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Bone regeneration therapy:
Developing of ceramic based bone substitute, which enables bone regeneration

i &4 (Yuki SUGIURA)

/NP 3CF- (Fumiko ONO) ™

Pl 1F B (Masakatsu NOHARA) ™
B H oK (Kodai Nitsu) ™

W U5 T (Yasuko SAITO)f

In orthopedics and oral surgery, clinical trials are being conducted to examine the reconstruction
and regeneration of bone defects caused by injuries and diseases. Bone substitutes, mainly com-
posed of calcium phosphate, are employed as biomaterials to reconstruct and regenerate bone de-
fects that cannot be covered by autogenous bone grafts. However, the bone regeneration abilities of
existing bone grafting materials are insufficient. Most candidates for bone grafting materials are
elderly patients older than 60 years, so improving the bone regeneration capacity of bone grafting
materials is a major clinical problem. We have been investigating the enhancement of bone substi-
tutes via ionic insertion, an original method of controlling calcium phosphate crystals and adding
elements. In this review, we describe our studies on the addition of silica, a bone-active factor, to
calcium phosphate and the usefulness of silica-loaded calcium phosphate as a bone replacement
material based on the ionic insertion method. The bone regeneration ability of silica-loaded calcium
phosphate was several times higher than that of the current carbonate apatite bone material. Silica-
loaded calcium phosphate is expected to be applicable to clinical cases that were difficult to apply in
the past; it will also significantly help improve the quality of life of patients, especially the elderly.

Keywords: Bone substitute, Biomaterial, Bioceramic, Silica, Regenetive medicine, Applied miner-
alogy
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Fig. 1. (a)-(c) Schematic illustrations of bone reconstruction process using bone substitutes; (d) time sequence of micro-CT images of CO3Ap blocks
implanted into bone defects; data from Kanazawa et al., (2017), reprinted with permission from Springer Nature Publishing Co.
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Fig. 2. Typical histological image of bone remodeling. (HE staining)
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Fig. 3. Material characterization of silica-substituted OCP (OCP-silica) powder. (a) XRD pattern. (b) STEM-HAADF/EDX mapping of OCP-silica. (c)
STEM-HAADF atomic images of OCP-silica. (d) FT-IR spectra. (e) NMR spectra. Reprinted with permission from Royal Society of Chemistry (Sugiura

et al., 2021a).
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Fig. 4. Schematic illustrations of (a) conventional OCP and (b) OCP-
silica; Reprinted with permission from Royal Society of Chemistry (Sugi-
ura et al., 2021a).

OCP t A ¥ M DRALIIS A GLEL I LIZLY, &
B & U TR BE 2 A X - BREE & R o 2ok R o
Bl 3E % & 5 |2 72 (Sugiura et al., 2022b; Sugiura et al.,
2023a; Sugiura et al., 2023b)o i, REF OFEMIZ DWW T
X, JFE%E H 751720 (Sugiura er al. 2023¢) o

B AL PO T B AN = AL EBEA B DD, OCP &
A boWA, RETRHF TR L 72 OCP i S MR A TR
DR AT 2 2 ETHREL, #EfEL23HAE D FIC



HORERF  BFELTRRIZT 51 7 3 v 7 R E it ok % 5

(a) Photograph

(b) XRD pattern

(¢) NMR spectra
P2/P4

(@)eTolwteINazSi O

(®) ©45 % NexSio |

P1| P3 PS5/P6

OCP ref.

|

Intensity (a. u.)

NaiSiOs-
. 18.0 wi% - A
= H
. OCP ref.
HasSiOs S s
L 1 9.50 with g
£
@
a0 c
| AL b 1 A 75 wi% oL
=

Na:SiO-
238 with

1 l NasSi0r-
LN BT 0.0 W%

l

DCPD \

- QOCP-silica ref,

MCPM 1 L P | 1 1 1

FOTYTY YT FYYYTYFYYPYOOTL FAYPYPOTTY FYPOVTIYY FPPOYIIYY 10 o 10

10

70

2theta (degree) Ppm

Fig. 5. Material characterization of OCP-silica block: (a) photographs of block samples; (b) XRD patterns; (c) NMR spectra; reprinted with permission

from Elsevier Co. <Sugiura et al., 2023c).
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Fig. 6. Photographs of (a) artificial bone defect and (b) reconstructed
bone.

L7zBricd, BRI IRE MR L Tz (Fig. 7)o —
T, V) AHEEOCP 2B Wi, 17 R CHEIC
NRBOIRDSAIHIE (22 5 & & B2, #AES LS Bk
EXIIND, BOREANTCHT B LR B BTk O
HRR DTS S Tz 37 AR IZB Wi, A
AL LT A BN, BROBESZD Hit, AR
Bl & BRI FH DI > TWDH Z ERNGho 7z,
B RR T 2B & 0, B MBS B & XD FEAT
R L7 — e fealich b, A~ bF) r—x
+ v v guft (HE 44 0) % 1T > 720 Figure 8 |2, AR 1
H, 3% HfGEE R TORBEROTEZ /RS, COAp %
A L7ZBICBWTIE, R et S 7z a sk As A GURE
DO % BENCIY) BTV AT PBE SNz, 20—
HT, COAp DK —HOAPFHIEICER I N TN D
i lFEoTEBY, 7uy ZEIIHARISEREMEREL T
7o —HT, YU AHEEFOCPIZBWTIE, 14 HE S CHE
VBB OFAC BV TIE, WEZA R ORI AT ] &
N, 37 BB LEEICBWTE, FEASTRIENT



6 Kl R - NI SO - BRI DERE - Fndr K IR W

1 month

OCP-silica

1 month

3 month

Fig. 8. Histological images of CO3;Ap and OCP-silica blocks at 1 and 3
months after implantation (HE staining); reprinted with permission from
Elsevier Co. (Sugiura et al., 2023c).
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Fig. 7. CT images of live rabbit femurs
with implanted samples at 2 days, 1 month,
and 3 months after implantation: (a)-(c)
CO;Ap block. (d)-(f) OCP-silica block; re-
printed with permission from Elsevier Co.
(Sugiura ef al., 2023¢).

Fig. 9. Magnified histological images of CO3Ap and OCP-silica blocks
at 1 and 3 months after implantation (HE staining). *, Materials; b, Mature
bone.
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Fig. 10. Magnified TRAP-stained histological images of COs;Ap and
OCP-silica blocks at 1 and 3 months after implantation. *, Materials;
¢, TRAP-positive multinucleated giant cells.
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