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SUMMARY

1. Recovery and Utilization of Calcium from Oyster Shell

Approximately 210 thousand tons of oyster are annually harvested in Korea.
Opyster shell, more than 90% of oyster content, wasted and induced a serious
environmental pollution. However, oyster shell contains a large quantity of
calcium mainly composed of calcium carbonate. Therefore, oyster shell can be
used as a calcium supplement.

Bioavailability of calcium compounds was investigated wusing calcium
compounds in oyster shell. To this end, calcium oxide was prepared by buming
of oyster shell at high temperature. Calcium compounds such as calcium
chloride(CaCly) and calcium phosphate(CaHPO,) were prepared by the calcium
oxide. Then, the calcium compounds used experimented to in vitro and in vive
for testing bioavailability in body. The results from the present study were
summarized as follows.

1. The structure and purity of oyster shell burnt in various temperatures were
analyzed by X-ray, SEM, and EDS, and the optimum temperature was to
be 1200C. On the basis of this result, calcium compounds, CaCl, and
CaHPO,, were prepared from the oyster shell burnt in 1200C.

2. In the in vitro experiment using fish skin gelatin peptides(FSGP) and
chitosan oligo saccharides(COS) as calciumn-absorption promoting supplement
for calcium compounds from oyster shell, FSGP and COS showed the
highest hindrance effect against calcium phosphate. They were 70% and
50% more effective than those in control, respectively.

3. In the in vivo experiments of the calcium-absorption activation, the groups

taken only calcium compounds from oyster shell showed almost the same
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effect as the control group, used calcium carbonate.

However, those groups showed higher effects on the weight and strength
of femur and showed tendency to some extent preventing the formation of
insoluble calcium phosphate in intestine.

4. The groups taken the calcium compounds from oyster shells and FSGP
showed significantly higher amounts of calcium and ash than those of the
control group. Especially, the groups taken 3% FSGP as supplement were
better than those of 1% FSGP. Furthermore, the higher absorption effect
was observed not in the groups taken calcium chloride but in the groups
taken calcium phosphate.

5. The groups taken calcium compounds with COS showed lower weight
increase and food efficiency than those of the control group. However, they
were better in the bone strength and in the amount of ash and calcium.
Contrast to the groups taken FSGP, the groups taken 1% COS showed
better affected, and the groups taken CaCl, were even better affected than
the groups taken CaHPO..

These results suggest that calcium compounds from oyster shell could be used

as an effective dietary calcium source.

2. Development of Bioceramics Material Using Hydroxyapatite from Fish Bone

For the effective utilization of the fish bone waste from seafood industry, the
physical properties of the isolated hydroxyapatite from tuna bone has been
investigated. On X-ray measurements, the phase of the bone calcined by various
temperatures were identified as hydroxyapatite, Ca;o(POs)s(OH),. The mean
particle size distribution was changed as functions of temperatures. However,
the particle shape was a geometrically non-regular type. These trends are

consistent with SEM images. The composition of the bioceramic batch by
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calcined tuna bone were not perfectly agreed with the suggested data, but the
partially substituted composition possibly has shown the application of it as a
bioceramic materials. In order to study sintering properties of hydroxyapatite
isolated from tuna bone, the hydroxyapatite-containing wollastonite(CaO - SiO;)
sintered by solid state reaction has been investigated. The degree of sintering at
the weight ratio, 1 : 1(hydroxyapatite : wollastonite) was good at 1350°C. The
endothermic curves due to dehydration of moisture were identified at 80°C and
the exothermic curves as ¢-CaSiO;, «-Ca3(POs), phases nearby 1200C and
1300C on the DSC analysis, respectively. On X-ray measurements, the major
phases of hydroxyapatite-containing wollastonite by solid state reaction were
identified as hydroxyapatite and pseudowollastonite. These phases are close to
the bioactive phase known as the A-W(Apatite-Wollastonite) glass-ceramics. The
microstructure containing many porosities on SEM images was not changed by
increasing sintering temperatures. The maximum strength of specimen prepared
by solid state reaction was 17.91 0.19 MPa as a 4-point bending method and
this value was close to the strength of cancellous bone, 10~20 MPa. The
properties of composites consisted of the hydroxyapatite : wollastonite
bio-glasses(35 : 35 : 30) were studied. The major phases were identified as
pseudowollastonite and tricalcium phosphate(TCP), respectively. These phases
were differ from the solid-state reaction matters

For the glass-ceramic prepared by using hydroxyapatite, the major phases were
identified as pseudowollastonite and tricalcium phosphate(TCP), respectively. The
measured maximum strength was 90.05 0.05 MPa at 1200°C for 3hr. This value
was lower than the maxinum strength of frame bone of cortical bone, as 50-150
MPa. However, the bending strenght of glass-ceramic as more enhanced than
other methods. The replacement of skeletal bone like a cortical bone in human
body was possible by controlling treatment conditions and particle sizes. The

replacement of skeletal bone like a cortical bone in human body was possible
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by controlling treatment conditions and particle sizes.

Chemical bonding was investigated in simulated body fluid for several selected
hydroxyapatite-containing composites. The hydroxyapatite-containing composites
chemically bonded each other in Ringer’s solution for 4 weeks. The bonding
mechanism in simulated body fluid is heterogeneous nucleation and growth on
the interface between two sintered bodies.

In order to develop the test of safety evaluation of hydroxyapaptite' powder
which will be used as dental materials originated from tuna fish, oral mucous
membane irritation test was carried out. Oral mucous membrane test was studied
with syrian hamsters which were injected as dose of 5 g/kg B.W. with
hydroxyapatite under pentobarbital sodium anesthesia. Each animal’s left cheek
pouch was everted and cleaned, and the samples were loosely placed at the
bottom of the pouch with a double-suture techique for 14 days. Hamsters of
control group were same treated without inserting the hydroxylapatite powder.
Any abnormal clinical signs in both treated and control pouchs were not
observed for 14 days. There were no significant differences in mean body
weight changes between contrel and treated hamsters. Any particular changes in
hamster oral mucous mombrane of both treatment and control group were not
detected.

To evaluate the acute toxicity of hydroxyapatite powder isolated from tuna
bone in Sprague-Dawley via subcutaneous routes, the study was performed.
Hydroxyapatite powder was deministered at dose levels of 5, 2.5, 1.25, 0.625
0.3125 and O g/kg. After single subcutaneous admistration to SD rats of both
sexes, we obseved rats for 14days. Hydroxyapatite powder in the acute toxicity
study did not induce any toxic signs in the rats in mortalities, clinical findings,
body weights and gross findings. In viwew of result, it is impossible to estimate
LD50 values in rats.” Therefore, it was concluded that hydroxyapatite have no

effect on acute toxicity and side effect in rats.
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Recovery and Utilization of Calcium from Oyster Shell
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M1& M 2

24 Auel 7 Bl EASE /42, RE 4 AFY 1.5-2%)
1,000~1,200 g B=E Ao A2 Ud. AW ZF9 9% Fzc 27
olg FA3ln Jos Urz 1% Fx o] &9 £33 ol FHAH A
uE, 9 $1, 549 43, AXY A5 FR Aen e Qg
z4d 7158 933t JtHEinhom %, 1990; Allen 5, 1994).

AW Zg v N 43 F=( 10 mg/100 mhHE KA Hof 3t=d],
Ty A7)z B9t ZE AFH7E REHAY ZhF F(osteoporosis), T H (rickets),
HlElU(tetany) 9} 28 ZAREFo| Fudch By ojvel BEe 27 BHE 2
& o9, £&7] AT ABAllen T, 1994), A A F(Scalmati F, 1992), 1Y
A(McCarren, 1997) 5 2+ AA¥H FEAAH 1 T840 Z2HD Ut} o]
o ze BAME A e A2 Deo e AAS A3 TE
EF5ee 27l $o] ZedgE A7/ RuHT okAvioli, 1988, Williams,
1985).

249 HHE AAY dv T3EL F3A dojved, AE F 2E I
29 e ZE FFRY ozt MU o] &Ad oA HrrEh olHF A
W ol 848 ZEdy ¥, A AeF g, vo] E o] Qe o) Z
AEtt 2 o vl 2w 3 F(bone ash), - U(egg shell), szt
(shell powder), CCM(calcium citrate malateji"} 22 5 F3Y8 € ZF REAV)
Misiol BFHD ok o)BF LF FFAY AU o] &AL (] T, 1992
A+E, 1990)9} Alg(Fugita 5,1993; 1995)& tia ez @738 AEo] RuFHo]
A}

Al §58 ZHS Yatel 3 Ca¥' e 7183 Ha, 2F0N 55
4(active transport)®} &8 Ak(passive diffusion) Ao ol&] FHch AFdA

2

preeedl

e



o] Fol A= AoezE viEgyl D, TE ZY @Y A(calcium binding

protein), JEI=, 3T 2 1T Fol Yo Allen(1982)7} Heaney F(1991)9]

o3t HIEY DE AYs YrA JAEL Zgo]l AFdA 447, A7,

et T3 E84 ZeEe X FHA &1 YR wigHe RE
al

F4 S €] =(Alder-Nissen, 1986)¢} £ dizoly eI 3oz 43
A4tz @ e HEl=rt de] o]RH1 on(Hirotsuka F, 1984; Seguro
5, 1990, Sung 5, 1983), ojgs RE F de ¢eFd Ho| CPP(casein
phosphopeptide)e]t}. CPP= 7HAI1e] A 3lA] AAEE HeEl=2 71A1Q 2] serine
Z717F A4rgl ol glo] AW 784 e At AW F4E Lol
3 F= EA2 €A chlee T, 1980; Lee T 1983).
HZ B Qle JEANE 2FIANY B-1, 4-FHAR 4ER2 29
A RE A Avloln, Fu Aol AA 2 =HE UL F

d¥g . = JEANS F55 2 ZF §5E FAsa, A #44 F
I 2L B84 2w APEL AP} EFL AYZ wEIriE o FE
(1995) 71 EXte] fAE TS 22 B TF F5E FIAe Ad s 447
I, FHALE £Z8e 4 A E(macrophage)E B/G3HAII TR B8

Z2 g Yol 19948 MA FANFY 155%(FE AAE nE Bol
AdEn k. 19959 dA 8 vee 2 A F 219 § s
(1996, 4 A7), 2 F % 90%F AAste 2PAL, vithy 7t H71E
oA A3 BFALAE 23t U

et E dFoAe 8 vt &4 A sl & ZEEo] Ho 2 23
A2 R 33} dES AR, olF 3FgH £4& FI AWAA ol& JF
g e e Azsged, 28 Zg FFLLENY HEFHH F8A4%
B3AE AT 1281 A3 ZF FFEEN dF #FF F+4E AHFHL

A=k
=

tu o

e

4 N

z:sl.

Ho

rr

— 72—



=2
9 A e E4hoz BAA ¢E oy A



H2Z Jz 2 Yy

A 1A A8

AGo AHgd" ZHAL Zol7t 9 10+3.1cm, Eo17t 518 FTo|H, 24
T 9F 20£3.7g2 —-20TCoA BAsleq T3 Ao AHLEAt FA FEF &
o] dwlA 71488 AA(TPCCE; tuna pyloric caeca crude enzyme)S A Z3}7]
A% Pz FETFE TENIGEP)L2ZEE AIFERon, Al 52 o
-chymotrypsin(EC 3.4.21.1; from bovine pancrease, Type II), papain(EC 3.4.21.2;
from papayas latex, Type IV) Y pronase E(from Streptomyces griseus, Proteinase
Type XIV) < Sigma Chemical Co. #|E & Al£3}% 1, Alcalasex= Novo Co. A
FE o83 Proteinased] JtFEAT S g 71F Q] TNBS(trinitro
benzene sulfonic acid)= HA HRILEMHK) AFS AHS3en, &e2jndy &
ol &3} &Aoo AR acetyl-acetone A A MIELEMHH)Y AEL o|&3HTt

g F7 3L A8t ALEE @ud e 7 F(1992)9 WHoz AxF v}
Aol Agee AMEELH, JEANS FI|EFC|Z2REYH Yold gzl
80% RS AlFwol ALRSIIT 2 9 ALEE ZE A AYE EF Agg
AL



Al 24 8y

1. 234258 2§ A8 =4

2 23N Zg TEE0E AR 2 Rl ¥ SFEL ol 2
< WHeg BEU

Z 7hs ol #7189 27448 st AdFeA &3] AxAZ F ovhy
St o€ 12 H7IRA 800~1200C2 I SAIA AsZEE AU o
WS FLEHE WASA 24T F FAE Az Hu|HSEM; Jeol,
JSM-6100)7} energy dispersive X-ray spectrometer(EDS; Link, QX-2000) % X-ray
diffractometer(XRD; IKAKU, DMAX-2400)E o} &3}l 5} zbgo dhgekn A
e FAA-

A E(CaCl) e FAM TE F3bds 5.6 goll Ag A4} 17.75 mlE 7}8H
HE F ARG AxE CaChe 89 & UAsy A8 AF3At 4

=k

CaO + 2HCI — CaCl, + H,0 1
QA+ 4+ (CaHPO,)-S Yol THE CaClo] & B2ko] NaHPO.Z /)8l uh
AREAHs D, G FES gol24g oy H Ao ggAz ¥
Al At

Y
N2
)

CaO + 2HCI — CaCl; + HO 1
CaCl, + Na,HPO:; — CaHPO, + 2NaCl

2. ojy] @A LR e =A



7} oly Aetde] G433 IFEHY 5P 23

ZZAA2RYH 53 ZHAPEEY AU FFE FAAIE HEY=E Az
371 98 Kim $(1997)9] wez Az FA 455+ Y Jeisjasx
(TPCCE; tuna pyloric caeca crude enzyme)$} A% A4S Algsld ©& 3 2o
7bAtel s Aetd g st A AT 7ixiela] ARl s 03g st 1%(w/v)EA
3 ¥, TPCCEE pH 100, €% 50T, Alcalase= pH 80, 2% 37 C, 281 ]S
A2 YA Al &4 pronase E, papain, «-chymotrypsin®& 25 pH 7.0, 2%
37C2 2T vgdol Axdg 71Fv7E LIOWWE H=& Hrbsto A1
o] }E AT E FHAAULG e v F, 100CA 248 £
A1, FEHL AN E@,650xg, 20 min)dtd A& FF Az F, o
3 A}yl HE] =(fish skin gelatin peptide; FSGP)9] A8 2 AME3A ).

ols] Aztele JF-ESEE Montecalvo(1981)9] WS F£33t ALREYE
tl, 4% Na,HPO, £ (pH 8.2) 2m{ol] 0.25mee] A& & Y& ¥ 0.1% TNBS(trinitro
benzene sulfonic acid)E 2m¢ 7}3k3 50°C9] & ZoA 1A ¥reA|ATh w30
Zg%E ¥ 0.IN HCIE 4m¢ 713t ®k28& ZZAA 7|3, 308 7F ¥x8 F 340
mol| A FZEE A3 Alg F9 FE e-olvl V& SHIASG It
BEe thao A€ o] &3t AtSA

NE 29 a-olnlx 2719 &
R HE®) = —— X 100
% o-olnlx 27)e] £

Y. 7t EHEY ovx=it A4

Helz9 opxilt 24 oS Zo] FAIUY A8 40 mgSs FHY ¥
6N HCl 15mE 713l 2F 83 thg 24A17 FF 105C #2794 4 &
s3tdct o] A EIEL glass filterZ o3l G AF FAHE AXWEA
HClS A3 A A thg, citrate buffer (pH 2.2)& o] &3} 50 m7} =&

i

o

— 6 —



% oluic it AF A A (Amino acid analyzer; 626-LC System, Waters Co.)=
E43tyct. ®=3 hydroxyproline % %2 Edwards and O’Brien(1980)¢] =22 A}
83t A

3.71E4 &Y =4

7 AEae 4 24

7| EA 1gol 12N HCI 10m0g 7}8ted 60ToIN WHGAIES 1, 2, 4, 6, 8AIZHS.
2 3td FaAHT ol Bd ¥ ¥ FHFTE H/ISIE 6N NaOHZ F
A S BAEHA @2 JIEAE qREA AAAG 2o oAH(SE
Sephadex G-152 €€A7 o T2 AZdA JEA 28] 31 (chitosan
oligosaccharides; COS)& A Z 3} gt}

Azd 1B &2lnde 24L& HPLCE BA3YY. &, 71EA &2l1T
£ 1me(10mg/ml)E HHEUEZ & 1md EfFetq I F 20uE TSK
NH;-60 Z¥(Toyo Co., 46 X 250 mmol FUstAch o] o o542 60% ot4l
EUEHZR &9 &9 08md #&22 Tk % Jax R HE7N(x8
attenuation, Shodex RI-71)E o] &3} &3 Hc).

g A paEe 33

Abol 9]dt 7| EANY] JMSEsEE Blix(1948)9] W o] wel £X3s Yt 2
6N HCIZ} 7tE3id S 1112 ampuled] Fo} 105T2 2442 £3iA7 § o7
3 08, ZWAA 4L AASAL. olFA HAF AR 0.5nL9} acetylacetone
1L.O0mE 743t 90T oA 1417 ¥k-&-3L & 96% ethanol 10m¢9} Ehrlich’s reagent 1
mE 7hslat A-olA 1A BAEHG) o] & 530nmoAlM FFEE FAHSA F
g 2RI FFE A VteRAEe ol 4o AjEHh



]
M= (%) = - X 100
z

4. In vitrod] A8 #Aw ¥+ £ 2

In virooll 93 AZHE Zg &4 FA A dig & RE1986)S] iy
of wel QQ4r3} ZF(calcium phosphate) B/ thd IA KA HPd osio
AP =, 02m AE &N (40ug/md)o] 20mM Na,HPO, 1m¢E H713F ¥,
20mM CaCl, 0250 718t 37°C, 0~12A17F B¢ vhg A7l A8 2)(1,520 %
g, Smin3teq FFA Fo HE FZE ICP B3P
plasmaspectrometer SII)E Z A3l H T}

TA(SPS  1200A

5 AFHMRaNE o] &3 in vivodl 9 Aw 4 &4 5

7h A3 A 2 484

) 49 44

gy st E B Selnge 298 24 Fd9 Ze $FEC]
Zg ol&4d WX TS AAHAA FES} 7] Aste ohF3 2o 24
Z4H 4¥S A

HA AY oA ol Aetd sl Eo] g diAld rlAe ¥FE £
A3t ol& #s 7t olfe AF 3FH 43 HF(Sprague- Dawly rats,
male : M€ tistm A TE ASFAA 7)) 48vtelolA 370 e 29 A
o](Ca-deficient die) & FHAA Zg ZEWE FE3IAL(basal), o|F 3F¢ ZH
o] ¥7td AYPHolE AF3Ach AP o] F& xR F(contro)S EFHEFA F
AV, 1% 2 3% ZHFESE Ay 1EWEREE AYE A 4 L
Zg FFY8o2 A #a9 CaChel CaHPO.E UrolA 2o Aoz &
Ao mAYe 17T 6vhE]Y YrUT

Ay ODoAde 1B gelnde] #a ditd ve 93E ZES] st

— 8 —



o] &3t A% 33:# ol A & (Sprague-Dawly rats, male : A]-& thdm A
TE AFSFAA F9)) 48]l FUT AP IH Y YHoE B
T3t A (basal), o] F 37 Zgo] HrtE APAlE A TG 4
TE tETL(contro) S EFHES FHL, 1% E 3% JEAN L
A4 122 EE AT UrA &4 22 25 FEEeE 243 FdY
CaCL %t CaHPO.2 WrolA] 2lo] AF)eg 4 o9 WAygez 123 6vie
4 YA

A4E T8 E5 Shoe-box caged| A AMF3I o, AbR4le] #A3-& YA
FAFHHLE 2242C, A &5 65+5%, 2% 6:00 am.-6:00 pm.). A4 o]
o golgre A AH FAY (d libitum)o 2 FF3Ren, 48 71E<d
2ot YB3 Aol o] HAHAFH AF F/HFE AU ® 4¥ T8
A 447 AL 2ES s

i

y

i 8
g

.

2) 43949

Ag 13 AF 0ol AHEE 2ole BAAZ tAZ AIN-76 24 & T3ttt
(Table 1, 2). AB2lole] Ygar ALFgdozs 5 wwA(isolated soy protein,
ISP : PP500E, Ralston Purina International Co.), 244 AE(ULAEF), 25+
715 (58 2F), HE? EFE(AIN-76; Oriental B R} TR(F), Z5)% ZEFE
AP 7713 EFEAIN-76)0] 2= YT g TEFILEXNE AH
CaCO;, 24 A Feh9 CaCl, ¥ CaHPO, & AHREIA L, 2o] F #AF FHTEFS
051% HEF 2A3AL, 4o T e I F&F vle i 1310 HEE
KH,PO.Z A3l ZA 3

4. Ag 53
Ay HEA AF FES 124 AN F 4o]E 15AL T F9A
Atk 2ol 43 8 1A ¥, diethyl ether2 vl sl A2 S AHFH3IH)

—0 —



Table 1. Composition of diets in Exp. I (g/kg)

N ddition FSGH
Ingredients (CaBaZs:»alm) (((:::xcl:tg):) o 1% 3%

CaCl, CaHPO. CaCl; CaHPO: CaCl, CaHPO,
ISP 200 200 200 200 200 200 200 200
oL-Methionine 3 3 3 3 3 3 3 3
Starch 562.5 55001 547.65 56303 537.65 553.03 517.65 533.03
Fiber 50 50 50 50 50 50 50 50 -
Corn oil 100 100 100 100 100 100 100 100
Min. mix.” 35 35 35 35 35 35 35 35
Vit. mix.” 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2 2
PEG #4000 20 20 20 20 20 20 20 20
KH,PO 17.5 17.5 17.5 - 17.5 . 17.5 -
FSGH" - - - - 10 10 30 30
CaCO;” - 1249 - - - - - .
CaCL,” - - 1485 - 1485 - 1485 -
CaHPO," - - - 1697 - 1697 - 16.97

1) Calcium-free mineral mixture(AIN-76)

2) Vitamin mixture(AIN-76)

3) FSGH : Fish skin gelatin hydrolysates

4) CaCOs(commercial) contained 40.04% Ca

5) CaCly(calcium from oyster shell) contained 36.11% Ca
6) CaHPOu(calcium from Oyster shell) contained 29.46% Ca



{qenzageqagd)

Table 2. Composition of diets in Exp. I (g/kg)

. Basal Control ~ Non addition o3
Ingredients {Ca absent) (CaCOs) 1% 3%

CaCl, CaHPO, CaCl, CaHPO. CaCl; CaHPO,
ISP 200 200 200 200 200 200 200 200
pL-Methionine 3 3 3 3 3 3 3 3
Starch 562.5 55001 54765 563.03 537.65 553.03 517.65 533.03
Fiber 50 50 50 50 50 50 50 50
Corn oil 100 100 100 100 100 100 100 100
Min. mix." 35 35 35 35 35 35 35 35
Vit. mix."” 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2 2
PEG #4000 20 20 20 20 20 20 20 20
KH:PO, 17.5 17.5 17.5 . 175 - 17.5 -
cos? - - - - 10 10 30 30
CaCO;" - 1249 - - - - - -
CaCl,"” - - 1485 - 14.85 - 14.85 -
CaHPO," - - - 16.97 - 16.97 - 16.97

1) See <Table 1> in details.

2) COS : Chitosan oligosaccharides



) Eq

BEHAN RFHT Y 44T T WHEC) BT F AL EEB50
Xg, 20 min; Sorvall, GLC-2B)ste] EH S AUt & BHT 971A 20T
olgto A YT RASIH-

2) d¥3
FE dEES HEsto FEAH e 2§, U, AW F& AR AAsD

Zolgt FAE FHAD A F de B4 & 47iA ¥F EasH

3 wo} &

Ay FRA 497 9Y $YT Ao 2447 5 WY mine)E A3
el R3lg R8T, 0.1% HOL 4% YolZ ¥ WE uasad

w9t 5YD VN Becee AHFA TAS 2FAYG. +UY 2o
'} 5 0 Z (Freeze-dryer 18, Labconco) A7 & AZ2L ZA% 3 2AY g7
Y5 2BAAG

7t Als 4

) 87 2w 2 7719 5%

g3ye SH.%A]Z] F ¥ ARF EA7|(Fully Automated Dry Chemistry System,;
ARKRAY, SP-4410; Kyoto Daiichi Kagaku Co. LTD)S o]&3te] 82 z¢r, 7]
A FFS FHsAUH

2) MxAo A 7714 §F
HE Zo] 7=+ Instron(Instron Universal Testing Instrument, Model 1011)-& o)

g3t dEF AR F9 F, Zold FL FHAM W 3T (breaking



force)S ZA3}l%ch Load rangeE 20 kg2 3} 100 mm/min®] £53 £X &4
o},

HEEY] Zg TFS 550~600T stz oM 6~8A1ZF T 3AA @2

528 6N HCl #9402 £3)8 F 02% LaCl - TH,O #9402 33t ¢z}
¥ 3 AI(AA-6401F, SHIMADZU Co)2 ZA sttt

A9 FFe Ag9 A Mee dEHT ZFd A MY FYsA e,
go] 242 3|43t Fiske}l Subbarow 3(1925)& ©]-8-3t] vl 474 3ot

=)

O

2) =9} ¥ g #F

=E A4E@B50xg, Ominstd E£EE AAY F, dAFS At wet
ashingdtod A A2 & F, 02% LaCly - 7TH,O0 §402 3Mste Uz §3 3=
Az S

28 550~600C 320X 6~8A17 T FFAA & 3£ 6N HCl &

dog 38 F 02% LaClh - TH,0 8402 Ao 92 §3 F=Az =
Aetgleh.
2 SAEA

RE A= HTEEFE 23 (meantSE)Z AAEATH AP o] Zrzte] B
#g vlEdgoey, oM HAL p<0.0554F0]A Duncan’s multiple range test
£ A8



A3E AW Y D

A1Ad =234 A9 B9 =4

ZZHA2RE 2 A2 A 800~1200C9 o8 252 Hasty wsoz
A3 Ze 239 R4 FFE SEMI EDSE A &Y dFig. 1, 2,
3). o] F Zg ¥Zo VY ATE Fig 49 Jehf Uk WA Fig. 13 Fig. 29
EDSE HW 800CoA A3t 438l ZFE U2 i 2L £ 8 B
1 A, 53] 120002 Ag F99 A3 dg 986%2 7MY & ¢%
& Uehhglz, 1 9 EeER g Fas 48 vtadlg Fol 47 09%,
05%2 =3 A &0l AU =3 SEME o] &ate A3 g HHE
ZAEE S 71T 1200C9 A97 AAAC] 71 $5F Aoz B9
ot g3t ojF e Ayl AMEE 2PFL 1200ToA 1A A7 AL
AHEEte ars S ARG

27A22E 00T 120008 Halsted #2s A8 B4 LS XRDE AES
Z 3} (Fig. 5, 6), SEM ¥ EDSellA ¢} v}7bA 2 1200CoAA M2F 443} L
EFE A3 ey 443 $YT H3E ey dg

A AN AzHe ZF FFLE F2 29 W] F, 1992; M, 1991),
AVE(CRE, 1987), & ¢ - Hg ¥ AFHFo2RE doj|v(Rabon F, 1990)
=243 w9 ZF F5YMHamilton T, 1984; Greger 5, 1987; Karen®} David,
190)= @A 2 7EA7 <elA ok a3y o3 24 FF UL OiRE 98
E O o] 83EE 1 9 & 29 Aol ¥, 18 HIoe 3}
oz Hd e FITLY Az 843 APHT Yok FH(1990)= T}
o WME A 2 gHeZ At Doy tE BEFES AAT ¥ v4

g YAFH A= E Ze VT8 £2AE TEO oY HF dg Ht B2

e

L84

i

o

(lo

— 14 —
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Fig. 1. EDS of calcium oxide from oyster shell by treatme of
800TC.




FS= 4 T Teh zrn= S0 otz
MEMI1: 12000

Fig. 2. EDS of calcium oxide from oyster shell by treatmet
of 1200TC.
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%2,083 13vm WO3S. .

Fig. 3. SEM of Calcium oxide from oyster shell by heat
treatment.
(a) 8B00TC treatment (b) 1200C treatment
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Fig. 4. Content of calcium oxide from oyster shell by heat
treatment.
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Fig. 5. XRD pattern of calcium oxide and oyster shell

by treatment of 800C.
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Fig. 6. XRD pattern of calcium oxide and oyster shell

by treatment of 1200°C.
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Fig. 7. Degree of enzymatic hydrolysis for fish skin gelatin



Table 3. The amino acid composition of fish
skin gelatin peptides(FSGP).
(g-A.A/100g-protein)

Amino acid FSGP
Aspartic acid 6.02
Glutamic acid 9.53
Serine 5.61
Glycine 25.74
Histidine 0.00
Arginine 7.41
Threonine 226
Alanine 8.76
Proline 9.84
Tyrosine 0.51
Valine 2.01
Tryptophan 0.00
Methionine 1.97
Cysteine 0.00
Isoleucine 1.15
Leucine 233
Phenylalanine 2.14
Lysine 3N
Hydroxyproline 11.01
Total amino acid 100.00
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Fig. 8. Degree of acid hydrolysis of chitosan.
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Fig. 10. Calcium absorption effect of FGH-1h, hydrolysis

of fish gelatin for 1hr, on various times.
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Fig. 11. Calcium absorption effct of FGH-2h, hydrolysis
of fish frame gelatin for 2hr, on various times.
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. 12. Calcium absorption effects of FGH-4h, hydrolysis
of the fish gelatin for 4 hr, on various enzymes.
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. 13. Calcium absorption effects of FGH-6h, hydrolysis
of fish gelatin for 6hr, on various times.
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Fig. 14. Calcium absorption effects of FGH-12h, hydrolysis
of fish gelatin for 12hr, on various times.

— 34 —



FIEALS o] &3l Eelnde] ZdE FF AFE A9 o] I LE A
A Agez HEI ZAFg 15, 71EA 2217 H7MA FH7tRG <%
30~50% & ETE HEgon 1 F JIEAL 6A1T EEEE A7 HE
STk REE1995)4 st FEAS HA} Fog sAH gleng 4
Al Zg BE&3E fFEste U4 (phosphate), 4t oxalate), I & tHphytate)?} 2
o] $2o2 dHd AT ZAFsd A2 wjFAAGL ST E JEANLS
23 A2 & e ol rlE 2 Yo 2T o=z AW F&
7b & He 2eugy Juz EAsA g2dd A Zed F54FE 7N E
F Atk

ol9] At 7}45E&ES TPCCER 4A17 Balsle 7449 71EAS 12N
HCIZ 6417 2313 Ax vlm3s}9e w(Fig. 16), TPCCER 233t ols] dad
R aEel 20% U ¥ AdHE BAUT oM@ Aie A TFH
€ AH opm4kl Glugh Aspel o] 1B Lejng ol ¥3E Zed
HAZEE + A vIFH AL 7T olUI(NHy)e §F 2ok B7] o
£ Ao g #AdHG



2.5

—&— Control
—6— | hr
—»— 2 hr
—s7— 4 hr
—a— 6hr

N
()
1

p>
E
I=
Q
= —&— R hr
5
%‘ 1.5 -
wy
R=
—
[*] <
= 101 1
o
~® —@
0-5 T T T ] T
0 2 4 6 8 10 12
Time(hr)

Fig. 15. Calcium absorption effects of COS on various times
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Table 4. Effect of the addition of fish skin gelatin peptides(FSGP) on body weight,
food intake, and food efficiency ratio in calcium defficient induced rats.

Initial body Final body Daily food  Daily weight FER"
weight(g) weight(g) intake(g) gain(g) (WGJFT)
Ca-Deficient 1193+6.63"  1950+6.25 15.78 +0.25 3.79+020  024+0.15
Méomrol 1923+4.8™9 3331+ 755" 18.14+0.65° 7.05+035 039+ 0.02"‘; '''''

CaCl, 197.6+4.3 3236 484" 19.34+0.52" 630+£027° 033+0.01°
CaHPO, 199.1+3.1 336.1+ 8.68°  18.79%+0.30 6.85+0.35" 0.36+0.02°
CaCl, + FGH(1%) 1944143 2929+ 992  17.83+0.41° 4.93+043%° 0.28+0.02°
CaHPO: + FGH(1%) 194.7%£3.9 287.5+12.59° 16.56+045° 4.64+069"° 0.28+0.03°
CaCl, + FGH(3%) 196.7+4.2 3234+ 819" 18.69+0.54 6.34+043™ 0.34+0.02%
CaHPO, + FGH(3%) 198.8%7.5 348.2+18.47° 20.40%023° 7.47x0.67° 0.37+0.03°

1) Values are mean* SE of 6 rats per group
2) Not significantly different at the 0.05 level
3) Superscripts with different alphabets in colunms are significantly different at the 0.05 level by

Duncan’s multiple range test
4) Food efficiency ratio(FER) : weight gain(g)/food intake(g)



Table 5. Effect of the addition of chitosan oligosaccharides(COS) on body weight,
food intake, and food efficiency ratio in calcium defficient induced rats.

Initial body Final body Daily food  Daily weight FER"
weight(g) weight(g) intake(g) gain(g) (WG/FD)
Ca-Deficient 119.31£6.63"”  195.0%6.25 15.78£0.25 3.79+0.20 0.24+0.15
Control 192.3+4.8™9 333,12+ 755" 18.14+0.65 7.05+0.35° 0.39i0.02":
CaCl, 197.6+4.3 32357+ 4.84° 19.341+052° 6.30+027" 0.33+0.01
CaHPO. 199.1+3.1 336.05* 8.68° 18.79+0.30" 6.85+0.35° 0.3610.02
CaCl; + COS(1%) 193.3+83 313.12+10.79° 1684+023° 5.99+054” 0.36+0.03
CaHPO, + COS(1%) 1926176 327.48+1037° 17.36%£0.15 6.87x034° 0.40+0.02
CaCl, + CSO(3%) 1963+5.9 298.10+£1293° 1535+0.18° 5.09%042°  0.33%0.03
CaHPO; + COS(3%) 198.8+538 319.80+£18.94° 1557%0.16 6.01:066" 0.39+0.04

1) Values are mean* SE of 6 rats per group
2) Not significantly different at the 0.05 level
3) Superscripts with different alphabets in colunms are significantly different at the 0.05 level by

Duncan’s multiple range test
4) Food efficiency ratio(FER)

: weight gain(g)/food intake(g)
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Table 6. Effct of fish skin gelatin peptides(FSGP) on serum Ca and P
levels in different diet induced rats.

Ca P

(mg/100me) (mg/100m¢)
Ca-Deficient 9.62+0.17" 9.78+0.13
Control 10.57 +0.19*9 7.50+0.29™
CaCl, 10.78 +0.19" 8.85 +0.44°
CaHPO, 10.72+£0.05® 8.41+0.25"
CaCl, + FGH(1%) 11.02+0.11° 8.31+0.53*
CaHPO.: + FGH(1%) 10.45+0.19° 8.64+0.39%
CaCl; + FGH(3%) 10.73+0.24* 7.47+0.52%
CaHPO. + FGH(3%) 10.63+0.10® 7.27+0.33¢

1) Values are mean* SE of 6 rats per group
2) Superscripts with different alphabets in colunms are significantly different
at the 0.05 level by Duncan’s multiple range test
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Table 7. Effct of chitosan oligosaccharides(COS) on serum Ca and P
levels in different diet induced rats.

Ca P

(mg/100ml) (mg/100ml)
Ca-Deficient 9.62+0.17" 9.78 £0.13
Control 10.57+0.19* 7.50£0.29"
CaCl 10.780.19° 8.85+0.44°
CaHPO, 10.72+0.05° 8.41+025°
CaCl, + COS(1%) 9.77£0.17% 6.50+0.25°
CaHPO, + COS(1%) 9.86+0.34° 6.46+0.31°
CaCl, + COS(3%) 9.27+0.15° 5.60+0.20°
CaHPO, + COS(3%) 9.74+0.13% 5.76 +0.19°

1) Values are meanSE of 6 rats per group
2) Superscripts with different alphabets in colunms are significantly different

at the 0.05 level by Duncan’s multiple range test
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Table 8. Effect of the addition of fish skin gelatin peptides(FSGP) on wet
weight, length, and breaking force of femur defficient induced rats.

Weight Length Breaking force
(® (nm) (kg)
Ca-Deficient 0.90+0.03" 29.75+0.39 2.58+0.60
------ c ;;trol 1.43+0.08"" 34.56+0.39™% 8.48 +£0.48™
CaCl, 1.58+0.03 35.04+0.26 8.80+0.54
CaHPO, 1.54£0.06" 34.66+0.51 9.25+0.49
CaCl; + FGH(1%) 1.37+£0.03° 34.39+0.36 8.78+0.70
CaHPO. + FGH(1%) 1.35+0.04° 3421+0.41 9.41£0.79
CaCl, + FGH(3%) 1.52+0.04° 34.72+0.30 8.60+0.55
CaHPO. + FGH(3%) 1.58 +0.05* 35.00+0.20 9.53+0.64

1) Values are mean® SE of 6 rats per group
2) Not significantly different at the 0.05 level
3) Superscripts with different alphabets in colunms are significantly different at the 0.05

level by Duncan’s multiple range test
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Table 9. Effect of the addition of chitosan oligosaccharides(COS) on wet weight,
length, and breaking force of femur defficient induced rats.

Weight Length Breaking force
(8 (mm) (kg)

Ca-Deficient 0.90+0.03" 29.75+0.39 2.58+0.60
Control 1.43+0.08™ 34.56-0.39™ 8.48 +0.48""
CaCl, 1.58+0.03 35.04+0.26 8.80+0.54%
CaHPO, 1.54+0.06 34.660.51 9.25+0.49%
CaCl, + COS(1%) 1.56+0.06 34.72+0.50 10.15+0.53
CaHPO, + coSa %) 1.44£0.06 34.44+031 8.60+0.66%
CaCl; + COS(3%) 1.47%0.05 34.63£0.14 9.15+0.73"
CaHPO.: + COS(3%) 1.61£0.05 35.02+£0.25 8.12+0.43°

1) Values are mean* SE of 6 rats per group

2) Not significantly different at the 0.05 level

3) Superscripts with different alphabets in colunms are significantly different at the 0.05 level
by Duncan’s multiple range test
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Table 10. Effect of fish skin gelatin peptides on the Ca and P contents of femur in
calcium defficient diet induced rats.

Ash Ca p Ca: P Ca %

(mg) (mg) (mg) CafAsh X 100
Ca-Deficient 102.50+ 261 29.03+1.07  17.44+0.79 167+0.07  28.27+0.34
Control 268.75+t10.24™  9293+4.45™ 4660+2.13" 200+0.08" 34.52%0.50
CaCl, 25533+ 4.73 89.41+235™ 4365:127° 206+0.09  35.07%1.05%
CaHPO, 267.97+ 625 9229+ 1.85™ 4594+142° 2027004  34.46+0.26™
CaCl; + FGH(1%) 25395+ 9.05 84.48+337° 4005+149° 2111006  33.28+1.04°
CaHPO, + FGH(1%) 256.58*+ 8.93 86.85£2.90° 42.50*+1.89" 2.05+0.04  33.87+0.44°
CaCl; + FGH(3%) 270.50+£11.70  101.39£525° 46.64+223" 2.18+004  37.44+0.69°
CaHPO, + FGH(3%) 272.22+1091 99.54+4.32" 46.05+230° 2.17+0.05 3657+t0.71"

1) Values are mean* SE of 6 rats per group
2) Not significantly different at the 0.05 level
3) Superscripts with different alphabets in colunms are significantly different at the 0.05 level by

Duncan’s multiple range test
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Table 11. Effect of chitosan oligosaccharides on the Ca and P

calcium defficient diet induced rats.

contents of femur in

Ash Ca P Ca: P Ca %

(mg) (mg) (mg) Ca/Ash X 100
Ca-Deficient 102.50+ 2.61 2903+1.07  17.44£0.79 1.67+0.07 28.27+0.34
Control 268.75110.24™"  9293+4.45° 46.60£2.13* 2.00+0.08° 34.52+0.50°
CaCl, 25533+ 4.73° 89.41%235° 43.65+127° 206+0.09" 35.07+1.05
CaHPO, 26797 625  9229+1.85 4594+1.42" 202+0.04° 34.46+0.26°
CaCl; + COS(1%) 299.65+16.03"  107.76+£5.79" 48.90%2.90° 2.21+0.04" 3598-+0.42%
CaHPO, + COS(1%)  272.34110.55* 9531284 41.98%+1.55° 227+0.03" 35.06%0.55°
CaCl, + COS(3%) 326.25+10.30°  103.55+3.11° 4522+147° 229+0.06° 31.77+0.49°
CaHPO, + COS(3%) 257.68%+10.95°  97.47+554™ 41.07£2.90° 238+0.06" 37.79+0.99°

1) Values are mean*=SE of 6 rats per group
2) Superscripts with different alphabets in colunms are significantly different at the 0.05 level by
Duncan’s multiple range test
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Table 12. Daily fecal and urinary Ca excretion in calcium defficient
model rats fed fish skin gelatin hydrolysates(FSGH) diets.

Fecal excretion Urinary excretion
(mg/d) (mg/d)

Ca-Deficient 14.16 £ 1.75" 0.13+£0.01
Control 64.10+2.12*Y 0.89 +0.65™
CaCl, 30.41 £3.31° 1.37+0.66
CaHPOQ; 32.13+5.84° 1.53+1.18
CaCl, + FGH(1%) 29.44 +6.07° 1.00+0.11
CaHPO; + FGH(1%) 3587 +6.90° 0.80+0.04
CaCl, + FGH(3%) 29.89 +3.08° 1.76 £0.70
CaHPOs + FGH(3%) 38.78 +2.39° 1.00+0.30

1) Values are meantSE of 6 rats per group

2) Not significantly different at the 0.05 level

3) Superscripts with different alphabets in colunms are significantly different at
the 0.05 level by Duncan’s multiple range test



Table 13. Daily fecal and urinary Ca excretion in calcium defficient
model rats fed chitosan oligosaccharides(COS) diets.

Fecal excretion Urinary excretion
(mg/d) (mg/d)

Ca-Deficient 14.16+1.75" 0.13+0.01
Control 64.10+2.12* 0.89+0.65™*
CaCl, 3041+331° 1.37+0.66
CaHPO, 32.13+5384° 1.53+1.18
CaCl, + COS(1%) 14.41£2.20° 0.43+0.21
CaHPO, + COS(1%) 21.10+4.41% 0.30+0.02
CaCl, + COS(3%) 29.97+3.66° 0.87+0.36
CaHPO, + COS(3%) 30.36+4.11° 0.47+0.21

1) Values are mean* SE of 6 rats per group

2) Not significantly different at the 0.05 level

3) Superscripts with different alphabets in colunms are significantly different
at the 0.05 level by Duncan’s multiple range test
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olf 71¥ ¥ HriHE A9} T AEFHY Ay |/IIEH 78
8 At #3E Fig 1-19] el

HA A FAwe 80TE 7199 1%9 NaOH #8990 EUF 747t =

nlo

Hheted Fxwo] 2E e /F71E & AANAY F71Eol AMAE o
T BE2¢& B 2A3 ol FAlSte ofwo] 23 7h5E Naol 58 A A
o}

Y. g3 9 24

FAHE oWe AxVIW oA 25T2 dz3q FEL AA}YSG FE0] A
Ad oiME A2 Pa ojmuie] FF3e DYAEL B97] At 3~54)
7t 800CAAM 13 3w, olwfe] A E S¢o2 AHEsLE | &
N &3} AALE gE}AT-

35 & Aol BEFS FAUHOE 2447 st EEYA 200 mesh(75
mz A7EL Uk AMSE AR EL 850~1350T e &x0A 323 53
AA Bigterd g FAwe n{HEHNS ndaA AT
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Fish Bone
+ 1% NaOH
Solution
Protein
etc.,
Separation
Washing \ Drying

i

Calcination,

8007T
Calcination, Sieving,
850-1350TC 200mesh
Particle
XRD Size FT-IR SEM
Analyzer

Fig. 1-1. Experimental procedure.
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tt. TG/DTA =3#

FAWeRE F2F AR xd & Hdst AP L TGDTA
(thermogravimetry/differential thermal analysis, Netzsch Simultaneous Thermal
Analyzer STA 409)2 £ 245 E 5 T/ming 433t 4204 1200C714] &
o9 g5z FHsA

2. 53518 729 XRD HAEH
X-ray diffractometer(Rigaku D/Max-2400)Z o] &3ld o2 3I3ex =z doja
Algel g3 FxEstes #Fs] fste ol xHor FAIUG
Target ; CuK @ (60 kV, 80 mA), 2 theta range ; 10~70°

ol FT-IR 24

Alg9t KBrg 110022 &3 F A¥sd Alge ¥zpzxe FA4RAS
FT-IR (Perkin Elmer, Spectrum 200)& ©]£3}4] 4,000~400cm’'Alo]e] 3wz
38 Ak

vk A =37] EX 4

NaCl 3 22 A&l 33 A8S FUAA vIGATL onificeE 3
g o Arle AN AstFE HEd, vgAe &, AFH 59 EEE 9
A2 7184 7](Elzone Particle Size Analyzer 280PC)E o] &3} A3 .

AL Zstexe] e JAZJE A% aF

F3exe mE A5y nATE 2H% YA FYAFTS AEEHA 7F
€ FNEH Z(carbon tape)ol] XS E =BT F JFFEAVIE F IAEE 39 FAHAAE
0] 73(Scanning electron microscopy, Hitachi S-4200)2. 2 33t}



A 38 43 R 2@

1. Hydroxyapatite 3=
Albee(1920)9] 9J3)A] calcium phosphate] EFo] &4 WE $2%
£ Aol 422 BIEHUA B4 dide] Ha Qe oldgolE: BT £
% 23E& dndte Aol ohuel, AMO)X.9] 3}8HAlsl A T E(unit cell)7}
hexagonal latticeE 7}A= 49 2§ 9ulsitt o714 A olae]e 2719 2
& Fold, MOSt XpAEle 242} 3719 17} o2z A 7Hed dAEEClL,
ofgtelo]E 9] 18(solid solution)FHE A¥, MOS 9} X Atele] @l o] 9
M AR Aoz ¥eA Qo
Fig. 125 hydroxyapatite®] ©$]¥ & JTAs= Ca¥, PO, OH 79 o2 ¥
E c-% basal plane®-& FY3t] YEbA —?}_Olt}i(Paschalis, 1993).
P6yym2] F7+FE 7FA = hydroxyapatite= Fig. 1-20)A] R o]% basal plane®] %
Melo] BEE3HE hydroxyl o] 2 3 c&& ue} DT FAA 12(3444)
Agel Ca¥’, PO, OH o]2Eo] utE oz 2L Ho|x it %, mirord
e FAo= Ca¥, PO, OH 59 947} -3¢ watd 12284 HrE o
2 gy Feyo 72 HHL ¢ 5 AT
wrehA ofmtelo]E Q] 3134 Ap(MO)X:ZHE Fig. 129 F2 o] £¥3}
E 925 FYsd o 2o
(i) 10709) Caglz}l : BHEE FAE 88l E 7HA= 6709 Caddzat 4 Y 3F
L2 FUT Yol EAse 47) Cagdzl

(ii) 6709 PR} : Sl X3 270} Pol23} o] 2d G Xl ARl 8
wj € 4709 paL

(i) 2789} hydroxyZ : A 8(1/2x8=4)702] BHE S} FHHE 4o BA P

% D
32
£

oX

— §T



& Ca' APOS O OH

Fig. 1-2. General arrangement of the atoms constituting the unit
cell of hydroxyapatite.



B E 3= 8702 hydroxyl 1E Fo] 2+t £ ¥ gt (Paschalis, 1993).
g9 ol AA} Aoz FAHI YA E WEA] CaP:OH=53:19 £
Bl (molar ratio))S THEAIAC} Sk 4§ ofslelo|E AY TR ARYE AFL
o] F9 AA3 XNFPx N ZFHE ez dAA e, T-&solid
solution)¥ $1Q1 3¢ A”, MO 9} X g9 ol go 9sia APt o]
X AV X o]2o] AAE EEEL zkzt 10 mol, 2 mol o]3to]n], MO
J&3] 6 mole 7hAoF gk A ol2xed ANErHeP P4EL Ca¥, S
Ba™, P, Cd"" 53} 22 2719 4 gololn, MO,"9 Aol AsO,", VO,
CrO;", MnO,” §3 22 37} $ol&Eoln, Xol2AtglolE F, OH, Br, CO;" §2
oL}
o}sletolE B9 A (hardness)9t WEE 2zt 33 316 glem’o]w, AA 23}
4g Bole oluElolE BFY ol4HY BEtA T ZAMEL Can(PO.)s(OH): 9}
39.9% Ca, 18.5% P 3.38% OHo]w, Ca/Pe] YA}H]E(10:6)& 1.67 181 U5+
3219 glom® (Grenoble et al, 1972)%1 Aoz iz Ued, CyP ulLH
CaO-P,0sA o] ARES Faste WEAHQ 4L Table 1-19] YehRATH

2. 3)3t3 FA W2 XRD ALY

olf 718 ¥ dride FAwe 22 HEFHA H2E 1% NaOH F& 4o
2 R71ES 2EAA 80T 2xoM THds &3 F A7HE00
mesh)3te] 850~1350TCo] 3|2 o we o] W T3 2& AFELS
Z3az sAed, dgexd w%E 4o ¥MIPE XnydHH=2 A Fg
1-3(a), () FEPH AT

33l Fo Tad FAWe F2 IHA@T (CanPO)(OHR)S A& 7He
hydroxyapatite’do] o0}, o] F339 YAc HAAE gL BAYC] ¥
g 20 A& YEldn ASS Fig 1-3@), BN HeEt



Table 1-1. Calcium phosphate phases as a function of Ca/P ratio

Empirical Formula | Ca/P ratio Name

Ca(H,P0,); - H,O 0.50 Monocalcium Phosphate Monohydrate(MCPH)
Ca(H,PO,): 0.50 Monocalcium Phosphate(MCP)

Ca(HPO,) - 2H,O" 1.00 Dicalcium Phosphate Dihydrate(DCPD)
CagH(POu)s - SHO'| 1.33 Octacalcium Phosphate(OCP)

a -and B -Caz;(POs)2 1.50 Tricalcium Phosphate(TCP)

Ca;0(PO4)s(OH)2 1.67 Hydroxyapatite(HAP)

Ca P20y 2.00 Tetracalcium Phosphate

"Denotes the included of water molecules in the crystal lattice.
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A LeGeros (1990)] w2 A EA olslelo]EQ n{FEHoZME AEE
9] hydroxyapatite 73-%- 950C oJ]Ate] 25 & 7} hydroxyapatite + CaO7} A§A]
5|5 hydroxyapatite7} ZE&&ttn ¢ A U}

ZAWME 383t Xnay2 FHF Fig. 1-3(2), 0)¢] 7% hydroxyapatitel}o] F
ol mlaz #ad ¥ Cod 2 Fars BEHA ¥strh CaOt hydroxyapatite®] 4
2 Folx OH7I9] E3) kgl ofair vehvde Aoz dotEuy, fErlE e
A3l ©]8-% 80TZ 71E9¥ 1% NaOH 8o Caol29] U¥7} sl g &
Z57] g Fo B d7e] AneMe of2fd @4 AEAFHA ¥r o8 HIHU

Table 1-2¢} 1-3& 1z (Zipkin, 1966)3} ol® (ZEf, 1989)] F8 F/4HES
Uehd Aoz 71 gL uFe AAde dAES Cas PYS B &%
AEA ] Caf FANE 2197 21624 43 FAE A2 YEst

webd 33t ¥ AEI}E FQ FUIHEEY YA E3EHQd 540 #
BA|A Aoz AztE Y, Table 1-29 1-30]A4 Uehd F8 F714% (Zipkin,
1966, =8%, 1989)7 FAA|wo] F&8 EH Xray 4o FAAAS} v udHS
W 33 3 #FE FQ FUAHELE Cas) P7E F8 JEo|FLH, o]E0] o] F
£ F42 hydroxyapatited & #AE & AU

olo]] sl Raemdock et al. (1984)0] w2W 3sl&tA|eko g FA G olgtElo]Ex
1050C o]Atel &5 o= B-TCPS tetracalcium phosphatet o2 4] ()3} &
AR o] ojuhe ALE HQioh

Ca;o(PO4)s(OH); — 2p-Ca3(PO4), + CaP,0o + HyO wovevevveens )

gy FAwe 2o HEAZREH dojd AEE XrnydH=Z 4E XS
Fig. 13014 1350C7HRE @4 olgtelolE 799 22 & AEsfurgal 9
3 a- & B-TCPYEC] BAHAE F3trh

e T



Intensity(arbitray unit)
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Py ®
l29,000 » '40.000 ' 60600
28[deg.]

Fig. 1-3(a). X-ray diffraction patterns of calcined tuna bone at various
temperatures.
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Fig. 1-3(b). X-ray diffraction patterns of calcined tuna bone at various
temperatures.



Table 1-2. The major inorganic compositions of human bone(Zipkin, 1966)

Element Amount
Ca 39.4%
P 18.0%
Ca/P(weight ratio) 2.19
Mg 0.46%
Na 0.16%
F 0.095%
CO; 6.0%
Cl 02%

Table 1-3. The major inorganic compositions of cod fish bone(= %, 1989)

Element Amount
Ca 39.9%
P 18.5%
CafP(weight ratio) 2.16
Mg 0.40%
Na 0.92%
K 0.02%

Fe 0.005%
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BE AEA olstelo]ESt §4 olgtelo]lEVt e AALE M- dE BF3)
T AEA olgElolEx 12 o F& B-TCPA (Raemdock et al., 1984)S 7}
LeGeros (1990)0] #)|<t3t hydroxyapatite + CaO2] A8Adx} hydroxyapatite7} &8}
HEA Y FA43E zol7}t e ALR Yetgoh

ole AWt L oWAEY FT FHNIFL FFgAGE FA
hydroxyapatite?}= Aoldt Aoz UetdS & £ UAth &, FA WA 53
olstelo] E 8] Ca/P FAH7} thFw A o] B](Ca/P=2.16) (5%, 1989)% &4 3}
8t 8# Q) hydroxyapatite®] H|(Ca/P=2.16)%} H]&¥ #{EAHE 7] WEe=
At
3. TG/DTA ¥4

2 2 2E] FZ 3 hydroxyapatiteE %o @& A3 3RS TGDTAR
A% 23S Fig 140 Yehidoh

DTA 7% 280CH A FF4E 9 WEol o3 ¢d7a9 430CAA &
dA7t Jebgth 430CHZAAM Yebd slas #7]F £ A8 ¥ NaOH
F8AZF Naoj29] AR7} ojWuio] ZHESH NaO9t Nao] E3j2 U3 #=
£-& 4 (mechanical water loss)®] W&ol g a2 FHHY, Xrays #43
Fig. 1-3a), (0ol A} NaAd o] d#d 37t #FHA G AL vFo] & o
2o} ZA97h o g§ge Aeg AzEd

#d TGE 700CE ¥¥2 FAF FAZH) HAsgE, ol Fg 1-59)
FT-R M Jeh}5o] 1450cm’ £-29] COMo 71908 Hart 71gexe] 44
of et Zadte Aoz Hodxw, YEHQ hydroxyapatiteo] UF EAde
COs”-hydroxyapatite®] E3lol @& 53 Z42 FAHAUCH o & W
of o8 R 2HLr YAA N&Ho2 Bhde BFE BA

oyt

4. FT-IR¥ 4



Exo.

Endo.

200 400 600 800 1000 1200
Temperature (*C)

Fig. 1-4. TG and DTA curves of hydroxyapatite isolated

from tuna bone.

— 76 —



FANERH 58 A2E oY 252 335 A ol9} Uulsty] AT tricalcium
phosphate(TCP, Sigma Co.)2] FT-IR &4 ZA3E Fig. 1-5@), (b)oll YERAAT}

Fig. 1-5(a), M)A & 4 Ue uied Zo] 950C o3 R e sl A
glol HAaAFe 45 FAEIET 97ldM dehd F8 BFdE 2Ry,
1087, 1046, 957, 599, 569, 472, 432cm” FHthe PO, AFo o3 34 7
3t 23799} 2340cm B the] IAE CO; gasd] A E zhzk Yehy e, B
w, A 5o MEAE 3sletd ZAF (S, 1989, KB F, 1992) L+ #
AHgE Bt

£33 COsM ol 71208 1450cm ' H29) W3 ZEE IAHHLES} A5l gl
Ha 7A2ES 398 £ Ubed, ol AAme] HEEA ZAA Table 12
(Zipkin, 1966)91 4 & 4 Q150 WA Yo 4FFake] CO- hydroxyapatite7} &
Agttn BeEnh. §9 850C A8 TCP 9 A= 1100em” 4t Alojo] HHA
SHbroad) A7t AAJQEH(Fig. 1-50), ol PO AFol 9§ n=z2 setgg
=3

5 94437 BY B4

AAAZ G A 71EEAEA Hyge 42F, YR,  HAE(magnetic
susceptibility) 2Joll g £4¢ Fa3 JFS nx7] WEA FLT YA A7
of B2 7lststHQ 4 e T8E Ao

Az Z71EF & AR 7] Z7 Y (particle-size measurement)F F A H 1 WY
(statistical method)o] Ut} o] F W zke] ol HH Welo] o]z} A7) o
Fol E3dd wet AREE AL Joldd EEHE Ade FUE Re
deixd A7 WE B AFdMe A @9 Zol dAFHH 4@y
(discrimination ratio)2 ¢ A} ¥ (particle distribution)E 23+ SAHQ WY of

£33t (Dal and Berden, 1968).
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1-5(a). FT-IR spectra of calcined tuna bone at various temperatures.
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Fig. 1-5(b). FT-IR spectra of calcined tuna bone and tricalcium phosphate
(TCP) at various temperatures.
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DR= {[%] 1]“ ............................................................... 2

o 7]4 DRE YA eje] 4'8u]-&(Dal and Berden, 1968)0l8], ¢ & UYAFE
g Yeit ol SAY JERIH HPee A9 FolH, estnge 24
A EdHE ARY S 727 Ve

850ColA 1350CT7HA] o8 =2 33la FAwe Y27 XS AT
3 EAAHA iz JaAre EEE Fig 1-69] JeRAUT Fig 1-6914 ¢
2 F7)2¥S 32T o 850CHAM BF YAA7)E 29.65 umelw, 950°C
M= 12.18 pm, 1050C o] A& 10.80 pm, 1150Col A& 13.73
pm, 1250 Col A& 1147 um2 A 33ex7t F1845 dAazie Ja 248t
= ARL BYT, 1350CAME 1465 pm2 7189 oY ol YA B
T AR Ao JE.

=5 Fig. 1-691A4] subgroup2 AlEoA Aold Y8 A7 PHE Yehle
Roln], ULCE 4AtAlo] 484, CLE AAA 0] A, LCLS HA Ao &4
A, 283 Non-SPCE HIFA Aojddge &4z 9ngd

Fig. 1-6014 ¢zt £¥9 SAA 9L njxx %E Non-SPCo &
1050Col M LFEREO B, Q141M (RIS 352 Uehidth DRkl 49 3$ U
He] AAZE XS A8 A$d sRshe Aagkoln, 82 YT AR FEI}
o9 o HLEE ghDal and Berden, 1968)2.8 UdelA Jed WEA AEE
358 7A$ DRL 40 AFste &g 7HA YAD VIR X7 AE B+l
gse Aoz JeET

olg} e A=Y Wate YA Yol EFE FE T3 #2 HLAHE vl
A wmut olujg} gAY Ba uhgol £x9| I siEstET] fEd 4R 2
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Mean Agglomerate Particle Diamate) (

Fig. 1-6. The variation of mean agglomerate particle diameter versus

Subgroup
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the calcination temperatures.



ARES WsEE AYe BE o2 AV N AEA BB 3
LEE 00T 257t HAe) 35 =AU RS2 et

UAel ERAT duAo] B W $UY 249 To| Lxol g} Yk
7 wgats Ae YA FuUs Aok gasel ¥uAY asl 459
oujg). ol2e ARe Lxol 4E GTHe) HMEWH WA S B
29 B (19929 I7AAS} Heaie Aoz Ye

6. M7tz #F

Hetexrt n@o2 A4S Ye] AVIE X7 M FS Fig 1-6014 YElY
th w2tM 2xd wWE YASe F4HsE By Yste 850, 1050, 1250,
1350C 9} AgE FARAANZ L2 #E3to Fig 1-7(a), (), (), (Dol eI
At

850ToIM 33 AgETe BFF Fig. 17@ X 2 42 27i=
50 ymojWiolny 7|8 H o= EFAT & YAE Alold Fe Uz}
Eo] £X32 U], ol 850T YAt I7IREIA YApAlo] AF3HA(UCL)
olde] 94zt BEE Hole Fig. 1-69 A4 435 dXge Aoz Yeiytth

1050TC ¢} 1250C &= oA 33td Alg§ #E¥ Fig 1-170)% (©dMe ¢
A A719 #Fa B¥L FHIY, 850TH 49 kg 53 713133
A FeHE 7R AAE F3tot

URkH o 2 BE(miner mineral)S EH ¥ 33T AL 229 F52A Yz
o] ®¥#o] Frtste T Zi7ke FHE Uehe oz gelA Jou,
ZAWE 3 FroME 7IstetH ez S4HY F4E Boln A= g%
o oz AETAY W 7x fELE AAHeH F, AEWY R Uz 9
W dx zold 7|Qdstd E2Hoz R wgo] dojd W weol yy
AuHez dxrt ol A &3 wEol dojyu, 4R ZHe Yree



d tuna bone

ine
(c) 12507 and (d) 1350T.

Scanning electron micrographs of calc

(a) 850T, (b) 1050T

1-7.

Fig.

¥



Fig. 1-7. (continued).



Hi zpolz A duiHoz g wde] ¥z o ,
duzle YJakel Bl oj&E ¥ Ao FFE HPAIE FEYHee @

a2y 1350CTE ¥ Fig 1-7d)9 29, 42427 g 14 imo|y 7]3}
49l 9ge Rolm YAE Yok YU YREL ALH EE BEALA(C)
o] dojuts AFL Holn Yed, o9 Fej: YASo] TALA YA
3 2o AYste] A4S Jee A% 2 YRR neckrt AW HEE
JERRT Utk ol3@ A% nATEZ A8 He st 1350TANE ¢
427 BE A4 i 2
Fig. 1-6914 uehd @43 d213s RBolxn ot

7. uj X] (batch) A] 1

FAWMERE F£3 BAL 240] Ca(POs)s(OH),Q] hydroxyapatite 2 741 &)
o] Agol ALY i Fell, AXWE 333l F£3 olgelolE A A
AAQs2A olf 715 Aoz gudd

asy dzb] A4S 7t e vl Mgt Ae] RAE FA g8t
o] URE GJABE glasscenmics T} L& ZHOET F487] st
Kokubo and Yamamura(1985)7} A|A]3} o}gtelo]E X E o] E§H glass-ceramics2)
Wi X124 o & Table 140 JeRUTE AA 27 71AI7HF 0] 7153 Table 1-4
9] glass-ceramics B X]ZAJA CaO% P05 59 SUEHE FXWoA F53
hydroxyapatiteo] ] FFHTT AR ghosceramics®] ¥~ Z4& Adralnat o
Atk

Ca(PO.)s(OH),2] 8&t2lolA 1 molg 71328 39S @ CaOE 10 molo)
P,Os= 3 molo] FFHUT I8 282 Cai(POg)s(OH),Z 5 € CaO7} 0.447 molo] F
FHGI 7P3IE CaOe 447 mol%2A 9 A& UEAL £ o, P0s9

o



Table 1-4. The example batch suggested by Kokubo and Yamamura(1985)

Element Mol%
MgO 4.6
CaO 44.7
Si0O, 340
P05 16.2
CaF; 0.5
Total 100

Table 1-5. The modified batch composition of calcined tuna bone

Composition Mol % Chemical Amount(g)
oun
(Formula) ’ (Formula+Loss+Gain) &
MgO 4.60 MgO 1.31
SiO; 34.00 Sio2 14.42
CaF, 0.50 CaF2 0.28
CaO - P05 58.01 10Ca0 - 3P,0s - H;O-H,O 41.10
P,0s 2.89 NH4H,PO4-NH3-1.5H,0 70.64
Total 100.00 Batch Total 127.75
Final Product : 100.00 |Weight Change -27.75 ie. -27.75
“From calcined tuna bone.




744$ 0.1331 mol(0.447 x 0.3=0.1331)2) 13.31 mol%Tte] FFE 4 7] wEo

POse FAWe] JEHg 12 wj& Table 1-49] A& HHAZL £ Qg

ol BZ38 P,0s& 16.2-13.31=2.89 mol%¢]E &, NHH,PO, 5& =5 g

g 24 AL d(Andrews, 1957y me} 241§ 3} Table 1-5¢) Vel At
ZAWME 35 JEToZE AAE 2HAY CaO, POsE $A3] A

B = AU, WAY Y 2 et 9 e FAY @ Wt

ARA9E Ao g Algd



A 4d A&

T4t oM dF HrlHe oWE B FIUAs 28 LA 8§
37) flst] FAWE HFe2 850~1350T2 3|3HA1A 52T hydroxyapatite®]
IFEYS ZARIA, HholAlgte el REHA UvtHLoE AR Ee g
stk Al 7hedE nEs e 2e AES U

oH
ol

1. 33} & F&3 EF9 33T d ME Xray FHZAT AAFL 2xu3ld
AAIRO) 1350C7HA = Ca(POs)s(OH, ] FA1E 7HAI= hydroxyapatiteAt 0.2 e}t
oo, 3lEtrefo g A3 oflmtElo|Egl= Aot d&E w3 TE Bt

2. 35 Fawe YA AVIEEE 259 Fvld "t JRFHog A=
ASE BHT, YA 27|12 FE 1050CAA HAE Jehg AEA o 335
L5 E 1050Co)37 AATAC 2 FAEY)

3. exste] BE Yt WSS SEMOZ 2HY A, o B &
A& akel wWake UekA @stch ey SeEs} Bobd 42 QA
o ALPT 27 YBYIA hehte A2 necko] s A Yt
27 ¥ 94 Z7bete AL Y

4 FAMZRE 228 ojelolE Ade AANYREZA o475 poz
Uebgth 123 glass-ceramics $3 2L ulol o Mehe 2AHANAN HBA
AH 2&F olnielolER sEHActe] AF A ¥ RoE Uehdo
gepd Mol 223 oivelolEr uoloMeyre 29 2z @
go] 7158 Aoz wudun.
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H 2 & 2HAlHo=z2 BHist Hydroxyapatite 2! WollastoniteZ}

=7 A2 EAM

A 13 HE

£48 QA 9B Fe 32A9 J15e dASAY $2a7] A8 A
& (biomaterial) 24 §7), 34, A2 S 0|43 A7 BAAHCET B
Al AP dtiNery 5, 1975; LeGross and Strunz, 1977; Grenoble 5, 1972;
Kotlensky, 1965).

ol AME F FEAEE FHY wWEO Zxr ¥3, 7HTAolY BEA3 &
4E FAF & e AL 7HAT JLeY ol AHAIFZ] Y AHEEHE A
WES F&o] ANH AL £4E oML S4WEE Yol sbsAol

Ro g2 <A 3Uth(Hench, 1991). ol EAE sZ3t7] Al AAEA
of +7% EZL FEAE XU Z”HAA W 223} HF(prosthetic)o] A
AZY ¢ Ae MBS F78A HAAcHLeGross, 1990; Jarco, 1981).

H JNAA] =7t ¥7] W&ol W F= ZAYFE(oint replacement)2] o &
222 ZYA ALLEE zirconia 32 alumina ceramicse W 9}o] 38A AP
go] sl ZIAHoR gEee FE9 AR ATET ARAIZA wet AW
o] :=3}5l+= FA7} AtHGrenoble, 1972). o] ¥}3) fluoroapatite [Cas(POs)sF2] <}
tricalcium phosphate (TCP, Ca3(PO.) )¢} 22 olBtElo|EAY EAEL &4d ¢
A WME FEAZ £ UL, olAAEd WAMEIY HEgo] Fol W 73t
334 Z&E T 7 Uoe Atdo] WEHAIUAM oluElo|lEAY EAES M3
A 5 (bulk materials) 24 AL8-317] $18te] AEAA As A7 AA W] Fx o
TALSE 12 S ERA &80 7Hed Aztge W A7t FFHD UG

ks



[LeGross, 1990; Paschlis, 1993; Hench and Wilson, 1993).

Nze] AN Na0-CaO-P0s7 8] Bioglass®s 44 VAL $55Q01}
Z57} ¥th(Kokubo and Yamamuro, 1985). o] sl Na,0-K,0-MgO-CaO-SiO;-
P0sAl S} Ceravital®e 2347 1A A=7t 243 Aoz U4 U
(Kokubo, 1987). 12]1} Kokubo 5(1985)& Nao]&o] 3§35 olstelo]lE e}y
A2ZA e YAZHAYAA Naoj29 HE2 Q3o F£E7|Zto] AAHT 7|AH
A A=} AstHe ALE Bt mEdA ZEE FIAIL AAEHE A
817] Y3 Nao]-Lo| &5537 & MgO-Ca0-Si0,-P,0sA &+ CaO-MgO-SiO;-P,0s-
CaFyA) o] glass} glass-ceramics 52 3 Z(fatigue)S 23+ Az}, wollastonite 2}
olmlelolE9] AARAS FH3E A9+ wollastonite ARZAS] & Fo| HoEH
AqUAE F7HA 71AHYA ZEE F7HA7le Reg Byt

olg}gt 71& 9] glass, glass-ceramics T2] o}ulelo]EA Algtz] A dAFol A}
{5 FUEAL Yty oz 3efFo] ol&HI ok Y AEA A
%23 39 F7]Eo] hydroxyapatiteo| & B3 L(EE 5, 1989), o] o] &3l
Agtel 2Z A EAd FaiA ¢ v gl a4y H2 B dFAEL #
2 WE BE 323 FR FEY 2RHEANY nFA 1350TY sx
(calcination) & £ 7} A & Cajo(POq)s(OH), 2] 318418 7}x]= hydroxyapatited & ¥+
& olulelo] EA Mgty Ao GutHo R ALREH slEAleke] thAEt] B A
E 2 ol(implant) A9 FLAESAZAMY 7S RIEHUTHol T, 1997).

wetd A 1ZoA e sEtES sty ZFR| WM F&£3 hydroxyapatite
o oj7lol 224 S BA MME 98 wollastoniteS H7Fske] mAFrEA)7)
Aty 2ZAe 2R%, vATERS 4Y3x T 54 UG-



A 2d 4%

1. 2984

22 WE 850TC A 3A|7F 3tA 3t 323} hydroxyapatiteE EZHA| 2 A7}
£(00 mesh)dled FFuY 22 29 o|F WA YP(dry milling)d RE
hydroxyapatite®] @822 ¥t H71AQ wollastonite(Z f- Al 2} 2] B4 F4] 3
Ab, BT 0711) GA] 850CE 3t4sty 4Asd RS SAEFZ ol &3lg =,
1 A& Table 13 )

2. 239y 9 ¥4

oA T Table 2-19] A]& S5g¥& 1X5cm A 7]19] vhbar) E=o] T
3te] 600 MPa ¥ o2 A3t

HAEB AUES A720 Po] Table 2-19] 2xzHo A2ty 2ZANE A
Z39tt old) M7z $&EE 5C/minold, WX ©E AlHe o]F
A A] Table 2-19] JERR A}

22" ANHUES AARFAAE Xray diffractometer(Rigaku D/Max-2400)2 &3}
=], 71719} 27-& CuK (60 kV, 80 mA)oln, 249 HYE 10~70° o]t} o
H 259 2402 4AZE AUY nARA S FAHAE R 7 (Hitachi $-4200).0
2 #A3AY. 4972 E 3L AuIAEAM AFAol /M FIEA Yehd
Z4 HWI1E MA3te dolA] #100, 200, 40022 Uzt Avpgt ¥, SiC 74
#10002.2 14 dutg RS AYPBE F8E A2 Bt Crosshead speed
£ 005 mm/mino] g o™, A4 ¥ 7|7]& Push Full Scale(Imada, Japan, FB30)% 2.
o, A ()3 Zo] &5+ 4-FH@-point bending) 0.2 5782 A|HE =3}
BoAE FaA



Table 2-1. Batch Compositions and Treatment Conditions

Weight ratio
(HAp :Wolla.”)

Weight(g) Heating rate

Sintering temp.
and time

Sample
name

HAp

1:1

2:1

31

4:1

5:1

10 217C/hr

10.00:10.00 217CHhr

13.33:6.66 217Chhr

15.00:5.00 217C/hr

16.00:4.00 217C/hr

16.66:3.34 217Chr

1300, 1350TC,
1400°C, 3hr at air

1250C, 13007C,
1350°C, 3hr at air

12507, 13007C,
1350C, 3hr at air

1250, 13007,
1350TC, 3hr at air

1250, 1300TC,
1350°C, 3hr at air

1250°C, 13007,
1350°C, 3hr at air

HYD

HW1

HW2

HW3

Hw4

HWS5

"HAp.; Hydroxyapatite,

“Wolla.; Wollastonite



M= 3wT2 ¢y

ol 714 ML bending strength(MPa), F+= applied load(N), i2 down span length

ly= upper span length, %+ specimen width(mm), 7+ specimen thickness(mm)2]
52 2zt e, @9 MPa = N/m® = forcefarea® AFa}Th.



A 3E 43 R nF

L A7 244

YukH o2 A A (green body)e Zt UAE Alolo] 25~60%2 EAste 7)T
52 2Z22Ed "t JAFER £ olFo] oy Wi s]F8o] 7
4t XL LZAV dojnh o] AEEE FTdte e FAA A¥AY
AHWsiglo] Adsrt dsEE WS n/NESolE} o a2y A W
A FZ3% MY hydroxyapatitex} §] ¢l Table 2-12] v ZAojA HYDA|E & 472
2xof FAIQlo] vfg HFs ALsrt dojub A¥A e U3} HHYo] Py
A ZgE JediUo

saesd e JA4arle] WaRe DAT A%, 130CAH Yxe o
A& n4LAY AR detde JAEY neck AT o2 AFA
U2 A7IEEE a2zl whet ¥slee FH(EE, 19898 HEou, Had
Hog B 2S¢ B FAZ E24E A HeumHE gelio] 2HELS
At o2 A EHEEY FA] 2F A dFE vHE e
2 Busdn. gy gAaslel me AAA40 THE £4¥(wet milling)o
2 2LEFAS A A 273N n@HAA o Aojrt

d e f2o YFY wollastonite(CaSiOs)7t H7bE AAEQ AlHL
wollastoniteo]] 2J3} M€ AN W&o 4279 2xo FARC] &
s3ra.

)

2. XRD 3 AEA
2ZeE wE 2B Y WS Xray2 #FsH Fig. 2-1(a), (), (©° ek
WA

— Q7 —
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Fig. 2-1. X-ray diffraction patterns of hydroxyapatite
containing wollastonite sintered at
(a) 1250C, (b) 1300TC, (c) 1350TC.



1250Ce 224E& #FF Fig. 2-1()9) HWIZ} HW2A|He ZHAAPGL
hydroxyapatite®} presudowollastonite2 4] AF Aol Utz L2z apatite-
wollastonite  glass-ceramics(A-W  glass-ceramics)®] ZAARAra}  /AEY (K okubo,
1987). $+H hydroxyapatite®] §tgto] Atz o g Z7lE FAIEQ HW3, HW49
HWS59] = hydroxyapatite®] ] &3]0 2J8t L&A}l whitlockite [Ca(POs);] A<
937 Aoz Jepgth olE FEo] ZAsE 900Te|ste AL G oA
£ hydroxyapatite®] Aol FAH, FHol EAEA P 900CoIFe x4
T P-whitlockite®] 4o}l HAJHrhes Buo} Y84 th(Grenoble 5, 1972).

1300C 2Z24e B|FT Fig. 10 2, HWIF HW2 24E9 A%
hydroxyapatite9} wollastonite7} AR 2 Yl 1250C 4224 FAIAC-
HW3e} HWS5¢9 ZAAZ4L 25  whitlockite’do]gx, HW4el ZFAAYAL
hydroxyapatite $}psudowollastonite 2 2}2} L}e}ytct,

1350C e AZAE #3F Fig 2-10)9 7%, HWIZ HW2e] ZAAE o4
hydroxyapatite®} wollastonite2 #3250} hydroxyapatite®} wollastonite2] - AjH]7}
243 A 238 75 AZexd BARle 9 AREE HAe Re
2 vehytth

3. uArxad

1250C, 1300, 1350C9] &x2 AZF HWIAH std® o njAl1txzE #3
& SEMARIS Fig. 2-2(2), (), (©°l 2tz Jehlileh Fig. 2-2(a), (), (9ol 4%
Zol 2ZAY e 7|FEo] EAsle FHE Holn Yok o Yuty
o2 waaAd oM AzdE Aetge A9 2ol uATFRE 713H A
(grain)7} FA EgF LREFHYI e E Bojn Ut

HWIA B ¢, 1250CAME A YAEH B2 7|F S0 B &
Ao AYPAT7} wkon, 1300CAME 713 thd Foldout AZo] Ag



-1"&.»"

. , . ’. . R e~
20kV X500 l———_J" %
POEZ SRy T

Fig. 2-2. SEM images of the hydroxyapatite-containing wollastonite, HW1,
sintered by solid-state reaction: (a) 1250TC, (b) 13007, (c) 1350T
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3 APt 22 1350CAMe Bt & 7]Fo] A4 =HAE, Fig 2-1(0)9
X-ray 24 A7} g 128 B wf hydroxyapatite] Q5-7} whitlockiteZ 53|
HE2M FAEE HO gaso] 93 7130 ARE A2g ALEEHGrenoble 7,
1972; Paschalis, 1993). =3 Z+ 4zl ZAAFH AdAdMe 737 H(grain
boundary)o] ¥ %2 whdel YRS YAV A3 AdAEH F o] Yo
¢ el Holxn Joh. AAYAEY HES HY4sr] H3td Fig. 22 ®
719 FAE(-QD, —Q) FEES EDSE R34 Fig. 2-3(a), ()l JERH AT
Fig. 2-2()olA 49 FLEE(—D)E UEhd Fig 2-3@)9 3¢ o AEEL
Ca, P-rich® e} hydroxyapatite’d 2.2 Hslon, Fig. 2-2)dlA dxte] 7
ARE(«Q)E YEPH Fg 230)% 35 ©] AEEL Ca, SivichZ YEl} o
B8O wollastonite®] Ro 2 s}obs et

ojol ukslA HW29] 7% 1300C¢ 1350TelAM A£ZE AlHY vArze
Fig. 2-49} 2-50|A 9} o] Faidt Qazte ZAAYHE Roln], ZAHE wet
T B0l A4 TAFZE & & ANTh o= wollastoniteo] 23] A4
B A4el wettability7} R7) WEo2 AZHT; n2oA YAE A4 YA
Bylol Z7l7h of71so] QAT §o] FUIBtERA YA BAWE wet &
dol MAR7] WEe Fg 2-2@), (), ©% 22 AFZEE 7HAe A2z A
Zreoh.

1300Col M 248 HW29] plAx A e & 73Sl #F = bi(Fig

™

4. 497} < (Bending strength)
Kokubo$} Yamanura(1985)9) w2 W hydroxyapatiteol] wollastonite®} 3t3Fo] F7}
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Fig. 2-4. SEM photograph of the hydroxyapatite-containing
wollastonite, HW2, sintered by solid-state reaction
at 1300T
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& & ARzt F/rsdn €2iA Ao, wollastonite7} 71 Wol FFE
HWINHES AY74T S48 Aoz A3 28y 1250T ol 3te] HWI
AHE £7Z AYxr} o} AYAEY S o ioh

13002} HWIAH-E 4-pointZ ZAYZ=E FA3tH Fig. 2-69] JeERHU. o]
£9] B AYBEE AZLE7} 1300Co| HE 18 MPa, 1350Co| A& 14 MPa
2 Jehd #3 d Z(articular cartilage)] Hth7 =<2 40 MPa(Kempson, 1982) K.t}
= E3ygA|qh, s} F(cancellous bone)?] ZAYZA T3 10~20 MPa(Audekecke
and Martens, 1984)o] ZH 3 & bt

1300C 2249 AYAE7} 7MF ¥ e Uehd RS Fig 229 o] 4
WHeg xIg 2Fo] doiwrl wWolzgt BYHM, 1350CAX ZHAYB =7
GA Bashe Ae U4 AARE we 84Y 2del FEl I A
wj Folg} Al PrhFig. 2-4, 2-5 F=).
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Sintering temperature("C)

Fig. 2-6. The comparison of bending strength between investigated
samples and the cancellous bone.
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2z W22 FZ3 hydroxyapatite®} o 7o AZAA £2& 93] wollastonite
£ A7betd ARSI AlgE] £FAY EA4L 953 2o

AxY oz BY3 hydroxyapatite?] AZAAL ¢ FHsPou, 7]
wollastonite H7t= A£Z2AT 7IAHY 2= F39 (S Yl AT X-rayd
Zoll 4] hydroxyapatite®}  woallastonite7}  1:19)  73¢, 1300TCo| 3ol M=
hydroxyapatite®} pseudowollastonite”’} & ¥ A-W glass-ceramics®] AA4S e
Wtk ey 118 g o A= hydroxyapatite®] Eajjo} o} & whitlockiteZd A A}o)
FEE At

ARz A AUE oM FRe ZZAL hydroxyapatite®} wollastonite7} 1:1
A ZAAA JEsTh 130T 1350C AZF 9 AYZ =< 18 MPa%t 14 MPa
2 747 U, o] AYRd=E QA9 A= FolA 8 H S(cancellous bone)d]
4%, 10~20 MPas} 418 Aoz yepyth
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A 3 = ZAlHo| 2|5t Hydroxyapatite AZix|o] EM
A 148 &

o}ute}o] E(apatite)= EXRT A B2 & orjdle AL ofyv, hexagonal
lattice®] T Z(unit cel)9} A pMO:)eX29] 3t3H4oM A o] 2= 27 34
Fol2, MOt X, ztele 3719} 17} fol&o2 FA7tsd Aoz ded §
oy, 248 A Y% e 2z J5e ANAY FEs] 9%
A A A & (biomaterials) F oA Ca/Pe] Uz} vl go] oJsjx o] ZA & otvtel
o|EA Meuuto] U5 5T AA WA L oAMEY FH AEY B
g 318y AYEAS JHAE Aoz LA U th(Paschalis, 1993; Albee, 1920;
Hench, 1984). ©]2| &} o}ulelo]EAle] EAEL YA (bulk materials) 2 A A}-§
&7] Qlste] MESAHQ] AT QA wo] Fxo FAS AxX S EEAN &
g0 71538 Ao g d7rt IA25 3 UchHench and Wilson, 1993).

A 279 A(0) &, 1997) FA WA FZ3 hydroxyapatiteE ©]-§& A2ty
Bael AZEANA hydoxyapatiteZ} M| 2he] AZAA L A EH o % YA}
27 R AR R 2FLTo] BAY] WS A% 23HE vehy
Ak g A 2BME FAHeE EwEAY PR E¥ fE9} o=
Q8 A4 TS (driving force)S Z7}A1# hydroxyapatiteA 24 2] &L F 13}
23 sa |

x§ 71&9] AFA Naolo] &fd coluelolE Aty £FA e AR F
ol A Naoj29 M&2 <lsle £87|3to] AAHT 714 F] Z=7t AdsHe
o2 HYthHKokubo T, 1985). wWetA Na o2& #F3A e &%

hydroxyapatiteS o}2] %2 AH4H-&(solid-state reaction)A]Z] hydroxyapatite | 2}

o
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9 2ZA9 WxE, 71FE, AR, TR QA2HA Fr9 vm ns)
32} &g}
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A 24 A5 2 EY

[
.

Z9Ed ¢ 23F Ax

w2 A 24 o2 ZAME 850TolA 34|13 3}Ax(calcination) 3}
%238 hydroxyapatite® %] 7}S(200 mesh)3led E3 4201} E(alumina ball)
3t 395 4242 (wet milling)3} 3ot

£

tlo

2. 34 ¢ B4y

Al 27] A¥AEE FAE7] A8t 3wt% PVA 8945 AT A (binder) 2
A 248 Iwmt% PVAE F7Istgith o] E 80T R /A" Azx7A Az
g & BEasta] 25xX30mme] A}z BEo Alg 25 A& ¥I 3 tonjom’S] ¢
o2 7IdysAnt Jidsld BHE A¥Ae M7ZA 600TE 1A §<t
FAs 771 ARAE FLAD F, 1L,000C7HAE 20C/min, o]F HAH =7
e 10C/ming 523l 3A17F ¢ 2Zdded, 23% 2= 1200~ 145
0C71A] 50Ce HFHo2 nFLZASYY ojdf 22 ti7] oA o] Fojzh

2ZA M9 Yx(bulk density)®} 71F-&(open porosity) 4 (DF )2 F3IY
th(Andrews, 1957).

UlE: Z;{'E—?-}" .............................. (1)
= AlHS 287 R — 50l A 2|A|HEH
AlHEHA
7]%%: = x4 T_i .v.. ---4;-cn.¢o-oo'¢¢acoccctttd¢a¢¢¢connooacc..oc-ocaocooo(z)
MA (7|2 EE) ‘

22" AUE9 AL Xqray diffractometer(Rigaku D/Max-240002 #4319
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ooy, A 248 Cuka(60 kV, 80 mA), 260 9] HYE 10~70° 2 34tk o
£x o Ao wet A2ZE AU v F2e FALHAE Y] 7 (scanning electron
microscopy, Hitachi $-4200)2.2 ##AsQPtt. . FAH L AudPA dxg
1880l 7H¢ Y& 1300, 1350T ] AlHS A3t A 23e Bz 5Y3
| dobA] #100, 200, 40002 Y} Avkd F, SiCHST #10002.2 w4 Av}at
AL BE 238 AHoE 34t Crosshead speedt 0.05 mm/mino] g0 1, A}

£% 7]7]= LLOYD instrument(England)o] 2.1, 4 (3)3} o] HLE = 4-HY
(4-point bending) 2. 2 5709 A|HE ZA3lo HFAE FT3HG

J

X

N
o

e U D e e,
M= 3w T2 (3)

o 714} M-& bending strength(MPa), F= applied load(N), /2 down span length, J

& upper span length, w = specimen width(mm), T+ specimen thickness(mm)¢] 3}

52 ztzt Jehis, 99 MPa = N/m’ = forcefareag® $Abslch.
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A 348 43 2 2@

1. 23A 9 9% 2 JFS

QYA Eulk densit)® 23] Fig 310 LERRYTH Fig 31904 8
o]% WEE 1200TH A 249 glem’, 1350CAHE 293 gem’a 2FLxe =7}
o wat ZF71sltizl 1400C HEE 285 gem’E ZAse AL Holn glo,
1300TE2eNA 7hg ALe 220 olFAASE YeIYD ¥ 5 g 9H
1300CH 29 Y&, 292 glem’9} 1350C S UE, 293 gem® = Grenble £(1972)
o) AAEE, 321 giem'o] ZH3E Roz Yehdc)

718 & (open porosity)S 54§ Fig. 29] A%, 1350C7HX e 71F&0°] #Z4asig
7h g o2 L E JIFEL YA FTUMEte BEE By Ux9) sEE
%S Jein U A2F2xo ©E 2ZFA dx9) v|FEY HIE 43
Ao AAz v Wsle} Aol Qlvh. AAZ hydroxyapatite?} wollastonite
7b 119 A uATzE #AS A 239 ZFS 1300CY 234 B9
1350CoN 2 71%0] FAHUT, 234 £ hydroxyapatite®] ) 23jo] <3t
shitlockite(Ca3(POq);)’3 ¢ A7} X-ray#ZoA Yelgth T3 22250 @
22749 dx9 71 F & WIE hydroxyapatite®] YH7} whitlockiteZ Esjgo =z
M EAEE HO gas7t £2ZA Y 713 &S WIATle RdE dYo] e
o vl gtc(e] F, 1977).

4 dAYez S4EAE AM2g S, hydroxyapatitexld = B E L9 $
AR wZod AFLxo TAGCl XLs HfHo] APHA R3jPou, &4
22 AHYg AdMe ANY3 2AA7F R Fig 332 FA4YOE 244
B 4AY oA FZRE el e, 94Ae 37l Hd 2pm o EA
FHH o3t 2ZFFHo] AAYeR SHEAS AN AS g FoHe
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3.0

Bulk density(g/cm3)

24 T T T Y
1200 1250 1300 1350 1400 1450

* Sintering temperature(°C)

Fig. 3-1. The bulk density variation of hydroxyapatite sintered
as fuction of temperature.
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Open porosity(%)

T

1200 1250 1300 1350 1400 1450

Sintering temperature(°C)

Fig. 3-2. The open porosity variation of hydroxyapatite sintered
as function as functions of temperatures
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Fig. 3-3. SEM image of the hydroxyapatite powdercrushed
during 24hrs with wet milling process.
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2 ol 274 Jgxrt 2 ZAoE AGEHUG
2. XRD 33dEH

2Zexo g A|HAY WIE XnyZ FHIA Fig 3-4@), 0] JERAA
o 2Z2xo wE& Ao ®#s= Fig. 349t 2o] 1300C7AY AAYGL
hydroxyapatite(Cai1o(POs)s(OH)) A TF. 22y 1350Col4te] AZAAZES E43 Fig
3-4(b)ol| M| = hydroxyapatite®] 312732 whitlockite(Cas(POs)2)7} 23322 Yehy
7] Al&AsE R, 1400Co) A<= whitlockite] AAArS] a7t Aoz Fr1s)
T Aoz yeyd.

LeGeros 5(1990)0] @2 HEHZHE F23 olgelolEY 1f FAoR
Me 8o EA3= 950Co]dY 2% oA = hydroxyapatite9} hydroxyapatite +
CaO7} &g 3Pt a2t & AFolA8 o] 1% NaOH &4 & o] &
&t AJEAolA  hydroxyapatiteE: FE& AT AZF2E  #AIRL]
ol YA+ e,
ol hydroxyapatite®] F&WH olo 71¢ste Aoz wudEn. o9 #2 7
3o ool 4w S oA hydroxyapatiteS F&3 ZHASAME 1300CHZY &
T oA hydroxyapatite®] ZAAAdo] AN T Y3 AAE JgHIUS
Kempson, 1982; Audekercke and Martens, 1984).

hydroxyapatite®} hydroxyapatite + CaO7} #&3}&

Jim
oXx
tlo
z

3. A E

Fig. 3-5@)% 1200C, (e 1250°C, ()& 1300C, (e 1350, () 1400C, (f)
£ 1450C9 £58 Zzt A7 Al gdd vfF2E BFdA Yehd A
ot} Fig. 3-5(a), (b)ol] Holx A YAte YAEY HEHAE Frlste 03
02 neck7} BAH7] AFsle 229 27|9AY 2L S Holm Yt o]
% Fig. 3-5c)¢ 3-5@ Xt Zol Maue 71§ Zad dAS0 FE A
AgE, 71F8Y #Aa7 dojde e GukHQd 2FA 9 vAERE U
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- . e . Hydrox et Cand PO O 31}
1300T 4507 o O ny, yapalitetCa s 2
i ) tite(Cant PO ) .
: ] ydroxyaoa itel(Can y ) ¥ whitlockite(Ca (PO,
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(a)

Fig. 3-4. (a) X-ray diffraction patterns of hydroxyapatite sintered at 1200T,
1250 and 1300TC in air, (b) X-ray diffraction patterns of hydroxy
apatite sintered at 1350, 1400 and 14507T in air.
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Fig. 3-5. SEM images of the speciman surfaces sintered by various temperature.
(a) 1200, (b) 12507, (c) 1300T, (d) 1350, (e) 1400T, (a) 1450T,
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B ok ol EE9 71¥&E& 533 Fig 3-17} Fig. 3-20149} o] 130
0CHZAN 7HF £ WEs} /A3 ¥e 7138S vetd 2383 dx3iy
gy o] olde gxoME dAY A% hydroxyapatited] YR}
whitlockite 2 BP0 24 HAHE H0 gasE U§ #H 71T Z717 Gojuiy)
m 2o Fig. 3-4(e), (O & ulH7EZRE 71XE Rog woadrio] 5, 1997).

4. 7} % (bending strength) 3

A2ZAANR FA Addrd ZHR 0% 71FES JHAE 1300C S 135
0T A2ZAHE WA 4-HYPog Fx & FA3A Fig. 3-69) Yeli o
o9 HAZEE AZFLEVL 1300TA 7 35 MPaojgloy, 1350C A%
58 MPag 27} ytERCH

Aoz WA S Mg A 379 H9(Kokubo F, 1985) ZF=7F 74

T 22U FE 18 MPa2 AN YEgtow, gAYos SEEEE A
3 1350C 9] Z =& 58 MPaZ Ueld o] 59 3u] ool ZE& wH3IA. o]
9 AAERANE FEEAY dAANI} 22, U9, 71FE 2 BE 59 2
& B4 A3 4FE viNT WA B Aok

o] 255 AA Y W} vimsRE 1300CLFAAHY X, 35 Mpa> #H
A Z(articular cartilage)®] H7ZE¢l 40 MPa(Kempson, 1982)o] Z43tg o,
1350CAZAIHe] ZE, 58 Mpa2 FZF(Cortical bone)d Hx, 40~90
Mpa(Audekercke and Martens, 1984) H ol == Ao 2 Yelyc
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160

v
140 4 ® Hydroxyapatite
O  Cancellous bone(Max.)*
¥ Afticular bone(Max.)*
‘S 120 - v  Cortical bone(Min. and Max)*
E * means not depen
=
Sy 100 -
5
E=] ;
ap 80
g
o
5
foa 60
v
40 - v
20 19 _
1300 1350

Sintering strength(°C)

Fig. 3-6. Comparision of bending strength between hydroxyapatite
and human bone
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A 448 48

A WIZFE FEF hydroxyapatite(Cain(PO)s(OH))E FAH o2 F35td
TFNZAZN A2ty AZAA Y 4%, AR34, vAFR € ZEE 13 AYge
O 2 288 4o

A7 9] Yx(bulk density)s 1350To]A 293 giem’2 vEb} o]2W L, 321
glem’®} 7)F-&(open porosity)2 0% 2SI RoZ Jehgt

272850 ©E Ao wWsldlA 1300 C 7R = hydroxyapatite(Caio(PO4)s(OH).) &
o}, 1208 Z4E hydroxyapatite] 3o whE& whitlockite(Cas(PO4))7 2 A
Aoz vehdr] Alastgt
Ao @E UATR 9A R00CAAS YAELY HAEAHFE F713)
FaFo 2 neck7t BAET £Z2Y 271949 FHE EAL, 1300THIZAA
AW 71F 24 dASC] 45 FeA AZEHA, 7138 Zavt ¥
ojus e vAFEE UeUAth a2y 1o g AF4E A 43
hydroxyapatitle®] %7} whitlockite2 Esj= 22 FAE= H,0 gasE 213 o
7139 $7v7F vebe vATF2E B2

AZLE7} 1300CS A$ 243 5+E 35MPa 2 1350CH A= 58MPag Z+zt
el 2375w 2F2Ed YEFE BYth ol LFEE T E AW
ZxAtols 99 713E FHAM MY 4 22UEY W2 VFE0l Y
EhdE 1350C 2] AZAHe] 130T e A|HREY 43 A= g 2ds= A
Y3t HTh 1300CAIHe Zx, 35 MPas T4 9 Z(articular cartilage)®] Hoj 7
X, 40 MPaol] A3}, 1350CAIHY 7%, 50 Mpa& F 2 Z(Cortical bone)2]
735, 40~90 MPa ¥ Qo] =& A2 YEelyd.

rir
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M 4 & djo|2 Z2fA71 M7=l Hydroxyapatite =&t

ql Glass-Ceramics?| EAd

A 1d HqE

A} AP} =2 AHEE F Ue 558 57 Adgart 98
2 4L A HAYG W d] 52 FHY Mg 2 FEE
I 3oy ol A7 A AMRHE AIRIES F&o] AA9 viE A
gEe o2 wgdi "ok o] Yo e A3 HFo] Y AYT + U
€ Hlole Aty ist 2 Y] e AANRE FTEA HUG
(Kokubo, 1987, 1985; Hench, 1984; Hayek, 1963; Raemdock and Nowsly, 1984).
e &M F2 ME h&dt ALEHE Hlol Mgt iE ALRE AZXFTH
B oy F2E ulges AR EREd. ol mAFzd oE& FRde
glass, TFAA A2} X(cast of rapidly solidified polycrystalline ceramics), T}A %

(¢
i

I

glass-ceramics(polycrystalline glass-ceramics), Y4472 A2} 2(liquid-phase sintered
ceramics), TAYA7Z  Alg}9 A(solid-state sintered ceramics), A3 A2t9 T
glass-ceramics(hot  pressed ceramics or glass-ceramics), &-d fg &
glass-ceramics(sol-gel glass or glass-ceramics), TH/}-E §HA] (multiphase composite) 5
o] it} (Berger et al,, 1989; deGroot, 1983; Craig, 1981; Chan et al., 1992; Hulber
et al,, 1986; Kotlensky, 1965; Kronenthal and Oser, 1975).

o9 mATR Aol F=2 WU AxAY F9 A Fx FH$
goj olf A9 &xE 8FHE EA4CY 7T " ZFHA. & S
ALOs9] ©AA Atgo]of(sapphire)e ¥ . WEo AHE oHAMER A
£ 9t} (LeGeros, 1974; LeGeros, 1967; LeGeros, 1990; Racqel et al.,, 1993).
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olg A2ty 2@ZFo|AM glass-ceramics©.2 A BEE Ceravital®e QAHj ol w)
a7k Hdl 150 MPa] & ZIAIAYA A= Jeliiy AsMEAe] gsige
92 YElt} (Bromer et al., 1973; Grenoble et al., 1972).

el YEHH A oivelolEx AW, iy e FIP4dHe=
Az & o, oA Az AU olfeolEX AAWBEL FEr} s}
€ EBAE 2 3o HddA AT JAFARI} ol€HT Ut o]F fEE
Je7t kst WE HY dAT £ fdor ZE Loy ANELOT J5F
Aoz dHA o] BEd HHHozr HEY ¢ v AL glass-ceramics7} F
ZS o]t} (Ramedock et al., 1984).

£

Glass-ceramics= A A3 HJPHAE T HIE 249 7|2 /S HA A
Z% v § 4 AR Y QAE Fuste @A B S AAH doA
t}. Bio glass-ceramics% Ceravital®2 150 MPaZ s 9] =& 7]AAQ #EE Ye}
Uiy A @Ao] ofsjt). whHo] A-W glassceramicsE Ceravital®¥ T}s =2 7)7)
A Zdxst & HAEAEE Bo VP vl AT RER ulole AMEguiz A
1t (Ohtsuki et al, 1991; Beger et al, 1973; Audekercke and Martens, 1984;
Kokubo, 1986; Kokubo et al., 1987).

FA W 2R E 553 hydroxyapatiteS 2L EAZ o] &3ty Az nAuLL
Ao 4L &3 A 2789 A$ hydroxyapatite A gHe] AAREE wj$
P Aoz Jeigth a8y BEZ=28 93 wollastoniteZ H7}ated mAbuk

AlZl AZ A= hydroxyapatite®} wollastonite®] FA8]7} 1:120 2L 1350C oA

4 F5 224¢ JehlE R0 AU oS F AANTH ¥ A

A4 hydroxyapatite’d 3 wollastonite} 0 2 e} O, o] A|HY Ar=
17.91+0.19 MPa2ZA] T4 A F(articular cartilage)e] HH7Z Q] 40 MPa Bt} 2

8t o u, 3 S (cancellous bone)d] HtH7FxRl 20 MPad] 2H sl AL g el

U 472 AZEMY FEe ¢ g Aoz gAY ety 4 3

¢

o

Ol

U %
2 nh‘.
p

°l

e

— 126 —



Ao FAMZRE FE3 M hydroxyapatiteol]l wollastonite®} nlo] @ Zef 2

=2

2

W7He BYA D glassceramicsg Az ZE AL AEHRA AT
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A 28 As 2B

1. A=

Table 4-19] ZAZF BG12] Ca0, P,0s9] EFFdozAe FAwor FZ3
hydroxyapatite © By BG22] 749 CaO, Si0,9] T FLLE A= wollastoniteE A&
sttt BGlel 7S olyfelo|lEg By FFHA &t H3AQU Cak9 Mg0 5
& CaF:9} MgO 8}8HA]o}(unsei Chem., Co)& 2422 o &3t

o] S22 Ao AHEE wiX 24L& Table 4-17} Zt} BGloZ Hwd
vfo] @ FE A& CaO-P,0s-CaFr-SiOr-MgOA| 9] frelolny, o529 ZAE CaO
49.9, P,0s 7.14, CaF, 04, SiO, 3542, MgO 7.14(mol%)o|t}. BG2E CaO-SiO,7)
FEl2A o]E9 FAL 333 Ca0, 66.7 SiO(nol%)o|th. BG1S A A& Ao] Ut}
3 42l A-W glass- ceramics®] Ao 93ty on, BG2e AWM +=&H
el whgol oA olmtelolE 4g FAIUT €I uloledHa A4
233t AA3 Ao|t} (Kokubo and Yamamura, 1985; Ito, 1986).

2. AWy
7h upo) e 2 e 2o AR

glo]@ 29t EA L glass-ceramicse] A|Z WHY-& Fig. 4-13 2t} BGI
o AzE voleZY~e] BGlY ZASL RANE FFeta] vy B
A7 £PRAT. £2E MAS WE S0 old 1450CHM 3A7 £4
$ ¥ Fu(quenching)A|Hulo] @ Zeh~ BGIL TERT

BG29] A% shefueld FAZ EEY WS WITsho] Toh600T
N 3A7 §8% F Fu(quenching)l# BG2 glass® ©SAY. AZY BGL
BG2E 77} B3l 200 mesh(’5 pm)oldt2 AMFEs BHA Az &%
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Table 4-1. Batch compositions of bioglasses, composites and glass-ceramics

Composition(Formula) | M% Chemical{(Formula-Loss+Gain) | Amount S;m aril ee
MgO 7.144 MgO 4.60
CaO’ 49.8698 | 10CaO - 3P;0s - HyO-H,0' 38.16
$i0o, 35.4141 SiO, 34.00
P05 7.14 CaF; 460 | BOI
CaF, 0.40013 CaCO05-CO, 41.74
Total 100 Total 119

*From Tuna Bone

Composition(Formula) | Treatment Conditions Sample Name
CaO - 28i0;” melting, 1600°C in air BG2
MgO-CaO-Si0z- | | lting, 1450 in air BGI

ons-Can

*From Wollastonite

Composition(Formula) Treatment Conditions Sample Name
Hydroxyapatite : Wollastonite : BG1 900, 1200, 1300°C Cl
(35 : 35 : 30) heating rate 217 C/hr
Hydroxyapatite : Wollastonite : BG2 1300C 2
(35 : 35 : 30) heating rate 217 C/hr
900°C
BG1 heating rate 217°C/hr G-C

— 129 —




BG1, BG2 Batches

Meiting, 1450,
1600C
in air

Sieving(200mesh)

Hydroxyapatite:Wolla
stonite:GB1/BG2
{35:35:30)

Sintering, 13007C in
air
{Composite C1, C2)

BG1, Sintering, 900C
in air
(Glass-ceramic)

XRD

SEM Bending Strength

Fig. 4-1. Experimental procedure.
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=22 ol&si

R e B

Hydroxyapatite : wollastonite : BG1-& 35 : 35 : 308] FAHl(wt. ratio)® &3
- uhan¥ o] HFE=E o] &3t 600 MPao] AEtoz FYsAth olg AW
£ ti71F9lA 1300CE 347 EAstd E§A Clg Az ol 29 52
&5 & 217C/hrol k.

H3A C29] 79 hydroxyapatite : wollastonite : BG2-2 35 : 35 : 309 F-AH|
(wt. ratio)2 Efste] vhbanF o HFE=E o] &3t 300 MPao] HEgoz A4
ot & B3 Cla 22 xPos Ao B Q2§ A3

t}. Glass-Ceramics A} %

#4449 BGl ulole A BES uhbar) 4EE=E o] &3t 100 MPa9] A
oz 4YE F di7Igsllln 00T 442 GH2j8lo] glassceramics?) G-CE A
Z3H old) 29 s2&EE 60T/ ol At

Z. XRD 33 E4

X-ray diffractometer(Rigaku D/Max-2400)E o] &3} wjx|ZAlo] & A ZAAH
o A FxHESE £H3dedl, ol 2H-& CuK ¢ (60kV, 80mA)o|T, 26
o] WE 10~80° o]Qlt.

ol 2F4ANHY Bx FF

Cl, C2, G-Co AZAAHL ovulx] #100, 200, 400082 ZAF F #10002]
SiC 3¢tig2 uiA| dviste] 4-point bendingW o2 5S4 AHE A& HF
g ZBrgtew sty X4 A ® 717]E Push Full Scale(imada, Japan,
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FB30)o) ¥, crosshead speed: 0.5 mm/mino| Y1 75 ZA o ALLR A 279 A
4 ()T LS HHoE AL

ul. SEM #&

ZE A T A¥E yodwy vz A9 AEES FARRAE0A
(Scanning Electron Microscopy, Hitachi $-4200)0.2 1 &3ldd.
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Al 34 439 2 ng

1. B39 XRD 3AEH

Cl3# C2&= o}#e}o]E 9 wollastoniteo] A-W glass-ceramics®] 718 f2] 2 Al
Fste BG1 frejsh A Bz ghgated AHHo2 RH o}
gejolEE AT ¢ BG2E A4 Hubstd Axe EFAY Xeray #
Z ZAE Fig 429 439 Z+z dehdidoh o714 A7kE BGlT BG2 #2849
7= A-W glass-ceramicso| A Ex)dt= 59 FAM ZHIAA HMAEH
o

ClEZAe] A9 FARAL pseudowollastonite( ¢ -CaSiO;)$} tricalcium  phosphate( 8
-TCP)o]™, hydroxyapatitedl] HA&EHE Hae BIAHZR] GUchFEg 42). ol
hydroxyapatite7} i1-2oA &35 TCPE A7 wWEolet AsdEn. =3
CQ2ERA 9 BSE CLEFAYG vxd Z3¥FS JeblthFig 4-3).

2. Glass-Ceramics2] XRD 4

ZAawol CaFy, MgO 53 22 SYPJAE EFsle st dE H71std A
Z3 Ca0-P,0s5-CaF,-Si0-MgO7| o] F8l2HE A ZH glass-ceramicsQ) G-CE
XRDZ F73% Z#E Fig. 4-40] Yehidoh

Glass-ceramics®] X-ray ¥4 Z oA Fig. 42 2 Fig. 439 A7st= (&
A Atoldt dArS Holx Utk =, pseudowollastonite( a -CaSiO;)9} S -TCP2] 9
fluoroapatite7} A= ATt ol W ZAJd A CaFyr} g
A 7bs) A, hydroxyapatiteE A8 4= A= OHYol {17] @l fluoroapatite”}
HARAE Aoz Hordr.

3. B3Al 9 F=SA
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b Z B -Cax(POM{tricalcium phosphate)
*
L 2
\v)
v
I g .
v 1
v
L ve * * V'S
7"7"([!"](!l‘lfjllifrrTll‘T}fIl1!ll'I!Tllx“lll‘llll(llll}lll"lll‘]
10. 20. 30. 40. 50. 60. 0. 80
26

Fig. 4-2. X-ray diffraction pattern of composite C1 sintered at 1300C for 3hr.
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v & o -CaSiO:(psevdowollastonite)
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Fig. 4-3. X-ray diffraction pattern of composite C2 sintered at 1300°C for 3hr.
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@ o -CaSiOs(pseudowollastonite)
@ Cai(PONF(Fluoroapatite)
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Fig. 4-4. X-ray diffraction pattern of glass-ceramics, G-C sintered at 900T
for 3hr.



Ciz} C2EHAY Zx FAHZAE Fig. 459 27 Uehlido. 1300T oA A
238 B Clo 2T E 53.82+96 MPao]Q.om, C29] A< 2996+ 149 MPag
el 1, wollastonite¥HS H718t BgAaZdA o 4= of 18 MPaRt} 3~4u) 2
27t FAHE AFH7F AT o ol Mgt ARG FolA
wollastonite®] FFe] Ea7t F71EE Fx9 F7P7F f=dvta Bug ot
2l Agel Aot A3 & YA A2 Btk FxFIWAAAM B o C2

= cancellous boned] Hul 7% 20 MPaE 2 #3&¢H 1 Cl-& articular cartilage?]

rr

Ho) 2= 40 MPa(Kempson, 1982)Bt}t $53 Z =g L&t Aog Yeiyt
.

£ Cl1e C2RTH & ZEE Uiy ClEgAY 22exd ¢ Zx ¥
32 1#E3st9 Fig. 4-69] YU 900CAE 6339+556 MPa, 1200C<
749 81.21£220 MPa 18] 1300Col A& 53.82£640 MPaZ JEeh} AZLT
ez Zert wEstes Ao Jehgt

lo

4. Glass-Ceramics®] 7%

AW glass-ceramics£ Aol ZHIIEE AR vz At XS
AxmWz hAsled &§, FE3t 2ZE glass-ceramics?] G-Co F&x FAHZ
BE Fig. 479 JeEMRQUTh Fig 4-7904 Hol% G-CY Zxe 90+05 MPaZ
Uehd, 12000914 4223 29 Cle ZxBt} 10 MPa 35 3718 2o
2 Uehg s B o 3 AAdE As82M M steAE Hole
#e Boln Ut WA FE S WA glass-ceramicse] 7HF A RL
2 Jeigter, £3 ol 2Z2x7AY 2429 434E T3 22 Az
o] M2 EAsle ] AT AU FF AFAARA o} U

i)

5. B39 viATz A
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Fig. 4-5. Comparison of bending strength between human bones
and composites, C1 and C2.
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Fig. 4-6. Bending strength as a function of sintering temperature
of composite, C1.
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Fig. 4-7. Comparison of bending strength between glass-ceramics,
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ETA Cle 24250 ©e Zx¥srt #2HA7] dEd ol s¢% =
FAME 222 Ed e vz w¥std ozt Fert WEdE ondie
Aoz B F o] ol tAHAFEE Tl nFuz P ol AZLE
4 Zxe ¥ge vAFxe 24 gEAC] e AR FIHYY] A E
E3A C19 Zx &3 F A9 gdd oAz E #2388 AL Fig 4-8(a),
®), (©)° Yepl A

E8A Cle] 272k @& nlA7xe] W3l ¢FS 4HEE 90T A9
ol F2E FEE Fg 48@dAMe 2Lse] 27|GAZ APdHe AR e

4o ttire 713 Yoy wie AL, e AP0l 2dF YAE A
o ZAste e vATE 23 & Holx Ut

1200C o] mHF2E BFFE Fig 4-8b)9 A5 dA9 2717 oF Lpmd #
& Aol w2 glon olE AAEo 43 JdFILEMN A& F/HIT
Aoz gotslt. mEtA of & AR o] 7HE Bol EAiste 2x A
S48 ZES 3Y Aoz yAHE, 259 3249 94 120009 A 47}
M B B2 g Uehio ojg I REFE BAH

3 1300C2 2Z% A9 Fig. 480l Holx HelZFg 22 A
(matrix) &of 2t2 NE4So] EAste Feo] Az F2E dehia o
YutA o2 Aot YALFo]l doljd A YutHe R ZFxe A4 @dn ¢
A dedl, 1300CAA 223 EFA ] Z¢ 900TS 120009 2= B4 T
g B geix E3A Cle Z=FA Yo 2ZAMT wollastonited o] A A=
1200CA M HEEE0] JARETS A2 Ao daix Zxr7t F7b
4 AT #EE BiAM U & AU

Fig. 495 B¢ C29 vAF2E #AT HAoZA, oY vAFRE A
271%¢ WE3L gled 1300C2 A2F3 A9 Clo mAFRE YEhd
Fig. 4-8(c)9] &a2d3 Z& Zaj(matrix) o] 2 MEAE0] TAstes el

rir
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Fig. 4-8. SEM images of the fractured surfaces of C1 samples
(a) 900TC, (b) 1200T and (c) 1300T.
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Fig. 4-9. SEM images of the fractured surfaces
of C2 sample at 1300C for 3hr.
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|22 229 FAH Aoz vebdo

Cizt C2 EA s ZAQAE9] feistet 23 Ao st 2= 3
o] Hole Aoz H|uso FHuh o] PAL hydroxyapatite®} wollastonite S
DALAYC 2 WEAIA PlHFRE BEY BALdME YA fAde] B
7t ol AAITH A3E] & dFol YAste AT F oA ¥ o=



Al 44 2

2w 22 E F£3F hydroxyapatiteol] wollastonite®} A-W glass- ceramics] 7] %
FelEAd Pt Ca0-Si0A S frel ¥ Az g} w3t o olgtel
|ES AA4TTD ¥ CaO-SiO-P.0s-MgO- CaRoAle] #eE A7bste §A4
3 B} glass-ceramicsE XRD M EM, Fx&AR 7 vAFRE 33 2
o 22 488 dUT

[

ik

L Xy 24 2z BAE9 ANEE Wlsle vjole Seie] ZF] A Qlol T4
& pseudowollastonite( @ -CaSiO3)9} tricalcium phosphate( 8 -TCP)2 WElTh 1
211} hydroxyapatite®] 2ajo]] ©E TCP AA S 2 hydroxy- apatite®] & B35 =
ey

2. Glass-ceramics®] X-ay EAMolik= pseudowollastonite( @ -CaSiO5) 9} S-TCP &l =
W2 Ao ¥3EH CaFo 23} fluoroapatiteddo] &5 ¢ict.

3. Hydroxyapatiteo]] CaO-P,0s-CaF,-Si0-MgO#l $2 % wollastonite7} H7}€ 2
Ao oATE ¥st AL 900TCHA mf$ Aday, Fejdn 22 2
(matrix)ol] A& AAAo] EAde FAE YEis oh W 1200CTAA
e o dejo ARAEC] UedE FHE HATh 2y £F2EV} 1300T
2 Z7hsld 2A AzRA7I7F F718kn AR E F2E HoldHe FH Y
24& Byt A CaO-SioA frej7t Arkd BdAY vid7xE FaZ
% e EA(matrix)o] HEEH Aol EAe FHE YA ole
nAE 2% YAt AEE £ Y' 2FFAL 2PN ZFE HHo
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4. CaO-P,05-CaF>-Si0-MgOA| f2|7} H7td 42ZXH 9 Zxe £Z2% 71 120
0ColA 81.21+220 MPaolon, Ca0-Si0Ae fel7t H7td EdAes
29.96+149 MPaZ UBly Z% FWo|X CaO-P,0s-CaFo-Si0; - MgOA 9]
T2 H7k7F CaO-Si0 Al #2] ¥/t Bok Aot

G| ol A FZ 3§ hydroxyapatiteS CaO-P;0s-CaF>-Si0-MgOA] #239 245
A8 2 gstd A ZF glass-ceramics®] ZE+ 90+0.5 MPag2 Ueh} T AU
& AAAMEEA 7H 7hs A4S BYG
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H 5 Z olZA|ofl {9 Hydroxyapatite A2t =5tx|

Z2to| &

]

A 18 ME

1990\ d ol Hench $(1991, 1993)0] 7Qura}o] Bioglass®2 =3l Na,0-CaO-
Si0x-P,0sAl Freje ¢58 AA AHRAHES e AAFHEN FES EUW. o
* AE7A 2 7FA N ZEE bioglass ¥ glass-ceramics, ceramics Fo #3F 22
A 37F o]F o] X1 ¢ thHKokubo, 1996). Hench (1991, 1993)0] 743+ B oglass®
T 52 AAEEE Holu, 7IAH Zxrt avA A @ue Zel FAFL
2 AFH2 U4

gepx A sHgo] sty FEE F3A17]17] Y38t glass-ceramics X
ceramics®] AFWY T2 BIFJE AxdHn gov, AHZH ceramics,
glass-ceramics, glass 59 QUAFAY FoA A2ZAA A57+9 A H(bonding)d & ol
A= oo Bzt o F, 1990; o] 5, 1991; Kokubo &, 1987).

A7 o)A 7 & (Bio-implant material)2 ALEE7] SE S48 A WA
3 B717ke) 154 FA% e ZAol aPUL AYIA WA B$ SAol
A3, AAEstel Aol F& A duistel, T A AWAN 2o
g2} 715e A7 KRS Aoz oAd oa) AA WM §a), 4 wE
ALT 5 715 AHAIE d4e YoslA gojo BniE AL ojnlag

(Hench, 1991; Kokubo, 1996).

Bioceramics, bioglass & ©|AAE2AMY F&8HH7}t vi-¢ HEHsdr &
T Aoy dA gF YFE Lol o|FAL Y3, o]l AFF Uk 2
U ol& 7] o] A WANBEEAN BRE ZHE UET U3 AL EAEA &
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o Qg HIde e AEE ARG 8459 HUA AAZAl ddm
o2 2l hydroxyapatitel} glass-ceramics & FTE3IE F A EZHd e 479
2 3te] Alx7} A (lnadome 5, 1995; Berger 5, 1989; Cahn, 1992; Hulbert,
1986; Kokubo, 1985)51 Slou, AEAQ FAWE 2LEAZ AxF Ay
B3 o 3ary kAR e 38HA AP E HA(ulk) AEZAY A
Mg Aol #e A7 obF ¢ A uh Qi

wtebA ol B/HAM FAWMERE FZF hydroxyapatiteE ELEHE Az
g Aete BEJAE AF A Y(simulated body fluid) Foll FHAA LZAA T &
8} Z¥(chemical bonding)®] HA K59 0|59 AF WEIVIFE nFdtuA 3
R
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A 24 A5 2 WY

1. 2¢Ed
AA A5 B AFo| ALRH AIELS X WE 850TAA 3A12 34

(calcination)d}s] 323} hydroxyapatiteE 3Y ©]4 F2Lg(wet milling)dt AL
ZUEZE 33Ut Wollastonited] Mz A 2% FY3ch I ETFA
(composites)ol] A}&-F bio-glass?] FAS)A C1& 33.33Ca0 - 66.67Si0; mol% 9]
ZA4E& 7H1AE HiA(batch)E 1600TCAM, C2= 7.14Mg0-49.86Ca0-35.41Si0,-
7.14P,05-04CaF, mol% 9] AL 1450ToIA 2zt 8¢ L 33JAA RS Az
g & F338t glass-ceramics, B A BGl1¥ BG29] #U¢EAZ 3slfed, ol&
o] Az 2L Table 5-1¢} JehH AT

2. 24 BiA9 Ax

Table 5-19] AR LTS BB F AW 27 HAHE 2d3t7] 943 3wmi%
PVA 8o AHAE BLAR Imi% PVAZ Hrbstd Egsigoh oze
80ColN AZH F, 245t Smmx25mme] Az BSo] AlE Ig Hg ga
Lstonjem’e] ko2 It A¥sQ 7Hgste] TE HHAE Hrl2oA 60
0TZ 147 B¢ f A8t AFAES H2A F, GCL AP ZE AHL
LOOOC7AE 20C/min, o]F HHFLE7AXE 10C/mnE &3t 347 $9
228U AZLEE HWS @ HW6 AIUSL 1250TC, C1¥ C2 AJUEL
1200Co) A 4ZA8 % G-CE 600ToIM 147 B¢ #7842 22 ¥,
900C74A 1C/ming] $2&%2 7183 £ 4A7 243l AZAE ARSY
Tl
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Table 5-1. Batch compositions of bioglasses, composites and glass-ceramics

Composition (Weight Ratio) Heat Treatment Condition |Sample Name
Hydroxyapatite” : Wallostonite ™ 0
(16.66 : 3.40) 1250C, 3hr HWS
Hydroxyapatite” : Wallostonite .
(17.14 : 2.85) 1300C, 3hr HWé
From Tuna Bona
From Wallostonite
Composition (Mole %) Melting Conditions Sample Name
7.14Mg0-40.87Ca0"-35.41Si0;, o~ i
7.14P,05-0.40CaF, 14507C in air BG1
33.33MgO - 66.67P,0s 1600C in air BG2

From Tuna Bona
From Wallostonite

Composition (Weight Ratio)

Heat Treatment Conditions

Sample Name

Hydroxyapatite : Wollastonite : BG1 o
(35 : 35 : 30) 1200°C, 3hr C1
Hydroxyapatite : Wollastonite : BG2 5
35 : 35 : 30) 1200C, 3hr c2
1200C, 4hr
BGI Heating Rate : 1°C/min G-C
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3.A0F AAo Ax
21 F A Al (simulated body fluid)2 Kokubo(1987)7} A|Al3F Table 5-29] ZAlo =z

s

Az (Y. F, 50mM trishydroxyaminomethane [(CH,OH);CNH,]¢} 45mM HCl-S
ool Hrisled pH 7258 ZAH3I ¥F LA NaCl, NaHCO; KCl,
K;HPO; - 3H,0, MgCl - 6H,0 ¢ CaCLE9] Al%S =of Azt

4. Q1 F A FoA 2 bonding test

AZA S 3% A Avtste 2 g3 AH & dxE F /e AW ®RE
S HEAA YdEmylon) oz FEFH F¢E YU FL tg 180mi <
A R0l A EeolE ¥ (polyethylene bottle) ol shgol FAAA LE-3}
Ak olRE 37T F2x oA 45 F AXF g Ado] FF A%
go1d & M3 g vy x2S SEMUEOL ISM-6300)0.8 #astgr}.
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Table 5-2. Ion concentration (mM) of the simulated body fluid and
Human blood plasma

Na® K" Mg‘" Ca’t CI° HCO;~ HPO/~

Simulated fluid 1420 5.0 1.5 2.5 1488 42 1.0
Human plasma 1420 5.0 25 25 103.0 135 1.0
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A 38 249 2 23

Fig. 5-l()< HWS5 AJ¥] 43 3 A9 SEMARE Yehd Roz2A A3
o 7pgate] R EJYe 2oz FUSEREY 242 P AFAAY
Hell Al 5 AJBEC] Fag ol o3 4 ridge ¥ ES Bste AFAAM 2
A FEIA ridge FARET 4R EFE A 2 vjHzFE Holxn Q)
o =& Fig. 5-1(°NA ridge ¥ £& % 2004m FEE AE AWY 713

R = P9 £HFXE Ho|n Yt Fig. 5-1(b)t ridge vl
Qb2 o] Eo] oF 200 umo] ™, Fig. 5-1(a)9] ridges} A|H WH Alole] AHAIH s

3= oA Be BB uaF3F AlXle g Qwoko) submicron 2719 YAE

g

of 9 tFAe FEE o]Fo] HWS 224 F9o ZAAY FHL A1 Yth
A #29 ridges} mAHZAL Fig 510 vetd AAY FHol 7471E vlA

% YASo] Ral MO XUH AL oF1 UUTh old] W Fig S-1d)ye
ridges] A Eo] Mol AWe| £ HEAE ojmd G2 YAEE U]
ASYTH = o] AW AL ridges] YE LA 200um o4 o dBo
HNEA F4E YASS A BFHA @grh. o] RS Kokubo $(1987), o] =
190 B AN Le AWt YXFE Aoz, AW AFAYE e
ridge7} HAE ] AYsE VAT YN e

Fig. 5-2(); ()% (= HW6AIH 9 43 H@we) SEMAIIS Uehd RO g,
HWS 2@ sldT29 §A18 277 QoA Fig 52@E ARSI 4%
QY 29 @A 23 ANoZ AN UE 2Ro) ridgeols, Fig. 5-1@))
HWS ABAY AFA Wold § ABSo] 43%ol o8] 84 H ridge »
Bt FHA Fo| BAANFOH, G i v FAL =

Lo
13 ANAH AlH 62 Z ridged] A FE-E submicron 2719 mlAIg &

2
tjo

o
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SEM photographs of an interface of HW5S mutually

.

5-1

.

Fi

.
*

bonded by 4 weeks soaking

t on the ridge and

jus

de, (c) j

(d) central portion of the specimen.

msi

.

(a) interface, (b)
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Fig. 5-1. (Continued)
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Fig. 5-2. SEM photographs of an interface of HW6 mutually
bonded by 4 weeks soaking : (a) around, (b) inside
and (c) outside the ridge.
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Fig. 5-2. (Continued)
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AZ 48 4 ume 7 gASo] F4H gledl, o5 T U So
HAske ridges FAsAoe} AZETh Fig S2D)E ridged) W Rroz
A Q2GS submicron F7] YAEC] Bl OFAHY FERE olFH VA 4£F
Ao AAY AL A 4B Aok 23 ridge BPRREL Fig. 52()ol
Aq HolE oud Mz JYASE BAHA Yokch HW6 AF AY A=
HWS9] 793} olF §Al8 olaz2e Holm gled), ol 98 24o] vl
517 wZolet Alggch

Fig. 5-3(a), (b)E C1 B3xe 2FR 99 olHzd A12L Jebd Rold. Cl
o) A¢E AFAY WelM 43 5 FA4E AFo) 29t tiBo] BF3) s
2, AFRANE AAZ BEWPsY FAsA FRY & A& ridge FRL
£ % 9l 2o2 vehgth Fig 53@E AF REoe 4zHE roz W
280 nAg YASE Po glen, o AP ALE HF AANNY M2
&4 QAS Y44 2% ARFS TS FUHOE o} oy AW ridgert
AN Pk, o)z A8 HEBEs A vebgtin Ab2®ch Fig. 5-3(b)
= ridge(AH 9] 9%)9} HPBREMAIRY ole) ) AAREOR ridgecl A vl
Zog 742 274 EWd 48 A2E A 459 Yol Fols1 o
o, ko] FAT FHo| shgAl Wik FW AW AYRPAAM Aoz
Solz £2 Wiy Yatz ¥ath &, 5 AW Y WY AHA ugz
07 g2 A2o] FAHE YRS Zv]L(aspect ratio(=L/D, L: length; D:
diameten))o] FobA: 9l&¢ YerlT glch

Fig. 5-4% C22%x AFRY 249 vjdz3 AL vehd 2024 29
A¢E ClL B0 ZAA7 oS B4 Fig S4@E 2% BE Yrwue
} Zulgo] Bt 2 $3¥9 YATE YA AU Fig. 54(b)E ridge
oz AFAdozRe M2 AT FAo) FEA Yol APl s

& Zolg}l AlEHB, Fig. 54(c)= ubZ(outside) FHo2 AMFA FAHH A

L

o
e

S
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Fig. 5-3. SEM photographs of a portion (a) on and
(b) outside the ridge of C1 mutually bonded
by 4 weeks soaking.
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Fig. 5-4. SEM photographs of a portion (a) inside, (b) just on
and (c¢) outside the ridge of C2 mutually bonded by
4 weeks soaking.
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Fig. 5-4. (Continued)

— 164 —



%%7Ll%%§4=ﬂﬁW°lﬂﬁﬂ%%ECH44%ﬂ4§N@%2§§}
d4E YEE YAEY FHlEo] FolA 1 S YERAUT

Table 5-10419} Zo] 7.14Mg0-49.87Ca0-35.415i0,-7.14P,05- 0.400CaF, bioglass
249 2 £2L 223t 2 glass-ceramics, G-CAlH o] HFAYE Z &
o]Z SEMARZIZ Fig. 5-59] YetH ATt Fig. 55 A EE S A W&z o
g 02 ridgedFF ridged] WE 2 AR FHAZL FHIA Yeigch 9
11504 me} £& 2tE ridge F2(FUF B Fgo] Hole )2 Fg. 5-1(0%
go] wi-¢ AWE x2S FFE & UNTH Fig. 5-50)< ridged] UF FEo2
Ay s JAPAE 3oy, HWS(Fig. 5-1(b))2F HW6(Fig. 5-2(b))
Ze ARYY YAEL #FY & Ut F AHY 244 o b4 gE
A% 4% e EAY. Fig 5-5(d)« ridged) w2 FEoz A2E A A
& #&E R gt Fig. 5-5(c)& Fig. 5-5@)olA @gde] Y& ridges} ridged] ub
2ol BARELE FH submicron 2719 YAEol JJAE o]F1 o,
ol o] A3t ridge7t A F A|HE HYAZ Aol Atsdh

ool AAERZ FE UFAY FolA AFA S ZHFwHE 7]+ (bonding
mechanism)E AHEH, HA LZ4 TH ZAY HUHNAM EFY J44
(heterogeneous nucleation)o] dojdc} o|F AFH Y F9 CaHQ} POS” oleE
o]l MY 9 AULZR o|F3Ao AEdd dasol A3, ol AL
Aol Aol wzl X3} ridgert AHT rIM FiF o XD3 ridge <
NF A AEZFNA Ca’T9 PO o]2E9 o]Fo] EFEITu B £
ﬁq.ﬂﬂ%ﬂﬁ@ﬁlQ%%%&-ﬂ@%%iqtkt@%ﬁ426%6Wﬁ%e
8] A71E ridgeo] ¥PZROE thh & YAES AU Aoz Algdd.

3t ridged] A G2 AHUEY 718 2AY Aol ) ridge WF FE
I A2 YAEY Fdol UEY T HFEy F hA 48 ZA Enn

Azt
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Fig. 5-5. SEM photographs of (a) an interface, a portion
(b) inside, (c) around on and (d) outside the ridge
of G-C mutually bonded by 4 weeks soaking.
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Fig. 5-5. (Continued)
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A 48 d&

Hydroxyapatiteo]] wollastonite®} A& FejZAd IF3sl= CaO-SiO-P,0s-MgO-
CaF, A9} CaO - 28i0:A] #el& H7pstd Az B} 9 glass-ceramicS A F A
A FoMe MBI A HEE T3 AW APAAY oMz FEF F
e 9o 2o

AFA A FolAa AFEA WrIFe 2ZA 9 AXFY FTWAA ojAHA
ol dojum AFAY F9] Ca’'9} PO o] 2E0] MY s ¥HoZ
o]F3td HEstHA YAEC] HAE2 A AUF ridge’t FAHU

Ridge tZ2& Adixoz XU ridgeo] ojs) AFAYojMel Ca’* o PO’
olegel Bae] ¥FRa Yol $7b Ao} a0 YRS ridge $ER
the o 4389 2o 2 dAs0l F4HDG.

AlEeY 718 249 Aoldl o] 53] ridged] WF FEY AM2E YAEY
Fgol URY L WY F ?;}Xl A& JYeEiAY. F, hydroxyapatite 3
Fo]l & HWS ¥ HWé= HFEAHQ ARFY A& e, hydroxyapatite
gol ez AL Cl, C2, GC AJBEL FF39 A= o|FolF s
¢ & Ak
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A 6 F JFAWMERE FE3 Hydroxyapatiteo] =0 dj3t
w398 SAAY

A 18 A

HZ, AHge o}, FEYHLe] wFozo Aol JoiHE AL FA
Alg}e} <l hydroxyapatite®] 4 ¥ AAHHAHe dig B 74t By
gl o} (Kokubo et al., 1985; Kokubo et al., 1987, 1 5., 1990; Hulbert et al,,
1989).

gutR o g 3l8taloko 2 A% hydroxyapatites Q17e] X]ole} o) Azt {Ab
3, ojmel e MEAZRE 323 hydroxyapatites P9} Cad] F2 AE9ox
Mg, K, Zn, Na, Fe 53 22 v ojdg& 73t o] setrfer 4
hydroxyapatite 2 Ch= A | 2131 d0] 943 Ao2 FZH & AARSIAE FHol B
253 ok 2y 3etekE o g A% hydroxyapatite= AW SAd= %
% hydroxyapatiteol] Hl3te] AW AHFFAHo] F& Ao E—T’—(%ﬁ', 1989) % 11
ol Btk A S0l Y5 T hydroxyapatited] WES st JREANN F

23 Y8£03 4ol FobAR Utk A 1 Fe dPFM HAFE nps} 2o
FwERe F£3 MY  hydroxyapatites I 3}8FH EFAoz Ho}l
hydroxyapatite® /4371 A sHtA|efk A EHA R AMgo] 75 A=
gaso] FAY o] &E& AT HYA ] HE oA HAU

Al 5ZeME FAZLREH F2¢ HQ hydoxyapatited] ARG R A4
dBE AES7] 9sld B AFEAL 5, 25, 125, 0625, 03125 L 0 ghkgdl &
Foz2 Yoo st Felstd FHANTY d¥E BFIAG.

oo}
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A AFfERHER Y AUZ T SHANYVE AFSFESHE
B3A A 96-83,1996, 4. 16)9] F3led AAJE T

1 NEE3

ANEEA L A 13004 ZAWE 80CTE 7R 1% NaOH &G4 T4]
%t 7tEEte ®71E §& AASE £ F UE3A 800THAM 547 3
AlA, AARHo R 24X Biste] EEWA 200 mesh(75 pm)2 A 7HE3HS

)

BErshsl Aol AP hydroxyapatiteE AP E A2 AAFACT. AlEEA L A
d9d AeAdSs 10 ml F 589 ¥ 44 dEAA 121CAA 3083 2

=
(g
ot

o 4¥A APHEF2 P43t AHEEHAT HETS FAE A4

2. A8 E 2 AR
B ANdos d=23std A GALEATR AEFESSHAOAA F4
= 10002828 Y443 Sprague -Dawley #= &

30utel & MEs) Alge] AHg3t s
E AYLe 2% 2342C, AUFE 50£5%, §7] 35 10~12 timeshr, ZHAIZ
I2hr, 2% 150~300 LuxZ2 AARE FEAHAAM HAHUTG AlgE 48588 13A
B (RIEFAIADE, B2 AFESTE AR ARG
LAEEY 74
ANEF TA-& Table 6-13 gt Adtd &4 2z 30ve]9 88 ¥

-
2

— 171 —



Table 6-1. Experimental design for acute subcutaneous toxicity study

Group Dose No. of Animals Sacrified
(mg/kg) Male Female
Control - 5 5
HAP 5,000 5 5
2,500 5 5
1,250 5 5
625 5 5
3125 5 5
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Fol 2A WZF, hydroxylapatite 9
zy sopeld gelEtdldt AFEde R
180g A=k

4. Ty R o7

£ 23 ZFY Aokgt B AzxWIA o]y shedlnz JA4HE B2
& 7hhe HHEE Hild R FAYFL 10mikgoE Ao, A
WAL Al AFSA Ze] g2t FoAAFE AE3AT FAs iR IR
2ol 13 T3ttt

5 A #&

dubdel R osAY] B o BYE 12A4374A wjAeh dukdel &
3ta, Fo t5e FEH UA7RRE o 134 duideie] W8, $534, &54,
A, 2ASAF F AMLFES F75 FAZA BASG

ATk Fo HA, Fo 79F E BHFAL 14U 38 AFL FHsY

FAL ANPFEA HEFTEL dHZ vHHE Y A §AHoE RE

A SUFHOE o]V 10% FAX=TY
& THS5o] Hematoxylin® Eosin §4< 3 & 2

FARAH EALS LDopX 4AHE& %o Computer program pharmacologic
calculation system Version 4.1-% ©o]-83}o] Litchfield-Wilcoxon®ol] ¢}&ted A Arslch
Aol th3t FelA HAY O Z one-way analysis of varience(ANOVA)S A f-2x}7}
ABH= Farol #2E of dxas 4 &334 vlwstr] 38t Dunnett’s t-testE
oo, wAd o vlg: x’(chi-square) AL 3ok
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A 38 2d4d+

1. LDsp#} )

ABEAL o N5, ¢4 22N TP > Yt YnEBA AZ
kg % 5.000mg(5000 mgkg BW)S] Sl ME Adels 88 BEHA 2o} LD
x19] A2 Table 62014 Holx B3 Aoz Jehyg).

2 A3E
AY A7 Fkd MakEelo] glo] d=o] i REOIA AtE A @
2517 sk, o9 ATe Table 637 2ok

3. 453
A A71ZbE T3t AR Qo] A= ¢f BRM, E AFEHd] o
o 4zEe Sold guFde H3 FFEA @i

4. AFAs

AE B71be T3t H3tRoddl Qlo] A=Y &F BRM, Z+ Fzhe] {9
A e AF zolE BEIA22A Table 6494 UehlbRo] AFAtols BEH
A Fu

AEFEY AN FARAA F3to] AAM £ AFEH Fodo 7|8 @

Z 27 EE o4 27 28 BIRA Qgon, £ 390 192 FRAn
Agon #9 2Hozel F4 Te FHE Fg 6194 Rols A8 BREA ¢
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Table 6-2. Mortality and LD50 values in SD rats administered subcutaneously
with hydroxyapatite isolated from tuna bone

Hours after Final
Dose Days after treatment g
Sex treatment Y Mortality

(me/ke) 3T al s 62l 1] 2] 3] & 5| 6] 71 8] olroliihizlialia

5,000 | 0) 0| 0] O{ 0] O} O{ 0| 0O} O} O] O] O} 0O} O] Ol 0O; O[ O} O} O 0/s

2,500 10/ 0/0/0/0/0/0/0/0/0/0/0/0/0/0/0]0/0/0]0]0 0/5

1,250 | 0] 0] 0/ 0/ 0] 0 0[ 0/ 0] 0| 0] 0[] 0] 0] 0] 0; 0/ 0{0{ 0| O 0/5

M
625 10/0/0/0{0/0/0/0/0/0/0/0/0/0/0/0/0;0{0/0/0 0/5
3125 1 0/ 0/ 0/ 010/0/0/0/0]0/0/0/0/0/0;0;0{0{0/0[0 0/5
Con. {06/0/0/0/0/0/0/0/0]0/0/0]0/0/0{0/0/0/0/0]0 0/5
5000 {0,0/0/00/0/0/0/0/0/0/0/0/0/0/0/0/0]0,0{0 0/5
2,500 1 0/ 0] 0] 0] 0| 0] 0] 0 0] 0] 0] 0] 0] O] O] 0]0]0]0O]0O]O 0/5
1,250 1 0/ 0/ 0/ 0/ 0; 0/ 0/ 0/ 0,010/0/0/0/0/0]0/0]0j0]0 0/5

F

625 10/ 0/ 0/ 0/ 0] 00 0] 0]0]0]0]00|]0]0]0j]0jO]O[O 0/5

3125 | 0/ 0/ 0/ 0/0/0/0{0/0/0,0{/0,0/0/0/0/0/0]0]0j0 0/5

Con. |00/ 0/ 0/0/O/OfOfOf0OOj0O|Of OfO|0|0]OlOfO}O 0/5

M : Male, F : Female, Con. : Control
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Table 6-3. Clinical Findings in SD rats administered subcutaneously with
hydroxyapatite isolated from tuna bone
S Dose Findin Hours after treatment Days after treatment
1 (me/ke) 871 2 3 4 5 6 12] 1 S 6 7 8 9 10 11 12 13 14
P R R R
N 555555 5|s 5555555 55
2,500
N 555555 5|5 5555555555
1,250
M N 5555 55 5|5 5555555555
625
N 555555 5|5 5555555555
3125
N 555555 5|5 5555555555
Con
N 555555 5|5 5555555555
5,000
N 555555 5|5 5555555555
2,500
N 555555 5|5 5555555555
1,250
F .
N 555555 5|5 5555555555
625
N 555555 55 5 555555555
3125
N 555555 5[5 5555555555
Con
M : Male, F : Female, Con : Control
N : No. of animals examined

: No abnormality detected
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Table 6-4. Changes of body weights in SD rats administered subcutaneously
with hydroxyapatite isolated from tuna bone

Sex Iffefm‘;‘f;' GROUPS 1 i m v \ |
MEAN 15734 15851 15678 159.3¢ 15862 157.83
0 S.D. +324 +268 +£237 *259 +306 +2.88
N 5 5 5 5 5 5
MEAN 20078 19862 20136 197.57 199.63 198.62
M 7 SD. +354 +286 +285 +276 325 +296
N 5 5 5 5 5 5
MEAN  247.65 24837 25068 247.84 24659 250.87
14 SD. +389 +290 +308 349 324 332
N 5 5 5 5 5 5
MEAN 13875 13645 14070 139.52 13981 137.64
0 SD. +254 +276 +238 267 259 +3.04
N 5 5 5 5 5 5
MEAN 16327 16254 16039 15974 16169 163.16
F 7 SD. +376 +345 +£298 +306 +323 +365
N 5 5 5 5 5 5
MEAN 17856 17853 17549 17723 18074  179.53
14 SD.  £424 38 £369 352 343 397
N 5 5 5 5 5 5

I : 5000 mgkg BW. II : 2,500 mg/kg BW. IIT : 1,250 mg/kg B.W.
IV : 625 mg/kg B.W. V : 312.5 mg/kg B.W. VI : Control

M : Male, F : Female, N : No. of animals examined

Values represent Mean * S.D. for S rats.
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Fig. 6-1. Passive cutaneous anaphylaxis in rat treated with
hydroxyapatite powder isolated from tuna bone.
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AZGEZAY Foo 713k Al E= g3 28
Table 6-59} Table 6-69) 4] BHEA] YPSS BIPYch
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Table 6-5. Gross Findings of necropsy in male SD rats administered subcutaneously
with hydroxyapatite isolated from tuna bone

Dose(mg/kg B.W.)

Organ
5000 2,500 -1250 625 3125 Control

No. of observations 5 5 5 5 5 5
Brain

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Kidney-Left

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Kidney-Right

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Heart

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Lung

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Spleen

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Liver

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Stomach

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Intestine

No gross findings 5 5 5 5 5 5
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Table 6-5. (Continued)

Dose(mg/kg B.W.)

Organ
5000 2,500 1,250 625 3125 Conol
No. of observations 5 5 5 5 5 5
Pancreas
No gross findings 5 5 5 5 5 5
(left) No gross findings 5 5 5 5 5 5
(right) No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 5 5
Pituitary gland
No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 5 5
Testis-L.
No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 5 5
Testis-R
No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 5 5
Other organs
No gross findings 5 5 5 5 5
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Table 6-6. Gross Findings of necropsy in female SD rats subcutaneously with
hydroxyapatite isolated from tuna bone

Dose(mg/kg B.W.)

Organ -
5,000 2500 12250 625 3125 Control

No. of observations 5 S 5 5 5 5
Brain

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Kidney-Left )

No gross findings 35 5 5 S 5 5

No. of observations 5 5 5 5 5 5
Kidney-Right

No gross findings 5 5 5 5 5 5

No. of observations 5 S 5 5 5 5
Heart

No gross findings 5 5 S 5 5 5

No. of observations 5 5 5 5 5 5
Lung

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Spleen

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Liver

No gross findings 5 5 5 5 5 5

No. of observations 5 S 5 5 5 5
Stomach

No gross findings 5 5 5 5 5 5

No. of observations 5 5 5 5 5 5
Intestine

w
W
w
9]
(%]
i

No gross findings
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Table 6-6. (Continued).

Dose(mg/kg B.W.)

Organ
5000 2,500 1,250 625 312.5 Control
No. of observations 5 5 5 5 5 5
Pancreas
No gross findings 5 5 5 5 5 5
Adrenal gland  No. of observations 5 5 5 5 5 5
(left) No gross findings 5 5 5 5 5 5
Adrenal gland  No. of observations 5 5 5 5 5 5
(right) ~ No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 S S
Pituitary gland
No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 5 5
Ovary-L No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 5§ 5
Ovary-R
No gross findings 5 5 5 5 5 5
No. of observations 5 5 5 5 5 5
Other organs

W
W
(9.
9.}
W
(9]

No gross findings
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A48 3 &

FXZRE FE3 hydroxyapatie®Zo] Yo tFAIAINFAALS A7) 9
stod, hydroxyapatite B3-S Al2jAdyd E8AA, & 47 548 5+ e F
T Y= AF kg P 5,000 mg5,000 mgkg BW)el Loz 23G
ol g3t Fhh 13 Fo F 14Y7Y FEAI Ay ol 2L FES AU
1. 28 T8 It AGFAelA ofF& o]do] BAHZRA] sttt
2. A5Hske 28 A AE 58 FHAAT U ojdx FaAHA gt

3. LDwAle RE &4 EFAM AF kg T 5000 mgoldd Aoz #EH

4. olie] Az R FX2RE Axd LA hydroxylapatites 29 33l
FoAlel A=y ofd SAHE sk v AT AAZ AlEHoh
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A 7 A FxWZRE F53 Hydroxyapatite?] 3] 2 H o
R FRAALGAFTAY

A 13, A&

AHANEE THSHE 45 2§70 U FAHl B AY, A7, %
ATE A fA, A% == 54 7159 848 5 QA 43 gelaas
A4 ABPoE 2 FANel TAJ Ao, JEAHY BHL Y4Y £ Un
@ BAolth wetd ARAR 5 Ak

4% AY, 9477 Pesin

Aol APAHN dFE = e F
Ao EFIHE AtoldiMe HHA GEE A
w3 AxHo R e x3E o]F7] AT =¥S
HAQ g 40 T3 es B2 Bt Yo, 4
19633 ul=+ =]} 2] A}¥ 3] (American National Standard/American Dental Association,
ANS/ADA)7} ZX A S B AFRYE B, 19739 AHA 59 YB3
A EAde ot S AnE Aol Alxolth nxA A FA X
oA AT EEEH HIHE 7 dARZ ro] EA 2A A3 Y
= Hlad F27hs3 BHeRe 124 Ao §¥8A AlY, Ames test, FF
EA4AE Fol A 233 Y o] FRAHUATAIE, FAALANE Fol Uk
ootE, BAFY TEEL ol 8F FAHUYASAEY L syrian hamsters AHE
3t vhH k] §'d(cheek pouch)ol] AIRE oA W HFA|7|= o] b3l
. AFARE AHEE FRHT AFAFEYE Piliero et al. (1979)0] FF
(alloy)& 2 X 6 mm cylinderge}l2 S0} vlHd F F2el Aol 43t
1497 AHIAID ¥ %?_} 2 AT s A{HEGlL, Roy et al. (1986)2

mlo
o
4
32
fr

Azsn A olg@ A
o BY AAHY ArEE
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458 9% daaFAFemm, $4 lmmz o] P2elE vlHG F g
dhetel]l 14937 ol 4sted =& HHS FH BT nFA Ao A
1dte FRAHAASAYELE AEE HAY 272 wEo] 14U Rise 73
el W3E =AIH HAR BHIEE Hol Utk AFHHoEAME
ANS/ADA (1979)9] ®R& 2¢eg BTARY E4E F&3 nelsr] 93
o Piliero et al. (1979)3} Roy et al. (1986)2] W& FAd ¥t =, 3 Ae}
of NES FUTF T BFAA 14U FAG $¢ 2 238y s 4y
2ttt metA A sFAMe AL HRIZA o] rldEHe IR F
Z ¢ hydroxyapaptiteo] th3t A HWrhel Ay d@oz FAHUAT A
&

& A
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A 24 A5 2 ¥

L AdAs

ZAWE 1% NaOH F=8HojA 80T, 7TAI% 71Estd {718 §& Az
FAZ F FE3] yxdA 800TA SAIZE 3|3}t hydroxy- apatiteE F&3
At AAWH O Z 24A17F B3l FF%A 200 mesh2 A 7HE3l E2ss
ANFAEE ARSI

-

2. NEAZ
Nt BPRANE AN A FUss B 98] qEd Sold Az
Mg data ¥n A ST

3. AYEE 2 A8 7
AEAEFTEATLAA 4T 7577 9 Syran
A78n ES5YEF FES AATE 2% £33 vEY T dRIE Tt
s 7ol ¥ 14vtE] & AHE3tAY. A8MAIA Y AFHAE 110~150go| At 4
710039 AR L &% 2312C, §5 50+20%, 12A7EZHEPM. 7:.00~
AM. 7:00)0112¥, 55 Polycarbonate 2 |28 #H o] X|o|A 4-5 vle]¥] AlS
sHon, ARAETER] HAAE, FFAR)YG 22 AR20] FH3A

ﬂ!l

4. A1@YY
7L FAAGAT Al H(ANS/ADA, 1979 ; Piliero et al., 1979 ; Roy and Whishe, 1979)

Syrian hamsterE u|4d @S Fatd HA7I FE3 vtFHE F de =Y
90mg/Kg B.W.2] Pentobarbital sodium® 2 »}3§ ¥ A% Fid(cheek pouch)E =
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A2y A Bo A Aeddez AAS 5 AF kg B 529 hydroxyapatite &
TAEE Y W Lutdd] Fol= g 3t AlE7} B0l & UERE FHUE
otE % Fehland intesstinal forceps©. 2 T AAIA " H AA EFAHSilk No. 1)
& Al83}o] simple continuous suture (Knecht et al., 1987)2 4 E3}st & A
continuous enerting mattres suture (Knecht et al., 1987)2 o]Z % ¢ (double suture)S
AAgtdoh. iz Totele] Y$2EE o] 83 hydroxyapatite -
T AYAEstE FA% F Y HAE At 44U AF 2 A
Aol W3E TWASID 14U Fo| Pentobarbital sodiumO 2 QAL A|Z1FE A2
o HEH FdS ZALHA FojBA SUAHoE HARFTE AT A ¥

o\

S AAST HFS 224 H FH 10% buffered formalinol]l nHA|A &<, sz}
A Eo) F9 A 2AAMARHFE A IS 4~5m FAY Hety HHA
< ttEo] Hematoxylin-Eosin(H & E)@A-& AAI% ¥ F&du|doz Bty
t}.

W} 5A%A A

AN AR = Student t-testS o] B3l tiZ g vlmw, A3
ti3led F3] 5%(p<0.05), 1%(p<0.01), 0.1%(p<0.001)e] FFA FAA4
A

9
ot
Jf
2

o
oY
olN
o
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A 34 A3

L 4333 2 A5 s}
Fig. 7-1& hydroxyapatite £ 3| L Z2ZoA AF770e X B
€ A4S BEY AFezEA, AR FEYdmE QAT ARWS 53
hydroxyapatite % Fojol] ogh UAFA4 Folg whgo Wile= BAHA @
ktd. H3 hydroxyapatite ¥Z-& Mg Zo AFL 2T Hl&) AF7n
25 A F93 ¥zt A v A2 Yy

O

2. 7439t Wit

149 Fo FAHLE S B o Uy 9 B3y 5o 5 wyy
< #E2Y F AU HP2HHH HAtAM e A% E A (uiceration), acanthosis,
hyperkeratosis, hyperkeratonization, &3 ¥ Ad(vesicle formation), @FAX A&, &9,
g8 g4 & AHEQOW, ET ¢ hydroxyapatite ¥ M AT EFo)A
gl Z233Y ol}s #FY & UATHFig. 729 Fig. 7-3). Ok MXZ ¢ o
Tl Bl o8] Futo] HFH FHdMe FY &4, FUEzz o

S35 ZAM FYAST EFHAE HFo] FHFAUY

N
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Control

Fig. 7-1. Gross finding of oral mucosa of cheek pouch in hamster
which was implanted with hydroxyapatite powder for 14

days shows normal appearance.

Fig. 7-2. Histopathological lesion of oral mucosa of cheek pouch in
hamster which was implanted with hydroxyapatite powder
for 14 days shows normal appearance (H & E stain, X40)
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Fig. 7-3. Histopathological lesion of oral mucosa of check pouch in

hamster which was implanted with salic for 14 days
whows normal appearance (H & E stain x 4).
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A 448 &

ARAA A5 71AFH Aot A #BIMe 28MFE 1 $340)
A4 E o] ofd] e Hrbgol 703zt Ao B AETH Hrie FH
2o EolA AFHJTkR b (Standfold, 1982). w2 ALE 3] (1979)0] A
Faste AFARY 1IAFHAEHH 2 E A XA A Y (cytotoxicity), &E A F
(hemolysis), Ames test, S35 AP(AT, 273 1—-04), FAFYLEHAIE 50l
os, olx4d AgePozE FRHUAIAY, 58h0] 4% 4 A ¥ (subcutancous
implantation toxicity test), 33-7F2}AJ Al (skin sensitization test), ¥FE S0 W} &
ZO 5429, FUo]4 54 A ¥ (implantation test in bone) Fo} Utk FWMT
& F (1992)0] F9 AH#E 5 ol&dtd AEZPAANFES AT
T (1992)0] 59 A& NS o &3t LA H(monucleus test) T A A3}
At & 48 FUdA AFAFY A A@HdH € Hrpbhyg S Ager)
At w=2)FJALHE (1979 H1de WS EE AR

FRHGAFT AL Piliero et al. (1979)0] w=2 ALY 37 Fg type I,
Class lidls §&%32 ©]&3ld PY2etdMo AETH HrPHHE ALEstAE
g X dao o 2o RALIUEA] gty FAA T $3el
o]§t Keratonization?} FFAEQ H&ol vebgtoi st wepy E4L R
g F oddA Uehd EFHAEY &S 1 b Hon FEHAAAMT vE
U B4R YeMe Jehta & Aoz Bol #H Ao o3 whge ofd
Aoz Buslgrt. Roy et al. (1996)& 1979L-4 ol A Z A Bl A AaLst e
o 2o JfAE7] 98] A E-$ double suture techniqued} soft collarE A}-£-3}
o 14979 AF/AE HZEG(retentiion rate)S I AT A 5FME
AaAg 7h2e] HYE 3t Pililero et al. (1979)9] HWylo] o3} AZE 2 X
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6 mm cylinder®¢2 2 7}F3sln, 14U BELE Fo]7] 93 Roy et al
(1986)9] WRZ WIAA ALGSIAUT 23y AA4E HEEAM AH&o] 7IdHE
FAw 2 RE] fre @ hydroxyapaptiteo] tigh QA A@WHe Y@z FHH
BAFAE L FUoA ot Eudul ¢il7] w&el hydroxyapatited 29 2]
€ ASEAM AAHAE HIME Ao FEAFYAF AFE EAEAS. Fig 7-1
o} A Fig. 7-30] Ho]X hydroxyapatite £ ZHAT E ExFAAM 2E7I%d 2
A gl 4% Solg 34 HBHA %konl hydroxyapatie % Hxof o
g AAFAe ®ste AFHA Gkth EE hydroxyapatite 2 HAFE T
F& 23 vls 4871 25 24 {93 ¥WEst UdegyA gt
H 149 Fo 7RHYLE S E o ¥y 9 RFFPY T SEE ¥
He BEY £ i =23 B2 HAAME  AYE A (ulceration),
acanthosis, hyperkeratosis, hyperkeratonization, & X & AJ(vesicle formation), G5 H X
A&, 28, 88 &% & d¥HEJ}oY, ti2F Y hydoxyapatite 2 2 2 A&
BroAM 5 228 oltg #EY 4 dqUt o AT ¥ dixTd
A 25l o8 Hukol AT RANNE WAe &4, HILEA 2 283
of ZAA BEAT FFH R Afo] BHEHUS Boltt

olde] Az HXZHE @ hydroxyapaptites Y2ele] FHLS
o] &8t AEE 14U AFo] FHHAEE Y 2T vlud 23, A
B AT ¢ URT EF 5% € XA g% dukFte Wl e
ZAGANE AIZRAZ U Soldt Wste §lolA] hydroxyapatite= A A W ol
A Bzgo] glE HE AAZ Ao H2Lo] gle Aoz Algdd. E=3
Table 7-1& 2TA 29 o] Y2E AFH}E 23F Aoz A YT
Ztol 4% 2% AFHse dovA gv AL JENT
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Table 7-1. The changes of mean body weights in syrian hamster treated with

hydroxyapatite powder.

Dose Days
Group
(g/kg) 0 3 6 9 14
Hydroxyapatite 5 12431867 11238+1051124.1+11.5]1252+128 1263129
Control 5 125.1£9.7511249+10411252+1141126.2*+12.81 1279+ 13.1

— 195 —




A 54 2E

FAWMZHE £33 hydroxyapatie® To] A8 AEIAM AAHA FIME
Asted FRHRAT AP AT FRISAFAEL SyranPLELE o
&3] A2 E 14U &3] AR E B gz vag 2F4 As
AAF 2 UERT EF 28 9 MR g duFde wast dern 73
HuodME AEFEAZ A% Fold ®ste A wetM IFA2RE FAL
hydroxyapatitet= AJ & Wjol] A} 22}-8o] gle AAF AARE Ao} F2Hgo] Q=
Ao 2 YEt.
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- - olgZ - A - A Y. (1992),"Micronucleus testS o] &5 £F AYE
B33 doldZdgA e EgRoly fid g A, WIAFAA
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714838} A), A 1998, A 23F, 151-165.
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A8F FTH nF

A7 AL oA8d HAARAN FEAES $7F HIH 2 o
7tE4, 283 A7 2 FHE EolU HIH WA H F
29 822 U AMayH ¥z F WisstAda A do] Hed gHE Hol
Aoz FA A3, 1EAARY F¢ HFA, H3ERH € Aol
Blud Fou 7IAHA 42 ¢ WEHol HAYT 9L EAG. §3 Aty
€ FARUE S8 AASE © ARRAZ BAgle]l £ ¥yt o
2 sy, WEA, detzAdo]l S48tk Wi v gfaIAK)H B34S
PARa ge FyAgol BaAdch H2 Agyre AEre dgE A9
NASHL oy HEgne e 7]A{A 4 Mol dig A+t 3

2 o @A7EA gl AL AgYart AHEEHE F8 ol&XE AN
B QAFH, JAFWHE, AFA oL, AFXNZ, FF4, XA, I3, T
A, JAFEH, AF71F Tl F2 TLHT Uk &3] AAB/HE Bole o}
Sejo] EAl A2t E2E CaPe] URiu| g oA Aol A=, ol of
o} Ze AETH AR FQ FUIAHE HA Cast P/} HF B HF
22819, 2 A3 o8 FAwe 22 AEFAHA A A i &
E3te FIIHEF Cast P Tol 7HF B2 S AAIAY. =T FHZYLS
gt xo] FAIle] hydroxyapatie2 YeElted, SlgtAgz 44§ ofslElol
E& 1050C ojidel &% oA tetracalcium phosphated 0 2 A &3] A& -t
st AHAT. FA W g MEARZRE o AEE XnyE AS
TR ALdMe §4 clBEelolE A9 e A7 AEsH g TCPES
HA= A got WEAY olgelo]Ex slEAGo R AT B9 dold £l
S 7HAe AL 2 YeltthFig. 1-3(a), (b))

M
2L
rir
2

kd
32

<)

=
olo
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274, 2%, tA-&(magnetic susceptibility) &]o] 2] 4 F83% FFE 0|

e gAY 718HEHA QA e 850TolA HF dAATIE 2965 umolny,
950 Col A= 12.18 pum, 1050Coj A= 10.80 pm, 1150Co|A = 13.73 um, 1250T
M 11.47 um, 283 1350CoA < 14.65 umE ZZ} 1«}5}‘;},‘5} =3 dz}9
AAHEDR)S 4o ZHse 4A 2719 B2/ EAAHY o d3ste
F3< B AK(Fig. 1-6).
2 ZFE QA =279 i BEE TR, AAAS nvtAR
E4% 71aa A e E HA A e @dY dirHeR FE(minera)S £
4 F 33 AS 229 F52A4 dAe FE /e FEHE el A
oz ¢8A oy, FAME 338 BeodMe SAHA LS Holn YA
= %o ol AEIHY] W] P2 oz AHed, F, AEHY oY
2xol Ui dx Fold 7t EBelHoz FEE whgo] dojg W wo
yie doides Fxrt ol gA &3 jhgo] dojuy] jEoz @us
Atk Eewrt SUMEFE YAA77 i 14 pmolH YAELS HIH ke
REAZo] dolue BEE BUTEFg. 1-7).

ZAW2RE F£3 EAL hydoxyapatie2 UEhY Ax2T9] HYEAHAE &
EA7IE AME 53 2 AAANEER o875 Aog Yt

Hydroxyapatite 2 XU 3tA17l 2Z2AE AAwd vistd ¢FPEE FEIY
FHofgt Z5 & Y WEAAe] o Aer <A Aotk EF otgtEiolE
9 A2ZAL ANF3 BAF Aoz LEA U, 224H AWML T2 A
A3t7] A3t wollastoniteS H7HeH nd4ZA 9 2883 S4E At
22 Bag.

WollastoniteZ} H7}d 2%, 80C H-Zo A} & A4 (absobed water loss) 59 W&
of 9%t 49 450CHIAME & OHoll g FE3a7t vepgnh. £33
1050°C 320 wollastonite?} SA A oo 2 AAolz AF WA I7} el

or

i:l

o
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t}. 1300C ol 4ol A Cay(POu), Cas(PO.):Si0.2] 2X4 Aol whe wgdnar}
UEbThFig. 2-3(a), (b)). ©]oll ¥}8} wollastonited} o] AtjA o2 H1 o}sle}o)
Eo] FFol &0z Friste AT HEEhEo] FH LT HAY 145
0T7HA A&Hor F7Ble AFE Holn UeHFig 2-30), ole
wollastonite@Fo] Ao 2 ol Ao Aol AAS7] WhFol olaig dA
o] Jelle Aoz Fusul. XrayRde EA RE =g ¥as
hydroxyapatite®] 3&ko] F71&4E ZAA4L  hydroxyapatite(Caio(POs)s(OH)) 0l 1,
pseudo- wollastonite( ¢-CaSiO;)7} HZAA 4o 2 #aso] A-W glass-ceramicd] 234
3 T YU THFig. 2-4(a), (b))

e

ro

3H AZ L%l F7138t1 hydroxyapatite®] o] AU oz Z7lste A
ol /] = hydroxyapatite (Caio(PO:)s(OH»)S] A|E3oll 2l3t whitlockite (Cas(POJ)y)dol 2
Aoz Yeit ole  FEo]  EAde <900TY  AH2gddAe=

hydroxyapatite®] Fo] AU, #&o] Ea3tA 91 X3 900C o]4e
FHol A= B-whitlockite?] Aol FAHHET 2 A A HUA. LFL
T7F  1300C¢) AS  F2AXEL  hydroxyapatite  (Cajo(POs)s(OH)) o] 1L,
wollastonite(CaSiOs)7} F 2R 42 Ve tHFig. 2-4(c)).

27Zexd @& vlAFEFig 2-5@), ), ) 2Z2= TAQl tFd
718350l EAte FHE Holx of, mALZ A Axd" Aty v
AFze AF7ITH GAZ @4 £3E e B =3 242 %0 e}
hydroxyapatite”} whitlockite 2 28] E 224 WA= H,0 gasol] 2|3} closed pore
7+ 4AEA, |

7 JAEY AAYES ¥HA fv e JYAEY JAVE A5 dFEH
o] Zxo] dold FHE B, AYYAEY 4EE Fotstr] Hsto EDSE ¥

Mg A Yrle] 2GR EL Ca, Prichit 22 ey} hydroxyapatiteAto] 1 o o
(Fig. 2-6), YAte] AAREBEL Ca, Sirichito 2 e} o] REL wollastonite7}

Kl
flo

— 201 —



FZ2AB4og AIHUAFig. 2-7). old WM LZLTr} F/1EFE AT
ZE FHT 4AT ZFAFHES Bo|n, wollastoniteo] oA BAE Bie
A E(wettability)7} 27] Wl Zol HAAAE we} #go] AP vHATZRE YE
WA ol A AHE AL YA RHo Firt opris o] YA
S8o] $71317] WEo U BAWE wet FFol HA3l, Fig. 2-89 22
A TFRE 7HAE AHog AzEd.

4-point bending®} 2. 2 7}k (bending strenth)E ZA 3 A A+ L24LeE
7F 1350C o A} 17.91+£0.19 MPag2 YEeh} - A F(articular cartilage)e] FHtj
¢l 10-40 MPa(Kempson, 1982)E 0} Z31g x| vk, &) H Z(cancellous bone)2] 7%
Q) 10-20 MPad] 2F 3= & Jel A1, wollastonite?] 4AHz|o] W& A A7
o "z A FA9 Fe7t FIALEYG £ BEE %%3}}& Ao 2 Yetyt
THFig. 2-10).

x| A FZ3 hydroxyapatiteS glass-ceramic®] ZA o8 x| #sld AZX3F
glass-ceramicS 718t A ZF B A (composite) B ZFE AHE AEd AL,
FA44E  pseudowollastonite( @ -CaSiO5)9}  tricalcium  phosphate( 3 -TCP)©] 3} 2.1,
hydroxyapatite7} 120X Ealslo] TCPE AAIF 7] w &l hydroxyapatites] 7
&£5e Yacs #FEHA g3 £ Ca0-Si0; glass7t H7HE 4= o9 &
A 2448 JEh JIth(Fig. 429} Fig. 4-3).

Zxwol CaF,, MgO 53 Z-& HPHAE T gsle sietrleke Friste] Az
Ca0-P,05-CaF;-Si0;-MgOA 9] f2l2 X E AX¥ glass-ceramic-& pseudowollastonite( o
-CaSi05) 9} B -TCPLol| fluoroapatite’} FZAAA 2 JEIRth ol & F A
A CaF7} Avd= 7151, hydroxyapatiteS AT 4 Qe OHYo] QU7 o
T fluoroapatite7} A A = A H(Fig. 4-4).

1300CoAHA Azd EFA Clo ZEE 5382196 MPao|Row, C29 73+
29.96+149 MPaZ UEh} mAMIGo] o3 AAA ZFE oF 18 MPa¥th 3-4uj
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A Zx 3 A7 FEEAJUC(Fg 4-5). o= ol Altg e AR Fol
A wollastonite®] o] EA7t F7184SE Zxe 77 fFrEdx ®Hu
UurAQl A ZAnet A4E F dAEe AoZ HRld FERFIAUANA

o] cancellous bone®] Ht] 7F% 20 MPa%} articular cartilage®] Ho} =< 40
MPaith $58 ZEE 2dH3E Ao2 Jegd 900CTAAME 63.39+5.56
MPa, 1200 79 81.21+220 MPa 181 AZL2%E7} 1300CY AS ZEE
53.82+6.40 MPag YelY} 2Z2x 9] g2 A ZFxrt dWdldle Aoz Vel
tHFig. 4-6). Glass-ceramics®] ZE & 90+0.5 MPa2 el 1200CoA AZHF
B3Ae ZTXRt 10 MPaRE F718 2oz ey ZEdedA £ o F7
AAHE AE2A 71 7Fs4E Bole Z2F#E Holi Uth(Fig. 4-7). wWehA
BEZ7 WolA glass-ceramicso] 7} EHQ] Reg yeixton, £ o&
2FLENAY 2459 ALY TH g AP fE BEAEste 1
Zo] 3 A7Vt FF AFHARA ol A

&

i

EJAEL 2Z2xd e Zedsyt ARHUY] G ole L 24
NE 272z mg Az Hstd wet ZErt WS onjste Aoz

=

2 % 9o ol2 DATEE B3 DHHDA HALG. ol 2FLEY WE ZE
o Wae nA7RY 23 o240 e Ao vehdd

2ga AzY AFeso] T2 UATE WE 4L AHEw AedME
MUse Z/GAZL AYHE AT T YAFg 48@)F Tad r12e o
g wje Adste], Be Aol Uy YAtoldl EAse Heel vl4Tz
z23g Bolm Utk 1200C9 UATZE I AS AR 277 & 1um
J e ARSo] WTY YT BATHFig 480b). BT 1300 AFAE #
A7 2 ZAl(matrix) o e MEAAEo] EAde e vARF L Y
B UthFig 48(). YA By YANFe Yol A Yoz
AEE ZAd0D deid ded, 1300TAA 22 B A 00T}
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1200C 9] Z=rot 243 Aoz Ueut. B9 glass-ceramics 5 ZAAE
S Qg9oFate] Table 8-19] YeRUTH

gut o g 3etalefo g AIE hydroxyapatites QUZte] x]o}9} wie] Arm FA}
3, o} e MEANZRE] 323 hydroxyapatites P9} Caol F8 AEds
Mg, K, Zn, Na, Fe 53 Z& |39 nu|Z$ #ista o setrtoz g%
hydroxyapatite X th= A M| 218} AJo] 948 o2 FHEE= YA FHo] AU
ot au setekFes AE hydroxy- apatite= AAW EAde IQ
hydroxyapatiteol] Bj3te] MAW ZHFAlo]l Y& Aog BugEy o] Boh A
213t40] 353 hydroxyapatite?] 7H-E 98t HAZqAM F23 5FKo=E
Aol FolA:m Ytk Al 1 e HHoA RAF upe} o] FmzRE F
Z£3F HF hydroxyapatite= 1 3183 £A03 Hol hydroxyapatite® 34 3s}7]
A3 stEAoF A EZ R ALEo] 7ted ALE HUs AAY o]&S 9
3 Ao AEZ HashA Hol, AN 2 AY ARE FES] A
3led 5, 2.5, 1.25, 0.625, 03125 2 0 gkgel &Foz YPro Hilo Foslo
SRS EA(AZFESGARE, BA] A 96-8F, 199, 4. 16) JRS HFsY
.

ANPEAS d=d AT, -5 A7 T4 F Je &P AT
kg F 5,000mg(5,000 mgkg BW)2] §FNME Algoe A3 BAHA] ¢ro} LDy
9] AL Ak AMEES A AP AVREE FEto iR od lo] A=
o ¢ XFoAM Atgds A3 FAEA] QGSkcHTable 6-3). £ AlE H7tS
F3to] HalRode] Qlo] = G EFM, B AIFEAD d¥dn YAHE
Eolgt A A BEAHA 4dn, A AZIFE F3td AT o
ool ob-F BFOA, 7 20 F4 e AF AolE #AIAoE AFA
ol FE(Table 6-4)= A %3kt

P2l Fdo| AISE FUS F TFAA 14U FAY §¢ € 23T
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Table 8-1. The properties and methods of synthesis used to make the bio-

materials in this study

Bendi
Method of R - Sintering nding i
Name Materials Treatment Conditions Strength | Crystalline Phases
Process Temp.
(MPa)
Solid-state \ Hydroxyapatite+ Pressure;200Mpa 1250°C,1300°C, 18MPa Hydroxyapatite +
Reaction Wollastonite Heating rate;300°C/hr | 1350 C/3hr a -wollastonite
Hyd tit Pr ;200M;
+y roxyapatite u tfssu::‘ 217?;/}“ 900 C/3hr, 54MPa | Hydroxyapatite +
eatin e; .
composite Ci Wollastonite + | 35:35 3%)(\“?)5 ! 1200 T/3hr, 60MPa a -wollastonite +
ollastoni :35: ,bioglass
orasiomte CWIRMDIOBESS 1300 C/3hr. | 54MPa | TCP
Bioglass melting; 14507
Pr ; 200MP. .
Hydroxyapatite+ He ets;sureme 60 °C/a;u' Hydroxyapatite +
atin ;
composite | C2 | Wollastonite + & : 1300 C/3hr. | 30MPa | a-wollastonite +
. . 35:35:30(wt%),bioglass
Bioglass . TCP
melting; 1450T
Ca0-P,05-CaF a -Wollastonite
Glass-ceramic | B-G | 2> “* | pressure; 200MPa | 1200 TC/3hr. | 91Mpa | +B-TCP +
Si0-MgO glass .
Fluoroapatite

* Ca0-Si0, Glass
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Wsls gsugith gebd A 7TRAME ABE A=A Ago] suHE @
Awol 4 %% hydroxyapaptiteo] ¥ AY Wrel @y Y@ez 77
et Ade QST

Hydroxyapatite ¥ A A2 2 thzZola AW7I7ke] A £ Be Z4L
22 AAEFEE TDOZA, AR FYelmE AMEY ARWS 5
hydroxyapatite $% Fofo] o JHZAe] HolF W WHAE B
Stch. w3 hydroxyapatite £2E HAF 2o AFLS gzeol s AW
256 24 %7 Wiyt YehiA 9t Aoz yeigth 14Y F9 77
oo sddoz ¥ oo Wy @ $E¥4 So 5ud Pue B39 4 94

ol HexA83 AAAM e A% A(ulceration), acanthosis, hyperkeratosis,

N

B

A3

&O

)

hyperkeratonization, & X & 4J(vesicle formation), @ZAE &, &Y, ¥4 I3
58 dHugroy}, iR F L hydroxyapatite 2% X7 EFAA H#e 232
2 olds #FY <+ UJUKFig. 729 Fig. 7-3). ot AT P iR ToA
Bl o) o] FFH FHAoMe AL &4, Auezy ¢ 253
AAA FHAT EFAEY H&o] FAHUTHFig. 7-4).

) 2 2E] F£3 hydroxyapaptite= PY2EFY RS o]&3to ARE
1497 2=F0] ZMAREE 28t iz slug A, AR AXNT 2 o
z7 25 3% ¢ 5‘%7115“ o3 gNtEAde wWshrt e FAHTUAME A
EFAE A 5ol ¥ste 91914 hydroxyapatitee AWM F2H8o] gle
AdAF AAZ Ao ¥R Lol gle Aoz AlsdUY EF ETARY oY F
B2ele AFHSE EFIRCEAN A AFFLANZEZA FAF AFHsde o
oA gt Roz Yetti(Table 7-1).

gdFol dAFHARME FAWAN F&F EFAZ FAHT HEIAS
glass-ceramics 59| Z% 7/HA L AAZF olHNER FHE3d WA F
7 e AA oty AV SIAHAZ Fotlo] olel g F77t A H
2 ZHoln.
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A9 T 2

FALE FARAM o£E AHY F HriHe FAwe} & AEEHA A
BEE DRIIIAY olgelo)l=A ABEZ PEV] HFd, o)F A F ol
9 IHEAD F3 hydroxyapatiteo] wollastoniteE F-ABIZ WA A4S
Ao AZAF AZEAEFE Lo HE HE hydroxyapatiteo]
wollastonite®} A-W glass-ceramics®] 712 fFelxAo sF3te CaO-Si0 A +
g ¢ ANz whgstd EWel ojglelo]EE  AASdn g
Ca0-Si0-P,05-MgO-CaFo Al &) #2l & #H7lsld §4% BdA| ¢ glass-ceramicse]
£4¢& n#sAo.

g FAZXE F5F hydroxyapatite® 29| R EFAAS} =48 2AIe

7] 93}, hydroxyapatite 248 AzjAldSo] HEAAH, &5 42 B4 4

£ H18FY A= AT kg T 5000 mg(5,000 mgkg BW)e} §FOo2 23G FA

718 o83t gt 13 T F 14U #FE 23§ hydroxyapatite T
o AAE AMgzAMe AMAY B7HE Aty FAHAAT ANPE Ak o
T3 22 428 U

1 33 ¥ #2% EAY Xray B4 Zx ARG dexe @Al
hydroxyapatite(Caio(PO:)s(OH),) o1 2tk

2. 2x¥igle] wE YAte] WEFYE SEMe g FHG A, 2k @2 o
2 4ol wgts JetA gtk a8y e xrt wob A £5F YARY
AL 229 APHAAHAN Udette YA neckol] A)AM Yat=7]
TE 9 F7iste 2 JeErAG-
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3.

(74

~

FAW2RY F2E oMo Ex AAAZTEAN o|&7tsd Aoz YR
o. 23y glass-ceramics F3 Z& upole Agte ZAA X HEH A
F2% oluElolER 313tA%Y A F AA 7tsd Aoz ey

Hydroxypatiteol] ~ wollastonite”} d7}8  ZAS, Xray@@olA ARAL
hydroxyapatite©] = wollastonite”7} ¥ ZAA4Q A-W glass-ceramics®} A3 2
Aoz BFUYSY, oftrolEs Pl Zrkln neo 24
whitlockite/ 9] 327} =AU

L 2FeRd WE 2ZAY vAFTRE AZLnd AL dake sFo|
EAdte FAE B 1250CARE L vAG dAEH B 7| S0 &3
Hol 2Z9 AYPAEI}F Ydon, 1300CAME 7153 ta Foldoey 4
o] A7le F7tstd AZo| 433 P nAFRE Yl

2724 AR NAAHY 5 3¢ 9% wollastonite H7te ATHHo] Ho
U, ol9] Hrite g AA EFH ZHste FEE LAY F AUk 2Z
ol 7V 4 1300C A2ZAHY] ZEE 1791£0.19 MPa2 YehY sjdF
(cancellous-bone)2] 7F%=¢1 10-20 MPa&} FASH Ao = eyt

XRD #olM Yehd S| 2RSS Wrisle ol 2829 FRel dA {lo]
pseudowollastonite( @ -CaSiO;) 9} tricalcium phosphate( 8 -TCP)Z e}ttt 18
L} Glass-ceramics®] 7-¢- pseudowollastonite( o -CaSiO5)9} S-TCP 2o &gz
of X3 CaFoll 2|3 fluoroapatite’do] &= ATt
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8. CaO-P,05-CaFo-SiO-MgOAl 9] 2]} wollastonite 3 hydroxyapatite7} 7} E-3HA)
o ol Fx Wsl ¥ 90T e XNHad, {2l g 2A
(matrix)oll H& @ ZAA4o] EAsle ez Jelgth ¥ 1200CAAM =
ol Fejo] ARAEC] wud JuUE 2yt Y AZL2TUF 1300CR
F7tetd ZAY dAA7Ir Frtete nAdzE 722 AolHe FHY 2
A& Bt @9 CaO-Si0A F2i7t Arte BdA e vjAFxze fAdAH
28 ZAmarix)o] 4&d AR o] EAdte deE et

9, 703’5 %“ﬁ 011*1 Ca0-P,05-CaF,-Si0;- MgO?—i -n'iq @7}'7}' Ca0-Si0, ﬂ‘ 'rra 7§
7b7F 2ok AAQ Aog vyt

10. Fx|wolA] 23} hydroxyapatiteE CaO-P,0s-CaF,-Si0-MgOA| #2le &2
BEAdg L3 A X3 glass-ceramics®] Z T 90+0.5 MPa2 el B3}
Ao Ho ZxET 10 MPaR & F7iste] Zx FAWAA 7B A4
Aoz yehgt

11. Hydroxyapatite® 22} A=) dgtgdastsA AR 23, & &
A PAZAAA] o} F & ool AR ggton, AFHE= & A
ME FEY BHAMT ojujdt oldE TFAHA FUTH LDoA= RE &-F
EFoA HF kg B 5,000mgol ol At

12. Hydroxyapatite®] tAA H7iolA 2y vlnd A7 Al AT ¢ o

27 % 3F 2 AAd 99 Gwzatel Ashr) en TRYLA
5 AEREQ2 Qg Sod wWss UsiA gol, FNzREH fAd
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