
Available online at www.sciencedirect.com 

SCIENCE@OIAECTO 

Biomaterials 

ELSEVIER BiomHlerials 26 (2005) 67 13-6719 

IVIV\\ ' .eJsevier .col11/1 oca le/bioilla le ria Is 

Mechanism of bone incorporation of ß-TCP bone substitute In 

open wedge tibial osteotomy in patients 

Robert D.A . Gaasbeek<l ,b, Hanneke G. Toonena,b, Ronald J. van Heerwaarden b,  

Pieter Buma",'i'  

"LuhOI'IIIII/',I' o/Ol'ilw/)(wc!ir Re.INI/'eh. DejlU1'IIIICili O/'I//O/Jaedics. UIIIL'et'sill' HD.I'I'illl/ Nijl1lcijCIl. TI,. Crawlell/a(//I 7, 6525 Gi'!,  

P. () Box 9/0 1. 65(f() HH Ni/ll/ cl/en. Tl!c Ne/ha /olld.1  

l> Limh DI'/imllill ' ReCOi/Sll'lIclion Unil, Dcpal'/II/el11 0/ Ol'///()f!uedies. SI. lvlrllll'lcnsklinil'f.:., J-Ienijslr!a/3, 6522 ./V, F.G. Ho.\' 9011 .  

6500 GM. Nijlll eyl'll, The Nelher/und.1  

Receivccl 21 h:bruary 2005: acce[lled 12 April 2005  

AVili lable olllilI e 13 lUlle 2005  

Abstract 

A bistologicctl stllcly was performeel of bone biopsies [rom I (i patients (17 bio psi es) treateel witb open weelge high tibial 

ost<.:otomles Cor mecli, tI knee os tcoa nhritis. The open weelge osteololllies were (illeel with a lI'edge or ostcocondllctive beta tri calc iul11 

phosphate (fi-TCP) ceramic bone replacelllent. At the time or rem ova l or the fixation material , co re biopsies or thc al'ea where thc 

{i-TCP was locateel were tClken at diflerent rol10w-lIp perioels (6- 25 1110nths). {l-TCP I·esorption. bone ingrolVth anel bone 

remoclelling were stuelieel. We hypothesizeel that the illcorpora tion allel rel110delling process oecms similarly as in <tllill1als. 

Histology sbowecl CI good resorption of the /5-TCP witll cO lllplete ineorporation and remoelelling illto new bone. Tbe clirl'ercilt 

phases CIS eleseribed ili anil11C11 studies were rounel . A correla tion WClS 10Lilid between hi stologie<!1 finelings Clilei I'acliological 

aSSeSSl11e1l1. 

[n conelusion , /J-TCP Clppeared to be Cl bone repla ecment material with optimal biocOIl1IJatibility, resorption eharacteristies allel 

bone eo nduction propel'lies ror the eli nie<!1 use. 

ｊ ｾ＠ 2005 Elsevier LId . All riglus reserveeI. 

Kel' lI·ord.\': BOlle illgrowth: Tricalci uIll phosphale: Bane relllOcleiling 

1. Intl'oduction 

A v,llgus high tibial ostcol omy (HTO) is the treatment 

or ehoiee for mcdial knce osteoarthrilis and 111(1)' be 

perrormed wilh a lateral closing wedge 01' Cl medial open 

wedge lechnique [1-10] . In ease or a medial open wedge 

osteotomy, the bone gar ereated during the osteotomy 

ean bc lefl open . 01' fillecl with autogrart 01' allografts. 

Furthermore, nonresorbablc 01' reso rbable bone sub

stitutes ean be uscd rl ,11 -· 15]. 

Autograf't bone is generally eonsiclered to be thc most 

sueeessful bone fiUing J11Jterial bceause of its ostcoeon

"Correspolldillg <1l1lh or. Te l. : 3 124 :1614476: rax : + 3 124 3540555. 

E-II/ai/ addres.\': ｐＮｕｬｬｬｬｬｾ＠ ＨＨＱ＠ orlhop. ulllcll.1l1 ( I' . BUlllaJ. 

OI42-9612!Si-see rrolll Illatler ((. 2005 Elsevier Lid. All righls reserl'ed. 

cloi: tO.1 0 16!.i. bioma lerial s.2005.04.056 

cluctive, osteoinduetive ancl osteogenie properties 

[16-19]. Drawbacks or aLltograft Ll se are inerca se of 

operation time and co-morbidity f'ollowing. the bone 

harvesting at the iliac crest. Allografts entail thc risk or 

virus transl'el' 01' may bc Icss potent to stimulate new 

bone rormation. To encounter these problems. synthetie 

bone substitutes have beeolllc more popular in the last 

20 years [16,18 .20]. Beea usc or theil' syn thctic origin , 

lhese material s eanllot cau se disease transmission. lt ha s 

beeil suggcsted that bone substi tules can accclcrate bone 

growth ancl bone remodelling whieh ma y lead to carlier 

f'uLi weight-beJring artel' open wedge HTO [I 1,17-20]. 

ParlicuJarly porous betel triealeium phospha te 

(ß-TCP) is Cl very promising oSleoeonduetive, eeramic 

bone subst itute. (J-TCP ha s slightly different ratios of 
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ca lciu m ,mel phosphate than bone, but, in essen ce , the 

material properties are much like the inorga nic phase of 

bone .. whi ch constitutes 60- 70% 01 human bo ne [18,20]. 

The macro-poros it )1 of the material facilit ates bone 

in growth. The resorpt ion characteristics elepend on the 

mineral com position anel the elegree 01" sintering as weil 

as the poroLis strucLure [J 8,20-22]. In a nimaJ studies 

tricalciulll phosphates have show n ravourable biocOlll

pa Li biJi ty. os teoco nel L1ction anel reso rp tion prope rli es. lt 

appeareel thal the {f-TCP gradu a ll y resorbs allel in th e 

enel IS completely repJacec.1 by remoelel Jeei bone 

[I 1,16- 2 1,23- 2t\ ]. 

The resorpti on 01' !J-TCP a nel its conversion into bone 

Lakes place in elillerenl phases. In the nrS l phase, there is 

some reso rption 01 host bone. I'olloweel by apposilio n 01 

new bone on the TCP scallolel . Durin g thi s phase the 

ap peara nee on X-ra ys is th at 01 elense bone . In the 

rollowing phase, lhere is f"urth er reso rpti on of" the {I-TCP 

a nel remoel ell ing 01 the bone anel the elens ity on X- ra ys 

decreases [11 , J7]. 

In patients, the inco rporcltion was until rece ntly 

assesseel with stanelarel raeli ographie exelmination. How

ever, it is no t easy to classi fy bone healing anel elistinct 

between bon e anel the remain ing syn th et ic calcium 

phosp hates on raeliographs alone [1 6]. Baseel on an 

expec teel similarity 01 X-relYS of" pati ents with tlwt of 

an ima Is , a 1110 I'e refineel rael io logiccll cl ass ilka tion 

system was pro poseel to monito r bone healin g in o pen 

weelge HTO with resor babl e subs titutes [11]. In thi s 

elass iti cati on sys tem (see Section 2. lor eletails). fiv e 

elistinct phases ca n be el iscr illlin'lteel. So la I' it is no l 

known il the reso rpti on of" !i-TCP anel its conversion 

inLo bone ocellrs in Cl similar way as in elnimals, but 

baseel on the simila rit y in X-rays we hypo th es ize thai in 

patients the sam e seq uence 01 eve nt s telkcs plelce elliring 

the incorporelti on of" the /I-TCP sc,dTold ,IS in anilll'lls. 

However , the only methücl to co nnrm thi s is histology. 

This stll ely co ncern s ,I raeliol ogieal ,Inel histol ogica l 

f"o llow-lIp ex aminati on 0[" 16 IXllie nts with medi,Ii 

osteoa rthritis of the knee tre,lleei with meelial o pen 

wecige high tibial osteotomies (in one patien t (I bilater,Ii 

proceelllre). Thc gap was All eel wiLh ,I weelge of" !i-TC P 

At the time of" the pleIte remov,Ii. a biopsy was taken 

thro llgh the implanl site, which WeIS processeel f"or 

hi sto logy. Th e process of incorpo raLion is described 

anel quanti tat ive measllremen ls 01 ß-TCP res orpt ion 

anelnew bone fo rmati on we re calTied out. T he hi stology 

was conelateel with the radiologica l cl8ssili cation of 

bone hea ling anel relateel to lhe time Irame between 

osteotomy anel plate rel11oval. 

2. Materials and methods 

In 16 [1ellienls ( 17 procedmes: meCin age al lhe li me of laking 

lhe bio llSY 43.6 :.... 9.5 yrs), willl a media l llni-coll1 pa rllllcnl,d 

knee osleoa rlll[·i lis. lhe open lVed!!c oS leoLO lll YIV'[ ' fi llecl lI ilh ,1 

wedge 0 1' parolis (i-TCr (Ca,(PO,[) , wilh 70% ｩｮ＠ ｬ ･ｲ｣ｯｬｬｬｬｾ .. :lccl 

J11C1cropores Wi lh a size 01' 100S()() P[11 (Fig. IA) und 
Mmicropo['cs 0 [' 1--10 pm (ehronOSI· . SY [llbes [li oll1'[l eria ls. 

Swilzerl ,[nd ). One j)alielll was oper,[lccI on hil cile mlll'. 

Preo Jler,llive ly lhe clegree 01" correelion was delerJ11ill ecl on .1 

sla llliin g la ng-leg filJ11 . The Illean knee varllS angle wa s 4.lJ 

(SD ± 2.37) with Cl ['cl nge hel wee n ｾ＠ al1(l II . Thc aim W'IS ,I 

co rreelion 10 3 ve1l gus Cl'c'lling med iali )' based bone ga lls 

betwee n 5 elnd 14 11lm . To I)rescrve lhe cor reetion . the 

oSleo tolllY was I'ixecl wi lh a rigid 'l[lgk stable platc (TomoFi x. 

Synthes). Posloper,[tivel y the palienls we['c all oweel p,l rLlal 

weighl beilring 0 1' 10- 15 kg ['01 6 ｷ･ｌ ｾｫｳ＠ Ｎ＠ Co nvenl iona l AP a[lel 

1,llenll rmliagraphs were Illwle imilleeliatel)' ar'ter Ihe oper.[

lion, al 6 wec ks , :> months . 6 Jllonths. ,Incl al I year 

posloperalively. Tbe las l X-ray bcrore lhe remov,1I 0[" Ihe 

fixa li on lll alerial W'IS lIseci 1'0 1' the racliol ogie,1I class iliealio n cd' 

bane healing. 

A I'aeliological classilica li on syslelll In monilO[ hone heali ilg 

in open lI'eeige HTO witb ['esorhable substilutes 11',1, lIsee! [11] 

In Phase () 01" this classificalion (T,[bk I), no relll ode lli[lg lake, 

ple[ ee. In phase I there is a slighl pomsis 01' lhe hone. In I)ha ,c 

ｾ＠ lhe (i-TCP is elenser al1(l the inlerl',lcc belween [i-TCr .1[1d 

bo nc is bll\['red. In philse:> lhe osteololll Yis Il ealccl. ,In phase 4 

the (i-TCr is nOI longer rceog niz'lblc as disl inci enlil y. anel in 

phase 5 the hO[le i, normal again (complelc relll ocle iling). 

Bone heell ing wa s sLlIdieci histolog ic <! ll ) ['ro lll bonc biopsie, 

laken cl llring pl'lte and ,news lTlllOV. [1 belween (> ;Incl 25 

lll onths 1)()s IOpC rclli ve ly (mc,11l 14. 7± 5,})2 Ill onlh s). Al tha i 

lime, ,[ core hiops)' was laken 1'1'0[11 lhe medial ｾ＠ pal'l 01' the 

bone region where lhe (i-TCl> II', IS ilnplanted (Fig. IB). Thc 

biopsy was long enollgh to co nlain hoth sieles 01" lhe hosl ho nt::. 

Seria l non -c1eca\cilicd seclio ns alollg Ih e Ion!,! axis 01" .111 

biopsies WC['e made, wlli eh were stai necl wit b H I:: <I ml Go ldncr. 

A TRAP-sI.lilling was 'Ippliecl I"or lhe visu.lIi z'llioll 0 1' 

Fig. I. (A) f!-TCr "'teige allel (B) IOC<ll iOIl of biops)'. 
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osteoclasts. T wo bio psles COLI d not be analyzcd with TRAP

swi ning since thc)' wne brok cn arter ta kin g thc biops\' 01" nol 

processed aecording. to thc standard pro tocoJ. In all rcmai nin g 

biopsics tbc sUl faee arCil of fibrolls liss uc. aeli ve ineorporcltion 

(fibrous IIl vas ion of the li-TCP with osteoe la st allel os teobla sl 

aetivi ty) all el tha t 0 1" Il ewly fo rmccl trabeCldar bOlle that st ill 

eontaineel SOllle l i-TCP rCl11nan ts a l the loeati on 01" the origin al 

fJ-TCP meileri aL we rc esli malcd by two obscrvers (HGT. PB). 

1n areas with ne\\ bone formation th e surf"ace are ,I of the 

rcmaining fi -TC P and 01' bone was CJua ntifieel wit h an 

,I ulomateel image a nal ysis SYS lem (AnalySIS) anel cxpresseel 

as IJel'cenl,lge of lhe tow l region of inleresl. 

3. Results 

There were no comp lications eluring surgery or 

directl y pos topera live. Also, the elinicaJ hea lin g proeess 

\\C\ , \.vitho ut eomplications in all eases (i.e. normal time 

Lll1 til full \Vcighlbea ring, no infeetion or non-union). 

Radi llogieal l"o ll ow-up showeel co mplete consolidation 

at ｉｾ＠ mo nth , in all cases (F ig. 2). Aeeording to the 

racl iological classificati on sys tem all unions were c1assi

l'i ccl Ci" phase 4 or 5. 

In 13 01" 17 biopsy specimens. lhc miginal/J-TCP was 

still vis ible in the bi opsies (Fig. 313 anel Cl. 11 bad CI 

Til ble I 

granular appearance anel in HE sections pink-stained 

material insiele the fi-TCP indicateel that material (fi brin 

or pl"Oteins) had penetrated into the miCl"opores of the 

ceramie (Pig. 3B ami C). Also sma Jl remnant areas of 

tot<lll y in bone-inco rpora tcd /3-TCP were presenl. In six 

of these 13 bi opsies also relatively leu'ger area of tbe 

ol'iginal/J-TCP material was still present in the sec ti ons. 

111 these biopsies active incorpora ti on of the /J-T CP was 

prese nt. In rour biopsies only totally remodelleel bone 

was found without an y remnants of /J-TCP. 

Partieularly in the six biopsies with larger /J-TCP 

areas , diffe renl stages of" incorpo ration eOlllel be found . 

Ln the middl e of the weelge, occasionall y non-incorpo

rakel /J-TCP with vascu lar flbrous Li ssue was founel. 

More towarels the osteotomy pl anes, the fir st bone 

forma ti on was founel as lamellar bone apposi li on on to 

the sur["ace 0[" maCl"opores in tbc /3-TCP blocks 

(Fig. 3C). Al the same locations. small 1110nonuc!ear 

eells were founel in the pores hctween tbe (J-T CP that eliel 

not stai n f"or TRAP (Fi g. 3B). These cells were always 

associated with reel ur da rk green material in-between 

the ß-TCP graJ1Liles in thc goldner seeti ons. Apparen tl y 

these mononuc!car ce ll s wcrc os tcob lasts that starl to 

produce os teoid tbat subscqucntly mineralizes tbe 

microporcs in tbc ß-TCP material. Oeeasionally, in thc 

Rilcllogral1hic ｣ｬ｡ ｳｾｩ＠ ｲｩ ｣ ｡ｬｩｯｬｬＺ＠ 111,ases in bOlle rell1 ock:lling afler Opl:1l \Vcdge high li bia l os t<:o IOIl1-, [111 

Phase Expl a n,llion 

[J Direel I'O Slop<: rali ve H"cm,llom,1 

I Vasclilal" phase OSleo pellic bone, rO li llckd nsleOIOIl1\' slLes. cJcar dislinct loll bclwcen TCP ,mel bOlle 

:2 Calcilinll io ll ph,lse Whilellill g 01' s il es allel bl ll lTed disli nClioll bCI\\'eell TCI' "nd hOlle 

OSlc"bl'lsl ie ph'ISl: DislinClioll belween TCP '"1<1 hOlle sli"hll-, visibk. Lholl gll h<: ,lied OSIC OI OIl1 Y 

Conso li da llon plwsc CompleLc rero rmalioll . lhollgh osl<:o lo my rccogniz' lb lc , 11 0 TC P 

COlllplC1C rcmouellin g No sign 01" oSl<:olO m\" 

I 
I 
I 
I 
I 
I 
I , 
I 
I 

i 
f 

I 
I 

I 
I 

Fig .2. BO lle remodci li ng ,il diflc l"clll 1'ol low-lIp times arte l' open wedge osLeOlomj I1ll ecl \V iLI1 TCP . (A) il l Ci weeks. (B) ,11 3 1110Illl1s, (C) a l 6 n10nll1s, 

(D) a l ｲ ｾ＠ mOllths. (Adap l<:d fro lll I'ö ll Hemerl cl a l. [J I), with perilli ss ion). 
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Fig. :l. (A) Thin seeLion 01' !I-CI' malerial belo re illlplanL;ILion. (13 ) HE seeLion 01' lirsL sLage 0 1' incorpor'ILioll . Fibroll s Li ss lie 1FT) has in\" ldcd lh' 

111 ' lcro-po res in Lh e TCP blocks <I 11 cl 111 onol1 lIc1c<I I' celb havc peneLraL ecl inLo Lhe Illicropo res 01' Lhc TCP (arro\\'s). (C ) NC\\' lam ellar honc I'()I'III ' I Li" l1111 

Ill<lcro-porcs a l·TCP. ( D) Pores orTep COIll I) lcLcl y lillccl \\'iLh n CII hone (NB). Se,de haI': 2:10plll . 

same 10C,Ll ioLl S, l1lultiLluclear TRAP positive oSleocl ,lsls 

penetrated iLltO the mieropo res arouLld the jl-TCP 

grC1nules and sl,arl 10 resorb the jl-TCP (Fig. 4A and 

B) . More cl ose 10 the osleotol1l Y side more bone 

appos ilion in the pores is rouLld . Occasionall y lhe pores 

are complctel y tlJl ed with bon e (Fig. 3D). Loc<t1l y 

abundant oS leoc la st activit y is prescnt di ssolving lhe 

(J-TC P rel1lIHlnls by slIrl,lce erosion (Fig. 4C and 0). 

Thc encl resu]{ 01' thi s proecss is normal look ing bOLlC 

wit h onl y sparse rCl1lLlanls 01' (I-TC r lhal are completcly 

ｩｬｬ ｣ｯ ＱＧｰｯｲｾｬｴ ･｣ｬ＠ inl o new vil,t1 bone (Fig. 4E and F). No 

macrophagcs 01' giant eell s were roune! dllring 01' arier 

the incorporali on oi' lhc (I-TCP. 

Th c I1lcan surr,lce ,Heu 01' ,Iclivc incorponltion W, LS 

8.53°/" (± 12 .0%) in all specimeLls. Thc surr,l cc are,1 01' 

normal lookin g bone , which containecl oecasio n,t1l y 

onl y sparse remnanls 0[' ji-TCP WelS 77.1 % ( ± 21.1 %) 

0 1' the towl ｡＠ ｲ･ｾｬ＠ 01' thc bi opsy. The rell1 cli ning ti ss ue is 

fib1'ous tissue (13.8'10 ± 24.1) . Thi s me,ll1S lha t more 

then 80% 01' lhe surfacc area of aJl biopsies consistccl 

01' bone 01' active incorporating bone. The surl'acc 

area 01' remaining ß-TCP in tbe regions witb in co rpo

rated bone was 1.20% (S O 1. 98) 01' the tOlal measured 

area. Thc slIrrace area 01' bonc in th e bone region 

was 22.2% ± II .ri , wh ich is similar to norll1,li Illlm ;1 1l 

bone. 

4. DisclIssion 

The must impol'lan t aim ur this slud y was lu cOlllparc 

tbe incorporation proccss in palienLs with thai III 

animals. Pcll'licularly thc assessmcnl 01' bo ne su bstit ute 

inco rporalion is very c1 irflcult on rcldi ogr,lphs alone since 

Ihe d istincti on bet \-veEn new bone CI nd bioma teri,L! 

ca nnot bIO madc. Theref'orc hi slol ogy is the lt!tim;lt e 

proor 1'0 1' incorpora ti on 01' bOlle gndl replacemcnl 

materia ls. As 1',11' ,IS we kn o\\' Ihi s is lhe first rcpol'l Oll 

the det,liled descripti o ll 01' the incorporaLi on 01' (i-TCP 

in palients. Oplinwlly, c\'alualion ur biopsy specimens 

on scve ral lime poinls is necessary 10 gi ve morc insight 

in lhe compkLcness 01' bone rell1odet lin g. the type 01' 

incorpo1'ali on process ,lnd the speed 01' biomaterial 

resorption and incorporati o n. In th e p8tiell l POPUI,llioil 

of the present s tudy biopsies could only be laken elfter 

hea ling 01' the osteotomy. 
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Fig . 4. (A) elnel (8). HE (A) anel ,ldj,lccnl TRAP öcelion ol'l11l1lLinuelcar osleoealsl pCnClr<1ling inlo Ihe TCP. (C) ami (D) HE (C) anel TRAP (D) 

seclion orslI rracc erosion ol'TCP by oslcoclasls, (E ) allel (F) HE allel Golelncr sl,lined seclion or rCI111lillli Sor TCP ineorporillcel inlo ncw bone. Sc,lle 

bar: 125 plll. 

In various anima I studies In which the incorporation takes Cl variable und in some cases considerable time. 

of (J-TCP was studied. it was described that the The variation may be related to patienL relaLed va riables 

resorption of {3-TCP and conversion into bone took (e,g. age, smoker 01' not smoker) , tbe thickness of the 

place in a number of distinct phases [16.20), Initially biopsy and differences in loca l environment (vascularily. 

there is some resorption of host bone, probably due to loading) . As the first biopsies in this stud y have only 

thc surgical traUl11ä, This phase is followed by a phase in been obtained 6 months after the osteotomy, the loca l 

which apposition of bone occ urs and the total den sity of variation in incorpo ra tion enabled us Lo stud y also the 

bone plus ß-TCP on X-rays is high, After abo llt 6 first pha ses of incorporation, 

months, resorption and remod ellll1g of the ß-TCP and Firstly there is in vasion of fibro-vascular tissue in Lhe 

new bone takes place, wh ich decrea ses the total den si ty large pores of tbe ß-TCP, Probably simultaneous to this, 

again. there is preferential resorption of the necks linking the 

Althougb tbe biopsies vvere taken at considerab le ß-TCP microparticles. This mighL bc caused by Cl process 

follow-up periods. different aspects of the incorporation of chemical. cell mediated, dissolution as suggested by 

process were found. altbough not in every specimen. Zerbo et al. [29J , Next. bone apposition occurs on the 

Apparently the incorporation of the inserted wedge inner sllrface of the large pores in the ß-TCP, 

1 
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Simultaneously l1l0nonuclear osteoblast likc cells start 

to mincralize lhe microporous slruclure between the 

small (l-TCP agglomerates. This phclse is in animals 

associaled with a sclerosing X-ray "ppearance On the 

X-rays of human (i-TCP incorporation this phenomen

on is round during phase 2 01' the radiological evaluation 

system [11]. Next l11ullinllclealed oSleoclasts-like cells 

penetrale the ß-TCP ami starl resorbing il by a cellular 

med ia ted process visi ble as decreasing (i-TCP wedge 

density in phase 3 01' the radiological c1assifJcalion. 

During the whole resorption process no macroplwges 01' 

multinuclealed gianl cells are present confloning lhe 

good biocompatihilily 01' lhe (i-TCP. In laler slClges 

aClive resorplion and bone apposilion is responsible ror 

the conversion 01' lhc (l-TCP 10 heCllthy normal bone. 

This phase was nol Clbundant in our biopsy malerial 

because 01' timing 01' remo\'HI 01' plale and screW$. This 

is in general nol perf'ormed berore a I)hase 4 or 5 on the 

X-nlYs. ,In ｳｬｾｬｧ･＠ 4 some 01' the (i-TC? may be present blll 

in stage 5 lhe bone looks normal and indeed in lhe 

hislology the (1-TCP is lhcn almosl lOlally reso rbcd. 

Whal remClins are small spols 01' (i-TC]> incorporaLeci in 

Done at ｬｯ｣ｾｬｬｩｯｮ ｳ＠ whcre no aclive remodelling lakcs 

place any more. 

Eggli el al. described Cln average incorporalion 0(' 

45°1., in the vertebral bodies or' apes <lt 6 1110nths Clnd 

Buser el ,11. I11c<lsun:d Cllmosl 70°/,) bone I11Cllrix al six 

monlhs in lhe mandibles 01' piglcls [1'6,23]. '1011 el al. 

[17] studied bone incorpOI'alion afler 12 weeks inlo a 

(i-TCP implanl in a cylindrical defecLs of 8.5 111 In in the 

sheep tibia l11elaphysic and round 10'1" bone ingl'owth 

when the implanl ,vas impregnaled with rresh hlood and 

I ｾＥ＠ when the il11plClnl wa.') impregnalccl with rrcsh bone 

marrow . In all cases. thc cxpecLation was lhal <l I'urther 

resorplion of (i-TCr and incorroralion 01' bone would 

lake place. Our study suggesls lhat in human bone this 

expcetalion would have bee n met. Although the resullS 

showa high variCil,ion, in general a good reso rplion 01' 

(i-Tcr is seen and aeler 2 ycars even 95'10 complele 

incorpora lion and remodelling 01- bone. 

Concerning lhe Cjuanliflc,lli on of' bone healing used in 

lhis sludy and lhe val'iabililY 01' resulLs a lew remarks 

can be made. First, tbc precise biopsy sile is 01' inlerest. 

BeeCluse of the wedge-shapcd (f-TCP-filled dereeL the 

site where the biops)' 11<Is been re1110 ved determines lhe 

CjuClntity 01' (i-TCP and bone seen in lhe biopsy. 

Although cerlain criteria are involved as lo how and 

wllere the biopsy has to be taken (Fig. I). it is nol 

possible 10 oblain <i biopsy rrom the exael S,ll11e loe<ition 

in c<ic h palient. Also, lhe difrerence in the amount 01' 

correc lion belwecn patients l1lay have intluencecl the 

resulls. A higher number of degrees of correclion mea ns 

a larger deree l thal ha s to be filled and wilh thal "Iarger 

surface area 01' (i-TCP. Furthermore , the quality of the 

radiographs (overexposure versus underexposure) I11<1Y 

have influenced ils classifiealion . Finall)'. smoking ma y 

have playecl a role in bonc hcaling. Fl"Ol11 several st udie, 

it has been found that sl110kers have significantly poorer 

(01' worse) hone healing than l1on-sl11 oke rs [30-35]. In 

this stucly. oul 01' 16 patienls. there were seven sl110kers. 

No dillercnce belwecl1 smokeI':; and non-sl11okers could 

be dCl110nstratecl. Due Lo lhe LKl that tbi s involves cl 

small study group, 110 cOllclusions can be drawn rrom 

this, however. 

To oblain, as in animal Sluclies. Cl complele and 

lhorough overview of lhe proeess of resorption of 

(f-TCP and conversion inlo bone, biopsies would hi\ve 

to be taken al e"rlier points in Lime (6 week s. 3 ｭｯｮｴｨ ｾＩＮ＠

In pillicnts, 11llwever. the fixation malerial can only be 

removed , witllOut loss 01' correction, arler sul1icienl bone 

consoliclalion. In this sludy lhis was "ner al blsl 6 

monlhs and in phase 4 01' 5 01' the rmlioJogical 

c1assincation. Only through biopsies lakcn al specific 

inlervals "fler lhe osLeolomy, a complele ovcrview can 

be obl<lincd. This would mca n lhal the palienl ha s 10 

undergo Cl se parale inlel'venlion wirh lhe nX(llion 

｜ＱＱｾｬｴ･ｲｩ｡ｬ＠ slill in silu. which ｰｯｾ･ｾ＠ medicill--elhical 

problems prohibiting Cl complcle overvi ew in lhe currenl 

study sLructure. 

5.  Conclusions 

In conclusion. <lllhough in only a rew biopsies lhe ill·s1 

slages of incorporation were presenl, lhe overall 

eonelusion is lhal thc ｩｮ｣ｯｲｰｯｲｾｬｬｩｯｮ＠ process of (J-TlP 

in palienls occurs similarly as in ilnimal s. The racl i

olugical c1a ss iflcaLion syslem lhal was developed C()IT e 

lal es with the hislologieal rindings. Mosl 01' lhe (J-TCP is 

rcsorbed <lnd complclcly incorporaled and rCl110dclleci 

inlo new bone. Furlhcr rescarch will be nece.')sa ry tu 

oblilin more delailed inrormalion on lhe various 

phases incoq)oration 01' (i-TCP in human bone though 

thi s will be c1ifhcull concerning the medical and elhic<ll 

lil11it<llions. 
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