=SCRIP, ION MEDICAL SUPPLIES AND METHOD OF PRODUCING THE SAME TECHNICAL FIELD
5The present invention relates to medical supplies and, particularly, to an improvement in the
antimicrobial activity of medical supplies such as artificial bones and osteosynthetic and fixation
devices which are implanted in living bodies prior to use. 10 BACKGROUND ART The recent
development of medical technologies has Ieeftodhe sitiation where many technologies are used
clinically for grafting implants that repair and substitute bones and joints 15 which are defectives or
have depleted fundfiohs fiHivittg bodies sith adithé Hamah b%?@é Ao thecharacteristics required
for each of the implants used in these technologies, he implants are desired to have the same strength
as part of a living body before substituted and also, firstly compatibility with a living body, 20 that is,
biocompatibitity: Examples ofibiocompatible metallic materials having such characteristics include
titanium, titanium alloys, stainless steel and Co-,,r alloys. However, thesemetallic materials have no
living &ctivity so tRatthey arenbt chismicalyborded:tocs bone foausing-problams eoneerning the
occurrences of 25 a gap and loosening during a long time of use.. . In light of such problems, there is
described’ = forexampré: PateRt DORUREHTT A metRod ‘o f6rminGg an-oxidé filnn Which afydrogen
peroxide-gantaining pasteis hrought infa contact with the surface.of a metal which, s a,hase material
to thereby convert 2 the surface of the base material into a metal oxide. It is described in the
documentthat aceardingstodbis teehnaologies, anoxidedim can he formed-ns shord imeranrd,good

blocompatibility is obtained. 5Further, separately from the above problems, these implants

use.
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BACKGROUND ART

The recent development of medical fechnologises has led to

the situation where many technolegies are used clinically for
grafting implants that repair and substitute bones and joints

15 which are defectives or have depleted functions in living bodies
such as the numan bodies. As to the characteristics reguired for

each of the implants used in these technologies, the implants a
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desired to have the same strength as part of a living body before

substituted and also, firstly compatibility with a living body,
20 that is, blocompatibility. Examples of blocompatible metallic
materials having such characteristics include titanium, titanium
allovs, stainless steel and Co-Cr allovys. However, thesemetallic
materials have no living activity so that they are not chemically
bonded to a bone, causing problems concerning the occurrences of

25 a gap and loosening during a long time oI use.
In light of such problems, there 1s describedin, for example,
Patent Deocument 1, a method cf forming an oxide film in which a
hydrogen percoxide-containing paste is brought into contact with

the surface of a metal which 15 a base material to thereby convert



cause the problem that when these implants are grafted in living bodies, infections such as
suppuration of diseased part are caused with high incidence. To deal with such a problem, there is the
idea of using, 10 as implant materials, Cu and Ag that are widely known to exhibit excellent
antimicrobial activity. For example, Non-Patent Document 1 reveals the results obtained by carrying
out an expetinient i WhichH Agknowiso SdIFERiIGH ahfifmicrebiakactivityis fransplantéd as an implant
(made of pure silver) to 15 an animal ngharpsgceé). @ccoLdir}qj[to these results, it is necessary to

cautious|§ Getite whetter 10 Ts %guagigﬁ impf‘ant aterial beéalise hsilver i?'ﬁ:plﬁgﬁ &alises’ severer
inflammationandsyvelling as compared with-astitanium or, stainless, steelimplant, showing that the silver
implant is deteriorated in affinity to a living 20 body. Further, Non-Patent Document 2 reports the
result of an expetmenteanesrning inhibiionda pin-infections in the case of using an external fixation
pin coated with Ag. According to these results, it is not observed that bacterial cells are 25 sufficiently
reducéd by the Agcoating -afé itis observed-thatta fiserin g tevat irf Bidod by e \grafting 6t the
Ag-coated external fixation pin__intﬁ? Ii\qgin‘ghbmord)g. 3 PRIOR ART DOCUMENT PATENT. DOCUMENT
Patent D&cUMent 1518panesé Patent Appiication L aid-Opeh NG, 2008-6184 5 NON-PATENT
DOCUMENT ; . Nop-Ratent Docyment 1: &N, Kraft, £1.al; Journal.of Biomedical Materials;Research
PartA. Vol. 49 (1999) Issue 2, Pages 192-199 Non-Patent Document 2: A. Masse, et al.: Journal
of 10 Bioehernical Materials Research Part B: Applied Biomaterials , Vol. 53 (2000) Issue 5, Pages
600-604 DISCLOSURE OF THE INVENTION

To deal with such a problem, there 1s the idea of using,

10 ag implant materials, Cu and Ag that are widely known to exhibit
excellent antimicrobial activity. TFor example, Non-Patent
Document 1 reveals the results obtained by carrying out an
experiment in which Ag known to exhibit high antimicrobial

activity is transplanted as an implant (made of pure silver) to

15 an animal {hamster). According to these results, it is necessary

[..JA

te cauticusly decide whether to use Ag as an implant material
because & silver lmplant causses seversr inflammation and swelling
as compared with a titanium or stainless steel implant, showing
that the silver implant i1s deterlorated in affinity tec a living

20 body.
Further, Non-~Patent Document Z repcrts the result of an
experiment concerning inhibition to pin-infections in the case

of using an exfernal fixation pin coated with Ag. According To

el

these results, it is not observed that bacterial cells are
25 sufficiently reduced by the Ag coating and 1t i1s obsesrved That

arise inhglevel inbloodby the grafting of the Ag-coated external

fization pin in a living body.



PROBLEMS TO BE SOLVED BY THE INVENTION 15Embodiments of the present invention provide
medical supplies which can inhibit infections with various bacteria for a long period of time, have
excellent antimicrobial activity, and are superior in the durability of antimicrobial activity and also in
superior in biocompatibility, and to provide a method of 20 producing the medical supplies. MEANS
FOR SOLVING THE PROBLEMS The inventors of the present invention focused their attentions on
iodine andTokfife £8hpBdREYEE Materials having 25 antimicrobial activity. lodine has sterilizing

activity a%mi%%ﬁ%&%iﬁity, Is also used as disinfectants and is said to have small toxicity to
living bodies. Tn light of this, the inventors of the present invention have conceived of impregnating 4

the surface of an saplant base-meateral withripgine-ariodinesompipndsiedabipitinfegtions associated
with an implant. The inventors of the present invention have conceived of an idea that if the surface of
an implantibasé digtefialeis impregnated with 5 iodine or iodine compounds and iodine is allowed to be
discharged gradually, this enables the implant itself to be sterilized and is also very effective to
maint&in m%%krﬁﬂ %ﬁbiéi%%wwq%ﬁterward. The inventors of the present invention made further

studies and as a iesylllounddnalaan.ie base materiaj ez o anqdically oxidized 1a pn giectrolytic
|

solution having a specific composifion by using pulsed current having a fréduency in a precfe ermined
range, angxige: il having By Isigefe es was farmedsen the dase materiabancdalsn dagse micro
pores could be imbregnated with iodine or iodine compounds, showing that these
192-199
Non-Patent Document 2: A. Masse, et al.: Journal of

10 Biochemical Materials Research Part B: Applied Bicmaterials, Vol.

53 (2000} Issue 5, Pages 600-604

DISCLOSURE OF THE INVERTION
PRCEBLEMS TO BE SOLVED BY THE INVENTION

15 Embodiments of the present invention provide medical
supplies which can inhibit infections with various bacteria for
a long period of time, have excellent antimicrobial activity, and
are superior in the durability of antimicrobizal activity and also
in superior in biocompatibility, and to provide a method of

20 producing the medical supplies.

MEANS FOR SOLVING THE PRCBLEMS
The inventors of the present invention focused their
attentions on iodine and iodine compounds as materials having
26 antimicrobial activity. Iodine has sterilizing activity and
antimicrobial activity, is also used as disinfectants and is said
to have small téxicity to living bodies. In light of this, the

inventors of the present invention have conceived of impregnating



15 pores were very effective to improve the continuation of antimicrobial activity. First, the
fundamental experiment made by the inventors of the present invention will be described. A Ti alloy
(mass% basis, 6% A1-4% V-rest Ti; 313 type-60 2@ alloy) was used as the base material to produce
disc-like test P' ace (plate thickness: 1.5 mm) . These test pieces were subjected to degreasing

treatment Bfid Hren f-&ndtiic oRidHiBhFeatment IFthe andtic Sxidatidnredtment, the tedtpiece was

electrolyzed at a canstant voltage (150.V) for sminut acid electrolytic, ¢ ytion
(solutiont‘écr)nmpme?é:lﬁi%és’: g)%ﬁ%éﬁ%é%ﬁ%éf%ﬁ zglL ?n%%?u?e% %%%%on%ég:n%iﬁg gu#ﬁric%%%g(lgﬁ g/l)-};f)hosphoric
acid (25 g/l)-aquequs hydregep perexide; (10gih): lnthisease,dhough the cartentlead wasmade to
have an initial current density of 8 A/dm2, the current value was dropped in order along with passage
of time betause:oftheiklectralysizraticunstarnt vbliage. e this tase, ias thercupmng, [5O%tov10000 Hz
pulsed current was used. The test was also made by using direct current (DC) as the current load.
Then, thel &rodiCalf oxidizeeF e NasdSaned with 5 watér 8HE then, Sibfetisd 9=
iodine-impregnation treatment in which.the test piec s.dipped:in.an,agueous jodine gompeund
solution ér?géjr‘éa Vdisé&ﬁﬁ]g“m%grﬁgés%hc% a%%'y%ﬁﬁlﬁ é;fr%c%ﬁjbné%ioﬁ%eg@g\/gl) Wh%c% \;'v}gg an
iodine compound in pure water theitest pieceavas-asrangedOnstheianade side and @-pure:ko Ti plate
was arranged on the cathode side, and the test piece was electrolyzed at a constant voltage of 120V
for 5 minutés to-vause. elébtrophoresis cthereldy iysregnatiig an oxidafilirsf thedurfaetoftlie test
piece with the iodine compound. imprqgnatign with iodine compound, the initial current density was set
to about B8 21&@nTF A BartriRe test pieced Werk Hot stibfedted o theimprégnation with fodine
compound. ., . First. the anadically oxidized test pieces.were subjected 10,2, scanning elecfron
microscope fmagnlﬁc tion: 2500 times) to be used to observe the surface structure of the oxide film
formed 20.0n theswrface ofthgdestpiece skach-test-pisce was:ehsesved-krameive,orimote visual
fields to measure the number of pores formed in the oxide film in each -visual field. Then, an arithmetic
average of treiebtaimethealues nas, calculatedte detdiminé e Aumber ofperes GTIHeE bxitesfilm
formed on the surface of each 25 test piece. In this case, the section of each test piece was also

observed by A'$Sariting Bfecifoir nficrostope (HAgnication= 2500 tities) fo Hieasurs e thitkness of
the formed oxide film, ., ,Further, withregard to,the fest pigces, subjected to-anadic, oxidation

treatment?in*tﬁe%est pieces subjected to anodic
15 pores were very effective to improve the continuation of

antimicreobial activity.
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irst, the fundamental experiment made by the inventors of

the present invention will be described.

@

A Ti alloy {(mass% basis, 6% AL-4% V-rest Ti; JIS type-60

20 alloy) was used as the base material to produce disc~like test

piece (plate thickness: 1.5mm}. These test pleces wers subjected
to degreasing treatment and then to anodic oxidation treatment.

In the ancdic oxidation treatment, the
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st plece was electrolyzed
at a constant voltage {150 V) for S minutes in an acid electreoliytic

95 solution (solution tTempsrature: room team a mixture
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bath containing sulfuric acid (35 g/l)-phosphoric acid (&5
g/1l)-agueocus hydrogen peroxide (10 g/l). 1Inthis case, though the

o s Dt e ] Ca e ‘ 2
current load was made to have an initial current density of 8§ A/dm,

Q

the current value was dropped in order along with passage of time



6 oxidation treatment and iodine-impregnation treatment, an antimicrobial activity test was made by
the film covering method according to the provisions of JIS 2 2801. Escherichia coli (JON 1649 strains)
was used as the pathogenic organ and the cells nuenber 5 left after a prescribed time (24 h) passed
was measured.to evaluate the antimicrobial activity of the test piece. The test was repeated two times
each. As tieceelissnumbéh fefeakerta piestribed timegpassedts smdlies ahe tést piece isevaluated to
be superior in antimicrobial activity. When the cells number 10 which was, at fiist, 36000/mi (3.6 x

Fa

104/ml) wad deétieasdd % fess tharrI0/mt Gftet 4 prescitfe FHMES2E H)FTassett this Wis T&fed as 4
(ntimicrabil agtly yalye)hon (e caby gumberwes 1D qumors and ess ap 0/l s was
rated as 3 (antimicrobial activity value), when the cells number was 100 or more and less 15 than
1000/ml, this wastated, as 2-(aatimicrebial activity-valie), when the elis number avas-106Q ©f more
and less than 10000/ml, this was rated as 1 (antimicrobial activity value), and when the cells number
was 10000 of morelthis as ratedh as Ot(adtirhicrolyial ‘activity wealeie): 20The obtainedsasulis:are
shown in Table 1. [Table 1] Test piece No. Base material * Anodicoxidation treatment

lodine-Antimicrobial imgreghation 4%activity T thédtifientratig 29usous Lodine compound

solution prepared by dissclving 0.5 masst of a peclyvinyl

pyrrolidone ilodine (PVPI} which was an ilodine compound in pu

H

e

water, the test plece was arranged on the anodse side and a pure

10 Ti plate was arranged on the cathode side, and the test pilece was

electrolyzed at a constant voltage of 120V for D minutes to cause

@lectrophoresis, thereby impregnating an oxide £ilm of the surface

of the test piece with the jodine compound. In this impregnation

with l1odine 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 iodine compound.

First, the anodiczally oxidized Test pleces were subjected

g scanning electron microscope (magnificaticon: 2500 times) to
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used to chserve the surface structure of the oxide film formed
20 on the surface of the test pilece. Each test pilece was observed
rom five or mors visual fields tT¢ measure the number of pores
formed in the oxide £ilm in each visual field. Then, an arithmetic

average of the obtained values was calculated to det

1]

rminge the
number of pores of the oxide film formed on the surface of each

26 test plece. In this case, the section of each Cest piece was also
observad by a scanning electron microscope (magnification: 2500
Times) to measure the thickness of the formed oxide £ilm.

urther, with regard to the test pieces subjected to ancdic

oxldation treatment and the tTest pleces subliected to anodic



Current load i Treated| After :1 or untreatedl 24hr passed i Typel Frequency,**Hz11 Ab
Untreated|
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oxidation treatment and iodine-ilmpregnation treatment, an

antimicrobial activity test was made by the film covering method

according to the provisions of JIS Z 2801. Escherichia coli (JCM
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164¢ strains) was used as the pathogenic organ and the cells number

e
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- after aprescribed time (Z4 h) passed was measured to evaluate
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antimicrobial activity of the test piece. The tTest was

repeated two times each. As the cells number left

o

rescriped time passed is smaller, the test plece is evaluated
to be superior in antimicrobial activity. When the celis number
10 which was, at first, 36000/ml (3.6 x 10%/ml) was decreased to le
than 10/ml after a prescribed time (24 h) passed, this was rated
as 4 (antimicrobial activity wvalue), when the cells number was

10 or more and less than 100/ml, this was rated as 3 (antimicrobial

activity value), when the cells number was 100 or more and less

15 than 1000/ml, this was rated ag 2 (antimicroblal activity value)},
when the ceils number was 1000 or more and less than 10000/ml,
this was rated as 1 (antimicrobial activity value), and when the
cells number was 10000 or more, this was rated as 0 {antimicrcbial
activity valus}.

20 The chtained results are shown in Table 1.

8 i f )
| Test Base Aniodic oxidation | Iodine~ Antimicroplal
piece material treatment impregnaticon | activity
No. * treatment P rating
Treated After passed
| Current load or untreated | 24 hr
[ Type | Frequency
E HZ
1 A o] - Untreated 0
2 A b - Treated 1
3 A a 56 Untreatsed 0
4 A & H{ Treatead 2
) A a 500 Untreatead 0
6 ‘A & 500 |Trea:ed 2




2 Ab Treated 3 IA a50 1 I[Untreated10 ,i 4lA alSO Treated.! 9

10

20

T | A 2 800 0
8 A a 800 3
9 A a 1000 0
16 A a 1000 4
11 A 4 3000 e
12 A a 3000 | 4 |
13 A a 5000 0
14 A a 5000 4
| 15 A a 8000 L0
16 A i a 8000 '3
17 A a 10000 0
18 A 4 100060 3

*y A Ti alloy {(JIS type-60 alloy;

**% ar pulsed current, b: direct current

In the case where the iodine-impregnation treatment 1s not
carried out but only anodic oxidation treatment is carried out,

the antimicrobial activity value is (0 and no improvement in

antimicrobial activity is cobserved. The antimicrobial activit

-

h

is improved more significantly in the case of performing anodic

¥

oxidation treatment by adding pulsed current at a frequency of
50 Bz or more than in the case of performing anodic oxidaticn
treatment by adding direct current. It is clarified that the

antimicrckial activity is significantly improved when anodic
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cxidation treatment 1s performed by applving pulsed curre

1000 to 5000 Hz. This is clari

h

ied from the relation betwsen the
density of the formed micro pores and the freguency of the pulsed

current load in the anodic oxidation

Fh

Fig. 1. It is found from Fig. 1 that whenrn the frequency of 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

ey 4 2 i3 = Ry - . - i e | T N .
as 5 x 10°/mm®. When the frequency is 0, that is, when direct

Lheod T
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current is applied, only groovy unevenness is formed on the film
and almost no micro pore is formed as shown in Fig. 3{a). When
the freguency of the applied pulse current is 50 Hz on the contrary,
the groovy unevenness disappears and many micro pores are clearly
formed on the film as shown in Fig. 3(b). Moreover, when the
frequency of the applied pulse current is as high as 1000 Hz, many
more micro pores are formed as shown in Fig. 3(c). It has been
found from the compariscn shown in Table 1 and Fig. 1 that the
supplies which have a film having micro pores increased in pore
density to at least 5 x 10*/mm® or more and which has been subjected
to icodine-impregnation treatment are able to have excellent
antimicrobial activity.

Further, as shown in Fig. 2, it has been found that if pulse
current having a frequency of 50 Hz or wmore is applied to carry
out anodic oxidatiocn 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 frequency of 50 Hz or mere 1s applied to carry
out anodic oxidation treatment, a £ilm which contains many micro
pores described above and has a thickness of, preferably 3 um or
more can be formed on the base material and that when the film
is impregnated with iodine or iodine compounds, the antimicrobial
activity of the base material is significantly improved.

The present invention has been completed based on the above
findings and further additional studies.

Specifically, the essential points of the present invention

are as follows.
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According to a first aspect, there is provided metallic medical
supplies using a metallic material as a b'aée matérial, the medical
supplies comprising a film having micro pores and/or micro
unevennesses on the surface of the base material, wherein the micro
pores and/or micro unevennesses are lmpregnated with iodine or
iodine compounds, and wherein the £ilm comprises the micro pores
and/or micro unevennesses having a density of at least 5 x 10%/mm?
oY more.

In an embodiment, the £ilm is formed by any one of electrochemical
treatment, chemical treatment, thermal and/or mechanical
treatment or a combination of two or more of these treatments.
In an embodiment, the electrochemical treatment is anodic
oxidation treatment, the chemical treatment is medicine treatment,
the thermal and/or mechanical treatment is any one of heating
treatment, thermal processing treatment and mechanical processing
treatment.

In an embodiment, the iodine compound is pelyvinyl pyrrolidone

iodine, f-cyclodextrin iodine or silver iodide.
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In an embodiment, the metallic material is a pure metal selected
from the group consisting of Ti and Co or an alloy selected from
the group consisting of a Ti alloy, a Co alloy, stainless steel
and a Co-Cr alloy.

According to a second aspect, there is provided metallic medical
supplies using a metallic material as a base material, the medical
supplies comprising a £ilm subjected to anodic oxidation treatment
having micro pores having a density of at least 5 x 10°/mn® on the
surface of the base material, wherein the micro pores are
impregnated with iodine or iodine compounds.

In an embodiment, the
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icdine compound is polyvinyl pyrrolidone iodine, f-cyclodextrin
iodine or silver iodide.

In an embodiment, the film has a thickness of 3 um or more.

In an embodiment, the base material is made of any one of Ti or

5 Ti alloy, stainless steel, and a Co-Cr alloy.
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According to a third aspect, there is provided a method of producing
metallic medical supplies, the method comprising using a metallic
material as a basematerial, treating the base material by carrying
out any one of electrochemical treatment, chemical treatment,
thermal and/or mechanical treatment or a combination of two or
more of these treatments to form a £ilm having micro pores and/or
micro unevennesses having a density of at least 5 x 10%/mm® or more
on the surface of the base material, and carrying out
iodine-impregnation treatment to impregnate the film with iodine
or lodine compounds, to make medical supplies.

In an embodiment, the anodic oxidation treatment is a treatment
in which an acid electrolytic bath or an alkali electrolytic bath
ig used as an electrolytic solution, and pulsed current having
a frequency of 50 to 10000 Hz is applied to the base material in

the electroiytic solution to carry out electrolysis treatment.
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In an embodiment, the medicine treatment ig a treatment in which
an alkali bath or acid bath having a liguid temperature of 30°C
or more is used and the base material is dipped in the alkali bath
or acid bath.

In an embodiment, the mechanical processing treatment ig a shot
blasting.

In an embodiment the iodine compound is polyvinyl pyrrolidone
iodine, B-cyclodextrin iodine or silver iodide.

In an embodiment, the base material is made of any one of Ti or

Ti alloy, stainless steel, and a Co-Cr alloy.

EFFECTS OF THE INVENTION

According to embodiments of the present invention, medical
gupplies which have excellent antimicrobial activity and are
superior in the durability of antimicrcobial activity and also in
biccompatibility can be produced easily at low cosgts, producing
an outstanding industrial effect. Further, when the medical
supplies according to embodiments of the present invention are
used as, for example, an implant to be grafted in a living body,
such an effect is obtained that infections which are large problems
when usual medical supplies are grafted in & living body can be

inhibited for a long period of time.



moo Treated 3 *) A:Ti alloy (JIS type-60 alloy) : pulsed current, 5: direct current In the case
where the iodine-impregnation treatment is not carried out but only anodic oxidation treatment is
carried out, the antimicrobial activity value is 0 and. 1w improvement in antimicrobial activity is
observed. The antimicrobial activity 10 is Improved more significantly in the case of performing anodic
oxidation treatment by adding pulsed current at a frequency of 50 Hz or more than in the case of
performing RIBHIO®EdRtirTrirestntent tyraddingrdivact current. It is clarified that the antimicrobial
activity is significantly improved_ when anodic 15 oxidation treatment is performed by applying pulsed
current at a frequén@-of -paicelafly 28O OSA2 F Mbreh diRd A-prfe rABIESOD (6BD0BCHE. This is
clarified frc%n the _relation beit\iv§engge decrilsi%_ ggtcgl(%.formed&ni ro pores a d the fre%c?ntcl){@of the

pulsed curreﬁ?ljo%% iR thé anodic oxidation freatment as iﬁﬁcsjtra%ég&?n treatment a



20 Fig. I. It is found from Fig. | that when the frequency of 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 104/mmz2.
When the frequency is 0, that is, when direct 8 current is applied, only groovy unevenness is formed
on the film and almost no micro pore is formed as $hown in Fig. 3(a). When the frequency of the
applied pulse current is 50 Hz on the contrary, the groovy unevenness disappears and many micro
pores are-¢lE&F5Tdrnied B tHé filnT as ‘Showni Fig. 3(b). Moreover, when the frequency of the
applied pulse current is as high as. 1000 Hz ore_MicrQ pores rme shown in.Fig. 3(c).
It has been foundE?Foqm t%éL %%m%éﬁ%%n%ﬁ%@v%%#%e% é%a F?gg %%@%t%?ef sﬁ%p?%s }\}vogiyé%%ave a film
having migko pores increasediin pore 48 density de at least boa1odmm2:0f mere anrd whieh-has been
subjected to iodine-impregnation treatment are able to have excellent antimicrobial activity.

Further, asfsheowrsin Figr2gthas been found that if pulse current having a frequency of 50 Hz or more

is applied to carry 15 out anodic oxidation treatment, many micro pores are formed and a film 3 pm or

more if thickness'cahbe forrfied™> " 1 a8 beeh Tolnd from e above t8suits thit when pufse
current haying a fregueney of, 50 Hz or.more is applied o carry out anodic.gxidation treatment, a film
which contains many micro 20 pores described above and has a thickness of, preferably 3 pm or more
can be formed on the base material and that when the film is impregnated with iodine or iodine
compounds, the antimicrobial activity of the base material is significantly improved. The present
invention Kas be¥nlconiplétedidaisedon thelabdve 258'indings’dnd further additional studies.
Specifically, the essential points of the Fre‘sent invention are as fqllovyﬁ. 9 According to a first aspect,
there is provided metalii¢ fisdical SUpplids U8ing a etallic materialas a bASE material thé medical
SUDp“ﬁﬁ99£¥5§H¥1QJW@ﬂ“ﬁ@&%”@@Kgpag¥§yyggrgg%grial, and is provided with

P
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a film having micro pores and/or micro unevennesses on the base
material. The term “micrec pores and/or micro unevennesses” used

herein means the surface state of the base material changed from

the initial state by artificially carryling cut heat treatment,

i5 mechanical Treatment, electrochemical treatment or chemical

treatment or combinations of these treatments. Then, The term

r

micro pore” means a clrcuiar or polygonal pore having an

aresa-eguivalent circle diameter of about I to 10 ym. Further, the

term “micro unevennesses” means the surface state on which
20 unevennesses having a depth of several micrometers [um) to
several hundreds of micrometexrs {(surface roughness Ra: about

several micrometers (um) to several hundrecs ol micrometers
(um} }exist as these pores are deformed or integrated.
The film to be formed on the surface of the base material

25 may be one only having micro pores and/or micro unevennesses such

as thos

O

mentionsd above and no particular limitation is imposed
an a method of forming the film. However, the f£ilm is preferably

one formed by anv one of electrochemical treatment, chemical

treatment, thermal and/or mechanical treatment or a combination



5 unevennesses on the surface of the base material, wherein the micro pores and/or micro
unevennesses are impregnated with iodine or iodine compounds, and wherein the film comprises the
micro pores and/or micro unevennesses having a density of at least 5 x 104/mm2 Or more. 10 In an
embodiment, the film is formed by any one of electrbchemical treatment, chemical treatment, thermal
and/or mechanical treatment or.a combinagion of two or mo&}oflthese freatments. [n an embodiment,
O mor I These LY ngs., i ererable’ to adopl
the electr%haec%ca?ﬁeg?mgntols anodﬁ:QOX|daet%trlmt&rz’élaﬁ$nent, the chemical tréatment is medicine
treatment, 13 the thermaland/or.mechanical treatmeat is any:one-ofheating traatment thermal
processing treatment and mechanical processing treatment. In an embodiment, the iodine compound
is polyvinylepyirrolidene:iedites picyetodextrinicdine i siiverdodidet Qankesan embodiment the metallic
material is a pure metal selected from thg group consisting of Ti and Co or an alloy selected from the
group corfsistingfof d T afoy, BiC6 all6y staihlédE Steel Ahd S EBCFalloy & Adording td & second
aspect, thefe Is provided metalic megical supplies.sing.a inglallc Imateral as.abase magerial, the.
medical suppliés comprising a film sucbjectea to anodic oxidation treatment having micro pores having
a density of-atleast,s x.104/mm2.on-the suface of the base materiak whereinihednicra pores are 10
impregnated with iodine or iodine compounds. In an embodiment, the 10 iodine compound is polyvinyl
pyrrolidonededings Preytclodextrin idielor sibvet fotlide.dmancembediment therfimtas a thickness of
3 p.mormore. Inan embodiment, the base material is made of any one of Ti or 5 Ti aﬁll9¥, stainless
steel, and'5 EHECF&lfGVE S having a desired density. The deSireddensity or the
micro pores and/or micro unevennesses is preferably at least 5
10 x 10%/mm® or more. When such a film having micro pores and/or micro
unevennesses having a desired density is formed on the surface
of the base material, the surface of the base material can be
impregnated stably and sufficiently with lodine or iodine
compounds which improve the antimicrobial activity and

15 sterilizing activity cof the suppliies.

antimicroblal activity and stesrilizing activity, the
antimicrobial activity and sterilizing activity of the supplies

—

20 are improved by the acti
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h is gradually released

®

from iodine or ilodine compound with which the micro pores or micro

unevennesses of the film are impregnated. When, partilcularly

micro pores or micro unevennesses of the film are impregnated with

iodine or iodine compounds, this has such a merit that the ares
25 of the surface capable of holding iodine or iodine compounds 1s
more increased than in the case of applying ilodine or ilodine

compound to & plane, enakbling the above icodine or iodine compound
to be supported in & large amount and also, the release of lodine

from icdine or iodine compcounds 1s continued gradually for a iong



10a According to a third aspect, there is provided a method of producing metallic medical supplies, the
method comprising using a metallic material as a base material, treating the base material by carrying
out any one of electrochemical treatment, chemical treatment, 5 thermal and/or mechanical treatment
or a combination of two or more of these treatment$ to form a film having micro pores and/or micro
unevennesses having a density of at least 5 x 104/mm2 or more on the surface of the base material,
and carnyirg'eut iddiné-imprsonatibnitreatment to-itmpredhiate the it with‘ioline™f0 ofibdine
compounds, to make medical supplies. In an.embodi A dic oxidation tment |

treatment in-which'an acid elet él?oﬁ)?t%c%ga?ﬁgrleiéﬁ%%kg? ?écet%%%%qba%ﬁ i)g%éead %gsggn@e\fg&ﬁ)ﬁtic
solution, gadpulsed current having a frequency of 50 to 10000 Hz is applied to the base material in 15
the electrolytic solution to carry out electrolysis treatment. 11 In an embodiment, the medicine
treatment is a tre@trasntlinawhicit ar alkalibatroracidbath having a figuid:fermperatiifeSoR 3600 or
more is used and the base material is dipped in the alkali bath or acid bath. 5 In an embodiment, the
mechanidalpr6EEssiy trBathert 7 2€hot blasting. In an embodiment the iodine compound is

polyvinyl pyrrolidone iodine, P-gycladextrin iodine.ot silvet jodide; . .In an.erabadiment. the base
material is made o?aﬁy one of Tror lo Ti alloy, stainless steel, and a Co-Cr alloy. EFFECTS OF THE
INVENTIQN-ic=1 jodide, iron iodide and tin iodide;
organic compounds, for example, chain saturated
hydrocarbons and their derivatives such as methyl iodide, ethyl
10 iodide, propyl iodide, butyl iodide, and isopropyl iodide;
alsgc, chain unsaturated hydrocarbons and their derivatives
such as vinyl icdide, anyl iodide, crotyl iodide, propargyl iodlide,
and phenylacetylene iodide;
also, arcomatic hydrocarbons and their derivatives such as
15 iodobenzene, benzyl iodide, benzoyl iodide, phenacyl iodide,
¥ylylene iodide, phthalein iodide, hydroguinons iodide, and

ay

0

lodextrin-iodine inclusion compounds;

2lso, hetero-compeounds such as trimethylsulfonium iodide

Qx

and triphenylsulfonium lodide; and
20 hetero-compound polymers such as peolyvinyl pyrrolidone

iodine and polyvinyiphthalimide iodine.

-

REmong the above iodine compounds, hetero-compound polymers

-

cdine, aromatic hydrocarpons and

[

such as polyvinyl pyvrrolidon

3]

their derivatives such as P-cyclodextrin iodine or inorganic

o]
(]

compounds such as silver iodide are preferable as the lodine

ks

+

compound with which the supplies are impregnated, from the
viewpoint of safety to the human body, environmental integrity

and blocompatibility.

Though no particular limitation is imposed on the type of



According to embodiments of the present invention, medical supplies which have excellent
antimicrobial activity and are 15 superior in the durability of antimicrobial activity and also in
biocompatibility can be produced easily at low costs, producing an outstanding industrial effect.
Further, when the medical supplies according to elhbodiments of the present invention are used as, for
example, an implant to be grafted in a living body, 20 such an effect is obtained that infections which
are largerroblemsswihehadstal nisdical sspliestare Graftedin2eivirg Body tan'lfe inhiifédfor a long
period of time. ha BRIEF DESCRIPTION OF THE DRAWINGS . . Fig. 1.is a graph showing the
relation betWEe tié pore density°of a film formedin “én%%%dxﬁé‘tioﬁ%%é‘tﬁé%%%dLtﬁé 19 frequency
of pulse currentload., 5,,Fig. Zis a graph-showing therelation hetween the thickness af @-film formed
in anodic oxidation treatment and the frequency of pulse current load. Fig. 3 is a scanning
electronrpigrograph showingithe surfacesstateyof &itmifofreed bytarmodic oxidation teeatmentsBEST
MODE FOR CARRYING OUT THE INVENTION The present invention relates to medical supplies
using & 10 1ake RAleYial Aiate 6f Ametalfi¢ nidterial; and §s providéd withta fifni Having miicro pores
and/or micro unevennesses on the base material _The term "micrg pores and/or. micyo unevennesses”
used heréciﬁ n%g'gin?qfheaédr?a}/de stafe of the base material 6’ﬁ'arr?g‘edaf?6r% hé?ﬁfiﬁa?l%t%té LtJ)P)/ﬁ)arStificially
carrying out heat treatment, 13 mechanical traatment; electrochemical treatraent orrchemaical treatment
or combinations of these treatments. Then, the term "micro pore" means a circular or polygonal pore
having amareaseguivalept:ciecl@ diameter of abouta. t6 19 KirsRurthep ithékerm Vivicre unévennesses”

means the surface state on which

Ti alloy prescribed as JIS type-60 (6% Al-4% V-T1 alloy JIS

o

Al-2% V-T1 allovy)

A

10 type-6l (3 , 15-3-3 alloy, JIS type-11 or JIS
steel, austenite stainless steels such as 3U3 302, SUS 304, 3US
316, SUS 316L, SUS 317J4L, SUS 329J1 and SUS 328731 are preferable
from the viewpoint of non-magnetism. Further, as the above Co-Cr

15 alloy, a stellite 20 alloy having a composition of €3.0% Cr-6.0%
Mo-2.0% Ni-0.25% C-rest Cr is preferable from the viewpoint of
strength and corrosion resistance.

Next, a method of producing medical supplies according to
the present invention will be described.

20 L base material made of any ons of the metallic materials
is preferably formed intc a predetermined shape, and 1s then

subjected to degreasing treatment. Then, the base material is
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ctrochemlical treatment, chemical
treatment, thermal and/or mechanical treatment or a combination

95 0F two or more of these treatments to form z film on the suriace
0f the base material. It is preferable “o adopt anodic oxidation

treatment as the electrochemical tre

ol

Tment, medicine Treatment

W
0

the chemical treatment, heating treatment as the thermal

treatment, thermal processing treatment as the thermal and



20 unevennesses having a depth of several micrometers (km) to several hundreds of micrometers
(surface roughness Ra: about several micrometers (km) to several hundreds of micrometers (km))exist
as these pores are deformed or integrated. The film to be formed on the surface of the base materral
25 may be one only having micro pores and/or midfb unevennesses such as those mentioned above
and no particular limitation is imposed on a method of forming the film. However, the film js preferably
one forn{%%lcb@agﬁ‘ycﬁée of %Fe%?r%%he?ﬁfgaﬁ?eczrfr%‘éﬁﬁ %ﬁe?n%%%tsrgétnn?eﬁtﬁ %%é%ﬁéaﬁ an forlt’?%%chanical
treatment, or. a.combination , 13 0f two ofaare of these, treatments It is-preferable to adept:anodic
oxidation treatment as the electrochemical treatment, medicine treatment as the chemical treatment,
heating treatment agthe therimal treatment, theral processirg-treatment asethe 5 tHeritaland
mechanical treatment, and mechanical processing treatment as the mechanical treatment. These
treatments'eénablé Bas§ f6matidh b & filfHavingemicie pores aABIoT ficrd anevelidsses Having a
desired density. The desired density.of the, micra pores andior.micrg yngyennesses is preferably at
least X 104/mm2 of more. When stch. a film having micro pores and/or micro unevennesses having a
desired depsity. is;formed on-the.surface of the base material, the surface of the base material can be
impregnated stably and sufficiently with iodine or iodine compounds which improve the antimicrobial
ahtivity and 15 stérilizing activitycof-thecsuppties - reaThem, midrogpbressormicro unevenresses of the
film are impregnated with iodine or iodine compounds. Since iodine has antimicrobial activity and
sterilizing &Gtvify, Bie ARtimictobial attivifFand sterfizing dctiity 6fthe Stpplies 2074re improved by
the action of jodine which,is gradually rg_lgag%%gr m igding or ioding compaund with which the micro
pores or micro unevennesses of the film are impregnated. When, particularly, micro pores or micro
unevepnesses-of the,film are, impregnated with iodine, okiedine; compeunds; 1kis hasisuch a merit that
the area 25 of the surface capable of holding iodine or iodine compounds is more increased than in the
case of applymngiicdiresoriodine. confpdunid:te agplane rermatiingthe alicvé fodinerot ipdireé Eompound
to be supported in a large amount and also, the release of iodine from iodine or iodine compounds is
continued"§radfiafly for a long 14 time. This makes it possible to maintain the antimicrobial. activity

and sterilizing aCtM&tX%Etpgssggpygg fc‘;?é%!logg_ @899@9{!9@9@&11“ may include a sulfuric
acid-water mixture bath (for example, content of sulfuric acid:

15 5 to 30 mass% and preferably 10 to 2% mass%), sulfuric
acid-pheosphoric acid-water mixture bath (for example, sulfuric

acid 35 g/1 and phosphoric acid 25 ¢g/1), sulfuric acid-phosphoric

sulfuric acid 3% ¢g/1, phosphoric acid 25 ¢g/1, and agusous nydrogern
20 peroxide 10 g/l), sulfuric acid-phosphoric acid-ascorbic
acid~water mixture bath (for example, sulfuric acid 35 g/i,

phosphoric acid 2% g/l and ascorbic acid 10 g/1) and nydrochloric

1y

acid~agueous hydrogen peroxide-formalin-water mixture bath (for

example, hydrochloric acid 40 mass%, agueous hydrogen peroxide

o]

25 2 macses% and formaiin 10 massi) .

Further, examples of the alkall electrolytic bath may

¢f

include potassium hydroxide-potassium fluoride-sodium

phosphate-aluminum hydroxide-water mixture bath (for exzample,

5

potassium hydroxide 165 g/l, potassium fluoride 35 ¢g/i, sodium

{.



Examples of the iodine compound with which the supplies are 5 impregnated may include;
inorganic compounds such as silver iodide, potassium__iodide, nickel iodide, iron iodide and tin iodide;
organic compounds, for example, chain saturated hydrocarbons and their derivatives such as methyl

iodide, ethyl 10 iodide, propyl iodide, butyl iodide, aid isopropyl iodide;

also, chain unsaturated

hydrocarbons and their derivatives such as vinyl iodide, anyl iodide, crotyl iodide, propargyl iodide, and
phenylacetyfsieivdrle? > </ lalds arohidlic ir6e4tbors-4fd theif derivatives such as 15
iodobenzene, benzyl jodide, penz%ygl éogidedghe%r}?gygp{j&dee,lxgbdg%e iodide, h}t)la‘ﬁglloqw{g

. . oL 13 prelerallie LG UusSe o
hydroguinone iodide, and cycloaextrln-m@memcl‘usmn compounds:

L L C
meallso, etero-compounds such

as trimexhylsulfgnium-iodide and triphenylsuiforivm jodide; and 20hetero-comppund palymers such as

polyvinyl pyrrolidone iodine and polyvinylphthalimide

Among the above iodine compounds,

hetero-coaipatndpolymerssuch a$ polyvinyl pyrclidonedadine, aronaticchyédrocarboi's and their
derivatives such as P-cyclodextrin iodine or inorganic 25 compounds such as silver iodide are

preferable as the igtifé eofmpotnd Wity which the stippiies aféimpreghated, frém THE Vidvpoint of

environ
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safety to thg human body.
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load. When pulsed cur
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15 metallic material to be used as the base material in the present - invention insofar as the metallic
material is suitable for use as medical supplies, Ti or Co is preferably used if it is a pure metal or a Ti
alloy, Co alloy, stainless steel or Co-Cr alloy is 5 preferably used if it is an alloy. It is more preferable to
use Ti and Ti alloy, stainless steel or Co-Cr alloy tking it into account to transplant the supplies to
living bodies. Ti is preferably pure Ti prescribed as JIB type-1 or JIBe-2 or a Ti alloy prescribed as JIB
type-60 (696 Al46N-Th alley 3B 16 Hfpe-615(3% ATFFYAF-TT aliby} 15218 alfoy™ JitS ty5e-11 or
JOTS type-12 are each applicable. Further, as the above stainless steel, austenite stainless, steels
such as $08 307 %%%6%%51‘% , §%§3@8E§Sﬂ]}§ fihﬁ%rljbgﬁé g%?‘?fgng%ﬁﬁ 3 éjéjisL are
preferable from the viewpeint,of nop-magnetism sFurther, as the abaveGe 15:alloy sastellite: 20 alloy
having a composition of 63.0% Cr-6.0% Mo-2.0% Ni-0.25% C-rest Cr is preferable from the viewpoint
of strength.aiidhcerrasionitesistancemate Next, a niethed bbproducingimedizal $upplies according to
the present invention will be described. 20A base material made of any one of the metallic materials is
preferably formmadings aredaterrhiretisHapes aRd i$ then SULTEREH 16 deGrensing tre&tmélit. Then,
the base material is subjected to any one of electrochemical treatment, chemical treatment, thermal
and/or mgé’ﬁ%rh(féiéﬁ?e&?rj%éﬁf or 51%0)%%5155&& 3& oF two T)}r‘gjwl;nuo"régl 0 %?élsehﬁgegtr%%%gg tg%‘(’)rr%g; film on
the surface, of the base materalsitis preferable;to adoptanadie oxidationdreatmernt asdhe um
electrochemical treatment, medicine treatment as the chemical treatment, heating treatment as the
thermal treatrpent; thermal ptogessing treatmentias thie thetmal and 163meéchanicaldreaiment and
mechanical processing treatment as the mechanical treatment. The method will be described
concernirftRthaca’e ofpeiforiiry afodic oxidition treatmenit fo oMM it 6n th&'Suftate of'the base
material as an example. It s needless 5 (o.say that the preserdavention is notfimited:to the,anodic
oxidation fréatment. — I the anodic oxidation treatment. the base material formed into a
predetermined shape s dippagh inan-electrolytic selutioarand-user asbe anade 1@ apply:current to

electrolyze. As the

(100 ¢/1) and 3.5 mass% of hydrogen peroxide (30%)) 1is vsed and

the base material is dipped in this bath for 30 minutes are
exemplified. This treatment is preferably applied in the case ct

15 using stainless steel such as SUS 304 as the base material.
further, examples of the heating treatment may include a
method in which the base material is heated (heating temperature:
600 to BO0°C and preferably 700°C x 1 hr) in the atmosphere to form
2 film (oxide film) on the surface of the base material. Further,
20 examples of the thermal processing treatment may include methods

in whicnh the surface of the base material 1s irrvadiated with an

having micro unevennesses or micre pores having a desired surface
structure. In this case, thess treatments are preferably applied
when stainless steel or a Co-Cr alloy is used as the base material.

In “he present invention, treatment such as anodic oxidation



io electrolytic solution to be used, an acid electrolytru bath or alkali electrolytic bath is used
corresponding to the type of base material. Examples of the acid elect rolytic bath may include a
sulfuric acid-water mixture bath (for example, content of sulfuric acid: 15 5 to 30 mass% and preferably
10 to 25 mass%), sulfuric acid-phosphoric acid-water mixture bath (for example, sulfuric acid 35 g/1
and phosphoric acid 251), sulfuri id-phasphori id-aqueou iragen ide;water mixture
bath (for éﬁg%%%%%fgr?cpa‘érdy égﬁépﬁgsbﬁ%cgagg ?fgﬁn%é;ﬁggt?s yd%élge% \glg%oe{gxide 10
9/1), sulfuric.acid-phosphore acid-ascorbigacid-wateranixtire bath (for example, suHuric acid_ 35
phosphoric acid 25 g/1 and ascorbic acid 10 9/1) and hydrochloric acid-aqueous hydrogen
peroxide-formmali-waiter saixture batht (forexamplel hydrochlorié avid 40massveagadcus-iydrogen
peroxide 25 2 mass% and formalin 10 mass%) . Further, examples of the alkali electrolytic bath
may include Fotdsditim Ayt 8% de potassith fridhideEadium phosphate aluminum
hydroxide-water'baye bath, (oL example,»L{ phpsehate Sagil andaluminum pydiexige 35.9.) It
is preferable to use the acid e ectrofytlc bath when the base material is Ti or a Ti alloy or stainless
steel, and:theialkali electrolytie eathavhen the base matedans:a:C0«Craltoy-0 frothe electrolysis,
pulsed current having a frequency of 50 Hz or more and preferably 10000 Hz or less is used as the
current loadoWherrpalded corrent having éa fregueney of SOVHZ oriforelis Usedlas & Elirrent load, a
filmincludingmicropores andj/or micro, unevennesses having g density of at least 5 x 104/mm2 can be
formed. 10" WHenSthecuhentoadistiredtetiferit (DT “othya filth ¢ontaiming Heither micro pore nor
micro-unevenness can he formed.as shown.dn Rig,3(g); Sucha fijm canbe.insyfficiently impregnated
with iodine and an iodine compouhnd with result that sufficient antimicrobial activity cannot be imparted
to the;supplies:IncI5thisscase Jargerscaled eqiiipment is:requited o generate pulsedheurrent having-
a freguency exceeding- 10000 Hz and therefore, the cost regu:ired for the equipment is increased,
bringing abott hfgkesredusticn E6St: Frémithe abdvesreasth, Hthe cufreht apphed it frie“anodic
oxidation treatment in the invention is preferably 50 20 to 10000 Hz pulsed gurrent The frequency is
more prefafably 1600 t0 5000 HZ ?%#ﬁé*'§i%w%’oTnt%&t é%ﬁﬁﬁ&%? r%nsic*:r%%ﬁglr%sotg 6e0£"%néd.

compounds. When the amount of iodine or iodine compounds is less

than 0.1 mass%, the content of icdine with which the film is

-
51

impregnated is sc small that desired antimicreobial activity cannot
be developed. Even 1if lodine or ilodine compound its added in an

amount exceeding 1.0 mass% on the other hand, the ef

Ih

D

ect 1s
saturated and this is economically disadvantageous. The amount
of iodine or iodine compound is more preferably 0.3 to 0.5 mass%.

20 Further, as the iodine compound to be added in the agueous
solution, the iodine compounds are all preferable. Among these

compounds, polyvinyl pyrrolidone iodine (PVPI), P-cyclodextrin

ipdine (BCDI) and silver 1odide are preferable from the viewpolnt
of biocompatibility.
28 in the iodine-impregnation treatment, the constant voltage

anodizing is preferably carried out at a constant voltage ranging
from 100 to 200V for 1 to 10 minutes. The constant current density
anodizing is preferably carried out at a constant current density

ranging from 0.C5 te 10 A/dm’ for 1 to 10 minutes.



Medicine treatment as the chemical treatment, heating treatment as the thermal treatment, heating
processing treatment 25 as the thermal and mechanical eatment, or mechanicalprocessing treatment
as the mechanical treatment or a combination of two or more of these treatments may be adopted in
place of the anodic oxidation treatment as the ele€ffochemical treatment. Examples of the medicine
treatment may include a method in 18 which a high-temperature alkali-type bath or an acid bath is
used and the badefmataiial 48 Hippetn thig'bath to f6it CRémically trebted filnT hATing micrd pores
and/or micro unevennesses on the surface of the base material. A method in which. as the 5
high-temﬁgr%tl?ré arTl%éjﬁ{\‘Eéib% ‘bath, for example, a 140C sodium hydroxide-potassium nitrate-water
mixture bath (for example, 60 parts by weight of sodium hydroxide, 40 parts by weight of potassium
nitrate and 500 parts by weight of water) is used and the babe material is dipped in this bath for 10
minutes andtamethod in 10 which as the acid bath, for example, a 30C oxalic acid-hydrogen
peroxide-water mixture bath (for example, 25 mass% of oxalic acid (100 g/1) and 3.5 mass% of
hydrogen persided30%) ) is used and the base material is dipped in this bath for 30 minutes are
exemplified. This freatment is preferably applied in the ¢ase,of 15 ysing stainless stael such @s SUS
304 as the base material. =~ Further, examples of the heating treatment may include a method in
which the_-base maierialis heated theating temperature; 600 te 800&-and prefesably<200CGx 4 hr) in
the atmosphere to form a film (oxide film) on the surface of the base material. Further, 20 examples of
the thermabprocessig:treatrrientmalriheludetmethods s whick the surfacdessfthebasesmatérial is
irradiated with an electron beam or laser beam. Further, examples of the mechanical %rpcggsing
treatmentmay clidesmethodsSising AshotBiastny. i these treatnidrits, it 1S essential to make an
examilrgatiggrin 2p advance before determining the treatment conditions so that a film having micro
unevenhesses or micro pores having a desired surface structure. In this case, these treatments are
preferably applied:when stainlessisteel of aCe-r alloy isTtised as the-base material. kthe present
invention, treatment such as anodic oxidation ‘
subjected to degreasing treatment and then to anodic cxldation

rreatment. In the anodic oxidation treatment, the tTest plece was
electrolyzed at a constant voltage (1530 V) for 5 minutes in an

15 acid electrolytic sclution (sclution temperature: ambient
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temperature) of a mixture bath containing sulfuri

nesphoric acid {25 g/l)-agueous hydrogen peroxide (10 g/ly.
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In this case, though the current load was made to have an initial
current densitv of § A/dm", the current value was dropped in order
20 along with passage of time because of the electrolysis at constant
voltage. 1In this case, as the current, pulsed current having z

freguency of 10000 Hz was used. The te the anodic
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oxidation treatment was not performed was regarded as comparative
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examples.
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First, the anodically oxidized test pieces (Ti alloy test



19 treatment is performed to form a film having micro pores or micro unevennesses on the surface of
the base material and then, iodine-impregnation treatment is carried out to impregnate the film with
iodine or iodine compounds. The iodine-impr% nation treatment can be carried out as follows: the
base material which has been subjected_ to, for example, anodic oxidation treatment is cleaned with
water, then dipped in.an aguequs, iodine gr igdine.compound solution. and direct cyrrentis applied by
using the base matérial as the anode 10 carry out?o electrolysis at a constant voltage or constant
current depsity. (Ehe aqueous solutiondisedforthe eleetrolysisds preferablyan agueous:solution
containing 0.1 to 1.0 mass% of iodine or iodine compounds. When the amount of iodine or iodine
compounds isdess tham=0lnmassés; the contemt of iodiné wittewhieh the filmfis %t pregiated is so
small that desired antimicrobial activity cannot be developed. Even if iodine or jodine compound is

added inEHAMBENCexcEEding £ B mAssY%on the-3thef hand the affectis satdrated And THis is

economically disadvantageous, Th 0 iadine or iodine compoynd is-more preferably 0.3 to 0.5
mass%. 20 Further, as Lf%é’ i'ovi?r%(—a ?g?nn%o%?ﬁé b%ll%dded %“}he?aaﬁjge%ulﬁ%sﬁgion, the iodine
compoundsare aflipreferable. Amang these compaunds, polyvinyl pyrolidone iodine (RYPL);
P-cyclbdextrin iodine (BCDT) and silver iodide are preferable from the viewpoint of biocompatibility.
25In the iodinezimpreghation freatmernit’ie conistant Voltige anbgiziryis préfefscaAgdoua at a
constant voltage ranging from 100 to 200 V for | toi}O minutes, The gpstqan{,gyrrgm g%n§it Sa_nodizing
is preferably carriedFout at & cérstaht current d&nsityranging from 0-05 to 10 A/Gm~? for o 10
minutes. 20, . The.nresentinvention will be described inmoxe detall by way of Examples MOLES 5
(Example i) (mass% basis, 6% Al-4% -rest Ti; JIS type-60 alloy) and stainless steel (SUS
304) were, used.as basednaterals toimanufactute dises (platethickness: 2.0dnme) asrps pietes for
in-vitro test and external fixation pins fora rabbit as test pieces lo for-vivo test.

solution prepared by dissclving C.5mass® of polyvinyl pyrrolidone

iodine (PVPI) which was an icdine compound in pure water and the
test pilece was settled on the anode side and a pure Ti plate was
sertled on the cathede side to perform electrelysis at a constant
15 voltage of 120 V, thereby carrying out lodine-impregnation
treatment. In the ilodine-impregnation treatment, the initial
current density was set to about C.2 A/dm® o cause electrophoresis
to impregnate the oxide film formed on the surface of the test

iece with the iodine compound.

i

20 In this case, the test pieces which were not anodically
oxidizad were degreased and cleaned with water for one minute prior
to The test.

Then, using a part of these treated cobtained test pleces

ling to the provisions of JIS Z 2801. As the pathogenic crgan,
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Staphylococcus aureus (ATCC 25823) and Bsch

were used. The test was repeated 15 times for sach test piece.

st}

As the cells number left after predetermined time passed is

smaller, the test plece 1s svaluated to be supericr in

M



Among these test pieces, he Ti alloy test pieces were subjected to degreasing treatment and then to
anodic oxidation treatment. In the anodic oxidation treatment, the test piece was electrolyzed at a
constant voltage (150 V) for 5 minutes in an 15 acid electrolytic solution (solution temperature: ambient
temperature) of a mixture bath containing sulfuric=&id (35 g/1)-phosphoric acid (25 g/l)-aqueous
hydrogen peroxide (10 9/1) In this case, though the current load was made to have an initial current
density of'8-AfheT the edrréritvaliidWas dropped in order 20 along with passage of time because of
the electrolysis at constant voltage. In this.case, as.the curtent, pulsed. current having.a _requenhy of
10000 Hz was Used: THe'test bille%:e”sn \‘Mﬁ?ﬁ the Sﬁoaﬁ:sgx%]éﬁgr?ggaﬁﬁé C(g::"yv]\%e%ﬁof p]g}%rméél was
regarded.as. C@dgméei;\ﬁec%%mm% 125First; the-anodically. exidized:test pieces- (Ti alloy-testpieces)
were subjected to a scanning electron microscope (magnification: 2500 times) to observe the surface
structurerof the oxide filny farmed: o onetsurfacesdofrenct® test piecelindive ormhrelishal Hiéfds,
therebymeasurl g the number of pores formed 91 in the oxide film in each, visual field. Then, an
arithnfetié Aver&ge of e valiies chianed inthé Fikual fieTds wastaltiiated o determing the number
of pores of. the gxide film formed on dhe.surface.aheach fesf piece  Eurthar, dhe sectionpf-each test
piece was observed by a scanning electron microscope (magnification: 2500 times) in five visual fields
to measurg anaverage thickness of the exidediimdermed-anthe sutface. Then, the anodically
oxidized test pieces (Ti alloy test pieces) were cleaned with water for one minute. After cleaning io with
water, the test piéterwas dippedtincart aguebus iodite tampound:soiution preparéd By dissblving
0.5mass% of polyvinyl pyrrolidone iodine (PVPI) which was an iodine compound in pure water and the

test piecé W SettiEd ort the aRBdesitie Bhd a purd i hRtE was tisc di tie &athods Sidé 16 perform

electrolysis at a constani 15vqlage. of: 120,V therehy carrying, gutiodine-impregnationg ;v s, In the
iodine-impregnation treatment, the initial current density was set to about 0.2 A/dm2 to cause

electropheresis-toimpregnaterthe oxide film:-fosmedon the srface:of theitest piece with:the iodine
compound. 20In this case, the test pieces which were not anodically oxidized were degreased and
cbanedVMﬂﬁwQ&gq@p@deﬁﬁmﬁéqﬁ@rﬁyﬁﬁgﬁgtd@grees of the inflammation and
infection of the tissue around the pin-pierced part were observed
toc give percentile scores to these degrees to evaluate. The
15 evaluation items are as follows: inflammaticn of the pin-pilerced
part, abscess around the pin, marrow, and inflammaticn around the
the pin. The point wes 2 when the inflammation or formation
of abscess caused by the pin was serious Llllness, 1 when the

inflammation or formaticon of abscess was mincr, Z when mMarrow

o formed abscess and 1 when the marrow was minor and 0 in other cases,
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total points of the evaluation items. As the

M

toral point of the evaluation ltems i1s smaller, inflammation and
infection are regarded as small. Further, at the same time,
cstecid formation on the surface of the pin was confirmed Lo

25 evaliuat

o

osteoconductivity.

The results obtained are shown in Table 2.



Then, using a part of these treated obtained test pieces (discs), an antimicrobial activity test was made
for in-vivo test according to the provisions of JISZ 2801. As the pathogenic organ, Staphylococcus
aureus (ATCC 25923) and Escherichia coli (MG 1455) were used. The test was repeated 15 times for

earh test piece. As the cells number left after a
evaluated to e superior ir
(semicircular pj
forming methg
contained _Lr
formation of ¢

Japan wh e h
for in vivo tes

analysis and t
were observe
follows: inflarr,Ena

around_ the
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Further, using the obtained test piece
ﬁ Ehe test piece was evaluated for in-vitro test by the colony
cgeﬂ line V79. 5 The test piece was dipped in a culture fluid
x%@’ve V79 was inoculated on the test piece to confirm the

alonies for tk
ouse Fabbits
Aftel 14 da
fe degrees

1

e eva

if the

were |
ys, the

SE

uat

|on Further, using the obtained rabbit external fixation pin, 6
d and the pin was made to pierce 10 t ough each of the thighbones

; rabblt was made to die a gentle and easy death to make histological
nﬂammatlon and infection of the tissue around__ the pin-pierced part
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ierce
$:2 when the inflammation or. formation of abscess caused by the

ores to these degrees to evaluate. The 15 evaluation items are as
part, abscess around the pin, marrow, and inflammation

iflammation or formation of abscess was minor, 2 when marrow 20

on the
the tg
ther,
£The

tal

a’gtr

res

ma

rrow wasminor and 0 in )ther cases, to evaluate by the total points
ppoint of the evaluation items is smaller, inflammation and infection
e same time,  osteoid formation on the surface of the pin 25

glts obtained are shown in Tab.le
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24 It is found that an oxide having mioro pores as many as 5 x 104/mm2 or more in number is formed
in Example of the present invention (test piece No. Al). Further,Example of the present invention (test
piece 5 No. Al), the formation of colonies is significantly suppressed, so that the number of
Staphylococcus aureus which is about 2000 beforé4he start of the antimicrobial test is reduced to an

average of 0.07 after 24 hr and also, the number of Escherichia coil which ~_is about 2000 before the
start of the antimicrobial et redticedo %X&ﬁigvémg‘@ St afeer 34 hr, SHOWinG that ExHmiplethe

present | ‘ée%“Qnﬂé‘%%‘?”SEi%é@@@ﬁr%&h@@\ﬂ@-é'&&@é@ﬁ%@%ﬁ?@@@%t% the othey-hand, the

cells number observed after 24 hr is 181 (test piece No. A2) and 347 (test piece No. A3) inthe case

of Staphylececeds aureus-and #;281=(test piege No. A2) and 15 1600 (test piece No. R3) in the case of
Escherichia coll. These
Further, in Example of the present invention (test pilece

5 No. Al), the formation of colonies 1s significantly suppressed,

a0 th

o))

t the number of Staphylococcus aureus which is about 2000
before the start of the antimicrobial test 1s reduced to an average
of 0.07 after 24 hr and also, the number of Escherichia celi which
is about 2000 before the start of the antimicrobial test is reduced

10 to an average of 0 after 24 hr, showing that Example of the presant

s =

invention is superior in antimicrobial activity. In Comparative
Examples, on the cther hand, the cells number observed after 24
hr is 181 (test piece No. RZ) and 347 (test pilece No. A3) in the
case of Staphylococcus aureus and 1281 (test plece No. AZ) and
15 1600 (test piece No. B3) in the case of Escherichia coll. These
differences mav be said to have statistical significance.

ua

4

ther, inExample of the present invention, the total point
of the evaluation of inflammation and infection is significantly
lower than in Comparative Examples and therefore, 1t may be said

20 that Example of the pre

W

ent lnventvicon is reduced in inflammation

and infection. Further, this difference from Comparative

=z

i,,l

Examples also has statistical significance and this shows that
Exampls of the present invention reduces infection induced ky a

e

inand is superior inantimicrobial activity andbiocompatiblility.
25 Further, fxample of The present invention is similar to titanium
in good osteoid and bone formation and 1t may be said that Exanple

of the present invention has sufficient costeocconductivity.

Mcreover, 1t has been confirmed that Examp

o

& of the present

invention is similar to Comparative Examples in that the colenles



differences may be said to have statistical significance. Further, in Example of the present invention,
the total point of the evaluation of inflammation and infection is significantly  lower than in
Comparative Examples and therefore, it may be said 20 that Example of the present invention is
reduced in inflammation and infection. Further, thigdifference from Comparati Examples also has
statistical significance and.this shows that Example of the present invention reduces infection induced
bya piandis §ulﬁ)ae"“r?[“2)]?lir‘%i gﬁtirCfflyci,if%Jbfajllz'ilfzti\\?[i?)lgJ and %i&%ﬁ‘paﬂ%ﬁﬁﬁ% Eartﬁé% Ex&a%nm!:'é%f the
present inyentionis similarto ftitanium in good osteoid and bone formation and it maybe said that
Example of thé present invention has sufficient osteoconductivity Moreover, it has been confirmed that
Exam-le ofthemesentinvention is siMilar to Comparative Examples in that the colonies 25 of rat

fibroblast cell line V79 are well formed, so that it has no cytotoxicity. (Example 2) | ,
Stainless steel (5US8 304) was used as a bass matsrial to

5 manufacture disc-like test pieces (plate thickness: 2 mm) for
antimicrobial test. These test pleces were each washed with an
zcid and then subjected to ancdic oxidation treatment or to

medicine treatment. In the acid washing treaiment, the Test

pieces were dipped in an agueous mixture solution of nitric acid

a0
ty

40°C for

h

10 (5% -hydrofliuoric acid (3%) at & liguid temperature o
Iminutes. Inthe anodicoxidation treatment, 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 cathocde in
an acid electrolytic solution (solution temperature: ambient

15 temperature) of a mixture bath containing hydrochioric aclid (47
masst)-~aquecus hydrogen percxide (2 mass%)-formall:
mass$)~water. As the current load, pulsed current having a

freguency of 3000 Hz was used. The initial current value was 3.5

wn

A/dm®. 1In the medicine treatment, the test pleces were dipped in

20 a 30°C mixture bath of oxalic acid (25 mass?)-hydrogen peroxide

(@]

(3. 5mass%)~distilled water which was a high~-temperature acid bath

for 30 minutes.

[

The test pieces which were anodically cxidized or treated

using a medicine were subjected to 2 scanning electron microscep

o

el
ot

(magnification: 2500 times) tc cbserve the suriace structure of

the film (oxide film) formed on the surface c¢f each test plec

[0}

in five or more visual fields, thereby measuring the number oI
pores formed in the film in each visual field. Then, an arithmetic

average of the values obtained in the visual fields was calculated



Stainless steel (SUS 304) was used as a base material to 5 manufacture disc-like test pieces (plate
thickness: 2 mm) for antimicrobial test. These test pieces were each washed with an acid and then
subjected to anodic oxidation treatment or to medigine treatment. In the acid washing treatment, the
test pieces were dipped in an aqueous mixture softifion of nitric acid 10 (5%)-hydrofluoric acid (3%) at
a liquid temperature of 40C for 3minutes. Intheanodicoxidatigntreatm he test pieces were
electrolyzed afa toRstant V%ﬁa%%r‘r(%% V) 61 15 minttes %y ﬁ%i‘f egtné%tgH giéc%eILAS? t?r%e §§6gé%£nd pure Ti
plate as the cathede !;Ds%nﬁf&%‘?ctrﬁwi@éﬂuti%@%i@aﬂ@mne_ﬂfaag@ham@w@mmr@ture) of
a mixture bath containing hydrochlo ¢ acid (47 mass%)-adueous hydrogen peroxide (2
mass%)-fonmaitia {10 ymasswywater; As thecounrentioad; pulsed dareentiaving a fiegueney of 3000
Hz was used. The initial current value was 3.5 A/dm2. In the medicine treatment, the test pi.eces were
dipped. int20'aB0C Mixiiré batt s oxalicadid (25 miassdb)Hydibger perdkide (3 3 Massu ) -distilled
water \(yhigggv@s.qT_Qigpétgrrpepéer%;ur%ﬁgidq%atpaf%% minutes. The test pieces which were anodically
oxidize or tréated using a medicine were “su%fected' to a scanning electron microscope 25
(magnification: 2500-imes) tg.pbsepve the-surface strusture of the-film toxide: film)formed on.the
surface of each test piece in fi.ve or more visual fields, thereby measuring the number of pores formed
in the filmin eachvisaal fieldwTheny an arithmeticaveragésfite walues bbitined in'theVisal Fields
was calculated 06 to determine the number of pores of the film formed on the surface of each test

i il i AEE A ~ona re 3 7 . oomasst® of
piece. Furthsr: frie S6EHON G eath 185t piBce Wasohserved 4 Stanming electrdhmicroscope
(magnification: 2500 fimes) in fiyg visual figlds.to, peasure,an ayerage thickness.ef She film formed
on the surface’ T

10 in pure water and the test piece was settled on the anode side
and a pure Ti plate was settled on the cathode side to perform
electrolysis at a constant voltage of 120V {direct currant (DC})
for 5 minutes to cause electrophoresis, thereby carrying out

icdine-impregnation treatment To impregnate the oxide film formed

15 on the surface of the test piece with the icdine compound. In the
iodine-impregnation treatment, the initial current density shown
was about 0.2 A/dm’.

With regard to the test pieces which were only anodically

ke

ieces supjected

D

-t

oxidized or treated using a medicings anc TLes
20 to iodine-impregnation treatment after anodically oxidized or
treated using a medicine, an antimicrobial activity test was made
by the film covering method according to the provisiens of JIS
7 2801. As the pathogenic organ, Escherichia coli (JCM 16459
strain) was used and cells number left after a praedetermined time

25 (24 h) passed was measured toevaluate the antimicrobial activity.

smaller, the test piece is evaluated to be superior in
antimicrobial activity. When cells number whichwas 42000/ml (4.2

x 10%/ml) at first was measured after a predetermined time (24 h)



Then, a part of the test pieces were cleaned with water. Ai-ter cleaningwithwater, the test piece was
dipped in an aqueous iodine compound solution prepared by dissolving 0.5 mass% of polyvinyl
pyrrolidone iodine (FVEI) which was an iodine compound lo in pure water and the test piece was
settled on the anode side and a pure Ti plate wasSettled on the cathode side to perform electrolysis at
a constapl voltage of 120 [l et DG (ol 3 miptes, o sauss, slectropharests, falieby
carrying outslo%m’e-lmpregna%on treatment to impregnatetheoxide film, formed 15 on the surface of the
test piece with:the indine compaund.-Inithe iodine-impregnation treatment, thednitial urrentdensity
shown was about 0.2 A/dm?. With regard to the test nieces which were only anodically oxidized or
treated using ameédicinesard testpiceds subjected R0nb ipinedmpragnater tidatment affer
anodically oxidized or treated using a medicine, an antimicrobial activity test was made by the film
covering TAGHOETECESTaing 16 he-Provisions'df ZiTs 70801 Ae'thep %g%?ﬁ?ceo%aenr,%sféhgerichla coii
(TOM, 1649 shrain) igs usgd and eelispumbe joft after,3 predaterpined ime s 24 passed was
meastred T0 evaluate the antimicrobia activity. As the cells number left after a predetermined time
passed ig,;smaller,dhe-test piece 15 evalupted:ta be superjorimantimicrobiat actvity aihericells
number which was 42000/ml (4.2 x 104/m1) at first was measured after a predetermined time (24 h)
passed, the casewhererthe cefls Auarériwas t8duced ¥ 1855 thad T0/mPRas rated @Y (@htimicrobial
activity value) , the case where the cc number was reduced to }p/mi or morg and less than 100/m1
was rated a8 F Eritimitrobial Hetivity-vdiGE) “the'Case where the's celld numbeér was Teduced to
100/mi oL ore andlogssANAN 1000/ wesyated a2 {aplaictolial acivityavalua); the.gasewhere
the cells number was reduced to 1000/mi or more and less than 10000/m1 was rated as |
(antimicrebialactivity valuey,;and the case where the cells number was 10000/ml or more was rated as

0 (antimicrobial 10 activity value) . The results obtained are shown in Table 3. 28 50x x1.4 0 x ! 4-,
The results obtained are shown in Table 3.
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It is found that all Exampl of the present invention
exhibit the rats 4 (antimicreobkilal activity value), so that They
each keep excellent antimicrobial activity. With regard to

Comparative Examples in which no lodine-impregnation treatment

0]

5 isperformed, the antimicrobial & ctivity vaiue 1s 0, that is, thes
mparative Examples do not exhibilt any antimicrobial activity.
(hxample 3)

L Co-Cr alloy (mass% basis, 63.0% Co-6.0% Mc-2.0% Ni-0G.25%

C-rest Cr) wa

in

used as & base material to manufacture disc-like
10 test pileces (plate thickness: 5.0 mm) for antimicroblal Test.
These test pleces were each washed with an acid and then subjected

to anodic oxidation treatment.

Irn the anodic oxidation treatment, the test plece was
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15 for 1% minutes by using the test piece as the anode and pure T
plate as the cathode in an alkall electrolytic solution (sclutlion
temperature: room temperature) of a mixture bath containing

potassium hydroxide (165 ¢g/l)-potassium fluoride (35 g/l)-socdium

phosphate (35 g/1)~aluminum hydroxide (35 g/l
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20 current load, pulsed current having

m

frequency of 5000 Hz was
vsed. The initiel current value was 8 A/dm".
The obtained test pieces were subjscted To a scanning

electron microscope {magnification: Z500C times) to observe the

surface structure of the film (oxide film} formed on the surface
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(934
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1
D
93]
O
Ey
ct
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lece, thereby determining the number of pores formed
onn the surface of each test piece and the average thickness of
the film in the same manner as 1n Example 2.

Ther, a part of the test pleces subjected to these treatments

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

&
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aqueous lodine compound solution prepared by dissclving .5 mass$
of polyvinyl pyrrolidone iodine (PVPI) which was an lodine

compound in pure

side and a pure Ti pilate was settled on the

a

ctrolysis 2t a constant veltage of

fo minutes to cause electr

iodine~impregnation treatment ©

G

on the surface of the test piece with the iodin

1odine-impregnation treatment, the current

10 about 0.2 A/dm’.

With regard to the test pleces which were only anodical

oxidized and test pleces subjected tc iodine-impregna

-

rreatment afiter anodically oxldized, an antimicrobial

T

=)

=

st was made by the

IZ 7 2801 to evaluate the antimicrobia

gach test plece in the

same mannel as

that

>

evaluation was The same as of

=N

The resuits obtalned are shown 1n Table

water and the test piece was settled on the ancde

i
3

-

tion

activity
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It is found that all Examples of the present invention
exhibit the rate 4 as the antimicrobial activity value, so that
they each keep excellent antimicrobial activity. With regard to
Comparative Examples in which no iodine-impregnation treatment

1

is performed, the antimicrobial activity value 1s 0, that is, these

Comparative Examples do not exhibit any antimicrobial activity.

3]

Stainless steel (808 3C04% was used as a base material to

thickness: 2 mm). These test pileces were first sub]
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plasting as mechanical processing treatment of mechanical

i+

reatment. The shot blasting was performed using four types cf
alumina shots one by one. Intreatment ina first stage, & #60-mesh
alumina shot was used to perform shot blasting under & pressure
of 3.5 kg/cw® for about 2 minutes carefully from all directlons
so as not to leave non-blasted part. Then, in a second stage, Lhe

surface treated bv shot blasting using #60 mesh shot was carefull
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and time condition as in the first stage 1

be equally shot-blasted. Then, in a third stage, the suriface
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~eated by shot klasting
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A

shot-blasted vaing a #150-mesh alumina shot in the same pressure
=}

and time condition as in the first and

42}

econd stage 1n such a mannsr

o
T

s to be egually shot-blasted. Then, in a fourth stage, the

Fh

[£3]

urrac

o

treated by shot blasting using #150-mesh shot was
shot-blasted using a #200-mesh alumina shot in the same pressure
and time condition as zbove. Accordingly, MACTYO UNEVEnNess wWas

provided to the surface of the test plece. The surface roughness

[OR

in the shot-blasted state when measured according Lo the
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provisions of JIS B 0601-19%4 was as follows: arithmetic average
roughness Ra was 2 um, maximum height of roughness profile Ry was
55 wm and ten-point height Rz of roughness profile was 3.5 um.

Then, the test piece having the surface properties mentioned

i
ot

above was

rther subiected to medicine treatment which was
chemical treatment. In this medicine treatment, the above test
piece was treated by dipplng the test plece in a mixture bath
containing sulfuric acid {50 g}~oxalic acid (50 g)-water (400 g)

at a liguid temperature of 60°C for one hour. The shot~hlasted

h

]

urface was chemically oxidized into a micronized etching suriace
having an oxide filmon the surface thereol. The surface roughness
at this time was as follows: arithmetic average roughness Ra was
2.5 wr, maximum height of roughness profile Ry was &5 pm and

roughness profile was 4.3 pm,

ey
Q
-

ten-point height

z
The obtained test pieces were subjected to a scanning
electron microscope (magnification: 2500 times] to observe the

surface structure of the film (oxide £ilm) formed on the surface

62}

of each test piece, thereby observing the number of micro

unevennesases of the film formed on the surface o

Fh

@ach tast piece
in the same manner as in Exanplse 2.

-

Then, a part of the test pleces subjected to these Treatments

electrophoresis, thereby carrying out iodine-impregnation



* 59445 L1 CC.ICF5.0 0511 FtOFEX.0 #-H Ft 29 It is found that all Examples of the
present invention exhibit the rate 4 (antimicrobial activity value), so that they each keep excellent
antimicrobial act V tv. With regard to Comparative_Examples in which no iodine-impregnation treatme
5 is performed, the antimicrobial activity value is 0; that is, these Comparative Examples do not exhibit

anyanm?@%%%%é%%wg%'@%%%m%%géeposit the iodine compound on the micro

unevennesses of the oxide film formed on the surface of the test

piece. In the fodine-impregnation treatment, the initlal cu

ty
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density was about 12 A/dm” and the current density was decrea

radu
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lly with passage of time.
With regard to the test pleces which were only mechanically
freated and treated using a medicine and test pleces subjected

o iodine-impregnation treatment after mechanically treated and

treatved using & medicine, an antimicrobia

—

activity test was mads
10 by the film covering method according to the provisions of JIS
7 2801 to evaluate the antimicrobial activity of each test piece
in the same manner as in bLxample 2. The cells number at the start

of the rest was 56000/ml (5.6 x 10°/ml). The method of evaluation

was the same as that of Example

[

15 The results obtained are shown 1n Table 5.



A Co-Cr alloy (mass% basis, 63.0% Co0-6.0% Mo-2.0% Ni-0.25% C-rest Cr) was used as a base
material to manufacture disc-like 10 test pieces (plate thickness: 5.0 mm) for antimicrobial test. These

test pieces were each washed with an acid and then subjected to anodic oxidation treatment.
anodic oxidation treatment, the test piece was elec
(DC)) 15 for 15 minutes by using the test piece a

gid

In the
rolyzed at a constant voltage (150 V, direct current
e anode and pure plate as the cathode in an alkali

electrolytic solution {sotutionmtempera
hydroxide (165 g/1)-potassium fluorid
g/l)-water. As the %
current value was 8
microscope (magnlﬁ

0scurrent load, puls‘édm
Padm2

(35

oaorm,

,wrrérﬁ

The o&t@m%d”té&
igation: 2500 tlmethQ;q%sery

&/15-s¢

emperature) of a mixture bath containing potassium.
bdium phosphate (35 g/1) -aluminum hydroxide (35
havingfrequenp of y - 5000 Hz was used. The initial
it pieces were subjected to a scanning electron

e the surface structure of the film (oxide fi.l.m)

formed on the surface*‘25 of eactrtestipiec
surface of each test piéte | ancﬁhe average
Then, apart of the test @lec@ %ubjected to
piece was dipped in anﬂb
polyvinyl pyrrolidong
was settled on the arode &

ifletand a pure

aqepus |¢d|ne
>3odirie ZPY/BI1) which W

s, ther

as an
Tip ate

by determining the number of pores formed on the

thickness of the film in the same manner as in Example 2.
these t
compc

reatments were cleaned with water. Then, the test
yund solution prepared by dissolving 0.5 mass% of
odine compound in pure water and the test piece
was settled on the cathode side to oorm 5

electrolysis at a con 0V
thereby carrying out
of the test piece wit
density was 10 aboui
. oxidized and test pig

antimicrobial activity
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cﬁné compg

/ﬂr@”

tnd
With

as made by the

)

)

Number of micr
unevenneLsses
{number /mm

5. 2%10°

direct

on treatmer,

fn the

5.5%10°

: ¥ rg?gard

film co

current (DC)) or 5 minutes to cause electrophoresis,
t to impregnate the oxide film formed on the surface
iodine-impregnation treatment, the initial current

to the test pieces which were only anodically
*gnatﬂon treatment after anodically oxidized, an
verlng method according to the

Presence oL .
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15 provisions of JIS 2 2801 to evaluate the antimicrobial activity of each test piece in the same manner
as in Example 2. The method of evaluation was the same as that of Example The results obtained are
shown in Table 4. 32 It is found that all Examples of the present invOntion exhibit the rate 4 as
the antimicrobial activity value, so that they each keep excellent antimicrobial activity. With regard to
Comparative Examples in which ng jodine-impregpation trgatment S isquerformed, the-anfimicrobial
activity value is 0, that is, these Comparative Examples do not exhibit any anhimicroblal activity.
(Example:4}):: 11 Staintessasteeh (SdSt304)awas used-ad adasednaterial tormanefacture-disc-test
pieces for antimicrobial test (plate 10 thickness: 2mm). These test pieces were first subjected to snot
blasting a8 Aiechanical rocessifg breatment R metRanital feathient Fhe"shotblastingwas
performed using four Vtyp%s"of aIEmina shotg one l%y one. In treatment ina igsé stage, a #60-mesh
alumina SHOEES (sed to BabmT Shot bIAStng undera prassufe 15 of 3 5 kglem?2 for about 2 minutes
carefully from allditectigns.se.ag-natto leave; nanzhlasted part..Fhen.in a se¢ond stageythe-surface
treated by shot blasting using #60 mesh shot was carefully shot-blasted using a #100-mesh alumina
shot in thesame pressare andiime condition as:inithédirststage in suchraimanner-as toi2Q be equally
shot-blasted. Then, in a third stage, the surface treated by shot blasting using #100 mesh shot was
carefully shot-blasted using a #150-mesh alumina shot in the same pressure and time condition as in
the first and second stage in such a manner as to be equally shot-blasted.a fourth stage, the 25
surface treated by shot blasting using #150-mesh shot was 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 in the shot-blasted state when measured
according to the 33 provisions of JIS B 0601-1994 was as follows: arithmetic average



roughness Ra was 2 um, maximum height of roughness profile Ry was 55 kift and ten-point height Rz
of roughness profile was 3.5 um. Then, the test piece having the surface properties mentioned 5
above was further subjected to medicine treatmergawhich was chemical treatment. In this medicine
treatment the above test piece was treated by dipping the test piece in a mixture bath containing
sulfuric acidBg¥#foxalic acid (50 g)-water (400 g) at a liquid temperature of 60C for one hour. The
shot-blasted 10 surface was chemically oxidized into a micronized_ etching surface having an oxide
film on the surface thereof. The surface roughness at this time was as follows: arithmetic average
oughness Ra was 25 Lo maXimein seigitiefsaughnessmeatieBy: was 6bium asdatérepeint height Rz
of roughness profile was 4.3 kla. The obtained test pieces were subjected to a scanning electron

microscope Giagrificatior 2 5o HiffEs) TbseTie THERAHEERSfuctare o e it gde film) formed
on the surface ateach iest piece, thershy-Qhserving the number.of Jrick.unevennesses,of the film

formed on the surface of each test piece 20 in the same manner as in Example 2. apart of the
test pieces subjeztedtbahesertreatmentswierertorouy hiy cleames with vateirPheontiestest piece
was dipped in an aqueous iodine compound solution qugid temperature: 25C) prepared by dissolving

0.5 mass% ‘bf “Cytiotiexti fodife (BT Sy WHeR Wis aF%odine compound in pure water and the test

piece was settled opthe-anode, side; apd aopgre: Tiplate was: seted anthe,gathodesidedo perform
electrolysis at a constant voltage of 150 7 (direct current (DC)) for 3 minutes to cause electrophoresis,

thereby carbyify YutsdiRe-ikprégaatod <34 Hsatment fo biédfo-Bepobft Watodife BdFfpound on the
micro upevennesses of the oxide film formed on the surface of the test piece. In the
iodine-impregnation treatment, the initial ¢ density was about 12 A/dm2 and the current density was
decreased 5 gradually with passage of time. With regard to the test pieces which were only
mechanical. treated and treated using a medicine and test pieces subjected to iodine-impregnation

treatment after rﬁ@@h&ﬁfb‘éﬂ% jﬂ“eé’t%éia"rf& tragted %%@%%é@ﬁﬁe?ﬁn%ﬁﬁi&obiy%ﬁﬁﬁ test was
ma by the filq) cavering; method ageprding fo the previsions.of 2112, 72801 1o evgluate the

antimicrobial activity of each test piece in the same manner as in Example 2. The cells number at the
start of the tgstmias:360064AnhE6 x 104/mE)] Taednethod:ohevdlumtionrwastieasame as that of

Example 2. 15The results obtained are shown in Table 5.
15 combination of two or more of these treatments.

3. The metaliic medical supplies according to Claim 2, wherein

the electrochemical treatment 1s ancdic oxidation treatment, the

chemical treatment is medicine treatment, the thermal and/or
20 mechanical treatment 1s any one of heating treatment, thermal

processing treatment and mechanical processing treatment.

4. The metallic medical supplies according to any one of Claims
1to 3, wherein the icdine compound is polyvinyl pyrrolidene iocdine,

25 P-cyclodextrin icdine or sgilver iocdide.



36 It is found that all Examples of the Present invention exhibit the rate 4 as the antimicrobial
activity value, so that they each keep excellent antimicrobial activity. With reoard to Comparative
Examples in which no iodine-impregnation treatmest 5is performed, the antimicrobial activity-cf-a.lue is
0, that is, these Comparative Examples do not exhibit any antimicrobial activity. 37 CLAIMS 1.

Metallic medlicalSifppfesiusing Atretafic ivtBriaras R Hatelial, 1 medicd SRS comprising
a film having micrg 5 pores apdiqrmicro unevenpesses on the surface of e base paterial, wherein

the micro pores and/or micro unevennesses are impregnated with“iodine or iodine compounds, and
wherein thesfilom comprses the saietc: pores afidiar midrauneyennessesyhavihg e dénsityof at least 5 x
10or more. 10 2. The metallic medical supplies according to Claim 1 , wherein the film is foLmed by

any one of SR FHHEN AT L amBHL thémicalttdaifiert, tirefrarand/or MadiaficaFf&atment or a
15 compination qf two er-more of these treatments.

6. Metallic medical supplies using a metallic material as a base
material, the medical supplies compriging a f£ilm subjected to
anodic oxidation treatment having micro pores having a density
10 of at least 5 x 10%/mm? on the surface of the base material, wherein

the micro pores are impregnated with iodine or lodine compounds.

7. The metallic medical supplies according to Claim 6, wherein
the lodine compound is polyvinyl pyrroliidone iodine,

15 Brocyclodextrin icdine or silver iodide.

8. The metallic medical supplies according to Claim 6 or 7,

wherein the film has a thickness of 2 um or more.

20 9. The metallic medical supplies according to any one of Claims
6 to 8, wherein the base material ig made ¢f any one of Ti or Ti

alloy, stainlesg steel, and a Co-Cr alloy.

10. A method of producing metallic medical supplies, the method
25 comprising using a metallic material as a base material, treating
the base material by carrying out any cne of electrochemical
treatment, chemical treatment, thermal and/or mechanical
treatment or a combination ¢f two or more of these treatments to

form a film having micro pores and/or micro unevennesses having



3. The metallic medical supplies according to Claim 2, wherein the electrochemical treatment is anodic
oxidation treatment, the chemical treatment is medicine treatment, the thermal and/or 20 mechanical
treatment is any one of heating treatment, thermakprocessing treatment and mechanical processing
treatment. 4. The metallic medical supplies according to any one of Claims 1 to 3, wherein the iodine
compound & SRy pyfrofiloheasding, 25HP-¢Jelodex P TdiAE SrRIVERTGdAE. B TieThe metallic

medical supplies aceording to_any Qner%n'a@u%158&#@%‘?%@%?@ t@llic mateial s g pure metal
selected from the group consisting of Tirand Co or an alloy sefectéd from the group consisting of a Ti
alloy, a Co alteyestaidess steef bland arGoiCHakey.o6. Metallie medicalisdpplies usirigesa metallic
material as abase material, the medical supplies comprising a film subjected to anodic oxidation
treatment h&GFE RcreBdes3Faving a density 10 of at least 5 x 104/mm2 on the surface of the base
material, wherein the micro pores are impregnated with iodine or iodine compounds. 7. The metallic
medical supplies according to Claim 6, wherein the iodine compound is polyvinyl pyrrolidone iodine, 15
P-cyclodexttin.iodihe arssitved iodige.o8ud regnetakic medicad Soppliesraccordirmr-tooCiEing6 or 7,
wherein the film_has a thickness of 3 imu or more. 20 9. The metallic medical sup Iieé according to

any one of CRifT 6 To B wHEISTTtHR 55Se PrdiehaP AN o Ay BRE B TibF THAidy°

y, stainless

steel, and a9 alloy: 10, AdaethoghQf preducing metalliqmedicalspplies. thesxnethed 25

comprising using a metallic material as a base material, treating the base material by carrying out any
one of electrbehémiualare st rcmanical ieatmert atermal Adfomethafitalf@aiment or a

combinatior)cof two or more of th(fse treatments to form a film davin&lmicroaqores and/or micro
10 reﬁtment,t ermal procéssing treatment and mechanlical proCesslng
unevennesses having

treatment.

1z. The method of producing metallic medical supplies according
to Claim 11, wherein the ancdic oxidation treatment i1s a treatment
15 in which an acid electrolytic bath or an alkali electrolytic bath
is used as an electrolytic solution, and pulsed current having
a frequency of 5C to 10000 Hz is applied to the base material in

the electrolytic solution to carry cut electrolysis treatment.

20 13. The method of producing metallic medical supplies according
to Claim 11, wherein the medicine treatment ig a treatment in which
an alkali bath or acid bath having a liguid temperature of 30°C
or more is uzed and the base material is dipped in the alkali bath

or acid bath.

b
[

14. The method of producing metallic medical supplies according
to Claim 11, wherein the mechanical processing treatment is a shot

blasting.



39 a density of at least 5 x 104/mm2 or more on the surface of the base material, and carrying out
iodine-impregnation treatment to impregnate the film with iodine or iodine compounds, to make
medical supplies. 11. The method of producing matallic medical supplies according to Claim 10,
wherein the electrochemical treatment is anodic oxidation treatment, the chemical treatment is

medicine tré&tmeRbaHectHehaaRdRT MecramR R frehfniBRlisahy BiRe ot REaAPECTT Hédtment,
thermal proggssing treatment.and mechanical processipg treatment,, .2, The,meathed of producing
metallic medical supplies according to Claim 11, wherein the anodic oxidation treatment Is a treatment
15 in whichga seithelectrelyticlbathrer drodliadi el@etrohyticdzathis nséddsan @tectidlytie solution, and
pulsed current having a frequency of 50 to 10000 Hz is applied to the base material in the electrolytic
solution to d%%t electrolysis treatment. 20 13. The method of producing metallic medical supplies
according to Claim 11, wherein the medicine treatment is a treatment in which an alkali bath or acid
bath having a liquid temperature of 30C or more is used and the base material is dipped in the alkali
bath or acid.bath 128 I TFhelnedthod-éfipioducing amétatlinadddiedl supplidsaceordingioClaim 11,
wherein the mechanical prfo%elssiqgstrlegltrg]enltsis a shot blastigg. 40 15. '{he mgthod of Qroducing
metallic meaﬁ:asf%poprfi%soacco%}ng to anyoone of Claims LI 16 13??7&?1&%meﬁwlealod‘lﬁem@orﬁpound is
polyvinyl pygrolidoneiedine, R-cyeladextrindipdine or-silveriedides 16.1Ehe methad of psgducing
metallic medical supplies according to any one of Claims 10 to 15, wherein the base material is made
of any one of Ti or Ti alloy, stainless steel, and a Co-Cr alloy. 41 MEDICAL SUPPLIES AND
METHOD OF PRODUCING THE SAME



ABSTRACT Provided are medical supplies which have excellent antimicrobial activity and are
superior in the durability of antimicrobial activity and in biocompatibility and to a method of producing
the medical supplies. A base material is treatg by carrying out anodic oxidation treatment to
perform electrolysis by applying pulsed current having a frequency of 50 to 10000 Hz to the base
material in an. 10yagie electoisrhail ouakalietersmlyic hatbpodormadim heaing micro pores
and/or micro unevennesses having a density of preferably 5 x 104/mm2 on the surface of the base
material and then, by carrying out iodine-impfggfhatién freatment to impregnate the film with iodine or
iodine compounds. The iodine compound is Is preferably polyvinyl pyrrolidone jodine, P-cyclodextrin
iodine or silver iotide’ FiRthet [theasehatetiaPis-préferdbly a@'mefailic frateriat afid any one of Ti or
Ti alloy, §tgin|essﬂs;ggli cgfmd a. Co-Cr all%gaving biocompatibilit " TQ gil@a@@%fgg(}egpy using any

nbaml oy ! CLIV T L2 SUpe 1ol A =
one of médicine tfreatment, t?wermarp%cessmgrzb treatment and mechanical processing treatment or a

combination of thesetreatments; in:place pfithe.anodic exidation treatment, Ehis-produees,such an
effect that medical supplies which have excellent antimicrobial activity and are superior in the durability
of aicrobiafl activityuand:in bioeompa nadlity bermpréduced easily at low costs. Figure 1

E base material 1s treated by carrying out anodic oxidation

treatment to perform electrolysis by applying pulsed current

ot
=
o
]
3

10 acidelectrolytic batl lkali electrolytic bath, to forma film
having micro pores and/or micro unevennesses having a density of
preferably 5 x 10°/mm® on the surface of the base material and then,
by carrying out lodine-impregnation treatment to impregnate the
film with iodine or iodine compounds. The lodine compound 1S

15 preferably pelvvinyl pyrrolidone ilodine, PB-cyclodextrin iodine

or silver iodide. Further, the base material i1s preferably

fall

LA 3

metallic material and any one of Ti or Ti alloy, stalnless steel,
and a Co-Cr alloy having biocompatibility. The filmmay be formed
by using any one of medicine tTreatment, Tthermal processing
20 treatment and mechanical processing treatment or a combination

of these treatments in place of the anodic oxidation treatment.

This produces such an effect that medical supplies which have

durability of antimicrobial activity and in blocompatibility can

at low costs.
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