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t\-TR(rDt ('Tto\ polyep<,x)'. t*yldzidc. carbqlimiide'. and hexaneth) -
lctte dii:i)lyaDatc (Ilarsell et a! I)ll. Budialin cl al
1)ll. Schliclc*'ci c! d a)11,. Prcliminlry reicu-h
slk)\xs lhat the cros-lin! ingrcdicnts such ai
glu(ardldehyd€ (CAl har idvintlg..r, rlch ilJ beinll
lolublc in walcr. llrquiring lo\x concentrations. lirmin[t
covalenr hrrds. nd hayin8 k)w tnilint Fint (.lOtJ.
The residut can tte.elx)\cd bt *nrhin8 or heatint
whilc drying thc granulc l-or:.{ hflr\ rr {rc. and
a(lcelerating calcili('alioo in tissuc det'cct (Budiatin et al
:Ol.l). Ccnlrlmicin is a bactericidal choiq: of a[tibiotic
u\ed as prophylaLri\ and lhc nexl stagc of therapy.
Crnt:unicin ir rclcar,erl by difflsi(m tftm thc mi{aix and

Fn€tr.{cd inlo thc bone (Budiatin cr al 2013).

&xr is orrc (f th€ mosl imgxran pans of the lnman
body cantilever. |fr16 :rs a supF)n f(r muscle. FDtccts
riti ()rgarN such as thc brain ard thorocic cavit]. anij is
*hcrc b(rfi: mirrow lbrms bl(xxl cclls. Btue ir also a
sl()rugc pla(c for caleium, phosphoru!, a.xl other i(nrs
that (lrn hc rcleaserl rx \kndl hr mrrntilin a (onit:lnt
lcrcl of thqr ions in hxl) lluid (Scibcl ltx)O. Ptlgrni
l0()5,. Fftctu,c is ! corxlitron of booe .ontinuit, that
Ie\uhs lionl dir('(( or indifiict inj'rry. In a fr,slufs. 0r
sumlunding lir\ue uill al$ b. irfltcled *here s{rt lir:irc
eJema will ('ccur. ble€din8. tuTvc darn{gc. and bkxxl
ves$els lround the bonc dama8c (Brunftr I997.
Einhom l0l0).

Metub(rlicrlly :{'ti\'c b(mc undcrg(*s conlinuous
r€modclin8 thruugh t\lo processcr. narnelt dE
[ormatlon afil resorption ol h]ne. Th6e pREci!,.::.
depend on lhe aclilil) of oilclxlr{. oste()blasl. imd
oslcr)cytc. Thcse r(ive rnd urrnamic pnrccsres dcpcnd
on lhc halim(e berwecn thc !,roc6s of b(roe ,e$rFi(rn
by oslc(rhil t[xt &)nc deFx;in(rn by o$eobla$. Thcsr
lwo funcliont nurl be bal r^-!rl both qun titttlivcry ilnd
funcr i()n ally ( Chcn et al l0 I : . Sihom ti rig cr al :'0 I I ).

Ifipl:nr inscned in kr|e delect cm llso contain ln
utibio{ic that sorts locally lo prBl,cnt infeclion. TIle
Icle:r!€ of antibiotic is dorr *ith a rDodified rclcate
design so lhat it can covcr durinS lhc borE tE.lin8
pr(x!ss. Onc \*ay lo do $is ili to ald a crmposite with
cms\.linli agcnt lcnxtslirking ruterial). Somc
chemic ! thal cim be used i$ cross-linl ioEredients ur
p((ncinr. iB..ludint glutaraldchy&. formaldchyd€.

Fcrcture t eitlrrcnt requiEs a lonS lirE anl dr
corxicntritlion of rclcarcd anlibi()tic musl bc trc:n r rhnn
the minimum inhibirory c(nr.enirdion (MlC) so thal il
can craricdc the bacrcria that cntcr fic bonc duaing
surSery. A malrix ir needed a.,i a cnrrkr lhal is iSle lo
conrol the rclea:. of anliti(xic llul cnlcrs lhe l(xal
blrril ri(-ulalir)n tr, the sitc of infcclion al lhc
rcnrxlelinf slage. lf inf.dion cinr bc rvoidcrJ ttEn lhd
reBxxleling pr(,(rss runs quic[ly- (Askaradeh ct !l
2m5. Azami cl d 2012. Budiarin cl irl f,o13).
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ln lnkrrxria. thc numbrr of fi&1urc cycot is qutc hi8h.
B:L\€d on dE dat3 frorn lhc Minisrl-r of Health of tlE
Rcpoblic of lodooesia. cight million pcoplc erpdicocc
fri{lurc evcnts with differcnl lypes efil cnr.'€t. Fn)m
tlle Minirtry of Health's surve)' rcFfl. il i\ found lhat
?5tl of p,rticnts $ilh fE*lurcs have died. .15* hnvc
physical disabilitics. 1516 havc krst romc borics and
sull'ercd injurics. and loq have Ecovcrcd \rcll. One
efli)fl thilt hil\ becn derelopcd o rcducc thc (rcclrflB_c
of hnc &foct arxl overcont thc problem of borE gap ir
dr u!,c of bonc graft. Bonc grali is a surgtal poccdurc
thlll plalrr ftl bone or srbstitutc rnatcial (Gxnporitc
matrix) inlo lhc spire around ! fr&lutc ot where il has a
gap (dcltct) (Hclmi 201.1). ln thc usc of tx)ne grali. it
will ttimolalc the pn--ess of o{cotenesis through
o{eirblart irlivation in thc r(.a r(rund the defccl. ln
addilion k) orilaxrx uclirc. lhcrt i!' an o$erlinludivc
process, \rfiiah as rrlated to thc fornrarion of ncw bonc
(hrruth lhr stimulatioo of ostcrprogcnit{rr crll lhat
comes from tht dct6ct lo diffcrcnliate into orteoblart
md form n€\l'h)ne {Fefilianrynh et al l0l(}).

ll)droxlap.(itc {lIA) is olc main ift)rganic comF}ncnt
of bonc. us.d in ir vrricly ot honc lillin8 ard
rcplirccrrnt application bccausc it hrs gfi)d
biocomparible. bioinlclrating. and ot&.onductivc
ptupeny (CaFd et al 2Ol l. C.ltalini ct al 2012. Chang
ct al 2Ol5), Howeler. HA has a {tis lvantalc. in
additi.xr to ir! hish pricc. HA as a rynllEric maErial c n
also caulc rEsidual basc inFEdicnl to form
hldrcxlap:rtite. T.) overcoane the* *entrEs!€s. naturirl
hydroryaFltite lr hich is !r inorganrc comFmeot d co$
bonc cnn tr. ut.d ai lln ahcmatilc comF)riG componenl
which h s revcral :rdvantirSes including being nx[e
F)rous :nd having lhc ability to ads(,rb oflibiotics as

active ingrldrcn(s ru(h iL\ antibidics. lxrllxrne!. o.
gn)*1h lacluli (Budialin cl al :Ol4). ln addition. th€
nrurnl ('omF,:iirion of hldmrvrpatir. (NHA) &rived
fnrn bovinc tnnc consistr of 9-1q of hydroxyapatitc
(Cao(Por)6(OHh) and ?'i, of FEicalcium plGpharc
{Cer(POr}:.8-TCP) snd hs.s pfl)penics Jimilar to hrflan
hnc minerirL. NHA is i so tlnuSht l(r ha\.c exixllent
birrornpalihility. high bio ctivily Frrntial in bon€
lissuc rcconstruction. k)$ biqlcgra(htion. dnd
o:rte{rondlx.lare pR)penr.. (Kusrini ct d a)12: Chang at
al 2015). Thc bio(rmFrtibl€ natur. lurl Sreat Fnoit! of
NHA cau\c i( tt:conrer in\oluble and unabtorlEd so thlt
it is idaal t() ;rl :N a subatilutkm nritcrirl in tlr
formatio, ol ncw txrtre (Cottrcll cl al 2010. Buditin ct
al20l.l).
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Cchlin is o prot€in p.(xlu(!d from the c( lascD liber of
conn clivc ti!i\uc. \lin. b()Ilc. irxl canil.gc hydDlyzql
by ifidic or basic pnx:cs\ (Budi lin et al 201]). Gelalin
is rlv) proluced by oslr.oblil\t to form osleoid (s{rfl
ctdlus). By usirg the NHA matrir. it *ill bc ablc to bind
lht adive ingrdient5 more rtron8ly. bclidc! thd it is
rls() btxlcgrddablr. biGomFrtible. bioGsorptablc, rx)n-
t(xic. ard c,m bc unillr.l *ith the sumtofilins b(,le
(Budiatia et aI 201,1: Budiatin et al 201.1. Chrr, cl al
:015). Gclatin a.\ tllc m&in componcnt in :$[l callus
cre.tion will quickly form a trabeqrlae thrt con[ects the
two sidcr of lhe dcf$t. :.) ttl€ trones afir interc(mncded.
BllA inrpl.rtt ab{xbs hxly aluid. crpand. inxl form
caialr or occur va$cularization. maltnS it casicr for
cclli k) penerate. BllA implanl (an ltn(t()n as ul
implut ro prolifer.rtc lnd ditTeroli:rc ccll into
osleltylc (hafil cullus) thrl cl(Ncs rhe dcfcrl (Budialin cr
lll 2014). Bonc gror.vth bcginr $irh rhe tirmdb$ of
ortcoid by ostcobl:Nl of which q)l{ of lllc main
conltitucnt is lI_pe I collagen \ahich is th( result of
gclatin degradarion in thc implanr. De8l..xlati(m rE$lts
fnrm BllA imflant thal supF)ns thc pnxess of boft
r.m(xl(ling b]_ formrng o\rc(xi)tcs. Thi\ phcrx)rncBxr i\
n S(xxl pntce\r for acrclcrating the closu,c r]f barlc
dcl'ect (Ragfatt & PaflridSc 2010. Ramircz-Fcnr:m&:z
ct al l0ll). Bonc gro*rh c;!r bc cvaluaEd scmi-
qu.rnlil:lli\el) frcm lhc rcsult of X-ra) r,b:.enalir)n using
tant'& Srnrlhn scoring (Budintin d al 20l4).

Bonc xlkalinc plxxffialnn (BALP| cnzymc is n
rnelllk)enzyrne that is pr(xlued \r'hen o:.1()blnst cell is
$orling {Ellis & Kathlc.cn 2fi)7. Creoblall .t al 20171.

BALP prepares an alk:rlirrc atrxhplEre in thc fonned
ostc()id tis$e $ lhat calcium cnn bc cnsily dcFxxilcd in
Itk' lr\\u(. ln addilirn. this €nr)Tre caui.\ an ulurBr|. in
phoiphatc coB-cntration so thal Gdcium-ph(ryhtfc
]Dnds art formed h the fornr of HA. Thos. BALP can
trc uricd as an initial nrarlicr of cxtmblast diffcrcntiation
and increa.€ $hcn pro8rcssire dillcrcnliation of
oltc\rblirst occurs (Boanini ct al ltB8. G(x\ rl al a)12).

]\tA',r-ERt.\LS A\D tl!:TllODS

This was an cxpcrimcnlrl stud) with Fhr-re$ only
c(,rlrul Smup dcsign by nsinS rrbbits a:! lhe
eipcrimcrrtal anirnds with a fincture nrxlcl tn thc
fcmur. A lotnl of 27 r{raincd Nc$ Zc.rland rdbbits aged
tet$.ecn {-t nmnthr in hr:rlth aDd no visiblc disruption
in thc rnbbn temur wcrr t-.fibn y dividcd irto 0Eee
groupr narrEly llr c(]ntn)l gioup. thc BllA inpl.$t
g&up, afll thc BIIACEN implant Inlup. The Ebbil\
\rcrc rcatcd in a cagc wifi a rmm tcmpcr.rturc of 25 +
l"C with !2 hour\ of d:ldi lighlin8 and l: houni of light
in lhc Animal Laborirt(r,v. Firuhy of Phfinacy.
Universila:' Airlan8ga. Suraba),it. Rxxl irnd \latcr $cre

maintairEd in $flicienl quamtiries durin8 lhe stud).,.

BcforE bcing t,calcd. thc rabbits wcrc uhptcd tr) 0E
cnvirtonrdnl for 2 $ed[s. Periph.ral bkxxl sanples
wcrc tekeo thE[Eh lhc ear vein f(rr BALP bnsc line
ciaminirtioo bef(rc surSer! rrrl implsntadon. All
maint€nances arxl aclions on expcrimmtd animals had
receitld approval ffixn th. admal ethics r'(rnmiuee of
thc Facuky of Vetcrinary. Univdst6 Airlaluta.
Sur.[aya.

Rcsearch materials uied in this stud, rcr. BHA arxl
BHA-CEN implants. stcrile purificd wakr, NaCl 0.9r{
lphannaccutical lEdcl. ELISA Kn CaBk)8 No- CSB-E
I:O88f. xylazrn tphamaccrrucal !'ndc). gcntanrcrn
tpharma(cutical Sradc). ampicitlin {phirmaceutical
gr4k). kctirminc lplurmJceutical lradc,. betadine.
sarkn. alcohol 70* (ph.fm curical Sradct. WlErEa\.
thc rr,ls $ere Syringc inje'ctiod I cc. bisroury slrgical
lnifc no. 15. bonc drill. sill srturc n(t -1.0. circlc
nccdlcvsu.gical nc'.{les. light mic()s.opc. X-rJy. and
ELISA rea'lcr.

N ural bovin hydnrryap ite tNllA) (8 g) was added
20q gch.in (5 mlt arrVrr IOX gcnumicin ard stirrEd
unlil homSenc()us t() drm a mass thal crruld be rEdr
into graaulcs. Thc granulcs *cre dricd nnd lhcn soJicd
in I ml of 5{ glutu:rldchy.rle (CA, v)lulim in salift
ptr)sphate b!ffer (SPB) kr lm.o m!. Thc gr.rnules *crr
washcd to CA frec $ith dislillcd wrcr Jtd dri:d at

{0"C for 24 lirurs. thcn weilhc.(l l(I).0 m! and
(ompresrcd in a .l mnr dianreler nxrld with a [,[rs$rc of
0.5 tons (Budiatin ct I l0l4). B(rnc \arnple *'as
imnrerscd altd fixed in l0'l fcm:Jin f(r -'1 d:rys at rfi)rn
tcmperature. Furlhcmxrre. thc docalcificrtion Frres by
imm.'rtiofl in dhylcnc diiunin tcra &!ric acid (EDTA)
loq $il5 &lnc al pH 7..1 fc -{} '.h}r at toom
lcmpcrnlurE. l0'l EDTA solulion $:rr repldccd ev6) 3

dayr.

Ttrd fcmur \ras irrndii(ed with X{ay on day! 14.lE drxl
{l to dcterrune thr gry de\ek)pmcnt (defect) of bone
rnd intcgrily afrcr inrplantalion- Aftcr BHA and BHA-
CEN rmplanls \r'crc irridiatcd for l{.2t and .12 days.
blqxl safirple $ns tirlcn $mogh the r,rbbit ea, vein. Thc
ltrum \*ar stparatc'd imd used in the det€rmination of
BALP by lhe Elisa rnctlxxl. l0O micRriter of serum *ar
cntcrcd into thc \'cll !fij irEubalcd at .17()c in stnfiltnd
fluid ftx 2 knrnr. Thc fillralc $6 rcrft)vcd thcn .&lcd
\rith 100 micrI}lilei of brorin antib(xly soluli(n nd
incubarcd for I houl. The lilu',ltc $rr. .enx)red and
washed \}ilh $'ashing brlTer liquid for I tirE\ (5). Next.
l(X) micft)liters (f, h(r|t radi!*r p.n)xid;r!E (HRP)-ayidin

conjugalcd solution wcrc addd ard incubated ffi I

h(xrr at the tcmpcralure of 370C. Thc filuirlc \ras
rcmored and lr astrcd *'ilh w.lshin8 butlcr for 3limes
and ad&d 90 mi(ruliter\ of tetrd mclhyl bluc (Tlvts)

t 7l{
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subsrrutc liquid a'x, ir.ubded f(r 30 minutes in o darl
r(x)m \e,,ith thc lcmpcrat(fc of -170C. The rtilrlion llas
cnd€d *ith thc ixkliti{}n of n y) microliler of rtop
v)lulion liquid lhdn rc.d wilh a microphtc rEader ar thc
*avchngth of .150 run

llistopallx)lo8icrl appR)ach \tith hernaurrrlin e$in
(HE) slainin8 $as used li,r lhe examinati(m ()f
orrcocytc. osrcoblssl. lod oslc(xlrsr ( Fis<tcr cr al

:008). Tissre pieccs wcre staimd with Hernatoxylin
M.ycr's solution lbr .l mirutes. Thc rlidc was so*ed in
uatcr frn 5 minutes. Sublequen(l!. it *&r dipped in
alcolx)l E-12 timcr arxl we\hcd \,'ith runninp \rats {or
:icvcral minulcs. Pcrlorming c(xrnlcr:{rrninF rn eoin
BorkinS lrllution l(r 15 lieconds t(, 2 minues dependintl
on lhc d€sired qror lcvel. h w.rs l.rtcr hldratcd in *rial
alcoh)l llxrlEntrations wkh gr.rlati(nr! incrcasins from
70'{ to lm*. cach lfi : minutcs. Thc sli(k \tas clcarEd
$i$ rllen€ ((r Jrls minutes. Thc calculxtim of tllc
numtrr of oilerlblast. oie*latl. and {rrteclte wi$
using a digrurl .l{X) linrs magnifirirti()n mi(ros.(,[r as

many as l0lieldr.

Thc rc*arch dat! obraincd \xcrc rcstcd lirr oorm:rlily
using tlc Kolrrx4rorov-Sminx^' tc:,t folloll'cd by dE
Lrvenc tesl for cqualil) of viriirnces- Daa amly_sis *as
pcrf(xmed with Anova lc:rt to (1)mpa,t bd\re.n tmups
irnd c$tinued with Fx'r-Hoc TuAcy'r HSD.

DerelopmEnl of hon( frJrl ure anin$rl model

Thc study \r'as conducted using 27 Ncn Zei aftl rabbit\
rgcd l{ .rvrnthr old \r'ith the \rlight ol l.l Lt - 1.5 kg.
Thc adaFation (f thc rabbit!' $a\ cilricd (xrl fo. l
YccL\ and given srafilard ferd ard [ilcr in thc art()unt
of ad Iibitum. Rrbbits $ere di\ idc'd into I iroups:
fri(lurc group ((ontrol) with 9 rlbbits. fritclure grcup
that eils givcn BHA (tnrine hydoxyop{ilc-gclalin.
sluraraldehyde, ihpla with I nbbils- arxl fnrcturc

f()up that uas Ei\en BIIACEN impl nl (bovinc

h!droxy+aiitc-Sclatin{lutiu-dldehydc-lentarnicin) with
9 rnbbits- Rnbbtls nere anesdrctizrd $ith xylaziDe l
mg^g of body rvci8ht afi! Ier.minc 20 mEAg of hrry
$eighr. Thc fun' of rhc rabbits werc shrvcd atxl givcn
tr)vidone kxline antisptic. Fuathcrmorc. thc rabbil
Itmur b()De *ar in_iscd and drilled. The tDoe lidcturc
nxxrel wai mu.E by driling until a {.1 mm of bo.lc
del'ect (rcurra{ in the r.rbbll fcmur. lnfe,cti()n *a.\
prcvcnted tty inlrumu*-ular ampicillin 15 m8/kg of
body weighl. Placclx) or BHA implant or BHA-CEN
implanl (;r\ in Fig I) wai mounted on the holc. Thc
w(rlnd wai clcaned wilh a colton s$irb v)ated io Nircl
v)lutiofl ar s\rn a8iin. FurtlEnrx)re. *rrrnd cirt *as

dooc crcD da). Obscnuron ()f hnlc rcpair was
molrlorcd (,o dirlr l{. 18. ilnd {:. The lcrmindli)n wi\
carried out on day .12- rabbil fcmur lrds t lcn, ard sornc
biomatlcl pir'Jnrlcni wcrc ret a5 martcn' of b(xE
rcruxkling a(rclerutioo.

To deteminc thc grow(h d rlbbit h)ne nl()rplDlo8y
afte. implut pl&lment in thc tsn(lurE conditi()o. rabbit
sultery \.as PcrfofirEd lhlm c h conlrol treatrncnt
grorJp. BtlA implant !n)llp. and BHA-CEN implant
grorrp. Thc bonc $as tatcn thcn hislffhcmicll nrcparcd
with HE rtaininf. then the cell in lhe b(nlc fn{menI was
obscncd rn lo visual ficld with a light mian}!{'opc at
lmx miltnifiurtion. Urint IIE st.iinint. thc qlnlrol
b(lne prepararion ffi.l: da!,r shoued lhal lhc dcfoct had
fonicd a c(xnpirt bonc structurc- Gita(Eytcs hid +rcad
cvenly in lhc larnent lhat sumrunded tlle hrareni' dud
(ar in Figurc 1). Thr m* txDe stru!'lur. lhdl $as
fomEd wlr\ thrught t() hrve densily and slruclurc that
rcsemhlerl thc \u-rrounJrng trne. Borc prcpantirns
fft)m rhc Bl{A (x BHA{EN implafl lroop t(r l.l to.l:
po.jropcrativcly rhowed connc{lile (issuc thal wtr\ still
cnlelopins impltml su(h a. capsule. lhc conncdivc
tis\uc slill did n({ appcrr kr frr{)lifcnte in() thc implimt.
The inrplrnt :rly) looked inlxct. Figures I and .l rkr*ed
fie changc of new borE Irowth tlurl $a\ Ican only iD

the cdgc of txrnc dcfccl b(nLain! drc connaclilc tiri$e
thirt tur()orxle(l the BHA ltd BHACEN implanh. This
nc$ h)ne ti\sue lhrt gn)lr'ed up dxl not cntcr the
implant. Ar a rcsult thcrc was no ditrct hxxl bet\rcen
dle implant {rd bonc tis$rc. Thcre \ras a clcar line
betv/cen naw b()Ile tisur:. conoectivc tissuc.3!td
impliot. Th. nclrt hrl. tisr{rc lormed *ii. slill tisiblc ar
\._ovEn txrr formed in thc c:lrl) rnonth! of lh. hxE
hci ing p,(rcrs (txmy callur). Wolen hm€ crxrld be
!4en fmm lhe f(xm of its c.()llsgcn l]bcr\ that *crc
arlan8cd rodomly. as $ell as irregular vtl5,uular cavity
shapcr lKalfn! 2fi)1. Einhrm 2OlO). The stage ofborle
g^)*lh wa\ cvi unteJ lhrough lhc nrmbcr of oslcftlasl.
oste$blasl. and o{eocfc b()lra cclls on dayr 14. :E. arrd
.l: usinS r lighl mkruscope . Thc dilGrcncc in lrotr$
risually could b. leen in Fi8s. l-.1and Tablc I.

Rrdio&rgio eramimalon from the d.veloFnerl o{
bont defect huling

The rcslh d radiological obsrvrkms wilh X-ray
devi..e could rcvcal thr dctel()gfirent ot bonr healmt
arounl lh(. BHA alxl BHA.CEN rmpleurtr, staning ur
rlays l.l. 2t. and .12 as \txr*n in Figurtr 5. 6. rnd 7.
Trcating ,rirlxlur implanrarion and insallatioo of a BHA
(x BIIA-GEN implant Jlo$ed lhc sizr of th€ dcfe(l was
getting smallcr tkough X{xy imaSing rc$rlt fnIn day!
14. 18.l('.1:.

l l\)

R[.St LTS

Tbe trxrpholoticd ob..netio! of rrbbit dbld
feElur
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Fit. l. Bor inc hrdmryapanlc-gelatin-Slrrrtu'dldehydc/BllA (A) and bovinc hyd.oryapatiE-gclatin-Elutrddchydc-
Scnlamicin/BllA-GEN (B) implanlr witha diamcter of .lL mm (hdt werc us.'d ar bone fillcn inthis{udy.

T$lc L Thc numbca of Grcoclasl\. olr.obltrils. ard Glc(L-ytcs in thc dcfcctivc k,lc (fh(turc mo&l) on days 14. 28
and .12 after irductioi of bonc d.fc(t ad impltlnl ptlcenrcnl

Crii,p Alq.ts€ !!l l .!!r!!t XISDL
OrL$bl!\r

C()ouol l.l
Cdltr)l:E
Coouol42
BHA 14

BHA:t
BHA.T]

BHA,(E\ I.I
BHA.GEI ]It
BHA.CEN 42

0.66 a057
l -ll r0.57
:Jo r0.7o
2.66 t I J.l
2.66 r0.57
-1m ro.70
-r-rl r I Jl
lJo ro.?o
.rll0 i 1.73

l0lfi) t::.:7
ll:-r-1r11,.9(,
lEt m r 9l.9l
a)2 -lil r !712
261ttl r:(l 5{)

:.1I -50 r 1:.ll
:7{ -r r r 19.5:
I lt) -50 r I l.l7
35 00 t l:.1 I

18500 r 80 -s5
:15.-11r$.65
lll.J0 i.l7-17
l9l.6,6iJ.l.ll
:9/9.fi|i.{}.1.t
l{l.ul1l-1.11
:77.fl| r Lt.77
:(H-11 r l7 ..16

-lot-tO j -16 
j)

'Ihe reiult of BAI-P levcl.n l$k fsmation so that wlEn bon f(rrt,ali(,l could bc
irrprovcd. drcn lhe fiacturt hcaling c{ruld .lso bc hslcr.

BorE dllline phorphntasc in the minerrlizilliofl F(rccis
sened lo Fcpi{c (he alkJine fltrftrsphcrc in the ogBrid
lissue th.rl tras li)nned lrt that c; ciom c(rld be c$ily
dcFrirreil in thc tis! r. ln ddnion. rhis enzynE cdl!.d
an irr-easc in pbophilc corcmtrali(xr !,() lhal cakium.
phoipharc bondr $crc f(rined in the foarn ol'
h!.droxyir{ratite. Mc:rsurcmcnt ot mintalization lcvel
\ra$ pr([x)nionnl lo lhc lclcl of BALP- Oo thc l.fih day.
lhcrE \a.as a significaht dil'terEh_c in rhc lcvel of BALP
bctwecn thc BHA afi, BI|A-CEN rreatments usln8
Turke)'s mulliple comparixm lcsl (ds in Table ll.
BALP biorna*cr found in brrrr shoued e,rly
diflerentiatirn of osteoblurr liom mercrtrhymi cell arrd
played e'l impodanr rolc in o$eoid foarnatifi atd
mi[d-alization by nrams of detnxration from ir$ibitoa
mineralizali()n. Alkali,L phosphataL\e dc$ided matrir
that \ ir\ rich of protcoElycnn ind hyd()llzed high estcr
cncr-qJ_ to pn)vi& plxrsphrlc ion rc\uhiog in th.
deposilion of miocnls with c{lcium in a collagcn-rich
m:rtri rl\.ork. Delcmrinatio, of cnlcium llnd
phosphinc mixrals with ALP c(xrld caule hxE

DIS('t SSlON

Thi\ rc,Ee^h $&{ condudcd lo crarninc the process of
acrceleratinS bone r€mqleling in the ('oodition of a

fr.['lure or dcfcct uring ftc NHA ('omF)site bionritcrirl
implanla(iur in thc l(nr of BHA and BHA-CEN
implanls. NllA biomirtcrial comp()sition ohain d from
hr\inc boft ha\ rimilirity uith boft composirion in
huftms. BflA arxt BHA{EN implnnts are lhoo8ht to
accelcrde hme grt)*lh acceleBlion. Thi:. ls bccaui.
somc comFrnenls $c*r rs HA and gelnlin clln stimulirc
the rtivily of oseobla-{ lo form o$ttoid \}hcle this
pr(ress will accllerdle lhe rEirctioo oI hard cdllus bork'
liffuli()n (ole(ayle). R)r this reason. the dcvekpnk'nt
of liuclurc m(xlel in lht fcmur illuslrules ! st{tc o[
continuily of bone c'()nlinuity s) th.rt il is vcr)
apprcpnatc f(r drc urc of rmplanl ,n m elToIi lo u)nnccl
b,rotcn boncs. Maling a tiiature rftxkl is &rrl( by
drillint a bone nretk d s iO ! .l: mm d.itl bit to I(rrn u

I Xl)
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defcct ( holc). Thus. lhe implsr ation rlf BHA ond BHA -

CEN tlith a diamcrcr of :[.0 mm in r.rtrbil fcmur can tc
dorrc vcll. Thc pnx'crs of hcalirrg frirturc and rcpairing
bon€ tissle involvcs an initial aoahrlic phasr
chiu-actcrizerl by an ior'rease in li!.suc volumc nssocirtcd
\r ith dc noro rccruitmcnt and diffcrcntiatbn of stcm cell
that folm b(me irnd Cdllur cadill8e tis\uc bl(xx.l ves:iel
,round the frdcluru rea. This pnlccss $ill {rcur from
thc pcripkry to thd (lntcr of thc fr*1ur. lo thc cnd o[
th€ canilagc mt\aork (Ei xxn l0lo. Einhom &
Gestcmfeld :O15. Hilmawati et al fO l9).

Thc ult of autograph. llr bonc dclccts is vcry limilcd
duc lo &mor limilBlion. c?using prin arxl darna8c to tlE
parl uken. Defcct cluses damale () bl(xrl vcsscl.
connrctivc lisll€, and surounding mulide tisrre $hich
will affcct 0r duralbn of hcalir8 of thc dcf(.ct Civcrl
this limitalion. it ir nccassarv to harc :rrit$l.
bkrmarcrials as b(ma repla(rnrcnts or implants
(Schlidrc$ei €i al a)15. Ning d al lOlT). Botr is
cxtcmally covcrcrl by a tisluc rallcd thc perkhteum.
Pcrtlit.um contains bl<xrrl veirrl. thicl lapr of
coll gcn fiber that ir arBnsed in a dcnrc ine8ularity.
arxl cell that is Jblc to differrntiarc intl) ostcobl.L{
(orteogcnic cell). AII pafls ot lhc tx)m arc covered by
the perirrlcum. exccpt tkrse uhich are articulatcd *ith
o*rcr boncr. Bone has rrn intcmal sp:lce in lhc niddl€ of
the nrllfiow cavity. in which thcre i\ stcm c.ll fnrm
bkxxl ccll. Thc madD$ cavity is coatcd by a laycr of
thin vascularizcd connectivc tissue callad lhc
endo.teum. Endortcum al$o hrr\ ost€ogcnic ccll iL{ dlx:i
the peri(,steum (Kalf:rs 2ml. Kim d.l 2004. Maulida ct
al:Ol-5).

Bonc is srmFri.d of three main celt typrs. ni]llltely
oiteoblir\t. oste(rcrtr'. lrnd o{eoclirst. O c<rblast ir a ccll
thrt plsys a ruh in thc aLlir rt) of bdr 0rsnlic
comF)nenl synthclis. which is rcfcrred to as peborr or
ostL\)id. Osteoblrn is locrted in x line along lhc ! rface
of bone tissue. Wtlcn actilc. o$eoblsst tends lo be (rlbe
shryad md basophilic m naturc- trlcan\* hlle, when lcss
etilr. lhc shapr $ill becont rl(rE flrt iirxl less

baxrphilic. llE srainin8 is oftcn used sr ablc lo d:rub
lhe nuclcus alld cyt(lplasm. lIE strininS uses I linds of
staining llEenl5 narncly henutoxylin which luDctioos l()
daub thc (!ll nlclcus il,ld gires a blue colo. atxl eoiin
$hich i\ useJ to dtxrb thc c).toJtlarm (rf (.cll:' (FilchcI ct
al 2OOlt,. Hist()logical tcsting of r;$bit femur bon€ [R!m
each c(xrtrol treilhcnt 8roup. the BHA implant gnrup.
arxl tlrc BHA-CEN irnpltmt Eroop is lo delermirc the
bonc 8mwth pr(x'cs\ that occurrcd afler thc frac.ture.
Thr mctlxd u..d in lhis erlrnrnllion rs:r quanthaliue
n|etkxl. which is dctcrmincd by addinl all (hc largd
cells fourd in l0 lrcn) diffcrcnt visual li.lds rirh a

[u8nilicition of lU) times.

In tll€ pruxss of hroc fr.riturE tE.Jiog. it dppe,irs thal
rhc cont ul gI)up wirtxlut implant pruvi&s a !io$
rEsp(rnsc in ihc rxjlivation of dcbris rEnxrv.l ccll. In thc
ncrt phi$a.(xt.oblast cell activation rcurr to bagin lhc
proccss of bonc formatron. At lbe mactcaopic
ob*rvalion. lhe bone defcd has been coveled by n mais
of tirsrrc. This rcsult is clerificd by muumrcopic
cxamini[ion. On lt|c l.llh day thnrgh lhc 42nd days

F,$lopcratilcly. thc mass of thc lis$uc is bonc Emwth.
At some lraliolls. the u-abecular borE Smwr n€a, lhe
edge of the b(xle near lhe Friogeum showing
fitcobla\tic activit). Mosl of the borEs havc foflned
compact stB*lurc ( FiE. : ) -

The gnr*rh d orlcr)blLst iflo ostc{xyte in dE bone
irdicalcs dte degr.dalisr and lirsu€ rcsnplion of BHA-
GEN implant. Thc implJnt which eipandr to bocornc

Frour \lrill facilitatc the ccllr arouml ir t() Foliferdtc
and FrElrrle. arxl diffcrenliatc uilhin il. G.leoblisl
pfixlu!:cr alkdi ptxhpltatase which funcdons to dcpo!'it
calciurn .nd phosphare into o\rcoid. ostcoid will qrickly
lirn bct$een BHA-CEN implanl. bec.rus. BHA
implanl comF)ncnt conrisls of calcium and ptro$hute.
Thc [r()nc nrrrm$ rp&c contains m:lty bkxxl rtrsels
and fat (cll!, (Fig. 5). thi\ sho\ \ lhf, h)flc mum)'. i\ in ,r

noffni slate. The rmplant is seen attached l(, thc bone
altached by conncclrvc tissuc. In lhe BHA-CEN impllnt
ared \rith txxE th..rc is no in0amnulory." rq*_tion
tccausc thcrc is rxt inflammakrry r:ell fourxl in thc area.

On micn)sc'opjc examinalion between lhd conlrcl l|]Ixrp
.md thc BllA intake 8r)up or lhc B}IA-CEN impla on
tlle l{t day to dlc.ll da) F)sloperdi\elt is irnal}zed
usins Two wa!- ANOVA statistical xnaly$is. showinS a

signilicant difhrcft'c berwecn lhc c()rrlrol g.(xp, thc
BllA. and BIIA-CEN o\lo)blif,sl (pd.007,1) and
():rco(liNt (p <).UJOtlt on the l4th day rlnxr8h tlle.l2nd
dal_. $hrlc in thc osle(rJ.te of thc (.ontrol gn)up. BllA.
and BtlA- CEN thcre i\ no differcnce. ln Table l. lhc
incrcascd numbcr of osleocytc str)'*s the diffcrcn(!
balucc[ da]s l.l and 42. On thc olher huxl. osteoclil$l
d ()slcoblarl tc .l rc incrca\c in conuol. BllA. and

BIiA-GEN on lhc l.lrh day ro rhe 4lnd dt'y. This shows

It

Bascd on nricro*-()pic ot senations (.1-l|. thc txln filkd
wilh dccakified BllA implafl on thr l.lth dry urril dte
.l:nd d.ry pltopcrntirdv hns rlDwn a prolifcratiorr of
conncctivc lissuc into thc impliint. These rcsults irdiratc
thal BllA is l)pc I collrycn. vrsrblc implant rcVonse
lhal hus lbnoed lrabecrrlaerhrnc sp(rngc pcrfectl! (m &ry
42. ha:, osleoconduclilc prop6ty. A(cordinS k) Kalfa\
(20O1). osteoco u.lile is the phlsicrl nrurcof gnfi in
carrying ()ot firfttionlt;$ an impl:lnl lo supF)rl boft
he.rhng. Biom.reriul lhJl hi. rlrk(rondu(rr\'. prrpefl!
allo\r,t lbr the cro\rth ()f osle(Elenic ptccur$r cclls inlo
graft space.
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lhal thc c{diest o('cuneE-c of ()ste(rlasl {.tivily is to
dcgr.rde ltr ilxlr-xanic comFm.nt of lhe txmc marrir.
namcly thc allalinc snh of bone mincral IIA. In BllA'
CEN implantation, ()stcoblast altlr incrrases fnxr thc
l4rh d&y through the 42nd day. wl|erc thc funclion o[
osteoblr.st rynthelirc\ bone oralrir pnxein and heb\ tl|c
culcification pr(ress.

&crltrse in implant opo(il] indicdes to sec rrnpl.nt
absorption on dayr f8 and {2 indicalcs lhc state of tllc
dcfccl has bcSun lo do:€ $ith soft c:rllus. txxrc defect
fillcd *ith BC rnrpluntr undcrgocr rcgcncrati)n rr
closurE quiakly. scen frcm the sr[t ciilus lormation so

the boneli quickly R*orlrlec(. Askllzideh et al. (20051

statc that chanlic in thc shapc of thc implnnt lbocoming
rmoller and blunsl) dDd incrci$ing degrcc of blurring
unlil implanhtion arc probably los rcli{cd lo borE

8ro*1h and ostc()blaslic activity. A chanSc llurt ocrurs
in borE rddtr8raph with BHA implall is n(n
ircc(lrnFured by a decrcar€ in op..ity ud chanSe in the
shrtc of rhe imple . so thi\ chmge cannot be x srong
indicaror to sho$ rhe ab.(lrflkm of drc implant.

Thc r.rult of rdliological obscrrllion $ith X-ray
equipnrcnt on bonc fn)m thc l4th d8, lo the.l2 l day is
able to show the devclopment ol hlrx: growti. The
radiology of gxitivc contr(}l b(xle talcn oa the 1.10l dny
to the 42nd da' portopc,alivcly frorn thc latcrcnrqlially
dirEction sho$s the cxislcnce of a round shapc on thc
dclbc( in the hon!. sh{r\ring a zoIrc rixlioluccnt round
sh4e $'hich ifilicatcs drma8e to thc bone duc to
driuing dul i\ lcfl witix t bcing gircn bonc inpl;rnt
(Fig. 5). D.magc in $c physical strucrur€ of thc b le
which maans the loss ofcalcium in thal pan will c&\c a

derrcil\.r in bone opa('ity. Mirgin oI bone dunaSc i\
lery cle.!'On (Figs. 6 ilnd 7) BHA implnhln)n ulcn
(rn lhc l.lth day kt thc {2nd day Fxtoperirtilcl} $ilh
LM ficr,i. On dry l.l.lhc imphnt lirnr still lff*r intxcl
$hite. Norm^ll)-. lhe chrtBe in implant mirgination
inliciucs a reaotion batween thc inplant drl(t
surrounding booe tissuc. shile lhc lppcau_.mcc of lhc
rddiolurcnl ?.one afi)und th. implanl nq'ompimicd b) a

This is c.oorirnE1l by thc chamlie thrt occlrts in tlle
r.dnrgraphic imagc of BHA.GEN borrc wilh LM ricw.
Thc B}IA-GEN implafl scen (xt day l.l is also still in
thc lbIm of a wtl()lc whitc rphcrc. A fairlt' gffi
dcvelopmcnt ir rccn in thc ndiographi( pictun: of
BllA-CEN tm day 28 (Fig,71. Radiolucent slriogs rc
$c<n irlso (xl implant b{l !'till lcry finc. Thc 

'.hantc 
lhid

(xcurr indicates thc ongoing p$ccrs of dcgrndi ion and
aby)rption of BIIA-GEN implanl :[d orlco8enciis k]
f(xm new bonc tissuc,

Orangaa: € Lo('i! oato. d.ftd

{ ffr pocrs a toc lrost r 6..r. o(d.&.r

Fig. l. Trinsversrl s.'ctior of th. distal femur of tlE cdrrot group [o. 14 (A). 2t (B) dnd .f2 (C) days aftct $r8cry. Th.
piclurEs sho*ed a ft* tbrlc stru(lure t6mcd in thc edge of tlE booc dcfcd area thrr l,{! dehncd above ob =
oscoblait. (x = ostcocli$t. os = osteocyte. Tlr suining was using HE and tlrc ohicrvatkrfl w{s using lmx
maSnificatim.
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Fig. 5. X'ray rlsuh fnrm thc ri8ht didnl fcrrur of Bbbitr on cootrol days 14 (A), 28 (B) nd 42 (C). Bl{k circle
indicir.d tic llcariofl of l}lc dd.ct.

Fit. 6. X.ray rcslrlt from tlE n8tl disrl fcmur d rabbits $ar had bccr impLnled wilh BHA oo da,s l.l (A). 2t (B), and
42 (C). whitc cirEb ltlovcd thc lqiatioo d trc BHA implsnhlion.

This i.dicates thc prEcss of dcgr.dati(,lr of BHA-GEN
implant cdfinucs. Th. shaF of thc implant lq)ks
fogmcntcd arxl thc sia bccrrrrs a litth srnaller. This
furthcr coofirms thc abs{rpri{n of thc implant ar, thc
ongoi[g Foccss of nriteogenesis. &)lE growth begins
witb lh. fornution ol oneoid by orteoblast oI which
90* of 0E tDain constitEnts is type I collagen as tie
rerull of implant degrdd&tion. nsrilcl) CEL. Anothcr
dcgridarirr resth fr(rn BHACEN implam supErrrs ftc
pmcss of borE rtrrdcling by forming osreocytc, rhis
is a good prGcss to &cclcBle tha closult of bona
dclect.

BorE dmage fo( various rcas{rns * ill etivte all
oltlcoblasts iotraos!.ous ard Fioslcum nuximally in

I n.l

I {ti d.r' 186 &1.. .l2nd d.r'

tf! (
,,) I I

A1 -/ C

I

A

darEgcd araas. Stlortly aftcrtlads, a rEw numbcr of
o6r..oblasts iuE forncd from ()rrcoprogeoitor ccll. which
aI! bonc ltcm !!lls in tllc surf& tisEE out lirEs 0t
krac. A callus f(xrnafion ffixn oltt€oblastt tisiuc eid a
rre* organic lmoe matrix which rvill br folkrncd by
withdrawal of cakium sall betwcrn th€ lwo cdgcs of
booe dsmage in a rlxnt limc (Nstbat et al 2006. Clyton
& Hall 2fi)7, Eintxrn 2Ol0). In thc proccss of borE
hcaling. thcrc arE two callus tyFs. which a.E $r(x{h
callB (p.imary callus) arxl Mrd callus (sccondary

cell6). himary callus e'l f(rnEd in thc $ird waek to
$e foufl.h neek aftcl thc occurence of boft dlrmrlge,
*hereas seundary callus nrt forrred in tlle third to
fourth fix}lllh after thc &currcEc of hxlc danage.
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Fig. 7. X-rdI rerulr fr(nn Gc n8ht dirtal fcmur of rabbirs (hur had bccn irnpllnted * ith BHACEN on doyr l.l tA). 28
(8 ). und {l (C). White circlc ifiIcarc the krcrr!()n of BHA.CEN implrnt.rti()n.
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BALP ir an isocnryme thal sho* s lhc formarion of bonc
xlrx thc maul enzy lc tlral is presrnt in irxrSanic chantic
in pyro?horphalc which ir thc inhibao. of &)rE
hinen izrtion (G(Er ct al 20ll. Saosa er al:Ol5l.
BALP can bc an carly markcr o[ ostcoblasl
drll!'Rnuali(ln. iind rncrealrs whrl| pruErssrra
diflcrentiation ol ostcoblaits occuN lBoanini et al A)O8.
Silva el I l0l5). An:rlysis of BALP lcvcl sceo in lablc 2

sho\rs thal fie anall.,sis of tlle lcvel of dknlinc
pt$sphahs€ enzl..rnc on day\ l{.:8. irx! ,l: sho$'s ;rn

inareasc io *rfl (itllus lbnrDtr(, on day l{ bclxu\c
th(re has bcia[ I rcaclion bctween oslc{rbl$t drd
colln8cn ty[r I formin!: srft sallu\. r)\te'obla:,1 rencl
swilch calcium ilnd ph(Iiphatc lo lorm hydroryagatitc
\rhich licnles. this is mcelerdtcd by rhe prescocc of
hydrorrt?atitc from th€ BHA and BI|A-CEN impl.rnl
millricer- Thc rcslin8 usiog Tukey's multiplc
compdriso$s tc$ \ho*s a signil-rcant differaicc betwc€n
thc BIIA ard BIIA-CEN g(xrpA c()mpared lo conl()l
gmup (p <).0161) on day l.l or ph$c pftxhclion
matrix. ali vrcll .L\ on dals 28 .rnd,ll. This rEsult provcs
lh;rl tx)ne rlkalin€ dx,sphrtasc har cnzymrtic actilil)
ltul rtx'*s an rw,(rrli.m $ilh Ern(xlclinF adirilr- (m

thc l{rh d.rf- of reptdrins pha$. Mi('n):i(opic
cianrination resull with llE raininS rho\r$ that tllc
nunrber of BHA and BHA{EN ostc(xyres uE:.Nlr:
$hcn comparcd wilh c(fltftrl gruup ()o dayr l{. 18. u
J2,

Eonc-sp!'cilic alkt ilc ph6ph:{ase (BALP) is ur
i!{)erlzynE lbr moDilorin8 nrtabolic actilily in bone
synlherized in o{cobl.llit afil rcfloct! oilcobla$l irclilrl}
during trrnc fonnation. thc pnxluction of thc maio
protcin in li)rm is (olla8cn tyJrc I (GE€nblan d : .

1Ol7). Alkdinc plxr.phat&\c dcgrader mauir that i5 rich
in ptoco8llcans and hydroll'zes high cster cncrg-v., to
pmvi& pho+halc ion rcsuhin8 in thc dcF)shi()n of
mincrrls with cahium in i collascn-rich rBtrix
nelu(xl. PEcipitation of calcium aryl phxphrte
mincrirls rrlth ALP can causc U)ne fonru(ion !() thal
$hen booc formatkrn can tre inerrased thcn fr,(ture
h€alinlic.ln rlsr bc faster.
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Tablc 2. BALP levcls in thc conrd. BHA implant. and B[|A-GEN implinl 8l(xrpa on dnyr 1.1.2t ar .l2 aIrcr fr.cturc
induction. ') *rcwod a liigniticant diffcrr.rrc bcrrvccn thc c(rttul E(xrp r"ith BHA (r BIIA6EN gmop (p = 00-]61 )

on t|e l4rday.

Based ()n this rcscarch dnla. it slx)ws that BIIA ard
B}IA-CEN implants cilrn alcclerarc thc pm(rerii of htxrc
gm$Ih. For lhis r.ason.lhe usc of 8HA tlrxl BIIA-CEN
implimh is predictcd lo provi& grearcr benefih akrig
with onSoing cffons kr dc\ck)p a neltr ttrdcSy in Ihe
lrclltrnl of [rd._lur illncrli. F(r drs rcairrr. il i\
ncccssary k) funhcr $tud! ttrc nE(hlrism p.lhsayr and
oltEr nrlrrlicrs in o.der to fully cxplain thc pnx..cs of
tDne ft nxxlclint accelcndi(xr-
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