111111 11112171121212121211121212121 *159159* DESCRI PTI ON MEDI CAL SUPPLI ES AND
METHOD OF PRODUCI NG THE SAME TECHNI CAL FI ELD 5The present 1 nvention relates

t.o medi cal supplies arid, particularly, to an inprovenent | '
anti.m crobial activity of medical supplies such as artm4]‘”%’|ﬂ‘@ﬁ|ﬂ‘ww%d
osteosynthetic and fixation devices whiich are "inplanted i i es
prior to use. 10 BACKGROUND ART The recent devel-eprent *Bf15%edi-cal
technol ogi es has |l ed to the situatirsararerenmany technol ogi es are used
clinically for grafting inplants that repair and substitute bones and
joints 15 whi ch METd Caéf EBFPPVESS W ihakd FdepPEt 88OPUMIANG diig: iSAMEI vi ng bodi es
such as the human bodies. As to the characteristics required. for each of
the inplants used in these technol ogies, the inplants are to have the
sane strqu%gm@%ipagpzpﬁ a living body before substituted and also, firstly
conpatibilrty““ﬁgﬁ a‘Ffving body, 20 that is, bioconpatibilitv. Exanples of
bi oconpati bl e netal i&sdrat arivahs ; having. ssch- character tstics.d nelude
titanium titaniumalloys, stainless steel andCo-Cralioys. However, these
met al | i ¢ metericalisrhayeqanl inmgeaehicvit ersoathatidhey sar ecnoticheni cal |y
bonded to a bone, causing problens concerning the occurrences of 25 a gab
and | ooserfiafy- dur ERGP hitorgchiareasfthseial bones| gnd jogheosirsuehl probl ens,
there is described in_, for exanple, Patent Document 1, a nethod of form ng
an oxide i1 WAREACES RG-S én 2pePBxrtesCont dinitng pastes i ¥iotght into
contact with the surface of a netal which is a base material to thereby
convert 111171111112111211111 __ *@00002* 2
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BACKGROUND ART
The recent development of medical technologies has Led to

the situation where many technclogies are used clinically for

grafti

)

g implants that repair and substitute benes and joints

15 which are defectives or have depleted funciicns in living bodies

such 2s the human bodies. £&s to the characteristics required for
each of the implants used in these technologiss, the implants are

desired tc have the same strength as part of a Living body beifore

ailoys, stainless steel and Co-Cralioys. However, thesemateallicz

Pl Y o QTSN

materials have no living activity so that they are not chemiceally
bonded tc 2 bone, causing problems concerning the occurrences of

25 a gar and loosening during & long time 0 use.
In light of such probliems, there is describedin, for example,

Patent Document 1, a method of forming an oxide film in which a

hydrogen percxice-containing paste is brought into contact with

Hh

the surface of a metal which is a base material tc thereby convert
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. _*G00002* _



the surface of the base material into a netal oxide. It is 'described in

t he docunent that according to this technol ogies, an oxide filmcan be
formed in a short tinme and good bioconpatibility is obtained. 5Further,
separately fromthe above problens, these inplants cause the probl emthat
when these inplants are grafted in livipng bodies, infections such as
suppuration of diseased part are caused with high incidence. To deal
Wi th such @ epr-obkgpt of here Haset Rcdidea: of , USiNGeras bLAphant paterials, Cu
and Ag that are widely known to exhibit excellent antimcrobial activity.
For exanpldzsdidheRatenthDaouneaht | tingy eadoddiegr esutt5s obdadimedghyscarryi ng
out an experinment in which Ag known to exhibit high antimcrobial activity
i s transplaEnteddgsiahmiagl it orREe bt pusleost 1@ ang ¢50@an ani nmal
(hanster)._ Acccrding.to these results, it is necessary to cautiously decide

1T

whet her t &UEE"RG a8 anty mpl & 2H8E8ri al because a silver inplant causes
severer Jnfla Lop.and_swelling-as. G Lwith a titaniumor. _stainless
steel inplant ,m"rgh(%wlq%y fﬁgi\g@? heeﬂgl Férér'q}@n%ﬁcgﬁf %I:Igs)gaérf‘%’r i“g‘reafe"gl.pl‘ﬁ“éffi nity
to a living2Q badYeroblen thatWhhefne NonrRatent Docyrent -2 1,eparts.the
result of an experinent concerning inhibition to pin-infections in fthe case
of using amddser ivaieddirati ur-be s scoatiedt wb b b LAG. s Aceargh ngat o ckbhese
results, it is not observed that bacterial cells are 25 sufficiently
reduced by"iHe "Rghcéafi?Rf%hd it is observed that arise in Ag level in

bl ood by the grafting. of. the Ag-coated, external fixation pinin a living

body. 3 PRIOR AﬁTdf%DUI\tﬁrrsﬁA%Eﬁrrpf&U@l\n”he*e 5" T BT ocUeRe 1

Japanesg, Pal ent,148p! 4 £aki:Qn sLadd-GpeayNo, » 2008- @%@éé kwgghpég%% 4 POCUVENT
of Bi onmedica

Non- Pat ent Docunment O.N.. Kraft, -et al.: Journal ferirals
Resear ch Ratde AentVahcoifDcfII99) akssuerz, Ragesx:k821419%HNoreRat-ent Docunent
2: A . Masse, et al.: Journal of 10 Biochenical Mterials Research Part B:
Appl i ed Bi omatreatitalis revekls 5314 2660 thsesbeabnePage 60060400t SGL OSURE OF
THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

experiment in which Ag known to exhibi:t high antimicrebizal

activity i

[¥4]

transplanted as an implant (made of pure silver) to
15 an animal (hamster). Acccrding to these results, it is necessary
te cauticusly decide whether to use Ag &s an implant material

because & silver implant causes severer inflammation and swelling

4]

as compared with a titanium or stainless steel implant, showing

“hat the silver impliant i1s deteriocrated in affinity tc a living

20 body.
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Further, Non-Patent Document 2 repor:
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experiment concerning inhibition %o pin-infections in the case
of using an externa: fixatiorn pin ccated with Ag. Acceording to
these results, it is not observed that dacterial cells are

25 sufficiently resduced by the Ag coating and it is observed that
ariéejJLAglevelinbloodkn;theg:af:ingoftheAg—coatedexternal

fixation pirn in a living body.



15In light of the prior art problens like this, it is an object of the
present invention to provide nedical supplies which can inhibit infections
with various bacteria for a long period of tine, have excell ent -
antim crobial activity, and are superior in the durability of antimcrobial
activity and also in superior in 20 bigconpatibility, and to provide a

net hod of :producing the nedical supplies. MEANS FOR SOLVI NG THE PROBLEMS
The "i nventrr®zobkr heoquMmeENnt | nvention focused their 25 attentions on

i odi ne and i odi ne conpounds as materials having antimcrobial activity.

| odi ne hasPAHENT- APAGMERET i vity and antimcrobial activity, is also used as
disinfectants and is said to have_small toxicity to living bodies. In Iight
of this, the inVahtdt PHTIERE pr eSRHANFTR RGO RAVE AN v&d dofPen
inpregnat%&g 5 O%hglgyrface of an inplant base material with iodine or

i odi ne conpounds 'to rnhibit infections associated with an inplant. The

i nvent or,s @y Ihecpresengudvent i on have conceived of an idea that if the
surface of an I nplant base naterial is inpregnated with 5 iodine or iodine
conpounds and i @aghAezisnaldanadntolbec dit scheayed «gr adual byyritdii fenabl es
the inplant itself to be sterilized and s also very effective to maintain
t he anti mkE¥otscaiceadtanarntip lafRaserarct.” aftet i Neentdor s 0Tt hes i ésépges
invention made further studies- and as a result, found that when the base
mat eri al mbgflﬁlanodically oxidized in an electrolytic solution having a
speci fic_composibhop, by, usiqid.pulsed gurieole hav ng a hreghency: in a
predeterm ned range, an oxide fil mhaving, nmany mcro pores was formed on
t he basey Bl &Fiiei cANdiAl S50, shese: JHEr Pa PO auld Henrpregnal ed1wi th

i odi ne or iodine conpounds, show ng that these 15 bores were very effective
to i nprovesshee@mnt iingati bn PdgentdOf-&0dbi al activity. First, the
fundanent al experinment nade by the inventors of the present invention wll
be described. Ti alloy (mass% basis, 6% Al-4% V-rest Ti; JIS type-60 20
al l oy) was_used g base_pgierial to produce disc-like test piece (plate
thickness:D§?§;9§§§9 %%hégg fggéﬁ%f%bes were sub-i.ected to degreasing
treat ment apgpihen AP zanadi oroxsEation kigatAgRNt. I n the anodi c oxidation
treatment, the test piece was electrolyzed at a constant voltage (150 V)
for. 5 ninutes im angly ibd Elepktof yrk o2 i%alsul i 0N thse| Uti D ahesfperat ur e:
roomtenperature) of a m xture bath containing sulfuric acid (35 g/.1)

- phosphori ¢fathe {z22Begli Lnvaguedus hpdovden peddxd desvCroigri Yrich iah case,
t hough the current |oad was made to have an initial current geggji . of 8

A d.n2, thétBuPtentival e’ wis HrEppRY° iFd Cofder *adhy W PR*paSSage 6t ti me
because of ,Lhe el &ctyQlysis:al - CONSIAMMQLERYCAnd M INIREAFEr in the

durability of antimicrobial activity and alsc in supericr in
20 biocompatibility, and to provide a methed of producing the medical

suosplies.

MEANS FOR SOLVING THE PROERLEMS

ot

he present invention fccused their

The inventcrs of

[¢)

25 attentions on iodine and lodins compounds as materials having

antimicrobial activity. Iodine has steriiizing activity and
antimicrokbial activity, 1s also used as disinfectants anc is said
to have small toxicity to living bodies. In light of this, the

inventors of the presant invention have conceived of impregnating



as the current, 50 to 10000 Hz pul sed current was used. The test was al so
made by using direct current (DC) as the current |oad. Then, the
anodically oxidized test piece was cleaned with 5 water and then, subjected
to i.odi ne-inpregnation treatnment in which the test piece was dipped in an
aqueous i odi ne conpound sol ution prepaged by dsgolving 0.5 mass% of a

pol yvi nyl pyrrolidone iodine (PVPI) which was an iodi ne conpound in pure .
wat €r, thentestrpieceias anpasgedor the canadewstdei @ahichea cqauriedThepl at e
was arranged on the cathode side, and the test piece was electrolyzed at a
const ant volpagedsftcl20MiPor iBARAUL @SS 86 SeausEe|vEcty aphigidging,. t hes eby
impregnating an oxide filmof the surface of the test piece with the iodine
conmpound. PVSERPES {GpF BYRAESER T Wit adP N O MPEGRAVEE d FRiltASal T2d r ent
density was set to_about 15 0.2 e, A patt..of;the test pieces were not
subj ected to ‘Pﬁesf‘%“rce“gr?a‘t ggnll\‘}ﬁ)fgﬁ% |Sneegg6%rﬁguﬁd7§ ltm%sf“““l‘??r“gt ., tThe

anodi calyl y; oxidi zed Jhegt PieeSsavels subiectiad i 0ofescaNl ngsehactLon

m croscope (magnification: 2500 tinmes) -to . be used to observe the surface
struct ure pfadhe19Xi dei Fichabf ot netk 20paant hee seirff acebofstde ttiesd phece.
Each test piece was observed fromfive or nore visual fields to measure the
nunber of jpordsof geredeffedtecoxPdeaii tamn i eddh Vi suabPid+ AR VHen, an
arithmetic average of the obtained values was cal cul ated to deternmne the -
nunber of PIrEY3EF -t P OXPIBNEPT MmFor FEP O THe ‘SUFFate” g2 Each*258°%f est
piece. In this cage, Lhe, secthon of,cach Lesh pi ece was, gl8q.0bseryed by a
scanni ng electron m croscope (m’agnl‘fl cation: 2500 tines) to neasure the

t hi ckness Ofodihe:figremdiioxiade, bhldNectrolytiEWdiker onwidiinega@dctioithe test
pi eces subjected to anodic oxidation treatnent and the test pieces -

subj ect ed ¢t@nmrddiien By oxs dat iporl sedeat neatt amdiradiznéregpergnatn an
treatnment, an antimcrobial activity test was made by the film covering

met hod accofiaiGHé neRer provi SToRE1EE 1B Z2BOE: TEEEhBF FThiRP &S] M2EIOM
1649 straips) was _used. as the pat h,ogggi c. organ and the cells ﬁnun:begyﬁ | ef t

after a preSTHiDed timeCi4 Ry = passeldwas® reastred 1o eval tate the

antim crobial actinisty: of {8 Lest RAGR IRS-L8SE, Was.t epealad da.ti mes
each. As the cells nunber left after a prescribed rime paSsed is snaller,
the test; pheess ivereVakuat edrée-be supemnpboove n-wntddidnabtabnastivity Wen
the cells nunbr 10 which was, at first, 3600/m (3.6 x 104/ nll was '
decreased &o-iessdhiad a0thviwfter a prescribed tinme (24 h) passed, this
was rated as 4 (antimcrobial activity val ue?rL Wwhen the cells nunber. was 10
or nore and | es<tfan 1O0ARRIARRR @ WESPRALRET B S BNt CPBBF AP Bt vity
val ue), when_ the cel.ls er was ;1 r..nmocre_and | ess 15 than 1000/ m
this was ratedas 2 | a‘ﬁ'g}%ﬁ‘lpé‘rr)%\g?ldll g%t i%\7|st“y£§% ue), when the cells nunber
was 1000 or nore, gndzhess thadss1QQA0LM g5t ssas feated: asyis (aptd-dccr obi al
activity value), and when the cells nunber was 10000 or nore, this was
rated agcOafanti mixr abical aactieidasevabteyia20Themit@ienedsreslitd sseate shown
in Table 1. [Table 7

piece {plate thickness: 1.5mm}. Theset re subtected

]

st piece
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cdation Lreatment.
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tc degreasing treatment and then to anodic ox
In the anodic oxidation treatment, the test plecs was electrolyzed
at a constant veltage (150V) for 5minutes in an acid électrelytic
25 solution (solution temperature: room temperature) of & mixture
bath containing sulfuric acid (35 g/l)-phosphoric acid. (25
g/1)-aqueous hydrogen peroxide (10 g/ly. 1Inthis case, though the
current lcad was made to have an initial current density of 8 A/dr’,

~he current value was dropped in order zlong with passage of time



./ LA 1a 800 IUntreated 10 8 1 A a 800 ; Treated 13 9 | .A la 1000 Untreated
10 10

. 5
becauss of the electrolysis at constant voltags. 1In this case,
as the current, 50 tc 10000 Hz pulsed current was used. The test

was also made by using direct current (DC) a

1G]

the current load.

- Then, -the anodically oxidized test piece was cleaned with

5 wa-er and then, subjected to iodine-impregration treatment in

which the test piece wzas dipped in an agueous iodine ccmpound
solution prepared by dissolving (.5 mass% of a pelyvinyl

pyrrclidone iodine (PVPI) which was an iodine compound in pure

water, the te

n

t plece was arranged on the anode side and a pure
10 Ti pLatn was arrangad on the cathode side, and the test piece was

Tl o

electrolyzed at a constant voltage of 12C V for 2 minutes to cause
electrophoresis, thereby impregnating an oxide £ilm of the surface
cf the test piece with the iodine compcund. In this impregnation
with iodine compound, the initial current density was set to about
15 0.2 A/dm®. A part of the test pieces were not subjected to-the

impregnation with lodine compound.

First, the anodicaliy cxidlized test pieces were subiected

tc a sca ng eiectron microscope (magnification: 2500 times; to .
be used tc observe the surface structure of the oxide film formed

20 cn the surface of the test piece. Each test pisce was observed

frem five cor more visual fiel
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of pores
formed in the oxide film in each visual field. Then, an arithmetic

average of the cbtained velues was calculated to determine the

number ¢f pores of the oxide film formed on the surface of ecacl
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observed by & scanning eliectron microscope {magnification: 2500

times) to measure the thickness o the
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Further, with regard to the test pieces subjected tc anodic

oxidation treatnment and the test pieces subjected to anodic



| A.- 1 a 1000 ;Treated" 4 11 1A 2 | 3000 Untreated 10 12 1A a3000
1.,  Treated 14 13

6
oxidation treatment and iodine-impregnation treatment, an
antimicrﬁbial activity test was made by the film covering method
according to the provisions of JIS 7 2801. Escherichia coli (JCM
1649st:ains)wasusedexsthepathogenicorganandthecellsnumber
5 left after a prescribad time (24 h} paséedwasn&asuredtoevaluate

the antimicrobial activity of the test piece. The test was

to be superior in antimicrcbial activity. When the cellis number
. P R S
10 which was, at firs=, 36000/ml (2.6 x 10°/ml} was decreased to less

than 10/mi aftsr a pr

[$)]

scribed time (24 h) passed, tnis wags rated

(

as 4 {(antimicrobial activity valusz), when the cells number was
10 or more and.léss than 100/ml, this was rated as 3 (antimicrobizl
activity value), when the cells number was 100 or more and less
15 than 100C¢/ml, this was rated as 2 {antimicrobial activity valuej,
when the ce’ls number was 1000 or more and less than 100C0/ml,

this was rated as 1 (antimicrobial activity value), and when thes

cells number was 10000 or more, this was rated as § (antimicrobial

20 The obtainad results are shown in Table 1.

Test | Base anodic oxidation | Icdine- Antimicrokbial i
plece i material treatment impregnation | activity
. No * Treatment » rating
Treated After passed i
Current load or untreated | 24 nr i
| Typs Freguaacy i
; LR HZ
1 A i b - Untreeted o |
2 A b - Treated i1
3 A a : 50 Untreated ¢
4 A a 50 Treated 2
5 A a 500 Untreated 10
6 A & 500 Treated i 2




| A a5000 i 14 ; Unt reét ed
161 A 171

0

10

15

20

0 1A 1A5000 1 Treated 4 151 A al

A

{
7 A a 800 Untreated 0
8 A a 800 Treated 3
9 A a 1000 Untreated 0
10 A a 1000 Treated 4
11 A a | 3000 Untreated |0
12 A a | 3000 Treated 4
13 A a 5000 Untreated 0
14 A a 5000 Treated 4
| 15 A 2 8000 Untreazed 0
| 16 A a 8000 Treated 3
7 PA i a 10000 Untreated |0
18 A - a 10000 | Treated | 3
*) A: Ti1 alloy (JIS type-6C alloy]

**j a: pulsed current, b: direct current

In the case where the iodine-impregnetion treatrent is not

0

arried out but only ancdic oxidation treatment is carried out,
activity value is 0 and nc improvement in

antimicrobilal activity is observed. The antimicrobiazl activity

)

is improved more significantly in the case ¢f performing anodi

oxidation treatment by adding pulsed current at a freguency of
50 Hz or more than in the case of performing anodic oxidation

treatment by adding direct current. It is clarified

antimlcroki

oxidaticon treatment is performed by applying pulsed current at
a Irequency ¢f, particularly, 800 Hz or more and more preferably
1000 te 5000 #Hz., This is clarified from the relation between the
density of the formed micro pores and the frequency ¢f the pulsed
current lcad in the anodic oxidation treatment as illusirated in
FPig. 1. It is found Zrom Fig. 1 that when the fresquency c¢if the
pulsed current load is made to be 50 Hz or more, the density of
micro pores to be formed is significantly increased To as high
as 5 x 10%/mm® When the frequency is 0, that is, when direct

8000 Untreatedl



1181A ; a 1l a ; a :18000; Treatedl13 1 10000; Untreatedl O 1 10000j Treatedl
13 '

- : 8

current 1ls appliied, only groovy unevenness is formed on the film

ard almcst no micro »ore is rormed as snown in Fig. 3{a). When

the freguency of the applied pulse current is 50 Ez on the contrary,

D

the groovy unevenness disappears and many micro pores are clearly

5 formed on the fiilm as showr in Fig. 3{(b). Moreover, when the
frequency of the appliied pulse current is as high as 1030 Ez, many
more micrc pores are formed as shown in Fig. 3{c). It has besen

———

found from the comparison shown in Takle 1 and Fig. 1 that the
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=

es which have a film having micro pores increased in pore
16 density to at least 5 x 10%/mn? or more and which has been subjected
to iodine-impregnation treatment are able to have excellent

antimicrobial activity.

L1}

Furtner, as shown in Fig. 2, it has besen fou
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15 out ancdic oxidation treatment, many micro pores are formed and
a film 3 pm or more in thickness can be formed.
It has been found from the above results that when pulse

current having a freguency of 50 Ez or mere is applied to carry

Hh

out anodic oxicaticn treatment, & film which contains many micro

20 pores cescribed above and has a th

)=

ckness cf, preferably 3 um or
more can be formed on the base material and that when the film

is imoregnated with icodine or iodine compounds, the antimicrobial

st}

ctivity of the base material is significantly improved.
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Specifically, the essential points ¢f the present invention

2

(1) Metallic medical supplies using a metal material as & base

«

material, the medical supplies including a filmhaving micro pores



*Y AL Ti alloy (JIS type-6C alloy) **) a: pulsed current, b: direct current
5 In the case where the iodine-inToregnation treatnent is not carried
out but only anodic oxidation treatnent is carried out, the antimcrobial
acti.vity value is 0 and no inprovenent in antimcrobial activity is
observed. The antimcrobial activity 1Q is inproved nore significantly in
the case of perform ng anodi c oxidation treatnment by addi ng pul sed current
at a frequency of .50 Hz_or_ nore _th in_t e of _per Ny adi ¢
oxi dati on Efnrae’g rrrénﬁt“rﬁyuré%a'lr{r%“ ivﬁsegﬁ %ﬁ?r%ﬁ%f&lset s '(F:%%a%%%ne te%gt“t'he
antim crobjad - AGH ENE b cirS QR LA EAN hY ckaRevednwhess anadisg by exiedat i on
treatnent is performed by applying pulsed current at a frequency of,
particul arkysn 8Qdidze or De#enandronedpref erably 1000 to 5000 Hz. This is
clarified fromthe relation between the density of the formed micro pores
and t he fréguéhcymefathec mecdedl cinrenited sadorAdnrhec@anaddi cWokteat ite
treatment as illustrated in 20 Fig. 1. It is found fromFig. 1 that when
the frequeht® o T WEESUFSIERY ERESFoaaf SF Mite G ¢ BE“B0° B Tot® "Fhe
density of _m.cro. .pores_to, formed kg significantly increased to as high
as 5 x 1047 m?.° Vet As Ttg%qhe“ng s 0, ?’h@ag“org; when direct 8 current is
appl i ed, onky "GEOMAY; UNRVRINIESS &Spp ordwedcen-&he; kil myand @lnost=ma i cro
core is formed as shown in Fig. 3(a). Wen the frequency of the applied
pul se current fs1hQHXcanetihey cont rary ot ké egr oovyennmaieruyressndnsappear s
and many mcro pores are clearly 5 forned on the filmas shown in Fig.
3(b). Mor eghericahdir Fat8gaencyPOf  he apri 84Cparse® curisenters % fi gh as
1000 Hz, many. nore mcro pores are farmed as.shown in Fig. 3(c). it has :
been fodﬁdc?%‘afﬁl?h‘eorbfﬁp& PsBh Lhowt i nﬁrﬁﬁ sTT°HNd Fg. that the supplies
whi ch have g, f4lffj. havipg, ta.qr s; Locreased . i,n: pore 1Qndensity,d o at
least 5 x 1 é'l/?#“r‘fzrdgrﬂﬁﬁlrlég%ér? v?/%i g%{) gzé bgan subj_écfﬁd‘?d VrdEazh i
i odi ne- i npeeghatbenet oAt reBh At abd extcihave iexeebt enteantdnm, crabi al
activity. Further, as shown in Fig. 2, it has been found that if
pul se curr ehenhawi ngree freequéncyedic 56 Hreatmeplte Fie appiimed teoddarry 15
out anodic oxidation treatnment, many mcro pores are formed and a film3
p. mor nor 8SFREPRFRKNESE TEA heST AT HEU!S OF N=atipanhEe gkt Foumd FFom t he
above results that when pulse current. having a fregquency of 50.Hz or nore
is appli'dd Ht-SVCSrr*ygo‘iﬁ‘%r‘?oﬂ‘?c“g%i‘ﬁ%ﬁ%ﬁ* i"eat men ,g*gﬁm“mﬂsﬁ‘c“h cont ai ns
nmany nicro 20 pRkes-desckihes aboveppndehas & hhekiess obne piefierably 3 pm
or nore can be forned on the base naterial and that when the filmis
i npr egnat ed 4, tiin ¢ dirmnenon oo de nerporpourds s L yhen inby el odorad ladtnyity of
the base material is significantly inproved. - '
f-cyclodextrin lodine or silver iodide.

(6) Tha metallic medical suppiles according to any one of (1) to

20 (5), wherein the metallic material is a pure metal selected from

~

.
[

oy

e group consisting of Ti and Co or an allioy selected from the

group consisting of a Ti alloy, a Cc allioy, stainless steel anc

n

as

6}
()]

{7) Metallic medical suppliies using a metal material as &

\Q
v

1

26 material, the medical supplies including a film subjected to
anodic cxidation treetment having micro pores having a censity
of 2= least 5§ x 10%/mm? on the surface of the base material, wherexin
the micro pores are impregnated with lodine or iodine compounds. .

(8) The metallic medical supplies according to {7), wherein ths



The present invention has been conpl eted based on the above 25 findi ngs and
further additional studies. Specifically, .the essential points of -
t-he present invention are as follows. (1) Metallic nedical supplies using
a metal material as a base material, the nedical supplies including a film
having mcro pores and/or mcro unevepnesses on t he surface of the base
material, wherein the mcro pores and/or m cro unevennesses are inpregnated
w th iodine i odj (o]} A5, 01 (- dhe etal Lie nedical. sl | 4
accordingifggbi)fgﬁﬁﬁwgigpgﬁggélfﬁrng%h%'ﬁ'es'1ﬁ85n?6? ’5%Fé§gggg#§? mcro
unevennessgsiihavh g & densiskyqef at least 5 x 104/ rnm 2 or nore. (3) The
nmetal lic nedical supplies according to (1) or (2), wherein the filmis
formed by @nyroneecofl Bl @atrdochemiupal i &k eatrentingetheni’calr t8eatvhentint her nal
and/ or nechani cal treatnment or a 10 conbination of two or nore of these
treat nent sche E4)ymThes reettdlidckeesedpeal Wuppl i eaccording to (3), wherein
the el ectrochem cal treatnent is. anodic oxidation treatnent, the chem cal
treatnerdt i€ nBaf IR trdafienta -t At heth@ICRGA6F hecHEhiC4l “tr éat nent i s
any one of_heating t t pept, thernal. 15 | siag, treatnenty.and -,

- £a§8Y! NG, 483 PEOL, 5 14 %fg?L#ﬁ‘ fgw%%ﬁé Lad, Ly eabngaly.and -,

mechani cal procéssing treat nent. e netallic nmedical supplies

accordi ng 10 ANY s@henDis{ Ve deQ ,(4ha Whesein ddesyi.odine , conpound is
pol yvi nyl pyrrolidone iodine, p-cyclodextrin iodine or silver iodide. (6)

The metal | i1l Aetigald sfppldesiageosdd Ng d azdnyadmeigflligs, )thom20h(8)
wherein the netallic material is a pure netal selected fromthe group
consi st i ngieflURingnes 08 6rnart el 1ofaker ettt &F friohit RéL§Fofip ¢aF§i-3PPng of a
Ti all oy, alloy, stainless steel and a C -G alloy.. (7) Mtallic
medi cal Yosuﬁbﬁcﬁ" 8P hgt éaﬁrgfyal““ﬁﬁtyépﬁa?égb%% D5 1t e“(ri?ésrfor*hge*“*rfbadi cal
supplies ipcluding a-filmsubjectednet o-anodic Oxidat henytyeatient having
mcro pores having a density of at |east 5 x104/ m2on the surface of the
base mat eriadatmeher et i theoIhet Doparfesware: impreghaired st tdatodiqecor
i odi ne conpounds. - (8) The netallic medical supplies according to (7),
wher ei n théorrl@ ol fevdompoundeizoyssl-poinyl pyerolungyagnotkndiaving
P-cycl odextrin iodine or silver iodide. . o 1

. & density of 5 x 10%/mm" on the surface of the base material, and

15 carrying out lodine-impregnacion treatment to imprsgnate the film
with i1odine or iodine compounds, tc make medical supzlies.

{12} The method of producing metallic medical suppiies accoerding

herein the electrcchemical treatment is arodic oxidation

t
o
'.__I
|

%

20 thermal and/cr mechanical treatment is any one of heating

treatment, thermal processing treatment and mechanical processing

{13) The method of producing metallic mecdical supplies according
to (12}, wherein the anodic cxidation treatment is a treatment

in which an acid electrolytic bath cr an alkali electreolytic bath

[N}
o

a frequency of 5C teo 100C0 Hz is applied to the base material in

the electrolytic solutlion to carry out electrclysis treat

t
3
M
=]
t

(14} The method ¢f producing metallic medical supplies according



(9) The netallic nmedical supplies according to (7) or (8), wherein the film
has a thickness of 3 ijni or nore. 5 (10) The netallic nmedical supplies
according to any one of (7) to (9), wherein the base material is made of

any -one of Ti or Ti alloy, stainless steel, and a Co-Cr all oy. (11) PI
met hod of producing netallic nedical suroolis, the nmethod including using a
netallic nmaterial as a base material, eating 10 the base material by

carrying qut any aqne of. electrochenc ment .. ¢ i - treat ment,
t her mal a%ﬁ?é%gﬁéc iani cal “E%é%.é%ﬁ#ﬂcoﬁkgggﬁ“‘Trégiﬁaﬁpggaé%ﬂi 6% n%?%pof
these treatmgnts: { .50 MA-bh kM hayving iHGCHOL POK £S5~ RAGLORL NELILE 30°C
- unevennesses having a density of 5 x 104/ ma on the surface of the base
mat eri al , andodd ieansyd ngdotite ivedinextigrmirsdghnatd igmetr eattiend 1 tad i ptlegnat e
the filmw th iodine or iodine conpounds, to nmake nedical supplies. (12)
The net hodmwfacpdodathng netal li c nedical supplies according to (I ) ,
wherein the el ectrochenmical treatnent is .anodic oxidation treatnent, the
cheni cal® t redt RRATS S Ofedt QOPEUCr Bt HEfE - 1C @e%bcT%éFﬁBFl%ﬁﬁfﬁpgﬁéEﬁanicaY
treatnment is any ong_of. heating tr otdhermal _processing tr pent and
nechanical“bﬁdééésrﬁgr?Fédfﬁéﬁ F“Ggﬁég?réf?ﬁﬁTﬂiﬁ%o ‘fpfﬁﬂﬁti%b n§?§r|ic
medi cal suppldes-caccording to (12), wherein the anodic oxidation treatnent
is atreatment 25 in which an acid electrolytic bath or an al kal
el ectrol ytirebahb neschseds as-@ucehgotetd yiticcmsdl usl gruppands |ssech radngent
having a frequency of SOto 10000 Hz is applied to the base material in the
el ectrol yticasplomeion (Lo &&r rifiouthelsdct Fof yorsne coaPREAE 15 PYLI4)F "The
Met hod ofh£§pdqqin metallic ,gicachggpligsdaqgordhq_ A;l.H§,‘;2),
wher ei nt% RYTHEHCIPhE tPEat et T 8FFeat rent“1h iHi ch=dh* at K&t bat h or
acid bath having_a_liquid-t itur &..0f, 3000 .9t -0pre, J.s + Land;the base
material is di 5%5(81;“% T\rﬂﬁlgLaﬁ Eaibl{ca—tt[)lgtlﬁv orL%'ci glvgatcm.g %p%15%§‘?’%e net hlgd of
produci ng petaly beenedical; suppldgswaseordiNg: tastldisemhar ekmide of
mechani cal processing treatnment is a shot blasting. (16) The nethod of
produci ng aet atrld eoinBdi cal Ti saiplphvi,estaccodeds ngc¢o- ampdoneCofCy kh)iave (15),
wherein the iodine conpound is polyvinyl 10 pyrrolidone iodine,
P-cycl odextrin iodine or silver iodide. (17) The nethod of producing
metal | i ¢c_nedical. supplies. according to any one of (11) to (16), wherein the
base naf%??éTbTﬁsﬁﬁdgdgf‘5§§ﬁbﬁg\of Ti or Ti alloy, stainless steel, and a
- Co-C alloy. 15 EREECTR,CR, THE S NVENE ONvention Acear di NG b1t BE piiegent
i nvention, nedical supplies which have excellent antimcrobial activity and
are superi agvée netde idintabinkiihycofo gt iaddnvdbiyabnactrvidupcandzak sotha
bi oconpatibility can be produced easily at |ow costs, producing an .
out st andi ngu2ari hduspf icait isfhfeebia FaFEhEt t v e t e lrgdiccarrauppt 1 €
according to the present invention are used as, for, exanple, an inplant to
be grafted“PR %?IJﬂﬁékaﬂN$?F¢2ﬁcﬁ“a‘”éfF’éF’i§‘88Pafﬁ% qgﬁ%%sﬁﬁpgggﬁons
which arg large pyopleqs when.ysyal nedical shopld.as;are @attedrdha
living body can be T1nhibi'téd for a long period :

to the present invention are used as, for example, an imp.iant to

be grafted in & living body, such an effect is obtained that
infections which are large problems when usuai medical supprlies

are grafted in & living body can be inhibited for a long period
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. I is a graph showing the relation between the pore

density of & Zilm formed in anodic oxidaticn treatment and the



25 of tinme. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. I is a graph
showi ng the rel ation between the pore density of a filmforned in anodic
oxidation treatnment and the 19 frequency of pul se current | oad.

Fig- 2 is a graph showi ng the relation between the thickness of a film
formed in anodic oxidation treatnment and the frequenc:y of pulse current
load. 5Fig. 3 is a scanning el ectron ml€rograph showi nc the surface state
of a filmformed by anodjc oxidation treatnment. BEST MODE FOR CARRYI NG OQUT
THE | NVENTi XOE-FRE YpPesBht 5§ MMERERSn1PRFat es to medical supplies using a 10
base materi al nk}qg of . a”S%g‘érll e mpterdal . and is provided w.th a film

havi ng micro poreés dand’or °Hicr o unevennesses o t he base naterial .- The term
"mcro porgs ARl QrsdvLLho; MNeVARRESSESS: U5ed er gl nBaNsHL he Sihace state
of the base material changed fromthe initial, state by artificially

carryi ng ouf heade tceatnentoad5 nechani cal treatnent, el ectrochem cal
treatnment or chem cal treatnent or conbinations or these treatnents. Then,
the terr "m cro fger e I msanca i igicr ek Ay O Mpor yanhwi Bhperec haviswy fane
area-equi val ent circle dianeter of about | ,t,owl_owgrp. Further, the term
"mcro uneVehrested ImeEnsCTHE Sy £REE St 8t &Nt Uhhidifes8elinev: , ri n, eqP.

havi ng a depth of several mcroneters (p.m to several hundreds of

m cronmeters (surface roughness Ra: about several mcronmeters (pm to _
several hupgsedsomf #HCERREEBIS dur MHE) exvskrasyt hese pores are deforned or
integrated. The filmto be forned on the surface of the base material 25
may be one only Thavpngsanicrievpotesn ardi ore anitor nedheyvernepdess sucing@s t hose
menti oned above and no particular limtation is inposed on a nmethod of

f or m ng'% hea$¢ AT HoReverde e cf FErii sl preferably e fSoPHRUI$EA adyhone of

el ectrochem cal treatment, chemcal t yeat ment, uti‘&rn”aie and/ or, trre%hqni cal
treat ment Or @ cOoRBiAdtTom © Peres and/os micro unevennesses on the base

material. The term “micro pcres and/or micre unsvennesses’” used

o

erein means the surface state of the base material changed from
zhe initial state by artificizlly carrying cut heat treatment,

15 mechanical treatmént, electrochemical trsatment or chemical
tLreatment or combirations ¢f These treatments. Then, the term

means a circular or polygonal pore having an.

area-equivalent circle diameter of about 1 20 1) pum. Further, the

term “micro unevennesses” means the surface state on which

20 unevennesses having a depth o several micrometers (um} to
several hundreds of micrometiers (surface roughness Ra: about
severa- micrqmeters {um; to severali huncreds oif micrometers

(pm) ) exist as th
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The film =0 be formed on the surfacse oI the base matesrizl

[ 3]
o

may be one only having micrce pores and/or micro unevennasses such
as those mentioned abecve and no particular limitation Is imposed
on a method o forming the film. However, the film is preferably
one formed by any ons of e:ectrochemical treatment, chemical

treatment, thermal and/or mechanical treatment or a combina-iocn



13 of two or nore of these treatnents. It is preferable to adopt anodic
oxidation treatnent as the electrochem cal treatnent, nedicine treatnent as
t-he chem cal treatnment, heating treatnent as the thermal treatnent, thernal
processing treatnent as the 5 thermal and nechani cal treatnent, and
mechani cal processing treatnent as the nechanical treatnent. These
treatments enabl e easy fornatlon of a f?ln1haV|ng nicro pores and/or mcro

unevennesses haV|Qg a des% qg qgl The desired d ?s of the mcro
pores And/®f MerY dévennes gf@?ﬁbly‘aﬁslgas 53519047 ®EP5r nore.
Wien such g,fi|mNayi-ng M CEO.PALAS AndAQr SHLET P, LNGW &%Heeésé?uh@w ng a
desired denS|ty is forned on the surface of the base materia the surface
of the basgegBteid Q're@@-ﬂﬁerb@ dgphegsad-ed- St abkyastk sudldcehent toaomMsthh | odi ne
or iodine conpounds which inprove the antimcrobial activity and 15
sterilizingsaché vitegrefl theasuppti eshermal profheningrore@tpenesasrtim cro
unevennesses of the filmare inpregnated with iodine or iodine conpounds.

Si nce i otli hEeHES! A9 HCEROBIaF L det§3AM tand st BeF 4% Gy &ECCFEEYDIt he
antim crobi_al act|V|ty and sterlllzlpg activity, of <Ihe supplies 2 ,are

i nproved by tReTALT i%n"0F 1GEERE “Rhi ch™T " gradua Ty reléagea “frYR3-6di ne or
i odi ne compgupd-wifh whi ek Lhe: 14 cro, oy 6s Q6 PLEL apevennesses of the
filmare inpregnated. Wen, particularly, m.cro pores or mcro unevennesses
of the fil gnarenk é@é&gﬁ@&ﬁdg Wideh 1aedi g Qr-vi.odimedeonposiadssit Hbs 4mas such
a merit that the area 25 of the surface capable of holding iodine or iodine
conpounds mmgcnoreciTcradgset nhare iunavsnneasesot s appd 4 medp livodic nke @t iS0di ne
conmpound to a plane enabling the above i odi ne or iodine conpound to be
support 88 %’ WﬁrBé“@ﬁﬁunﬂ“&ﬁUsa$%6 L3 el 781 R 6P DOSES T F PSR iGdi ne or

i odi ne conpounds_ i tinued gp Yy, f.Qr ng...44, time, This. mkes it
possi bl e topﬁggﬁ?a§% ﬁgjaﬁ§|n1c$%%?%%<%é%|v %gaﬁdjéierl1|;|ng a.1|V|ty of
the supplieg £OE BalONGRENEO] Qhetib®race of the EX88Ph&S.0f21t herigdine
compound wi th which the supplles are 5 i npregnated may i ncl ude;

i norgani c dempeyndsesudebay ahbvenifodide lpotiassiadihedide,odinekel iodide,

iron iodide and tin iodide; organi ¢ conmpounds, fr) r exanple chain
saturat ed H?ﬁ%@eaﬁedﬁyiahdﬂpﬁéVﬁ dee i ¥t i'ves obieh astiethylaticodi de, et hyl
10 i odi de, opyl i odi de,, butyl iodide, and isopropyl iodide; al so,

chain un€atin®at-ed2hyardcarbons and 5% hatPP et vat i ves such as vinyl iodide,
anyl i odide, cro&ggnl i.de, Dgggga&ay& éﬁuhi#%WQQHQSQD§ﬂ¥Ia%§1%|eﬂe Lodi de;
y

al so, aromatic h tTocarbonsand their derivatives such as 15 iodo enzene,
benzyl i odidgr-Renzey!witedi:de:nphepacyliih®didgouxyky| engd-0dicdene phdal ein
i odi de, hydrogui none iodide, and cycl odextrin-iodine inclusion conpounds;
al so, het erartcovipounds! such vas vt ehdeshyt sld fion watiodide amel
tr|phenylsulfonlun1|od|de and 20het ero- conpound Jpolyners such as_ polyvinyl
pyrrol i doneHdaiRECER GETYViRY| Pt FHSHi-dé FeRHe. v+ty of the supplies

20 are improved by tne action of Zodine which is gradda;iy released
fronaiedine or iodine compound with which the micro pores or micro
unevennesses of the film are impregnated. When, particularly
micro pores or micro unevennssses of the film are impregnated with

od

(o)
-

ne cr iodine compounds, this has sucn a merit that the area

[t

25 of th

o
0}

surface capable of helding icdine oz iedine compounds
more increased than in the cases of applying icdine or icdine

compound to a plane, enabling the above iodine or iodine compound
to be supported in a large amount and alsc, the release of iodine

from iodine ¢r iodine compounds is continued gradually for a ilong



Anong the above i odi ne conpounds, hereto-conpound pol yners such as
pol yvi nyl pyrrolidone iodine, aromati c hydrocarbons and their derivatives
such as P-cycl odextrin iodine or inorganic 25 conpounds such as silver
i odi.de are preferable as the iodine conpound with which the supplies are
i npregnated, fromthe viewoint of safety to the human hocy, environnental
integrity and bioconpatibility. Thoughldo particular linmtation is inposed
on the type of 15 netallic material to be used as the base material in the
present i rfi@s-i ofingefiar as pPhesiRt%Nq defatertal 't SEWTHABPefor use as
medi cal supplies, Ti or Co.is preferably used if it is a pure al ,or a Ti
all oY, Co %%‘;}fysacpé’i Pt Ess Fr 88 2 O VS5 YG- éﬁ?éﬁpﬁ’g*ss ﬁPéfag?%%T ;%%g%% ifoit
is an all oc?/f tI.t,mei s nore Preferable to use Ti and Ti alloy, stainless steel
or Co-Cr a oyjfaki ng it into account to transplant the supplies to |iving
bodies. Ti is peehepabl yrpuie iThipeesedded astH Sntypent oipdlS4 ype-2 or a
Ti alloy prescribed as JIS type-60 (6% A1-4% V-T alloy), JIS 10 type-61 (3%
Al- 2% V-5Ti irad Ay tetbm8y 3imtiuwmg; JIS type-11 or JIS type-12 are each
applicable. Further, as the above stainless steel, austenite stajnless
steel s such as *SPBI802T cSURCBDES 808 a1 8- 1 SeS 18161, 8052817412308 3291
and SUS 329J3L .are preferable fromthe yiewpoint of non-magnetism Further,
as the aboVve"Co- &°°15%4l THY hoc{s"tdé’il FP?e"Zg éﬁ%gf'havi ng a conposition of
63. 0% Cr - 6. 0% M2 0% NLs b 23%C kst - Lhrl B Prafenable.trom t he vi ewpoi nt
of strength and corrosion resistance. Next, a method of producing
medi cal supphii®s @aceer dhagH -t her praserds ismeant s ooyl 1beidesertinbed. 20A
base material made of any one of the metallic materials is preferably
formed itht bodi ¢F edeterd Aedidhageitvand okdsCehednd ub] BRI -t 6°dedT easi ng
treatnent. Then, the base material is sybjected to any qne of .
el ect rocheni cal ¥r@at "™ “BRRNT TS Péfafﬁ‘éﬁk,’ont%é??‘@“eénd?%lf”rfé'c‘l‘lfgr?i cal
treatnment or_a _combination. 25 0of, twg. e, of. these At.s, J:@¢forma
filmon th8u§§r°fsa€*enyr(}f*%ﬁlgh%a%}e?ylrrgpg%?%l @Iot“’?s‘oﬁlr“g érﬁa%)%%trltggla%oo%% anodi ¢
oxi dation trgatnen: As-thenel egdfochem cal treatnent, nedicine treatnent as
the chemi cal treatnent, "heating treatnent as the thermal treatnment, thermal
processi ng treatatent, asotdeid¢ hgrimakaapdns hceohani ¢alivartéaerestcand
mechani cal processing treatnment as the nmechanical treatnment. The nethod
will be ldlesefPbedz Tomc@chizig Pl tas P pér f8Fhihy RIFSEY ‘oxPdatfon
treatment to forma filmon. th surface of the-base mat qroidﬁldeasaa;; exanpl e.
It is needFEs€-80%F o Ty haf "' pr esent I nVént ron 18 not Tintéd to the
anodi ¢ OXi@gEE?Qe£{ A BAL 1o inclusidh theRnedisc oxidation treatment, the
base material fornmed into a predeterm ned shape is dipped to an
el ectrol ytic soluti@n rendr-ysednasuidie sanadest or appdny GunFent uho: odids
el ectrolyze. As the

and triphenylsulZorium iodide; and

20 hetero-compound polymers such as polyvinyl pyrrolidone
iodine and pelyvirnylphthalimide iodine.

Among the above lodine compounds, hetero-compound pclymers

()]

such as polyvinyl pyrrolidone icdine, arcmatic hydrocarbons and

their derivatives such as P-cyclodextrin iodine or incrganic

25 compounds such as silver lodide are preferable as the iodine
compound with which the supplies are impregnated, from the
viewpoint of safety to the human body, environmental integrity
and biocompatibility.

Though no particular limitation is imposed on the tyve of



10 electrolytic solution to be used, an acid electrolytic bath or alkal
electrolytic bath is used corresponding to the type of base material.
Exanpl es of the acid electrolytic bath may include a sulfuric acid-water

m xture bath (for exanple, content of sulfuric acid: 15 5 to 30 nass% and
preferably 10 to 25 mass), sulfuric acid-ohosphoric acid-water m xture bath
(for exanple, sulfuric acid 35 g/1 and!®hosphoric acid 25 g/1), sulfuric
aci d- phosphori c aci d-aqueous hydrogen peroxi de-water m xture bath (for
exanpl e, Sitaddiic Beierizs @PH%fﬁﬁégpﬁ%ﬁﬂﬁfgéﬁé PE Y2l and-Ey@e6G8 hydr ogen
20 peroxide 10 9/1), sulfurjc taci d- phoschoric acid- asco,,r&bibclgacfi d-wat er

m xture batW S IexBRpt e SulfarTe act 35 G2 tphdsphorit adi’d 5%gi| and
ascorbic i ki d hydso Li e agiO-43 uschydrogen; o 5 pure
peroxide-?%%%%%?ﬁgﬁﬁéur ﬁf%fuféqgggh Z?gfkgﬁgﬁ%ﬁg,éﬂeﬁgbcglo%?c &ci d 40
mass% aqueous hyds agen:pey oxiddel 26y 2 dmsistbeandst o mald 0010r reEsisdy is
Further, exanples of the alkali electrolytic bath may include potassi um
hydr oxi de-fpotfassicum tiedrifdes sodieunes phos phdtteial mmnpreliydeoks de> water

m xture ‘bath (for exanple, potassium hydroxide 165 g/l, potassiumfluoride
35 g/ 1, sobiwnd I7 phésphat' e i35 egri1samel a2 urfihirh Ry dPoxtdel 35 1 g Ty o,

I't is preferable to use the acid electrolytic bath when.the base material
is Ti or a®F7°4l1 0y 6F *Brariitess“stedt  *&hd T he al'kali”“&Féct r'ol yti c bath
when the base mmbari al,.Ls L:ChriBkhoys 5ta the el ect Fobysis.- pul-sed
current ha Tﬁaggﬁg?gggé%c§§é%p%orﬁg grgﬁn$e§aﬁ§§bre?erab%y 10000 Hz or |ess
i s used asrtihelcur ekiksckoads Aher spulysedecurneentl -havimg:iaalteguentis of 50
Hz or nore is used as the current load, a filmincluding mcro cores and/or
m cro uneveppessied kakingt &-dénsitgyof ld@t-3A-astisyx J4LVRARL &ar e Sf or nmed.
When the current load is direct current (DG , only a film containing

nei t her ni ¥ Pt 50 2RT crBR ufdFdfnesS TEN bre F0rmEd 388V Shdvimr 11F i g: 3

(a) . Such_a fjlmcan _be._i u._f_fLie Lyl ted-W{-h iadi ang,-an

i odi ne corrf)gi]%id’ vﬁLtsh“%Fégﬁl “at‘ﬁat“%g’u?%fél‘ée@%%??mﬁ? oblltéél Isggt ?@?’t)ﬁggnnot
be inparted ;0 sRes sapPEhes17bBL 15Ut 856858 s8¢ gessenl-ad sasd Prmnte i s
required to generate pul sed current having a frequency exceedi ng 10000 Hz
and t her ef aren trkeviostcimequi med-fiegns hesequirpmehtri sisi noe edsed, Chrdmgi ng
about hi gh production cost. Fromthe above reason, the current applied in
t he anodpczexPdatd 6Actteat MEneL 1oV tREiNAverftaairsis ipPetlertably 50~ 2% o
10000 Hz pul sed curr q\nt,,.;;Tpt_arjr,eacuer]Qy IS -nore prgf(-;gqblﬂyv%oggn;tlo_ 50090 H7
fromthe vignpo? At Vo ¥hé huhber of M EF6-pbres-tor Pe For red ot O+

Medi ci ne treatnept %%tgqurgggg};cgsgsrteaq;d@nt, heating treatnent as the
thermal treafnmenf, heating processing treatment 25 as the thermal and
mechani cal treatwment, 0frcPRshaii pabdt OCLIGIdIGalr eabmeEnds ascbheimechani cal
treatment or a conbination of two or nore of these treatnents may be
adopt ed, inhpl acesoft tirereannddicwdkl dat idasamiéatnent as the el ectrocheni cal
treat rrenzto. Exanpl es of the nedicine treatnment 'r_[a%/hi nclude .a method in

L nase material made of any one c:i e meta.iic materials
is preferably formed intc a predetermined shape, and is then
subjected to degreasing treatment. Then, the base material is
subjected to any one cof electrochemical treatment, chemical
reatment, thermal and/or mechanical treatment or a combination
25 of twc or mors of these treatments te ferm a Z1im on the surface

of the base material. It is preferable to adept anodic oxidation
treatment as the electrochemical Treatment, medicine treatment

as he chemical treatment, heating treatment as the thermal

treztmen=, thermal rTrocessing treatment as the thermal and



18 which a high-tenperature al kali-type bath or an acid bath is used and
the base material is dipped in this bath to formchemcally treated film
having m cro pores and/or mcro unevennesses on the surface of the base
material. A nethod in which as the 5 high-tenperature al kal i-type bath,
for exanple, a 140C sodi um hydroxi de-potassiumnitrate-water m xture bath
(for exanple, 60 parts by wei ght of so#i um hydroxi de, 40 parts by wei ght of
Pot assiumnnitrate and SOO'Qarts_b me%ght.of water) is used and the base

material FE§CHPPPERL i TFIHTEhat H FG- EF P HUPEICHITd "8 hEERHOW 1™ 2E0-Whi Ch as

the acid bath, for,exanpl a _ | ic. acid: r oxl de-waf er

m xture bgFﬁngéFa%xgﬁgpgsﬂEB ﬁ§§§%§%¥*b&h'1geg%g59?§%%eg§?§*§hd¥g$§-nass@@
of hydrogen jperexider (30%:) ahSqusedand :the-base dmt ebi abrh % diippedrin this
bath for 30 m nutes are exenplified. This treatnment is preferably applied
in the casec0kultbatsidty Steababessatsirdell sdchnasz&ldS =3041asi ¢ heebasses

mat eri al . Further, exanples of the heating treatnment may include a
met hod isn twhisely thet beke Argsenicalnysnhedt e (Mféatithgt tenjpertdrurecssn0 to
800cC and preferably 700C x 1 hr) in the atnosphere to forma film (oxide
filn) on tReGHrPEcET B “THE base material. Further, 20 exanples of the

t her mal proceSS&Fgﬂ£§§§$g§9Bx' ¥ti@§k%@%t;VE99q§KJQa&pkggcib§l%%gﬁége of
the base material is Irrradiated wih an el ecfron beam or [aser beam
Further, exanpkes: ofeddig:meahaniak spt 06essi: R0z 4 rQalAepl yABY Joekude

met hods using a shot blasting. In these treatnents, it is essential to nake
an exam nairiconudeni 25 advanceidefcorepdet ennranng:d kd tcreat peat é@endhti ons so
that a filmhaving mcro_ unevennesses or mcro pores having a desired

surf acelstFIRAMCYIER EALSEEUEE° PRe8ESEr et NENSS SafEtpPeferaidfFrappl i ed
when stainless steel or a Co-Cr all oy is used as the base material . In the
present i nvertiof: St TRt et PR Ut hS a8 SAh 6T £SO %R 18 TRSat ERESi s

per f or med ﬁQ%LQQﬂ[a filmhaving mcro pores or mcro unevennesses on the
surface of the base material and then, iodine-inpregnation treatment is
carried out to imxRRegBatle dheadid a1 utt hol peli NBaof mbodimBeuaorpPAUINS.i c5The

. 1 odi ne-inpregnation treatnment can be carried out as follows: the base

mat eri al whe chrvweets rheenrtsubjlected oo, e faoww Iexanpheenarnddes l OxF datdon:
treatment is cleaned with water, then diPped_in an aquequs iodine or iodine
conpound® sdl Ut i Th TG *dPPECR I TENY i aPpEPelE by usiSigthe base materi al

as the anode.to .carry out 1,0 electrolysis al.a const | t age- ar; .
const ant cﬁT%éﬁ%lﬁ%ﬁ%?fy.aTﬁ% %%Uéb&§x§6rﬁt?%ﬁ9u§éﬁ F%E&?ﬁg’e ectiolysis is

pref er abl y; ans agueous nSobiitd 0 reent @i dizigy O i1, £011uP: imBssle phoipdine or .

i odi ne conpounds.  Wen the anount of iodine or iodine conpounds is |ess
than 0.1 mass&zdbherconyentged peodizndewivthe whiicdtuirkebdil mios ed&mple,
inpregnated is so small that desired antimcrobial activity cannot be
devel oped. sEVen-1¢ aceditied 6k PBEFRBOEDRPGHARE T §/ added 3 F e sappiifden
exceeding 1.0 mass% on the other hand,. the effect is saturated and this is
econoni ¢8I P§TEF s3dvEhtHgeous U= The: anburit FCPSEFRE BF > Gt “cSnpound i s
or € prefe%gbgngkthé& Qtiengﬁgﬁﬁfé%EFggéﬂgyéu %Elg@?iéQQFQﬁB%O Qund to be
added in thé aqueous solution, the iodine compounds are all “préferable.
Among ThesgneepResEs.c: Bty i/ NYdndPYEEOkDdone :icodi Be 16 PVR hydPosyTdodextrin
iodine (BCDI) and silver iodide are pre=rble fromthe vi ewpoint or

- boconpat i bich it yau2Sis nyheofedizsecxipeegnats b twagatrmenttutheacobnsiant

vol tage anodizing is preferably carried out at a constant voltage ranging
from 100 t 6X20DVEf ORYAAELPO i Atit@stC Tife SCon8EEATY T UREREceRST Py C©

anodi zi ng is_ggejerapLy carried. out af a constant current density ranging
from 0. 68 £o™10A MR Tt o 10™AFnlt es.

Further, examples c¢f the alkail electrolytic bath may
inciude potassium hydroxide-potassium flucride-sodium
phesphate-aluminum hydroxide-water mixture bath {for example,

pctassium hydroxide 165 g/}, potassium fluoride 35 g/l, sodium



20 The present invention will be described in nore detail by way of
Exanpl es. EXAVPLES 5 (Exanple 1) A T alloy (mass% basis, 6% Al-4%
V-rest Ti; JIS type-60 alloy) and stainless steel (SUS 304) were used as
base materials to nmanufacture discs (plate thickness: 2.0 mf) as test
pieces for . in-vitro test and external fixation pins for a rabbit as test
pi eces 10 for in-vivo test. Anohg t hese test pieces, the Ti alloy

test pieces were subjected to degreasi ng‘tAre_at nment aqd then to anodic
oxi dat i on RRRERNRERt 301 B/ F RO AFORTE 8% BEETOR- 4 et %Y - the test piece was

el ectrolyzed at a constant.val tage (150 V) for 5 _m nutes. in,ar acid
electrol ytic soﬁutjr‘qoﬁré(ﬁfﬁ%l]‘bn“ot 1éfgr%etglgt ﬁ?%gf V&ﬁﬁféﬁfy?évn%%r“gpu% th're a
m xture bagh,containingssul furi £ act sy 635%:9{:hh e=RhOsROr 46 agk 162219/ 1)

- agueous hydsr ogen peroxide (10 g/1) ."In this case, though the current | oad
was made tg©; Havie 131 iknbhtRl weer rent cdepsinhyeofaB A dn2o-theatlusyent val ue
was dropped in order 20 along with passage of tine because of the

el ectrolysis at Izohstantesmidlaaes, | PutdRs coasentasathe euf remtenPuirded
current having a frequency of 10000 Hz was used. The test pieces which the
anodi ¢ oxi 8&tiZoN PPEREHEN T S Aot PetTOFAEd Wass rédHidetd® as8cuhiparat i ve
exanpl es. 2FLT Sty LNe, anodlcal Ly. gxi.diged LeglALeces soTh, ald oy et

pi eces) we 2 Subj ect'ed’to a scanni ng el ectron ‘mcroscope (nagnification:
2500 times) Lo .Qbsarver-the. sULkager sin Ut uE@:Qf nt Beo @xirde frid/m-frorgred -on

one surface of each test piece In five or nore visual fields, thereby
measuri ng tRevatudese sofiapores doreieg cDitilratshed oxidémbi banibe &auiedsi sual
field. Then, an arithnmetic average of the values obtained in the visual
fields wasWoahdhkeatgdens decekhfneetheabeiber Dot - PoLES bF it AR HEF i | m
formed on the surface of each test piece. Further, the section_of each test

5 pi ece waSSob8sF VIS PRTECARRI P &l ECE SR AT & r 032 dpe {CrBgHI £T c3tTBh: 2500
times). in.five visyal fdelds 4,9, measyre; an, average ;thickness @f the, oxide
filmfor rre&fno‘n"i'hé ‘gmfac%.h 2 £l T 'elrtls,e fﬁge] %o&%gallﬁy oxi di zegatl;egitafj pi eces
(Ti alloy tiestnpi £685In WeJR rel eangeumd téi trat-esufier cpae i MRite enAf t er
cleaning 10 with water, the test piece was di pped in an aqueous i odi ne
conpound seclrutimonr pis epared tyy tdi ssphvi nge GorRomssWwothpotypdldyls. In
pyrrolicione iodine (PVPI) which was an iodine conpound in pure water and
the testispitdde wese serrPadsonthEeIanbae siider 3R 2P iPed TH S5 St B wal™
settled on the cathode side to performelectrolysis at .a.constant 15
" vol tage of FFFU"- thereny Lc%lT‘i’“ilel%rTgv ou VT%*djlﬂné-%lb)‘r’(’r%r“ezgﬁal?i br}f.‘%t*rcéa“t’nenf. I'n
the iodine-ijmregnation-trealnent s pidie i Bistialk cun! %in@%ﬂ%ié}:yod”aaﬁi?l@t to
about 0.2 RidnR2 to cause el ectrophoresis to inpregnate the oxide film
fornmed on thesurfaseceft t herbesthpispoeew¢hsdhe dhedinereonpgyided in

the anodic oxidation treatment i

20 <o 10000 Hz pulsed current. The freguency is more preferakly 1000

83}
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£0 5000 Hz from the viewpcint ¢f the number of micr
formed.
Medicine treatment as the chemical treatment, heating
treatment as the thermal treatment, heating processing treatment
95 as the “Fermal and mechanical treatment, or mechanical processing
treatment as the mechanical treatment or a combination of two Or

more of these treatmentis may be adopted in place of the anodic

q +— -
cal treatment.

-

oxidation treatment as the slactrochem

Q

Examples of the medicine trsatment may include a method in



20l n this case, the test pieces which were not anodically oxidized were
degreased and cleaned with water for one mnute prior to the test.

Then, using a part of these treated obtained test pieces (discs), an
anti-microbial activity test was nmade for in-vivo test 25 accordinc, to the
provisions of JIS Z 2801.- As the pathogeni c organ, Staphylococcus aureus
(ATCC 25923) and Escherichia coil (Ms1455) were used. The test was
repeated 15 times for each test piece. As the cells nunber left after a

pr edet er nmiwiddht# fe IpassBRE T~ Witah | 6711 THPS BSF e éB 35-%ebaluafedtd be
superior in 92 antimcrobial activity.. L. JEurther. usi t he, obt ai ned
test pi ecear(dséf%?c’??‘%%lmﬁfepf’ﬁteﬁ“ SPREY YR 0t &a;%;i/q gf’ T He' tchg ‘*b?ép was
eval uated .0l 0 ¥ i 8.k eak DeANBo 0L o Loral 0ds ARLBHLSLNG I Ble
fibroblast céell |imne . The test piece was dipped in a culture fluid
cont ai ned dn-fcBebki cgli shranchaiheiabove W&l neas ihnoeubiated tor the test
piece to confirmthe formation of colonies for the evaluation.

Fur t her ,s usigigtehecobtaieed kadbbittyrexternal L1 eatarpicpi a, 26 TJapadiwhi te
house rabbits were used and the pin was made to pierce 10 through each of

t he t hi ghDoYfELXEE"PA9F 0t 4 r2 PP TEIT AU Mgy ot bt it dBBiFt 2% vad&Ct o di e
a gentle and easy death to nake . histological analysis and.the _degrees of

t he ianaﬂﬁﬁ?ﬁ%%yghdg?hP%éffﬁHmé?d%ﬁé‘gféﬁg Hroun WFH%QgFﬁE%TSEEégﬁpart
were obseryed 1o givespercentd kg seopes 40 Jhese degress 4o eval uake. The
15 evaluation itens are as follows :"inflanmation of the pin-pierced part,
abscess armgangl-itshe 1pi Qipped riawthasdbe tif | &mmetd erinarcedndnd he rdtpoaf ikhe pin.
The point was 2 when the inflammation or formati on of abscess caused by the
pi N was1&evhots aisl tiesesid bahen fdveskafp bgvmat BOMC oxafléenatibrirvel capscess
was mnor, 2 when marrow 20 fornmed abscess and | _when the marrow was mn nor
and ,') i REBEREIE 4S8 NPT EaPEt € TBY THERGr af ° FErhe LoP*Ehe” évalfuat i on
tems. A 1060 tohal Rl £t of, Lhe, eualdialan LEERRAL S R/8l1 oL uddf Lapmati on

and infection régarded as small .‘urther, “at the same 'tine, csteol

formation gpethe.supfhaceof ; § he fpidy was (608f based=4.0 I5revatyatere
ost eoconductivity. The results obtained are shown in Table 2. 0ID04 4-1 i~

exemplified. This treatment is preferably applied in the case of

15 using stainless steel such as SUS 3C4 as the base material.
Further, exarples of the heating treatmen:rmay include &
method in which the base material is heated (heating temperature:
630 to 800°C and preferably 700°C x I hr} in the atmosphere to form
a film {(oxide £ilm) on the surface of the base material. Furtiher,
20 examples of the thermal processing treatment may include methods

‘n which tne surface of the base material is irradiated witnh an

electron beam or laser beam. Furthéer, exampies of the mechanical

o]
3
8]
O
]
[$4]
o
'_l

ing treaTment may include metheds using a shot blasting.
In these treatments, it is essential To make an examinazion in

25 advance before determining the treatment conditions so that a £ilm

structure Iin this case, these treatments are preferably appiied
when stainiess steel or a Co-Cr alloy is used as the base material

In the present invention, treatment such as ancdic oxidation



l 1,al;1 =: - ed ,-20 14: cl is:al ....: r.L..41,12,u 24 -1t is
found that an oxide filmhaving mcro pores as many as 5 x 104/ranR or nore
in nunber is formed in Exanple of the present invention (test piece No.

Al'). Further, in Exanple of the present invention (test piece 5 No. A),
the formation of colonies is significantly suppressed, so that the nunber
of Staphyl ococcus aureus which is about9 2000 before the start of the
antimcrobial test is reduced to an average of 0.07 after 24 hr and al so, -
t he nunbertiFatEsshers ERIrACEBET Grhf eRT i3 fabBUta 2000 bef OPETERPSEAFFO of the

antimcrobial test is reduced tq _an aver ge?of 0 after.24 hr, show ng that
Exanpl e of MIHEPPESERt OF nVENtT B3-S SOpsFTf or> T "t mrer 8bF at “Hetivity. In

Conpar at i ve, Exanp 0 er.hand, the l.S,-nu ohserved after 24
hr is 181 (test 6%lcgch§ E%Sfﬂgﬁ_?§ﬁ7 teét*bggiééNo!ﬁgﬁpln the cgge of

St aphyl ocogcus \aueysqand d26bdirestopbeaec®No. A2) and 15 100 (test piece
No. A3) in the case of Escherichia ccli. These differences may be said to
have stati sticalThel gnifieamgesgnation Fuettresnt iqanEkanpkerofd the peesent
invention, the total point of the evaluation of |nflannat|on and infection
i s signifiEahtIwe | BURPEEAAATRA ToMparatiafe® Bafpr 63 Eit théPEGPEP Pt may

be said 20_that Examp|le of t resent ,ioyentioqn | educ fl.ammat i on
and i nf ect PR FOFTRer - nit g Eferencé ro§1Cbnpa$a%|v§'E§ &IL%%Ja so has

statistical, sianifi.canee,a 9 Mul%eshg%c&mt gl e.:pf ot hec,@resemf
i nvention reduces |nfect|on i nduced by a pin and 1 s superior in

anti m crobi al agctiied by anthdicoeonpas inpiddtiy: 25 Fus tzhere Exadfm{_e_v afitt he

pr esent invention is simlar to titaniumin good osteoid and ' cone

formati oh abdcitolwsise asat dansapnEXEPPtagoP st hehprasesurir Averds o thas
sufficient osteoconductivit Nbreover it has been confirned that
Exanpl e of TERe BHEENEOL RV %t iR d §°5iThY &t eFo”@bh‘bJaT at5 VESEREMDIEETi n t hat

the colonigs, 8. Alail@toh Dol 1%5@?0 4 dd o\ arg (vg%g%ﬁﬁdo 3Q that

it has no cy?o oxicrty. tainl ess st eel was used as a
base materighpbOnds. When the amount of iodine or iodine compounds is less

than 0.1 mass%, the content of iodine with which the Zilm is
15 impregnated is scsmall that desired antimicrobial activity cannot
be developed. Evern if iodine or iodine compound is added in an
amount exceeding 1.0 mass$ on the other hand, the esffect is
saturated and this 1s eccnomicalilly disadvantageous. Tne amount

cf iodine or iodine compound is mere preferabiy 0.3 to 0.5 mass

oD

20 Further, as the iodine compound to be addec in the agueous
solution, the iodine compounds are all preferable. Among these
compounds, polyvinyl pyrrolidone iodine {(PVPI}, fB-cyclodextrin

iodine (BCDI} and silver iodide are D:e-er:b le from the viewpoint

arncdlzing is preferably carried out at a constant voltage ranging
from 100 To 200 Vior 1 to 13 minutes., The constant current density
anodizing is preferably carried ouz at a conszant current density

rargang from 0.05 to 18 A/dm® for 1 to 10 minutes.



5 manufacture disc-like test piecesthickness: 2 nmm for antimcrobial test.
These test pieces were each washed with an acid and then subjected to

anodi ¢ oxidation treatnment or to nmedicine treatnent. In the acid washing
treatnment, the test pieces were dipped in an aqueous m xture sol ution of
nitric acid (5% -hydrofluoric acid (3% .at a liquid tenperature of 40C for
3 minutes . In the anodic oxidation tréatnent, the test pieces were

- electrolyzed at a constant voltage (100 V) for 15 minutes by using the test
ni ece as the and8& BRFEPUr PTE Ik &' lds! PReIBITRbRE iF BATECTHU &1 el ol ytic
solution (solutiqn tenperature: anmbient 15 tenperature) of a mixture bath
cont ai ni ng” di'ochif8Fr € aci d (47 mass% - adueous hydrogen peroxide (2

mass% -formalin (10 mass%-water. As the currentpul sed current having a
frequency of 3000 Hz was used. The initial current value was 3.5 PadnR2. In
t he medi ci pentipeas ment, the test pieces were dipped in 20 a 30C m xture
bath of oxalic acid (25 mass% -hydrogen peroxide ( 3 . 5 nmass%)
-distilled(wteplanmiiich was a hi gh-tenperature acid bath for 30 mnutes. The
test pieces which were anodicall y oxi di zed, or treated using a nedicine were
subjected to a SedinPrERl BTN CALEFosCope 25 @it Leat Fon: “¥506 ti nes)
Lo observe |08y P HlRee: SUINGI ULE. OT dae sbh ] M Axldeal1d M SLoRIBg on o he
surface of “each’ test “piece In five or nore visual firelds, thereby neasuring
t he nunber . gf, nor@s. .0 Med dsn(the - khinckRe 8ach i aalasf { 846 o: Ehes, ran
arithnmetic average of the val ues obtained in the visual fields was

cal cul at edin26:it o deternntirettheandiizer iof piorses 0 rehbitialsmdgrpestsen t he
surface of each test piece. Further, the section of each test piece was
observedo byoa sganiingeslect ron microscope magnification: 2500 tinmes) in
five visual fields to neasure an average tah'_(_:kngss‘_oj 2 the filmformed on
the surface.  PUONITRERSC AT tP T FHe L‘(hést‘r‘pi"let%é Wete Feieaned Wi t h
vater. At LuGLEatl N, WebBoNal 8L Jdia dast sBheche s, dpad bA:an. agleous

i odi ne” conpourid "sol uti on “preparéd by dissolving 0.5 mass% of pol yvi nyl
pyrrol i done ri-adiBg: ( PYRI9hanbh64: Masian ci ofi e corpeunths 18st mipu=evamt er
and the test piece was settled on the anode side and a pure Ti plate was
settl ed onetlketecat hoete =i dectosparf oraheloect(LoPy%i st@t ardonstantnval t age
of 120V (direct current (DC)) for 5 minutes to cause el ectraophoresis,

t her eby 1éararcyi0n§léﬁ‘fr‘?@ﬂilﬁe-sPﬁﬁFé%at?W%ﬁ%”attﬁ@ﬁ{erﬁbui‘”%r‘@bﬁaﬁ% t he oxide
filmformed 15 on the surface of the test piece wth,the. iodine canpound.
In the iodi &P ApPr&gnat'on fﬂrl}e{gt‘ﬁ%n ?“kf‘ hveo‘|°na|11%|l§” (E:QFF%% “dacejénls%?t‘%“shom was
about 0.2 A ANR hospnor: MEN:egayd tq dheukasiiRi-acase Wiich vere/only
anodi cal | y oxi dized or treated using a nedicine and test pieces subj ected

In this case, though the current load was made to have an initial
current density of 8 A/dm®, the current velue was dropped in order
20 along with passage of time because of the electroiysis at constant

ving a

v
0]
ct
=)
3}
9]
[oN
[
H
1]

nz, pbulsed current h

4]

voitage. In this case,
freguency of 10000 Hz was used. Ths test pieces which the anodic
oxidation treatment was not performed was regarded as comparative

exampies.

]
o
9]
n

First, the anodically oxidized test pileces (Ti alloy test

pieces) were subjected tc a scanning electron microscope
(magnification: 2500 times) to observe the surface structure of
the oxide “ilm formed on ons surface of each test piece in five

or more visual fields, therebymeasuring the number of pores Zormec



20 to iodine-inpregnation treatnent after anodically oxidized or treated
using a nedicine, an antimcrobial activity test was nmade by the film
covering method according to the provisions of JIS Z 2801. As the

pat hogeni ¢ organ, Escherichia coil (JCM 1649 strain) was used and cells
nunber left after a predetermned tinme 25 (2.4h) passed was neasured to
eval uate the antimcrobial activity. Asithe cells nunber left after a
predeterm ned tine passed is smaller, the test piece i-s evaluated to be
superi or iim anti pkecoebf Alm aict iesichy vivheh €e¢ls. nOiber ahiahi thast42000/ ml
(4.2 x 104/ ) at first was neasured after a predetermned tinme (24 hi 27
passed, thvesage whépe HHeCePP' S MAther WSV Beic 64°19S MFesCalrar216fnl was
rated as 4 (antimcrobial activity val ue%{c, t he case_where thg cel | s nunber
was reduced CELETHFIA OF Apfearfd PESESt had 't §%0FRi “wds ‘Pated ds t8°
(antimcropial. acti-vity. value) .. the case erg the 5.gells nunber yas

r educed tosbﬁ!agcfc% Fr e%%"‘rr%%%“e n‘cf“l“éssLLf%g‘?]é,% Ot%ov, %ﬁ‘iéwgg %ht%%‘as”e?
(antim oy objade aGli ¥ht¥-¥ahUe) » dda@ncase-nher eot he GeJsk-sppunber was
reduced to 1 0 0 O /iti or nore and less than 1 0 0 O O/m. was rated as 1
(anti m cr obhadrigcicaviby : val Ue)imeandit el wwase swhéreidivs cel hseswmder was 1
0 00O/m or nore was rated as O (antimicrobial 10 activity value) . The
resul ts obdEFFRIF aPéCSABAR Pn Tablwige I1RBnAPkBEEOHparst SvelExanpl e

Exanpl e of the | present invention Conpar.ative , .Exanple. Ex | e of
present inventi dhc" }I]?sarh?ﬁ%ifé‘f*éf P&r =+ AdY di vy fflorr 2% hrt “ﬁ@\ Tl

pieces) were cleaned with water for one minute. A

t he

ter eanin

9]
ft

Q

.’.-

¢

10 with water, the Lest piece was dipped in an agqueous lodine compoun
g

solution prepared by dissolving 0.5 mass% of polyvinyl pyrrolidone

icdine {PVPI) which was an icdins compound in pure water and the

bl

{

Test piece was settled on the anode side and a pure TL plate wa

ct

settled on the cathode side to perform electrclysis at a consta

v
ot

15, voltage of 120 V, therebyv carrying out iodine-impregnaticn
treatmentz. In the iodins-impregration treatment, the initial
currert density was set tc about 0.2 A/dnm” tc cause electrophoresis

to impregnate the ozxide film formed on the surface of the test

piece with the iodine compound.
20 In this case, the test pieces which ware not anodically

oxidized were degreased and cleanad with water for one minute priozr

tc the test.
Then, uszng a part oI these treated obrtainad test pieces
(discs), an antimicrobial activity Test was made for in-vivo test
25 accordingtothepmovisionsofJIS212801. As the pathogenic crgan
Staphylococcus aureus {(ATCC 253823} and Escherichia coll (MG 1455)
were usaed. The test was repeated 15 times fcr each test piece.

As the cells number left

after a predetermined tims passed is
smaller, the test piece is evzluated tc be superiocr in



0 | odi ne- inpregnat ion treatnent Treated or untreated Untreated
Untreated Treated INTIA i .1 |lo. Ol 51 ...,....:g?2cr. Z-T |

10

20

[N
ro

antimicrobial activity.
Further, using the obtained test piece {semicircular plate),
the cytotoxicity of the test piece was evaluated for in-vitro test

by the colony forming method using rat fibroblast cell lire V79.

The test piece was dipped in z culture fluid contained in'a Petri
dish and the abcve V79 was inoculated on the test piece to coniirm
the formation of colcnies for the evaluation.

Further, using the obtained rabbii externzl fixation pin,
¢ Japan wnite house rabbits were used and the pin was made to pierce
through each of the thighbones for in vivo test. After 14 days,

the rabbit was made tc die a gentlie and easy death to make

ot

histological analysis and the degrees of th inflammation and

]

infection of the tissue around tae pin-pierced part were observed

o

to give percentile scores to these degrees to evaluate. The

evaluazion items are as follows: inflammetion of the pin-pilerced

cf abscess caused by the pin was sericus illness, 1 when the
inflammation or formation of abscess was minor, 2 when marrow

formed abscass and 1 when the marrow was minocr and J in other cases,

to evaluate by the total points of the evaluation items. As the
total point of the evaluation items is smaller, inflammation and
infecticn are regarded as small. Further, at the same time,

osteoid formation on the suriace of the pin was confirmed to

evaluate osteoconductivity.

W)

The results cobtained are shown in Table
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It is found that an oxide film having micro pores as many
2s 5 % 10%/mm® or more in number is formed in Example of the prasant
invention (test piece Nc. Al).
Further, in Example of the present invention (test piece

5 No. Al), the formzstion of cclonies is significantly suppress=ad,

so That the number of Staphyiococcus aureus which is about 2003

h

before the sta:

H
¢l

C O

D

the antimicrobial t

(

st is reduced tc an averags

£0.07 after 2

IS

hr and also, the number ¢Z Zscherichia coli which
is about 2000 before the start of the antimicrobial test is reducad
10 to an average of 0 after 24 hr, showing that Example of tne preseant
invention is superior in antimicrobial activity. In Comparative
Examples, on the other hand, the cells number observed after 24
hr is 181 (test piece No. A2) and 347 (test piece No. A3, in the
case of Staphyvlccoccus aureus and 1281 (test piece No. A2} and
15 1600 (test plece No. A3) in the case of Escherichia ccli. These
differences may be said to have statistical significance.

Further, in Example of the present invention, the total point

the evalueation cf inf

=

ammation and infection is significantly

20 that Example of the present invention is reduced in inflammation
and infection. Further, this difference from Ccmparative
Exampies also has statistical significance and this shows thax

Example of the present invention reduces infection induced by a

o
[+]]

Further, Example of the present invention is similar te titanium
in good osteoid and ktone formation and it may be saic that Example

of

The present invention has sufficient osteoconductivity.
Morecver, it has been confilrmed that Example of the present
invention is similar to Comparative Examples in that the colonies

[
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cf rat fibroblast cell line V79 are well formed, so that it has

f

no cytotexicity.
{(Example 2)

Stainliess steel (SUS 304) was used as & base material to
manufacture disc-lilke test pileces [plilate thickness: Z mm) for
antimicrobial test. These test piesces were each washed with an
acid and then subjected to anodic oxidation treatment or to
medicine treatment. In the acid washing trsaiment, the test

in an aqueocus mixture scluticrn of nitric acid

Q.

plsces were dippe

(5%} ~hydrofluoric acid (3%) at a liquid temperature of 40°C for
3minutes. Inthe anodicoxidationtreatment, the test pleces were
electrolyzed at a constant voltage (100 V; for 15 minutes by using
the test piece as the anode and pure Ti plate as the cathode in

an acid electrolytic soluticn {soiuticon temperature: ambient

temperature! of a mixture bath containing hydrochloric acid {47

mass%)-agueous hyarogen peroxide (2 mass%i-formalin (10
mass$)-water. As the current load, pulsed current having a

-

frequency of 3000 Hz was used. The initial current value w&s 3.5
A/dm”. In the medicine treatment, the tast pleces were dipped in
a 30°C mixture bath of oxallc acid (25 mass%)-hydrcgen peroxide

“

{3.5mass%)-distilled water which was a high-temperature acid bath

using & medicine were subjected to a scanning electron microscops
‘magnification: 2500 times} to observe the surface structure oI

in five or more visual fields, thereby measuring the number of
pozes formed in the £iim in sach visual f£ield. Then, an arithmetic

average of the values obtained in the visual fielids was calculated



It is found that all Exanples of the present invention exhibit the rate 4
(antimcrobial activity value), so that they each keep excell ent
antimcrobial activity. Wth regard to Conparative Exanples in which no

i odi ne-inpregnation treatnent 5 is perforned, the antimcrobial activity
value is 0, that is, these Conparative Exanples de not exhibit any
antinmicrobial activity. (Exanple 3) 26 A Co-Cr alloy (mass% basis, 63.0%
Co- 6. 0% Mb-2. 0% N4-0.95% C-rest Cr) was used as.a base material to

manuf act ur B ASSELIERE UG PERRSHP &Y (SpPat e’ At cRededson thip S¥orce
antimcrobial test. These test pieces. wer ach. hed with an_acid and

t hen subj e8?e%a'i%o “FRodi ' DXi d%lt“l%hhe*t’r ééfing%%lon%seg?‘hvﬁﬁé gnb%'lch%“

oxi dation treafnent,, Lhe 168t Phecer mas £leciiebyzed &l @ Genstantsqol tage
(150 V, direct current (DC)) fS for 15. mnutes by using the test piece as
t he anode angepurier Fiivpl el €uas ftibedsathatte: dureaanabkatdgelkadtkobys ict
solution (solution tenperature: roomtenperature) of a m xture bath

cont ai ni Agtpet &s&i umripgdroxkde $465q§ ) - pot assi um fl uoride (35 d/1)-sodi um
phosphate (35 g/1)-al um num h%/dr\oxikdeL(35 %/Al)_-wat er. As the 20 current

| oad, pul sed curt&it RavPhy @t friEgiéicy Pofe5600°He W \rsed> “The2THiti al
current valye vwas 8 ALANR.., . The obt.ained. tspleces were.subjected
to a scannl‘a‘ﬁgeélce*é'tcrnéﬁgnl\{“l?lc“rnoé%bepre’ (magni W%a'tgiqotﬁ:%%%%%&%%%sc)" tg%h%){%ssgrve
the surface sthucturss0fc theutibm foxided idmqikarmedngno the-sunf age 25 of
each test piece, thereby determ ning the nunber of pores formed on the
surface of peaghihestpypirecedand itdagnaverape; twhiickness zof i¢diend cbmpownd he
same nmanner as in Exanple 2. Then, apart of the test pieces,

subj ect éd tio PhesevdrEatamshtsewe? et dliGdfed b SR-RAEBron THeéN 2"PRE 8% pi ece
was dipped in an 30 aqueous iodine co OUHQ‘SQOLUL%OCQ, pre arted b%:““

di ssol vi ng 395 2nBY3% of JaiVviI'Ayl Spyr1ot iGoné S 68 e fme) WhPEh-Was an

i odi ne compaund, L, pur & watey, and. the dest opi eceyvas settledan the, anode
side and a pure Ti'plate was settled on the cathode side fo perform5

el ectrol ysizmrats aie@nst and cwlstagec6frdbcded di r ecleredr eatr{g) ) obor 5

m nutes to cause el ectrophoresis, thereby carrying out iodine-inpregnation
treat nent tiodimpreégpatendtierokieetrfgriintofiowrredont e Hdeserfacei bt ftheed est
piece with the iodine co(ggound. In the iodine-inpregnation treatnment, the
initial Burdehbe derdrey Washtoahont ©©° Y 1IARGRRS 1odine coEPCRNflegai it t® t he
test pieces which.were only anodically oxidized and test pieces subjected
to iodi ne-iT 'élﬁﬁaf“%hg?‘?“e% nngh?aé?‘?ne%' anodi'cal 1y oxi ¢ |nz“e§,“g%*n’} THBLS

anti m crobial; aglj.vi bystgsdnwas nmade by the filmcovering nethod according
to the 15 provisions of JIS 2,7 2E01 to evaluate the antimcrobial activity
of each test piegethnrédercsapemanner asecpsbBianl erc2e Fhey etchiodadty
“evaluation was the sane as that of Exanple 2. The results obtained are
shown in Tabtiadiged 3% treated using a medicine anc test pieces subjected

20 to iodine-impregnation trsatment after anodically oxidized or

treated using a medicine, an antimicrobial activiiy test was made

wn

by the film covering method according te the provisions of JI
Z 2801. ‘As the pathogenic organ, Escherichia coii (JCM 16483

L

strain) was used and cells number left afier a predetermined time
25 (24 h) passed was measured to evaliuate the antimicrobial activity.

ks the cells number left after a predetermined time passad Is

smaller, the test piece is esvaluated to be superior in

antimicrobial activity. When cells nurber whichwas 42000/ml (4.2

x 16%/ml) at first was measured after a predetermined time (24 h)
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passed, the case where the cells number was reduced

ess than

-]

to

10/ml was rated as 4 (antimicrobial activ

y value), the case where
tre cells number was reduced to 10/ml or more and less than 100/ml
wzs rated as 3 (antimicrcbial activizy vaiue), The case where the

cells number was reduced teo 100/ml or mcre and less than 10060/ml

was rated as Z (antimicrobial activity valle}, the case where the

was rated as 1 {antimi
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+the cells numper was 10000/mi or more was rated as O {(antimicrokial

The results obtainzd are shown in Table 3.
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It is found that all Exampies of tne present invention
exhibit the rate 4 (antimicrobial activity value), so that they
each keep excellent antimicrobial activity.
Comparative Examples in which no iodine-imgpregnation treatment
is performed, the antimicrobial actzvity value is(, that ig, these
Comparative Examples dc not exhibit any antimicrobial activity.
(Example 3)

A Co-Cr allcy (mass% basis, €3.0% Co-6.0% Mo-2.0% Ni-0.25%

C~rest Or) was used as a pase mat

(M

ria: to manufacture disc-like

test pieces (plate thicknes

U)
(8]
D

|__| .

for antinicrokial Test.
These test pieces were each washed with an acid and then subjected

o anodic oxidation treatment.

0)

In the anodic

O
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for 15 minutes by using the test piece as the anode and pure Ti
plate as the cathode in an alkali electrolytic solution {scliution
temperature: rooOm temperature) of a mixture bath containing

b

potassium hvdroxide (165 g/l)-potassium fluoride {35 g/l)-sodium

phosphate (35 g/l)-aluminum hydroxide (35 g/l}-water. As the
B

tlsed current having a freguency of 5000 Hz weas

[

used. The initial current value was 8 A/dm°.

The obtained test pisces were subjected to & scanning

[t}
}_l
[(4
Q1

tron micreoscepe (magnification: 2200 times! to cbhbserve the

surface structure of the film (oxide film) fcrmed on the suriace

or: the surface of each test giece-and the average thickness of
the film in the same manner as in Example 2.
Ther,, a part of the test pleces subjected to these treatments

were cleaned with water. Then, the test plece was dipped in an

ye..o L4 00700 > -0 > U-.40, $.4c a: St"1
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agueous iodine compound solution prepared by dissolving 0.5 mass3
of polyvinyl pyrrolidone iodine (PVPI) which was an iodine

compound in pure water and the test piece was settled on the anode

197}

ide and a pure Tl plate was settled on the cathode side to perfeorm

(1]

lectrclysis at a constant voitage of 150 V (direct current {(DC})

Hh

or 5 minutes to cause electrophcresis, thereby carrying out
iodine-impregnation treatment to impregnate the oxide film formed
on the surface of the test piece with the iodine compound. In the
iodine~impregnation treatment, the initial current density was
about 0.2 A/dm®.

vith regard to the test pilec

U

(D

s which were only ancdically
oxidized and test pleces subjected to icdine-impregration
ﬁreatment after anodically oxidized, an artimicrcobhial activity
test was made by the film covering method according to the
provisions of JIS Z 2801 to evaluate the antimicrobial activity

oi each —ast piece in the same manner as in Examplie 2. The method
of evaluation was the same as that of Example Z.

The resulis cbtained are shown in Table 4.
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It is found that all Examples of the present invention

exhipit the rate 4 as the antimicrobiail activity value, so that
they each keep excellent antimicrobial activity. With regard te
Comparative Examples in which nec iodine-impregnatcion treatment
is perfc med,theantimicrobialactivityvalueiS(L that is, these
Comparative Examples do not exhibit any antimicrobkizl activity.

{(BExample 4)

Stainless steel (SUS 304) was us=d

m

s a base material To
manufacture disc-test pieces for antimicrobial test (plate

thickness: 2 mm). These test pieces were first subjected tc shot

blasting as mechanicea

l_l
'O
[
@]
(@]
®
n
wn
-
ool
1O
rt
I}
()
e}
+
3
®
s}
ct
o}
Fh

mechanical
—reatment. The shot blasting was performed using Zour types of
alumina shots one by one. In,reatme“tlnc:f irst stage, a #60-mesh

alumina shot was used to perform shot blasting under & press

ure
of 3.5 kg/cm® fZor about 2 minutes carefulliy from all cirections

SC as not to leave non-blasted part. Then, in a seccnd stage, the
surface treated by shot blasting using #60 mesh shot was carefully
shot-blasted using & #100-mesh alumina shot in tThe samne pressure

and time condition as in the first stage in such & manner as tTo

be equally shot-blasted. Then, in =z third stage, the surface

ct

~
] [

reated by snot blasting using #100 mesh shot was carefully

0]

hot-blasted using a #150-mesh ailumina shot in the same pressurs
and time condition as in the first and second stage in such & manner
as to be egually shot-biasted. Then, i1n & fourth stage, the

surface treated by shot blasting using #150-m

sh shot was

O

shot-blasted using a #200-mesh alumina shot in the same pressure
and time condition as above. Accordingly, macro unevenness was
provided to the surface of the test piece. The surface roughness

Iy

in the shot-blasted state whern measured according to the



(nunber/ nre) : m cro pores or nicro unevennesses 1 Lreatnent

33
provisions cf JIS B 0601-1994 was as foilows: arithmetic-average
roughness Ra was 2 um, maximum height of roughness profile Ry was
55 pm and ten-point height Rz of roughness profile was 3.5 um.

Theﬁ,thetestpiecehavingthesumfa:epropcrtiesnentioned
5 above was further subjected to medicine treatment which was
chemical tresatment. In this medicine tTreatment, the above test

piece was treated by dipping the

cl
3]

st piece in a mi
contaiping sulfuric acid {50 g) -oxelic acid {50 g)-water {400 gj
az a _iguid temperature of 60°C for one hour. The shot-blasted
10 ‘surface was chemically oxidized into a micrenized etching surface
having an oxide filmon the surface thereof. Thecurfacéroughness
a2t this time was as follows: arithmezic average rouginnass Ra was
2.5 um, maximum height of rocughness profile Ry was 65 um and
ten-point height Rz of roughness prcofile was 4
15 The obtained test pieces were subjected to a scanning

electron microscope [(magnification: 2500 times) to observe the

Hh

surface structure of the film {(oxide fiim) formed on the suriace
of each test piece, thereby opbserving the number of mi

unevennesses of the film formed on the surface ¢of each te

20 in the same manner as in Example 2

were thoroughly cleaned with water. Then, the test piece was

A

dippead in an agueous iodine compound sclution |

i_
o
Q
[
' !
O
+
[¢]
3
Hel
[0}
]
W}
ot
o
s
m

23°C) prepared by dissolving C.5 mass% of [-Cyclodextrin iocins
25 (BCDI} which was an iodine compound in pure water and the test
piece was settled on the ancde side and a pure Ti plate was settlea

1

of 150 V (direct current {(DC;) for 3 minut

(1
03]
ct
o
O
[Yl)
[
0]
M

electrophore

n
l_,_l -
0

thereby carrying out iodine~impregnation
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treatment to electro-ceposit the ilodine compound on the micro
unevennesses of the oxide film formed on the surface of the test
piece. In the iodine-impregnation treatment, the initial current
density was about 12 A/dm” and the current dénsity was decreased

graduzily with passage cf time.

treated and treated using a medicine and tTest pieces subjected
to iodine~impregnation treatment alter mechanically treated and

)

reated using a2 medicine, an antimicrobial activity test was made

[

by the film covering method acccrding to the provisions cf JIS

7 2801 to evaluate the antimicrobial activity of each test piece

in the same manner as in Example 2. The cells rumber at the
. c ; =~ 4 . . . - s

of the test was 56000/ml (5.6 x 10°/mli. The method cf evaluation

was the same as that of Examplile 2

The results obtained are shown in Tables 5.

(]
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-11 1 32 It is found that all Exanples of the present invention
exhibit the rate 4 as the antinicrobial activity value, so that they each
keep excellent antimcrobial activity. Wth regard to Conparative Exanples
in which no iodine-inpregnation treatnent 5 is perforned, the anti m crobi al
activity value is C, that is, these Caonpparative Exanples do not -exhibit any
antimcrobial activity. (Exanple 4) 36 . Stainless steel (SUS 304) was
used as a base ymterial to pufgfLuLfejdisgztgég Qiegg f.or antim crobi al
test (plate thitkngss” 2°m) Thebe tE§Tpre&ces weret ™ Fi78t *&bject®d to shot
bl asting asnABehaniLaheprecessingatf eplamn; of Jeeehani cal, fJ eatnent. The
shot bl asting was perfornmed using four types of alumha shots one b y one.

I n treat nehkyi dadh kbestesdagen:a#bdneshvialuat tavi shot wyas Adsadqt©s perform
shot bl asting under a pressure 15 of 3.5 kg/cn2 for about 2 m nutes

car ef ul | y Jomparat i veifizeopiless isovascinote todieavénposeid @stred rpattenTThen, 'in
a second stage, the surface treated by shot blasting using #60 nesh shot
was caef uls 5B SHBTeRl deted rdiifg & 181 e SR Ya i sha® Shdthdtnt $-hehgre
pressure QQQ LLQ?-QQQQJ%{ nsagougftth§£g§tﬂ§}%g%.gpﬁ§&gh_aﬁggmge[”as to 20
be equal | y SKGt bl asted, “Then, Ci'm a thifd stagé, the surfacé“tréared by
shot bl asting using #100 nmesh shot was carefully shot-blasted using a

#150- mesh al um na shot in the same pressure and tine condition as in the
first and sec:ond stage in such a manner as to be equally shot- bl ast ed.
Then, in a fourth stage, the 25 surface treated by shot bl asting using
#150- mesh shot was shot-bl asted using a #200-nesh al um na shot "in the sane
pressure and time condition as above. Accordingly, nacro unevenness was
provided to the surface of the 1l-et piece. The surface roughness in the
shot-bl asted state when neasured according to the 33 provisions of JIS B
0601-1994 was as follows: arithnetic average roughness Ra was 2 tm naxi num
hei ght of roughness profile Ry was 55 imand ten-point height Rz of
roughness profile was 3.5 um Then, the test piece having the surface.
properties nmentioned 5 above was further subjected to nedicine treatnent

whi ch was chemical treatnent. In this nedicine treatnment, the above test

pi ece was treated bv dipping the test.piece in a mxture bath containing
sulfuric acid (50 g) -oxalic acid (50 g)-water (400 at a Liquid tenperature
of 60C for one hour. The shot-blasted 10 surface was chem cally oxidized
into a mcroni zed etching surface having an oxide filmon the_ surface

t hereof . The surface roughness at this tine was as follows: arithnetic

aver age roughness Ra was 2.5 um maxi mum hei ght of rouahness profile Ry was
65 um and



ten-point height. Rz of roughness profile was 4.3 um 15The obtai ned test

pi eces were subjected to a scannina el ectron nicroscope (nmagnification:
2500 tines) to observe the surface structure of the film (oxide film
forrmed on the surface of each test piece, thereby observing the nunber of

m cro unevennesses of the filmformed gn the surface of each test piece 20
in the sane manner as in Exanple 2. 37 Then, a part of the test pieces
subfectedcﬁ%&ggese treatments were thoroughly cleaned with water. Then, the
test piece di pped in an aqueous iodi ne conpound solution ( liquid
tenperature : 23C) prepared by dissolving 0.5 mass% of P-Cycl odextrin

i odine 95 (BCDI) which was an iodi ne conpound in pure water and the test

pi ece was iset ibed on hbBeianvdepsidesand iy pure afil iRl A& MBS setd hegdeon the
cat hode side to performeolysis at a constant voltage of 150 V (direct
current (D@terfiel, 3tine mrdiscdlo scausd ezl ectpophioresi $1lhheseby cararyi ng out

i odine-inpregnation 34 treatnment to el ectro-deposit_the iodine conpound on
t he ni ¢r o RATEPEHHESTER: 10 LRRV G TS S5 PinPoraved a6f dthelsarfadéterithe test
pi ece. In_HQgTjoane-;np[e%pgtion tneatgppthntge initial current density
was about "I TAMHNY ARdCt R&OEGTr BRT dehst Ty UGS SaR8eT 2as 8655 RFAAUAI TS with
passage of,tdiBogine or Wadk fLQaLdoLhAgthe test pieces which were only
mechanically treated and treated using a nmedicine and test pieces subjected
to iodine-inpregnation treatnment after mechanically treated and treated
using a nedicine, an antimcrobial activity test was nade 10 by the film
covering met h8He aesiorldiimgmediche provdilisisopscofcdS 2 280intlo evelraate t he
antimcrobial activity of each test piece in the sane manner as in Exanple
2. Thelkelt¥ funBer BPrt fie® stdt (26F °t RETEest Welst 56066/ HeY SB35 F04/ ) .

The nethod of. eval uatiop was the %%ge5a§ that of Exanple 2. 15The results
own T n | STt i s foul

obtai ned are s i'n Ta 18 5. *F £ i% found that all Exanpl es

of the Present invention exhibit the rate 4 as the antimcrobial activity
val ue, so that they each keep excellent antimcrobial activity. Wth regard
t o Conpar ati vehExaapd esid masiiceh nopp ik nexdaprcagratbonidiredt ment2,

wherein the £ilm is formed by any one of electrochemical treatment,
15 chemical tTreatment, thermal and/or mechanical treatment or a

combination of two or more of these trsatments.

the 2iectrochemical treatment is anodic oxidation treatment, the

20 chemical treatment is medicine treatment, the thermal and/or

mechanicel treatment is any one of heaeting treatmeni, thsrmal

W)

processing treatment and mechanical processing treatment.

2. Trke metaillic medical suppiles according tc any cne cf Claims

1 to 4, wherein the iodine compound is pelyvinyl pyrrelidons iodine,

]
=11

f-cyclodextrin iodine or silver iodide.

.

6. The metallic medical supplies according . to any one of im

[+}]
n

@]

o

1l to 5, wherein the metallic material is z pures metal selecte



5 1is perforned, the antimcrobial activity value is 0, that is, these
Conpar ati ve Exanples do not exhibit any antimcrobial activity. 37 CLAI M
1. Metallic nmedical supplies using a netallic naterial as a base material,
t he-medi cal supplies conmprising a filmhaving mcro pores and/or mcro
unevennesses on the surface of the basg8 material, wherein the mcro pores
and/ or m cro unevennesses are inpregnated with iodine or iodine conpounds.
9. The metall] ¢ edioal SHOPLI &8, agoarding Lo fa) My woersindQ bpe film
conpri ses ‘the m cro por €s and/or’ m cfo unevennesses having a density of ac
least 5 X AQA/M0L2-0F s P16 The; Bt @hhicg, Nedicall 19YpPpLi £5nacLording to
Caiml or 2, wherein the filmis formed by any one of el ectrochem cal
treat nent ,arkb cclewceak1tseat ment, thermal and/ or nechanical treatnent or a
conbi nation of two or nore of these treatnments. 4. The netallic nedical
supplies according to Caim3, wherein the electrochemcal treatnment is .
anodi c oxidation treatment, the 20 chenjcal treatment is pedicine

treat ment, ' t h¥eFRet nalmegrarorS TRECHAR Lot T PRt ment S B2 ARy Dnésot “RE&t i ng
treatment, thernmml processing treatment and ppchani cal,_processing .

treat nent .N‘a’e‘adThé“rQ?ef'é T?ag’ rfc'e%lb’c‘gl‘%“'sﬁgtgflrg}'se‘gg?c“or‘dilﬁg “#5?‘%%,’9‘%@ cf
Caims 95 dnd@domberebn 4he iRdi-Ne:¢oRPOENErd Relsy VhaYhg Py rdLldidone

i odi ne, p-cyclodextrin iodine or silver iodide. 6. The netallic nedical
suppl i es asferdigusi 6 xany /oneé oof i@ aursac3® if tioerbbhe ngrreup atongiessteiing of Ti
and Co or an alloy selected fromthe croup consisting of a Ti alloy, a Co
al | oy, stabnt @&$rst pefesnndalCo-GRadlefoyl ts “paiREt &f [Nl RedF R wWspl i es
using a netallic material as abase material, the nedical supplies

conpri & ng a filmsubjected anodi c oxidation treatnent having mcro pores
having a degnsity pb-ai.]eashiaa.x 104/ M® onthe,swdace of 5t he base
meterial,- wherein the mcro pores are I npregnated with i odinhe or iodine
compounds. t48 8eqihe Jmbalhéicisreshicali rsupphi-es1 860 didignle9 C aim 7,
wherein the iodine conmpound is Polyvinyl pyrrolidone iodine, p-cyclodextrin
i odi ne or Brétyerodatirde. 18819¢ cthesineteal ibcipedi cal supplies according to
Cl aim 78, ' '

15 9. The metallic medical supp-ies acccrding to Claim 7 c¢r B8,
wherein the fiim nhas & thickness of 3 um or more.

4

aims
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10. The metallic medical supplies according to any one o

(
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T0 9, wherein the base mai any one of Ti or Ti

20 alleoy, stainlass stesl, ard a Co-Cr zlloy.

0N

1. A method o roducing metallic mecical supplies, the method

I fy
e}

comprising using a metallic material as a base material, treating

the base material by carrying out any one ¢f electrochemical

25 treatment, chemical treatment, thermal znd/or mechznica

tn

treatment or a combination of twe or meore of these treatmenis to

fcrm a film having micro pores and/or micro unevennessss having

oL - c 4, _z -y =
& density of at least 5 x 10°/mm® or mors on the surface cf the

base material, and carrving out iodine-impregnztion Treatment tc



wherein the filmnas a thickness of 3 pmor nore 10: The netallic
medi cal supplies according to any one of Clans 7 to 9, wherein the base
naterial is made of any one of Ti or Ti 20 alloy, stainless steel, and a
Co-& alloy. 11. A nethod of producing netallic nedical supplies, the
met hod conprising using a netallic ma';,e,",el as a base material, treating
t he base material by carrying out any One of el ectrochem cal 25 treatnent,
chem cal LIeatnpnl, Lhermsl, andfot geehall calaeaLABRL. &L & coghLnation of
two or nore of “thése treatmenfs to forma filmhaving mcro pores and/ or
m cro unevgrnessesuhavidid a density of at least 5 x 104/mi or nore on the
surface of the base material, and carrying out iodine-inpregnation
treatment tc 39 inpregnate the filmw th iodine or iodine conpounds, to
make nedi cal supplies. 12. The nethod of producing netallic nedical
suppl i es dccor @hacneshpg o arpfltingiateln iehecelect PBBRERFTAICCPFaaRFrent i s
anodi ¢ oxidation treatment, the chem cal treatment is medicine treatnent,
the thér mat® &ndrBr Lhectdicdl e &L RERT OF S aMy o 5961§‘mﬁéat3r?1g‘”tor 4t ment |
thermal processing treatnent and.gechani cal , processing;tr gatent. 10  13.
The net ho oTeQ&p“r‘%gucﬁr“%g "r%t‘él%“cc medi ca su%p qug gé%gir di irglg to Clmafrrr'\ 12,
wher ei n t henanodirgz0Xhfatd0mddreat Fent tirsatmdfeatsTenly bAWoE cleafingci d
el ectrolytic bath or an alkali electrolytic bath is used as an electrolytic
sol uti on, ‘arhipuinsedheureeéntrdraergng s e theeguenioye ofarBQat -kQBG3ikz i S
applied to the base material in the electrolytic solution to carry out
el ectrol ystseafe@attnent. 14. The net hod of producing netallic nedical
supplies "according to Claim12, wherein the nedicine treatnment is a
treat mtht in which 20 an alkali bath or acid bath having a liquid
tenper at ur &5 of :3QG, o, DL 4,3 HsedaRd: 1 he bass; mRf andgh s bs dippednin the
al kali bath or "acid bath. 15. "The met hod of producing netallic nedical
suppl i es acganding 25te-Latm kE2odnheseidattibe mechakincal s priocessieng
treatment is a shot 16. The nethod of producing netallic nedical supplies
accor di ng id@pohys ayldmiacsitodonecimdimer # eytskbdedtecicnol pdl aéask sil ver
iodide. 17, The method of producing metallic nmedical supplies according

is used as an electrolytic solution, and puised <urrent having

£

15 a frequency of 50 to 10000 Hz is applied to the base material in

ectrolytic solution to carry out electrolysis treztment.

L~

14. The method of producing metallic medicel supplies according

to Claim 12, wherein the medicine treatment is & treatment in which
20  an alkali bath or acid bath having & liquid temperature of 30°C

he a’lkaiil bath

or more is used and the base material is dipped in the

or acid bath.

15. The method of producing metallic medical supplies according
25 to Claim 12, wherein the mechanical processing treatment is a snot

o

M

6. The method of producing metallic medical supplies according

to any one of Claims 11 tc 15, wherein the iodine compcund is



5 to any one of Clains 11 to 16, wherein the base material is nmade of any
one.of Ti or Ti alloy, stainless steel, and a Co-Cr all oy.

40

polvvinyl pyrroliidone iodine, P-cyclodextrin iodine or silver

iodide.

17. Tre method of procucing metallic medical supprlies according

5 to any one of Claims 11 to 16, wherein the base materia

cf any one of Ti or 71 allcy, stainless steel, and a Co-Cr a1l



