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Table 1. Alloy design of new titanium alloy

Zr - Nb Ta Pd In

Improvement of . X

mechanical property

Improvement of

corrosion resistance

Improvement of
hot workability

Prevention of
brittle phase

=
-
Il

1121-4.2[ %Zr]-55[ % Tal-6.3[ %Nb]-

76[ %Pd]+1.6[ %Sn]1+343[%0]+

600[ %N

1145-7.7[%Mo]-4.3[ %7Zr1-124[ %V 1-

14.3[%Cr1+84[ %Fe]+234[ % A1) +321

[95i]

outs/GPa = 10°(487+28.2[%Sn]+109[ %Nb]+
49[%Nb1+29[ % Tal+514[ %0+
1491[%N]

= 10%98-895[%Pal-95[ % Tal-34[ %Nal-

067[%7Zr]+8[%Sn]}

TA/K

Ie/Am®

tE3A A0 g3 d& HES ol
=3 2L Feol BAFU.

shof o

“A: Ti-20Zr-3Nb-3Ta-0.2Pd-1In
B: Ti-20Zr-3Nb-3Ta-02Pd

C: Ti~15Zr-3Nb-3Ta-0.2Pd
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2) 2uixa

1. No treatment

2. Oxidation (02X 700°C X 2hr)
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Haemosal solution(Haemo-Sol Inc., Baltimore, USA)
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Table 2. Design of the animal experiment

Rabbit Left side Right side Surface Tx

#1 A Ti No Tx
#2 B Ti-6Al-4V  No Tx
#3 A Ti No Tx
#4 B Ti-6Al-4V  No Tx
#5 A Ti Passivation
#6 B Ti-6Al-4V  Passivation
#7 A Ti Passivation
#8 B Ti-6Al-4V  Passivation
#9 A Ti Nz Tx
#10 B Ti-6AlI-4V Nz Tx
#11 A Ti Nz Tx
#12 B Ti-6Al-4V Nz Tx
#13 A Ti 0Oz Tx
#14 B Ti-6Al-4V Oz Tx
#15 A Ti Oz Tx
#16 B Ti-6Al-4V Oz Tx
#17 Nickel  Ti No Tx
#18 Nickel — Ti-6AlI-4V  No Tx

A Ti-20Zr-3Nb-3Ta-02Pd-1In

B : Ti~20Zr-3Nb-3Ta-02Pd

Ti : Titanium

Tx : Treatment



Fig. 1. Radiograph of the surgically implanted
metal in rabbit femur(arrow).

48} methylmethacrylate resin® & %—'T:— Xof
3t 37°C 27194 547 AN § st
859 Ax & 54 50umé] AHE *ﬂ’—‘}o}‘ﬂ s

AN A ARdnAeR AAsth

Elolelg S Xl 1665, AR7FEze]
5122 MPa°| 7 Ti-6Al-4V z+z} 35833} 11662
MPa o|th.  Ti-20Zr-3Nb-3Ta-02Pd-1Ine z+z}
3007} 9674 MPaZ Efolebgell Hla o 249 3t
g 723 YRen o|AL Zro) Elolehgol JE-¥
o2x 7|4e F A LA 710 AR
AEEE e A7EIA % Ti-20Zr-3Nb-3Ta-
02Pd BUt: & #& UYEPY Slas € F 3
o mak o] FEZ7M) 7odsly 9SS ¢ F
it} T3 Ti-20Zr-3Nb-3Ta -02Pd#} Ti-15Zr-
3Nb-3Ta-02Pd®] 72532 27t 26433 278724

16659] %5 Elolehy et 953 B 7144 A

T 9SS ¢ 4 dck 4AE FFEY 3
2 129 #4 Bolehy, Ti6Al-
WV FFH BP0 JAHOE &4 Bole

EtoletFe B¢ F4-4, F Ecorrdto]
375mVols AlZ ¢ breakdownd Y& 1200mV
AER H& 38 Ve glth 89 Ti-6Al4V
o} A9 preakdown AYE 1300mV AEE =2
e JERAEE RARAY R -118mVEHN A
ERYe 235H o] B4ty gdg 25
HE o]FX dA X & F Utk IA Ti-
20Zr-3Nb-3Ta-0.2Pd-1In¥e FA A9 zZho] -
363mVE breakdown Y& 1150mV B2o2 &

on 2FE sjgk MYt eolggd e A
T A FFHEE ez gk E3
Ti*15Zr-3Nb -3Ta-02Pd®] —‘?—*—l A9E -388mVE
M 7P e SRS UERTL metA Ti-
20Zr-3Nb-3Ta-0, 2Pd—11nJr Ti-15Zr-3Nb-~3Ta-
02Pde F-FE #uhe) Aol &olsty AT

& F 9t} ZF F4E59 potentiodynamic curves

2 3 FAEAe] Hold A2 &8y &
EbolEHT S curves} W] dle] £ A3} Ti-6Al-
4vo| 71 B4 s BEueE J4ske AR
Ve O™ Ti-20Zr-3Nb-3Ta-02Pd-1In°] E}o)
Bl 7HY AR REEHEE FA%le Ao
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3t FASEE ALt A4S Hlﬂfs}c’d Bk
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Table 3. Hardness and ultimate tensile strength tests

Ti-20Zr-3Nb-3Ta-0.2Pd-1In
Ti-20Zr-3Nb-3Ta-0.2Pd
Ti-15Zr-3Nb-3Ta-0.2Pd

Ti

Composition Vickers Hardness (Hv) Ultimate Tensile Strength (MPa)
3000%+16* 967436
2643£18 8457431
2787+10 8948130
1665+15 5122433
358319 1166.2+39

Ti-6Al-4V

*. Mean*+SD, n=10
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2000 - N [
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Fig. 2. Potentiodynamic plots of specimens

Table 4. Results of corrosion test

Composition Corrosion potential{mV)  Breakdown potential(mV) Corrosion rate(MPY) -
Ti-20Zr-3Nb-3Ta-02Pd-1In -363+£1381* 1150%37.14 0.29
Ti~20Zr-3Nb-3Ta-0.2Pd -358+1271 11503398 031
Ti-15Zr-3Nb-3Ta-02Pd -388+1388 1230%3553 034
Ti -375+£12.39 120036.64 022
Ti-6Al-4V -118+12.25 13003271 023

*: Mean®xSD, n=38

Fig. 3. L-929 cell growth and cell attachment could be observed around pure titanium for 2-day(above) and
7-day (below) incubation(Magnification X1007 (M: Metal, C: 1929 Cell).

Fig. 4. 1L-929 cell growth and cell attachment could be observed around Ti-6Al-4V for 2-day(above) and
7-day(below) incubation(Magnification X100) (M: Metal, C: 1.929 Cell),

707



Fig, 5. L-929 cell growth and cell attachment around Ti-20Zr-3Nb-3Ta- 02Pd-1In demonstrated similar pat-

tem as pure titanium and Ti-6Al-4V for 2-day(above) and 7-day(below) incubation{Magnification

X100) (M: Metal, C: 1929 Cell).

Fig. 6. L-929 cell growth and cell attachment around Ti-20Zr-3Nb-3Ta-02Pd demonstrated similar pattemn
as pure titanium and Ti-6Al-4V for 2-day (above) and 7-day{below) incubation(Magnification X100)

(M: Metal, C: 1.929 Cell).

4
2 Tl

~ -
oty A

Fig 7. 1.-929 cell growth and cell attachment around Ti-15Zr-3Nb-3Ta-02Pd demonstrated similar pattern
as pure titanium and Ti-6A1-4V for 2-day (above) and 7-day(below) incubation(Magnification X100)

(M: Metal, C: 1929 Cell).
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©

Fig. 8. Definite cell growth inhibition zone was
observed around the negative control spec-
imen(Ni) (Magnification X100) (M: Metal,
C: L929 Cell).

ol& Aol iU (p 001), = AUNETE (B
g, Ti-6-4)7+8 zol® 4ol AATHp
001). A8+ FANZE, FHUNEEE 27 t-
test® A3 W28 A 2-day, 7-day BEF A

T3 FPUNEFEY HFAAE FAol gdey
(2-day: p=0065, 7-day; p=0307) A7} FA
B2, SN P vadMe 5
AA FoAdE AT F A 2-day: A2
p=003, p=00], 7—day Z}z} p 001, p 001), A ¥
3 WE2FEY BHEAS Y B A9 74 2
B Ao|7t wlg & Aol FAHY (2-day:
p=00026, 7-day; p=00001) Duncan ¥A1¥ < 9]

Table 5. Average L-929 cell numbers after 2-day incubation

A B C Ti Ti-6Al-4V Ni
No Tx 170+2.7* 18.0£20 198%21 208%34 211x27 186+13
Pass 186+13 177425 177+47 198+32 199435 16719
Nz 186+13 20.7£31 209136 192138 19225 166+14
Oz 18720 184+21 200x46 191+44 197114 17437

*: Mean+SD. X 104/Dish, n=15

No Tx: no surface treatment, Pass: Passivated surface,

N2: Nitrogen treated surface, O2: Oxidation treated surface
No statistical difference experimental group and control group except nickel was found,

A' Ti-20Zr-3Nb-3Ta-0.2Pd-1In
B: Ti-20Zr-3Nb-3Ta-0.2Pd
C: Ti-15Zr-3Nb-3Ta-0.2Pd

Table 6. Average L-929 cell numbers of 7-day incubation

A B C Ti Ti-6Al-4V Ni
No Tx 5100+563* 477.4+463 43911465 4181+494 43821455 36531805
Pass 44651482 44531477 4614239 47171222 4355271 42451295
Nz 45454660 4465+ 83 43881581 42371411 456,0+31.6 362.7£88
Oe 45391469  4006+£823 428812138 42441469 43414591 33424201

*: MeanxSD. X 104/Dish, n=15
No Tx: no surface treatment
Pass: Passivated surface,

Nz: Nitrogen treated surface

Qz: Oxidation treated surface

A Ti-20Zr-3Nb-3Ta-0.2Pd-1In
B: Ti-20Zr-3Nb-3Ta-0.2Pd

C: Ti-15Zr-3Nb-3Ta-0.2Pd
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Bone Tissue Implanted Metal

a-(b+c)

bone - metal contact ratio %) = ———x—— X100

Fig. 9. Diagram of bone to metal interface

Fig. 11. Reflecting light microscopic picture(x100) of
metal-bone interface with pure titanium (no
surface treatment) (B: Bone, M:

Implanted Metal).

~ X3

S

ht

Fig. 13. Reflecting light microscopic picture(x100) of
metal-bone interface with A metal (Ti-
20Zr-3Ta-3Nb-02Pd-1In, no surface treat-

ment) (B: Bone, M: Implanted Metal),
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|
Fig. 10,

Lovs; mégﬂﬁication(xSO) picture shows

bone apposition along the implanted met-
al (B: Bone, M: Implanted Metal).

Fig. 12, Reflecting light microscopic picture(x100) of
metal-bone interface with Ti-6Al-4V (no
surface treatment) (B: Bone, M:
Implanted Metal).

Fig. 14. Reflecting light microscopic picture(x100) of
metal-bone interface with B metal (Ti-
20Zr-3Ta-3Nb-0.2Pd, no surface treat-
ment) (B: Bone, M: Implanted Metal).



Fig. 15. High magnification picture(x200) shows
well mineralized adjpcent bone tissue with
experimental metal(A: Ti-20Zr-3Ta-3Nb-
0.2Pd-1In, no surface treatment) (B:
Bone, M: Implanted Metal).

L3to) AE ) SAUEE, FANELS A%
v sl Bty A PR (N FHe H)
TAME AT FATE FI4S AT
97 (2-day: p 005, 7-day: p 001) 4
SANZFE(EtolehE, Ti-6-4)3%
FreAdo) glo] M2 FARSE MEFA TS
W2 oh2-day: p 005, 7-day: p 001)(Table 5, 6).

et dE A FFES A ASEHY e
&4 Blolehg, Ti-6AlHV $a3 FARE AE9
AEE AP S 7 e AR HoAH U
AZES o438 FPURTANME FHT AES
AIAELE B F AT B3 2 APdAAME
FHAge W2 AxEe FAAE ZAAH LT}
SASH0E HgE 9 Aot P AS2 v
%o (p 0.05)(Table 5, 6).
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Table 7. Bone-metal contact ratio{ %) according to
test material

A B Ti Ti-6Al1-4V
96.7 96.0 89.7 940
776 833 974 85.2
97.1 9.1 948 97
974 976 979 89.0
919 96.6 954 955
972 80.7 739 90.0
995 925 974 932
804 98.3 938 99.2

995 98.5
922+98*% 931+64* 933+95% 933+90*
*. Mean*SD.

A Ti-20Zr-3Nb-3Ta-0.2Pd-1In
B: Ti-20Zr-3Nb-3Ta-0.2Pd

£
‘Ril haversian canal—— ;} 204
7\1_% S',}ig-i:‘_jl- _"': Olaiotq _,__4 J,]}\}-Q,}. ‘—
A2THFig. 10-14). FHZZHL new
bone lamellae—g— A8 T AAH ZIHNEE

oty AL ABsA Ayt @ FeE B2
& 4 AACHFig. 15). FeAn Aol ZE H

HE BFste] FE&-F2F JEFES AN B
Hhol] 9&tH 47HA] ME O E FEARES
95%2 AEES U 4855E(A &4 B

) AU ZREU & Eolelg, Ti- 6A14V 3
A o) $- B2 F45-F2F JHEE UMY
AU 45 FY ME OE o AFEAEEY &
&-E37 %3»—5* A2 FAG AR =2 4
&L HYtHTable 7). T3 AP 2 2T F
A=A gt v, AEE 93t HAARH
#H&2 349t SEM(Scanning Electron
Microscope) 70l 9)3}R HubA o7 FELA|HF
A= YA FEF o] ZEol U FEA
ZA ol g4 FRA So] A7 AE A
e FUF 2 yAH UNTHFe 16, 17). A
3 F4£91 A(Ti-20Zr-3Nb-3Ta-02Pd-1In) 2} B(Ti-
20Zr- 3Nb-3Ta-02Pd) 542 & Efolehg, Ti-6Al
4V} Ae FA AR IR S ETh

_I

o

Z



Fig. 16. Scanning Electron Microscopic picture{x500)
of the metal-bone interface with pure ti-
tanium(no surface treatment) (B: Bone,
M: Implanted Metal),

Fig. 17. Scanning Electron Microscopic picture(x500)
of the metal-bone interface with experi-
mental metal(A: Ti-20Zr-3Ta-3Nb-02Pd-
1In, no surface treatment) (B: Bone, M:
Implanted Metal).

Table 8. Bone-metal contact ratio{(%) according to surface treatment

No Tx Pass Nz Oz
A 876+132* 97379 946+ 92 899190
B 897+ 86 984+45 8071x1138 954+41
Ti 936+114 964+91 8651157 %659
Ti-6Al-4V 89.6+164 919494 928x 77 962157
*. Mean*S.D.

A Ti-20Zr-3Nb-3Ta-02Pd-1In
B: Ti-20Zr-3Nb-3Ta-0.2Pd

Ti: Titanium

No Tx: No surface treatment

A]

AR fralds AFs) st SS9 A
ol ©E AR Aldste] & 23 AHA
gl B F4-22F JEE Aot fle R
22 #so] (P=09869), 4d2H hz22o #
N2 trtest & F3k A3t EdTh A2 )
29 2714 golebgA $F9 345-223 IS
P 2z & eoleky, Ti-6AMVH
o]do] IR (P=04154) AFEH Ba&zbl
. & EBOlEtEH Ti6AHVZE §o4&
F AAUTHP=06622, P=01324). 471X 9]
Az oE ZuAeddd BE #5324 35
9] Aol BARHY K4S FE UM
(P=0.3459) (Table 8).
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Pass: Passivated surface
Nz: Nitrogen treated surface
2. Oxidation treated surface
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ABSTRACT

A HISTOMORPHOMETRIC STUDY OF BONE APPOSITION TO NEWLY
DEVELOPED TI-BASED ALLOYS IN RABBIT BONE

Tae-in Kim, D.D.S., D.M.D., M.S.D., Ph.D.

Department of Prosthodontics, Graduate School of Dentistry, Kyung Hee University
Division of Metals, Korean Institute of Science and Technology(KIST)

Research advances in dental implantology have led to the development of several different
types of materials and it is anticipated that continued research will lead to advanced den-
tal implant materials, Currently used pure titanium has relatively low hardness and strength
which may limit its ability to resist functional loads as a dental implant, Ti-6Al-4V also has
potential problems such as corrosion resistance, osseointegration properties and neurologic dis-
order due to aluminium and vanadium, known as highly toxic elements, contained in Ti-
6Al1-4V. Newly developed titanium based alloys (Ti-20Zr-3Nb-3Ta-0.2Pd~1In, Ti-20Zr-3Nb-
3Ta-0.2Pd) which do not contain toxic metallic components were designed by the Korea
Institute of Science and Technology(KIST) with alloy design techniques using Zr, Nb, Ta,
Pd, and In which are known as non-toxic elements. Biocompatibility and ossecintegration
properties of these newly designed alloys were evaluated after implantation in rabbit femur

for 3 months.
The conclusions were as follows:

1. Mechanical properties of the new designed Ti based alloys(Ti-20Zr-3Nb -3Ta-
0.2Pd-1In, Ti-20Zr-3Nb-3Ta-0.2Pd) demonstrated close hardness and tensile strength
values to Ti-6Al-4V,

2. New desinged experimental alloys showed stable corrosion resistance similar to the pure
Ti but better than Ti-6A1-4V. However, the corrosion rate was higher for the new al-
loys.

3. Cell culture test showed that the new alloys have similar cell response compared with
pure Ti and Ti-6Al-4V with no cell adverse reaction,

4, New designed alloys showed similar bone-metal contact ratio and osseointegration prop-
erties compared to pure Ti and Ti-6Al-4V after 3 months implantation in rabbit fe-
mur,

5. Four different surface treatments of the metals did not show any statistical difference

of the cell growth and bone-metal contact ratio.

Key word : Ti-based alloy, dental implant, biocompatibility, ossecintegration, non-toxic element
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