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A POSSIBILITY OF APPLICATION OF B-TRICALCIUM
PHOSPHATE-TYPEI COLLAGEN COMPLEX AS A
BONE FILLER IN REVISION HIP SURGERY

Hirokazu KoMAKI
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Beta-tricalcium phosphate (8-TCP) has been attracting attention owing to its
biocompatibility and biodegradability. However, complicated bone defects are difficult to fill
with S-TCP blocks. The purpose of this study was to examine the osteoconductivity and
biodegradability of a complex of Z-TCP granules and collagen compared with a S-TCP block.
In addition, we investigated whether this complex can heal experimental peri-implant bone
gaps. A B-TCP block and the complex were implanted into cavities drilled in rabbit femoral
condyles. Radiographs were made of specimens taken of the distal part of the femur 2, 4, 6, 8,
and 12 weeks after surgery. We found that the complex of S-TCP granules and collagen
supports bone formation ; however, bioresorption was rapid for the complex but weak for the
SB-TCP block. Thus, the osteoconductive properties of the injectable complex of B-TCP
granules and collagen were similar to those of the 8-TCP block. Successfully obtained from
the previous experiment, the complex was used to heal peri-implant bone gaps made in the
rabbit femoral condyles. Resorption of B-TCP and bone formation on the beaded surface of
the titanium pieces were evaluated with microscopic computed tomography and scanning
electron microscopy. These studies showed that the complex filled the gap between bone and
the titanium pieces and had been replaced by bone at 12 weeks after surgery. In contrast, gaps
not filled with the complex showed no bone formation even 24 weeks after surgery. These
results suggest that the complex of 3-TCP granules and collagen would be useful for healing
peri-implant bone gaps during revision hip surgery.

(Tokyo Jikeikai Medical Journal 2005 ; 120: 99-108)
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L) BET 230D TR, BRSNS E
KBREBBRISNIEERZET 290, BHE, FHS
NTWw3 -TCP R 7y 7 PR DL TH
L2, 7avy 7IRTIEEMERIRE Licg/RIA
EHAOTHESEETH D, ALK TIXERIEH »
SR T 22 EOMERYH B, £ I TEHEI,
B-TCP 0Nz BIEEE R WAL DD, g
BRI BFHE LS B — R MIROBHEEM OB
Fridsic, $xb b, RO g-TCP iz 182
= rERELIEEHREER L., a7 -7
X, 72 B 1,000 EAER LRV R D R
TF R IR v 7 AREEEBR LIz b DT
b5, FTOWKRCIE, BPOEEEREDT o
NTFEPEEL, FUREDIZEA LR, O
HEEIWTWS, SEFEHALIHI S -7
i, THEKRITZ—7 27y I DR
TFROAEYWI L7 T 03T —7 rTEnE
PRI &R E B L, & 51, 37T°CfHin
ECMET 2 a7 —7 VHENPEELEL T/
16T 28BMEET 5. 2D, THE, BLORK
ERT 2 ERNTENMEA S ® 2 25k & L
TELHeLNT WS, FHHiE, SHEEKLZL-
TCP KL L a2 7 —7 Y OBEEWED, FEHKDB-
TCP 71 v 7 & [[% OB RERE RN %
By 2B 2R L. 012, KEEGHROE
IRIGH OFREME 2 RET T 2 720, BXREZELS
HEFE D > N LR BE AT FHE AT O e I 3 2 4
A EMET L7z,

II. &R SCICHE

1. =B

FEEZ, f-TCP-2 55—~ &k L g-TCP
Tuay 7 EDQHBREREER ], E—Xa3—7 4
T REREICH LTS CEREE ORI
B-TCP-a2 7 —7 U EEEEFHA LIz b D% EER
2 L7,

2. E&AIR

1) p-TCP 7uv”

KWFE A L7 B-TCP &, 4V >/ (1)
MAH 27 S HANKRCEOER LI b DR AL
729, ¥7b b, CaHPO,-2H,0 & CaCO; % Ca/
PEL150 &0 2 K5 wicFiEL, BABRRIE (24
i) 1%, 80°C THzEx ¥, 750°C T 1 KFEIBERL

®

L, &5121,050°C, 1I[EHBER L T S-TCP 7
vy 7 ZE L7z, 2 oMiRiE, Ca/P t1.50,
RFUE 200 um, KFLET5% THhotz, 2D7
oy 7 ZEE 4mm, £ 10 mm O MR ICERE
L. #0E=EIZ01gTh- 7.

2) B-TCP ki

FEDOB-TCP7uyv %27 Iy 7R—N%
FIVA T 250~500 um ORI & L, 70 v 7 L5E
EREBICHERLT.

3 I1Maz—rr

EEBRICHERALLIEa S —7 v 3EHHED
3% 77T =7 U ThoTz.

4) pB-TCPHEK - 2 7 —7 VAR

M I FE o g-TCP HEA; 01g &£ 3% 7 7
va7—7>01bml 2EEL, —LbD
PG E Lz (Fig. 1).

5) EEEY

KE 3.3-4.0kg DMD =2 —Y —F » FHMAFK
REBRAL.

6) R—FRF5&RE

HZA MDM ##lv x > b VAKBEEA > 75
>~ b (Primaloc cementless femoral implant) @
E—Xa—74 v 7E» 5 4X2X8mm O & E
FEUV L DRMEAL (Fig. 2a). FERH]
FIZWERT Y A4 X 250~320 um O E—X 50—
TA4YITINTNWS,

3. EBRFE

1) 5EBR 1: BRE:5¥51%, droperidol (0.25 mg/
kg) =AW THAWNES 217> 7%, pentobar-
bital (20 mg/kg) 12 & 2 &BARFKE: 7 5 NI iso-
flurane (29) DWW AR CHEFIREE 21T o 72, &
7, AREREREERIMAT & R L, JMAEIESE
fIEERD 2 mm B 512, B 4mm, £& 12mm
OHERDBEREEIEHEL 12, BN ZEHEAE
KTRFWCTRE LIz, T—E¥2RELT, B
ANOIEMETo 7z, H—X¥%2EELE, EbBIZ
1 ml ESEE 2 W g-TCP ks « 25—~ 18
G EEA L (EEEE. SR LT, BX
B K FLE 75%, BEX 4mm, £& 10 mm OH
HIRD B-TCP 7oy 2RELT (FTuyr
) . &% 2 BT 3, 3-Bis(N, N-di(carboxy-
methyl) ~-aminomethyl)-fluorescein (# )V & 4
>) (FIEHEEETZE, KBR) 10 mg/kg % [ NiES
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a. B-TCP granules.

b. 3% of type I collagen solution.

c. A complex of B-TCP granules and type I collagen.
d. This complex is a paste-like material.

Bone gap oy
2.0 mm

Bone defect

(5% 7 % 8mm)
Titanium piece

B -TCP collagen

Titanium piece

a b c
Fig. 2.
a. Cementless femoral implant.
b. A titanium piece with beaded surface is inserted in the oval shaped bone defect.
c. Periimplant bone gap at most 2 mm are filled with a complex of g#-TCP granules and type I

collagen.
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L, & 512, 1:A/_ETIC Tetracycline hydrochlor-
ide (7 7 A ¥ —83E, W) 20 mg/kg £HAN
HEHC TEERR 21T o 7o, HEEESERKRTH)
WIEBRARE I HE W, T 2, 4, 6, 8, 12 3 & FREFAYIC
DR (BT n=05), KIREFEISZEEL 7.
Band saw %\ TARBEFES RO RIRETT D
TR 2 ERL, K X s 21T o 70, BiK
AT & N IEMIKATA 2 FRL L 72,

2) SEBR2: EE LRIk, ARRREREE
Iz, 5X7 mm QM TEITE 8 mm OFfL
P LU, ATy v E&BFOE—X a—
T4 YyJHEPRIACATE L OMES 2mm &
%5 LA LT (Fig.2b), B E—XF% >
&E L OMBRICEEHRZTIE L 72 b O 2 HEWEE
& L7z (Fig. 2¢), WEEEE L CBFLICE—X 5%
CEBROAEHALIDDRIERIL 12, HEE
EERRFEYEBIEE/E W, T4 6, 12, 24
I & RRRFINIC LI S & (B FE n=4), RERETEES
BB L, 709% ethanol TI&E &, Wik L 7%,
methyl-methacrylate $ffigi1c@HHE L7z, ko4
R E e~ 4 7 v CT g (HIL X
T4 afE: Qv A 707 r—h A XfRa—
v E—A CT @) 21T - /248, FETHIEIL, &
HEFEMSE (SEM) X 28E%21T- 7.

. % & &E B

1. =BR1

1) WX

KEEE S REY A 2 X fdme L, BN
DEFER S f-TCP OWRIIZBEI L T X 2%
HYIWCFHE L 7z,

2)  HERRFERIRRER

KREREFEES & 0 BE L 72 /8T 13 29 par-
aformaldehyde/0.75 M lysine/0.01 M sodium
periodate (PLP) ¥ CHIEL7:%, 15% EDTA
WiIcER3 ¥ 14 HEOBK 21T 57,87 7 4 ~
BEO®E, 4ymBETHBERZ/FHL &,
Hematoxylin-Eosin (H-E) % /7: 5 V2
Tetrate resistant acid phosphatase (TRAP) #:
mafTY, BN 2177, 72, BN
OFEBERERNLT 5720, HHRMEAR % JEEH
e Ly 7 —x =% — (Pixela CCD
camera Olympus Optical Co. Ltd., Tokyo,

®

Japan) b L, BEHEBEHRY 7 b v =T —
(Adobe Photoshop 5.0) % F\»CH O ERIEE %
FEL 2EcTHEFELTHEIL:. O, &
FLERE T 2 G & OB S OFHIRREE & R
KT o, BEAmMm ICNE S 1 AR 2/ 2
mm D IEHAEE % 345l i & E % L
7z, FEWRKAEA & U CHIBYI R % 70% ethanol T
€, Bk L7z, Villanueva bone T 7 11 v
7 gettif, methyl-methacrylate g 12 /A8, &
S 20 um OFEFIKIEEREAR & L T, BANICERF
T 2% p-TCP OHEE®FKICFHHI LTz, F72, %
BHEEESE (Olympus BX60, blue-violet L)
THIZ, 2 HI ~VHOEM 2 BB TRL, £
NENOEEAIKEE KD T,

3)  MREHFERIET

a5 B9 f# A7 12 13 Mann-Whitney test %
W, BEWRHLE 7oy 7FHEEORBKIZBWT D
E<0.05 2 HREAK#EL LT,

2. EBR2

1) ~A7uCTiiE¥

E—XF 5 vah s T 7 a CT i
HalTv, 75 BEFE OB TREARE & #Hl L
7z (Fig. 3).

2) EEETFEME

@ F I o VIR I B 1 5B TEECRIL %= &
BEFEMSE AV TERZL, —HoMBicidic
E xR el

IV. &% R

1. =B&1

1) WX

(1) HEEEE:: RELEAKEFEOE L0
Biid, itk 2 Mk 0 REERR R GRERE L, B
WEFLANO B-TCP FERLIZIK L 220, fiTte 1238 T
X, IFEAEBHEERL TRICERS R, BROE
Sk b e S iz (Fig. 4).

(2) 7oy s itk 48T E-TCP 7uy »
DD S B ENBE SN, IR
v, fiftg 128, BEREEREMKCIZEAL
AL L CRICERS hiz,

2)  AHEFRIRRR

(1) BiKEEA (H-E 3efn)

a) EEEREE: itk 2B T g-TCP Sk A 1
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Fig. 3.
a. A radiograph after insertion of a titanium piece.
b. A sagital micro CT view taken at the center of the implant.

Fig. 4. Representative soft X-ray of defects with a complex at 2 weeks (a), 4 weeks (b), 8 weeks (c), and
12 weeks (d). The margin between adjacent bone and defects filled with the complex was already
indistinct at 2 weeks. Granules of S-TCP became more coarse with time, most of them having
disappeared and been replaced by bone at 8 weeks.

B E R 7z, HEEEL-EIEMIE AL, lamellar bone B S iz,

%&%@i@ﬁkﬁ?ﬂ?b’(b)k (Fig.5). 48T, b) Tuvw ¥ Mk 28E Y -TCP OREH
woven bone DEFLA A 5, BHEBNICIIE  »oBFENHED SN, HENE & EIICRIFY
DEELED Sz, i 8HETIE, BROEIE  WCEHEREOH KL g-TCP OWMEANBE I L
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7z,

(2) Wix#EA (TRAP Zitn)

HEKRE, 7uy s e btk Tp
TCP OFEH 2% D TRAP Bl D HIERHE
B3z, iz, rEEFHBORmMIZL TRAP 5

Ml A otz (Fig.6).
(3) a7 o CIcEAE B-TCP &
BEREL 70y 7EOREERE (HHEF) &
itk 2 TZznZh 83%, 9.8%, 4T 25.7%,
31.6%, 6 T 24.3%, 24.7%, 8 BT 25.2%, 24.1%
TUITNOBEICBWTHYHEZZRBD LT,
—75, BEBHL 70y 7 HOBNOKRTS-

Fig.5. A photomicrograph of hematoxylin-eosin
staining at 2 weeks. B-TCP appears to incor-
porate with bone and osteoblasts (arrows) are
depositing osteoid. Original magnifica-
tion: X100.

®

TCP &3, fiftt 2 A TZENnZEh 30.2%, 46.3%, 4
T 25.2%, 28.8%, 8T 16.3%, 18.8% TH -
7o, itk 28 TIE, EEBREL 7 0y 7R
BREICPEIN S TWzD, ZOMoEIZB W T
MEEENICEEEZ IO o T,

4) Beak{HE

it 4 BOBEERHIKALEE X, EEHEFET33
pum/day, 7 v v 7¥ 312 yum/day ThH o7z, i
%6ETIIEEEE 315 um/day, Ty 7 #
3.12 um/day, it 8 B TZ ¥ h 2.96 ym/day,
3.02um/day TH VY, MEHMCEEREZIRD
»olz,

2. EBR2

1) ~427ucCT

fite 6 HOBEEHREETIE, 4 PT X TCWCHFILA
PH & 3 2 345 G 3D o iz 23,
E—Xa—J 4 Y Z7HENOEDEA (bone ingr-
owth) 3D 5 N% o7z (Fig. 7a). fitk 1258
T, 4 PR3P EAAE»S BT 4
YIZHENRAT 2 EREENAD oz (Fig.
Tb). ¥z, Wi 2H1#ED CT A7 4 2BV
THEUUL - BREE D, 3 XTI e 2
& DOHEFEDHERR S iz, itk 24 M TiE, 47
NRCIZIA—T 4 >~ 7 HND bone ingrowth 2332
Hoite, MEELTCELIZTF I vERROA %
FEA L7 BETI, 6 24 BB L < b BFA
"o DBEERIIENLT, E—Xa—TF 4 > 7 HAN
@ bone ingrowth [FF8H & Lo 7z (Fig. 7c).

Fig. 6. Photomicrographs of hematoxylin-eosin staining (a) and TRAP staining (b) at 2 weeks.

Numer-

ous TRAP-positive cells (arrows) are in contact with the surface of -TCP. Original magnifica-

tion: X400.
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a

the implant at 12 weeks (b).

S

c
Fig. 7. Periimplant bone gaps were filled with a complex of S-TCP granules and type I collagen (a, b).
Micro CT views show no bone formation at 6 weeks (a) but bone ingrowth in the beaded surface of

In contrast, the control defect (without filling) does not show bone

ingrowth into the beaded surface even 24 weeks after surgery (c). NB: New bone.

Fig.8. A SEM micrograph shows bone growth
into the beaded surface at 12 weeks. Original
magnification: X35.

2) EEETFEME

itk 6 WOEEHEEETIE, ~1 270 CT OFFR
WW—HLTE—RXa—7 4 > 7D bone ingr-
owth A 51, B-TCPERPEFEL Tz,
it 12 HTlE, E—XOEBC E TEMRAL T
W2 2 ENEER sz (Fig. 8). BRILK (1,000 £5)
THEIZET 2L, E—X%2IRYHEREELET
3 HOEKERD T (Fig. 9a). [FEBDOITTESH %
fTolz 5, KK, BHK, Na, Mg 2&1EMH
BThHdZ EBbrolz, 8512 —X[E% 8,000
BICHERLCEE L L 25, iz 2EHT 5
BMIETH S Z L HEHL 72 (Fig. 9b).

Iv. £ %=

AT B T 5 XA 72 & DN HHRRSF s
5, B-TCP-a 5—% v EE&KIIRRkD -
TCP 7uvy 7 L AEOBREREET 5 2 L8

oo, REEHED -TCP OFEREIX
#%= @ Chazono 57 D & 250~500 gm D
TR EDEATRECTEIER D B & L TE# LY
A X THDHZEPOEAL K Egglio® i
NZW  rabbit @ ¥ B K 183 12 & FLI1E 2 200
~400 um @ B-TCP #FIE L 7z & T 2, filitk 2
TT71% OFHEF 2RO LWEL T3, Shi-
mazaki & Mooney 59 13, fif# 38T 7.09% D&
TR MERD STz ERRT WS, SEIOFEEIIE
G, Tuv B b iR 2BATERER
8.3%, 9.8% D'BEFLEETDI:Z Lo, KT
R L7 p-TCP 3o CEWEERHAELE T 5
borBbhl:, Az AW f-TCP &i3#E
B, 7oy 7B E HI201g TH o, WX
WBL TR 7 ay 7B X D EEEEED S R 2»

SIENEN TV, ZZ THANIZBIT 3 8-
TCP OWICRITIC O W TEHIICBZE L THa B &,
B-TCP 7uvwrTix, FZIYVRIXENTVS
DL T, EEETIZ, RE S N FEIER
» S [ERIC -TCP FRIARIN S LT Wiz, 2D
B E LTE, FR 7 0y 2 I REEREASK
i Ebhiz, $bb, -TCP OFKE
Tay 7 hoERAEZ D L TRINMEERD S
N3 e ERST, itk 2H0 H-E 3
EHEARIZ BT S-TCP OFRMEIZZH D S EM
farEigsh, ERtIFIcTInsDiEe A LH
BRI B 7 TRAP MM TH 5 2 &
PHERE N, ZOZ L3RI g-TCP 0%



106 7N

Fig.9. A higher magnification of Fig. 8 shows layered bone formation (a) and many osteocytes (b) are

seen in between the beads at 12 weeks.

POz IZHRE 2 A LIS E T TwE b0 & Bb
N7z, #=E D Chazono 5713 B-TCP 7u v 77
%, TRAP Bk s frEgREOC—2 Ol
BRI IE, 2~ BOREENELCTwE I L%
HMELTWDS, 3kbb, B-TCP RBEZLDEAD
EHULET O/ TH 5N B & e
BRH D THEUL - EYENIEETh B &
BRBLTCWS, AFFRICBT2a7—7 0%
YRR S » TR WY, BEERS TH
2o, BEAERAMBEORSEERVES
bOEHREINSLOY, S5, EERRNTIE 3TC
fHECIR S ha 7 —7 UAENEREEE L 7 vk
T52ET, B-TCPERZLHT 22 & aLF
FRIcE O TEL T ENAREE Bbh s,

KRG TRRFE L 7z B-TCP-2 5 — 7 v &
OERIGH & LT, ALRBESEERMOROE
RIF~OEEF MG L 7. AN TR E i, B8
HHSRETIAE B L OBEDE & 1, BIF 2B
NIESNTWS, Larl, EHRHT 3 &, &
RIfRRIBEAIC L BN —A = 9L 5 2 L8k
E MR L e T 219719 FE AT O ROl
ffic X 2B RIEOFAICIX, AFREBME FEE
B, AT/ERHE Brry e EWMERINT
W3, EFETE, BREBHSOBECHL T,
Maloney'®, Hellman'”, Benson'® & i3 A T&ES
Hi 2 W17 L 7 RRE T O IR S A 217\ RAF 72 BX
ErEonizl L z®mE L Tnad, Lrl, HR
B REEOHIRELD D, FEEIIAFLTIEA

Original magnification: A (X1,000), B (X8,000).

Fig.10. Periimplant bone gaps (arrows) are seen
in the distal part of the implant.

FHRETH S, Zhicxtl, 7 av 2ROk
DANLEIZL, MR %Z U 780 BRI
N#ETH5, 22T, KAEEGKETRHET 22T
BHEFEEZEL, 61, ANTHEHA Y77 &
H 2B DA (bone ingrowth) 5T & nI3HE
B L # 2z /2. Kienapfel'®, Pilliar2?®,
McDonald?V, Jasty?? &% 50~100 gm 2L ED~
4 7u%®—yay,lmmLEOMKROESREE, &
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AV MV AATEHiOE—Ra—5 4 > ZHAND
bone ingrowth 23517 % LG L T3, 2 2T,
EBR2 TR, v~ 70— 3 YORERNE % BT
HOWERRLD, 47T NIHER»H
SRWIRIT, BEF ¥ UEEOME 2 mm 26
TLERETNVEIEHEL, EEICEEHRETEL
7z, Z OFER, BRI B-TCP XN S 1, B
DE#ZRD, 3512, itk 12 BOEAEFHEM
ETOBETIX, E—XDEHIC % T bone ingr-
owth B SNz, Zicxt U CHigRETIE, 24
SEFE L T bone ingrowth 34Uk o7z, &
DZEMORAVINVAAL VYTV N EFEDM
BRIz Ul g RIBERICAE G EFHT 5 L E—
X a—7 4 ¥ 7 HND bone ingrowth 24 U %
Z EHPAIRETT, A LIBHETRE BT OF KIBOE
BoBRICH b EE 2 % (Fig. 10).

V. #& B

1. B-TCP-a 5—% v #H &KX 8- TCP 7
oy LRIEOEBGHERET S I EHHEEL
7.

2. B-TCP-a 55—~ v & %13 8-TCP 7
Oy 7 EHEBELCRIBX D RINS D 2 & H3HHET
L7z,

3. B-TCP-a 3o —~ &k, ~—Z MR
TREFEATRE R BMEM TH Y, MlaD 2%
L BEm0 TR, BERICES T 3 ERT
OHEEL L THHIFTE 2D EE 2 5,

4. B-TCP-a5—7 v EEEOERIEH L L
T, XY bV ANTRBESTFHEBT OO E R
HAOHEHEZBN LI 2%, E—Xa—F 4~
ZTH O bone ingrowth 2353 & lz. REEEK
1, ATRBASIF S IcEL T, 1> b
LEOBBICEAT S Z LR TE 28R L L
THRIGHREZ DD EEZ S,

ik 2 2 A, FIABYI 7% 2 Z18E L SR %
B L HAEESERKEEI R B E T
Big, BT LT, £, AR
EITO I VESE Y, W2 g LE
RYA S 5t e A o U H e R e el s s L e S e S
EL LR L BT T,
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