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Endowing osteoinduction ability with honeycomb scaffolds

Hayashi, Koichiro
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Scaffolds capable of inducing ectopic osteogenesis (i.e., osteoinduction)
have the potential to treat congenital and massive bone defects. However, the mechanisms underlying
osteoinduction remain elusive, largely because of rapid tissue changes occurring early in the
process. Amodel with decelerated osteoinduction is, therefore, needed. Here, we developed carbonate
apatite honeycomb scaffolds capable of osteoinduction in rabbit muscle, which inherently exhibits
minimal osteoinduction. The key events observed were: (1) fibrin accumulation in scaffolds atweek 1;

(2) appearance of TRAP- and RAM11l-positive cells and formation of collagen fibers and blood vessels
between weeks 2 and 3; (3) appearance of osteocalcin-positive cells and decrease in the number of
TRAP-positive cells between weeks 3 and 4; (4) continuous proliferation of osteocalcin-positive
cells at postoperativeweek 4 and formation of osteoid and mineralized tissues at weeks 8 and 12,

respectively.



% ﬁ C—19,. F—19—1, Z—19 (d3@)
FEBHAA S F D7 =

ﬁ%iﬂﬁﬁﬁﬁﬁ%ﬁ¢éx%k7iwwki S KA RABIE S KB KABIE O TR
HELTHIFEESNTWS, L2, BHFED A=A LIEFBEHAI N TRV, Z OEOfR
2517 TV BREED—DIZ ﬂ%%@@@ TEZDEBERANY MIBETLIHAN N L
NEFOENDE, ZOF— 4Avﬂmw%Mwﬁbw®i PN Z DA DO ZA LA B D DB
T, BIRT HMHICL > TR FESEPBE SN, TOME, KT 2/mNIEBEIN TS
hEBE2LND, HlxiX, 2015 FF T, BFHEICBITHMEMEOEESEICET B
YR IELENTWehoTz, DT N—T ﬁ@%%%m;éi%®%WKioT%ﬁ%Ki
Ltﬁwfﬁbﬁf%'@ AR EEET DRERTPNERICEE THD EFELTWDE, —
FHT, O T —T1E, BRI E TR ORI —B L TEREIRRNI LD, wgm
Wﬁ%%ﬁ%%%bﬁwkfﬁbfwé

BHEEA D= ALNERAT HIeOIIIERICEFEL SEZTHMRPRMLETH D, Fxld
ZNETI ﬂﬁ%ﬁﬁﬂ%ﬁAX#¥7ﬁwWF@¢§ IR TEY . ZOMEHINE R DM
BtE 0 BERENRBO TEWZ EEZBHLNICLTWA[1-14], ZON=DLAX Y 7 53—/
REHWS ZE THBEL2SI ST ENTEAREELRD D,

T BWREICE Y BHEOREDO LT ENEDD EOWMELH D, NEWIT KB
EANEFENEZ VI L, U T TIIFICEFENLE IS W EREINTWD, 2FD . F
FHEPECICK W XEZHNWLZ & C BiFElici Z 2 EEA X MEREE 3, Eff
WCHfRT D 2 ENTE D[RR H 5,

2. Mo

BHEA D =X LOINZT T, BFEE2MEICS R ITNA=DL ATy T+ — L R E
BT D, ZONZHLAAX Y 74— )V RETFXHANIZA 7T o b LIZERICAE L D40 -
AR 2 T B P AR IC L W B B 28T T D,

3. Wik

WREE I V> T DAZKF R YT 7 VIV R—= AN, U H— 2B L, B IC L 0 =0 &
TV — MR EER LT, HBoNTeN= D AT ) —AREBIR L, BiEE L T D= BkPE
TERL U 7=, WIS, BT R Y 7 AKIRIRICIRIE L, N2 DB O Z BRER I V> 7 I R
[y VN w@hto WARIZIRIE I V> T AN T BB E U U RAKE T N U o AOKEE
WRITIRIE L, REBET R4 A M:n‘ﬁﬁkﬂ%&bto

INETDAF X 7 F—)b R T XHRNICHEME Lz, SN 1, 2, 3, 4, 8, 12 %KM
BEERH U, MBI AL S LTk 2 AR 0 RT3~ 5, FLRREAOFRAT 13, AU D~~~
MU - A Sy (HE) . IEARETPEERY:E 7 4+ A 7 7 % —F (TRAP) . A F A A1 (00),
Moy b~2u77 =K RAMILD), w~v Vb Z7ma—25 (M), V44 TFXT/N - I—/L
K — (V6) Yetazituv, 747 U >, M., e, BFEda, ~ovnrrr—y, 27—
VL EVE . BEEOEE T L,

TR
BHFEOREAETIIAF Yy 74—V FOMA LY b RABEO TN E L 5 2 | BHEENS
WAXy 73—/ ROXAEE L, v~ 7 e XAE0 108=1um, ATy MEIN 1273 um T
Hotm (@1, ATy MICITFEE 2.6 um D<A 7 0 [ILBTEE L TV, ~ 7 2 KILIEE
1% 0.23 em’/g, ~A 7 2 [ILIEFEIX 0.30 cm®/g TH Tz,

AEFEVESME (pH 7.3) BTN Y AL A ) U—RT, THRET4%, 14 HET7%T
Holz, WEMEPEATIFHRICEIVIESNDEE T (pH 5.5) TiE. 1 B 23D 1w
LD &, 3 BHE T 32% T
bHoT,

na@%1ﬁ%7ﬁ‘j‘5/\v—j\7
LAAFX Y 74—V K& F

- E O = | ;
WP HRE L7 & T A, R - !
W% 1EESE T 7Y Ui
EHLCBY. 2 @ATIEY e

A - U ‘/@/)%;f‘ﬁ ﬁ§ﬁ§ntu éj’b - e b Bk -; v
oo 2HADE 3EAOMIC [ | & S
BIFIZHRE 2L L THR Y | Yali % 5 N

mE xR Ras—r RN rno
KAz TAF ¥ 7 4 —)b ‘
REELS L2 L., 25 - ‘ T

@ TRAP BBMER O RAM1L pEte B L AN=HLXFrTx L Fo@FA, O)FERHREER. (©ull 2

%Eﬂﬂ@ﬂ)ﬂjfﬁ L/7LC. ( 2)0 0C Izha_]_ ?E\X(i)écj—r'\iﬁ;r%o(e)SEM %, (f, g) EMGDOILAR, #E *ld~v 70K




2. 3 EE S 0EEFNE © (A-OHE, (D-F) MT-, (G-1) OC-, (J-L) TRAP-, (M-0) RAM11-, (P-R) VG &8, B,
E H, KN, QIERF v 74— FERERSEFO |, 11, V, VI IX, XI ©3EAR, CF, I L O RIE ¥+ 74— KR LE
OB, IV VL VILX X OYEAR, E&FOBEEHMNEAT—F > 7 7 A "—%5R9, HEOIICBWT, OC [k
i GRRe) 2FRENTRY, KR IZEWT, TRAP B (r/%%&e) #HETRT, NRFOICEWT,
RAMI1 Fi#RE CGete) Z&HTRT, *CHIZAF v 7+ —ILRDR Sy hevra5I%E =Y, BY [ZME
HIRY,

PRI IR S 2o 72 (K 2), 4 B CTHME MRS TR Y, 3ERESICHERTaT
— BN LTz, OC BEtEimias HEL L, £ —J57 T, TRAP B R ON RAML1 BEPERIIA N A 5
WD Lz, SIHE THME & a7 —7 3R SN TE D | 4 BRESIC T 0C B EHifa 2 A
B L, —J5C, TRAP [ O RAMLL BEMERIA I A E IS Lz, SHIC4#H £ TTIE
oo ENERL Tz, SHEBEND 12 EORICIE, =27 —47 2 0C B
HAAN U 7243, TRAP [5: J2 OF RAMI1 BRI 1 2B b 3 e o Ty 12 3B BE S T KA E D3RR
aEhiz (K 3), LhEOTRTOMBEFIOENITIAT v 7 4 —/b ROWEO TN FLE L 0 5
FIZH BT,

HELRR PRI EAT 5> B 3K D 7= TRAP B f % /mm® . RAM11 B AR AL /mm®, OC BRME A4 /mm?, 1



TR, a7 =77 7 AN—wmEEE, AKLEEEREORELEZR 4ICELDD, b
OFEFIE, HEREE 2@ E NS 4B EICNT T, 1AM Z &S/ - SRS ERNBIIC LT 5 Z
EEIAREIR LTV D,

LA %0 713 TRAP BGE M OSRAMLL BN Y 2 5 — 7 o M ML FE R EE B 7 B & 7 L
ZOMIEICE DAY 74—V RDOBREE E BTN T T LR VEEA A N S, HEE
REHIIL OB LA~ D I B OB RN E )L D Z & 2R LT 5, ARHFFETIL, B EAE
BOFINT KR E BT 200 - MERIGE 2 A LN L, BapE 48 < EE MR X2 b
RS 52 LN TEL, ZOAMRITEWEFEL R T MEORBICEIRT 25D THY | KH
Big RIBIEDIBRICKRIL S Z LIS 5,

S ea—

T
W

T Ch Er el ot 2

& \‘L‘ﬁf L

w-m“{

3. 12 B 2 OE#FHAT R © (A-OHE, (D-F) MT-, (G-1) OC-, (J-L) TRAP-, (M-0) RAM11-, (P-R) VG Z&f R,
B, E H KN QIEXF v 7+ —/L FimERaso |, I, V, VI IX, Xl oK, C F,I,L,O,RIZ XF+ 74— Kk

OC BMEMmRE (Fee) ZRMNTRY, KR IZHUWT, TRAP IR Gr/%%E&) QM TRt, N&RUO
ZHWVT, RAMIL Bl (Fe) 2#EHTRY, QRUORICEWVWT, 85 GRE®) % 0s. ARILE (8
Pet) A MB ERT, *EHIEIAF Y T+ —ILFEDR NSy b r/AKILETRT, BV IZMEERT,



_ 180 b 160 4 Kk k% 300 -
£ 160 e ® Edge - i @ Edge £ @ Edge *
5140 + A Center é izz A Center ;5250 A Center
T 120 Er‘-‘loo *;'100 .
‘g’ 100 1 :E . % T:=150 :
Z 80 s * ok - E dE
g 50 B + {é‘ 2100 xx *w {
z L4 U
:‘_ 20 1 7‘ . %k 1 = a8 i % RD : 4
g vloorr -8 2% 0 +on [ P N S —
0123 45¢6 7 8 910111213 012 3456 7 8 910111213 012 3 456 7 8 910111213
Weeks after implantation Weeks after implantation Weelcs after implantation
d 50 e 25 4 fop
45 ® Edge *k 9 *k
§4D A Center =20 1 + Y @ Edge +
E 35 % “-8« ok { * @ 7 A Center
£ 30 7 15 ** v 6
225 :—** i |+ i 3 E% + S
220 - <10 - T a
S5 k3 =3 @ Edge T 3
:;;m 8 5 :il A Center é 2
5 1 * % "
B S e S R LI N N
012 3456 7 8 910111213 012 34546 7 8 910111213 012 3456 7 8 910111213
Weels after implantation Weeks after implantation Weeks after implantation
4, fEBFEHRITHESR  (AWTRAP BBIEMAEEL/mm?. (BIRAMIL FBEMAZLEY/ mm?. (C)OC FEHEMAZZY/ mma,
OmEE. Ba7—rr7r74 " —mEsHa,. OBaMEERESIE, *p<0.05and **p < 0.01
<5 H3CHk >
1. K. Hayashi et al., ACS Applied Materials & Interfaces, 14, 3762-3772 (2022).
2. K. Hayashi et al., Journal of  Advanced Research, (2022). DOT:
10. 1016/ j. jare. 2021. 12. 010.
3. K. Hayashi et al., Materials Today Bio, 14, 100247 (2022).
4. K. Hayashi et al., Materials & Design, 215, 110468 (2022).
5. K. Hayashi et al., Nano Select, 3, 60-77 (2022).
6. K. Hayashi et al., Materials Advances, 2, 7638-7649 (2021).
7. K. Hayashi et al., Materials & Design, 204, 109686 (2021).
8. K. Hayashi et al., ACS Applied Bio Materials, 4, 721-730 (2021).
9. K. Hayashi et al., Journal of Materials Chemistry B 8, 8536-8545 (2020).
10. K. Hayashi et al., Materials Science & Engineering C-Materials for Biological
Applications 111 110848 (2020).
11. K. Hayashi et al., ACS Applied Bio Materials 3, 1787-1795 (2020).
12. K. Hayashi et al., Advanced Biosystems, 1900140 (2019).
13. K. Hayashi et al., Materials Today Bio, 4, 100031 (2019).
14. K. Hayashi et al., Ceramics International, 45, 15429-15434 (2019).



39 39 3 16

Hayashi Koichiro Kato Nao Kato Masaki Ishikawa Kunio

204

Impacts of channel direction on bone tissue engineering in 3D-printed carbonate apatite
scaffolds

2021

Materials & Design

109686 109686

DOl
10.1016/j .matdes.2021.109686

Sakemi Yuta Hayashi Koichiro Tsuchiya Akira Nakashima Yasuharu Ishikawa Kunio 109

Reconstruction of critical- size segmental defects in rat femurs using carbonate apatite 2021

honeycomb scaffolds

Journal of Biomedical Materials Research Part A 1613 1622
DOl

10.1002/jbm.a.37157

Hayashi Koichiro Ishikawa Kunio 4

Honeycomb Scaffolds Fabricated Using Extrusion Molding and the Sphere-Packing Theory for Bone 2020

Regeneration

ACS Applied Bio Materials 721 730
DOl

10.1021/acsabm.0c01279

Kim Hyungjin Roth Daniel Isoe Yasuhiro Hayashi Koichiro Mochizuki Chihiro Kalkum Markus 199

Nakamura Michihiro

Protein corona components of polyethylene glycol-conjugated organosilica nanoparticles 2021

modulates macrophage uptake

Colloids and Surfaces B: Biointerfaces

111527 111527

DOl
10.1016/j .colsurfb.2020.111527




Hayashi Koichiro Ishikawa Kunio

Effects of nanopores on the mechanical strength, osteoclastogenesis, and osteogenesis in 2020

honeycomb scaffolds

Journal of Materials Chemistry B 8536 8545
DOl

10.1039/D0TB01498B

Nakamura Michihiro Hayashi Koichiro Nakamura Junna Mochizuki Chihiro Murakami Takuya Miki 32

Hirokazu Ozaki Shuji Abe Masahiro

Near-Infrared Fluorescent Thiol-Organosilica Nanoparticles That Are Functionalized with IR-820 2020

and Their Applications for Long-Term Imaging of in Situ Labeled Cells and Depth-Dependent Tumor

in Vivo Imaging

Chemistry of Materials 7201 7214
DOl

10.1021/acs.chemmater.0c01414

Shi Rui Hayashi Koichiro Ishikawa Kunio 7

Rapid Osseointegration Bestowed by Carbonate Apatite Coating of Rough Titanium 2020

Advanced Materials Interfaces

2000636 2000636

DOl
10.1002/admi . 202000636

Hayashi Koichiro Tokuda Atsuto Nakamura Jin Sugawara-Narutaki Ayae Ohtsuki Chikara 13

Tearable and Fillable Composite Sponges Capable of Heat Generation and Drug Release in Response 2020

to Alternating Magnetic Field

Materials 3637 3637
DOl

10.3390/mal3163637




Swe Thet Thet Shariff Khairul Anuar Mohamad Hasmaliza Ishikawa Kunio Hayashi Koichiro Abu 46
Bakar Mohamad Hafizi
Behavioural response of cells and bacteria on single and multiple doped Sr and Ag S53P4 sol-gel 2020

bioglass

Ceramics International

17881 17890

DOl
10.1016/j -ceramint.2020.04.094

Putri Tansza S. Hayashi Koichiro Ishikawa Kunio

46

Fabrication of three-dimensional interconnected porous blocks composed of robust carbonate
apatite frameworks

2020

Ceramics International

20045 20049

DOl
10.1016/j -ceramint.2020.05.076

Hayashi Koichiro Munar Melvin L. Ishikawa Kunio

111

Effects of macropore size in carbonate apatite honeycomb scaffolds on bone regeneration

2020

Materials Science and Engineering: C

110848 110848

DOl
10.1016/j .msec.2020.110848

Hayashi Koichiro Kishida Ryo Tsuchiya Akira Ishikawa Kunio 3

Granular Honeycombs Composed of Carbonate Apatite, Hydroxyapatite, and 3 -Tricalcium Phosphate 2020

as Bone Graft Substitutes: Effects of Composition on Bone Formation and Maturation

ACS Applied Bio Materials 1787 1795

Dol
10.1021/acsabm.0c00060




Koichiro Hayashi, Melvin L. Munar, Kunio Ishikawa 11

Effects of macropore size in carbonate apatite honeycomb scaffolds on bone regeneration 2020

Materials Science and Engineering: C 110848
DOl

10.1016/j .msec.2020.110848

Tansza Setiana Putri, Koichiro Hayashi, Kunio Ishikawa 108

Bone regeneration using B -tricalcium phosphate (B -TCP) block with interconnected pores made 2020

by setting reaction of B -TCP granules

Journal of Biomedical Materials Research Part A 625-632
DOl

10.1002/jbm.a.36842

Rui Shi, Koichiro Hayashi, LT Bang, Kunio Ishikawa 34

Effects of surface roughening and calcite coating of titanium on cell growth and 2020

differentiation

Journal of Biomaterials Applications 917-927
DOl

10.1177/0885328219883765

Koichiro Hayashi, Ryo Kishida, Akira Tsuchiya, Kunio Ishikawa 4

Honeycomb blocks composed of carbonate apatite, B -tricalcium phosphate, and hydroxyapatite for 2019

bone regeneration: effects of composition on biological responses

Materials Today Bio 100031

DOl
10.1016/j .mtbio.2019.100031




9.Yuta Sakemi, Koichiro Hayashi, Akira Tsuchiya, Yasuharu Nakashima, Kunio Ishikawa 12

Fabrication and Histological Evaluation of Porous Carbonate Apatite Block from Gypsum Block 2019

Containing Spherical Phenol Resin as a Porogen

MATERIALS 3997
DOl

10.3390/ma12233997

Koichiro Hayashi, Ryo Kishida, Akira Tsuchiya, Kunio Ishikawa 3

Carbonate Apatite Micro-Honeycombed Blocks Generate Bone Marrow-Like Tissues as well as Bone 2019

Advanced Biosystems 1900140
DOl

10.1002/adbi .201900140

Shunki Kobayashi, Koichiro Hayashi, Wataru Sakamoto 58

Effects of Li2C03 addition on the microstructural and electrical properties of lead-free 2019

piezoelectric (Ba,Ca)(Ti,Zr)0-3 ceramics sintered in air or a reducing atmosphere

Japanese Journal of Applied Physics SLLCO4
DOl

10.7567/1347-4065/ab3a21

Koichiro Hayashi, Melvin L. Munar, Kunio Ishikawa 45

Carbonate apatite granules with uniformly sized pores that arrange regularly and penetrate 2019

straight through granules in one direction for bone regeneration

Ceramics International

15429-15434

DOl
10.1016/j -ceramint.2019.05.042




2020
BIO INDUSTRY 24-33
DOl
Kishida Ryo Elsheikh Maab Hayashi Koichiro Tsuchiya Akira Ishikawa Kunio a7
Fabrication of highly interconnected porous carbonate apatite blocks based on the setting 2021

reaction of calcium sulfate hemihydrate granules

Ceramics International

19856 19863

DOl
10.1016/j -ceramint.2021.03.324

Shibahara Keigo Hayashi Koichiro Nakashima Yasuharu Ishikawa Kunio 4

Honeycomb Scaffold-Guided Bone Reconstruction of Critical-Sized Defects in Rabbit Ulnar Shafts 2021

ACS Applied Bio Materials 6821 6831
DOI

10.1021/acsabm.1c00533

Zhang Cheng Hayashi Koichiro Ishikawa Kunio a7

Enhancement of bone to polylactic acid plate bonding by carbonate apatite coating 2021

Ceramics International

28348 28356

DOl
10.1016/j -ceramint.2021.06.252




Hayashi Koichiro 58

Honeycomb Scaffold: Effects of Microstructure on Bone Regeneration and Applications to 2021
Orthopedic and Dental Fields

Journal of the Society of Powder Technology, Japan 613 619

DOl
10.4164/sptj .58.613

Hayashi Koichiro Shimabukuro Masaya Kishida Ryo Tsuchiya Akira Ishikawa Kunio 2

Honeycomb scaffolds capable of achieving barrier membrane-free guided bone regeneration 2021

Materials Advances 7638 7649
DOI

10.1039/d1ma00698c

Ishikawa Kunio Hayashi Koichiro 22

Carbonate apatite artificial bone 2021

Science and Technology of Advanced Materials 683 694
DOI

10.1080/14686996.2021.1947120

Hayashi Koichiro Ishikawa Kunio 3

Honeycomb scaffolds capable of ectopic osteogenesis: Histological evaluation of osteoinduction 2021

mechanism

Nano Select 60 77
DOl

10.1002/nano.202000283




Shimabukuro Masaya Hayashi Koichiro Kishida Ryo Tsuchiya Akira Ishikawa Kunio

48

Effects of carbonate ions in phosphate solution on the fabrication of carbonate apatite through 2022

a dissolution?precipitation reaction

Ceramics International 1032 1037
DOl

10.1016/j -ceramint.2021.09.188

Shimabukuro Masaya Hayashi Koichiro Kishida Ryo Tsuchiya Akira Ishikawa Kunio 8

No-Observed-Effect Level of Silver Phosphate in Carbonate Apatite Artificial Bone on Initial 2021

Bone Regeneration

ACS Infectious Diseases 159 169
DOl

10.1021/acsinfecdis.1c00480

Hayashi Koichiro Shimabukuro Masaya Ishikawa Kunio 14

Antibacterial Honeycomb Scaffolds for Achieving Infection Prevention and Bone Regeneration 2022

ACS Applied Materials &amp; Interfaces 3762 3772
DOl

10.1021/acsami .1c20204

Ishikawa Kunio Freitas Pery Kishida Ryo Hayashi Koichiro Tsuchiya Akira 48

Fabrication of vaterite blocks from a calcium hydroxide compact 2022

Ceramics International 4153 4157

DOl
10.1016/j -ceramint.2021.10.206




Elsheikh Maab Kishida Ryo Hayashi Koichiro Tsuchiya Akira Shimabukuro Masaya Ishikawa 9

Kunio

Effects of pore interconnectivity on bone regeneration in carbonate apatite blocks 2022

Regenerative Biomaterials -
DOl

10.1093/rb/rbac010

Freitas Pery Kishida Ryo Hayashi Koichiro Tsuchiya Akira Shimabukuro Masaya Ishikawa Kunio 110

Fabrication and histological evaluation of porous carbonate apatite blocks using disodium 2022

hydrogen phosphate crystals as a porogen and phosphatization accelerator

Journal of Biomedical Materials Research Part A 1278 1290
DOl

10.1002/jbm.a.37374

Hayashi Koichiro Tsuchiya Akira Shimabukuro Masaya Ishikawa Kunio 215

Multiscale porous scaffolds constructed of carbonate apatite honeycomb granules for bone 2022

regeneration

Materials & Design

110468 110468

DOl
10.1016/j .matdes.2022.110468

Shimabukuro Masaya Hayashi Koichiro Kishida Ryo Tsuchiya Akira Ishikawa Kunio

Surface functionalization with copper endows carbonate apatite honeycomb scaffold with
antibacterial, proangiogenic, and pro-osteogenic activities

2022

Biomaterials Advances

212751 212751

DOl
10.1016/j .bioadv.2022.212751




Shibahara Keigo Hayashi Koichiro Nakashima Yasuharu Ishikawa Kunio 10

Effects of Channels and Micropores in Honeycomb Scaffolds on the Reconstruction of Segmental 2022

Bone Defects

Frontiers in Bioengineering and Biotechnology -
DOl

10.3389/fhioe.2022.825831

Hayashi Koichiro Yanagisawa Toshiki Shimabukuro Masaya Kishida Ryo Ishikawa Kunio 14

Granular honeycomb scaffolds composed of carbonate apatite for simultaneous intra- and inter- 2022

granular osteogenesis and angiogenesis

Materials Today Bio 100247 100247
DOl

10.1016/j .mtbio.2022.100247

Hayashi Koichiro Shimabukuro Masaya Kishida Ryo Tsuchiya Akira Ishikawa Kunio -

Structurally optimized honeycomb scaffolds with outstanding ability for vertical bone 2022

augmentation

Journal of Advanced Research

DOl
10.1016/j . jare.2021.12.010

5 3 1

Koichiro Hayashi

Impacts of Pore Architecture on Bone Regeneration in Honeycomb Scaffolds

KOB & OBT Research Center Joint International Symposium

2021




75

2020

43

2021

Koichiro Hayashi

Honeycomb scaffolds: vertical bone augmentation and antibacterial effects

Japanese Association for Dental Research

2021

34

2021




7
PCT/JP2021/008783 2021
2021-034784 2021
2021-56520 2021
2020- 38167 2020
2020- 063503 2020
2022-016535 202;
2021-129380 202;




Research map
https://researchmap.jp/hayashi_




