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FE) . AFTHI 2,000 8 (2008 £FE) TH Y | 2%/FTHIEGNILR L TS (RIEFRFMN), —FH, BFEA
BRI OIS T, RN EL 2RI 2> TV D, EROE « B O FHTE A% YR
17.3% Th 5 (AREEIEES, B - BEERYYESS) . WRERIIGRICHERT 5 Z 82 <, B
EHELHDH, PIEHEOEG CIHEYUEZ TRIZIIFS I ENTE RN, ZOX IR EHEZD L. &
FHEAMICHIEME RS- U, IR Z W32 2 &3, MBS AWM= H R FEECTH D LV 2 D,

WFEBARIREE X, & NE O TH D IREET N2 A MDD HHIEM 2R L CE -, RIBT X% A b
ITEREMEEZ A L, MR EDRINEND E WS R E AT 5, — . MEIOMBRITETEREZ R D 5 —
DORFAZT EF, HEIC LV FEER EMEPRIUIRE S ZbT 5, £2C, MERAENRERL. v/
MHT ) A — )L TOMEDEZFII L, #EORELEZ K-> TE e, TOWIROF T, KRBT NZ A M
NS BEEIZT A Z LT, MBI A~OMBORAZRZIZ L, FIAEBEREZRET D Z STk Lz, i
T, NS HBEEDOZHRE (AN v b)) HICGFETD~A 70 « F 7 KALE Mt & BrAdE ki
BEBZDHZEEEALL, ZNDOKALEINC LY | FHAEEK MBI Z RIS S5 Z LI LT,

PLEDOWERCR 2 50 & U, AR EE L. RBET Z A b= NEHEMICTEEZET 5 U VR
RAEEMTHZ LT, PLEMEN=I LEMBEMEZRE T2 2N TEDEE X, L, U UVEBERIIhE M
EHTH—HT, MldEtEezA L, BERERET S Z b, U URIMERTEOFIENE DML & Z DO FED
RANMETH D, £ T, KAWL TIX, REET /NZ A b= NEHIEMIZ Y VR 2 & 5 ik DR
EZFDEZE in vitro KOV in vivo R L VAT 5 2 L2 B & LT,
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IREET /NH A "= DEEM ZE RS 272010, ETHIDITRBI N T N EGHEAAL X —DIREHD
BZEWHEIIZE D A= AT ) =R EERI LT, A=A LT ) =KD F ¥ RV R A R Ty MO
AT LY 100~700 pm OFIPATHIESTH Z LN TE, N=A LE—i0% 0.6~35 mm O THIET D Z & A
T&EIg N=HLT V= ROBERIZ L0 BANA X —HRE L, KRBTV DINBRLDN= T DB (E
Lz, ZD%., KEEI N T DN=T1 DR Y A F o EREIRICIRIE U, fLAA REE T V2 7 NI G BRI
TONHE A NI LT, 112, CAD/CAM (computer—aided design/computer—aided manufacturing) (2& Y. FF
O« A RITEIE L, KRBT /XX A h~=0 NEHRE 21572,

FRENA VX — 5 RET DRI 2695 2 & T, KILE, F v RAPAT - TBE S ERE 2 HIET 5 2
EINTE, F v RVATH TR T/ K TR 100 MPa, FEE 5 [AITH K TH 60 MPa £ Tl LESE5Z LN TE
Too ZORERNG | RIET NZ A SA= NI AR ES COMEHIZ oMz bid LHErcE 5, £z, B
FERICHWD Z L 2B LT, CAD/CAMIZEY ¢ 6 mm, &S 4 mm OFARRICIIT L7223, Eliexiidiza<, g
H - INTAHEICEND 2 E R LN 5T,

E DI, RIRT /NZ A b= K7 0.01~10 mM OFHRRIRISIIZIRIE L, U VERIREGE O I8 2 et L7e, B
#%. 0.01~10 mM OFHEREREIRICIRER# O EHA HC-0. 01, HC-0. 1, HC-1, HC-10 & L, RIEREOMEE (REET /<
LA MN=T L) & HC-0 & RFLT D, MEEHITIRER bIRIERT & FROBE ZHER L T D 2 LB 607
-7,

REET /3B A SN=F DAOEIEIRRIIRIEIC LD U VBRETE CE T D Z & 2R T 5 7o I EARE
BAMEE (SEM) Z W7o REIEIEBIEE & = 3L — 80 X5tk (BDX) IS X 2 ek &fT 7o, [REET
IREA SANZH DA NT y MIERIROREET /X% A4 N TR STz, 1 oM ORSERERIZIZIE L= (HC-
1) TEY CEBERAHTH LTI Y, 10 mM OFEERSHITIRGE L7oAE (HC-10) TIX U S ERROMTHHABEEIZ 2D |
YA AR LT, KRB, BBE, Vo, DAV T LA ROTHE~Y v BV THERNG ., W oMEHZ R
WCHIRBET X7 A MCHKT DRE, BEFE, V. DA TR SN, MEREERENEL RDIo5N T,
SROVFHEDBEIML TWD Z ERNDnoTz,

Iz, XHREYT (XRD), 77— U BRI EYE (FTIR) . XAREE 7006k (XPS) . @A #HEHA 7 7
A= F5r 65 (ICP-0ES) | JEMETREERIEICZ LV . WE bR - AR 21T > 72, XRD NZ — 23
T, WTROMBHZIBW TS T /3% A MIER T 2 EH#RA 2 Hiv, HC-10 TIiX Y ERITE R T 5 B
BRI S 7z, EDX T HC-0. 01~HC-1 [ZHB W TR Sz 2 &6, HC-0. 01~HC-1 IZ/FET 5 U
FdRi% XRD ORMHIB AL T TH D EEZ BN 5, FTIRIZBWT, WFNOMEHZIRB W T U BN OYRER L IC
HORT DN AL, A R T 324 |~ (HAp) TixA LD e R BTl k3 2T A B ds
72, XRD L ONFTIR DFERD G, HC-0~HC-10 D FEALFUTRIET RS2 A N THDHZ LB BN -T2, XPS
KD, WTNOMBHZB W TS, RENCHNALT T A UV BBPFELTHND I ERH LN -T2, XPS
5RO 7= BB 1R ORI FE A X 4d 125797, HC-0, HC-0.01, HC-0.1, HC-1, HC-10 @ DOMIEE XL TN 0,
1.2+4.9X107%, 1.4+4.6X107%, 5.4+1.6, 48+7.3 wthTdo7-, F7-. ICP-0ES » &, HC-0, HC-0.01, HC-
0.1, HC-1, HC-10 HiIZHFEN DV VBBIREZ RO LA, TNEH 0, 9.9X101+5.8X107°,
6. 1X10°46.3X107™, 3.0X102+4.5X107, 3.6X10"+3.7X102% wthTho77e ZHODFEENS, U R
MR RTE L TR0 | Z OREIIHIRARIREIC IV ESICHE CE 5 2 L BH LN o7, EHIT,
HC-0, HC-0. 01, HC-0. 1, HC-1, HC-10 DJEMEIRIEE ZE L= & T A, F4ZF4 32. 5143, 30. 4+5.6, 34.3+4. 5,
32.1%1.8, 31.7+9.4 MPa Th o7z, > 7 IVHOERMIREICH BT <, U U EBEMEARIC X 0 AR 132
fbT°, STCOMERENHERFSND Z ERH LMo T,

WG D JRR & 72 2 Z AR TH 0 | YT D LRI T 2 A F U iR AT RO EKE (MRSA)
ZHWT in vitro SLERERZ 1T o 72, BEFLETMRSA % 24 BRfiiE5# L7z & 2 A, HC-0. 01 £ TiX MRSA DA
1L 7.542.3%TdH ., HC-0. I~HC-10 ETITAEGFERN Y r Tho7=, T OEEEYIFE I HC-0, HC-0.01, HC-0. 1.
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HC-1, HC-10 Mot SN A A 2R E L2 2 A, ZNZEH 00, 3.520.7, 10.9£1.7, 12.8%2.0,
15.3%+6.3ug/g THoTc, DFV, 3.5E0.7ug/g DERA A2 THRIFIIZ MRSA A1FHR %L FIF, 10.9E1. Tug/g LA
ETCRAICRETEL eI LN ST,

HC-0~HC-10 @ in vitro e EakER 2 & MR AT EHIAL 2 VN C 380 L7z, HC-0~HC-0. 1 TiIAlfa E 7R
ICHBEZAT L, FHIEERD SN oTz, —J5, HC-1 & HC-10 TITMMAFERNAZICELS . #ERRD 6
77o Lo T, HC-0.1, T72bH U U EEERIEEE A 6. 1 X107°+6. 3X 107 wt%d & & | M2 R &9, HlErE2 R
T ERHLNIC T,

HC-0. 1 I3MMAaENE & FLEMEOWE A7 L7 2 &b, BERICEET 2 & bR DMt 41T o 72, B 2 MmAaaiEE
HHAE 2 A T A A AR O FE B HC-0. 1 L CIX HC-0 k& [RARICHIAR NS L 7=, X 52 HC-0. 11X HC-0 L [A]
FRED ALP IEMEA2 R L, AL EE -, F72, HC-0. 1 I3AEFREMER /KT C© 35 BRIERA 4 &2kt LkelT 5
ZLEDBHBMNTR o7, BMIHESNDMA A REIL, BHOTAMT14.40g/g THY, K< 28 AMITI13. 2
g/g Tholo, 7T HBELUBOMEKHHEXIZZ—ETHY, —HEMT 3~4ug/g A Akt s, EBE
PERHKEAERTO HC-0. 1 P OERA A RN 61.0u g/e THDHT2®, 35 Ak HC-0. 1 TOFRA A REEIE 33. 4
neg/g THHERMEL LD,

LLE®D in vitro sBRFE R B, HC-0. LITMIREME 2R 33, BalBEMia o, b, AR{EExEx, 35 H
FHCIE D LM A R T 2 E R LI 0 | EERRNICB W TR TR & B RAEEZTNLT 5 2 ERWIFRFCX 5 L
WrlL7z, Lo T, HC-0.1 ZLIEOEMFIERIZH WS Z &2 LTz,

MRSA ZAf75 L7z HC-0 KON HC-0. 1 Z » B F KERE MRS TE AL L 72 B SRIZIZIRIE L 722 Wi A X REBICHE
L7z, 2 KR ON 4%, SR 8 PR & T U, AR EE . PORRMARSI AR . X8R CT Mgt JpEk
HHA IR 21T o T2,

HAE S 2 AR, mo1ﬁﬁﬁ BB STV e o 7248, HC-0 SEAEREICIZERE SRR ST
7o 4% D HC-0. 1 HUEREICITEE AR SN TR 53, AIRMEGFT RITRRD Sz > 7z, HC-0 HAEAEE
CILHATE DOHEH #oéﬂﬁﬁﬂéhtoMﬂ@ﬁﬂ@é.ﬁ@m@#% fii#% 2 3 TI% HO-0 HERAHE T3 MRSA
DI S 7223, HC-0. 1 HAERECIIM S e o7z, 4 % S, HC-0. 1 HEAEHETIE MRSA (3 &9, HC-
0. LIZ 4 EMICEY LR R LR T Z LD MER ST,

AR O 0 —CT B 5, 2 B%, HC-0. 1 #EAHRE CIIAEHE PHIC B 3T LT 723, HC-0 HEFERE Cldss
BHERPHOFASMEIC L 0 KRESEMRL Tz, 4 BB, HC-0.1 & P & DRI iﬁLwW%ﬁm&wa
72 HC-0. 1 HUEAEOEMEE AFEIL 2 AR OV 4 R R CTHIZE e TH Y | HC-0. 1 ITHIEE I X 2 B & 5222
STEMTEDLZ DL T2,

AR 2 B B S O EERR FAOAT RIZ BV T, HC-0. 1 IR RE I O FT U R O . Bz 2B 2SR K
OMEHEAPHIZIIZ L T D Z &R O o7, BT, B2k 2 AT O MESRAMERE T L T e,
A A2 Yt §™ 5 Giemsa Yefapi R CH, MBI S 720y o 72, HC-0 HRAERE Cld, REBIZE DML, RIE
PERAR 2N RE LT, RIAEAIRD & F 3Rt R ORI A b, £, BERICbEER A b,

AR 4 BRSO R B P RIPT R Tk, HC-0. 1 HAERE CIX, 2 BRI MOBRHN K OVEBRICTERL LT
DEPEMLTWD Z ERHE SR o7, F7-, 2 BEE TIIMEREBE TR L COEEENTYH ., BE
B LT e, BrAEEREICITEFMENTEEL, MR EICITEMans Ao Enn . MRS E Mz X

DRI S H, H/EE L EHT D 2 L AR S LTS, Giemsa YA FTRLT, ME M SHeh o 7o, HO-0 HRAEREE

. BWROLTRN A BT,
uhibﬂmﬂ1mﬁﬁ%ﬁa%&Lfmtm%ﬁt%%&%ﬁﬁ#é@%%%&%%ﬁ#é%ﬁﬁﬁ&ﬁ
HATHDZ EBRHLMNT ST, BEFRERNME LN Z LD, PMDA XTHIBY S & Fh L 7=, BifE, EAICH
FTHEATND, ZOMERD B S LU P OB MEM & 720 | INR R ORREN W27 E R
DEIND,



Surgical site infection (SSI) is a severe complication associated with orthopedic bone reconstruction. For
both infection prevention and bone regeneration, the framework surface of osteoconductive and bioresorbable
scaffolds must be locally modified by minimum antibacterial substances, without sacrificing the
osteoconductivity of the scaffold framework. In this study, we fabricated antibacterial honeycomb scaffolds
by replacing carbonate apatite, which is the main component of the scaffold, with silver phosphate locally on
the scaffold surface via dissolution—precipitation reactions. When the silver content was 9.9x10* wt%, the
honeycomb scaffolds showed antibacterial activity without cytotoxicity and allowed cell proliferation,
differentiation, and mineralization. Furthermore, the antibacterial honeycomb scaffolds perfectly prevented
bacterial infection in vivo in the presence of methicillin-resistant Staphylococcus aureus, formednew bone at
2 weeks after surgery, and were gradually replaced with a new bone. Thus, the antibacterial honeycomb
scaffolds achieved both infection prevention and bone regeneration. In contrast, severe infection symptoms,
including abscess formation, osteolytic lesions, and inflammation, occurred 2 weeks after surgery when
honeycomb scaffolds without silver phosphate modification were implanted. Nevertheless, the unmodified
honeycomb scaffolds eliminated bacteria and necrotic bone through their scaffold channels, resulting in
symptom improvement and bone formation. These results suggest that the honeycomb structure is inherently
effective in hindering bacterial growth. This novel insight may contribute to the development of antibacterial
scaffolds. Moreover, our modification method is useful for providing antibacterial activity to various
biomaterials.



