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Biocompatibility Evaluation of NiTI Alloy for Medical Device
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When NiTi alloys are thought as candidates for use in implantable medical de-
vices, they must be able to fulfill functional requirements related not only with their
mechanical reliability but also with their corrosion resistance and biological safety.
The authors carried out an electrochemical test under friction and some kinds of in
vivo / in vitro toxicity tests to evaluate the biocompatibility of NiTi bone fracture
fixation devices with reference to FDA guideline (ISO 10993). As the result, NiTi
alloy showed the excellent corrosion resistance, wear proof, and biocompatibility
compared with that of Ti-6A1-4V alloy and/or SUS316L S.Steel.
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Table 1 FDA guideline of biocompatibility evaluation for medical devices in 1995

Device categories Biological effect Device categories Biological
P
. e .-
< @ 21 3
g0 25 HELIS » Thet
S <& E S = & S <FE
R b2t z BEI 5|
= 2 ~ >
Body contact 3 ?, Eg gl § ‘%‘ S »le '§ Body contact -§§ B 3 g 3 g g é
=g 1218 ol Bslol v |6 W~ x|E IS
8853 2|5|c 5 e|5|8|%5¢ §359(2 5B 8%
EECAS|BlesiEIE[L8|E]e 225 HoldB gt
SESES2|E(solsls]Bl5 Ex Bl e g
3 Sle|lelsslw]|8 o|s|E °o=az|§I518dL
SSlslEE| 2|38 8|B|8 © 8|l:|58d3
SlonjEtjlanlajolElx olo 'x qm
A X1 Xi X A
Skin B X1 X] X Skin B
o] X1 X X o]
A X1 XX A
Surf: M |
d:vizzz melr;cborsaie B XIX| X]0|0 (o] Surface devices Mucosal membrane B
(4] XX x|[ojXx]|X]O 'C [0]
Breached or A XX X110 Breached or A
compromised B XIX{ X|0ol0O o] . compromised B
surface [¢] XIX]| X101 X]X]0O surface C [o]
A XIX] XX X A
Bloodst X i
oi: d:_er::m B XX X1X]O X Bloodpath, indirect B
[¢] XIX] O XIXIX|O]|X c X1 X
External {Tissue/bone/ A XX XJ]0O External T /bone,/denti A
communicati| - dentine B8 XIXlololo]lX|X communicating lssue/bone, uﬁem"'c B
ng devices [communicatin C X|X| 0O{ojOoIX|X]|O devices communicating C O] X
. : A XIX] XX [¢] X A
C ti
Gireulating ™5 TX T [ X [ X[ G| X O[X Girculating blood | B
C XI X X 1X X 6] X1 X
A X{X| X1o A
Tissue/bone B X{Xjoflo]lo|X|X Tissue/bone B
Implant C X[X[O0]l]0]l]O] XX H (9] XX
devices A XX X |1X X1 X Implant devices A
: Blood B X XX IX{olX{X{X Blood B
C: X XL X I XIXIXIX]X C XX

A AW (No03-06) #PEF 1713582003450 & » K o7 LFEMRE (03, 3.28~29 HH)

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal Engi neers

AR EMERER IS0 10993-5
(nﬁﬂHMnn— —HE
(2) it/ B o o =—k
2. BE (7 LAF—KIiR) HBRISO 10993-10
m&wonm%&m&%&UW§&ﬁ%%%
it
(1) Maximization test
(2) Adjuvant and Patch test
3. BEHEERER 1S010993-3
(1) DNABEEEZBRH (=— AL R EE)
(2) BaGEEEEZRH
(3) MBS (FiAfb) &HRH
4. HHERER 1SO 10993-6
(1) S N N HAE R
5. FEMERER 1SO 10993-10
(1) EARISRER
(2) BRERIEMERER (DiE, RSN E 2 te)
6. 2HHEMERBR 1SO 10993-11
(D BMFME
2) HaMEM
7. EEMEWEFEBR 1SO 10993-11
XTG£, FIBEF 0.6°CLLETRM &
8. MKEAPERERISO 10993-10 :
AR : A&, f/hRE, Bt 4aRE
M. NiTi 48 DA FEHESHERER

NiTi B&ITBHEDOMVNI 2L §4, £
%2t (Table 28 8) BEEINS-DIZ, &K
BETIIEBARBOER IRV, 22T, ERBIC
BRABERCOERAEZBEL, BFEERLE
DEYFERREEIZ O VTR L.
1. BB AAEME (BIFEESRE ks
DIAHFAE) & LTONITi &4 % Table 1 ® FDA
BEHIIR o TRl &2 3R A 7=,
EWFERIEEHEE LT, BRI I —
C, HELRRBEHIIUTOM TH5. RS

Table 2 Toxicity of Ni
F.Sunderman, New toxmcology, 1970

Ni  (Metal, Corrosion)

Corrosion dog Intravenous injec.
LD,,, =10 ~20mg/kg
Metal particle dog Oraladmi. proof
1~ 3g/kg
Nisalt (CI,NO,,S0,,0)
Intraveneous i lnjec dog LD, = 10~20mg/kg
Subcutaneous trans. rabbit LD, =13gkg
Oral admi. rat LD, =2.0mgkg
Oral admi. cat 25mg/kg/day
200 days
Ni calbonyl -(Ni(CO), vapor)
Aspiration mouse LD, =0.067mg/L
‘ 30min
Aspiration rat LD,,=024mg/L
30min

Ni skin sensitiveness
NiCl, diluted solution (< 10000)
Positive
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— Clavicle fracture
Patella fracture ‘
Fig. 1 Bone fracture fixing devices
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UHMWPE Disk

Fig.2 Pin-on-Disk
Friction test device

Table 3 Experimental conditions for Pin
on Disk Friction Test

Environmental liquid: PBS(-) 70ml
Sliding speed: 3.5, 8.5, 10.8 cm/sec
Weight: SON

Temperature: 23 + 2°C
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Fig.3 Anodic polarization curves
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Fig.4 Current changes with continuous sliding
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Fig.6 Cell culture and Cytotoxicity test methods
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Fig.8 IL-1p production by U937 macrophage

Ni ion release, ug
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Fig.10 Ni ion release depending on cell density
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Table 8 Evaliation of inflamed menbrane

Menbrane thickness - Score

Fig.16 Comparision of the historogical change by HE stain images.

not observed 0
0.5mm and less
0.6 through 1.0mm
1.1 through 2.0mm
2.0mm or more
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Fig.18 X-ray photographes of bone fracture
fixing devices made by NiTi shape memory
alloy
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