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Next-generation self-hardening calcium phosphate cement containing the
degradable polymer for a suitable bone substitute material
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This study investigated whether mixing low viscosity alginic acid with
calcium phosphate cement (CPC) causes interconnected porosity in the CPC and enhances bone
replacement by improving the biological interactions. Furthermore, we hypothesized that low
viscosity alginic acid would shorten the setting time of CPC and improve its strength. CPC samples
were prepared with 0, 5, 10, and 20% low viscosity alginic acid. In vivo study was conducted by
placing CPC in a hole created on the femur of New Zealand white rabbit. Micro-computed tomography
and histological examination were performed 6 weeks after implantation. When incorporating a maximum

amount of alginic acid, the new bone mass was significantly higher than the control group (P = 0.
0153). These biological responses are promising for the translation of these biomaterials and their
commercialization for clinic applications.



X C—19. F—19—1, Z2—19 (58)

1. BERBYFIOLE X
it D BRI ARV HLRRE DA UL 1000 HAZ B A MO —&z iz &>
TWb, F7o, @R O ERICH: S BA#EE OB IR A ﬂ%%%ﬁ‘éﬁ/\ﬁﬁﬁﬁf%é
BHLRRIE MM TR, B RERIE S K 2 M9t E D © BiRk% T, AWEIT 60 %R 8-13%. 70
A% 30-40% & s & (Kitazawa A et al: J Bone Miner Metab. 19: 115-118, 2001) . ‘&4
HOVHENR B 0L 42 B, BREAREENSGIR S - FE L 242 HE#RESL TS
(Nevitt MC et al: Arch Intern Med. 10: 160(1)3 77-85, 2000),
BHLEREEMEAR B ITI T — AL PR BAF B & ST sy, REIBRAFIERE L
TR THEBANELNTIC %®iiﬁt%@kﬁé%%7§f@ﬁff¢é F G DT
BT DEE TIT o IS Has Al R TIL, — IR BRIFREEZ T THEBEAARENK 156%
%ébfwé & B SN Lt(ﬁmmTaﬂsmmlﬁawrm%35mnD BHAR
VZhfa > 7o HERE ST BB TR DR REICRBAT L3 <, Mk 23 L UWES O 72 DT TR
Eﬂ%ﬁ#l%k&otﬂ PEFEVERRR RS 2 OF 8 Lo < —XIICIZ FIRRIE D #EIG & 72 5,
AT, BPTHEIRL E‘ﬁtﬁﬁﬂ%?ﬁiﬁf % Balloon kyphoplasty % & TeHEMRIZ AR 23 iifT S
%L%>J:9 2720 | ANEHRIER ORI BB 3 A TV D, HERIERTIE. 2 LB s witl
MR BRI FEE L, r@Lt%%ﬁ%@ﬁéﬁfﬁﬁkéﬁéﬁﬁ%?ﬁf%@ TARITE
BERRIZMD Z N TRIND BEITEIHAEAT 2N RN T2 2 & TR
NE BT 52 ARG SN TS (Hoshino M et al; Spine. 15;44(2):110-117, 2019) . ‘B4
BEOMFERFE X, B HERIEEMER T T DA 70 5 3% < OEBERE R OBKRKGE N LICFHET 5,
BFREMEHIX, U ALY T ~X— R | (calcium phosphate cement; CPC), /~A
Ko %7 3% 1 k(Hydoroxyapatite ; HA), i1 # > k(polymetyl metacrylate; PMMA) 7z &
75%)%)0 PMMA (%, HAEERKT D Z EOFHMMENR 7202 & CPC < HA (3458 L S A+
FTHD LW SN 5, BN EHEMEHL, ORERN TIERNT HIRME £ Ci{k3
LHZ L, OWESOAFMBNP-> THRELRW. b OERNTERY L L GR#ESND Z &n
RN b @B &R A TEDL I LD 4 BEWMIZITMEITH S,

2. FEDEH
CPC I IBRERESCAEMBETIMEN S D LM EITH 5, usxu LR AR <. ARE
HERHY | HERFONFERRETH D, ZOMBEEEZMET D701, CPC 1ERFII DR ri.ii

NFERGT D2 LB BB U, HHEUFEE ORI, fEx @"ﬁq:fi Mo OHD CPC I
METNFXCREREGT 52 & THMMEZ RS 2MAEG, T¥ ik ‘iélz{zii’\ﬁﬂr:ﬁ@
BT AERE AN & D 7o IR  BERISH O 720 O BRI AV T 5D, ABFZEDH
HIZ, CPC IZT AF Uik zBla T 5 2 & TROND ERUSITOWTHREE L, FRAISH TREZ2
AR 2 EAHEAEL L 220 5 20 B FER CRET 2 Z & TH D,

3. DS

TR UBREEEORI D AFEEO CPC (0, 0.5, 1.0, 2.0g) Z/ER L. BB,
JERETRIE . BB L A RS 2 i Uiz, 72, AAFERO KRG ZEASMINZ B 4mm
DF LA LA B 2 RIS 2 EBRET AV A/E L. X, ~A 7 1 CT, Mk &Z1T > 72,

1) TIXUWEEA CPC

CPCITVU vlg4 I OLE) R2 L
VUL 2 KFEIRFII LI DR L, # cpeo cpct cpe2 pas
WLIRIC T VX V% 0~2 g isML T, 7

LU RO D 4 WD CPC (0, MilliQ water (g) 100 10.0 10.0 10.0
0.5, 1.0, 2.0g) ZVERE LT-, LR D pH TE{t % | Alginic acid (g) - 0.5 1.0 20
fil, CPC DYIHITEALIF[A] AR L % 0D A KHPO, (@) | 02 02 02 02
BREEA AN L 7o, RN T OS2 TR o | o 1 o1 | o1 | o

T 578, CPCO & CPC3 % HREAIEIZ 2%
SH, REMEOLE( A EEE M Z VT L=,

2) VY FRIREFILET L



ERENRIGERFET D202, =a2—¥
—JV REBRUARNTEY N (AR, UHA
Y. KE : 4-4.5kg) O KRG R IZ
critical defect & FEiEiL 5 HIRRE TIE
BEINDZ EDRVER 4mm OFILEE
L, FEAFEDO CPCERIE L, Y
TOEITAARE 5 IL & LSRRI 21T > 72,
B X MR AN, 3, 6 TR, ~( 7 o
CT. AHAEZAIREAM 2 7ir7% 6 MWIZHEdT L7z,

FARR I E L0 28 D axial THIMF L7z & AW CHERR L, Hematoxylin and Eosin (HE) %%
£, Masson—trichrome (MT) %ef, TRAP it /s & &2 4T\, CPC DIEMEEESC CPC N~ B AN, fil
AR OREIZ OV TR L7, 72, CPC FREEH O FHAEEITHOWTIE, BEMYT Y 7 b @ image

JZHWTHIE LEREOF BT EL R LT,

4. MERE
1) WE{LiR > pH A, )85 (LR
TR ERAT D2 & T, pHIHME T L, MR O%ME, [EMETRE O A2 788 7=

Liguid 0 (CPCD) Liquid 1 (CPC1) Liquid 2 (CPC2) Liquid 3 (CPC3)

pH 7.21+0.05 T7.05 £ 0.04* 7.11+£0.03* 7.00 £ 0.05*%
Setting time (min) 36+4.6 20+1.7* 17+2.6* 11.5+0.5*
Compressive strength (MPa) 73221 16337 3494 1% 46.7=8.6*

#P <(.035, each liqguid/CPC group versus Ligquid O/CPCD group

2) EBMEEIC & DR mEE
TNRCBAEREGT D L TREDZIANMEOES, MALDILKEZFED

R

CPCO

Ful 100y

2) B X MG, ~A 7 v CT Wik
BT X B U4 6 IS T VX UWE 2 g & D CPC3 T CPC DRI A I & T~

XS

CPCO CPC1 CPC2 CPC3

e

318

618




CPCO

3) AR AT
MT %eta Gl CPO L bb# L C CPC1~3 BECH S YeE o oA F Ik Z £ < B, ERNTIZ, 7
IR 2.0g E A LIZBECHARREL D S RMICARTICERT LI 2R LT, £/, 7
IR 2.0 g B EAE LTI ALIGRE CRIRREEL el L CREFEMICAE BICHAET BN L T
VW= (P=0.015),

MTREEEIR o

CPCO CPC1 CPC2 CPC3

COL: Collagen, FT: Fibrous Tissue, HB: Host Bone, NB: New Bone

FEBEE @

18
1.6
14
12
i 1
08 |
06 |
0.4 l
0.2

CPCO CPC1 CPC2 CPC3

3) L

CPC I L, — RS EWVEE OIS E & 72 5720, BIEREEZA L TN TH,
BHIRZE MR A > FNIZEE LICL <. BEOAKREICERI NI W, CPCIZT VX
fRZBL T2 2 L T, REROBBEEN S AERNTE AN ER, IR AFIRBREEN b 72
b EN, ERE B, B EAENMEE LR AR T 2 LN TE 2, AR EHIE KB E O i
ZTiEARL, BEASCHRBRIIES T I ENTE T,



1 1 0 1

Shimatani Akiyoshi Toyoda Hiromitsu Orita Kumi Ibara Yuta Yokogawa Yoshiyuki Nakamura 32
Hiroaki
A bone replacement-type calcium phosphate cement that becomes more porous in vivo by 2021

incorporating a degradable polymer

Journal of Materials Science: Materials in Medicine

DOl
10.1007/s10856-021-06555-1

35

2020

https://ww.osaka-cu.ac.jp/ja/news/2021/210630-2

(Yokogawa Yoshiyuki)

(20358310) (24402)




(Orita Kumi)

(40748597)

(24402)




