(A4 )

I EXE®R
E

WFFERAJE RS

WFFERASEH 4 &

P ek KA

ES i}

gy OB SR

B 2 3k & 4

WHFERASE S A

ATl ek K4

gy OB SR

B 2 3k & 4

WHFERASE S A

ATl ek K4

gy OB SR

B 2 3k & 4

-1/

[FRAEEE % 5] 16hk0102021h0002
TR 2 9% 5 H29H

VR 2 8 S EFEHJERE O RR B E E

(AAGE) RSB SE I TE g2

(# #B) Research on Development of New Medical Devices

(AAGEE) Y - AREON—AR T /) Fa—THER)=F LYy bEfEA
L7 NTBIHEi o= R ehise
(¥ #E) World-leading medical research on the practical application of carbon

nanotubes in polyethylene sockets and artificial joints

(AAGE) ENLKRFENMEINKRT: PRy R Bd2 75 EA
(3£ FB&) Naoto Saito, Professor, Academic Assembly Institute of Health Sciences,

Shinshu University

VR 2844 H1H ~ Eai294:3 H 31 H

(A AGH

o

A 7T v FXGETE LU PMDA VRERH
Implant Design and PMDA Consultation for Clinical Trial

ENZRFEMEN KT AT ERLE P RIEEERE Y Bdx T 1Hz
Hiroyuki Kato, Professor, Department of Orthopedic Surgery, Academic

(A AR
Ca

Assembly Institute of Medicine, Shinshu University

(A AGH

o

A 7T v FXGETE LU PMDA VRERH
Implant Design and PMDA Consultation for Clinical Trial

ENZRFIEMNMEN R FEREE o RIEERE Y ¥ KIE &R
Keiji Tensho, Assistant Professor, Department of Orthopedic Surgery,

(A AR
Ca

Academic Assembly Institute of Medicine, Shinshu University

(AAGE) A 77 v Fakdtds LU PMDA JEBRFHR
(¥ §%) Implant Design and PMDA Consultation for Clinical Trial
(AAFE) ENRSEEAGNRY: EOMBRRRAR SHETEE E

1



AT ek K4

gy OB SR

B 2 3k & 4

WHFERASE S A

ATl Bk KA

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

gy OB SR

P & R & 4

WHFERASE S A

ATl ek K4

(3£ F&) Yuki Usui, Specially Appointed Researcher, Department of Orthopedic
Surgery, Shinshu University Hospital

(AAGE) LMt
(3 §H) Safety Test
(AAGE) ENLRFENMEINKT:  SeSisas@ S eae A 4 A7 ¢ A VHEERT UE

Bk PR AR

(& F&) Hisao Haniu, Associate Professor, Institute for Biomedical Sciences,

Interdisciplinary Cluster for Cutting Edge Research, Shinshu
University

(AAGEE) 2 erEfead el

(# FE) Safety Test

(AAGEE) ENZREFENMEN R ET e RIS B RIE Y AR &

N HE
(¥ §%) Kaoru Aoki, Associate Professor, Academic Assembly Institute of Health

Sciences, Shinshu University

(AARGE) MR

(# FE) Safety Test

(AAGE) ESZRFHENMENRY: B BREEEEAE ERE &R WFE

(£ §B) Seiji Takanashi, Medical Doctor, Department of Orthopedic Surgery,

Shinshu University Hospital

(A AGE) LMt
(# §E) Safety Test

(AAGEE) ENRFHENEINRT: BRI RREREA R Bh# R2R)
Hl

A 1E

(¥ F&) Masanori Okamoto, Clinical Medical Doctor, Department of Orthopedic
Surgery, Shinshu University Hospital

(A AGE) LMt
(# FE) Safety Test
(AAGE) ENLRFENMEINKT:  EFHWEREEAE FEFRE Ak (h

i
(¥ F&) Shinsuke Kobayashi, Specially Appointed Researcher, Department of
Orthopedic Surgery, Shinshu University Hospital



gy OB SR

b %

WHFERASE Sy A

ATl ek K4

gy OB SR

b %

WHFERASE S A

ATl ek K4

gy OB SR

b %

WHFERASE S A

ATl ek K4

gy OB SR

b %

WHFERASE S A

e Bk K4

gy OB SR

b %

WHFERASE S A

ATl ek K4

gy OB SR

b %

ko 4

ko 4

ko 4

ko 4

ko 4

ko 4

(AARGE) ZaMEERER

(¥ §E) Safety Test

(AAGEE) ENZREFENGEMRE:  EESHEREEAE R B %

(¥ F&) Manabu Tanaka, Medical Doctor, Department of Orthopedic Surgery,

(A AGH
C

(B AGE

Ca

(A AGH

C

(B AGE

Ca

(A AGH

C

(B AGE

(&

(A AGH

C

(B AGE

Ca

(A AGH
C

(B AGE

Shinshu University Hospital

LA VERERR AR

Safety Test

ENZREFENMENRE: BRI EREEAE EE MR 5%
Takashi Takizawa, Medical Doctor, Department of Orthopedic Surgery,

Shinshu University Hospital

CNT#HARY = F LYy MO~ A 7 vl INEILERH

Microwave treatment of PE/CNT composite for hip joint socket
ENZRFENMILRT: RFEGEERBEER oy, maoFEER
& GEAL PR 5
) Takumi Okihara, Lecturer, Graduate School of Natural Science and

Technology, Okayama University

X7 2y 7 Ay FORH

Evaluation of counterface ceramics head

WIS To T AL

7%) Shigeaki Moriyama, Professor, Faculty of Engineering, Fukuoka

University

$HEE T I v 7 2~y RO

Evaluation of counterface ceramics head

R T B KB KT
Kyoko Osawa, Assistant Professor, Faculty of Engineering, Fukuoka

University

ViR K OIRBR T — & O LW Hea T

Biostatistical analysis for nonclinical Safety Study and human clinical

trial data
FIOENBARIER R BRETEHBER ¥ — G Ed



ArlE &% K4 0 (3% §E) Ken-ichi Sako, Lecturer, Nihon Pharmaceutical University

II. BROBIE (RBEFTERE)
WFFERIEE 1 CNTEARY =F Lo vy MRS
PEFMFEH L CTE 72 CNT B IRFEH k272 o 72728, Hic7e 3 FFED CNT # HWC A TR HA Y =
FL o DRAEMBIRAGWLEIZ LY CNTHER Y =F LU 2/E L7z, & 512 CNT OHHAAE
AR EIREREOBREEZH LN Lc, ZRETHEMALTE CNT L0 bW R TRY =F L
CYREOHEEN AR TH Y | MEREOEWESEREZIEAT 2 Z LI Lz, @O EBRRE S
i, WG LB A IR T LU EOEJENFRETH 7, MMEREMIZZ a2 Y
VIRV ZF L LILET AR AR R LTe, ZAUD ORBRAER LV fili7e CNT 23R 7E L, &R
B i L7,
B LW AN TR BIH O TEARERFHT B\ T =R e A REFE M 217V BURDO N TREI S AT 20 Y
o MNEGEEZTH, TOEFWETELZEEHLMNT Lz, EERERBICH VT, Rk
R L BEENDRVWETPHREINDE 7R 7R = F Lk CNTEHERY =F L OERE
BICBWTHRHMENTA 5 2 L 2B LT,

WFFERRFETEE 2 LMl

7 > FOREREEINIZ CNT ZiEA L, 26 ## £ TSN O S Z TN U7z, HEAER TV IGHAR I8
EORIEZAE L D08, BHNCHEFET 52 &2l L, £, BfINIZIEA L7z CNT 2t figiss
(BN T 20 B RIFICEHI L, 228 U CBEINEO b2 L2 5 Lz,

Fio, B EREME~ 7 AOBEIN & FIRNIC CNT Z7EA L7z, 26 BEFEE L, @it oit
fifi & Eha 3 5,

FHEATED CNT 2#HE LRV ZF LU BRAICOW TV TF B — XY g v b — CHELEERE
B aERL L, IR, A ROV THEREIT o 72, 1ER U 73U EERER ORI /3 Al R AN 7 1
2V R ZF L LARTH Y . TR UERD & LTI WD 2 EICRE L,

fFFERRFETEE 3 . PMDA 7%

Rk 28 4F 2 H 24 AIZ PMDA fiRfHiR 2 F2hi L A R 2 2Rl GLP Bk O IH H 23R STz,

F o, MRS EE LT AG FTREZR CNT 2 8ET 2 Z & 28D bz,

Rk 29 41 A 11 HIZ PMDA B SYEMERZ 17T FEERRBRE B I W @R W2 & %
A LT, WIXEBR T v b 2 VHERICHETe 2 & 2B HivTe,

R & D Item 1: Development of carbon nanotube (CNT) composite polyethylene sockets

As the production of conventional CNTs has been discontinued, we have developed 3 new types
of CNT composite polyethylene polymers using a heat-mix process for incorporation into
artificial joints. We have established mixing conditions and CNT compositions that enable the
coating of polyethylene surfaces with fewer CNTs than before and the production of high
wear-resistant complexes that perform as well as current cross-linked polyethylene. Higher
impact resistance has also been achieved as compared with cross-linked polyethylene. As a

result of these advancements, we are determining the optimal CNT type and conducting tests for



mass-production.

Three-dimensional finite-element analysis on the shape design of new artificial joints has
confirmed that current artificial sockets can be replaced by CNT composite polyethylene sockets.
Moreover, improvements in wear testing devices have enabled comparisons of wear particle
formation between CN'T composite polyethylene and cross-linked polyethylene, which are known

as wear resistance materials.

R & D Item 2: Safety testing

We have evaluated the biological and physiological reactions inside rat knee joints over 26 weeks
following the injection of CNTs. Slight inflammation occurred in the synovial tissue immediately
after injection but soon subsided. We also assessed if CNTs injected into knee joints moved to

other organs over time and found no such displacement.

In ongoing trials, CNTs have been injected into the joints and veins of genetically modified

carcinogenetic mice for carcinogenicity assessment over 26 weeks.

Lastly, we have measured the configuration and size of pseudo wear particles of newly developed
CNT composite polyethylene by a Multi-Bead Shocker. As the particle size distribution of the
pseudo wear debris was the same as that of cross-linked polyethylene, we will proceed with

safety evaluations.

R & D Item 3: Consultation with the Pharmaceuticals and Medical Drugs Agency (PMDA)

Good Laboratory Practice (GLP) test items for biological safety evaluation were discussed in a
PMDA consultation on February 24th, 2016. Main PMDA advice included the selection of CNTs
that could be supplied stably and continuously.

A later PMDA preparation meeting on January 11th, 2017, confirmed no problems with
non-clinical test items. Resolutions included proceeding to the preparation of clinical trial

protocol.
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