Experimental Study on the Histocompatibility of
Calcium Phosphate Glass Ceramics to Bone
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REMEL E LR S AR LU VAL S A
RATTALT w7 A%FHERLI.

LLUVYBANY D ART TR LT 2w s R (
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AEORBINS Y b, TEY VB, ABIETL S =
Y AEEDRIRE, BET 2, 2hy 110°C, 24
WFIREARE, RV T 300°C, SRSRIMBIEL 72b b, 42
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Ca0 51.99mol% (30.09 wt%), P,Os 47.01 mol%
(68.86 wt%), Al,Oy 1.00 mol% (1.05 wt%)

2) SEVIRHAR

SEAPRER S X AREIHT X D beta metacalcium phos-
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by=77104, ¢,=6.9944, £=90.34" £ U tromelite
(4C.0 3P,05), 4 triclinic a,=9.404, b,=13.394
=707, ®=109.5", F=87.9" 4=1089" Lh%3
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3) ¥tk

1) B

counts per second

260 ( degree ) 71

Fig.1. X-ray diffraction patterns of glass
cerarmics.
© Beta metacalcium phosphate
® Tromelite
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E L7, VBRI BB AF AUTOGRAPH
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A7 0y h—AFEIL3.8GPaTH -7,

i) #

BB 2.0~2.7 (K,C: MN"¥) T - AR
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WE2.9kg/m®, HBA 1. 1X10%/kgek, {5 H &
0.63 w/m-k, BVFRHIE 1.0X10°K-' TH - A
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VBN TR I AELS T v ADUX
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Bt Ca & PR EERSHTI L L2 5, KA
F Tl Ca 3.6mg/dl, P 4.2 mg/dl, EEAE KRBT
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82 7N

Wistar %7 v b #FER L7, EBEy Y I~ 2mg/
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FAGEARER Y, ZEENEEAB LA -LT
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2. MERFE

BREBRKER S X CHERKER R L TiT-
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1) BKIEA

B Bk, REBEEMITERRL 10% P IEEE
wAe ) IETEE L., RKERCIREIFE L 4K
BREEBL, Ry VEIER, Sy VTS
Voo AEEER A N U Y AR ERW TR EITo .
BRRH, BEEO—ER%E A A TYRE, BALLT
Oy 7 EEEECHREL, Bo KRELE@ED 5
7 4 VABEIT, BT ER, Hematoxylin-eosin
#ufh, Safranin-o #ff, Azan ¢, Toluidine blue
(pH 2.5) B %EITo7z,
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B % Bk, RERERAER2BIRL, 70% 7 V2 —
A TE5E, Bk, methyl-methacrylate BfliE & % 1T -
o, FEBRIKIEACEELZII R b 6 RERE 2RV,
2N b—FD7 Y XAFNFw F—IZTH 300 um DY
FREIDHL, AE—FZ v A2 TH 80 um DEZIC
HENRFEE, A EEE, UTOREET- 2.

i) Contact microradiography

#7 80 wm DHFEEEA % A\ T contact microradio-
graphy (CMR) %17 -7z, CMR 1388k X A ELEE
SOFTEX-CMR B # B TR L7z, AEREAC
100 V, B 2A, 60 Hz, H1 ZREE 10 KVP, ZIKE
F2~3mA, XBELS 74 NVLAEE TOERT~

Light micrograph of the interface between ceramics and bone one
week after implantation.
Granulation tissue and immature bone formation are observed. H.E.
stain, X100.
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Fig.3. Light micrograph of the interface between ceramics and bone two
weeks after implantation.
a; Immature trabecular bone is observed around the ceramics which is in
the bone marrow cavity. H.E. stain, X100.
b; Immature compact bone is observed around the ceramics which is near
the cortex. H.E. stain, x100.
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Fig.4. Light micrograph of the interface between ceramics and bone four

weeks after implantation.
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a; Trabecular bone is observed around the ceramics which is in the bone

marrow cavity. H.E. stain, X100.

b: Compact bone is observed around the ceramics which is near the contex.

H.E. stain, X100.
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st

ceramics and bone eight

. "
Fig.5. Light micrograph of the interface between
weeks after implantation.
Some fibrous tissue and bone marrow are observed between the bone and
the ceramics which is in the bone marrow cavity, but in some areas, there
is no fibrous tissue found between bone and ceramics (arrows). H.E.
stain, X100.

CERAMICS

Fig.6. Light micrograph of the interface between ceramics and bone six
months after implantation.
Ceramics appears to be surrounded by lamellar bone in the bone marrow
cavity. H.E. stain, X100.
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Fig.7. Light micrograph of the interface between ceramics and bone twelve
months after implantation.

Ceramics appears to be surrounded by lamellar bone. H.E. stain, X100.

- VITALLIUM

Fig.8. Light micrograph of the inter
months after implantation.

Some fibrous tissue and bone marrow are observed around Vitallium which
is in the bone marrow cavity. H.E. stain, X100.
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DBERE LT 3y 7 AN HHHEE O SRS & 4
D BB OB IR RS SRR L4055 & IR As A 5
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Fig.9. CMR and fluorescent microphotograph of the interface between

3b).
SEBOBHERITII LS 3 v 2 2B L 8o
BRLPPRSLVEANCE T I v 7 AL B ENE
%, B 2P BORMMERE SEBC Bl ENL T
BT AEMnAsNA (Kda), KEBROES 3y
7 ARBEDOBERIE L CRIFTET S v 7 ADKE
SBECCEE BEhTuyi (F4b), -5 REHE
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ceramics and bone one week after implantation.
a ; Immature calcified bone is observed around the ceramics. CMR, X40.
b; Intense yellow-gold fluorescence is observed in immature bone.

Fluorescent microphotograph, X40.
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CERAMICS

Fig.10. CMR and fluorescent microphotograph of the interface between

ceramics and bone two weeks after implantation.
a; Immature trabecular bone is observed around the ceramics. CMR, X

40.

b; Yellow-gold fluorescence is observed around the trabecular bone.

Fluorescent microphotograph, X40.
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2 . Vitallium #%

VBT, Vitallium 2883 2 E307IC FEEER D

v 7 ADEENY 89

B4 sh, Vitallium & D LR =BG TR
P BRELA SN, 2EETIE Vitallium 027
BELLCHIV R BRMNA SN, ZOBRE
Vitallium OMIZ I BHREB OB ESERNE
gahi, 4B Vitallium BB T, BECHE
HREEEREN L TER BT 25U, BHOLD
B s n, 688, SER 3 HABII4E
BLEREFRTH - 0, RECBRICHEMIAS

CERAMICS

Fig. 11.
implantation.

CMR of the interface between ceramics and bone four weeks after

Trabecular bone contacts ceramics closely in some areas (arrows) in the

bone marrow cavity. CMR, X100,

ceramcs
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MU SR e N L CRBIBITLTED (H8),
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&
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Fig. 12.

CERAMICS

CMR and fluorescent microphotograph of the interface between

ceramics and bone twelve months after implantation.

a; Bone contacts ceramics closely in some areas, but in other areas, some
gaps are observed between them. CMR, X100.

b: Fluorescence is still observed in some areas of the trabecular bone.

Fluorescent microphotograph, X100.

¢; Compact bone surrounds the ceramics near the cortex. CMR, X100.
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9b). 2EBOBBERITIZ, ¥3 3y 2 A2 - T
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UTHERSBE Sz Bo7, 6BRER BT
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Fig.13. CMR and fluorescent microphotograph of the interface between

Vitallium and bone six weeks after implantation.
a; A wide gap is observed between Vitallium and bone. CMR, x100.
b; Intense yellow-gold fluorescence is observed along the bone (arrows).

Fluorescent microphotograph, X100.
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VITALLIM

Fig.14. CMR of the interface between Vitallium and bone twelve months
after implantation.

A wide gap is observed between Vitallium and bone. CMR, %100.

Fig. 15. Light micrograph of the interface between ceramics and bone of the
undecalcified specimen one week after implantation.

Immature calcified bone surrounded by osteoid (arrows) is observed.
Goldner stain, X100.

(Ceramics is lost during grinding of the specimen).
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ORCMBROTIKLEIBE S h, FSLIc—%L T
BOESESBIZ S ne, 2 BB T, Vitallium 8
BERIIC TRV R BRC B S TR s h, B8
FAEzECRESEHEs h, 48, 68, 88, 3
7 A ERERT 21200 Vitallium BFEOER LK
L 7zht (K 13a), Vitallium & FAEOE & ORI

ML & S 4, £ EROERO—ICBE
ahi: (H13b), 6 7 BEE, 127 BBOEHERO
Vitallium ORI, BHALLBRIZIVBEBEbIT
Wil FERIL B A s (K 14), T OB
i, H.E. R85 BRI R SES Y
L7z $7:8ERREBROFEEO —HiosBE s,

Fig. 16. Light micrograph of the interface between ceramics and bone of the

undecalcified specimen three months after implantation.

a; Bone contact with ceramics closely in some areas, and in other areas,
bone marrow is observed between them. Goldner stain, X100,

b; Osteoid (arrows) is observed between the trabecular bone and ceramics.

Goldner stain, X100,
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Fig.17. Light micrograph of the interface between ceramics and bone of the
undecalcified specimen twelve months after implantation.
Close contact between ceramics and bone in some areas (arrows) with

osteoid tissue intervening between them in other areas. Goldner stain, X
100.

Fig. 18. Light micrograph of the interface between Vitallium and bone six
months after implantation.

Fibrous tissue and bone marrow are observed between Vitallium and bone.
Goldner stain, X100.

(Vitallium is lost during grinding specimen).
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Fig.19. Scanning electron microscopic figure and electron microprobe

scan of calcium of the interface between ceramics and bone one week after

implantation.

line

Immature bone is observed around the ceramics and calcium count of these

bone is low.

Fig.20. Scanning electron microscopic figure and electron microprobe line
scan of phosphate.

The areas in which the electron microprobe line scan was performed shows
no phosphate count fall to the baseline between the bone and ceramics

interface, thus showing intimate contact between the bone and ceramics in
those areas.

95
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Vitalllum B3, €7 3v 7 AL LR L T,

Vitallium k2 OFEEICER S W & ORBREE» > 72,

2 . Goldner &R

Goldner L@k T, MO E <, HIEHHL
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1) ¥7 3 v 7 REE

%

AT, 7 3y ACET R0 Hlaks
T EDREESSA SN, €T 2y 7 ALDRPHR
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Fig. 2L.

Scanning electron microscopic figure and electron microprobe line

scan of calcium of the interface between ceramics and bone twelve months

after implantation.

a; Bone and ceramics contact each other closely.
b; There is a gap between bone and ceramics and count of calcium fall to

the baseline between them.
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Abstract

A calcium phosphate glass ceramic block (CaO 30.09%, P,O, 68.86%, AL,O, 1.05%) measuring
2X2X2 mm was implanted in the distal metaphysis of Wistar rat femurs, and the area around the
glass ceramics was observed for osteogenesis and histocompatibility of this glass ceramics to bone
at various times from the first week of implantation to the end of 12 months. Decalcified
specimens were examined histologically and undecalcified specimens were examined histologically
by Goldner staining, contact microradiography, tetracycline-labeling fluorescent microscopy,
scanning electron microscopy and electron microprobe analysis of Ca and P using an energy
diversive X-ray microanalyzer. Osteogenesis around the glass ceramics was found to be abundant
near the cortical region, but poor in the bone marrow cavity. Starting at 4 weeks after
implantation in the distal metaphysis of rat femur, part of the glass ceramics was found to be in
direct contact with the bone without any evidence of soft tissue, and even at 12 months after
implantation, there were no inflamatory cells, foreign body giant cells or malignant tumor cells
observed around the glass ceramics. So this glass ceramics was considered to have good
histocompatibility to bone.



