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Abcr.ct B(,r1( B..fts n.(mrx,nlv u!.{ $rraFuti( t(hnique lt,r tit re(1)nstsu(thn and fnolitrtidr
of tEn. ql.n.rdtnm du., k! fft.tu,1x. Bt tA CEL (bovint htidruri npititr-g.ldtin) pcll.'t imFlnnts
hato hr.n rt['B'n l(' tr' .blo .c'lcratc the pr.'(t'!is o, b(xt!' rc'pair by l(x,king at th.' ptr(t{ttaxr of
n.1r' borr', and tho !.(,nlact tthv(aTl the !\tmpositr..rnd t\lnt. Ba!.{ on th(:{. rlriultr. a rhrdy h,rs
conluttrrl br placing BtlA-(;EL {Cl) f'elL't implnrniin r.hbit fL'mornl t{)rt( dd(ttr, ncdlmtuni(d
by 5ut m$ oral suppl(.m(.rt oa alIA ()r calcium In htc t(, dettrminc thc dtrrtir crl:ss of &ldition
suppl('tttnts. Tli.ny.atuh lnodcl used w.s a burr hob de$Ect nrtdel ivith i dhflra:r oft.2 nar h
thc ctrh.dl pan .* t}{. rabbit flmur (h th., 7th, ltth and 26th day! aft(, trt'atnlnt, a krlnl ot.l3 N€w
Zealard rabbitswEe diri& ink' f r Broqr, nnmdy 4'tud (((ntrui). inplant, implant ' or.l BHA,

dnl implant ' oral.nlcium ldctatc. AniNll(s!i r\cft ltrminatld and $rlu,ttul hlt.d (n X-rar
radloLr8r ltsults, H.nalDryrm-Eonn rrainin& ra-*(1rler frlAnt|a[el g(,+rth Fad,r {VE(;F), (ttt(l:nlcin,
and {n znrr-li nL{ immuft)lr,rb{nt rss.rv (EL IiA) lor t$n! altaliri' pkt{,hahs.' (BALr) .nd crl.iun
lc!.|s. Fnm thir nx'aR-h ('an t{'('n.ludd that ()r.rl BllA supplrmr.nbti()n ta.ith BtlA-{;EL Flld
impl t! shoivcd filst(' hlalin8 of tl(m dcfLrh, clmpsnd b oral calcium la.latt $ ith BHA-CEL

F{l.t imphnt.

K€yryordr d.il{i, bon.rdn{dclin8; h,\ irf,' h\\in'\vrftrrht.; .nlciu rn Lx_tnljl); Blr\-(;EL pcucl

1. lnduction
&rre isa sFcoal c)nnective tiyruc thathardms \'ia lhepr(r6so[ min€ralizatifil \'cal-

(ium plDsphnte in &r i)rm of hvdroxvapatite lll. Variou: kinds of h)nc, irint, and mu!.le
dis€as€i in hunu[s includc open fracturpt closed fractuies, o:ite(F1rosis, (Ete()arthritis, (r\-
teonalaoa, (tsleornreUtis, rheunrati. polt1n,valFa, gou& arthntis, rk'umat d arlhritir and
oth(ts, $.ith fracturEs bcint lhe mogt comm('l larte ortan traumatk inluw in humars lil.
A fracture is neuromusc_ular damage due b tsauma to the tistue I rland reliults in a tap in
the bonc. l_racture ,r?air can gerr.rallv rEitorc damage,l skeldal orBans to lheir prrinlun
cellular com;xxition, structure, and biomq:hankal function. but about ltP" of fri..tures
will trt heal normally lll. ln 2011, lh€ World Health Or8anrzation (WHO) reco.ded m()re
than 1.3 million F(?b suffering fnrn lraturi.s dle to accidqlts. Accident aas€li that hale
a Iairlv hiBh pRrnlcn e, amongsi which nre lowt, cxtrcnlit! fr,rcturcli, rL?ryJ8t il{}'|' of tllt'
a(cidenlr that occur. &)ne liraft thcrap_v, l^,ith a sul8kal pnxedurc that places ne$, b(}ne
or teplacernent materi.l (comp()site matrix) inb the sp.ce around the fracturu or hrle in
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.l l I , ! l.n lr

thc damaged bonr (deftct) k) h..lp spocd up ths hraling pnxes; [ ]. is commonly us€d in
fracturu marugr,m.'nt I ;1.

B)\'irE hvdft)rr'apatitc (BHA) i\ an irrrr$ani( txrvirre tx)rE rnatsial used aran alter-
nativc compoliite comF).r'nt, corliirtiqi or 93"n hvd()xvapatitr (Cato(ltlh(OH):) and
7-q" p-Eicalcium phosphate (Ca1(l0rh) Asa roliult, it i.i moll porous anrl cor onlt'absorb
antibiotici, homl(ln€:i or gnrwth f.ctorli I-.1. BHA has proFJertics similar tr) hyd()ryapatitc
in human bo:p and is a \aaff(lld tll.t is moft! orbo.(nductive thrn (*h6 sl.rlth€tk hydr(rx-
rapatiter G biG()mpdtiblc and has hi6h porosity. Th€ high por(riitv of BHA accelcrate'
the pro(E!l6 of (1)klnizati.rn of (lttRrblast cell5 and tEc(m1\ a medi[m for osteobltst cells to
shck to J,l. On thc oh..! hand, BHA is hnttle as , n$ trlrle-forrning mabrial, so Selahn Ls

added as an adhesi\.c arll sm(x)thin8 a8til Iil. (klatin (GEL) ir a mdoomol<ule prrxiucrd
bl partial hydtolysie ()f colhg.i ftrrm rkm, rvhite conn€cti\,€ ti.su€ and animrl b(rps
of amino acid rEsidues [. l- GEL is (omrft'nly called h?e orE collagen rehiah krgrther
u ith rutecttrass fornrs (de()id\ ($ft callus). BHA-CEL composibs thal tes{rnblc mincral
comFxrents in humarls ar€ able k! f()rm new hrne and fill txnx gap; due kr frictuftlr l:l
wilh hidl br()c6patibl€ prlpcfie'r osleo<()ndtrtile, (r$boirdu<ti\.e, bod€gr.dable. biore-
y)rbabl€, and rbn-toxic [., ,J. The nddition of gelatin can a!,o control the de8radation ol
pell€t time a.d rncrease the rvr|tht\ls of neu tt()rE in the defKt alt. I . '1.

BILA{;EL colnpo6ite nhplants hirc h6.n slxrrr n tr be able to a.el6atp the bdre reFlr
pnxt:s in t a<tured rabbit ,emuni h'ithin 2Ii lo .12 d.rys, and haYe tq)d biomalcrials to]
hrne fillmg [. tl. Hower'6, lhrs Fn(xl ({ hme i\ shll relahvel} hrng s'hen corsrdenng t}nr
effect of pain ,elt h' patrents with frachrrr|d hrnes. and (an afbct the pah€nt's FivdrdoFrcal
(anxiet]-) k\el [ ]:1. Repair oftx nc mineraliznti(n al()ne is n(rt sufiici€nt k.) rneet derna.nd
and can a ff{<l sk€let()rE with inadequate bone ti$ue f urrtion. lt is n <essarv to irrrcis€
the supph' of cakium. Simph cakium pEparatiora are gerrrall, administi:Ed orall_r .-s

an adjuvant to treat8Ent, in cotnbination with rl(}re specific druSs [1 ]1. For this ltas{r&
a study $as carrred out on bone d€ll<ts due to fractures r^'ith BHA4EL ppuet implants
ard thc addition of 8HA rr calcium la.tatc orally as calcium supplcments. Calcium intake
plays an impoltant role in maintainin8 htrie health, namelr' to achierc peak lxme mass
and prrvent loss of btrre mass ll ll. The purpose of suFFlemmtation in this studv was to
pmvc that thc peri(ld of bone growth around thc deft<t could bc shortencd. C)$t{r)blast
prrli66etKm is erp€cted lo increase with the additi(m of oral BHA suppl6n6lts to form
more oste(rdds (!i)ft callus). which arc thsr conrefted int) ()ste(xttcs (hard callus) arxl can
ir|clcacr hlne stabilih ar)und the fracture.

BHA is l own t() have carbonate liuhstitutions li kc that ()f human hydnrwapatite
and that can be f(rund in synthltic biomirnctic hvdn)xvapatites Iii,lfl. The carbonate

Errlup incrEasEs t}le pnrliferatirn of rxterrhlasts, therebv acelgating the fGmati(tn of
nerr borp I 1:1. Hydrorvdpatite rais.:r bLxxl calcium kr,els lers than calciurn cdrbonate
arul calcium citrate- This rDdicaEs thal hydroxtapatite i:i morc eff<tire al qrterin8 b(ne
celts I i.]. BH A bnuvailability is bettcr than calcium carbonate I I 1l and abvrfierl ahrut
.12.5"" I l.l. A Europem studv skm,oJ that hydrorylpatite r asmorE effectiye lhan calciurn
c.rb lale in sbwirE bor: l<rs of the penpheral trabeculae of OE diSI tibia and dislal
radius Ii.t]. T]x. ole oforal BHA i$ lo incrt.are thc pnrliferation o{ ostt$lasts bt stimulating
mes$rdlyrnal cells. lt is shour by tha cal(ium &F !,ih(rr fmm hydm\yapatite $ ill interact
rvith the <ollagen fibers aL,nE with tyF I colla8(rl, a substance from the detladatim of
telatin. Durint the mincralization Fn,c6s, the r:ndr oI tlrr btrne lratrpnts are (ovepd
by a hrsiiorm mass filled u,ilh woven borrr. The rrole minerals d€F)sited. the hardr:r the
callus formed l:r I. While calcium lactate which is a salt form of lactic acid in thc form of
whil€ poitd€r, crysl.l!, or grairl.t ll il, which is allto giv6 (rrallv br,.ause it can increas€ the
number o, oste()blasts l:ll. Calciutn lactib intake.:an iErease exracellular calcium and
inlraellular calcium 1c1'els. litimulatin8 b()ne f()rmahon si8nificantly and incn'anng thc
pr)liferation or chcm()taxrs ()f ()stR)blasts Jlll. Caloum lactate al,ro significantlv rcduaei
borp resorption llll. ln additi(,n, caldum lactate in trE' b(ldy is ea.sily conrerted ink)
calcium bicarlxmate, and (rllv ab()ut 25'fi, i\ abs('rtxrd in the small int€stine fr.)m cakium



intake throulih passi$c diffusion and .rdr\,c trarl\port Il ll. A study sholy:i a compariron
of 500 mgcal(ium lactrlc, 5(n mg cartxhate and 5fi) mg Fluconate (it is known that each

cdlcium contcnt !.i diffrMrt). the reiulLr of whidl sholr tlt nbsorption, AUC nnd e\oeti(il
of calcium lactate k) be blttcr than others [] .1. Cdlcium lactat(, ab:'orpti('n is ktter than
calcium ph():,phate and cal.ium in milk, and stimulates bone ach\itv morE than calcium
cartx.)nate or (alcium citrate in exFerimcntal rdl{. A! .r consequence, it is \ erv effudive,
esF.ciallv in t{rne metaholisrn Illl. Hor1'e\'.'t basrrl on t}re n'rr:anh of prcr'x)u\ reiults, il Ls

linoln n thrl 8H-A has mort oshoinductite pR)perties that othcr matenais do not har e [i, l.
Fo. this runirn, it is F\rs.sible that !)ral admiristrntion of BHA on tsll{<;EL lcllet implantr
is more effertive in tcrnrs of bone gn4vth than oral adminlstlation of cakium lactate on
BHA-CEL pellet implants.

2" M.teri.ts .nd Methodr
1.1. Ethinl A i\tl

The submirsxtr of nn ethical fuasitrilit!- pr(4rosal was addrt:s6€d to the Rcs€arth Ethics

Commirsi(ln of thc Faculh of Vellrinary Mrdicutr', Uni\'(r:,rtas Airlan8ga (Animal Carr
and U llr. C'('mn{ttee/-A.CLrC) and has bem declarrd ethi(allv cli8ible via EthicalClearpffe
No. 2.KEH.075.(152022.

lte rtsearch $as conductld in slc laborat()r! o( the Facultv of I'harmacr', tlniyersitas
r\irlaigga, Surabava in a trrre erpcirnental manner with a p()sttest{rnly contnrl troup
study design u$ng {8 New :lealard rabbitli aged 'l-lt m(nt}Ls, ueighin8 1.5-25 kI, healft},
.rnd rrithout bone di:;onlcrs in fumur. The rabbits were randomlv divided into def&'t
(control gr(lups), BHA-CEL pellet implant gnlup, BHA-CEL ptllet implant Bmup t(ith
oral BHA and BHA-CEL Fellet implant gn up rvith oral calciun ladate. Ribbitli h'era.

adapted for (me lieek \rith adequate tuxxl pr{r\idt\l dunn8 the study Makin8a rabbit
fracture mrxlcl \r'a\ made bv tengatin8 a defect in the femur, follo$'ed bv implantint
a BHA{;ELpellet implanl accoDdins to tlle lir(nrp dirislon- fufthern$re, (ral supplern€rrb
of BHA or calcium lactatc ut,re administ'red untilte.mhati)n was carried out (n davs 7,

l{ and 28, ac.ording t() group divisi(n. After termination. the lemrr bone that Nas heated
as a sample uas taken; lhis wai iolkr*,ed bt evaluatim throuf,h X-ral- radiolir8t, and tlr(n
b(m.' decalcification, lo evaluate the numbq a d diskibution of bone cetls throuSh HE
(H.rr,rr,.rvlirr-L:&rl) stainmg. e\aluati()n (t' anti-va<ular endothelial grosth factor (VEGF)
nnd ostgxalcin le\'els using the immunohlrtrxh€mical (lHC) meth(rd

2.2- l\'lotttidl,
ln l(lrrrls of test matdials, bor,inc hydmryapatit€ (Unilefsitas Airlangga, lnddreliia),

Selabn, yldium carhrrvmethyl cellultre prrrdet aquadest, ketarninc, rylazine, gdltamicin
ointmglt, amprcillin, T(rr, akok)l (pharma@ticalgrad€), <otbn ball5, povidone idline
rallon, cotton bud, rterile Fau7e, hr?afix, handsaplast, calcium h.tate 500 mg tablet,
thombophob g€1, !r ater for ini(tiorr lO7" formalin bufier, and a Calcium Cdorimetric
Arsay KiL ELISA Kit (Cat I\{o. MAK022) (Sigrna-aldrich, Sl. Lo{is, lro, USA) w€rea(quted.
ln terms of cquipm€nt, a Can'er manual pellet press, punch ard die ({ mm diameter), 1 c(
anC 3 cc syriq;e bone drill rvith {2 mm drill bit, surgical blade, forceF;, ner:dk krlder,
needle circle or sur8i(al ncedleri, Silk no3 surSical thrcad, gillette razot sharet tlvrrzeni,
scis;ors, leukoplast vacutain€r gel s€parak r, watcr bath. mortar, stamp€r. tranule sie.\,e,
()ren, feeding hrbe, oral cath..t6, X-ray ma(hir|e, EUSA rcader, light micNsa(pe, hist()lqgy
slid6, obi..ct Eliss and co1,er ghss u'ei. L!cd.

2.3. BHA-CEL Pdltt Pr4ntutio,t

Weigh arxl put 9 I &)vine hydn)xFpahte (8HA) porvder inkr a mortar and thcn
reduce the particle size using a stamprr. Heat 6 mL ot distilled water in a glass beaker at
.10 C, then add 2Iof8elatin arui stiruhtil the gelatin dissolves Put 3 mL of di$.rved
Belatin ink' a mortar c(hlainint BHA and stir until the ma-$s is formql. Next, sierc lhe
m.s.5 lo obtain a unirorm pa.ticle iize and dry in an oven at :10 C for 2{ h. Weigh the

| ,- .1ll] r; r\r'



gt rules as lar8e as lm mE atd (o!$pr€'!li !{ ith a load of t km ryith .r diamcter of I nm to
form BHA-CEL pelkts, and .ontinue r^-ith Uv sterilizatt n for i3 h.

lmplantati('n oi EttA-CEL implant and (rral adminishation of BHA or ('ral.aLium
lactalc ii perforrnal by iniRtin8 a combin.rtion anesthetic ketamnE 50 mtlkBBW and
x!'lazine 5 mE/kgBW intrimuscularly in experim({ltal arumals. Clean thc rabhit's thighs
with 70'i, alsJful and shavr. Disinfect the shavtrl arpa usin q hetadine thrn make an incEion
in thc IequirRl arca ()f about 1.5 cm. The defrrt rvas made u-5ing a .12 mm drill bit and
iolkru,ed bv implantation of BHA-CEL p€ll€ts. Nert, suture th€ wound, disinft<t it with
7uL ak(,hl and thm bdadim', and then apply gentdnicin (rhbnfit ai an antibi()tic. Ctvcr
tht'u,ound ifith sierib gau4 anil dressing retmti()n tape, tht'n adminisler iniectfun ()f
Ampicillin intrahus<ularll' at a dor,e of 25 mg/ kBBW as an antibi(nic. Durin8 the t€crlr rrv
pcriod, the $ound was keatcd \"'ith betadine and trpe rcpla(ement until tht'surgical
rvourd was dry ln addittn, the.at'bits $erp t.eated n'ith I mL ffalBHA or c.lcium la(tatr
a(cording to the gr rp divi.itrn.

1..4. Chararlril ious if l'tlbt
The rharaclEizition (f the prepared pellas was carried out u-sin6 Ftruriet Tranr

torm lnftarcd (Ff-lR) SFrtros.opy (Perkh Elmer, MA, USA). The BLIA, C,{'latirr and
BHA-{.;Et-atin that have b€en made wcle then mircd with F)tassium brunide to make
p€llets aftl mcasurcd at a wave nlmft€r of .l{XHom cm I with only (ne scamin& h'hile
the sizc and rxlrphdog!, of t}P pa.ticles werE obserr'ed usint saanning eleah(lr micr(Ed)py
(lrtspttt S5{1, FEl, Japan). The sputter c(}ating of SEM rred t}E ultsa-thin coatin8 ofgold.

2.5. 8Lf,,,r Snrtt,irr.( I(t rrlrl '
Xvl('l h,as appli€d to th€ rabbit's ear on thr marginal vein and 3 mL of bkxrd r{erc

using a disptxable svrinSe one hour ffi)rn the time of takint the drug; this $'as carticd
out (rn the 7th l{lh. and 28th days before terminati(rn. Applving }Eparin gel to lhe ar€d
around the miectx)n h) prevent blqd clots lnie(t bl(rd into a vicutairpr containinS a tel
s..parakn (lierum s.'parator tube) (GreMed, Krian, Ind(mr,!'ia) sk)$ly to pr8\'el|t hrrmolvsis
C()ntinue to centrifuge at {fix) rpm f()r l5 min k, obtain a !.rum. Scrunr halr sk)rEd in tht'
fr(ezcrat -li0 C. BALP le\.cLs 11 ere using ELISA micftrplate pader lNtark s€ries tio. l2tp6
(BilRad, Hercul6,CA, USA), while calcium levels using a micruplale rcader Bi(xfuorn EZ
Rcad 2u)0 serial num-ber 1352.17 (Bi(xhn)m Ltl, Cambrid8e, Unitql Kin8dom.

:.0. Ilon.' S.rrll,/i J T.dl,r,tr.
Termlnation o, th.' erf'erirnrntal rabbils (rr the ?th, l{th and 28th davs alter treat.tu'nt

rdth oral drugli rras frerf{rrmAl in the irbtance of both BHA and calcium lactate A b(me
sarylPlt'({ tht' femur in d 101b formalin !r'a5 followed folloned by ob*.\,ati(}n ol the proe:is
of ckxing the bone gap bv X-ray radiolol;y. Thtn <le<alcification t)f tx)ne in l()'i, ECffA
solution for obsen ati{rn (rf t$ne cell dq,elopment through HE staining (Hdr,aroryin-Lhr,),
eramination of VEGFand ostr$calcin lc\'els using tlle immunohlskrchemical (lHClmettrxl.

2.7. Pi,JblLW t)r,n,,,uti,,t
An elaluation of bcne inteSrity r,r as perlonned using X-rav radiq4raphv and clarfied

with lrrq., yi..rJp, hefore thlrt compan-d being $'i h tle initinl diamster of lh€ boie defe{t
({.2 mm). This was followed by macnrscopic olrt*n,ations b $..e the fx:rcenta8e of callus
grorrth arerrnd the txne dcf.<t and cakulations usinS LarE-Sandhu S(orint (Table l).

, t0:1 ,) ,.



T.bL l. hrl-irndhr !ionnll ( nr('n.' I I

Criterir
!&r ollus o

Mhirul ollB I
C.llui eviddr tur hcrlnt irrorhy'de 2
Crluler,id.rt ldith stabiSl! erFrtcd 3

Cdnpl* h.lilr rvi0t brr. rfrrr'tlrl {

no cal lu$ tr$uc, tr, durr. lin! clL,.r
a6'- (.allus tietu.',Irndun lirx. st ll d.'.rrly !\ibl-

50'., .allur ti\$u(', haduu. lrnr blumrl
75" " dllus tirsu{, hrcruru linc bfi.{ r \ isiHc

l(Xr" !_Jl6 ti\s.. n, 
^rntinirf, 

fr.ftrt lin'li'itlr

2.8. Ho.nrlt.tnllt i[l Losir -si,irirt
Thr lustrrlo6rul eraminat()n :.tartd $'ith pr(xt!,sin8 thr.paraffin bkrlLs b]- dehy-

dratinS with alcohrl concentration 7(P. k) lw'r for fi) mln each. This was iollowed bv
3 clarificati(ms of r)-L'ft', (()r 15 min each time. Aftrr that, in an incubal(rr at 60 C, thc
penncalton t.ratmcnt with pararfin solution rras carri6, out three tirx.s for H, min eacll
TIE tissue $,ar thrn immeni.d in liquid paraffin and bnrught kr nxrm temp€rature. Eaah
paratrfin block wre llren ort to a thkktpss of l-6 rn usinS a mictotome. Cell m(rphobtBy
iras determift'd with ,r.rn toryri and duia. The slid.. w6e dippcd in r),|gle thRe times
,or 5 min t€ch arrl hldrabd lr,ith elcohol (96'r" k) 70'[ alcdrol) ftrr 2 fiin each- 1 he sliJcli
$/nlt. lhen rins€r, under runnint water for 10 rnin, placsJ in Ma3rr i lrcntdorylir for 15 fiin,
rinsed h'ith rutmint water erd examined mkroscrpically. Thc slidrs wen' thcn placttl
in l'r,, €oliin s(ilution for 3) s, dried, washed, and mounted with an EZ mount. This was
gerformtd rn fir'e vi.iual helds, $ith {O0 ' magni fkatim arornd the defoct or implant art.a.
The ruliults (ttaincd arv the number of each bone cell, includin8 osteoblasb, ()steo<hsts

and (xha(Kvtes.

f .9. Irxr,,n,)rrrstrrrxrxrrlry

Ih( in'rmunohiskxhenri(al tR'hnique was u!€d k) stain VEGF and ostlrxelcin im-
mu ,F'!,itilt' ccllli. :iliJt+ thal hale h'en paraffinize,l are :{lakql $rlh .rn antisi'l .etrieval
dr<loakint chamber, c(x'l€d for 20 min, and washed with PBS for 3 min. Sniperbl(xkint
tollo|sl for 15 min. -lhe slideri $erc then in!-ubatql with rabbit anh-rat VEGF prrm€t
(cat. rk'. I'AI-21D6, Thetmo Fishrr Scidrtific, l:lfirdilutnrn) (hbltham, Nlasiachusetls,
United Statet) aod wach(d in PBS ror3 min. After that, th€ univcnial link war perfrrrmed
for 20 mh, and the alide v,as washed in PBS fur 3 min. Th.' I Rrcavidin-HRl' [.!bel was
then appli€d for l0 min atld $ashed rvith PBS lor 3 min. ]'hr slides wele then rtrrchd
with Chlomog.,n DAB + Buffer Suhstrat.. for 2-5 min, f<rlkrwed by rinsing for 5 min with
run rint water Th(, slidBi rve'r€ th(n stained i{ith ,r.rrrlo-tvfi, for l -2 min lollowed by
rirl.iinS ftr5 min with rutrniryi wabr (l$i(e). theslideri were then dt'hl'dratt\l with akohol
(ru'., ab.$lute alcohol) fur 5 mh each, followed bv three xvlol wanltri for 5 rnin each.
Firully; the\' $erc mounEd (rl n slide {Ecom(rrmt) and coveRl h'ith a cover lila$.

1.10. tsot,d AlliJ,.l,,,.' l'll.."fhthNl

E\aminati(m of BALIr letcls rras carrisl out using thc R'abbit lt,n -Spcific Allaline
I'hGf,hatase ELISA Kit (Cat. No. BZ-{)tll7-31{l-EB) (Bnxnzr', ,aLrrta, lnd(nes,a) with t}le
(ollowing st€F: prep&E.ll rE6g.nb, stind.rd solutions and samples; briru ,ll tPaSq|ts to
ruom temperatuE be'ore use. Add aO t(L standard to standard well; add {0IL sarnple to
sample wells and adJ l0 lrL.nti-BAP antih)dy to sample wt'lll 0ro add 1l FL skeptaridin-
HRP to sarnple $r'lls and srr,!d.d rvells (not blanl cuntrol well) and mir $rell. Cot er tlE
plate with a seal6. ln(ub6le f(, f minat37 C. Afler that, ern(n e the snaler and washthe
phte 5 tirnes u'ith .r wrih buffc,r *ral wells $,ith at l€ast 0.35 mL wash buffcr ,or 30 s to
I min for each rvash. Blot the ptate onto paFr towels or oth.r absorbstt material- Ihe'lr
add 5() pL substrate xrlution A to each $ell .rxl then add 50 IL sublitratc srrlution B to
each well. Irrubab plat c(n,e]ed with e new sealei for 10 min at 37' C in the dark. Add
5l) pL slop Soluli(rr b each well, and the blue cohr will chan8c int') yeli)w imm€di,rtely.
Drtermine tlB optical deftiity (OD valuc) ol €ach well imEr€diatcl_v. u.iin8 a mic$plale
read6 set to {50 nm within l0 min after adding ttE st(p s{rtutbn.

: r:l
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Eraminati()n of calcium ler'els in the bkxxl iscarried ()ul using the Calcium Cokrri-
meEi( Aii!! Kil (Cat. No. MAK022) Fi8maildrich, St. Louis, MO, USA).ser$n samples
cnn be uli€d dirEctly in this assay. Add 90 mL of the Chnrmqgenic Rea8ent (Sigma-aldrkh,
St. Louis, [,1O, USA] to eech h'ell c(lnt ining stardards, !ampl(.s. or.ontrols and miiSeatl],.
Then, add 60 mL of Calcium Assay Bulfer (Sigrna-aldrich, St. L)uis, MO, USA) k eadr
well and mix gently. After that, incubafe the eaction for 5-10 min at l(x)m temFrahre-
Pmted the plab ftDm light during incubation. Measutp tlre ab6oibance at 575 nrn (A575)

1.I2. Srrrrrli(ri Arrlr.rs
Evaluahon of the size (lf the bott' gap thnt iva-. clost'd radioh8icallv uas an.rlvzct

tl.s(d th.' Shnpi^Fwilk t.'st k) dete.mine the normality of the data and hom(Eenrih tr-.it
usint the L6'ene test. If the data Ls normdll!, distributcd, thqr lh€ ore-ltay ANC)VA tert $
continued. If the rfsults shor{. a dif(erencc in mennin& then it is conhnucd $'ith thr' t-St)

F)..i lxt] kst. Igean$hile, if tlle data is nd rk)rmally distribukd; tht''l, th€ Kruskal-Wallis
test is carried ()ul dnd thtjr fie ManrFwhittpv te't. This also appli€s k' the cvaluation
of number of oste()blasL\, oste(xytes, and ost\tlashi bv HE staininf, tsALP and calcium
lel'els in thr bl(xrl. The etaluation pnrrenta8e of callus Bn)wth amund b(,n.'defeds w.s
as:r:ssul h'r' means of Lanr--Satulhu scoring. Er'aluation of VECF and ostqlcalcin erpE$i(,n
usint immuturh!5Lrchcmi:ihl. lr'as perftrrmed semiquantitatir'ell- ria th€ Refirmele mdh(xl
T1E thie€ tcsts were analrzed tfsrng the Kruska l-W.l lis kst, and asr€ssment wali continued
Nith the ManrFlvhitrtv tesl if there werE siFificant diffcrpnccs betw*n Bntrrps.

3. R.rults
3.1. Clnn.leri:nliott il Pdl.l

Ilr rts1llts of *re SEM idotifiGtion sllow that he resulting pell* has a he)68(ilal pafi-
cle shape u'ith a particle size meafl of 1.350 + 0.243 pm (l'le:n t SD) (Figure la). Ihe rclrulb
of the FI-IR f(nn BFI-A desaribe thc peNotage of tr&lr'rni$si(rr at Ule speific wa\'e numtrers
POr = ltl.{i.57 cm l, OH = 35z1.o3 cm l, and COr = l.lf0.65 cm l, $'hkh arE the harsh
chaEctr:rGti$ of k^,ine hydlor],afratite. Meanwhih, tluJ les1rlt of thc asse"^riment in gelatin
desrribe th. emerBence of the Fra:ntage (* transmis;irm in OH; NHr; = 350.F3(xnam l;

C=O and NH = t 655-1 5-10 an I 
; C@ = l.l5(! 12{0 cm I (Figure I b-J).

3.2. Rtuliohw E\antiml iot,

A stud), on tlr: efiect of o.al BHA or calcium ladate on thp n+air (rf borp defectq
implanted with BHA-CEL pellets, *as carned out using a burr lrrle defuct mrxlel in
the cortical bone oI the rabbit femur. Def{ts with implanh appear circular, $,ith higher
intensitr' than theit surrormdings l he' radtrgraphic rerulls slxru'td thal thc implant gmup
exp€rienced accelerated bor* trowth in the alua ol the ddect compared to the Srlup
without implantr. The pellet intensirl* in the implant + oral BHA g()up wai known to
be fainter than that in the implant + oral calcium lactate Fruup (l.i8ure la.b), indicating
the union of bone wilh tlE composite. The r€s:rlls of the evaluatir,rn of bone gap drxure-
obtained data that t^,ere n(,t rbrnrally disBibuted (r, < 0.O5) rrr homogeneous (p < 0.05)
in th€ t(trmmatir}n Bloup on davs 7, 1{ and 2lt- Furttirrmore. uring the Knrstal-Wallis, it
was found that thcle was rxr dilfen'nce which $,a5 significant (p > 0.05) m'*een groups for
each terminati(rn period (FiBurB :c). The dr,r.elopment of b(xre rr!'gcneration can also tre
kn<rwn based on callus formahor, which u characteriz€d by chanSer in tll( intensitv and
trarrsformation of tl? impl&rti implanh:d. Thc lonBcr llPatm€Irl tim{x sk)$ed the interlsitv
of the pellets was fadrn& but the radiological results did rct describe ttre percentage of
callus grolr,th xr lhat it 1va5 continutd r^'ith mac($(opic ot'sefl'atiort\. Ldne--Sandhu
scorint reiults (rnacroscopic r$sen ation) :itertYed that the longer the bcatmgrt time, the
hith.lr the pcr(entate ()f callus 8rcri th. The data Benerated fnrm the *-oring prxr:s.s
includer non-parametric data s(l that the test drried out is Knrskal-Whllis arrd shorvs a srg.

Il,l,,r,. !0:! il $l:
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(d)

fiFr" r. (.) Rt?rE .'|t tivc .d SEM s..J't'in8 Rcsr{t of BIIA-CEL Pdld; {b) FI-IR. Sptclri Pnrfih d
BHA (.) Fr'IR srpdrd Prt'f c of GcLtin; (d) FI.IR SFrtsn r.r,file o, BtlA{;EL Pdlet.
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Fi8urc 2 (r) x-rar r.rdrnog) r(sults ol rahhit r..rnur (102.1 . | 024 pi\.'l); (b) r.$bit ,r'mu! h,n{'
m.(r$*rpi(;(c) rLault ol mcalurcmtnl of borxi cl!.tl ckbure; ( d ) Ldlcuhhon rtsulti $,tlh L r.'-Slndhu
S()rinB Th. rql nrrr'$ in subtiguts (.,b) indi$t.\ th' lration dl thr. d(,[d- rhc implanttd Eniup
sho\ed d.( lrt.rt('d k'nc glt!*lh in tk' dL{.rt rr{.
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3.3. L\nrnirnlio of lht t rrrrlr.r ry' OJloly'rsrs, Osl&rlrJts rud (xtcod/trs trrrorr.q/,
Hrn|?,tolrllirrEosi Slautiti

The data ftum the oblien ation of ostA)blast celb (fi8un la) ot tained sh<nved that the
data we'e normauy distsibuted (P > 0'05) and homo8eneous (p > 0.(6) for each terrninati(n

Friod. On d.vs 7 and 28, therr was no sitniJi.ant difference (('tE-ra'ay ANOVA; p > 0.05)
belr,r,ern gnrupr,. Mean$,hile, on thp l.lth day, it wa!.t knt)$,n that th€ implant + oral BHA
and implant + ().al calcium lactate gnrups were sigrtificantly differtnt (on.-rray Alr,lOVA
pod hoc tSD p < 0It5) comparH, to dE defe(t group (contrul) (Figure -rb).

lm.!in' r.r,rt nrplr r l\.1( J!,nn\ snlr rmFrnrx^!,r oir,l*nup r."nt,n..,r

,,il illl uil ull l,ll
'dl

ilt ilil illl
.!?i.dr.ldrq

FiSure 3. (r) Ohrrv.ti,n of borl cdls h,i& .kndlorvft, rr,jrr stninqf , matFification {I) ,. Os-
ts)bl,st (|.{lo$,m!ss), rEt!\].list (8rtr.n.rn)rrsl, nnd (!lk\rlt (blur arn'irs); (b) ($.r.^,ation o,
th. number of o5t Ublast &'ltr; l() (Ss.'^,rti('(| 

'{ thr numtrr o, ('st(rldst N.llr; (d) ob6.'n ali(i| ({ th('
numbrr ot ost!\)cl h !1jll!! Tht's8n (') indicrtr* l, < 0.05 $.ith on 'r{ay ANOVA post hlI t.SD |!'st

The data from the rD:*n ation of ostL\rlart celtr, (Figure -n) on days 7 and 28 wrre
normally di!*ribut€d (Jp > O.05t and lx)m en!.(!us (p > 0.05), and theE t€s no significant
diffenacc' (one-u'av ANOVA; f > 0.05) betwern Iroups. On,lay Il the data $,ere not

\
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normally distributed (p < 0.05) and theIt was tk) siSnilicant differsfte (Kruskal-Vlhllis;
p > 0.05) betrrlfn gnrups (F-igun, :c)

Thc data fnrm the obscnation of o5krxyl€ celli (Figurr' la) obtain{rl data that $i(,tc
nomally diskituled (r, > 0.05) and homo8€ne(rus 0, > 0.(E) fur each ldmination pi:Ii(d.
On days 7 and l,l thel$ was no significant diffeasre (onervay ANOVA; p > 0.05) beh^,e6r
gmupi Meanwhile, rn day 2tt, it leali f({nd that thc impldrt + oral BHA group rras siFmri-
cantlv d(ferent from the d€f6t llr(iup (contftrl), the imFlant Bn'up and the implant + oral
cnkium laclatt,B(,up (or*"way ANOVA post k)c tSD; p < 0.05). ThL! indicates the eflc.t
of the additi(m of oral BHA on the number of (Ete(Evte cells (FiBure :d).

.1.1. E\a,,iutlirfi ol tht An|t,r l attl Ditlrihtlitn.t VEC| throngh h nn ohistmht,,tistrv

lmmrmohiskEhernical eraminahcr with anh-VECF ryas p€rlormed lo detGmine tlp
\'asolaritv of borle ti\sue in ca<h tleatmeni !qow. tllf results ()f the obren atio of VEGF
€xple$ii(Il using tlre Kruskal-Walli.i test analysis in the rxtati$e (r)ntrol Bor+, ttle implant

8ftrup, th€ implant + oral BHA lFoup, and the implant + ()ralcalcium lactate Bnrup at
7, l{, and 28 dats (}iture tb) showrd diffcrent values. \rEGFerpression war cakulated
0, < 0.05). When tlE n:sults of VEGF expre:ision in the implanl and oral BHA group and
tlE implant arHl oral cnlcium l.ctaF grorrp on days 7. l{, and 2tt, there was no diflerenoe ln
VECF expft:ssicr value (/ > 0.05) with tle Mann-WhitrEJ- test.

lrnDl.hl. ()rJl IFFlJnt '0'.rl( nrh.l*n{f lmtl$t,inuf air.r,l",up (J llrJrr.F,,,ut

o!IIII
(.)

ll.lllI
. lnt{d! . (lril C. lrr.ll sru{r.lcdr. i (t l Eri atrx+

(b)

Fiaur 4, (a) lmmuRlhisto.h',nilta ot VECF r+nsion ({n. ma8nili(ation). VECF-F,sible ct[s
nlrr irklicnted b,v bmrln tlittrt'ln.'ts (rt\d arrcl^ s), (b) diffullnes in IRS r'nhl(]s of VE(;f etpr!."!ll)n,
r'&+ bar E aph rcprer:nts IRS + SD. Th. si8n (') indkat s r, < (1.05 $'i$ th€ Mann-Whitnev Test.
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3-5. E\rn nlitt oJ lhr Anlo rt aul l)isfril11iit , o/ Oslrrralcir l,,mflXl lrtl, u,|ohitl$l@fiislry

lrnmun(>hi\t(i$emica.l examination with anti<)sb(Ealdn was perf(rmed to detcrminE
the number of oste(,blash rvhich are markcr:t of mineral depositn'n and $owth of mature
aallus in each tr€atment Broup- The results of oben'ations of osleocalcin expres:ion ur
lhe negative conlrrl group, inplant gr()up, implant + oral BHA group, and implant + oral
calcium lactate gn)up at 7, 1.1, and 28 days (Figure ;b) $owed diflerence,i lil the value
of osterxalcin expr€lision (r, < ().05) with the Krushl-Wauis tcst. On days 1{ and 2t}, the
implant + oral BHA Eroup +l()ived higher ItlS scores than the implant + calcium lactate
group (Mann-lvhitn€y; l, < 0.05).

CrntrolgnuF lmplelSnrp lnrpl.int . Orrl Imphnt, ()ril
BHA tr(t! ( a l.(tllE Bn,up!IIII

R

IIiflfrtEII
(a)

I

lllIiu In
l

I I
. lnpln l Or.l IHA sNp

rt 2a

. tnfialr or.l cr lfrile 8r@P

(b)

FituE 5, (.) Lnmuftrhirt(,(,lcmistry ol Glc\xalcin cxptrssion (,l[x) r lru8rufication). Oskaxal.ir-
p(xitivc orlle arl: indiclh{ b-! bR'$.n o.rt({)t Lrlts (n\l ar!o*s); O) diffcrulc(s in IRS vnlu..s of
ostqxaldn ciprtsliorr cad bar graph reprs..nting IRS f SD. Tho sign (1 hdi("tr5 t, < 0.05 with tlx:
Mam-Whitr!.y Test-

i.6. Err,ti,ntin of BALP L,,t'tls thtorth ELISA

The nsults of measulemsrb of BALP let'els obtained d.ta that were nomull), dis-
tributed (I > 0.05) and h.xnog€neous (F > 0.05). Tlpr€ was a signifiGnt differen.e b€tw&n
the implant + oral BHA grolip and thc implant + oral calcium lactate compaEd kr the dcfeat
and implant Broups on day 7, Meanwhile, on day 1.1, tltr}re was a si8niJicant diflscnce
bctwetrr the delect grGrp u'ith an implant, an implant + oral BHA, and an implant + oral
calcium lactate (One-way ANOVA prxt hrr tSD;y' < 0.05) (Fitult! i'a).

It
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(a)

FiSuE 6. {.) B L| L'r (l (iaminatn'n rc\ults; (b} 
'!sult\ 

ot cxamirubon of .alc,um lei('l$ siBn

{') indi(ntGr' < 0.(E i. F)st h(r LSD t 5t-

3.7. Ero,,nnli.ln ofciltiwtt L]5yls it tht Eldti th'].,u$h th.,Cakil,n C.rlorirrr.trr Assrlv Ki,

The Esults of the rneeul?m{:rrt (* cakium kneb in tre bkx].d obtairpd data that 1r,er
normallv dislrbuted (.r, > OG) and krtrogerEos (r, > 0-{E). The ru wer a siFnifkant differ.rl}
behlrffn tllc def€t gnrup rvith implant + oral BHA, implant + (nal calcium lactatc on day
1.1. Illean$fiile, os da)i 2ll there was a difierr.nce bett c"en the de{rrt lFrup *'ith implant and
implant + oral cakium lactate ((n€-*'ay ANOVA puit h(r ISD; l, < 0 05) ( Fipre rb).

,1. Dia(ussion

An rn viYo studl_ h, test tlL'effectivenelis oforal BHA and calciurn Iactab in codunc-
ln}n h'ilh BHA-CEL implanl! wa5 p.,rfurmed on fetnoral bone dcf€cts in rabbits. Bas€d

on pre! i()rN sludier BHA-CEL ifi$lants shorved accelgated bone lF)wth in tertns (), the
percentnge of ne$. boft: and bonr'-<ompo:iite contact [] ,1. CastcLi et al. [:\l stated that
the rx*in hvdroxvapatile complcx (OHC) ()n-s;ting of ()ssein, a pR lein that f(ms the
organic matdr of botr and hydrorl ap.tite (Ca<JlOlhOH) has ttllm shown k, be effective
in maintainin8 bonc mineral dersih, (BMD) and has a strong osteo8cnic efiLEt whi(ll is
strfirter lhan calcium supphment$. Othcr studiei ha\'e sho\r,n that OHC 9imulates bone
met:boli.inn by stimulatin8 oste{)blast difft?entiati(h, actiritv, and pl(riferahon Il .l- OHC
has b€.Li 5ho$ n to rrduce the rate of txrnt' .e:r)rption aftl stirnulate osifi.ation. .Adminis-
tration ({ OHC a-\ moftrttrerapv for l-.1 week-s in fracturc patients ha:, s}rr$n a r.duction
in the time required for healin8 by !*rmulahng callus formati(D, thereby acceleratin8
consolidation and clinical inlPrurem€rit [] rl.

From the charact6izati('n5 ({ th. pdlet, the morpkrlogkal s}rape r)f the partkle 1|'&s

heragonal, lr'ith a partide si2r me.n (* 1.350 { 0:{3 Fm (mean I SD).-t1lii is in line $lth
prcyious studies ol nrlural h!'droxvapatih:, one oI * hirh shon s BHA posstss a lrexagmal

t'article shapc lr i,lll Several fack,ni that cdr influerrc the morph)k8v of the partide; are
clEnges in the calcinahon tehperaturp. at des(rihcd b)' Kh(x) et .1. l" 11. Itm, th€ m R

spcctra rho$,cd thc specific wate number of furrtioru I Froup of th! structure ns Bell as
the tslLA{iEL pellei. The band at l0ltl cm 1 i\ attributed k, an asyrnrnetric stretching
rrtration mode !1 of l'Or!, $.hrl€ two sharp F,eaks at i70 nd f{)2 crn I are aftributed t('
asymmetrk hending vibrahon m()de i,r, and symmctric bendin8 vibration morle v: trf
It)11 trouF.Thcbandsobs.Tvedatlt62arrdl4SscmlarthelTlRlpectraindiGlethe
presmce of &t1pe cartronate Cql bandsl;il.

Radiol()Bkal R.sulL,i rEr'ealed thr dcvelopment o( boft' Bn)r\th; aftt{ measuring borx|

Eap .loriun, il rvas f(,und that the implant + oral BHA tn up (thc avsraSe diametrr on
dav23is l.9ltl mm)had a smaller final diam*rr of the txne Hap than thr implant +oral
calcium lactatc Froup (the atcrage diamcter ('n day 2li is 2..187 mm). lhi5 i! srrppdted bv

(b)
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tho obsrn'ation of callus g()lr{h in b(ne defechi, when, chanSes in hansformahon and
p€lk t intenri h l4,r,rt, morc laded in thc implant + ()ral BHA group. ThL5 indicatql the
grorr lh of new tirisrr that was hlst\l {rmirrn)with the bone due to the prnetrdtion ()f tissuc
cells arrund tlre trrnt inkr the implnnt.

The n?aratire process of borE fracturcs inlolves a lEries of events that irElude
miBratioo proliferatirn, diffuipntiation and activatid of several cell t)?ei. Ihese irrclude
mcsenchymal and hernatopoietic stem cells that oltimatel)/ l@d to knre formatirxr and
r€Elodeling [ ].l. Ih€sE sttrn cel ls willdiffenntiat€ into ealeral types o{b(rle cells. imludin8
osdlesb and ose€las tr, vr hilc oste{xFes ala transf(}mEd oste(ttlast!' $ al all efibt\ld(rl
in thc b{rre matni. All thre cells weir crpresried b} H.'radrr,,rylir-firsxr st ining. Ondar l:1.

it |ras found th.rt the citcoblast ells in the implanl + oral BHA liroup uere si8nificantly
diffur6t ffttm the defect gnrup (conlrul). ln accudan.c with the pn vilrus the()ry r\ herp
BHA has a carb(nat€ gr)up lr.hich is known k) incease the pmliferahrm and dtff6€ntiatim
oI *teoblass as r{ell as mesrlchymal st('m !-clls which arc osteoprotenitor G:llli that
p()duc€ orite()blasts. thus bor* matrir srtthe:'is (,Ccul1i more quicklv I-r,.1. Fudhermore,
there l{a,i also a srgnifi(ant diffurtsne hetween th€ irnplant + otal caloum lactate Br(nrp and
thc def(t Broup (conttol). [n pn t,iousstudies, it was stat(d thatcalcium lactatc(an incrcasi€

extmcellular calcium and intraccllular calcium levels, thetnbv stimulating txrne formatirn
sil+ificantl)', as u,ell as increasinS osteoblast pr)liferation or them()taxis J::l- The sanr€

thing rva-s ohren-d in the ohjen'ati(h of the numbcr of (xte(t,.ttes, $ here an incrcase ur
(hte($last pr(rliferation would Esult in morc mineraLzed oste()id so thdt thc numter (}f
ostr<xvtes also incleased ,

C}ste()clasls on da,r' 1.1 of ttE dete€t 8t!up (.o$t(ll ) incren$c,1, indical int tha t the dctilitv
of mahfe odeoclasts was nraximnl in r€iorption of b()rE in the !nc()nd rs(fk. Hor 't1 eE

in lhe Bft)uF rvith the implant. ih€ numb6 of ($te(rlasts lt'as lower than in the defuct

Fnlup (L'onbol). Ihir may halc becn b€<ause the group rvith the implant krltment or th€
addititn trfcalcium suppkmmt\ had ac€elerated frachrre healing. Substituli(rl ofGrb()nah
contained in BHA caus€li bioRsorpton to(fiurearlier I L:1. lnctcaed oste<rlastogentsr.
acc'l(.rat6 cartilage re$rrtion ard increased osEoblasto8en!*is during fracture healin8
promoEs b(,ne fusion, $ hereas inhibition ol Gitroclasl or o6tl.obl,ast dirturp tiation has
been tr.porH to delay txne healinS [ 1\1. The prnesri€lr (tf n:sorphon by ost€(xla$s and
ttone tormatiur by rttttrblasts prtrcetr.l r+quentially bul otcrlap rubstan ti al ly, v) thal there
is a change in the cell population that indkates reSeneration in the ti:riue lll. Thi! can
be strrn throuSh tlt. resull" of rejearch $'here w'hen then: Li an inL'rease in tlt nurnber of
osteoblasts, the numbrr of (l.te(Elasts decreas€s,.rr \'rcc veF..

Pararneters measuipd hy the IHC method ws? va{ular erdothrlial Browth factor
(VECF) ard uteexalcrn. VEGF is a pn*ein tlut plays an imp(rrtant rulc in endrrthelial
pr)liferatifir, mitration, and activation [1',1. VEGF can be deleded in thr fir-*it treck after
iniuni namely in the inflammaton phase I l, l. fhe r.5ults of the $aminati()n {)f VEG}-
erprcslitrl in the implant + oral BHA gnrup compaed to the implant + oral calcium lactab
gmup on da\'!r 7, 1{, and ZIt shorved rxr significant diff.r'ence. This is probably, bt<ause
VEGF exprEssion in the implant + oral BHA gnrup was seen rm day 3, ard thcn p€aked
on day 5 [ ; il. ln the ifiplant + oral BHA group, thcre mav have bt{,n a decrease in lhe
numbe (,f macmphages, lio that Vt[F crpnssion dt<rea-ncd. Ihis &crsaie w6 influsrcrd
bv a decrease rn the number of bkxrC vessels damaged in the wound; the extraceuular
matrix bqiins kr 6ll the mGsing area and stable blx vessels begin to form [.1-]l- Basld .n
this stud)., the implant + oral IIHA Bmup u,as ftrund to be effuctive in increasing VSCF
€rplf'ssion on day l{ comparEd to thc implant + oral <alcium lactat€ gmup bas€d on thp
lRSvalue of VECF evression.

Clte.Ealcin Ls a rrm<()lla8enous pn)tein that has an importent mle in the mineral-
ization pn)cess and calcium ion homerrslasii l l ,, ll l. Thc rusults of the examinatirxr of
Gteocalcin e\presiion h this stuly $ ere all grrups exlteri(:rrced an incr.ase in osteEalcin
erpn:iskfi sin.e di!- l{. This is in line with th€ researEh of Jafary et al. l.1rl, r,r,hich states
that an incrRase in (lsteocdlcin can te detBctsd at u,eek 2, r'hich i! day l.l. ()iteocalcin

i' r,, ', .ltlll li I\i:



can he d{rttr:t€d in mdture cnllus I il. Matu.! callus begins to f(lmr hrrm thc repait phase
kt thr rem( eliryl pha!,e [] l. C]*ei)blast mahrration B'as drmonstrabd hy irl!:reasn8 the
value of ()ateNalcin clprerisi(rn I l ]1. Oste(ralc['t plavs .n inrP()rtint Rrle in n'lqula tinB
min€ral nucleation bv bindin8 hr h)"droxt"apdtite. lra*'d ()n the study, thc value ()f os-
teoca lcin cxpression on days l{ and 2tl sho*'ed a higher value of rxte()cal€in expru!'si()n
in the impldnl + (rral BHA group than the implant + oral .alciun lactatc tnluF. Thi! is
b(\:au-rt BHA inere;ss the pruliL'rati(rn of hy&oxvnpatite by stimulating nrg*.nchymal
c€llr re5nlting in fa\tcr hard callus f('rmation [].1.

These results werr aLx' simiLlr k, the ft'sulhi o( measuriqq BALI'le(els, *'here the

6nrup n'ceiYin11 oral BHA had highrr BAU'levels tlun thr oral calcium lactate Broup.
Bore alkalirt. phosphatalie (BALI') is a metall(tnz),me thit is produ<ed n'hen (xteoblart
cell5 work l;, l. Hith exprL\si()n of EALI' indic.tei bettcr activity u'hcre BALI'i\ u5€fu1
in thr slarthf,''i5 of collagen fibers and in br)ne ndtu'ralizahon. On the 7th dai', tsALIr
L,l,els rv6e high6 than the l.lth and 28th days which crruld be due kr tlre ptx1,!* of
difftrentiation ol (Etr($la:ts- This is alxr in accordance $,ith ttre theory which slates thnt
bor* alkalire pl\xphatas{: (BALI') is a m('tall<xruvmt that is prrxlu(xd h.lren o!teoblast
cells $,()rk [1,,, i]1. Oste($larts tvill exple\r collagen, whkh plays a rule in the pnres; of
bone mineraliznti.n k, a form stft callus. 'lhis i5 als0 in acc(Blanct'!!ith the statenncnt o(
Einhom and Genitenfeld lll, and m thl: 7th day it ente$ tllc proliferati\.c or endock]ndral
phase wherr the stft callus begins ki i)rm. *ft 6llur gr(nrIh alq' ft(urs be€use thc gelatin
.('ntained in thcimplanl is deSradd to form hpe 1 coudtcn which i\ the nlain c(mstihrnt of
bt:re [. ]. On the l4th da1, BALI'ler.els decreaierl cornpared to the 7th day; this !s becauie at
this stage th€ pnrcBs ol tibn)uli tissue forrnation has oeurrud and sofl callus mahrratirn has

betur! $ hich has (xcurled (il the 7th day [:]. On da! 1.1, lhc mean number of osteoblasls
also drcrea:ed an, accordir\B to the matrix rnaturntifir phas!', osteoblasts l()5t heir functi(n
and diffdEntiated into ():,leoid in the bone I l\]- On dav 2tt, BALI' also decrea*d, u'hich
could be due to the near-completc fracture h€alin8 pn)cess li'rl. BirminSham !t al. I:' l
also stated that thc difteEntiation o( osteoblast cell:i mcurrrd at tlE bcginning of day 5 k)
l.l, after rvhich tlure rvas a decreasc in BA LP exprrssim. ln additioir the ft::iulti of the
examination of hi8her blur,l <alcium levels in the implaflt + oral BHA goup Cttmpared
k, tlts implant + oral calcium lactatc gnrup will aLso increase the pruliferatirx and/or
chenxrta\is r)f osteoblasts, th€rebv stimulating b{ne formation significandy

Calcium lactatc is Llxrvn k, be highly :{)luble and has hi8h bio.r'ailabilit!; lx)r1e\et
hvdr$\vapatite, h'hich is Fenerally considcred insoluble, shows absorption valu.5 one-
fourth to one-third as B(xrd as the m('n soluble pltparatirns [i ll. Hydn)xvapahte rais€!,

blrrod {!lcium lerels leis than caldurn (art(r|ale and calcium citrate.Ihb indLcatrx lhat h\-
droxyapatite is m(re.'ffective in entcrint b(ne celh Il:1. ln ddition, in viko qnminatirir
of hrne <r:ll cultures storved tltat the (rgank part of OFrc <(rltains facto$ that influBce
o$boblast p.oliferation Ii ]1. This cau*Ii the h)ne gto*'th of the implant + oral BHA Snrup
to be bettrr lhan thc implant + oralcal€ium laEtate En)up. gHA also has a carborEte Snup
that is nafurall). prrsslt in human txrne and that can be found in s!,nthetic bi(tmimetic
hvdrorvapntiteli. Carlronahd hvdru^y.rpntite is kft)*'n t() Lr<rea!. p(,tein adlorpti()n ad
incrrase adk':iion, p(rliferatior! and ostr\rBenk diffen-,ntiati<n of mrsendrymal stem cd I
tisiue. ln additir)h. carbonakd hvd(rxyapatih i\ also known kr in re.se the pmlifuratirn
and diJferentiation ({ ostgrbhstr therrtl irEreasing b(ne matri\ s}-nthesis | ;,1. Jhe same
thin8 happeo(l in the 5tudy by Clastr'lo el nl. ll',1, based on hi5blogkal olrre^ ahons of
trrrr using a fl uorcrictn t mi ctus.opc shl)la ed tha l oral almini stra tion of ossein h\'rl r(rxvap-
alitc could inclt'ali. honr fornuli(n compnred h) llE grr)up given hydroxvapalilc alorE or
nith calcium carbonaE'. ln addition, this is influenctd by the .rbsorption k) th.'birrnvail-
.bility of the h{o supplcrn€nts gir,{'l. It ilt krkrwn hat the ahiorFti(m of micri)cn,stallin€
hrdro\\apntih: .ornF)und (TUCHC) ii about {2 c'ri' IlqI and it i$ h iEh(y th.rn lhe atb(]rpltm
of <alcium Lrtate $hkh is around 25"., [] ll.Ihe n:;ults showrd that the bioalailabilit],
oI cakium lactatc ur rat\ was ll.9 + l..l'1, I:'1. Mean*'hile, hvdroxEpatite rr reporled

r' llDl i' r\l



tL[] ,,.

to ha\:e bettcr bioavailability tllan calcium .arhrnate I t.ll, and as good as or b€tter than
cdcium Blu(otrat€ [i jl.

5. Conalu6ion!

8HA suppl1rrl nts, Srttn Gally togethf,r nith E}IA-CEL pellet tmplants, sh()ued hste'
healinS of tr)h' defr\:b c(xnparfrl t() (ral cakium ladak: $ ith BHA<;EL pcllet impLdrl!.
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