FE 5 2013 4E 5 355 26 %55 5] China J Orthop Trauma,May.2013, Vol.26, No.5 <423 -

- SRS -

WIREAL ZK60 BG4 R Wi e MR rY
RN SEEAITSE

€ e
(R R ERE SR, LR 100853)

(=] BB AR ZEHMIRAIL I ZK60 4244 (MAO-ZK60) HN Zh 44k 1 J5 # 20 4% F bk e T8 R R AR 3T
H A A BAHAMF G T, iK% 18 R SD XK A MM 54 3 4(A B.C ) AMAFER EXEKETHRAM
N IR FACA T4 ZK60 454 (MAO-ZK60) # ;B LA K R 2 4L B 4G ZK60 444 (ZK60) 45 ;C LN E A
#oTF £# F 5B (PLLA)# B . C 414 7] 9 3t B 4L  WLAZ S bR B 412 1) 64 ol £ AL 35 AT GG B & T AL 12 BB AL 5t 52
R M )e AL, R A ILEAT B AR AT AL, I A A B, micro-CT #&EIRE S L X KR A K
DEAANAR—F LR , 57 ) GEHC MicroView 23t F48 62 HNAR ARG T, E5R K20 R AT 1) B AL A L4847
RBET, EF ARG FEL LM FHALRBEALIIE YA LFFH micro-CT %77 A 28 4 B i F—HAALR @
HERIFHERR, 8 BB & IR H 2 H0 i ) £ 12 B 0T 2 R gk 20 N JF LA 5 B T4 A 50F , A LLed AR I A 1)
HEE T B 4L(P<0.05), &5t ZHINEM AT 6 ZKO0 B4 ATk MR I RIF6 B A0 i ik g &
24038 ZK60 A2 A PTIREG .,

[REiR] 4ieddh; BAk; HAY,EBRH; XX

DOI:10.3969/j.issn.1003-0034.2013.05.018

In vivo experimental study on MAO-ZK60 magnesium alloy bio-safety and degradation YIN Yi,ZHANG Qiang, QI
Zheng-rong,and WANG Y an. Department of Orthopaedics , General Hospital of Chinese PLA , Beijing 100853, China
ABSTRACT Objective:To investigate the tissue toxicity and degradation of ZK60 magnesium alloy with micro-arc oxidation
coatings (MAO-ZK60) ,in order to discuss the possibility of its potential application for orthopedic implantation. Methods ;
Eighteen Sprague—Dawley rats were randomized equally to three groups of A,B,C. MAO-ZK60 sticks were implanted in the
femoral condyles of rats in group A (experimental group). Sticks of ZK60 magnesium alloy without any surface treatment
(ZK60) were implanted in the femoral condyles of rats in group B (control group). The poly L-lactic acid (PLLA) sticks were
implanted in the femoral condyles of rats in group C  (control group). The changes of blood bio-chemical indexes of different
groups were observed and compared. All the rats were sacrificed at 12 weeks and histological observation of liver and kidney
were carried out to evaluate the hepatic and renal toxicity. Micro—CT was used to evaluate the degradation of the implants and
to observe the bone-implant interface. GEHC MicroView software was operated to calculate the volume variation of magnesium
alloy. Results: There was no apparent biochemical index change with time in each group,and there was no significant change
among each group. No significant pathology change of liver and kidney was detected among three groups. By using a micro—
CT,a gap was found on the bone—implant interface at 4 weeks after implantation in group A ,which decreased gradually at 8
weeks after implantation and continued to decrease at 12 weeks after implantation. A good combination between bone and im-
plant formed at 12 weeks after implantation. Group A has less change of volume with time than group B (P<0.05). Conclu-
sion;ZK60 magnesium alloy with micro-arc oxidation coatings is safe in vivo. It has higher corrosion resistance than ZK60
magnesium alloy without any surface treatment.
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*1 SD KRIEEN MAO-ZK60(A £8).ZK60(B 28)71 PLLA (C 4A) B RBNIE 4.8.12 ARMmE L IStRFEHE
Tab.1 Average blood biochemical values of Sprague—Dawley rats before and 4,8, 12 weeks after implantation with MAO-
7K60,7ZK60 and PLLA

A 2 (MAO-ZK60) B 4H (ZK60) C ZH(PLLA) SEiHH
it H I N = N S N .. AN XK RE .. K AKE XKE
PNl b N b N FiA PiA
4/ 8F 12 4 8F 124 4% 8 124
ALU 4890 60.01 78.43 8250 47.07 4943 60.06 4950 59.87 4943 5733 6193 Fuw=2.076 Puu=0.139
(U/L) + + * + + + * + * + * + F 5=3.657 P 5=0.092
10.66 2475 1097 19.54 1144 1003 926 678 686 2142 2206 1106 F,.=1.017 P 4,=0.445
AST 83.93 113.83 13020 126.37 108.93 140.00 12070 125.00 115.63 139.87 129.80 13147 Fwuw=4.707 Puw=0.014
(l;/L) + + + + + + + + + + + + F 5=2.648 P :5i=0.150
1456 4154 776 878 2056 1541 17.08 269 1225 1289 882 912 F,,=0915 P ;=0.507
- 3.03 197 213 1.87 1.7 2.40 1.73 1.87 257 130 220 1.80 Fuu=0.912 P =0.455
?U/L) + + + + T+ + + + + + + + F 5=0.671 P :5=0.546
042 058 1.02 060 067 142 042 067 LI8 078 106 061 F,,=0.866 P;;=0.538
BUN 930 940 937 920 1070 920 9.7 820 733 940 1003 9.60 Fuw=0.199 P 4=0.896
+ + * * + + * + * + * + F55=0.799 P 5=0.492
(mmol/L)
246  1.05 102 1.5 110 085 021 020 204 216 150 046 F,,=1439 P ,,;=0.254
- 3493 4213 3990 4273 39.07 3897 3223 3977 3527 4120 42.03 4030 Fuw=1.848 Pyu=0.175
+ + + + + + * + * + * + F +%=0.623 P +4=0.568
(pmol/L)
11.13 470 269 070  6.11 307 219 656 450 342 3.8 480 F,,=1278 P,,=0316
\ 1.18 1.18 1.22 1.30 1.31 1.27 1.26 1.21 1.33 1.36 1.37 133 Fuw=0.013 Pyy=0.998
¢ + + * * * + * + * + * + F 5=0.659 P 5=0.551
(mmol/L)
008 024 022 018 018 023 018 006 025 028 023 024 F,,=0237 P;,=0.959
K 597 7.3 517 617 600 557 630 630 627 603 523 623 Fun=2.094 Py=0.317
+ + + + + + + + + + + + F +5=0.088 P +x=0.917
(mmol/L)
064 015 031 031 056 090 026 044 059 108 110 144 F,,=2435 P ,,=0.067
N 138.67 141.67 139.07 138.13 14233 139.00 146.40 136.77 141.33 14433 14623 14733 Fuw=0.641 P 3=0.598
* * * + + + + + + + + + £ Fyp=1435 PT9=0.309
(mmol/L)
351 026 1268 115 153 625 225 503 058 416 941 662  F,,=0992 P ,;=0.460
al 95.67 99.47 9750 95.83 9593 99.17 9947 100.13 9893 10043 1009 9520 Fum=1.459 P""=0.259
+ + + + + + + + + + 3+ + F +5=1.317 P +5=0.336
(mmol/L)
327 155 362 251 162 211 542 603 108 375 408 3.2  F,.=0754 P,n=0.614
c 254 306 267 240 260 280 256 270 319 248 286 290 Fuu=0.209 P u=0.889
‘ + + * * * + * + * + * + F5=1.093 P 5=0.394
(mmol/L)
012 098 008 026 006 0.1 030 035 037 023 014 035 F,,=1886 P;y=0.139
b 254 232 248 283 259 260 274 300 276 196 277 260 Fup=3.046 P g3=0.055
+ + + + + + * + * + * + F5=3.972 P +5=0.080
(mmol/L)

0.39 0.24 0.38 0.28 0.27 0.21 0.24 0.15 0.53 0.16 0.47 052 F,4=0.879 P .4=0.530

1 AZH(1a) B(1b)4LA1 C 4l (1c) KRAIEIEIFAL HE Yefi (x20) R - 3 ALK BRI/ N 25 AU AN TE S8 16 5, AR UL AE 40 Bi=h i
Fig.1 Hepatic tissue HE stains (x20) of group A(1a),B(1b) and C(1c) showed that the structure of hepatic lobules and the morphology of hepatocytes

were normal in each group, while no inflammatory infiltration was found
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Fig.2 Renal tissue HE stains (x20) of group A (2a),B(2b) and C(2c) showed that the structure of renal glomeruli,capsules,tubules were normal in

each group , while no inflammatory lesion was found

- \ i
B3 AH(MAO-ZK60) R EAJE 4.8.12 B Micro-CT IZH%{ 3a. 7kk 4 JHEAEARFEA ZS BT IRTE AL 3b. AR5 8 JA 25 Bz i
AN 3e  RJE 12 JRIB AR BRARSRE N AW S LSS AR
Fig.3 Micro—CT scans on femoral condyles of group A(MAO-ZK60) s rats at 4,8, 12 weeks after implantation showed that a gap was found on the bone-
implant interface at 4 weeks after implantation(3a) ,which decreased gradually at 8 weeks after implantation(3b) ,and finally continued to decrease at 12

weeks after implantation(3c). A good combination between bone and implant formed at 12 weeks after implantation (3c)

4 B 41(ZK60) KRG 4.8, 12 FAE#R Micro-CT K8 4a. R 4 ﬁ]*ﬁ/\ﬁi HEABREBIE 4b. KRG 8 B AK  de R
J& 12 JAmEES BRI ORI O SRS R

Fig.4 Micro—CT scans on femoral condyles of group B(ZK60) ’s rats at 4,8, 12 weeks after implantation showed that a considerable larger gap formation
around the implant was found at 4 weeks after implantation(4a) ,which slightly expanded at 8 weeks after implantation(4b) ,and finally was enlarged ob-

viously and continuously at 12 weeks after implantation(4c)

ES5 CUHPLLA)KEAT 48,12 JABCHH Micro-CT H{3 5a,5b,5c. 7!<F 48,12 JalJR Bl 2 To W 0 ZS B K, AU A PR S T TE A
Bk
Fig.5 Micro—CT scans on femoral condyles of group C(PLLA)’s rats at 4,8, 12 weeks after implantation 5a,5b,5¢. There is no obvious gap formation

at 4,8, 12 weeks after implantation and there was no obvious changing at the bone—implant interface

BEE SMEACLE R4, 4 R n MBI AR /N, 2 12 AR BRARSE8 N LAY 58 4 A 4
FHA WIS BT RRIE A, 8 JH IR 28 BT drog sl 45 (18 3), B 41(ZK60) : RGBS AL E R
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&2 MAO-ZK60 71 ZK60 SD FEHEN K RATRENG 4.8.12 BRI AR EHE (mm*)
Tab.2 Mean volume of MAO-ZK60 and ZK60 before and 4,8,12 weeks after implantation(mm?®)

20 51 ARHT 8 Jil 12 )4

A 20 (MAO-ZK60) 17.331+0.000 10.833+0.634 8.599+0.743 6.786+1.304
B 4 (ZK60) 17.33120.000 9.593+0.482 6.987+0.767 4.806+0.766
- F uw=706.774 ,F +5=15.279 , F ;5=5.159

P 419<0.001, P 4:4=0.004, P 5 ;=0.007
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Br, P +5<0.05, P 119<0.05, P 5+ <0.05, 15458
S PR [N T LR A R R AR A AR A 52
M) 5 ot FsF 160) 2 A T AR R A A REUERR A I A2 (AR
TR s RS s R A 22 BAE FH R BERS [R] A8 fLS2 56 21
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