
KEMENTERIAN RISET, TEKNOLOGI DAN PENDIDIKAN TINGGI
UN IVERSITAS HASANUDDIN

FAKULTAS KEDOKTERAN
Jl. Perintis Kemerdekaan Km. l0 Makassar 90245'l'clp.(041l)586010. 586297

SURAT KETERANGAN JURNAL

Yang bertanda tangan dibawah inimenerangkan bahwa :

Nama : Maximillian Christian Oley

No Pokok : P0200314039

Program Pendidikan : Doktor (S3)

Program Studi : llmu Kedokteran

Judul Jumal :

Effects of Platelet-rich Plasma and Carbonated Hydroxyapatite Combination on Craniat Defect

Bone Regeneration : An Anima! Study.

Naskah tersebut telah terindeks SCOPUS, EL SEVIER lnternational Joumal, journal homepage :

www,elsevier.com/locate/wnd m

Demikian surat keterangan ini dibuat untuk dipergunakan sebagaimana mestinya.

I
Makassar, 1 Februari 2019

an. Dekan
Wakil Dekan Bidang Akademik dan Pengembangan,

Dr. dr. lrfan ldris, M.Kes

NrP.19671103 199802 1 001

!



!\toud Medicine 21 (20la) 12-15

eonlents lists avaiiable at Julcirrei}ltrcr

Wound Medicine

iournal hnmepaoe: rarunt el qerri cr no m /!nrate/wn dmFT CE\/I'tr[)

Original research artide

Effects of platelet-rich plasma and carbonated hydroryapatite combination
on cranial defect Bone Regeneration: An animal shrdy
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ARTICLE INFO ABSTRACT

EarkgmmL Recently, platelet-rich plasna (PRP) has become pnpular in the tissue engineering field. PRP has a

hii',h ron.strrtion of plat let! that iq thrc. to firr time ahov. that of nomal plama and eonlainc r:.'era'l

ass* fl:tsl-r *te-k .eq r;nt"let-*dtrr''rsd gasgc,b 9resr j,rr!4S. ,l$:,t:f*t-+$rir-sd +sqisear,.Es .*ra:.,q: lplr!\F),
plateletderived eodothelial growtb frctor (PDECF), transforming growth facor-beta CfGf-P), insulinJike
gmwth factor (IGF), fibroblast growth factor (FGF), and vascular endothelial gmwth facor (VEGF). Standard
reconstmction of cranial bone ddects involves tlre use of auto. or allogenic biomaterial, such as carbonated

hydroxyapatite (CHA) as a scaffold for the osteogenesis process The purpose of this study is to investiSate

wtrcdrcr any additioul compound may improve the borr healing process.

Metfiods This study involved animal e:rperiments on white male rats (Rarfrrs rcrl,egirr.rs). Three millimetre
didiicicr wcrc Lruild iil fti LTdiiun. Suple rurc rlividud intu i-hrcu groupo: firri guup, tlic crarrial rlulcct, rva
o,"ii..i *iil, iii,i..,,,,L;,,-.1 E;i' fiii, o"".,,..1 6u-.p, ",;-.i, iiji' ":.,,", ",,.i !i,i'J 5",u1,, il,".i.i.'. ,,"" i.ii 

",,
secondary healing wound (control group). The wound healing process was observed for the presence of in-
flammatory cells and the occurrence of woven bone and lamellar bone. The results among the groups were
compared and analysed by the Mann Whitney test using SP$S Statistics ProSram Package Version 220,
Resdts' The cxperimental group of 2 weeks showed no difference between inflammatory respons€ (p = 0.119),
wsc€s bone (p = (XX}4) and lamellar bcne (p : Of 3O). At 4 we€&s, a combination of PRP and GIA showed a

superior growth of lamellar bone compared to CHA (p = 0008).
Conchtsirn A cornbination of PRP a$d CIIA as a bom reg€a€ratiel scaffold showed a histologcally tncreased
bone tbrmation.

Ptstelet-rich pl3ma
c.Soeted ty&otjapefiE
Uruial defert
Woud heling

1. InEoduction

PJatel€t ndl plasma ORP) .amlicaekra.has e. ureqo*e.d..as. a. nf,lal. ar!-
proach to tissue regeneration and tissue engineering paradigm as a
natural source of growth factors that may accelerate bone regeneration

t 1 1. PRP acts as a biomaterial accelerator of bone formation and con-
tains proteins and many growth factors (GF) widr osteoinductive
characteri-stics izl. PRP ha.s a high conce{rtation of plasma platelets
which is five 6mes hig-her than thet of the hlorxl (normally
.150,OO(L?5(I Q(l0'rrella/lrJ,1 .and., crutainq at.lasqt .serreqr.gr<*lrth,:f.se!n!--.,

such as plateletderived growth factor (PDGF), platelet-derived

angiogenesis factor (PDAF), plateletderived endothelial growth factor
(PDEGH. transforming growth factor-beta OGF-B). instlin-like growth

-fa*rnr (IliE)-.6h"tr)lrasf.sror,rrh-.far.tor.(F.G,F)..-an€l.vascrtlar enrlntlrr-lial
growth factor (VEGF) t3l. These growth factors are present within
granules inside the concenmted platelets of PRP t4J. Growth factors
are proteins that enable different cellular processes involved in tiszue
healing such as infiltration, growth, differentiation, migration, cell
metablism and aprptosis. The modification of growth factors may
reinforce tisslre re-storation hv rrpregrrlating the aforementione-d pro-
eesrs,!5 ! lXre-snrrJiestior.r of,.PRlP,to,Butosesolr4.tr$t.a *rafts rnryeqe*
bone mineral density and accelerates bone regeneration and soft tissue
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hble I
Inflammatory reponse among the three expetimental Sroups.
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PRP: platelet-rich plasma, CtlA: carbonatesrbstituted hydroryapatite.
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dosed wift a non-absorbable 5/0 suture.

2.1. PW prepoation

A total of 3mL autotogous blood was drawn &om each rat and
comhined with $e anticoaguhnt citrate dextrose phcsphate to pftrent
coagulation. The blood sample was then centrifuged at 160g for 20 min
[D:i,]pir,t?tc thc pltrsui,r rontaiuilg tlrc plirtclcts lrou thc ictl bl:,rt1 c,:lls.
The plasma was extrected from the top and centrifugqd for an addi-
tional 15 min at 40Og to separate the platelets. The platelet-poor plasma
was separated from the PRP along with the buffy coat Ihe rats were
euthanised with an overdose of diethyl ether at 2 and 4 weela. The
etrtire cranium was removed with a reciprocating saw Specimens were
treated wift 20oA formic acid decalciSing solution for three day:s, de-
h;drrLteJ y;iih alcohol lnrl ihen rrnl,edde<l in paralfin- The spetimenr
were preparcd routinely with haematorylin and eosin staining.
Histologic evaluation was perforoed at 10 times magnification.

2.2. &te,omet

After two weeks of reatment, the wound healing process was ex-
amined for the inflammatory response as follows: < 5 leucocyte/field
of view (grade 1); 5-10 leucocyte/field of view (grade 2J; 10-50 leu-
cocyte,/field ofview (grade 3); > S0 leucocyte,/field ofview (grade 4) at
2nd and 4th weeks. ltre other outcome measurement was bone for-
mation (woven bone and laoellar bone; percentage occupying the de-
fect), and the value were compared between the groups at 2nd and 4th
weeks.

2.3. Sutr.*ical anclyss

Data were analysed using the Statistical Package for Social Sciences
(SPSS) version 22.0. One-way analysis of variance (ANOVA) and
Knr.skal Wallis test were performed for statistical analysis. A p value of
Iess than 005 was considered statistically significant.

PRP+Ci|A CiiA Control

12week r4weeks

Bit 1. Pcrcrotage of,rwvco booe occ{pying the cranial dcfuct PRP: platdet-rich plasma, CHA: carbonated hydroxyapatite.

healing- PRP has been stccessfully u*d for mandibular recoostnrctions
rr,rtr-l,,1cntarl irupl in t ploccd ur=s I 

t-: l,
Bone healing and regernrati,on h ono of the most impout&nt pro.

cesses in craniofacial surgery. Carbonate-substituted hydroryapatite
(CFIA) is a major inorganic component of natural bone, and owing to its
bioactive, biodegradable and osteoconductive properties, CHA has been
used exmsively in biomedical implant and bone regeoeration appli-
cations. CHA is also known to be biocornpatible, non-toxig non-in-
.l'!i'!r}rr}]i1tDt]., .1r)r1 ltDl]-irlirtiitii+E!-:oic, i1r]-1 !s ci-tptr.hlr: +f f,rfluirrE rr dircct
chernical bond with surrounding bard tisstres. CHA is synthesized from
calcium nitrate tetrahydrate, dianuonium hydrogen phosphate and
sodirrn hydrogen carbonate. CHA is also more osteoconductive and
more resorbable than hydroryapatite (HA) t7l. Ca6onated HA con-
tains 3-5o,$ carbonate ions by substitution in the hydroxyapatite lattice
stflrcttrre aod is rhe major mineral corlstituent of trone l8j- Several
:'Lr:'-lie:; .ruch an Ellie.s Ei {i I :l anri Pairl el al ' I .' hose reprrrled im
provement of bone forrnation with CHA impJants corapared with HA
controls.

the present study aimed to evaluate the effects of PRP and CHA on
bone regeneration in experimental rat cranial defects.

2. Methods

13

The snrdy has been alpmved by scientific study ethical c.ommittee
of Universitas Sam RaruIangi. The present study was an animal or-
perimental study using 36 male rats (Raftrs noryeghts) aged, 20-122
weeks old and widr body weight of 35G-4009. The animals were kepr
individually in quarantined rooms rmder 12-h lighydart cyde widr
coneolled tempenlturre and ht',midity, and minimal noi5e, gpd they had
full acc.ss to standard dry food and water ad libitum. Each experi-
martal gmup consisted of six rats. the rats were anaes6etized with an
inuamuscular injection of ketamine 10q6 (30 mglkt body weight), and
their head was then shaved over the cranium and draped in a sterile
manner. Following a nasofrontal-external protuberance orcipital ap-
proach, the periosteum was dissected and identical full-thickness bony
defects were created with a 3-nm round bur. I*re defects were filled
with the coobination of PRP and CHA (group 1), CHA aloae (group 2),
and [€pt unfilled to scrve as a control (group 3), Itre wounds were

U



U.C. oI], a at. woMd Medi.itu 2t (2018) 12-15

Iemellar Bone

19 1q

&
G

oo
o,
o.

50

3. Result*

3. 1. Infianwaavy narporlse

After 2 weeks of treammt, there were no significant differences
among all experimental groups, but after 4 weeks, statistically sig-
nificant ditrerences (p = 0.005) in inflammatory cells were observed
among the gmups, r,vrth the lor-,est inflsnrm-qfion rrslr4nse ohsene.d in
gror:p 1 (PRP + CHA) ftcc T, l:.1- l,).

3.2. Bone formation

Within 2 weels, the woven bone started to occupy the cranial de
feat tnd thce wce eradcfirallv cimifiennt diffeenoe amnno fhe

gr,:ups; ihe highesi r,;Jue v,,as d:served.in the PRF i CHA gr*up. wi1,h

50% percentage, followed by 269(, in tho CHA group; end 34% io the
control group (see Fig. 1). After 4 weeks, the average percentage of
woven bone was not statistically different with 27o/o and 25% in the
PRP + CHA and CHA alone groups compared ldft 130,6 in the control

Sroup (see Fi8. 2).
For the lamellar bone formation, there were no significant differ-

ences between the 3 goups in 2 wed<s of observation, but after 4
weeks, $ere was a significant (p = 0.009) increase in lamellar bone
reganeration up to 7ff26 in the PRP + CHA troup comparcd to 40ct6 in
the CHA alone group and 44o/o in the control group (see Fig. 2).

In pathological examination, after 2 wed<s, a high extent of in-
flammatory response and woven bone was observed and lamellar bone
formation was still minimal. At 4 weekE parallel alignment of collagen
into lamell,ae was observed and the number of inflammatory cells had
decreased (see Fig. 3)

CHA

PRP+CHA

Fig. 3. Comparison of pathological features at
Platelet-rich plasma (PRP) + carbonarcd hy-
droxrapatite (CHA) group after 2 weeks 0eft)
arrd artl 4 we-ks (righL). At 2 weks, Inirriural
bon€ isrrnadon (€mpry lamellae,t wae observed
(k{t artnv} with * trigh attent'of inf,ammttory
respoilE and woven bone. At 4 weeks, regular
parallel alignment of collagen with bone for-
mation inside the lamellae was observed (right
arrow).

4. Iliscus.sion

Thera are fuur imporsnt propsrtiEs in.bona rcg€i€ration: [i] os-

teoconductive matrix which acts as a scaffold or framework into which
bone growth occurs; [2] osteoinductive factors which are growth fac-

tors such as bone morphogenetic protein and transforming growth
factor-p drat stinulate bone formation; [3] osteogenic cells which in-
rkrde primitil,e mesenchSrrnal cells, osteohlasts and osrencytes; nnd l,1l

.rLruclural integriLy. ll 1l On ths .Lrasis r-'f ihis parudigm, the presenl
sudy triad to hoost at ls.st 2. of.ths abova 4 factors,by.using CHA as a

scaffold of bone growth and PRP to fasten the production of os-

teoinductive factors.
During the acute phasg macro and microvascular dismption leads

to hematoma formation- A serofibrinous exudate permeates the injured
rp-gio4 with the release of yLy)acrive angiogciic factor from rhe ne-
rr,;Lir: Lrone snel rascular Lissue. 1i;:-rorlilatalirn and hyperemia rrf soft
tissue occrlrs* Booe ri€€rGis malr oocur after 7-lodays if all bone ^
marow having cellular necrosis. Within the Arrt Z a"yr, atthough it 

'may evident as early 8-16h with average maximum response at 32h
after injury, polymorphic population of pluripotent mesenchymal cells
emergd. This cellular population indudes macrophages, fibmblasts
and other cells. Later on, the immature bone or woven bone may be
seen after 12 days and blecame mature bone or lamellar bone after more
than 4 weeks t121.

In this studS the inflammatory reaction after 2 weeks was still high
as representated by more than 50 inflammatory cells in the wound
cavity at all groups. Itere are sligttly decrease for group ofcomhina- ^tion platelet-rich plasma and carbonated hydroryapatite as 10-50 in- !
flammatory cells. ltre inl0qmmatory reaction continue to 4 weeks with
average 1f50 inflammatory cells. Histologic ass€s$trent revealed that
PRP and CH.A are biocompatible, osteoconductive grafting material, but

h

-

--
^-0

PRP+CHA CHA Control

r2 weeks r4week:

Flg. 2. Disrfibution &ta of lamellar bone regeneration PRP: platelet-rich plasm, C"f.e ca6ouated tydroxyapadte.
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infknusbcy rnspo*so wa6 otill o&snnsd alsg rvith *roh.applicadoa,
The amount of immature bone tended to increase in the PRP + CHA

group compared to that in dre other groups in weeks 2 and 4.In week 4,
the amount of mature bone was significantly inseased in the
PRP + CHA group compared to drat in the CtlA alone group. The
psssibde r€aso& fo{ thic cffldidpe ser k *e h{gh co*ce&tretio*l ef
growth factors in PRP which promote new bone formation. Other au-
thor* have rlnined drat tbere are no bwfi:ts &ou udng PRP iD bore
regmeration. For instance, Schlegel et al. [13] reported that PRP do€s
not afut bone regeneratiog and Aghaloo et al. [14] observed reduced
bone formation and mineral density in rabbit cradal defects treated
wi$ PRP. The resrrlts of the presetrt study ale in accordance with those
afY.iB st al. t4j, Pry,or ct al t15j asd Brogsini ot at [16j.

5. Co*Iu*irm

Ihe combination of PRP and CFIA increased bone regeneration in
experimental rat cranial defects.

Co*IIiet of irterest dsdaretioa
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