Ao ey R AL A 1 AN T R L R A
TG PEARS Bl A B A S R B R e BUR IR
B ERE MR, DA A IS 0 Oy R
HETEE I 2 X EE ,Micro-CT (Micro—com-
puted tomography ) J&—F & 7 HER 1R AL HL
A, BEWEIE L 3D AR Ao BB B A i 2
), BN A R A I 5 o i D] S B - I A A BN
Wy ikt B 5T O OR H Micro—CT X 21 K F
Je A B i B P R e o EUR H AT Micro-
CT H A B AR JE] Bl B V5 i A8 3T 15 Tl 285 ) 1 F 9 %
BHA L Z o G, AR5 %6 5  1k FH Micro—-CT
ARG 000 s S 1 1 X K BRSPS A R R, R
SR R B T RE Y T AR .

1 #MR5RF*®
L1 S5 Es 5l

SN AR B DAL (R S R 2R ), TGL-
168) ; & 51 Al 415 % ¥ 2% (72 [ Eppendorf 23 7] ) 5 #
HIAER (SW-CJ-1F, M EHREITEREGRA
A ) ;Micro—CT ( [t F| B} Bruker 23 7] ,SkyScan 1176
A o SEER < 10% 110 7K A G CHT VLA Hh 1 B i1 711

%),95% I (LB E A E B R A WD BG4
Mg FBS (L& SRk AL ik 7 4 B A W] ), DMEM
(GIBCO 12800-017), 7 5 2 (fedb il 2y , [ 24 ifi 5
H13020657), P& K % & (W 105 B 2500, [ 25 o 5
H33020800) , 10% H 1 17 0 CHfr VL1 M B Ak 3 700 A B
o3\, VAT IES XK13-201-00088 11 ) , gk # (i VLRt
BESF RS AL AT 1.5 em, B2 1.2 mm Ti—6A1-
AV RZ ), = 5% E R LM kL (35 [ SHAMROCK
N R B AR 4~6 wm, S 44 S-393)

1o B R R R B AR IR T R R
T % i B R OB, A 95% 2 T35 1 AT I 57
FREO B, B TBEE EXT A 2%k 4
M7 DMEM H ifE 17 i, SR S5 5 17.5%1%) 2K 1 FaL ik
BERIR A Rt T RRE A TSR L
I URE LA MR DN 10 mg/ml, #22 BEERE £ 0 B0k £)
B2 1.9x10%/ml™>,
1.2 sSCmshy 5l ik
1L.2.1 sesshdy  fd 3 i An i SD R L, R
250~300 g, WL B& 2 Rz se s sh b, s &
F&3IFE 2 : SCXK (97)2007-0005 , 52 56 BRI 35 T Wi T
S 2 KA S sh i R0 R R ER B, R R T IE
SYXK (#7)2008-0115,
1.2.2 @By BB Rk B RR 4 . S2 06 3h Y
FH 10% 19 7K A A L 0.3 ml/100 g [ 70 5 3547 15
TR RS S BE TSI FAR G L A
J H T B L B G B B DA B B A BT
25 TR ST e T ST 19 [) st % R 1) T A A
T2 R R R R R, A A VR AT T
JBE B K il g DA B R 1 5 A Al L Bk B 1
B B EAR 1.5 mm IR E R 15 mm {4 B8 , N AE
NI T ] 25 1 1) e 2 B TR £ TR e 100wl A
BRFE, T LUE S B B, PR DR KER
Wk, BEEAN ., REATHER,2 7 U/100g,
WL, B H 1K, 3ESE 3d, B H T LLPVP g 174



R E A 2017 4F 12 3155 30 2545 12 1)

China J Orthop Trauma,Dec.2017,Vol.30,No.12

+1109-

L 3 d. RTARY: T AMBE B LS HiksE
B, AT A A R LM DURLIE I M B o
1.2.3 bRl 3 8 JA S, IS F1 ik Ak 3
Ji A 5 5 3 W, Ak SR TR RE DL 10% 1 K 5 S
0.3 ml/100 g 147 d A7 I Ml S BRI o BBCE A AR
AR 7 F 2 B A A B BT 10%
£ F I v A
1.3 r#Urk S Tt

PR 30 K, MEEHLE 5 RAT T — Ak A i
30 A BEAL &L, 18 S A [R] 9 Bl ALK 2 $5 754D o Bl
BB Be 24 55 FOR B, PRI REALE /21K 10 %K
VA 300 3 AL o B D AR AR 2L A R A A
KRR o T A K BE R — 2 F H R JR R
RURL DR B AP AREAR)E 3d P TET
TES 0.9% 4 FEE K 2 ml/kg, 5 T 1 3, 14 22
8 Jil s MR BEIR A AR SS 3 d TFAR T B2 T U S R i R
e 2547 IR 71 )0.1 me/kg, BEF 2525 1 UK, 1 5%
8 JH .
1.4 ko H 507k

XoF IR BRSO R TR R R A R o 3 i

0.5 h LB FRA T 4301, 405 & T Micro—-CT il
AR Y, AR R AR SR R 18] B DA AR RS AT g
AT BRI RE PR RERE fil , bRAS CE AR E S FEOT
RS

X EEASFE S AT, TR R 80 kV ., JEH I
313 pA BEOGI [E] 278 ms, iR £ i 360°, e f% &
0.7°, 73 HE 3K 17.46 pum , ZERARFT 515 5K A [A] 5 1H
2000x1336 & &= 11 BMP |8 Jr . 4456 5 5 Hc & A
i 1) NRecon HAE B (V1.6.9.8) FE 47 H 44 15 2| 374K
EIE, 8 i A b A DA B 2 s A R il T s A b B 25
50 K, FEITEA A B 200 gk 25 45 5z i ok % B X d
(Region of interes, ROI) HE 47 = 4t & & . 5 H
Dataviewer (Versionl.5.0) 52 5 K14 —{f 1k , ROI Size
(200x17.46 pwm) . fela AL Hr k4 CT Analyser
(VL13.11.0) #4743, 5 8 NS4 HHE
(bone mineral density, BMD) , ‘& & 1 43 %% (bone vol-
ume to total tissue volume ratio, BV/TV) , & /N 2% &
(trabecular number,Th.N), ‘& /)N 4 )& & (trabecular
thickness, Th.Th) , % ¥4 %% 7 38 %X (structure model in-
dex,SMI) , B 2 11 AL RN 4L 2R FL 1) H A (bone surface

B 1 S4UR B E RO K =4t 1a,1b. i FARLL (Ta SRR IR (bR, 1b Bg 255k 08 ) B /N B SR B0OHL, 3 2 1 0

(Lo BB RS @R, Td B 25500 ) B /N AR B 2 40, 3 2 PR R

Fig.1 Three-dimensional reconstruction of femur ROI region among 4 groups

(la titanium highlighted by orange , 1b titanium was omitted )
orange, 1d titanium was omitted )

If titanium was omitted )

lc,1d. f R 41

Le, 16, MR IR 20 (e BRME RIRE (b i, LE o2k BAOME ) /DN SRR 1 24 2 42

1a,1b. Bone trabecular was thick and had good continuity in sham group

1c,1d. Trabecular was thin and bad continuity in sham group (lc titanium highlighted by

1e,1f. Trabecular was thicker and hadbetter continuity in zoledronic acid group(le titanium highlighted by orange,
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Fig.2 Micro-CT images of mid-distal femur in rats among 3 groups 2a,2b,2c. Trabecular was the thickest in sham group (2a coronal,2b axial,

2¢ sagittal )

acid group than model group (2g coronal ,2h axial ,2i sagittal )

2d,2e,2f. Trabecular was the thinnest in model group (2d coronal ,2e axial , 2f sagittal )

2g,2h,2i. Trabecular was thicker in zoledronic
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Tab.l1 Micro-CT analysis result of micro-structure of femora cancellous bone in rats
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N 0.160+ 27.935+ 2.058+ 0.158+ 1.104+ 21.506+ 0.423+ 2.447+
BFARL 10 ‘ ‘ ‘
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Ve BB H R, ™1=7.639, P<0.05;%=5.171, P<0.05 ;4=25.87, P<0.05 ;*1=7.651 , P<0.05 ;“1=16.89 , P<0.05 ;“4=7.768 , P<0.05;/1=11.6, P<0.05 ; “1=
7.98,P<0.05;%1=12.9,P<0.05;""t=4.848 , P<0.05 ;"'=14.0, P<0.05 ;"%=5.338 , P<0.05 ;"%1=8.138 , P<0.05 ;"*4=3.706 , P<0.05 ; “=14.35,P<0.05;"%=

6.172,P<0.05

Note : Compared with model group,*t=7.639,P<0.05;%=5.171,P<0.05;%1=25.87,P<0.05;*1=7.651,P<0.05;°1=16.89, P<0.05;"2=7.768 , P<0.05 ;"1 =
11.6,P<0.05;%=7.98,P<0.05;*1=12.9,P<0.05 ;"% =4.848 , P<0.05 ;*''t=14.0, P<0.05 ;"% =5.338 , P<0.05 ;"1 =8.138 , P<0.05 ;"4 =3.706 , P<0.05 ; *“1=

14.35,P<0.05;"%=6.172 ,P<0.05
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