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BONE FORMATION AND BIORESORPTION AFTER IMPLANTATION OF
INJECTABLE S-TRICALCIUM PHOSPHATE—HYALURONATE
COMPLEX IN RABBIT BONE DEFECTS

Masaaki CHAZONO
Department of Orthopaedic Surgery, The Jikei University School of Medicine

Highly pure S-tricalcium phosphate (8-TCP) has been attracting attention because of its
biocompatibility and biodegradability as a bone substitute material. B-TCP has been used as
a shape of block or granules in clinical setting ; however, handling properties of these configu-
ration are not optimal for some applications. The objective of this study was to clarify the
effects of a complex of F-TCP granules and 3.5% hyaluronate (5-TCP granules—HY com-
plex) compared with a S-TCP block, in terms of osteoconductivity and biodegradability, to
determine whether this complex would be a good candidate for bone void filler. Both
materials were implanted into cavities drilled in rabbit femoral condyles. After the sacrifice
at 2, 4, 6, and 8 weeks postoperatively, radiographs of specimens harvested from the distal part
of the femur were taken. New bone formation and mineral apposition rate were evaluated to
analyze osteoconductivity, whereas residual S-TCP within the defects and tartrate-resistant
acid phosphatase (TRAP) cellular activity were studied for S-TCP resorption. The results
show that both the B-TCP block and the S-TCP granules—HY complex support bone ingr-
owth ; however, bioresorption was rapid for g-TCP granules—HY but weak for g-TCP
block. The number of TRAP positive cells gradually decreased with time between S-TCP
granules—HY complex and S-TCP block. This biodegradation mechanism was considered to
be a cell-mediated disintegration because of the presence of numerous TRAP positive giant
cells. The time lag between the peak value of TRAP positive giant cell population and that
of new bone formation rate suggests that a coupling-like phenomenon could be occurring in the
B-TCP filled bone defects. In addition, S-TCP granules—HY complex, which is an injectable
and pastelike, has similar osteoconductive properties to S-TCP block. Thus, this complex
may be useful as a bone filler in clinical application.

(Tokyo Jikeikai Medical Journal 2005 ; 120 : 9-18)
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FAfEEBIL HwehTns, Lirl, FAEESE
ETIREREEROET, HIV 2 ED v A )V A &g
DRJREMEDLSH 2 SRS N Tnw 3 Y2, BiEE I
RER O FIZER M SR S L CET AR & 72 D
(‘B#5% . osteoinduction), M % - HEE
EE LB oBEEOFICEAL (BEE:
osteoconduction), FEAHE HSIRIGERR & 1L THRAE
BN BT O ST ERE I RE - 1o JIR R E &
587 % (BEW : remodeling). A TIXEFKER
T EEEBAEICED 2 ALEPREFE S, BR
IGHENE X 512> TE Tz, BTy hydrox-
yapatite |& 5 & © REF 2 EAMEL B IEERE
HT2EREONBM L LTCHEE SN, HRIG
Aanciy, RPEEFENCEEL, BRE
KElSh v E LS MESEFLTwS 2k
DS PIZEN TR, 2L, TEFRSE
E NI % 4K B-tricalcium phosphate 7 & v 7
(porous B-TCP block) iX'BRIFERICTIET % &
RN IRIN S R B ICELL S WS 2 BREM
ELTEHLDEHZDH TR EY™,

1934 4, e 7 va YERIZY ¥ O THRICEET
% Z L5 Meyer, Palmer 12 L D #]dTHEIH
729, b 7 u v id D-glucuronic acid & N-
acetyl-D-glucosamine > & 7 % nonsulfated
disaccharide DXV ~—TH Y, K, B, A,
RIS S BEETR 2 AN FEL TWw 3
HIfEAL 28 T 5. 1985 4E, West 5 2MESTE 7
v CEROIMERAEOREICEE L THIE L T
Xk, REXEPBRROERICE 7 va Rz
HALHRENLS CHEINE LD ko710,

BAE, SN TWS g-TCP 37 u v 7 R
ROREET L2127 I v I Thbld, i
k% Ule B RIBEA~OFHEIIREETH -, %
ZTEHIL, B-TCP 0ENI-BEERELELL
DD, WhHRDLRICHFELELE - MRD
B-TCP—HY #HEKEZHFEL, WERDLFLIEL-
TCP 7ua v 7 L [FA%E OB LERE L EEIRINE %
BT 2hEPITOWTHRE L.

II. WRELVIZHE

1. EERME
1) %F4k&B-TCP 7uvy 2z
AWgecHA LY B-TCPiE, A4 /7 I HhNn

]

BRIZEOERH LD DTH S (V82 (BR) &
Dft5)1® kb s, CaHPO,+2H,0 & CaCO,
% Ca/PL150 72 k5 FEL, BREBHKIG
(24 BEf) £, 80°C THzZME S ¥, 750°C T 1 H¥fEBE
B, & 512 1,050°C T 1 RefEBERk L T g-TCP
7 ay 7 BERL 7z, 2 oMk Ca/P L 1.50, 3
BRALEE 200 pum, [FLETBY ThH S, ZO7
oy 7 ZEE 4mm, £& 10 mm ORI ERE
L7z, £7ay 70&E=RIZ01g Tholz.

2) B-TCP §#k:

FEROZAMLB-TCP 7uy s 2t o 37
R—V % HWw T 250~500 ym DO TR E L, 7
oy 7 EEERPEBRICHERL .

) = T 5 N VN

4rlal, SFEERICEEH L7 O34T GEE) 0
SN DT, BiEd S HE - FFEL 725
TE90 f, 35% e Tvaua s b)) U ABK
Ths.

4) p-TCP—HY #HE&H

fEW T2 E5Eo g-TCP R 01g e 7 v
YR 015ml ZIREL, H—LL7b DEEARE
sl

5 SEEREY)

fAE 3.3-3.5 kg DD =2 —Y —F > R HER
REBAL.

2. EEBFE

R /51, droperidol (0.25 mg/kg) %N
&%, pentobarbital (20 mg/kg) 12 & 2 ElkE
Wz L, isoflurane (29) DWW AFREE CHERFE
Berfiotz, 9, ARG SMIFELRS M
B L, AMAMETEIE)H TS S O 2 mm #7712,
B 4mm, £& 12mm OMEROEALE2EEL
7o, DE BN R EEAEK TR L7
%, FT—X¥EFREL T, BILNOILMETT- 7.
H—XEEELIE b 1iml ¥ ) v Y2
WT B-TCP—HY ek rREL: (B-TCP—
HY &6 . 2O, EEaoMiizhikd 5
7z, BFLALDE 2 R O % flLik g-TCP 7
oy 27 (B 4mm, 5 1.5mm) THELZ., —
7, RN I ERRICERL L 72/ & FLIC press fit 375
L ICHERDOZFUE -TCP 7u vy 7 (EEE4
mm, £ 10 mm) ZFEL 72 (Z Lk g-TCP 7
oy 7). & S KBEEIHCFAKEOEFLO A%
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Adjacent bone trabeculae

Fig. 1.

Histomorphometric measurements in the bone defect (a, b).
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To exclude measurement error in the

margin of the implant, a square with sides of 24/2 mm in the bone defect (4 mm diameter) was defined
as the total area, and the rate of new bone formation was calculated with respect to this total area.

fERIL 7z b Dk ay bu—LiEE Lz,

3. ERETI

BB #2381z 3, 3’-Bis[N, N-di (carboxy-
methyl) —-aminomethyl]-fluorescein (# /v & A
¥) (RDEMIZETZE, KIR) 10 mg/kg % B2 T gt
L, &5 177z Tetracycline hydrochloride
(7 74 ¥ —8IZE, H0) 20 mg/kg & HRMNES
W CEERR AT o T2, iiH, 2, 4, 6, 8 I & REIFAYIC
£A{H1E % pentobarbital BERRELIZ L D ZZHEIES ¥
(&H n=6), KB ZEEL /2. Band saw
% F v CRBRE FRRTER HR R O SR TH ¢ D et
PAEELL, @ X SRR 21T o 7218, BIKERZ 5
M FERIRKAEAR 2 R L 72,

4. WHREIHE
1) X e

KER BRI A 28k X SR L, BN
DEHFEZ S B-TCP ORIz L T X ¢
SR R L 7z,

2)  AERRFRIRRES
RERBFEER & 0 BREL U 72 fHAR YT 13 29 par-
aformaldehyde/0.75 M lysine/0.01 M sodium

periodate (PLP) ¥ CHEE L 72, 15%EDTA
BWiERS Y 14 HEOBRIK 217572, 287 7 4 ~
GEOH, duymBETHBERZ/FHL &,
Hematoxylin-Eosin (H-E) /s o Nl A
HHIERE 7 + A 7 7 # —+¥ (Tartrate Resistant
Acid Phosphatase : TRAP) a2 /ifT L, #H
RS 2T o, i, BILANOHETREEE

E1LT 2 72 D WHERMEA & S BEER I el L 72
% 7 —% =% — (PixelaR CCD camera, Olympus
Optical Co. Ltd., Tokyo, Japan) &L, @&
GfENTY 7 + 7 =7 (Adobe Photoshop 5.0R) %
RAwCTEDOEREEZREL, 2Elc THES
EEREHIL7., COBE, BfLLbET 2R E &
DESFES OFHHRE R AT 27012, HE4
mm (2N % % 13755 24/2 mm O IE 5 NE % #
BB EE L7 (Fig. la,b). F7z,
TRAP #Af0ZA T3 TRAP BHifag o il %
BRERNICAT 5 72, FERIKEEAR & U CHBW R %
70% ethanol THEE, Rk L 7z%, Villanueva
bone ¥ 6, ¢ 7 v v 7 ¢ 1 %, methyl-metha-
crylate g 1c /@, EX 20 gm OIEM K
RKel, BRNICEET 2 - TCP OHEEE %[
BRICEHAIL 72, %7z, HMHOLEAMSEE (Olympus
BX 60, blue-violet Jii#2) THZ, 2 &EHZ ~IVED
R EREH B TR L, ThZnoEFRKHE
JEERD Iz,

5. IRETEEVERMT

a5 B9 f# A7 12 13X Mann-Whitney test %
v, - TCP—HY @ &#EE L - TCP 7u v 7B
EDHHRIZB T p E<0.05 ZHEAMEL LT,

I #% ES
1. B;X K&
1) B-TCP—HY &E&HHE: FEL 2 EGE

& FAPROE & DB 2 H DR TN &
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o Tz, BERFENICE LN O g-TCP FHRLIZ 3
72D, 8 ETIRZDIZFEAENHEELL, B
FEWCEBRS N, BROEG M b R s vz (Fig.
2a).

2) %AAKB-TCP 7uw 7#: it 4TS
Uk B-TCP 7 a v 7 DD & BHENBHE S
1, BN B R OGN L S 1Lz 03, itk 8 E
DORFETHEFUE B-TCP 7u v 7 3EEL T
7z (Fig. 2b).

3) aArhu—EH: W6 HE TELOUZ
BB CTH - 7203, itk S M T BFLAF» LT
IR L 2> Tz (Fig. 2¢).

2. MARRIRET

1) BiKEEA (H-E Zt)

a) B-TCP—HY &t i #2:H T 8-
TCP k0 HB I BHE 2RO 7 (Fig.3a). %
7z, HAJEESIL 7Bl S EMLE & b
FrAEFORMEFEL Tz (Fig.3b). 48T
1%, woven bone GBHHfEMEE) DREAVLD A S,

B -TCP
granules—
HY complex

(@)

B -TCP block
(b)

Control

(c)

Fig. 2.

a”

]

EREREN I DR b RO Sz, ik 8ET

EROIEIZEEA L, lamellar bone (JEHE) b
#Hgxhiz (Fig. 3¢0).

b) ZFlUk B-TCP 7uvy 7. fiitk 28 LY
B-TCP D fAp» s &EHAENHED 5, - TCP—
HY BEAWERE & AR BEFENBZE s h
7z.

¢ avbhu—EE: iR 3 ETHEILAICIX
WFCOTORHFEFERDLOHTHY, HR
I EE R TR S T » e,

2) BiPKAEAR (TRAP 3f0) . S-TCP—HY #
BEEE, K B-TCP 7oy 7 HE & Itk 2
#HT B-TCP DK % H D TRAP GO
HEDEZE s NI, &, FraEHBoREIZD
TRAP BBEMEs % 65 iz (Fig.4). 2T, B
LN Ic BT 5 TRAP GHEMEE OFHH 21T 5
&, MR E b TR 28 T TRAP 54 Ml #12
519,498 L znFhixmfEzxr~ L, Dk, 48T

319,367, 83T 197,208 L AERFHNICIRA L7z, M

8w

Representative soft X-ray of empty defects and defects with a complex of g-TCP granules and
hyaluronate and S-TCP block (from left to right: time=2, 4, 6, and 8 weeks).

The margin between

adjacent bone and defects filled with the f-TCP granules—HY complex was already indistinct, at 2

weeks.
replaced by bone at 8 weeks (a).
phically at 4 weeks.
was partially recognized at 8 weeks (b).
tion was observed at 8 weeks (c).

Granules of B-TCP became more coarse with time, most of them having disappeared and been
New bone formation around the B-TCP block was found radiogra-
Although trabecular continuity was seen over the course of time, 8-TCP block
In the control defects, only a small amount of bone forma-
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Fig. 3. Photomicrograph of hematoxylin-eosin staining at 2 weeks. B-TCP appears to incorporate with

bone, and osteoblasts are depositing osteoid (a).

Active new bone formation is occurring with

numerous multinucleated giant cells in the resorptive lacunae. No inflammatory cells are noted (b).
At 8 weeks, the thickness of trabecula increases and the boundary between new bone and the adjacent
trabecula becomes indistinct (c).

Original magnification: (a) : X200; (b) : X400; (c): X100.

B4

Fig. 4. Photomlcrographs of TRAP staining at 2 weeks. Numerous TRAP-positive cells are mainly in
contact with the surface of S-TCP. Original magnification: X200.

Table1l. Mean values and SD of TRAP-positive
cells

2W

4W

6W

8W

TCP
graniles-HY

TCP block

5194151

4984127

3194145

367 75

262169

279+31

19752

208162

HECEERERFED ooz (Tablel),

3) FAEER S CIEE B-TCP &= i 2
BO B-TCP—HY HEWIEOHEEZEIT 9.2% T
BHoteDEH LA B-TCP 7uy 7 BTk
9.8% TH -7z L4k g-TCP 7 u v 7 BTl
#% 4587T 31.6%, B-TCP—HY HEEEETIIiE
6T 263% Lz TNHREEERLZ. itk 8
FETIIWREE b 24% IRIZFRI%THY, wTFho
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Fig. 6. Material degradation versus time

Table 2. Mean values and SD of mineral apposi-
tion rate (xm/day)

4W 6W 8W
TCP granules-HY | 3.77+0.54 | 3.514+0.35 | 3.19+0.95
TCP block 3.1240.28 | 3.12+£0.41 | 3.02+0.43

BB TOHMEMCEEEZE2A D Lo
(Fig.5). —7%, BILANOERE -TCP &I, itk
238 T B-TCP—HY #HE&H N 29.3%, % fLik
B-TCP 7uvy 7 BETIL 46.3% Th-otz, 48T
& B-TCP—HY ¥ & k£ #310.7%, B-TCP 7
Oy 7 FEN288% THD, SATRERER
7.8%, 18.8% 7D, WFHOKHIZB VTS S-
TCP—HY HEEEE X% FLIk g-TCP 7 u v »

FIoaRICENSNTW: (Fig.6).

4) BEAKHEE : ik 48 coBEeaKk
HEX, B-TCP—HY E&4#E T 3.77 um/day,
% FL& B-TCP 7 v v 7 ¥ T 3.12 yum/day T
Holz. 6 HTIE -TCP—HY #E &M EE T 3.51
um/day, %4k B-TCP 7u v 7 ET 3.12 um/
day, 8 TIEZhZN 3.19 mgm/day, 3.02 um/
day &0, ZOHEIZFEE b p-TCP—HY #
EREEN S FAR B-TCP 7w 7H X D K& Wl
ERLTwiey, MEMCIEREZE k»o7
(Table 2).

Iv. # =
AHFFEIC B 5 X #RFEMN 7 & TR R
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o, p-TCP—HY HEWIEZflik g-TCP 7
oy 7 LEEOBGEERET S EBHLnE
ot REEERIZA— A MRO T2 DR HEA
DBHEETH B, Lrl, VVBHIVY Y LR %
HRBATE L IH5E, ZOFEROKRE SVE
TR 72 A B DR R FIZT £ OGN D % 72
BN FhEEEE L CEHE L EREORE 2
To7. ZORER, FRED 100 pm KiEOHE,
B-TCP FRL I3 FEL FHICBIN S B TER O &2
B od, £72500 um PLEDOEEICITREH
HBARRARETH 572, TDIzd, 250~500 gm
@ B-TCP ki % 3R L 72, Eggli 1%, NZW
rabbit O ¥ #i 5 B K I & FLEE 2% 200~400
um D B-TCP2FE Lz & Z 2, flik2:BT
71% OFEF RO EH|EL T 5™, Shi-
mazaki & Mooney & 1, 1tk 3 HTH 7.0% D
BHAENED sl EBRRTW B, SEOFER
& B-TCP—HY E&EEEE, 2Lk p-TCP 7o v
JEE BB 2HEICBVTENEN 2%, 9.8%
DBFEZRDIZ o, KGR THERL 8-
TCP i3, &b THRWELEREETL2bDLE
bhs,

Krgec Az B-TCP &1 B-TCP—HY 4
Gk, ZFUE B-TCP 7u vy 7 £ 12 01g Th-
7o, WPUCEAL TiE 7oy 7 X DR DIE S B8

BIR»ol, 22 THEARNKBY % g-TCP

DOEIPLRIUC DD THENICBIR L Ta L &, £
&k B-TCP 7u v 7 TR L VRIS T
7D LT, B-TCP—HY A& T, F1hEs
7% 6 N 2 & [ERR 12 g-TCP RIS &
Nz, ZOHHE L TR EZOSNDDIL, FH
RLDIE S 71y 7 I HANEREFE IR E WicD T
FwuhrEHERING, Thbb, FRORKE
X0 B-TCP OFRZ 7y 7R AL Z S
ZETHINEERD O ND ZENHS M E RS
7z.

LA T Sy 7 ORINCEET 2 X =X A1
R BT 5 2 L ic k> TR 2% s Mildo
BRIZLDDDEDEZ 5N T 529, De Groot
3, £ 3 v 7 OWINIZIE microporosity 3K X
CBEELTW3 EdRART v 320, Micropore (5
um PUTFOSFRZE) 2B L0 AMhe T 2 v
T, FrEEBEONLANDHEA LR 5D AT,
macropore (100 gm A EOKRFLE) S 2B LZWL
BEERTE, BELTL s AENER W
EDRMEINT VB, KSR g-TCP
DFKE %2 SEM I TBZ L (4% &, macropore
DA% 5T % B O micropore b H L TWw 3
(Fig. 7). #ifEO0ERICE 21T v 7 ORI
BIL ¢, Bhaskar &%, ZERMIFEOES % taHH
LTWw3?», %7z, Renooij 1%, 1 X OKIEEEH
RIEEIC B-TCP =M L 72356, itk 20 HD +

: Yol
Fig.7. Scanning electron micrograph of S-TCP showing a very rough surface on which tetrapod-shaped

B-TCP grains with sizes of up to several micrometers are uniformly distributed. Original magnifica-
tion: X2,000.



16 %

7 3y 7 RECHEREMONBIZE S hie Ll
LTWw32, Eggli 51379 FKRE « [K5I126-
TCP 2B L 72 K%, itk 2:8 T % O KM«
TRAP 51 O & s s B s i
TERELTWAEY, I oBEEDTIRERL
%1% f-TCP ORI 134 75 70 & FHIFL O B S 53
T RN B, Jok, TRAP Rt Mie & 135 %
BRTIHEHELZFAELB2bDTH 0%, 6-
TCP ot T 3y 2WINT MY b BEH
faTH 5 &1k TRAP Rt o TIEMIE T X 7,
BHAED & Z % TRAP Zeea5 P o i 13 i #i i
WD CREWBEMIARAIIL & & 2 2 D03%4 T
b5,

KIS TIE, HBEIRET & DTk 280 H-E
REfERIZBWT B-TCP OXMIZ L HDOLEE
Mla»EgE s, ERVFICTIhsDIFEA LY
X TRAP GHEMIIETH 2 Z L SRS Lz, 2
DZERFREH LY -TCP OWIIZ IZHlE %2 A L
TR BEC TR EEz oh, BERINT 20
BRI 8 THEBLL 7 B E R AR I X % b
DrEzZoNS, ZORICEHL T TRAP B
Ml L B LN O B-TCP & L OBR 2T L
T#H5 L, - TCP—HY EEWEE, £ L4k - TCP
T uy 7 B L b TRAP B M HI I 5 & BB
TCP 813, itk 2 H CTHRAME zR LR, B3
BIEMMS A ST, F iz, RGN Z 12 TRAP
B s s AR RO v — 7 MBI ORI
1%, 2~4BOKRZEEZ R e Tk, 34
b, TRAP BGHEMIIE XM 2 8 THRAME %2R
L, —7, HAE=EEmE 4 £7:13 6 HTRAE
Thole., ZNSDHRIE, BEDETHASNS
HEEMN E RO NS > 2 & 5 ERE, w
bWz Hy 7Y D TEML 2R 6-
TCP REBD R OEDFHINE L LTH O
B EMRBENS, DD, B-TCP 3#i%k 3 5
ML TTlE%L, BEBRAMEORWERECE
LG 24 METH S,

AR B T 2 £ 70 v EEOEYERIEET
S TRV, D &b FEIPALIZB-
TCP Ek 2D TH L 2 T, B-TCP FEhiI~
ODRIFEBHEVPH/RTCE I LEEZ SN2,
Sasaki &3, BREH BT 2ESFe T Ly
R ORI DEE 2R LIBE, BaTe7 v

]

O VL OEMFRNEEIC X D EER LT
LEERT 2 BANCE D, ROCHEZERMROE
IEMIRI AN DM 2 EHE T 2 MEF Y b 2 AIREM: %2 7R
BLTWw3®, %7, Radomsky 51, 7o
YEESRATCEAET 5 & CHIIEHIED 45 & 7%
D, Fibroblast growth factor-2 (FGF-2) »E
BEALTWA2OTREZVWAEBEL TV,
B-TCP—HY #H&EMWIL, Mo FE 7o VRER
2 &0 EOREREE B b o Te— A MIRO BRI
ThHs, —BRENTHEHEME IS TR LD DEE K
FT 2 EMESNT WD, KIFFETHW 3.5%
DE7Na CEOREEZ 1% OZF 0 10 5
Thd. $hbb, KEGEEFTEHLIEGE, H
PCHE T % 2 &2 RIF R BRI T &
250DEEZ 5,
FRIBERCY) Y BANY T NEE R N BT
L7, Frig lE, BHEEgic o7 3y
7 ORI BTERSE 2 208, Z ORI X
DEHMAENCEE T2 2 enHEshTw
B —f 0 f-TCP—HY #HEWKIX, FTEET
CKEAEEND BDTEREVWDDD, FEFD
BERE2EES ¥, [FRIC 8-TCP 23Rk
IN& 3 2 & TR OB TR IS U2 b
SHFEBREBSNE D THS, 612, KX4E
BRI HEL 2 FREMEO EBICk 2720 Tk
<, BERCHEST 2ERFOEKE L THIH
BanszbnkEz %,

V. #& B

—a—Y—7 ¥ FHBRROKEEEES I/
L7z B KREERIC g-TCP—HY HEHKZFHL,
R B IRRET 2 T o 72 £ 25, ITDZ
RN S N,

1. B-TCP 7mvy 7 kgl ¢, - TCP—HY
BERTHEBZOBINOHEETRIZFAETHD,
RIFREEERERB LT3 2 LS L 72,

2. B-TCP—HY &M IIFEZH S 22 12 T
IX&h, g-TCP 7uyv 7 L L TR L D F
DFEEIRD s,

3. B-TCP ORI D A 1 = X L3 FE L EHA
X VAR OERICI 2 EEZHNS.

4. B-TCP BAE&RDJFFTIC B 2 EMFHIIG
F3EIEHIEE & BB I RE O coupling formation
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RS THEBIL 7 b D RN,

5. B-TCP—HY #H&HEIF—A MRT, vwi»
LR L RENRETH Y, RENEA D ATRE
LU WEREM E LTI I NS,

R 2 21T A, WIHBYI % 2 R £ K%
B0 F LI R EBESERIR AR E £
Bz, B s LT, g7, AW
BT B D EBEIEY, WL EE LE
SLIRBERAE A B R ERIR T SEEs R, HYhEE e 2
S NCEEIFRE W /RE F LicA Y YN R (BR), AL
iR, B TEGR), EHERECE CHLEL
LT,

X ik
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