1 DESCRIPTION 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 artlificial 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 led,to,the.situation where many technologies are used
clinically for grafting implants that repair and substitute bones and joints 15 which are defectives or
have depleted functionsdn tiving bediesssugiras thedaumarrbediesuAs 1o theseharagteristics required
for each of the implants used in these technologies, the 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, biocompatibility. Examples of biocompatible metallic materials having such characteristics
include titariu N%.Fﬁﬁurﬁ%%&i stainless steel and Co-Cr alloys. However, these metallic materials
have ng living activity. sp thatdhey are,not chemicaly, banded ta.a hene, caijsing problems,concerning
the occurrences of 25 a gap and loosening during a long time of use. In light of such problems,
there is deseribedin zfor examplen Patent-Deeument &, ammaethod:of forming=an exide-film:inaghich a
hydrogen peroxide-containing paste is brought into contact with the surface of a metal which is a base
material to'@ferEsy- cORvEH ‘2t SGrtadé of the basé MateRaltftc ainetdl xR Itis déscrbed in the
document that according ta this technologies, an oxide film can bf/w_for.med‘in a short time ang good
biocompat*lt%‘lfi(t?/ is Obtained. ~ > Ij—”u‘r%hcer, sé:p‘ar‘arfléiy ?r%mef%elébo évp]“rggle%)s% thésé’ ’rrﬁﬁﬁntsocause
the problemthat 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,
lo as imsplant 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 experiment in which
Ag known ¥6exhibitHigh aftimicrobial activity is transplanted as an implant (made of pure silver) to 15
an animal (hamsteﬁl. According tg theieoresultg, %P necessary {0 c%%ticglygl idecid% gv@eél&e%o use Ag

. ﬁ recen cve rﬁan‘ iCdail rec es n
as an implant matérial because a silver implant causes severer inflammation and swelling'as

comparedwith a titanium i sfainless steg) implant.showingthat thesilver implant is deterigrated in
affinity to a living 20 body.
grafting implants that repalr and substitute bonss and ‘oints
15 which are defectives or have depleted functions in living bodies
such as the human bodies. As to the characteristics required for
each of the implants used in these technologies, the implants are
desired to have the same strength as part of a living body before
substituted and aisc, firstly compatibility with a living body,
20 that 1s, blocompatibility. Examples of bioccompatible metallic
materials having such characteristics include titanium, titanium
alioys, stainless steel and Co~Cr alloys. 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 of use.
In light of such problems, there isdescribedin, for example,
Patent Document 1, a method of forming an oxide film in which a

hydrogen peroxide-containing paste is brought into contact with

the surface of a metal which 1s a base material to thereby convert



Further, Non-Patent Document 2 reports the result of an experiment concerning inhibition to

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 sufficientIX reduced by the Ag coating and it is observed that
a rise in Ag level inbloodbythe grafting of the Ag-coated external fixation pin in a living body. 3 PRIOR

ART DOCUMENT PATENT UMENT Patent Document 1: Japanese Patent Application
Laid-Open 5. 5&68“%&84%%%%P %E?\I'Pf)b%ﬂ]ﬁ%l\i‘iﬂgo Rlorﬁ?%étﬁén? B%E%men#

1: T.N. Kraft, et
al.: Journak ot BiomedicalkMatetials RegearchiPartA Vol 48 (1299) Issye 2, Pages 1924995,

Non-Patent Document 2: A. Masse, et al.: Journal of Biochemical Materials Research Part B: Applied
Biomaterials, Vol183 (2000) Issure 5ePages600604=DISCLOSUREORIKHEINWYENTION
PROBLEMS TO BE SOLVED BY THE INVENTION 15In light of the prior art problems like this, it is an
object of tHe-BFREEBAE mvention Yo provits et supplies which can inhibit infections with various

bacteria for a Ionggeri%%of;imgéhave gxgell%nt an i@gicrobial activity,.and are superior in.the durability
of antimicrobial acti\L/ll'T[:y and also ﬁ]as].:uape@rm‘\? in20 b%dc%r%%gt}fb?lﬁ)y% %fietgsp’roﬁd%sg rrlllénﬁqlo%no‘fs

producing the:medical gipphiesnMEANSKFQAR SOLVANGFHERROBLEM S Fhe liventors.afithe

present invention focused their 25 attentions on iodine and iodine compounds as materials having
antimicroblab activity Llo8ine-Has sterilizing activity andtantimicfobiaf acthdty ris afse usethas ed
disinfectants and is said to have small toxicity to living bodies. In light of this, the inventors of the
present invention Hat/é coHteRed St impregnating 4 the surface of an implant base material with

e oo T L e T T Do e
impregnated Witho 1 ant 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
experiment in which Ag known to exhibit high antimicrobial
activity i1s transplanted as an implant (made of pure silver) to
15 an animal (hamster). According to these results, it is necessary
to cautiocusly decide whether to use Ag as an implant material
because a silver implant causes severer inflammation and swelling
as compared with a titanium or stainless steel implant, showing
that the silver implant is deteriorated in affinity to a living
20 body.

Further, Non-Patent Document 2 reports the result of an
experiment concerning inhibition to pin-infections in the case
of using an external fixation pin coated with Ag. According to
these results, 1t is not observed that bacterial cells are

25 sufficiently reduced by the Ag ccating and it is observed that
arise inAg level inblocdby the grafting of the Ag-coated external

fixation pin in a living body.



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 maintain the antimicrobial activity afterward.
The inventors of the present invention made further studies and as a result, found that when the base
material was 10 anodicallyoxidizedinanelectrolytic sblution having a specific composition by using
pulsed cur, Iﬁ? ing a Eﬁﬂ?ﬁpﬁ% in a predetermined range, an oxide film having many micro pores
was forme%g\gnto \eﬂ%%segma efial and also, these micro pores could be impregnated with iodine or
iodine conpeunds, shewint.that these 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 désdrilyed. PoTiadloyt(niassYsbasiss 69FAT-486 VAmst T IS type-60 20(ghey) was
used as the base material to produce disc-like test piece (plate thickness: 1.5mm). These test pieces
were subj@&ed 10 %I%’g@a@r“ng treatment and then to anodic oxidation treatment. In the anodic oxidation

treatm%nt,l\{gg ;%%Llpﬁ%%e W@é&lﬁc&;ﬁolyzed at a constant voltage (150 V) for 5 minutes in an acid
electrolytic 25 solution (solution temperature: room temperature) of a mixture bath containing sulfuric

acid (35 g/1) -phosphoriczacid 2DgR)raskieous hydrogenperexide{1a 9ll). lndhis.casethough the
current load was made to have an initial current density of 8 A/dm2, the current value was dropped in
order alongwittepassagélat timea Ushéeaase of:the elebtrolysis at Constaritvaltage: I this case, as the
current, 50 to,)lOOOO Hz pulsed current was used. The test was also made by using direct current (DC)
as the currett Toad’ Then, the anodically oxidized test piece was cleaned with 5 water and then,
subjected to ioding-impregnation geatment inwhigh the @épie&g was dippged jn an agreous iodine
compound solution prepared by dissolving 0.5 mass% of a polyvinyl pyrrolidone iodine (PVPI) which
was andodine eaapouad inspye waterrthe-lestpigcerwas :anppged orptheranade: side andha pure Ti
plate was arranged on the cathode side, and the test piece was electrolyzed at a constant voltage of
120 V for Sminatesto chtsaeleotrophoresis, thefeby impregnating an oxide film of the surface of the
test piece with the iodine compound. In this impregnation with iodine compound, the initial current
density was set to about 15 0.2 A/dm2. A part of the test pieces were not subjected to the
impregnatigh.withigeine egmpgund. sty the anodically oxidized test pieces were subjected to a
scanning electron microscope (magnification: 2500 times) to be used to observe the surface structure
of the oxideHihmIfoMAed 2050 thel surfaceyofthe testyHece: &ach test piece was observed from five or
more visual fields to measure the number of pores formed in the oxide film in each visual field. Then,
an aritifinetic averagelcfdhé Sbtairst Vakies #as ealetafststc dé@riiné the himber 61p6res of the
oxide film formed on the surface of each 25 test piece, Héth;ins %as%]e §ectio.n of eachﬂtﬁst iece was
also observed by a gc‘annlng efectron ‘microscope (?nagnlficaeﬁoﬁ:c o ﬁl%%s)lteosm“é%ﬁre fhe"
thickness gf theformedraxide film. w1 - Fydher yith zegard fq thetestipiaces.subjgcted 1o anodic
oxidation treatment and the test pieces subjected to anodic 6 oxidation treatment and
iodine-impregnationdedatment, cancantimiceghiallactivity test wassmade by theddmicovering nhethod
according to the provisions of JIS Z 2801. Escherichia coli (JON 1649 strains) was used as the
pathogeniCBrgantdnd the"CelRTHuMBEr S RefEaftérd presthbéd i i(28n) passstbwas inedsured to

evaluai the animicrotial adivly of the testpiece, The lestwas Ieneated W mes gadh, As the cells
number left after a prescnjbed time passed-is sma?ler, the test piece’is evaltated fo be superior in
antimicrobiahgstivitys When the cells number

MEANS FCR SCLVING THE PROBLEMS
The inventors of tThe present invention focused their
25 attentions on iodine and icdine compounds as materials having
antimicrobial activity. Iodine has sterilizing activity and
antimicrobial activity, is also used as disinfectants and is said
to have small toxicity to living bodies. In light of this, the

inventors of the present invention have conceived of impregnating



10 which was, at first, 36000/ml (3.6 x 104/m1) was decreased to less than 10/mi after a prescribed
time (24 h) passed, this was rated as 4 (antimicrobial activity value), 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 wa¢ rated as 2 (antimicrobial activity value), when the
cells number was 1000 or more and less than 10000/ml, this was rated as 1 (antimicrobial activity

value), andWhenthE&efs Atinfier WA £6000° 6 fdfé this \ids Fat&d as BFdntinficrobiaF abfvity
value). 20Thegblained fesylts,ate show do.able 1, Liable 1l Lestigge okt (0.CO Ligal
Anodicoxidation treatment iodine- impregnation treatmentl Antimicrobial activity }?atlng. Current load |
Treated inventors of the present invention have conceived of an idea that
if the surface of an implant base material is impregnated with
5 lodine 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 maintain the antimicrobial activity
afterward. The inventors of the present invention made further
studies and as a result, found that when the base material was
10 anodically oxidized in an electrolytic solution having a specific
composition by using pulsed current having a freguency in a
predetermined range, an oxide film having many micro pores was
formed cn the base material and alsc, these micro pores could be
impregnated with iodine or lodine compounds, showing that these
15 pores were very effective to improve the continuation of

antimicrobial activity.

p]

First, the fundamental experiment made by the inventors of

F

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
plece (plate thickness: 1.5mm). These test pieces were subjected
to degreasing treatment and then to anodic oxidation treatment.
In the ancdic oxidation treatment, the test piece was electrolyzed
at a constant voltage (130 V) for Sminutes in an acid electrolytic
26 scolution (scolution temperature: room temperature) of a mixture
bath containing sulfuric acid (35 g/l)-phosphoric acid (25
g/l)-agueous hydrogen peroxide (10 g/1). In this case, theugh the
current load was made to have an initial current density of 8 A/dm’,

the current value was dropped in order along with passage of time
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because of the electrolysis at constant voeitage. In this case,
as the current, 50 to 10000 Hz pulsed current was used. The test
was also made by using direct current (DC) as the current load.

Then, the anodically oxidized test piece was cleaned with
water and then, subijected to iodine-impregnation treatment in
which the test plece was dipped in an agquecus icdine compound
soluticon prepared by dissolving 0.5 mass% of a polyvinyl
pyrrolidone ilodine (PVPI) which was an icdine compound in pure
water, the test pilece was arranged on the ancde side and a pure
Ti plate was arranged on the cathode side, and the test piece was
electrolyzed at a constant voltage ¢f 120 V for 5 minutes to cause
electrophoresis, thereby impregnating an oxide filmof the surface
of the test plece with the ilodine compound. In this impregnation
with iodine compound, the initial current density was set tc about
0.2 A/dm*. A part of the test pieces were not subjected to the
impregnation with iodine compound.

First, the anodically oxidized test pileces were subjected
to a scanning electron microscope (magnification: 2500 times) to
be usad to observe the surface structure of the cxide film formed
onn the surface of the test piece. Lach test piece was observed
from five or more visual fields tc measure the number 0f pores
formed in the oxide film in each visual field. Then, anarithmetic
average of the obtained values was calculated to determine the
number of pores of the oxide film formed on the surface of sach
test piece. In this case, the section of each test piece was also
observed by a scanning electron microscope (magnificaticn: Z500
times) to measure the thickness of the formed oxide film.

Further, with regard to the test pieces subjected to anodic

oxidation treatment and the test pieces subjected to ancdic
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oxidation treatment and iodine-impregnation treatment, an
antimicrobial activity test was made by the film covering method
according to the provisions of JIS Z 2801. Escherichia celil (JCM
1649 strains) was used as the pathogenic organ and the cells number
5 left efter aprescribed time (24 h) passed was measured to evaluate
the antimicrobial activity of the test piece. The test was
repeated twc times each. As the cells number left after a
prescribed time passed is smaller, the test plece 1is evaluated
to be superior in antimicrobilal activity. When the cells number
10 which was, at first, 36000/ml (3.6 x 10°/ml) was decreased to less
than 10/ml after a prescribed time (24 h) passed, this was rated
as 4 {antimicrobial activity valueg}, when ths ¢ells number was
10 or more and less than 100/ml, this was rated as 3 (antimicrobial
activity value), when the cells number was 100 cor more and less
15 than 1000/ml, this was rated as 2 {antimicrebial activity value),
when the cells 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 (antimicrobial

activity valug).

20 The obtalined results are shown 1in Table 1.
[Table 1]
Test EBase Anedic oxidation | edine- Antimicrobial
plece  material treatment impregnacion | activity
No. * treatment rating
Treated After passed
Current load or untreated | 24 hr
Type Freguency
* * HZ
1 A b - Untreated 0
2 A b -~ Traated 1
3 A a 50 Untreated 0
4 A a 50 Treatad 2
5 A a 500 Untreated 0
6 A a 500 Treated 2




800 Untreated10 '8 A a 800 Treated 3 9 A a 1000 Untreated 0 10 A a 1000 Treated 4 11
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7 A a 800 i Untreated 0
8 A a 800 Treated 3
9 A a 1000 Untreated 0
10 A a 1000 Treated 4
11 A a 3000 Untreated 0
12 A a 3000 Treated 4
13 LA a 5000 Untreatead 0
14 LA a 5000 Treated 4
15 A a 8060 Untreated 4]
16 A a 8000 Treated 3
17 A a 16000 Untreated 0
18 A | a 10000 Treated 3

*)y A: Ti alloy (JIS type~60 alloy)

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

In the case where the iodine-impregnation treatment is not
carried ocut but only anodic coxidation treatment is carried out,
the antimicrobial activity value is 0 and no improvement 1n
antimicrobial activity is cbserved. The antimicrobial activity
is improved more significantly in the case of performing anodic
oxidation treatment by adding pulsed current at a freguency of
50 Hz or more than in the case of performing ancdic oxidation
treatment by adding direct current. It is clarified that the
antimicrobial activity is significantly improved when anodic
oxidation treatment is performed by applying pulsed current at
a frequency of, particularly, 800 Hz or more and more preferabily
1000 to 5000 Hz. This is clarified from the relation between the
density of the formed micro pores and the freguency of the pulsed
current load in the anodic oxidation treatment as illustrated in
Fig. 1. It is found from Fig. 1 that when the freguency of the
pulsed current load is made to be 50 Hz or more, the density of

micro pores to be formed i1s significantly increased to as high

as 5 x 10°/mm®. When the frecuency is 0, that is, when direct
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current is applied, only groovy unevenness is formed on the £ilm
and almost no micro pore is formed as shown 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 clearly
formed on the film as shown in Fig. 3{b). Morecver, 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 & film having micro pores increased in pore
density to at least 5 x 10°/mm® or more and which has been subjected
to ilodine-impregnation treatment are able to have excellent
antimicrobial activity.

Further, as shown in Fig. 2, i1t has been found that if pulse
current having a freguency oif 50 Hz or more i1s applied to carry
out anodic cxidation treatment, many micrc porses are formed and
a film 3 um or more in thickness can be formed.

It has been found from the above results that when pulse
current having a freguency of 50 Hz or more is 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 lodine compounds, the antimicrobial
activity of the base material 1s significantly improved.

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

Specifically, the eszential points of the present invention
are as folliows.

{1l) Metallic medical supplies using a metal material as a base

material, the medical supplies including a film having micro pores
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and/or micro unevennesses on the surface of the base material,
wherein the micro pores and/or micro unevennesses are impregnated
with lodine or ilodine compounds.
(2} The metallic medical supplies according te (1), wherein the
film includes the micro pores and/or micro unevennesses having
a density of at least 5 x 10°/mm’ or more.
{3) The metallic medical supplies according to {1) or (2), wherein
the film 1s formed by any one of electrochemical treatment,
chemical treatment, thermal and/or mechanical treatment or a
combination of two or more of these treatments.
(4) The metallic medical supplies according to (3), wherein the
elactrochemical treatment is ancdic 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.
(5) The metallic medical supplies accoeording to any one of (1) tc
{(4), wherein the iodine compound is polyvinyl pvrrolidone iodine,
f-cyclodextrin iodine or silver iodide.
(6} The metallic medical supplies according to any one of (1) to
{51, wherein the metallic material is a pure metal selected from
the group consisting of Ti and Co or an alloy selected from the
group ceonsisting of a Ti alloy, a Co alloy, stainless steel andc
a Co-Cr alloy.
(7} Metallic medical supplies using a metal material as a base
material, the medical supplies including a f£ilm subjected to
anodic oxidation treatment having micro pores having a density
of at least 5 x 10°/mm® on the surface of the base material, wherein
the micro pores are impregnated with iodine or iodine compounds.

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



0118 Al a 10000 Treated 3 *) A: Tialloy (JIS type-60 alloy) **) a: pulsed current, b: 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 no improvement in antimicrobial
activity is observed. The antimicrobial activity 10 isimproved more significantly in the case of
performing anodic oxidation treatment by adding pulsed current at a frequency of SO Hz or more than
in the case of pedformingcanodic Dxidetion tredtnyent by addinmgedirecticurrert -t is tladfied that the
antimicrobial activity is significantly improved when anodic 15 oxidation treatment is performed by
applying ptiféed Eurfdnt 3t 2 Fequeticy 3, particularly, 800 Hz or more and more preferably 1000 to

2000 Hz. Thys isplapied foniine feiatanNeween (e densiy ALINe IQFmedimiyro Poigs and he

frequency of the pulsed current load in the anodic oxidation treatment as illustrated in 20 Fig. I. It is
found from kig. 4ithat when ihe freguaney obthepulsed eunrenitdoad 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/mm2. When the
frequericy is-0, thais, WHenlditsttn8 cumreht Buapplied sorly grodaiundévenaess sormed oh the film

and almost noH(ggicroﬁgore is formed as sQowan fi%;:%(a . When the frequency of the applied pulse
current is 56 HZ on the Sohtrary: the '§i66vy Gnévenhess tilkipears atd m%ﬂ% Mitra pores are clearly

5 formed an ilms%%%q\gggw g&g@). quegv%r®m@§n§@qg§guency 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 comparisan=shown &t Tabtei k anddFige L batithensupplies whiehh have a fillnchawingddicro
pores increased in pore density to at least 5 x 104/mm2 or more and which has been subjected to
iodine-impr&gHatioh e dthiert are'able o havesdeeliént arftimicrebralaetivisia L, Fu#eer a9 shown
in Fig.l%, itthas %een foungl that ii pglse current havingd_a frequencg/ ofgo Hz or mor is applied to carry
15 out'anodic oxidation’ fraatmeént, n}]ancilami“c% 1%%‘r)rec’s areTorméd and a filin 3 inh OF more in thickness

can be formeds « menlt h%k‘?&%@é@!&!”@ FQQ%H@n%QOV@n@ﬂH&SlthéﬁWh@P mgy}r{@&tlhaving a
frequency of 50 Hz or more is applied to carry out anodic oxidation treatment, a film which contains

many microx2{:paoresdescribetbalbdvesarid hasa thicknessrefy preférably Scpioranarescersbedormed

on the base material and that when the film is impregnated with iodine or iodine compounds, the
antimicrobfel &tidity of the Base fdtefdldsRigiificdrity/impréves © unevennesses having

a density of 5 x 10%/mm? on the surface of the base material, and
15 carrying out liodine-impregnation treatment to impregnate the film
with icdine or iodine compounds, to make medical supplies.
{12) The method of producing metallic medical supplies according
to (11}, wherein the electrochemical Treatment is ancodic oxidation
treatment, the chemical treatment 1s medicine treatment, the
20 thermal and/or mechanical treatment 1s any one of heating
treatment, thermal processing treatment andmechanical processing
treatment.
(13) The method of preducing metallilc medical supplies according
to (12), wherein the anodic oxidation treatment is a treatment
25 in which an acid electrolytic bath or an aikali electrolytic bath
is used as an eslectrolytic soluticn, and pulsed current having
a frequency of 50 to 10000 Hz is applied to the base material in
the electrolytic solution to carry out electrolysis treatment.

(14) The method of producing metallic medical supplies according



The present invention has been completed based on the above 25 findings and further additional
studies. Specifically, the essential points of the present invention are as follows. (1) Metallic
medical supplies using a metal material as a base material, the medical supplies including a film
having micro pores 9 and/or micro unevennesses bh the surface of the base material, wherein the
micro pores and/or micro unevennesses are impregnated with iodine or iodine compounds. (2) The
metallic meelical Suppliés a€cardiertor@y iwhareir #ea5MiRA inclddés tHemigrdbored andici'micro

unevennesses having a density of at least 5 x 1e4/mm2 or more. . (3) The metallic medj plies
aceordingib () F (3, Relsin Ing il 1 o imaety vy B oF s EENERTEAI eBtment Shemical

treatment, thermal and/gr. mechanicaldreatment.ora- 19 combination of twa-er.more of these

treatments. (4) The metallic medical supplies according to (3), wherein the electrochemical treatment
is anodic exxidatidritreatorent, the chemical treatment is medicine treatment, the thermal and/or
mechanical treatment is any one of heating treatment, thermal 15 processing treatment and
mechapnicaliprocessintetrdattént. {BY The metalic metical Bapplids aéetrame® amrene bff) to (4),
wherein the io %g compound is polyvinyl pyrrolidone iodine, P-cyclodextrin iodine or silver, iodide. (6)
The metalfi€ me |éal s‘ﬁppﬁeslacc‘or ingt6 any one of (rl??o 50 1 ?w‘ﬁereinn%ﬁe metallic matefial 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. (7) Metallic medical supplies
using a metat inateriahas aduaset 26 materiah ¢he eameditalsupplies dicladimgla filkn subjectedito anodic
oxidation treatment having micro pores having a density of at least 5x 104/mm2on the surface of the

base materfaf Whéraf e microSores are fpregratedsvith fodiRe"oriBairecompounds:"¥8) The
metallic medical supplies accqrding to,(7), wherein the 10.iodine compound is polyvinyl pyrrolidone
iodine,1%?3-8>}fc%ge§xjtﬁcrg??oedir]ftaogﬁ"gf\/er%oé‘)lgg?m%Xér%n nglﬁe 5“1951%5'_ ;Dééﬂé@_

(17) The method of producing metallic medical supplies according

to any one of (11} to (16), wherein the base material is made of

any one of Ti or Ti alloy, stainless steel, and a Co-Cr alloy.

15 EFFECTS OF THE INVENTION
According to the present invention, medical supplies which
have excellent antimicrobial activity and are superior in the
durability of antimicrobial activity and also in biocompatibility
can be produced easily at low costs, producing an outstanding
20 industrial effect. Further, when the medical supplies according
to 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

25 of time.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing the relation between the pore

density of a film formed in anodic oxidation treatment and the



(9) The metallic medical supplies according to (7) or (8), wherein the film has a thickness of 3 llit or
more. 5 (10) The metallic medical supplies according to any one of (7) to (9), wherein the base
material is made of any one of Ti or Ti alloy, stainless steel, and a Co-Or alloy. (11) A method of
producing metallic medical supplies, the method in¢luiding using a metallic material as a base material,
treating 10 the base material by carrying out any one of electrochemical treatment, chemical
treatment,fthefmarand/e meehansicaltréatnient 2 d.combination of two or more of these treatments to
form a film having micro pores and/or micro unevennessﬁeﬁﬁrrlavin a densi{—% of 5 x 104/m2 on the

surface of the base Haterial® ghd 18CANIRYG But iodine-rptegRatioh taatHent fo imbregiiie the film
with ioding, or lodine compounds, fo make medical supplies. . (12) Jhemethod pf produging metallic

medical supplies according to (11), wherein the electrochemical treatment is anodic oxidatiorn
treatment dhechesical ireatmentlisadedicine treatment, the 20 thermal and/or mechanical treatment
is any one of heating treatment, thermal processing treatment and mechanical processing treatment.
(13) The method Jf Ffedéicifgaratallie Feticarsipplie S'actording 6 (121 WiRerih $ha BHowiE
oxidation treﬁatmentj_s a trgatme?t 25 in which an gtgid electrolytic bath or an alkali electrolytic (Path is
used as an efectrolyticsolution, aﬁd%%?se%y crréht Having s freqa&ncy 6750810000 Hz is applied to
the base material in the electrolytic solution to carry out electrolysis treatment. (14) The method of
producing metallic medical supplies according 11 to (12), wherein the medicine treatment is a
treatment BEwhichCartalkak batkrervacic bath having adtiguadrtepnperature of 30C or more is used and
the base material is dipped in the alkali bath or acid bath. 5 (15) The method or producing metallic
medical supplies adedrdin§ 3G 112): WHebdihthe ThecHdhical processity tréaiRentds a'shict bldsting.
(16) The method of producing metallic medical supplies_according to any one of (11).to (15),wherein
the lodne EoROGT S BB MIT 10 By oo R ame B okt e by Shel BT (17) The

method of predugingmetallicmedisabsippliesaccordingde any:one-ef{d1 ) 10:(16), whereindhe base
material is made of any one of Ti or Ti alloy, stainless steel, and a Co-Cr alloy. 15 EFFECTS OF THE

INVENTION: t & r Accordifg¢ottheprésentrinvention, aredicalsupplies whitharavaseaceliensed
antimicrobial activity and are superior in the durability of antimicrobial activity and also in

biocompatilsifity Can5& produte FE3R R 1BWACTstS SplotRichiftfsn BatstandihgFo matistrial SFect.
Further, whe te iedical sugplea.aosring ta b present inyenton are ysed a6, or ok, an
e iving body, fe dthat infecti ]

implant to be gra in a living such an effect is’obtaine ections which are large
problems when usuakmedicabsupplies ace grafted-inea liviag bedy sandednbibited daria long period 25

of time.

Treatment ©r combinations ©of these treatments. Then, the term
“micro pore’ means a circular or polygonal pore having an
area-eguivalent circle diameter of about 1 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 micrometers (surface roughness Ra: about
several micrometers (um) to several hundreds of micrometers
(pm) }exist as these pores are deformed or integrated.

The film to be formed on the surface of the base material

25 may be cne only having micro pores and/or micro unevennesses such
as those mentioned above and no particular limitation is imposed
on a method of forming the film. However, the film is preferably
one formed by any one cf electrochemical treatment, chemical

treatment, thermal and/or mechanical treatment cor a combination



BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a graph showing the relation between the
pore density of a film formed in anodic oxidation treatment and the 12 frequency of pulse current load.
Fig. 2 is a graph showing the relation between the thickness of a film formed in anodic oxidation
treatment and the frequency of pulse current load. 13 Fig. 3 is a scanning electron micrograph
showing the surface state of a film formed by anodic oxidation treatment. BEST MODE FOR
CARRYINGIOUACTHE INVENTION The présettimearition relates to medical sbppliesusidgatl0 base
material made of a metallic material, and is provided with a film having micrq pores and/or micro

unevenne@é%ddﬁtr%xﬁﬁgaeth%?erﬁ.efﬁé“@}’n '?ﬁici%“ﬁo%%%%%f&%%ﬁﬁév%?@?m%eq herein
means the, surface, state, of the hase material ghanged from the inital state by artificially camrying out

heat treatment, 15 mechanical treatment, electrochemical treatment or chemical treatment or
combinations afitbese freatmenrtscEhear,the terma fmicropore’dpeans;aciredtan on polygopakpore
having an area-equivalent circle diameter of about 1 to 10 pm. Further, the term "micro unevennesses"
means theSirfate staComihich 20 BReFerfesses havinga adéepthat severad hiconsstas (pm) to
several hundreds of micrometers (sugace. roqghpess Ra: about several micrometers (pm fa several

hundreds gfrrﬁ%%}%%f'er%s(p%feﬂ ¥ *satrﬁjeggbo“r% %Féﬂﬁgforme%hgﬁﬁtggﬁgﬁwﬁ%%iI%nt b formed
on the surfage of the hase material 25:maybe one.only, having micto-pares and/ey;micko unevennesses

such as those mentioned above and no particular limitation is imposed on a method of forming the
film. Howewee; the fis is:prefevably aneédermed hizary ope of electiechemidal sreatment,fchemical
treatment, thermal and/or mechanical treatment or a combination 13 of two or more of these
treatmentst k5§ préferdtie 30 ad6pt HGHHS oXicRtisH reaffientids thecdigsrbehemital féstent,

medicine tre%m&nt as the chemlc?\.} treatment, h%%tirg[g treatment as the thermal trﬁgtmerg_t, ctggrmal

procesls(}ngxtreat ient as ﬂ:‘f()enoethermlrlaef%tr“?d1 Fnheghanlcalk%ﬁe‘é%rﬁgnrﬂlé:nrdo mechanica r%%esélng

treatment as, the-meshanicalireatment. These-teatments enable easy-farmation gka film Aaving micro
pores and/or micro unevennesses having a desired density. The desired density of the micro pores

and/or mict unévenressesds preferaplycatdeast:5 40« 104/rmm2dr aseren¥izernisuchcafiliadaving
micro pores and/or micro unevennesses having a desired density is formed on the surface of the base

material, th"SHFLE O he DB Hafetial Ear be fmpregnatéd StabiyPand €ufficientis Witk iodine or
lodine compoynds which, improve the aptimigrabia) actvity and. 15 sterilizing activity.of the supplies.
15 sterilizing activity cf the supplies.

Then, micro pores or micro unevennesses of the film are
impregnated with lodine or iodine compounds. Since icdine has
antimicrobial activity and sterilizing activity, the
antimicrobial activity and sterilizing activity of the supplies

20 are improved by the action of icdine which is gradually released
from iodine or iodine compound with which the micro pores or micro
unevennesses of the film are impregnated. When, particularly,
micro pores or micro unevennesses of the film are impregnated with
iodine or iodine compounds, this has such a merit that the area

25 of the surface capable ¢f holding iodine cor iodine compounds 1s
more increased than in the case of applving iodine or iodine
compound to a plane, enabling the above iodine or iodine compound

to be supported in a large amount and also, the release of icdine

from icdine or iodine compounds is continued gradually for a long



Then, micro pores or micro unevennesses of the film are impregnated with iodine or iodine
compounds. Since iodine has antimicrobial activity and sterilizing activity, the antimicrobial activity and
sterilizing activity of the supplies 20 are improved by the action of iodine which is gradually released
from iodine or iodine compound with which the micia pores or micro unevennesses of the film are
impregnated. When, particularly, micro pores or micro unevennesses of the film are impregnated with
iodine or iGdifé coripawnds: Kisis has seeRslmetit tatTikd afeal?s bhessuHdtesapabielof holding

ocine or (6 5 S S skl el IFLTRE Bfeei25 bPheSiide capabilof holding
(0 a plane SIABING T AUV TOQInE O ot CompGing (& o SUPpOTE e GE AT and 2l

the release of jodine from odine or iodine compounds is continued gradually for a long 14 time. This
makes it possible to maintain the antimicrobial activity and sterilizing activity of the supplies for a long
period of time.  Exdmamplesiofthe ibdiiemeompepadrwithvivhichrthe-supples arerd impregaated
may include;  inorganic compounds such as silver iodide, potassium iodide, nickel iodide, iron iodide
and tin Jodidé® L e 9rerianiceompéhds for example, chain saturated hydrocarbons and their

derivatives such as methyl.iodide, ethyl 10 iodide, pro YI iodide, butyl iodide, and isopropyl.iodide;
als0, chaim unsatur Ao E A ISE AT T G0 SULh Bty PG Bl e Sty

iodide, propargyd iodide,;and phenylacetylene iadidei-alsoarematic hydrocarbons and their derivatives
such as 15 iodobenzene, benzyl iodide, benzoyl iodide, phenacyl iodide, xylylene iodide, phthalein
iodide, hydroquinonededide, andcyclodextrifdodinednglision compoundsuratalso,
hetero-compounds such as trimethylsulfonium iodide and triphenylsulfonium iodide; and
20hetero-doMpoUTitF POy eTs Suth s slgvinyFpyrisiitione fodine %ﬁ‘d&vﬁﬁﬁaﬁ%lirﬁiﬁ]é%dine.
Among the abaqve iodine compounds, hetero-compaound. polymers such olyvinyl. pyrrolidone iodine,
aroma%f)c h%/ggolccg?bor%rgﬁg their %elrcliv%’tiv%e)g Stich as -%gélo élxc%firgi ?ooéfr%é% Igy%\é%glgr%é%é} compounds
such as silver iodide are preferableras:the-igdine egupeunrd-withwhieh the-supplies:arg impeegnated,

from the viewpoint of safety to the human body, environmental integrity and biocompatibility. Though
no particulanliinitsgion isvimposedion thetypewsiiys, crotyl iodide, propargyl iodide,
and phenylacetylene iodide;

also, aromatic hydrocarbons and their derivatives such as

15 iodobenzene, benzyl iodide, benzoyl iodide, phenacyl ilodide,
xylylene iodide, phthalein iodide, hydroguinone iodicde, and
cycledextrin-iodine inclusion compounds;

also, hetero-compounds such as trimethylsulfonium iodide
and triphenylsulfonium icdide; and

20 hetero-compound polymers such as pelyvinyl pyrrolidone
iodine and polyvinylphthalimide iodine.

Among the above iodine compounds, heterc-compound polymers
such as polyvinyl pyrrolidone iodine, aromatic hydrocarbons and
their derivatives such as B-cyclodextrin iodine or inorganic

25 compounds such ag silver iodide are preferable as the lodine
compound with which the supplies are impregnated, from the
viewpoint of safety tc the human body, environmental integrity
and bioccompatibility.

Though no particular limitation is imposed on the type of



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 taking it into account to transplant the supplies to
living bodies. Ti is preferably pure Ti prescribed as JIS type-1 or JS type-2 or a Ti alloy prescribed as
JIS type-60€6%6.ALARWALTY aHAY); IS4 01ype-6E (3VeAL29% Tt alioys,115:38-3dlayr 8iS=type-11 or
JIS type-12 are each applicable. Further, as the above stainless steel, austenite stainless steels such

as SUS 302! '&U'S 301, SUE3%6, S9SH151ISUS 3170812 'SUS 3293 F and 'S198 32955E dré®
preferable Jtom dhe iewnoighotnon-magnafisiy, urthet, 23 g ahowe Go-Cx 1naley. 2 siglile 20
alloy having a composition of 63.0% C 6.0% Mo-2.0% NI-0.25% C-rest Cr is preferable from the
viewpoint efsteength and: conosion resistancey, sNexhk adnethodef producingrnedicab supplies
according to the present invention will be described. 20A base material made of any one of the
metalli materiakrispraferably fofmed ihto apredeterminéd shapecaitd isrthensubjected tose
degreasingh;reatr%eprt. Tf:?n, the base material is subjected to any one of electrochemical treatment,
chemical treatfient, thefmal ard/Sr eth&Ricaltréatmett or 8 combinatioh 25 6f fio oF mdts f these
treatments;tofgrm 2 film en. thessurface ot the hase:material, Itjis preferable to. adopt.angdic oxidation
treatment as the electrochemical treatment, medicine treatment as thé chemical treatment, heating
treatment as thesthehal treatmaenit, thesmal prosessingiieatmeptas the-thelmat gpe -16 mechanical
treatment and mechanical processing treatment as the mechanical treatment. The method will be

described €énéerhitg thEcasBidtgerRfming ariothe okitatiér treatmeént'to Térnd &kitvlon theSsurface

of the base materjal as.an example, Itis needless 5.to s thhatt e present invention.is not limjted to
the ang%ic”%fati%ﬁlq t eéjtrr%&ét(ntgl%p%lﬁ 3%?1‘8 i’oxT atl%n rgét?n%%t,t &baséma e‘ria?for‘fn%d into a

predetermingd.shape.is dipped.inan-elestrelytic sotutionand used as,the.anade to-apply cygent to
electrolyze. As the 10 electrolytic solution to be used, an acid electrolytic bath or alkali electrolytic bath
is used comespanding $a the typesafdiaseanateriate 1s Examples ¢fitheHcld ekctrobyiit, bathinay
include a sulfuric acid-water mixture bath (for example, content of sulfuric acid: 15 5 to 30 mass% and
preferably 10%o 25/ mads¥h), slifuric at%llphg%él% aciwaterixtare’ BatiF Horexaniie suffuric
acid 35 g/Land phosphoric acid 25 g/1), sulfuric acid-phospharic acid-aqueous hydrogen .
peroxide-v]vfaﬁgfn %Qt%rg%%v%ﬁ?fb?éx%%g%? suffdric acid 35 g fbﬁgsep O%g a%%{(f Z%IDg{?I‘,]%anedp aqueous
hydroggn 20 pekoxide d0-0/1); sulfuric acid-phesphotic acid-agcori¢ acid-water-mpdure-bathc(for
example, sulfuric acid 35 g/l, phosphoric acid 25 g/1 and ascorbic acid 10 g/1) and hydrochloric
acid-aquedisshydiégén perexide fornsatin-Water ixtieé dathofer exarnplehhydroehiericracicd40
mass%, aqueous hydrogen peroxide 25 2 mass% and formalin 10 mass%). Further, examples of

the alkali efectfiftichath &y inciite”PotassSiah-Rydrbxide-potassium fluoride-sodium
phosphate-aluminym hydroxideswater mixture bath (for example, potassiun bydroxide, 165 gfi,
potassium fluoride 35 g/l, sodium

the present invention will be described.

20 A base material made of any one of the metallic materials
is preferably formed into a predetermined shape, and is then
subjected tc degreasing treatment. Then, the base material is
subiected to any one of electrochemical treatment, chemical
freatment, thermal and/or mechanical treatment or a combination

25 of two or more of these treatments to form a film on the surface
of the base material. It is preferable to adopt anodic oxidation
Treatment as the electrochemical treatment, medicine treatment

as the chemical treatment, heating treatment as the thermal

fLreatment, thermal processing treatment as the thermal and



17 phosphate 35 g/1 and aluminum hydroxide 35 g/1). it is preferable to use the acid electrolytic
bath when the base material is Ti or a Ti alloy or stainless steel, and the alkali electrolytic bath when
the base material is a Co-Cr alloy. 5In the electrolysis, pulsed current having a frequency of 50 Hz or
more and preferably 10000 Hz or less is used as thescurrent load. When pulsed current having a
frequency of 50 Hz or more is used as the current load, a film including micro pores and/or micro
unevennesseEs aving & derrsithiofiat least 5ie 204mim2 cantise formisay Whes theecdrrent load is direct
current (DC), only a film containing neither micro pore nor micro-unevenness can be formed as shown

in Fig. 3(aV"SUtAE fifi cairBe dtificiently ifpregiratedwithS Site and &h f5ding EBmpdmtE with
result that syfficient antimicrobial activity eannot.be imparted to.the spplies.<0, 15 this case,,
large-scaled equipment Is required to generate pulsed current having a frequency exceeding 10000 Hz
and therefere; the eastyequiretHer thesequipment isiingeeaseds heinging abaut high peedtiction cost.
From the above reason, the current applied in the anodic oxidation treatment in the invention is
preferably 50 260 TOG00 Hzepulseh elirferit! Tha freguehey isthorel preferably 160G 1625000 Fz from
the viewpoint.of the number of micro-pores to be formed. Medicine treatment as the chemical
treatment,%}é]aﬂﬁg Heatmentad the thermal treatment, heating processing treatment 25 as the thermal
and mechanical tregtment, orgnechapicabprogessipg treatment asshe.mechanical treatment.or a
combination of two or more of these treatments may be adopted in place of the anodic oxidation
treatment as the electrothemicdltreataientcExamples efithermedicine treatment maydicludera
method in 18 which a high-temperature alkali-type bath or an acid bath is used and the base material
is dipped if#is bafiftaoriénhetiicdy treateBtim Haiigmicrs poteLand/or ificro uhéveritiesses on
the surface of the base material. A method in which as the 5 high-temperature alkali-type bath, for
exam p]I%, 8 140C rsC(j)a'(LJI?]u“rrji %ya??)lxlf&eji%gtags%iu?ﬁ n}frsa?%a/vaatrelr r%‘i%& regégtﬁ o?ie&%%ncplte%, pgﬁs by
weight of sodium hydraxide40 pars-hy weight ok potassium nifrate and 00-parts by weightef water)
is used and the base material is dipped in this bath for 10 minutes and a method in pp which as the
acid bath, fortexample, a 30C oxalic acid-hydrogen peroxide-water mixture bath (for example, 25
mass% of oxalic acid (100 g/l) and 3.5 mass% of hydrogen peroxide (30%)) is used and the base
material is dipped FERPB&th for SBTmutE AR Exermpified. Srhid eaiment-i8 prefefably wpphied in
the case of 1 sing.siginless steel suchas SUS 204,85 the basematerial o, Efer expgples of
the heating treatment may Inc ude a method in which the base material is heated eating” ™
tempergture: 600 10 800&-and; preferabhs FROG ¥ 1 br)dn thesatmosphere to.form:a film (oxide film) on
the surface of the base material. Further, 20 examples of the thermal processing treatment may
include metliods-iphvelsich thie surface ofithiesraseimatarial Isstfadiated withzarpelectron beam or laser
beam. Further, examples of the mechanical processing treatment may include methods using a shot

blasting. IrffheSetredtmenty! iPROEERRAfiaI T Make ah Bkarnin&tiont I 25 stvanc® Befité Wetérmining
the treatment.conditions, so that afilm having, miero_unevennesses, oL, micrp, pores having a desired
surface structure. In this case, these treatments are preferably applied when stainless steel or a Co-Cr
alloy is used.agtheibase maatyial/ 1, phosphoric acid 25 g/1, and agueous hydrogen
20 peroxide 10 g/l1), sulfuric acid-phosphoric acid-ascorbic
acid-water mixture bath (for example, sulfuric acid 35 g/1,
phesphoric acid 25 g/l and ascorbic acid 10 g/1) and hydrochloric
acid-aquecus hydrogen peroxide~formalin-water mixture bath (for
exanple, hydrochloric acid 40 mass%, agueous hydrogen peroxide
25 2 mass% and formalin 10 mass%).
Further, examples of the alkali electrolytic bath may
include potassium hydroxide-potassium fluoride-sodium
prhosphate-azluninum hydroxide~water mixture bath (fcr example,

potassium hydroxide 165 g/l, potassium fluoride 35 ¢g/1, sodium



In the present invention, treatment such as anodic oxidation 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.
5The iodine-impregnation treatment can be carriediqut as follows: the base material which has been
subjected to, for example, anodic oxidation treatment is cleaned with water, then dipped in an agueous
iodine or ipdinewoaipount soldtiemand diradreurrent & applidel BPusing the base material as the
anode to carry out_10 electrolysis at a constant voltage or constant current density. The a(% eous

solution used for thé etEchOR5RTE Préferably S dotetus SSiufion Eonthinig 0T to 16 hadss of
iodine or ipding gompoynds. When fhe, amoynt af joding.qr jodine compaunds isless.than 031 mass%,

the content of iodine with which the film is 15 impregnated is so small that desired antimicrobial activity
cannot be<eyelopedy Even ifdadingrariodine compoundtisadded insan amount exceeding 1.0 mass%
on the other hand, the effect is saturated and this is economically disadvantageous. The amount of
iodine 6r iodine cohipdurtd shmeEe preférably D BB 5FHASEYH 20 Fukther Zas tHedisdievcsthpound
to be added.in the aqueous solution, the jodine unds are all preferable. Among these
compounds. pelyVingl By iione foHTHE (PP PLey lbdexti Toding [BCOIF And SIVAFioAAE are

preferable;from theyiewpaint ot biacompat bility.,25ig thedodingimpregnation:ireatment, the constant
voltage anodizing is preferably carried out at a constant voltage ranging from 100 to 200V for 1 to 10
minutes. Thecchastari ewrentdensitysanodizing is preferably garried out@at ascanstdnt-cuirent density

ranging from 0.05 to 10 A/dm2 for 1 to 10 minutes. 20 The present invention will be described in

more detalt B§ YRR GFERATHeS EXAMPRES™Y (EXample 8t ° A TP a6y (1Fassvebaeisi 8% A1-4%

V-rest Ti; type-60 alloy) apd stainless, steel (SUS 304) were used as base materials to .
e B R T e e e e for

a rabbit astest-pieces. 10 for ina\ivo test. i -Amangthese test pieges; the-Ti-alloy test pieses were
subjected to degreasing treatment and then to anodic oxidation treatment. In the anodic oxidation

treatment, theRest.piece was &lscirayzed mt @aconsta volfage-(1500\) fomominutes #tianitSacid
electrolyt ¢ solution (solution tengqerature: ambient tqrggerature) of a mixture bath containing sulfuric

acid (35 gAYphBEpREHE &Cid 125 7D -&qiEous Hydioden péroxite (10§/) SinthisTcdde" though the
current loagd was made, tp have an %P%ica' ngﬁﬂﬁe%ﬁwﬁ%ﬁ\@&?’%%e %H@e%%;!%? eY,Vﬁ? drgpped in
t e.Int

order 20 aﬁ)ng with passage of time betause of the electro ysSIS at constant volta IS Case, as

the cugeent; pulsed:ewrenthaping adfrequency:fdd000 Hzwasused the destpicees which-the
anodic oxidation treatment was not performed was regarded as comparative examples.
current having a frequency exceeding 10000 Hz and therefore, the
cost reguired for the equipment is increased, bringing about high
production cest. From the above reascon, the current applied in
the anodic oxidation treatment in the invention is preferably 50
20 to 10000 Hz pulsed current. The freguency is more preferaply 1000
to 5000 Hz from the viewpoint of the number of micro-pores to be
formed.
Medicine treatment as the chemical treatment, heating
treatment as the thermal treatment, heating processing treatment
25 as the thermal and mechanical treatment, or mechanical processing
treatment as the mechanical treatment or a combinaticn of two or
more of these treatments may be adopted in place of the anodic

oxidation treatment as the elecitrochemical treatment.

Examples of the medicine treatment may include a method in



25First, the anodically oxidized test pieces (Ti alloy test pieces) were subjected to a scanning electron
microscope (magnification: 2500 times) to observe the surface structure of the oxide film formed on
one surface of each test piece in five or more visual fields, thereby measuring the number of pores
formed 21 in the oxide film in each visual field. Therg, an arithmetic average of the values obtained in
the visual fields was calculated to determine the number of pores of the oxide film formed on the
surface ofwathtest hicte: Ferther, ahe sectiof of eathisstipiéde Wwasbbsehved by a dcandiag electron
microscope (magnification: 2500 times) in five visual fields to measure an average, thickness of the

oxide film FHhed 6n B SuffacE ¥ -2 LThéEn SthRRHO iy bxidizad test pidcas (T aMBY tést pleces)
were cleaned.with water forane minyite. After cleaning 10 witt, water. he testpiace.was,dipped in an

aqueous iodine compound solution prepared by dissolving 0. 5 mass% of polyvinyl pyrrolidone iodine
(PVPI) whishn¥as-an igdine sompesing-n pure: Waterang tiedtest pieee ivas settlechen the anode side
and a pure Ti plate was settled on the cathode side to perform electrolysis at a constant 15 voltage of
120 V, thefelsii cariying vatiotinetinisregnatior rbatrient Sintheiediné SmpregrfHtion eathdnt, the
initial current density was set to about 0.2 A/dm2 totcause, elgqtrophorehsri]s,%o impregnate the6%xide film
formed on'th& SUffACE oPtCh“eatggtlﬁl‘ec%lvVifﬁﬁfe i6 in%rcglrﬁﬁoﬁﬁfae. 261 this case; the" Fé%%pieces which
were not apodically,oxidized were degreasediand cleanedwith-watet, for ope minute priarde, the test.
Then, using a part of these treated obtained test pieces (discs), an antimicrobial activity test was made
for in-vivo test 25taccerding 9@ theaprovisignsiefidistZ 280¥.2As the pathogenicaorgan Staphyococcus
aureus (ATCC 25923) and Escherichia coli (MG 1455) were used. The test was repeated 15 times for
each test pigée BthelcelR ntkfivlerieft Gief aifredetermined fine padsed isismallér tie'test piece is
evaluated to be superipr in 22 antimjcrobial activity. ., Furth ing the. abtained test piece
(semicll‘:(?cufﬁ? jp?aﬁegsthg%?/tgt%zxﬁ:i yao{fcqhefggt &éc%éﬂ %%%’ev%l?gted (%%ﬁ'—?/ﬁrg fes B@B{geg %8%}1y
forming mefhod wsing-rat fibroblast celkling M7 9. & The:testpiece was dippedin g:euiture dlyid
contained In a Petri dish and the above V79 was inoculated on the test piece to confirm the formation
of coloniesi{fof the;évaluation.3 . 5 Fasther afSiny theogktainedrabbitexterhal fixatonysiad6adapan
white house rabbits were used and the pin was made to pierce 10 through each of the thighbones for

in vivo test- AfeP 24 Sa)@ [herabbit vasimEae 1o dicta genthé aRd easy death - haRe Hitological
analysis and the degrees of tli‘%l Inf I%rp@aaéilgﬁnqulinf ggi%gg@‘;gi Z&@lﬁ%’&nﬂ”}%gi%giﬁ%g part
[bate. T [

Xe
were observednt% give percentile scores to these degrees to eva e 15 evaluation items are as

followsisinflammatien of the-pip-pierced partabseessiarosnd the pith sarsew, and inflagmation
around the tip of the pin. The point was 2 when the inflammation or formation of abscess caused by
the pin was serious ilnebs 1 whearthe érflamimatien loe fdrination 10f abseass wayg ningr, Xwhen

marrow . . . , . .
method in which the base material is heated (heating temperature:

600 to 800°C and preferably 700°C x 1 hr) in the atmosphere to form
a film {oxide film) on the surface of the base material. Further,
20 examples of the thermal processing treatment may include methods
in which the surface of the base material is irradiated with an
electron beam or laser beam. Further, examples of the mechanical
processing treatment may include methods using a shot blasting.
In these treatments, 1t 1s essential to make an examination in
25 advance before determining the treatment conditions so that a film
having micro unevennesses or micro pores having a desired surface
structure. In this case, these treatments are preferably applied
when stainless steel or a Co-Cr alloy is used as the base material.

In the present invention, treatment such as ancodic oxidation



20 formed abscess and 1 when the marrow wasminor and O in other cases, to evaluate by the total
points of the evaluation items. As the total point of the evaluation items is smaller, inflammation and
infection are regarded as small. Further, at the same time, osteoid formation on the surface of the pin
was confirmed to 25 evaluate osteoconductivity. Thgresults obtained are shown in Table 2. InscO E
0.3 a Example of the present invention Comparati ye Example_ _ Histological. evaluation urea--
conductivitr@atment is performed to form a film having micro pores Or micro

unevennesses on the surface 0f the base material and tThen,
iodine-impregnation treatment 1s carried out to impregnate the
film with lodine or ilodine compounds.

5 The iodine-impregnation treatment can be carried out as
follows: the base material which has been subijected to, for exanpie,
anodic oxidation treatment is cleaned with water, then dipped in
an aqueous iodine or iodine compeund solution and direct current
is applied by using the base material as the anode to carry out

10 electrolysis at a constant voltage or constant current density.
The agueous solution used for the electrolysis is preferably an
aguecus scolution containing 0.1 to 1.0 mass® of iodine or iodine
compounds. When the amount of iodine or iodine compounds is less
than 0.1 mass%, the content of iodine with which the £ilm is

15 impregnatedis so small that desired antimicrobial activity cannoct
be developed. Even if iodine or iodine compound is added in an
amount exceeding 1.0 mass% on the other hand, the effect is
saturated ang this is economically disadvantagecus. The amount
of iodine or iodine compound is more preferably 0.3 te 0.5 mass%.

20 Further, as the iodine compound tc be added in the agueocus
solution, the iodine compounds are all preferable. Among these
compounds, polyvinyl pyrrolidone iodine (PVPI), P-cyclodextrin
iodine (BCDI) and silver iodide are preferable from the viewpolint
of biocompatibility.

25 Iin 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 0.05 to 10 A/dm® for 1 to 10 minutes.
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The present invention will be described in more detail by

way of Examples.

EXAMPLES

(Example 1)

faitt]

A Ti alloy (mass% basis, ©% Al-4% V-rest Ti; JIS type-60
alloy) and stainless steel (8US 304) were used as base materials
to manufacture discs (plate thickness: 2.0 mm) as test pleces foz
in-vitro test andexternal fixationpins for a rabbit as test pleces
for in-vivo test.

Among these test pleces, the Ti allcy test pieces were
subjected to degreasing treatment and then to anodic oxidation
treatment. In the anodic oxidation Treatment, the fest plece was
electrolyzed at a constant voltage (150 V) for b minutes in an
acld electrolytic solution (scolution temperature: ambient
temperature) of a mixture bath containing sulfuric acid (35
g/l)-phosphoric acid (25 g/l) -agueous hydrogen peroxide (10 g/1l).
In this case, tThough the current load was made to have an initial
current density of 8 A/dm®, the current value was dropped in order
along with passage of time because of the electrolysis at constant
voltage. In this case, as the current, pulsed current having a
freguency of 10000 Hz was used. The test pieces which the anodic
cxidation treatment was not performed was regarded as comparative
sxampies.

First, the anodically oxidized test pieces (Ti alloy test
pieces) were subjected to a scanning electron microscope
{magnification: 2500 times) to cbserve the surface structure of
the oxide film formed on one surface of each test piece in five

ormore visual fields, thereby measuring the number of pores formed



PIT40-putfuh3 ISZT 0 Staphylococcus aureus 181 10.0 LPL' _ Structure of an oxide film vuti
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21
in the oxide film in each visual field. Then, an arithmetic
average of the values obtained in the vigual fields was calculated
to determine the number of pores of the oxide film formed on the
surface of each test piliece. Further, the section of =sach test
5 plece was observed by a scanning electron microscope
{magnification: 2500 times) 1in five visual fields to measure an
average thickness of the oxide film formed on the surface.
Then, the anodically oxidized test pileces (T1 alloy test
pieces) were cleaned with water for one minute. After cleaning
10 with water, the test piece was dipped in an agueous iodine compound
solution prepared by dissolving 0.5mass% of pelyvinyl pyrrolidone
iodine {PVPI} which was an icdine compound in pure water and the
test plece was settled on the anode side and a pure Ti plate was

settled on the cathode side to perform electrolysis at a constant

—
(1]

voltage of 120 V, thereby carrying out lodine-impregnation

treatment. In the icdine-impregnation treatment, the initial

current density was set to about 0.2 A/dn” to cause electrophoresis
to impregnate the oxide film formed on the surface of the test
piece with the iodine compocund.

20 In this case, the test pieces which were not ancodically
oxldized were degreased and cleaned with water for oneminute prior
to the test.

Then, using a part of these treated obtained test pileces

(discs), an antimicrebial activity test was made for in-vivo test

25 according to the provisicns of JIS5Z 2801. As the pathogenic organ,
taphylococcus aureus (ATCC 25923) and Escherichia coli {MG 1455)
were used. The test was repeated 15 times for each test piece.

As the cells number left after a predetermined time passed is

smaller, the test piece 1s evaluated To be supericr in
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antimicrobial activity.

Further, using the obtained test piece (semicircular plate),
the cytotoxicity of the test piece was evaluated for in-vitro test
by the colony forming method using rat fibroblast cell line V79.

5 The test plecs was dipped in a culture fluid contained in a Petri
dish and the above V79 was inoculated on the test piece to confirm
the formation of colonies for the evaluation.

Further, using the obtained rabbit external fixation pin,
6 Japan white house rabbits were used and the pin was made to plerce

10 through each of the thighbones for in vivoe test. After 14 days,
the rabbit was made to die a gentle and easy death to make
histological analysis and the degrees cof the inflammation and
infection of the tissue around the pin-pierced part were observed
to give percentile scores to these degrees to evaluate. The

15 evaluation items are as follows: inflammation of the pin-plerced
part, abscess around the pin, marrow, and inflammation around the
tip of the pin. The point was 2 when the inflammation or formation
of abscess caused by the pin was sericus illness, 1 when the
inflammation or formation of abscess was minor, 2 when marrow

20 formed abscess and 1 when the marrow was minor and 0 in other cases,
to evaluate by the total peints of the evaluation items. As the
total point of the evaluation items is smaller, inflammation and
infection are regarded as small. Further, at the same Time,
osteoid formation on the surface of the pin was confirmed to

25 evaluate osteoconductivity.

The results obtained are shown in Table 2.
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5 No. Al), the formation of colonies is significantly suppressed, so that the number of Staphylococcus
aureus which is about 2000 before the start of the antimicrobial test is reduced to an average of 0.07
after 24 hr and also, the number of Escherichia coli which is about 2000 before the start of the
antimicrobial test is reduced 10 to an average of 0 giter 24 hr, showing that Example of the present
invention is superior in antimicrobial activity. In Comparative Examples, on the other hand, the cells
number observed &fter 24fnis 4 8i{test piecexNdsA2) amd I347 i(testipienecNpo A8y irethevease of
Staphylococcus aureus and 1281 (test piece No. A2) and 15 1600 (test piece No. A3) in the case of
Escherichfcoli* THe g6 différemesimaly e BaRf1d Rave Liaistidalsighticancd. the mrfisMin
Example of tQ%BEGSoeI{“ i&veg;ionitggeto Cl)po' f the evaluation of inflammation and infection is
significantﬁlnlower than in orhpgrative xamples and therefore, it may be said 20 that Example of the
present invention isyeddeed in inflammation aid ivection: Eurthern, thisdiffergnce from Comparative
Examples also has statistical significance and this shows that Example of the present invention
reduces infectighlindutee bycarpintandhiscdupariorin antintcrobial agtivirand biocompatibility. 25
Further, Example of the present invention is similar to titanium in good osteoid and bone formation and

it maybe safd ﬁ%?%x%?ﬁpl@%‘f‘kﬁ% prdsent Wiﬁﬁ%%%fﬁ&é&%t@@d&%d&i\{ﬁ?om Rﬁ]oor@qver, it
has been confirmed that.Example ofithe. present ipyentien.is similar {%998&?%'%%@%@@gé in that

the colonies 25 of rat fibroblast cell line V79 are well formed, so that it has no cytotoxicity. (Example 2)
Stainless steet (3US304)Was usedas a base materialie &:manufacttee-dise-likedest piecestplate
thickness: 2 mm) for antimicrobial test. These test pieces were each washed with an acid and then
subjected i arodic-oxitatidrereatneheot 16 Alediting tréatinaht. Anthe acid wWasHiagrreatfteht, the

test pieces were dipped in an_agqueous mixture solution, of nitric acid 10 (5%)-hydrofluoric acid (3%) at
o i BT O HEE. 1 B 14 B AR BT G EATRERE e (oS kS Sire

electrolyzed af.a, congtant voliage {190 V) for 1 5minutes By using; the dest pigce-as the-angde.and

pure Ti plate as the cathode in an acid electrolytic solution (solution temperature: ambient is
temperatu) af @lmxiurenbathecantaininghbydrochlosiccadid @ A mass% )aguecusdhydfogen péeroxide
(2 mass%)-formalin (10 mass%)-water. As the current load, pulsed current having a frequency of 3000
Hz was uséd. Theliflitial EgFéEntidiGe Wis 352A/RRE. tthe MEditine teamieht, the teSt piétes were
dipped in 20 a 30(()3{:mé'>§cture bﬁth of oxalic acid (25 ma%s%io -Qxdrpgeg peroxig% (%5 m\%zi%g-r%stilled

water whichwas ahigh-?gn%BePa?ﬁr%cé}csld Hath for 30 Mirutes. The test Bile%es which e anodically

oxidized or, weated-ysing,a medigine were subje¢iedto.aseaniing electronmicrescope 2he e
(magnification: 2500 times) to observe the surface structure of the film (oxide film) formed on the
surface of each testnpiece msfivece meradviswalifelds, thereby mieasuringdhe hunter of
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 infecticon. Further, this difference from Comparative
Examples also has statistical significance and this shows that
Example of the present invention reduces infection induced by a
pin and is superior in antimicrobial activity and bicocompatibility.
26 Further, Example of the present invention is similar to titanium
in good osteoid and bone formation and it may be said that Example
of the present invention has sufficient ostecconductivity.

Moreover, 1t has been confirmed that Example of the present

invention is similar to Comparative Examples in that the colonies



pores formed in the film in each visual field. Then, an arithmetic average of the values obtained in the
visual fields was calculated 26 to determine the number of pores of the film formed on the surface of
each test piece. Further, the section of each test piece was observed by a scanning electron
microscope (magnification: 2500 times) in five visualsfields to measure an average thickness of 5 the
film formed on the surface. Then, a part of the test pieces were cleaned with water. After cleaning
with watergthertest picice sids dippedin ahiaguedls iedinescampdundrsalytien préparetihyhdissolving
0.5 mass% of polyvinyl pyrrolidone iodine (PVPI) which was an iodine compound 10 in pure water and
the test piéte Wi SeffedGrithe anode side and a pure Ti plate was settled on the cathode side to
perform elerz%tgi%l siigt Exconstant voltage of 120 V (direct current (DC)) for 5 minutes to cause
electrophoresis, ﬁereby’carrying out iodine-impregnation treatment to impregnate the oxide film
formed 15 on the suirface 1of dhe test pieceswith theyioding corapaund, 19 the iadinerimpregnation
treatment, the initial current density shown was about 0.2 A4dm2. With regard to the test pieces
which werewenlyfanodicadlydoxidizéd be treated ysiegasmeéditimesanthteskpieses stbpectedf20 to
iodine-impregnation treatment after anodically oxidized or treated using a medicine, an antimicrobial
activity testivasThad® By e Fiftd 'covefing Hhethdd adcbfdiR§ td B pfovidios 6F. 51 ¥ D8012As the
pathogenic argan, Escherichia coli (JCM 1649 strain). was used and cells number left after a
Dredotormega T3 (D1 ) Faodey ol rencu ol to eva Gt he oMb oty As the cells
number leffafier-a predetermineddime passad issmaller thei test piesgds.evalyategtohessuperior in
antimicrobial activity. When cells number which was 420004m1 (4.2 x 1046m1) at first was measured
after a pregetemametbtimed(24c)c 27rpassed] tie case where the cells nombet was: reducedito less
than 10/m1 was rated as 4 (antimicrobial activity valuenz‘j;I the case where the cells number was

reduceld to TOIM oihBe- 2Rd fesLthaft 100/ \ids fated LS dritmerobial BRtidity Gdile) e case
where the 3 %q_l%r%rgber as reduced %%Q%@&t%rorﬂocrg@gﬁg%%t,h%@léocoeoé@éﬁv@éé ated as 2

(antimicrobial activityvalue), the case where the cells number was reduced to 1000/m1 or more and
less than 100804wrlavas sated-as téantimicrobial actisty, valuey, afmd the caserwhere the gellssgumber

was 10000/m1 or more was rated as O (antimicrobial 10 activity value). The results obtained are
shown in Tabte 83es'Ramane @ the anode and pure Ti plate as the cathode in
an acid electrolytic scolution (sclution temperature: amblent
15 temperature) cf a mixture bath containing hydrochloric acid (47
mass%)-aqueous hydrogen percoxide (2 mass%)-formalin (10
mass%)-water. As the current load, pulsed current having a
freguency of 3000 Hz was used. The initial current value was 3.5
B/dm*. 1In the medicine treatment, the test pieces were dipped in
20 a 30°C mixture bath of oxalic acid (25 mass%)-hvdrogen peroxide
{3.5mass%)~distilled water whichwas a high-temperature acidbath
for 30 minutes.
The test pieces which were anodically oxidized or treated
using a medicine were subijected to a scanning electron microscope
25 (magnification: 2500 times) to cbhserve the surface structure of
the film (oxide film) formed on the surface of esach test piece
in five or more visual fields, thereby measuring the number of
pores formed in the film in each visual field. Then, anarithmetic

average of the values obtained in the visual fields was calcuiated



Comparative |Example Example of the present invention Comparative Example Example of the
present invention Evaluation of antimicrobial activity Cells number after holding for 24 hr 0 0 lodine-
impregnation treatment Treated or untreated Untreg'éed Treated Untreated
to determine the number of pores of the film formed on the surface
of each test piece. Further, the section of sach test plece was
chserved by a scanning electron microscope (magnification: 2500
times) in five visual fields to measure an average thickness of
5 The f£film feormed on the suriace.
Then, a part of the test pisces were cleaned with water.
Lfter cleaning with water, the test piesce was dipped in an agueous
iodine compound solution prepared by dissolving 0.5 mass% of
polyvinyl pyrrolidene iodine (PVPI) which was an iocdine compound
10 in pure water and the test piece was settled on the anode side
and a pure T1i plate was settled on the cathode side to perform
electrolysis at a constant voltage of 120V {direct current (DC))
for 5 minutes te cause electrophoresis, thereby carryving out
iodine-impregnation treatment to impregnate the oxide £film formed
15 on the surface of the test piece with the iodine compound. 1In the
iodine~impregnation treatment, the initial current density shown
was about 0.2 A/dm®.
With regard to tThe test pieces which were only anodically
oxidirzed or treated using a medicine and test pieces subjected
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 provisions of JIS
Z 2801. As the pathogenic organ, Escherichia coli (JCM 16483
strain) was used and cells number left after a predetermined time
25 (24 h) passed was measured to evaluate the antimicrobial activity.
Rs the cells number left after a predetermined time passed is
smaller, the test piece is evaluated to be superior in
antimicreobial activity. When cells number whichwas 42000/ml (4.2

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



I - Treated 1 tuT1,3 (1111): sseuipTqf Luff.4 66 . 11 Number of micro pores (number/mm2) frOIxX9T
tfifx9.8 Presence or absence of micro pores or micro unevennesses Present iuesaid -4)

27
passed, the case where the cells number was reduced to less than
10/ml was rated as 4 (antimicrobial activity value), the case where
the cells number was reduced to 10/ml or more and less than 100/ml
was rated as 3 (antimicrobial activity value), the case where the
5 cells number was reduced to 100/ml or more and less than 1000/ml
was rated as 2 (antimicrobial activity value), the case where the
cells number was reduced to 1000/ml or more and less than 10000/ml
was rated as 1 (antimicrobial activity value), and the case whers
the cells number was 10000/ml or more was rated as 0 (antimicrebial
10 activity wvaliue).

The results obtained are shown in Tablie 3.
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CO ,-i,11 4-1 $.4 GIG) u:-4-i (c,0ill C) 4-)U Occ) CD-,--10 cc; CV C.: 29 It is found that all
Examples of the preEent invention exhibit the rate 4 (antimicrobial activity value), so that they each
keep excellent antimicrobial activity. With regard to Comparative Examples in which no
iodine-impregnation treatment 5 is performed, the agtimicrobial activity value is 0, that is, these
Comparative Examples do not exhibit any antimicrobial activity. (Example 3)

It is found that all Examples of the present invention

exhibit the rate 4 {(antimicrobizl activity value), so that they
each keep excellent antimicrobial activity. With regard to
Comparative Examples in which no iodine-impregnation treatment

5 1s performed, the antimicrobial activity vailue is 0, that 1s, these
Comparative Examples do not exhibit any antimicrobial activity.
(Example 3)

A Co-Cr alloy {(mass% basis, ©63.0% Co-0.0% 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 pleces were each washed with an acid and then subjected
to anodic oxidation treatment.

In the anodic oxidation treatment, the test plece was
electrolyzed at a constant voltage (150 V, direct current (DC))

15 for 15 minutes by using the test piece as the ancde and pure Ti
plate as the cathode in an alkali electrolytic solution (sclution
Temperature: room temperature) of a mixture bath containing
potassium hydroxide (165 g/l)-potassium flucride (35 g/l})-sodium
phosphate (35 g/l)-aluminum hydroxide (35 g/l)-water. As the

20 current load, pulsed current having a frequency of 5000 Hz was
used. The initial current value was 8 A/dm°.

The cobtained test pileces were sublected toc a scanning
electron microscope {(magnification: 2500 times) to observe the
surface structure of the film (oxide film) formed on the surface

25 ©of each test piece, thereby determining the number of pores formed
on the surface of each test plece and the average thickness of
the film in the same manner as in Example 2.

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

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



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. In
the anodic oxidation treatment, the test piece was glgctrolyzed at a constant voltage (150 V, direct
current (DC)) 15 for 15 minutes by using the test piece as the anode and pure Ti plate as the cathode
in an alkalkgleetrolyticostluton {selation: temperatureproans terperature pofiar mixture bathwohtaining
potassium hydroxide (165 g/l) -potassium fluoride (35 /%-sodium,phosphate (35 .g/1)-aluminum
hydroxide $35 BPDXivatey AS e 26 chfeRt Ib%ﬂ,lﬁﬁlsepﬁ bfrentBiavifg Y3fedqtienty 9F 8600 Hz was

used. The initial current value was 8 A/gjirrrlg{. ‘ 7[@% rﬁgé?@%% tggtspise £5 W eO%quggt%%god%

. Ter .
scanning glectron m|cr§sg§pree(r‘ﬁ%gﬁﬁlcatlon: Z%OO ti to observe the surface structure of the film

(oxide filmy formed @n the surface, 25 of each test piece dherely determiringithe aunher of pares
formed on the surface of each test piece and the average thickness of the film in the same manner as

in Exarhple 2ectrThepi a partofthetéstpieces sabjectéd 16 th¥sédreatmems wepe tledned with
water. Then, the test piece was dipped in an 30 aqueous iodine compound solution prepared by
dissolving t75 nad8e4' B 56lyViny oy tslicone Ioding (PvRH Vihich WasSar iduirte éamBotiid in pure
water and sl pisgeouansetled onlhe sondesidaanapUie Tl plate.was seltign anggathode
side to perform 5 electrolysis at a constant voltage of 150 V (direct current (DC)) for 5 minutes to
cause eleciropheresis; therehyrcaryingett iptine-impregnation eatreeatitpimpregnatenthenexide film
formed on the surface of the test piece with the iodine compound. In the iodine-impregnation
treatment, ithe inigal ‘cuprers dehsinpwas Aotaseut 0.2 Agdm 1 t 1 aWithregaid t6leiestest pieeds which
were only anodically oxidized.and test pieces subjected to iodine-impregnation treatment after
anodic]e?lly%}?(?dffed?/‘a% Mi%ﬁc‘robial activity test was made by the film covering method according to
the 15 provisions gfll§ Z 2801 Lo evajuate the antimicrobial activity,of gach lest pigce in.theisame
manner as in Example 2. The method of evaluation was the same as that of Example 2. The results
obtained are: sHawadn Fablec4sU)xXi€rks subjected to iodine-impregnation

treatment after anodically oxidized, an antimicrobilal activity
test was made by the f£ilm covering method accocrding to the

15 provisions of JIS Z 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 Z.

The results obtained are shown in Table 4.
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WU - -1-wiW a. FL..i_.,- 10 rn Number of micro pores (number/mm’) ;Apix9.L Presence or absence of
MIcro pores or micro unevennesses guns-aid mcm Anodic oxidation treatment Current load

32
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
5 i1sperformed, the antimicrobial activity value 1s 0, that is, these
Comparative Examples do not exhibit any antimicrobilal activity.
{Example 4}
Stainless steel (SUS 304} was used as a base material to
manufacture disc-test pieces for antimicrobial test (plate
10 thickness: 2 mm). These test pieces were first subjected £o shot
blasting as mechanical processing treatment of mechanical
treatment. The shot blasting was performed using four types of
alumina shots one by one. Intreatment ina first stage, a #60-mesh
aiumina shot was used to perform shot blasting under z pressure
15 of 3.5 kg/cm® for about 2 minutes carefully from all directions
s0 as not to leave non-blasted part. Then, in a second stage, the
surface treated by shot blasting using #60 mesh shot was carefully
shot~blasted using a #100-mesh alumina shot in the same pressure
and time condition as in the first stage in such a manner as to
20 be egually 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 egually shet-blasted. Then, in 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. Accerdingly, macro unevenness was
provided to the surface of the test piece. The surface roughness

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

Then, the test piece having the surface preoperties mentioned

5 above was further subjscted tTo medicine treatment which was
chemical treatment. In this medicine treatment, the above test

piece was freated by dipping the test piece 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-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 roughness Ra was
2.5 pm, maximum height of roughness profile Ry was ©5> um and
ten-point height Rz of roughness profile was 4.3 um.

15 The obtained test pieces were subjected to a scanning
electron microscope {magnification: 2500 times) to observe the
surface structure of the £ilm (oxide film) formed on the surface
of each test pilece, thereby cobserving the number of micro
unevennesses of the film formed on the surface of each test piece

20 in the same manner as in Example 2.

Then, a part of the test pieces subjected to these treatments
were thoroughly cleaned with water. Then, the test plece was
dipped in an agueous iodine compound sclution (liguid temperature:
25°C) prepared by dissolving 0.5 mass% of P-Cyclodextrin iodine

25 (BCDI) which was an iodine compound in pure water and the test
piece was settled on the anode side and a pure Tl plate was settled
on the cathode side to perform electrolysis at a constant voltage
of 150 V (direct current (DC)) for 3 minutes fto cause

electrophoresis, thereby carrying out lodine-impregnation



Fwl CW PW 32 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 is performed, the antimicrobial
activity value is 0, that is, these Comparative Examgples do not exhibit any antimicrobial activity.
(Example 4) Stainless steel (SUS 304) was used as a base material to manufacture disc-test
pieces for antiaficrobial test ¢plate 10 thicknesst 2thm) 1 Thikisectestpipces wepe fitstsubjected to shot
blasting as mechanical processing treatment of mechanical treatment. The shot blasting was

performed BSHGTOL 35565 of aliifindeshits bhe'by BRESH tréathiénth afSEstages 366 Mesh
alumina shot was used 1o perform, shot hlasting under a pressyre. 15 af ;3.5.kg/em2 for apout, 2 minutes

carefully from all directions so as not to leave'non-blasted part. Then, in a second stage, the
surfacetreategbyshotelastingusing #6Q mesh shet was earefully shotblasted wmsingia #189ymesh
alumina shot in the same pressure and time condition as in the first stage in such a manner as to 20
be equallyshotbiasted Wihen, it athise stalget ieesurface treated by shot blasting using #100 mesh
shot was carefully shot-blasted using a #150-mesh alumina shot in the same pres:&ure and time

condition as in the frSrahd $BEONHStagE ihSticH a Aiarmet 250 BE Bg ity SHstBiasted >Then, in a
fourth stage, the 25 surface feated;by, shot blasting, using#150-megh shgt was shot:plasted using a
#200-mesh alumina shot in the same pressure and time condition as above. Accordingly, macro
unevennessswasdirovidedio she surface of thectestpiecet Ehensurfase reaghnessintheshatdlasted
state when measured according to the 33 provisions of JIS B 0601-1994 was as follows: arithmetic
average roughness Re was 2 piadaraxifuntRefght ore6dghness mrofile'Ry Wass5 pia afd feéh-point
height Rz of rou}ghn%ﬁ‘%roflle was 3'5{(5’5?{}1@@?“ the t%s.tglecte ha\%ng the surface proggrt 2

mentioned 5 aBO\?e was furthér %&6}%0 (o] meéj‘lg'i%%z[relatr%en? which Was Ehémical tréatment. In this

mediqine t@@m%%‘%@@@%%t&%@%%@%&%@ by dipping &H%E?%;Pi%%%}ﬂ adnixtyrehath
containing sulfuric acid (50 g)-oxalic acid (50 g)-water (400 g) at a liquid temperature of 60C for one
hour. The shothlastechd Grsurface was ch@&mically©xidizente amicronizedetchingtsusfaces rt

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

was the same as that of Example 2.

i5 The results obtained are shown in Table 5.
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[Table 5]

and ten-point height Rz of roughness profijle was 4.3 pm. 15The obtained test pieces were subjected
nification: 25 times) to observe the surface structure of the
rmed on the surface of] éfacb te;stébi e, thereby observing the number of micro
the film formed on the susrfaacecof;eaﬁ test piece 20 in the same manner as in
hen apart of the test piezeg sgbjgctg to these treatments were thoroughly cleaned
the test piece was dipf adl i | aguepus iodine compound solution
X 25C) repared by digsolving 0.5 mass% of P-Cyclodextrin iodine 25 (BCDI) which
u?e water and the test piece was settled on the anode side and a pure Ti
Py th@ C tlgodfe side to perform electrolysis at a constant voltage of 150 V (direct
3 minutes B ¢ause electrophoresis, thereby carrying out iodine-impregnation 34
rdidepasitthe iddine compound on the micro unevennesses of the oxide film formed
he t8sthigce’ In the iodine-impregnation treatment, the initial current density was
rénEdensity was decseased 0 gradually with passage of time.  With
pieces WhICh were only mechanically|treated and treated using a medicine and test
oslodine! mpnegnatlon treatment after mechanically treated and treated using a
nlcr@le a%:tlvﬁlty test was > made 10 by the film covering method according to the
gv%uate the ar\’tlmlctpblal activity of each test piece in the same manner as
¢ellg rfuniber at the start of the test was 56@00/m| (5.6 x 104/m1). The method of
> 'Sameasthat of Example 2. 15The results~obta|ned are shown in Table 5. tf) X ccf
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Comparative Example Example of the present invention antimicrobial Cells number after holding for
24 hr ¢) regnation Treated or untreated Untreated Treated Number of micro unevennesses

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 regard to
Comparative Examples in which no icdine-impregnation fLreatment
5 is performed, the antimicrobial activity value is G, that is, these

Comparative Examples do not exhibit any antimicrobizal activity.



(number/mm2) 1,0INN'6] IfOING26 Presence or absence of micro pores or micro unevennesses
Present Present treatment adAl ,f* processing
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CLAIMS

1. Metallic medical supplies using a metallic material as a base

material, the medical supplies comprising a £ilm having micro
5 poresand/ormicro unevennesses on the surface of the base material,

wherein the micro pores and/or micro unevennesses are impregnated

with lodine or ilodine compounds.

Z. The metallic medical supplies accerding to Claim 1, wherein
10 the film comprises the micro pores and/or micro unevennesses

having a density of at least 5 x 10%/mm® or more.

3. The metallic medical supplies according to Claim 1 or 2,
wherein the £film is formed by any cne of electrochemical treatment,
15 chemical treatment, thermal and/or mechanical treatment or a

combination of two or more of these treatments.

4. The metallic medical supplles according to Claim 3, whesrein

the electrochemical treatment is anodic oxidation treatment, the
20 chemical treatment is medicine treatment, the thermal and/or

mechanical treatment 1s any one ¢f heating treatment, thermal

processing treatment and mechanical processing treatment.

5. The metallic medical supplies according to any one of Claims
25 to 4, wherein the lodine compound is polyvinyl pyrrolideone iodine,

P-cyclodextrin iodine or silver iodide.

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

1 to 5, wherein the metallic material is a pure metal selected



ttedAy C)U)rmn 0254 (C-HS-4a)4-ira54, -)U)C)IHCloa)-i-0, 0z Zfr 36 Itis 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 5 is performed, the astimicrobial activity value is 0, that is, these
Comparative Examples do not exhibit any antimicrobial activity.

(w3}

10

15

20

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.

7. Metallic medical supplies using a metaliic material as a base
material, the medical supplies comprising a film subjected to
anodic oxidation treatment having micro pores having a density
of at least 5 x 10%/mm® on the surface of the base material, wherein

the micro pores are impregnated with iodine or iodine compounds.

8. The metallic medical supplies according te Claim 7, wherein
the iodine compound i1s peolyvinyl pyrrolidone iodine,

P-cyclodextrin icdine or silver icdide.

9. The metallic medical supplies according to Claim 7 cor 8,

wherein the film has a thickness of 3 um or more.

10. The metallic medical supplies according to any one of Claims
7 to 9, wherein the base material is made of any one of Ti or Ti

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

11. 2 method of producing metalliic medical supplies, the method
comprising using a metallic material as a base material, treating
the base material by carrving cut any one of electrochemical
treatment, chemical treatment, thermal and/or mechanical
Treatment or a combination ¢of twe or more of these treatments to
form a film having micro pores and/or micro unevennesses having

2

a density of at least 5 x 10°/mm® or more on the surface of the

base materizl, and carrying out iodine-impregnation treatment to



37 CLAIMS  Metallic medical supplies using a metallic material as a base material, 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 impregnated with iodine or iodine
compounds. 2. The metallic medical supplies ac@$rding to Claim 1, wherein 10 the film comprises
the micro pores and/or micro unevennesses having a density of at least 5 x 104/mmz2 or more. 3. The
metallic medivat soppliestaceofding to Claim 2 &F e wherein tHerfind I iopmBd by arfy S1Fe<6f
electrochemical treatment, 15 chemical treatment, thermal and/or mechanical treatment or a
combinatiBiT Of o of Higre of fhese treatments. 4. The metallic medical supplies according to Claim
3, wherein the electrochemical treatment is anodic oxidation treatment, the 20 chemical treatment is
medicine treatment, the thermal and/or mechanical treatment is any one of heating treatment, thermal
processing treatmeataadroechdnicabpracessing:tredtmentme &: The metallic. medical supphies
according to any one of Claims 25 1 to 4, wherein the iodine compound is polyvinyl pyrrolidone iodine,
p-cyclodefinGoding ot silverisdiden B ThelfetalicinedieaEsupplies @Ees din-6 amyYihe of Claims
38 from the group.consisting of Ti and Co or an. alloy selected from the graup consisting of a.Ti alloy,
aCo aIon?%t%?Sl §§so§t§§ %%gdmae E&C‘T%cﬁo%;}%qu\ﬁoei{éﬁﬁg %L%Bi%%r sﬁ%&ige%%u%r?é% aﬁ%?%ﬁ? material as
a base mateyial, the medical.supplies comprising afila subjegted: to anpgic oxidation irgatment having
micro pores having a density of at least 5 x 104/mm2 on the surface of the base material, wherein the
micro poresraretimpregnatec-with pdinesersiddinée cempoeandsa @ 8=The matallicomedicak sugplies
according to Claim 7, wherein the iodine compound is polyvinyl pyrrolidone iodine, P-cyclodextrin
iodine or sHv&AiBERfes th 9. The metallic medical supplies according to Claim 7 or 8, wherein the film
has a thickness of 3 p.m or more. 10. The metallic medical supplies according to any one of Claims
7 to d wherein the base material is made of any one of Ti or Ti 20 alloy, stainless steel, and a Co-Cr
alloy. 11. Aymethod of producing rpetallicsnedicat supplies, theimethod eepprising ysinga metallic
material as a base material, treating the base material by carrying out any one of electrochemical
treatment, chémicatreatment, r thermaleand/ol mechaniedl trathrem orardombination B Tws or more
of these treatments to form a film_having micro pores and/or micrg unevennesses having a dter?sity of

at least 5 X 0#fm2 BPnidre rt e Sirtace of thdbAsE materfat, Ghd cahring guty t+ < °2
IOdmeqn“%%Q%%@@tggﬂgﬁnég%ctrolytic solution, and pulsed current having
15 a freguency of 50 to 10000 Hz is applied to the base material in

the electrolytic solution to carry out electrelysis treatment.

14, The method of producing metallic medical supplies according
to Claim 12, wherein the medicine treatment is a treatment in which
20 an alkali bath or acid bath having a liquid temperature cf 30°C
or more is used and the base material is dipped in the alkali bath

or acid bath.

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

blasting.

16. The method of producing metallic medical supplies according

to any one of Claims 11 to 15, wherein the iodine compound 1g



39 impregnate the film with iodine or iodine compounds, to make medical supplies. 12. The method of
producing metallic medical supplies according 5 to Claim 11, wherein the electrochemical treatment is
anodic oxidation treatment, the chemical treatment is medicine treatment, the thermal and/or
mechanical treatment is any one of heating treatmeitt,
thermalprocessingtreatmentandmechanicalprocessing treatment. 10 13. The method of producing
metallic mBAEAN StpPplieREeEB /iR B8 Clifr 12 wiRere T theioic Bxidatem freaimeritid attreatment
in which an ggid deelectrolytic bath or an alkali electrolytic bath is used as an electrolytic solution, and
pulsed curren Jhaving 15 a frequency of 50 to 10000 Hz is applied to the base material in the
electrolytic solution to carry out electrolysis treatment. 14. The method of producing metallic medical
supplies according to Claim. 12, wherein the medicine treatment is a treatment in which 20 an alkali
bath or acitibathitraving @liguid feppedature of B0Czorimoresiused andthe baseanateridl isadipped in
the alkali bath or acid bath. 15. The method of producing metallic medical supplies according 25 to

Claim? 12, Whérein tignidcHahfcal processing fredtmehtista Sh6t BIastinga 48 palyviry pAfbtidone
iodine, P-cycladextrin lodipear sily eﬂog'gf&/%? g@gﬁrgetggg cg‘tpégQUciggdngt%Ifggg}e%j%I? pplies

according 5 to any one of Claims 11 to 1 erein the base material is made of any one of Ti or Ti
alloy, stainless steel, and a Co-Cr alloy.



