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Abstract

Objective: Statins exhibit pleiotropic effects on bone metabolism, including osteogenic and angio-
genic activity. The aim of this pilot study was to evaluate whether local application of simvastatin
combined with a bovine-derived xenogeneic bone substitute enhances histomorphometric outcomes
of socket preservation compared with the bone substitute alone after a three-month healing period.
Materials and Methods: This prospective split-mouth clinical study included nine patients requiring
bilateral tooth extraction. One socket was treated with cerabone® plus alone (control), while the con-
tralateral socket received cerabone® plus combined with locally applied simvastatin (1 mg/0.2 mL
saline). Bone core biopsies were harvested three months after grafting and analyzed histomorpho-
metrically. The proportions of newly formed bone (NB/TV), residual bone substitute material (BSM/
TV), and connective tissue (CT/TV) were quantified. Paired t-tests and Wilcoxon signed-rank tests
were used for statistical analysis. Results: Histomorphometric analysis demonstrated a similar tis-
sue composition in both groups. Connective tissue represented the predominant component in the
control and statin-treated sites (59.1 + 12.0% and 64.3 + 9.4%, respectively; p = 0.31). Newly formed
bone accounted for 31.0 + 15.5% in the control group and 26.2 + 11.6% in the statin group (p = 0.45).
Residual bone substitute material showed comparable values between groups (9.9 + 8.5% vs. 9.5 +
9.7%; p = 0.91). No statistically significant differences were observed. Conclusions: The addition of
locally applied simvastatin to a bovine-derived xenogeneic bone substitute did not result in signifi-
cant histomorphometric differences in socket preservation after three months. At the tested dose and
delivery method, simvastatin did not enhance early mineralized tissue formation compared with the
bone substitute alone.
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Introduction

Bone regeneration is a key objective in oral and maxillo-
facial surgery, particularly in alveolar ridge preservation and
socket grafting before implant placement (1-5). Xenogene-
ic bovine-derived bone substitutes, such as high-temperature
sintered bovine bone combined with hyaluronic acid (e.g.,
cerabone” plus), provide a stable scaffold for osteoconduction
and volume maintenance; however, fast and robust new bone
formation remains challenging to achieve (6-8).

To enhance osteogenesis, several pharmacological ad-
juncts have been explored. Among these, statins—3-hy-
droxy-3-methyl-coenzyme A (HMG-CoA) reductase in-
hibitors, initially developed for lipid lowering, have shown
pleiotropic effects on bone, including stimulation of osteo-
genesis and angiogenesis (9-11). Initial screening of over
30,000 compounds identified the statins lovastatin and sim-
vastatin as stimulators of the bone morphogenetic protein-2
(BMP-2) promoter (12). Subsequent in-vitro studies demon-
strated that statins such as simvastatin up-regulate BMP-2,
activate the Ras/PI3K/Akt/ERK pathway and enhance os-
teoblast differentiation and viability (13).

Among available statins, simvastatin was chosen for this
study due to its lipophilic nature, which allows better tissue
penetration and cellular uptake compared with hydrophilic
statins (e.g., pravastatin) (14,15). Moreover, preclinical stud-
ies have demonstrated that local simvastatin application at
low milligram concentrations can enhance bone formation
in calvarial and mandibular defects without inducing local
toxicity or inflammation. These pharmacokinetic and bio-
logical characteristics make simvastatin a suitable candidate
for local delivery in bone regenerative procedures (16-19).
Given these biological properties, the working hypothesis
of this study was that locally applied simvastatin combined
with a bovine-derived xenograft (Cerabone” Plus) would
modulate the early healing microenvironment, potentially
enhancing angiogenic and osteogenic activity, and thereby
influence early histomorphometric outcomes at 3 months. /n
vivo, local application of statins has been shown to increase
bone formation in calvarial or mandibular animal models,
with one study demonstrating increased BMP-2, nitric ox-
ide (NO) and bone formation rate following local simvas-
tatin placement in rats (20). Observational human studies
also suggest a potential association between statin use and
improved bone mineral density or reduced fracture risk, al-
though the results are heterogeneous (21).

From a biomaterials standpoint, combining graft mate-
rials with pharmacologic agents to achieve synergistic effects
— scaffold (osteoconduction) plus drug (osteoinduction) —
remains an attractive strategy in bone regeneration. Recent
reviews highlight that while statin-loaded biomaterials have
shown promising in preclinical models, “translational bar-
riers” remain: optimal statin dose, delivery kinetics, carri-
er interaction and human evidence are still lacking (22-24).
Recent clinical and translational evidence highlights con-
tinued interest in combining biomaterials with pharmaco-
logic agents to enhance bone regeneration. Studies evalu-
ating xenogeneic grafts enriched with bioactive molecules

Primjena statina u o¢uvanju alveole

Uvod

Regeneracija kosti kljucni je cilj u oralnoj i maksilofaci-
jalnoj kirurgiji, osobito u o¢uvanju alveolarnoga grebena i
augmentaciji alveole prije ugradnje implantata (1 - 5). Kse-
nogeni kostani nadomjestci dobiveni iz govede kosti, poput
visokotemperaturno sinterirane govede kosti u kombinaciji s
hijaluronskom kiselinom (npr., cerabone® plus), pruzaju sta-
bilan skelet za osteokondukciju i odrzavanje volumena. Me-
dutim, postizanje brze i robusne novonastale kosti i dalje je
izazov (6 - 8).

Kako bi se potaknula osteogeneza istrazivani su razlici-
ti farmakoloski adjuvansi. Medu njima su statini — inhibito-
ri 3-hidroksi-3-metil-koenzim A (HMG-CoA) reduktaze, na
pocetku razvijeni za snizavanje lipida — pokazali pleiotropne
ucinke na kost, ukljucujuéi stimulaciju osteogeneze i angio-
geneze (9 — 11). Pocetno ispitivanje vise od 30 000 spojeva
identificiralo je statine lovastatin i simvastatin kao stimula-
tore promotora kostanoga morfogenetskog proteina-2 (BMP-
2) (12). U naknadnim studijama iz vitro autori su pokazali
da statini poput simvastatina povecavaju ekspresiju BMP-a
2, aktiviraju signalni put Ras/PI3K/Akt/ERK te poti¢u dife-
rencijaciju i vitalnost osteoblasta (13).

Medu dostupnim statinima za ovo istrazivanje odabran
je simvastatin zbog svoje lipofilne prirode koja omoguéuje
bolju penetraciju u tkivo i stani¢ni unos u usporedbi s hidro-
filnim statinima (npr., pravastatin) (14, 15). Nadalje, u pret-
klini¢kim istrazivanjima pokazano je da lokalna primjena
simvastatina u niskim miligramskim koncentracijama mo-
ze potaknuti stvaranje kosti u kalvarijalnim i mandibular-
nim defektima bez izazivanja lokalne toksi¢nosti ili upale.
Te farmakokineticke i bioloske karakeeristike ¢ine simvasta-
tin pogodnim za lokalnu primjenu u postupcima regeneraci-
je kosti (16 — 19).

S obzirom na navedena bioloska svojstva, radna hipote-
za ovog istrazivanja bila je da ¢e lokalno primijenjeni simva-
statin, u kombinaciji sa ksenograftom dobivenim iz govede
kosti (Cerabone” Plus), modulirati rani mikrookoli$ cijelje-
nja i potencijalno povecati angiogenu i osteogenu aktivnost
te tako utjecati na rane histomorfometrijske ishode poslije tri
mjeseca. I vivo je pokazano da lokalna primjena statina po-
vecava stvaranje kosti u kalvarijalnim ili mandibularnim 7i-
votinjskim modelima, pri ¢emu je u jednoj studiji zabiljezeno
povecanje BMP-a 2, dusikova oksida (NO) i brzine formira-
nja kosti nakon lokalne primjene simvastatina kod stakora
(20). Promatracke studije na ljudima takoder sugeriraju mo-
gucu povezanost izmedu primjene statina i pobolj$ane mine-
ralne gustoce kosti ili smanjenoga rizika od prijeloma, iako
su rezultati heterogeni (21).

S gledi$ta biomaterijala, kombiniranje graft materijala
(presadak) s farmakoloskim agensima radi postizanja siner-
gijskih u¢inaka — skelet (osteokondukcija) plus lijek (osteo-
indukcija) — ostaje atraktivna strategija u regeneraciji kosti.
Nedavni pregledi isti¢u da, iako biomaterijali obogaéeni sta-
tinima pokazuju obecavajuce rezultate u pretklinickim mo-
delima, i dalje postoje translacijske prepreke: optimalna doza
statina, kinetika oslobadanja, interakcija s nosa¢em i klini¢-
ki dokazi kod ljudi jos uvijek nisu dovoljno razjasnjeni (22 -
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have reported variable effects depending on carrier proper-
ties, release kinetics, and defect characteristics (2,3). Simi-
larly, systematic assessments of drug—biomaterial combina-
tions emphasize the importance of dose optimisation and
controlled delivery systems for achieving predictable osteo-
genic responses (23). Despite promising preclinical data, the
translational relevance of locally delivered statins remains
uncertain due to inconsistent clinical outcomes, heteroge-
neous dosing strategies, and lack of pharmacokinetic charac-
terisation. Consequently, small-scale clinical pilot studies are
needed to explore feasibility, safety, and preliminary biologi-
cal effects prior to larger controlled trials.

Given this background, the present study aimed to eval-
uate whether the local application of a statin combined with
a bovine-derived xenograft (cerabone” plus) in a split-mouth
clinical design would enhance histomorphometric parame-
ters of alveolar bone regeneration compared with the graft
alone. Specifically, we assessed residual graft material (BSM/
TV %), newly formed bone (NB/TV %) and soft-tissue frac-
tion (CT/TV %) at 3 months. A 3-month healing interval
was selected because this reflects the early stage of xenograft
integration commonly used for implant site evaluation and
corresponds to the standard timeline for biopsy retrieval in
clinical studies of socket preservation. For all histomorpho-
metric parameters, TV denotes total tissue volume, compris-
ing mineralised bone, residual graft material, and non-min-
eralised connective tissue.

Materials and Methods

Study Design

This prospective splitmouth clinical study investigated
the histomorphometric characteristics of bone regeneration
following preservation with cerabone” plus (Botiss Biomate-
rials GmbH, Zossen, Germany), with and without the addi-
tion of locally applied simvastatin (Simvastatin, Calbiochem,
San Diego, CA, USA).

Each patient received two grafts: one placed in a sched-
uled extraction socket designated as the control site, and
the contralateral socket in the opposing quadrant designated
as the experimental site, allowing intra-patient comparison
under identical biological conditions.

Randomization was performed using a computer-gen-
erated random sequence (www.randomizer.org) by an inde-
pendent investigator not involved in the surgical or analyt
ical procedures. Allocation was concealed until the time of
graft preparation.

All procedures were performed in accordance with the
Declaration of Helsinki (2013) and approved by the School
of Dental Medicine University of Zagreb Ethics Commit-
tee (approval no. 05 — PA-30-111-12/2021.). All participants

signed written informed consent prior to enrolment.

Statin Use in Socket Preservation .

24). U nedavnim klinickim i translacijskim dokazima isti¢e
se kontinuirani interes za kombiniranje biomaterijala i far-
makoloskih agenasa radi poboljsanja regeneracije kosti. U
studijama u kojima se procjenjuju ksenogeni graftovi oboga-
¢eni bioaktivnim molekulama pokazani su varijabilno u¢inci
ovisno o svojstvima nosaca, kinetici oslobadanja i znacajka-
ma defekta (2, 3). Sli¢no tomu, sustavne analize kombinacija
lijek-biomaterijal pokazuju vaznost optimizacije doze i kon-
troliranih sustava isporuke za postizanje predvidivih osteo-
genih odgovora (23).

Unato¢ obecavaju¢im pretklinickim podatcima, transla-
cijska relevantnost lokalno primijenjenih statina ostaje ne-
izvjesna zbog nekonzistentnih klinickih ishoda, heterogenih
strategija doziranja i nedostatka farmakokineticke karakteri-
zacije. Zato su, prije ve¢ih kontroliranih istrazivanja, potreb-
ne male klinicke pilot-studije kako bi se procijenila izvedi-
vost, sigurnost i preliminarni bioloski u¢inci.

S obzirom na navedeno, cilj ovog istrazivanja bio je pro-
cijeniti hoce li lokalna primjena statina u kombinaciji sa kse-
nograftom dobivenim iz govede kosti (cerabone” plus) u sp/it-
mouth klinickom dizajnu poboljsati histomorfometrijske
parametre regeneracije alveolarne kosti u usporedbi sa samim
graftom. Konkretno, analizirani su rezidualni graft materijal
(BSM/TV %), novostvorena kost (NB/TV %) i udio meko-
ga tkiva (CT/TV %) poslije tri mjeseca. Razdoblje cijeljenja
od tri mjeseca odabrano je zato $to je to rana faza integracije
ksenografta koja se uobicajeno koristi za procjenu implanta-
cijskog mjesta te odgovara standardnom vremenu uzimanja
biopsije u klini¢ckim studijama o o¢uvanju alveole. Za sve hi-
stomorfometrijske parametre, TV oznacava ukupni volumen
tkiva koji uklju¢uje mineraliziranu kost, rezidualni graft ma-
terijal i nemineralizirano vezivno tkivo.

Materijali i metode

Dizajn istrazivanja

U ovom prospektivnom klini¢kom istrazivanju sa splir-
mouth dizajnom ispitivale su se histomorfometrijske karak-
teristike regeneracije kosti nakon ocuvanja alveole s cerabo-
ne’ plusom (Botiss Biomaterials GmbH, Zossen, Njemacka)
s dodatkom lokalno primijenjenoga simvastatina i bez tog
dodatka (Simvastatin, Calbiochem, San Diego, CA, SAD).
Svaki pacijent primio je dva grafta: jedan je postavljen
u planiranu alveolu za ekstrakciju (kontrolno mjesto), a
drugi u kontralateralnu alveolu u suprotnome kvadran-
tu (cksperimentalno mjesto), ¢ime je omoguéena intrain-
dividualna usporedba u identi¢nim bioloskim uvjetima.
Randomizaciju je proveo s pomoc¢u racunalno generirano-
ga slucajnog niza (www.randomizer.org) neovisni istraziva¢
koji nije sudjelovao u kirurskim ili analitickim postupci-
ma. Raspodjela je bila skrivena do trenutka pripreme grafta.
Svi postupci provedeni su u skladu s Helsinskom deklara-
cijom (2013.) i odobrilo ih je Eticko povjerenstvo Stomato-
loskog fakulteta Sveucilista u Zagrebu (odobrenje br. 05 —
PA-30-111-12/2021.). Svi ispitanici potpisali su informirani
pristanak prije ukljucivanja u istrazivanje.
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Patient Population and Surgical Procedure

Nine adult patients (five females, four males) aged 29 to
79 years (mean 56 years) requiring extraction of two non-ad-
jacent teeth located in contralateral quadrants of the same
jaw, enabling a split-mouth comparison, were enrolled. All
participants were systemically healthy (ASA I-II) and had
no history of metabolic bone disease, bisphosphonate or cor-
ticosteroid therapy, or systemic statin use (Table 1). More-
over, all patients presented with good periodontal health,
with no untreated periodontitis, active infection, or suppura-
tion at the time of surgery.

All extraction sites exhibited intact socket morphology at
baseline. The buccal plate was preserved in all cases, as were
the remaining alveolar walls. No signs of periodontal inflam-
mation were present around the post-extraction alveolus. In
cases where tooth extraction was indicated due to a chronic
periapical (ostitic) process, the pathological lesion was com-
pletely removed together with its surrounding shell, and only
the sites with intact bony walls after thorough debridement
were included in the study. The average mesio-distal width of
the post-extraction alveolus was approximately 10-11 mm,
while the bucco-oral width ranged from 11-12 mm, indicat-
ing comparable socket dimensions across sites.

Atraumatic tooth extractions were performed under lo-
cal anaesthesia (articaine 4 % + epinephrine 1:100,000; Sep-
todont, France). Atraumatic extraction was performed us-
ing periotomes and fine luxators (Hu-Friedy, Chicago, USA)
without raising a flap, in order to preserve socket walls and
minimise trauma. Following the socket debridement, the
graftmg procedure was randomised per side:

Control site: cerabone® plus granules (0.5-1 mm; Botiss

Biomaterials GmbH, Zossen, Germany) hydrated in ster-

ile saline.

Experimental site: cerabone” plus combined with simv-

astatin (Simvastatin, Calbiochem, USA) 1 mg in 0.2 mL

saline immediately before placement.

The 1 mg simvastatin dose used in this study represents
a low local concentration previously shown to be biologically
active in preclinical calvarial and mandibular models, while
remaining below thresholds associated with local cytotoxic-
ity or inflammatory reactions (15-18).

All grafts were covered with a resorbable collagen mem-
brane (Jason® membrane, Botiss Biomaterials GmbH, Zos-
sen, Germany) and closed primarily with 4-0 monofilament
sutures. Postoperative care included amoxicillin 500 mg
three times daily for 5 days and 0.12 % chlorhexidine rinses
twice daily for 1 week.

Clinical follow-up was performed at 7 days, 1 month,
and 3 months postoperatively to assess healing and detect
potential complications such as soft tissue dehiscence, mem-
brane exposure, infection, graft loss, or adverse tissue reac-
tions. Healing was uneventful in all cases. At 7 days, soft-tis-
sue closure, absence of dehiscence, and membrane coverage
were evaluated and sutures were removed. At 1 month, mu-
cosal maturation and ridge contour stability were assessed.
At 3 months, sites were re-evaluated clinically before biop-
sy retrieval.

Primjena statina u o¢uvanju alveole

Populacija ispitanika i kirurski postupak

U istrazivanje je bilo uklju¢eno devet odraslih pacijenata
(pet zena, Cetiri muskarca) u dobi od 29 do 79 godina (pro-
sje¢no 56 godina) kojima je bila potrebna ekstrakcija dvaju
nesusjednih zuba smjestenih u kontralateralnim kvadranti-
ma iste Celjusti, $to je omoguéilo split-mouth usporedbu. Svi
ispitanici bili su sistemski zdravi (ASA I - II) bez anamne-
ze metabolickih bolesti kosti, terapije bisfosfonatima ili kor-
tikosteroidima i sistemske primjene statina (tablica 1.). Svi su
takoder imali dobro parodontno zdravlje, bez nelije¢ene pa-
rodontne bolesti, aktivne infekcije ili supuracije u vrijeme za-
hvata.

Sve alveole nakon ekstrakcije imale su o¢uvanu morfolo-
giju. Bukalna kortikalna ploca bila je o¢uvana u svim slucaje-
vima, kao i ostali zidovi alveole. Nl)e bilo znakova parodon-
tne upale. U slucajevima kada je ekstrakcija bila indicirana
zbog kroni¢noga periapikalnog procesa, patoloska lezija bila
je u cijelosti uklonjena zajedno s okolnim tkivom, a u studiju
su ukljucena samo mjesta s intaktnim kostanim stijenkama
nakon temeljite kiretaze. Prosje¢na meziodistalna Sirina alve-
ole bila je priblizno 10 — 11 mm, a bukooralna Sirina iznosi-
la 11 - 12 mm, $to upucuje na usporedive dimenzije izme-
du mjesta.

Atraumatske ekstrakcije ucinjene su u lokalnoj anestezi-
ji (artikain 4 % + epinefrin 1 : 100 000; Septodont, Francu-
ska). Ekstrakcije su obavljene periotomima i finim luksatori-
ma (Hu-Friedy, Chicago, SAD) bez podizanja reznja kako bi
se o¢uvali zidovi alveole i smanjila trauma. Nakon debridma-
na alveole, postupak augmentacije randomiziran je po strani:

kontrolno mjesto: cerabone® plus granule (0,5 — 1 mm)

hidratizirane u sterilnoj fizioloskoj otopini

cksperimentalno mijesto: cerabone” plus u kombinaciji sa
simvastatinom (I mg u 0,2 mL fizioloske otopine) nepo-
sredno prije aplikacije.

Doza simvastatina od 1 mg niska je lokalna koncentracija
za koju je u pretklinickim modelima dokazano da je bioloski
aktivna, a pritom ispod razine povezane s citotoksi¢noscu ili
upalnim reakcijama (15 - 18).

Svi graftovi prekriveni su resorptivnom kolagenom mem-
branom (Jason” membrane, Botiss Biomaterials GmbH, Nje-
macka) te primarno zatvoreni monofilamentnim Savovima
4-0. Postoperativna terapija ukljucivala je amoksicilin 500
mg tri puta na dan tijekom 5 dana te jednotjedno ispiranje
0,12-postotnim klorheksidinom dva puta na dan.

Klini¢ko pracenje provedeno je poslije sedam dana, jed-
nog mijeseca i tri mjeseca radi procjene cijeljenja i eventual-
nih komplikacija (dehiscencija, izlaganje membrane, infek-
cija, gubitak grafta, nezeljene reakcije). Cijeljenje je u svim
slu¢ajevima bilo uredno.
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Biopsy Retrieval and Tissue Processing

At 3 months post-grafting, bone core biopsies (0 2 mm,
length 8 mm) were harvested from the center of the preserved
socket during implant site preparation using a trephine bur
under copious sterile saline irrigation. Biopsy retrieval was
performed without flap elevation, through the healed muco-
sa, to minimize additional trauma and maintain the integri-
ty of the regenerated site. The depth of 8 mm corresponded
to the planned implant length and ensured sampling of the
entire regenerated compartment while avoiding perforation
of the native bone floor.

Samples were fixed in 10 % neutral buffered formalin,
dehydrated in graded ethanol, and embedded in methyl
methacrylate to preserve mineralised architecture.

Trephine bur (@ 2 mm, Hager & Meisinger GmbH, Ne-
uss, Germany) was used for retrieval. Sections (-50 pm thick)
were cut using a microtome (Leica SP1600, Leica Microsys-
tems, Germany), and staining was performed using toluidine
blue and Masson’s trichrome kits (Sigma-Aldrich, USA). All
samples were coded and analysed in a blinded fashion.

Histomorphometric Analysis

The histomorphometric evaluation was performed ac-
cording to established protocols (24). Digitised slides were
obtained using a light microscope (Axio Scope.Al, Zeiss)
with a digital camera (Axiocam 105, Zeiss), a motorised
stage, and ZEN Core v3.0 software for panoramic scans.
Quantitative histomorphometry measured the percentage
of NB/TV, BSM/TV, and CT/TV. Analyses were performed
using ZEN Core and verified in Image] v1.53 (NIH, Bethes-
da, USA); three systematically selected high-magnification
fields per section were averaged per specimen. Fields were
selected using a systematic uniform random sampling pro-
tocol. The analysed area per field measured 1.2 mm? Inter-
observer reliability was assessed in 20% of samples and dem-
onstrated excellent agreement (ICC > 0.90).

Statistical Analysis

All statistical analyses were performed at the patient lev-
el (n =9 pairs) in accordance with the split-mouth study de-
sign. Continuous variables are presented as mean + standard
deviation (SD). Normality was assessed on the distribu-
tion of paired differences (experimental minus control) us-
ing the Shapiro—Wilk test. No statistically significant devi-
ations from normality were detected for NB/TV, BSM/TYV,
or CT/TV (p > 0.05 for all comparisons), supporting the use
of parametric testing. Primary comparisons between control
(Cerabone® Plus) and experimental (Cerabone® Plus + Statin)
sites were performed using paired ttests. Given the small
paired sample size and the limited power of normality test-
ing in small datasets, Wilcoxon signed-rank tests were ad-
ditionally conducted to confirm the robustness of the find-
ings. Non-parametric analyses yielded results consistent with
parametric testing for all evaluated outcomes. For each pa-
rameter, mean differences, 95% confidence intervals (Cls),
and standardized effect sizes (Cohen’s d for paired samples)
were calculated to quantify the magnitude and precision of
treatment effects. Statistical significance was defined as p <
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Uzimanije biopsije i obrada tkiva

Tri mjeseca poslije zahvata uzeti su kostani uzorci (& 2
mm, duljine 8 mm) iz srediSta ocuvane alveole tijekom pri-
preme leziSta implantata, s pomoc¢u konusnog svrdla uz obil-
nu irigaciju sterilnom fizioloskom otopinom. Uzorkovanje je
obavljeno bez podizanja reznja kroz zacijeljenu sluznicu da bi
se minimizirala dodatna trauma. Dubina od 8 mm odgova-
rala je planiranoj duzini implantata.

Uzorci su fiksirani u 10-postotnom neutralnom forma-
linu, dehidrirani u etanolu i uklopljeni u metil-metakrilat.

Za uzimanje uzoraka koristen je trepanski svrdlo (@ 2
mm, Hager & Meisinger GmbH, Neuss, Njemacka). Rezo-
vi (debljine ~50 pm) izrezani su pomo¢u mikrotoma (Leica
SP1600, Leica Microsystems, Njemacka), a bojenje je pro-
vedeno pomocu toluidinskog plavila i Massonovog trikrom-
skog kita (Sigma-Aldrich, SAD). Svi uzorci su kodirani i ana-

lizirani na slijepo.

Histomorfometrijska analiza

Analiza je provedena prema standardiziranim protokoli-
ma. Digitalizirani preparati dobiveni su svjetlosnim mikro-
skopom (Axio Scope.Al, Zeiss) uz digitalnu kameru i softver
ZEN Core v3.0.

Mjereni su: NB/TV (%) — novostvorena kost, BSM/TV
(%) — rezidualni graft materijal i CT/TV (%) — vezivno tki-
vo. Analize su obavljene u softverima ZEN Core i Image].
Tri reprezentativna polja po uzorku analizirana su i prosjec-
no izra¢unata. Pouzdanost izmedu ispitivaca bila je visoka

(ICC > 0,90).

Statisti¢ka analiza

Sve statisticke analize provedene su na razini pacijenta (n
=9 parova) u skladu s dizajnom studije s podijeljenim ustima.
Kontinuirane varijable prikazane su kao srednja vrijednost +
standardna devijacija (SD). Normalnost je procijenjena na te-
melju distribucije parnih razlika (eksperimentalna minus kon-
trola) pomoc¢u Shapiro-Wilkovog testa. Nisu otkrivena stati-
sticki znacajna odstupanja od normalnosti za NB/TV, BSM/
TV ili CT/TV (p > 0,05 za sve usporedbe), $to podupire upo-
trebu parametrijskog testiranja. Primarne usporedbe izmedu
kontrolnih (Cerabone® Plus) i eksperimentalnih (Cerabone”
Plus + Statin) mjesta provedene su koristenjem parnih tte-
stova. S obzirom na malu veli¢inu parnog uzorka i ogranice-
nu snagu testiranja normalnosti u malim skupovima podata-
ka, dodatno su provedeni Wilcoxonovi testovi predznacenog
ranga kako bi se potvrdila robusnost nalaza. Neparametrijske
analize dale su rezultate u skladu s parametrijskim testiranjem
za sve procijenjene ishode. Za svaki parametar izraunate su
srednje razlike, 95% intervali pouzdanosti (CI) i standardizi-
rane veli¢ine ucinaka (Cohenov d za uparene uzorke) kako bi
se kvantificirala veli¢ina i preciznost uc¢inaka lije¢enja. Stati-
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0.05 (two-tailed). As this investigation was designed as an
exploratory pilot study, no a priori sample size calculation
was performed. Therefore, inferential results should be in-
terpreted cautiously and primarily as hypothesis-generat-
ing, intended to inform effectsize estimation and sample-
size planning for future confirmatory trials. All analyses were
conducted using IBM SPSS Statistics version 29.0.1.0 (IBM
Corp., Armonk, NY, USA).

Results

Nine patients (four females, five males; mean age 56 + 17
years, range 28-79 years) completed the study. Each partic-
ipant contributed two grafted sites (control and experimen-
tal), resulting in a total of 18 biopsy specimens for analysis
(Table 1). All surgical procedures were uneventful, with no
intra- or postoperative complications, inflammation, or graft
exposure observed. Postoperative healing was satisfactory in
all cases, and all sites demonstrated clinically stable soft-tis-
sue coverage and adequate ridge contour at the time of biop-
sy retrieval (three months post-grafting). No systemic or lo-
cal adverse effects related to statin application were reported.

The histomorphometric evaluation demonstrated a con-
sistent and reproducible pattern of tissue distribution in both
treatment modalities (Figure 1). No statistically significant

Table 1

Primjena statina u o¢uvanju alveole

sticka znacajnost definirana je kao p < 0,05 (dvostrana). Bu-
dudi da je ovo istrazivanje osmisljeno kao eksplorativna pilot
studija, nije proveden a priori izra¢un veli¢ine uzorka. Stoga,
inferencijalne rezultate treba tumaciti oprezno i prvenstveno
kao generiranje hipoteze, namijenjene informiranju o procjeni
veli¢ine uc¢inka i planiranju veli¢ine uzorka za budu¢a potvrd-
na ispitivanja. Sve analize provedene su koristenjem IBM SPSS
Statistics verzije 29.0.1.0 (IBM Corp., Armonk, NY, SAD).

Rezultati

Devet pacijenata (Cetiri Zene, pet muskaraca; srednja dob
56 + 17 godina, raspon 28 — 79 godina) zavrsilo je studi-
ju. Svakomu su uzeta dva presatka tkiva (kontrolni i ekspe-
rimentalni), $to ukupno ¢ini 18 uzoraka biopsije za analizu
(tablica 1.). Svi kirurski zahvati bili su bez poteskoéa, bez in-
traoperativnih ili postoperativnih komplikacija, upale ili ot-
kazivanja presatka. Postoperativno cijeljenje bilo je zadovolja-
vajuée u svim slu¢ajevima, a sva su mjesta pokazala klinicki
stabilno meko tkivo i adekvatnu pokrivenost presatka u vri-
jeme uzimanja biopsije (tri mjeseca poslije zahvata). Nisu za-
biljezeni sustavni ili lokalni $tetni ucinci povezani s primje-
nom statina.

Histomorfometrijska analiza pokazala je dosljedan i re-
producibilan obrazac raspodjele tkiva u oba modaliteta lije-

Demographic and clinical characteristics of the study population and site allocation.

Tablica 1. Demografske i klinicke karakteristike ispitivane populacije i raspodjela mjesta zahvata

i SetSpol AgesDob TRUREENT ComnoleKomrla LRI e
1 Female * Zenski 64 16 Cerabone® Plus 26 Cerabone® Plus + Statin
2 Female * Zenski 79 16 Cerabone® Plus 26 Cerabone® Plus + Statin
3 Male ® Muski 60 16 Cerabone® Plus 26 Cerabone® Plus + Statin
4 Male * Muski 45 15 Cerabone’® Plus 26 Cerabone® Plus + Statin
5 Female ® Zenski 28 16 Cerabone® Plus 26 Cerabone® Plus + Statin
6 Male » Muski 55 16 Cerabone® Plus 26 Cerabone® Plus + Statin
7 Male ® Muski 70 16 Cerabone® Plus 26 Cerabone® Plus + Statin
8 Female ® Zenski 45 46 Cerabone® Plus 26 Cerabone® Plus + Statin
9 Male * Muski 29 16 Cerabone’® Plus 26 Cerabone® Plus + Statin

Table2  Histomorphometric outcomes (mean + SD, 95 % confidence intervals, p-values, and effect sizes) for control (Cerabone® Plus) and

experimental (Cerabone® Plus + Statin) sites at three months.
Tablica 2. Histomorfometrijski ishodi (srednja vrijednost + SD, 95 % interval pouzdanosti, p-vrijednosti i veli¢ina ucinka) za kontrolna
(Cerabone® Plus) i eksperimentalna (Cerabone® Plus + Statin) mjesta poslije tri mjeseca

95 % CI

Mean + SD of the Paired t-test  Wilcoxon
) © H = . e . sde
Parameter ® Parametar Group ° Skupina (/o?. Srednja difference ® P Y?.lue p ‘."f‘lue Cohen’s d
vrijednost + p-vrijednost  p-vrijednost  Cohenov d
SD (%) el (t-test) (Wilcoxon)
razlike
Newly formed bone (NB/TV) ¢ Cerabone” Plus 31.0 £ 155
-8.7,18.4 0.4 0.594 0.2
Novonastala kost (NB/TV) Cerabone® Plus + Statin | 26.2 + 11.6 (8.7, 18:4] > 2 7
Residual bone substitute (BSM/TV) ¢ | Cerabone” Plus 99+85
Ostatni kostani nadomjestak (BSM/TV) | Cerabone® Plus + Statin 95+97 [-6.3,71] 0.91 0.889 0.03
Connective tissue (CT/TV) ¢ Cerabone® Plus 59.1 £+ 12.0
. . -16.2, 5. 0.31 0.441 -0.36
Vezivno tkivo (CT/TV) Cerabone® Plus + Statin 64.3+94 [ 53] 3 3

Data are presented as mean + standard deviation (SD), with 95 % confidence intervals (CI) and effect sizes (Cohen’s d) calculated for paired
comparisons. No statistically significant differences were observed between groups. ® Podatci su prikazani kao srednja vrijednost + standardna
devijacija (SD), uz 95 % intervale pouzdanosti (CI) i veli¢ine u¢inka (Cohenov d) za uparene usporedbe. Nisu utvrdene statisti¢ki znacajne razlike
izmedu skupina.
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Figure 1 Representative histological sections of the Cerabone® Plus + Statin (A) and Cerabone® Plus (B) sites at three months (HE, 100x;
scale bar = 50 pm). Newly formed bone (NB) is apposed to Cerabone® granules (CB), demonstrating osseointegration. Red arrows
indicate blood vessels supporting revascularization, and green arrows highlight osteoblast seams at NB/CB interfaces. A gradual
transition from connective tissue (CT) to NB reflects progressive tissue maturation.

Slika 1. Reprezentativni histolo3ki presjeci mjesta Cerabone® Plus + Statin (A) i Cerabone® Plus (B) poslije tri mjeseca (HE, 100 x; mjerna
traka = 50 um); novonastala kost (NB) prilijeze uz granule Cerabonea® (CB), 5to upucuje na osteointegraciju; crvene strelice
oznacavaju krvne zile koje podrzavaju revaskularizaciju, a zelene strelice isticu slojeve osteoblasta na sucelju NB/CB-a; postupan
prijelaz iz vezivnoga tkiva (CT) u NB odrazava progresivno sazrijevanije tkiva

inter-individual variation was detected between the Cerabo-
ne” Plus and Cerabone® Plus + Statin groups.

Across all samples, connective tissue (CT) represent-
ed the predominant tissue component, followed by new-
ly formed bone (NB) and residual bone substitute material
(BSM). Quantitatively, CT accounted for approximately 59
+ 12 % of the total tissue in the control group and 64 + 9 %
in the Cerabone® Plus + Statin group. The difference between
groups was not statistically significant (p = 0.31; Cohen’s d =
-0.36), but a trend toward higher CT fraction (-5 %) in the
Cerabone® Plus + Statin group was observed.

The relative proportions of NB/TV and BSM/TV were
also similar between treatments. NB/TV represented 31.0 +
15.5 % in the Cerabone® Plus group and 26.2 + 11.6 % in the
Cerabone® Plus + Simvastatin group, with no significant dif-
ference between groups (p = 0.45; Cohen’s d = 0.27). BSM/
TV constituted approximately 10 % of the total tissue vol-
ume in both conditions (9.9 + 8.5 % vs. 9.5 + 9.7 %), indi-
cating comparable graft resorption behavior at the 3-month
interval (Table 2, Figure 1).

Collectively, these data indicate that while statin addi-
tion did not significantly modify the quantitative tissue com-
position, it preserved the normal healing pattern observed
with Cerabone® Plus alone. The modest (-5 %) increase in
CT/TV observed in the Cerabone® Plus + Statin sites may
reflect a transient early-stage soft-tissue predominance rath-
er than reduced osteogenic activity, which is consistent with
known early angiogenic/fibroblastic effects of statins.

Discussion

This clinical split-mouth pilot study evaluated the effect
of adding locally applied simvastatin to a bovine-derived xe-
nograft (Cerabone® Plus) on alveolar bone regeneration fol-
lowing socket preservation. The quantitative histomorpho-
metric analysis at three months revealed no statistically
significant differences in NB/TV, BSM/TV, or CT/TV be-
tween Cerabone® Plus and Cerabone® Plus + Statin sites. Nev-
ertheless, a consistent intra-individual trend toward a slightly

Cenja (slika 1.). Nisu otkrivene statisticki znacajne razlike iz-
medu skupina Cerabone” Plus i Cerabone” Plus + Statin.

U svim uzorcima vezivno tkivo (CT) ¢inilo je prevlada-
vajuéu komponentu, a slijedila ga je novonastala kost (NB)
i ostatni ko$tani nadomjestak (BSM). Kvantitativno, CT je
¢inio priblizno 59 + 12 % ukupnoga volumena tkiva u kon-
trolnoj skupini (64 + 9 % u Cerabone® Plus + Statin skupi-
ni). Razlika izmedu skupina nije bila statisticki znacajna (p
= 0,31; Cohenov d = -0,36), ali je zabiljezen trend prema ve-
¢em udjelu CT-a (-5 %) u skupini Cerabone” Plus + Statin.

Relativni udjeli NB/TV-a i BSM/TV-a takoder su bili
sli¢ni izmedu tretmana. NB/TV iznosio je 31,0 + 15,5 % u
skupini Cerabone® Plus i 26,2 + 11,6 % u skupini Cerabone®
Plus + Statin, bez znacajne razlike izmedu skupina (p = 0,45;
Cohenov d = 0,27). BSM/TV ¢inio je priblizno 10 % uku-
pnoga volumena tkiva u oba stanja (9,9 + 8,5 % prema 9,5
9,7 %), $to upucuje na usporedivu retenciju ostatnoga bio-
materijala poslije 3-mjese¢noga intervala (tablica 2., slika 2.).

Ukupno gledano, ti podatci pokazuju da dodatak stati-
na nije znacajno promijenio kvantitativni sastav tkiva u o¢u-
vanim modelima alveolarnoga grebena lije¢enima Cerabo-
ne® Plusom samim ili u kombinaciji (5 — 6 %) s povecanjem
CT/TV-a zabiljezenim u skupini Cerabone® Plus + Statin,
$to moze odrazavati prolaznu fazu rane dominacije mekog
tkiva, a ne smanjenu osteogenu aktivnost, u skladu s pozna-
tim ranim angiogenim/fibroblasti¢nim u¢incima statina.

Rasprava

Ova klinicka pilot-studija s razdvojenim ustima (splir-
mouth) procjenjivala je u¢inak dodavanja lokalno primijenje-
noga simvastatina bovinom ksenograftu (Cerabone® Plus) na
regeneraciju alveolarne kosti nakon o¢uvanja alveole. Kvan-
titativna histomorfometrijska analiza poslije tri mjeseca ni-
je pokazala statisticki znacajne razlike u NB/TV-u, BSM/
TV-u ili CT/TV-u izmedu mjesta lije¢enih Cerabone” Plu-
som i Cerabone” Plusom + Statin. Ipak, uocena je dosljed-
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higher CT/TV fraction (-5 %) was observed in the Cerabo-
ne® Plus + Statin group. Although not statistically significant,
this subtle shift is biologically plausible and may reflect early
modulation of fibrovascular tissue rather than a clear osteo-
anabolic effect.

The present findings align with preclinical and transla-
tional data indicating that statins exert complex, dose- and
carrier-dependent effects on bone formation. Mundy et al.
(26) first identified statins as stimulators of the BMP-2 pro-
moter, linking HMG-CoA reductase inhibition to osteoana-
bolic signalling. Subsequent animal and biomaterial studies
have shown that local statin delivery can increase bone for-
mation and neovascularisation, but that the magnitude and
duration of response depend on the statin type, concentra-
tion, and delivery system. Recent reviews have highlighted
that statin-loaded scaffolds, hydrogels, and microspheres can
enhance osteogenesis and angiogenesis when sustained local
levels are achieved, yet translation to predictable clinical ben-
efit remains challenging (23,24,27,28).

In humans, data remain inconsistent. While systemic
statin use has been associated with beneficial skeletal effects,
controlled local-delivery studies show variable outcomes.
Randomized clinical trials of locally delivered simvastatin in
periodontal intrabony defects have reported mixed results:
some demonstrated adjunctive gains in clinical attachment or
radiographic fill, whereas others showed no significant ben-
efit, particularly in anatomically constrained lesions. More
recent clinical trials and systematic reviews confirm that lo-
cal statin efficacy depends strongly on dose, carrier, defect
morphology, and release kinetics (29,30). Meta-analytic syn-
theses likewise indicate that local statins can improve cer-
tain periodontal parameters, yet effect sizes vary considerably
across studies (31,32). A recent systematic review focusing on
socket healing after tooth extraction suggested potentially fa-
vorable outcomes with local simvastatin, though substantial
methodological heterogeneity persists (33).

In the current study, bone formation occurred predict-
ably in both groups, with NB/TV constituting approximate-
ly 30 % of the total tissue and BSM/TV around 10 %. These
proportions are broadly consistent with reports in the liter-
ature regarding slowly resorbing xenogeneic bovine grafts at
early healing stages, where limited graft resorption and mod-
erate new bone formation are expected (25, 34). The simi-
larity between Cerabone® Plus and Cerabone® Plus + Statin
sites indicates that the simvastatin dose and release profile
achieved with simple mixing did not substantially modulate
osteogenic activity within the three-month interval. The low
resorption rate and compact pore architecture typical of this
class of xenografts may have further restricted drug diffu-
sion to osteogenic cells within the defect (35,36). The mod-
est increase in CT/TV in simvastatin-treated sites, although
not statistically significant, warrants mechanistic consider-
ation. Statins are known to enhance angiogenesis and fibro-
blast proliferation through up-regulation of VEGEF, eNOS,
and hypoxia-inducible factor-lo. pathways, and these pleio-
tropic effects may initially favour a fibrovascular tissue phe-
notype (37). In the context of bone healing, such vascular ac-
tivation typically precedes mineralisation; therefore, a higher
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na unutarpojedinacna tendencija prema nesto veéem udjelu
CT/TV-a (-5 %) u skupini Cerabone® Plus + Statin. Iako nije
statisticki znacajna, ova suptilna promjena bioloski je oprav-
dana i moze odrazavati ranu modulaciju fibrovaskularnoga
tkiva, a ne jasan osteoanabolicki u¢inak.

Dobiveni rezultati podudaraju se s pretklinickim i
translacijskim podatcima koji pokazuju da statini imaju slo-
zene ucinke na formiranje kosti, ovisne o dozi i nacinu pri-
mjene. Mundy i suradnici (26) prvi su identificirali statine
kao stimulatore promotora BMP-a 2, povezujuéi inhibiciju
HMG-CoA reduktaze s osteoanabolickim signaliziranjem.
U naknadnim studijama na Zivotinjama i biomaterijalima
pokazano je da lokalna primjena statina moze povecati stva-
ranje kosti i neovaskularizaciju, ali da veli¢ina i trajanje od-
govora ovise o vrsti statina, konccntraciji i sustavu dostave. U
nedavnim pregledima istice se da nosaci s ugradenim statini-
ma (scaffoldi), hidrogeli i mikrosfere mogu potaknuti osteo-
genezu i angiogenezu kada se postignu stabilne lokalne kon-
centracije, no prijenos u predvidivu klinicku korist i dalje je
izazovan (23, 24, 27, 28).

Kod ljudi su podatci i dalje nedosljedni. Iako je sistem-
ska primjena statina povezana s povoljnim u¢incima na ske-
let, kontrolirane studije lokalne primjene pokazuju varijabil-
ne rezultate. Randomizirana klinicka ispitivanja lokalnoga
simvastatina u parodontnim intrakostanim defektima da-
ju mjesovite rezultate: u nekima su zabiljezena pobolj$anja
klinickoga pripoja ili radioloskog ispuna, a u drugima ni-
je pokazana znacajna korist, osobito u anatomski ogranice-
nim lezijama. Novija klini¢ka ispitivanja i sustavni pregle-
di potvrduju da ucinkovitost lokalnih statina snazno ovisi
o dozi, nosatu, morfologiji defekta i kinetici otpustanja (29,
30). Metaanalize takoder pokazuju da lokalni statini mo-
gu poboljsati odredene parodontne parametre, ali se velici-
na ucinka znatno razlikuje medu studijama (31, 32). Nedav-
ni sustavni pregled o cijeljenju alveole nakon ekstrakcije zuba
sugerira potencijalno povoljne ishode uz lokalni simvastatin,
no metodoloska heterogenost i dalje je velika (33).

U ovoj studiji formiranje kosti bilo je predvidivo u obje-
ma skupinama, pri ¢emu je NB/TV ¢inio priblizno 30 %
ukupnog tkiva, a BSM/TV oko 10 %. Te vrijednosti u skla-
du su s literaturom o sporije resorbiraju¢im ksenogenim bo-
vinim graftovima u ranim fazama cijeljenja, gdje se ocekuju
ogranicena resorpcija grafta i umjereno stvaranje nove kosti
(25, 34). Sli¢nost izmedu skupina Cerabone® Plus i Cerabone®
Plus + Statin upucuje na to da doza i profil otpustanja sim-
vastatina postignuti jednostavnim mijeSanjem nisu znacajno
utjecali na osteogenu aktivnost unutar tromjese¢nog razdo-
blja. Niska stopa resorpcije i kompaktna porozna struktura
tipiéna za ovu vrstu ksenografta mogu dodatno ograniciti di-
fuziju lijeka do osteogenih stanica unutar defekea (35, 36).

Blago povecanje CT/TV-a u skupini sa statinom, iako
nije statisticki znacajno, zahtijeva mehanicisticko objasnje-
nje. Poznato je da statini poti¢u angiogenezu i proliferaci-
ju fibroblasta putem povecane ekspresije VEGEF-a, eNOS-a
i HIF-1a, te ti pleiotropni ucinci na pocetku mogu favorizi-
rati fibrovaskularni tip tkiva (37). U kontekstu cijeljenja ko-
sti, takva vaskularna aktivacija obi¢no prethodi mineraliza-
ciji; zato visi CT/TV poslije tri mjeseca moze biti prijelazna
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CT/TV fraction at three months may represent an interme-
diate phase of enhanced granulation or fibrovascular tissue
rather than a definitive impairment of bone formation. Simi-
lar early-phase increases in soft tissue have been described in
statin-loaded scaffolds that subsequently support improved
bone regeneration once mineralisation progresses (10,38-40).

From a pharmacological standpoint, these results rein-
force that statin effects in bone are highly context-dependent
and critically influenced by the delivery system. Osteoana-
bolic activity mediated by BMP-2 up-regulation general-
ly requires sustained local statin concentrations in the low
micromolar range (27,41), whereas angiogenic or anti-in-
flammatory responses can occur at lower doses. Simple ad-
mixture of simvastatin with a dense, slowly resorbing xeno-
graft such as Cerabone® Plus is unlikely to provide controlled
release, and the drug may be rapidly cleared from the defect
or sequestered within the graft surface. Recent experimen-
tal work has shown that statin effects are markedly atten-
uated when delivered without an appropriate drug-delivery
system and can be prolonged when incorporated into hy-
drogels, polymeric membranes, or microsphere-based carri-
ers (42-45).

Taken together, the current data suggest that simply mix-
ing simvastatin with a xenogeneic bone graft is unlikely to
elicit measurable osteogenic enhancement at three months.
Future translational efforts should prioritise delivery plat-
forms that provide sustained, spatially controlled release,
such as polymeric microspheres, smart hydrogels, electros-
pun membranes, or aerogel scaffolds, while maintaining the
structural advantages of xenogeneic grafts (46). Integration
of histomorphometry with molecular markers of angiogen-
esis and osteogenesis (e.g., VEGF, BMP-2, osteocalcin) and
advanced imaging (micro-CT or cone-beam CT) would al-
low a more complete characterisation of the temporal tissue
response and help distinguish transient soft-tissue modula-
tion from durable bone formation.

This study has several limitations that must be acknowl-
edged. First, as a pilot trial with nine patients, the sample size
is small and underpowered to detect small-to-moderate dif-
ferences between treatments; the resulting wide confidence
intervals mean that all statistical comparisons should be in-
terpreted cautiously and considered exploratory. Second, al-
though the splitmouth design reduces inter-individual vari-
ability, it does not eliminate potential confounders such as
site-specific anatomy or local vascular conditions. Third, no
molecular or immunohistochemical markers of osteogene-
sis or angiogenesis (e.g., BMP-2, VEGE, osteocalcin) were
evaluated, which limits mechanistic interpretation of the
observed CT/TV shift. Fourth, the local pharmacokinetics
of simvastatin release from Cerabone® Plus were not quan-
tified, hence the actual drug concentration and residence
time at the healing site remain unknown. Finally, the three-
month endpoint represents an early healing stage; sequential
or long-term assessments could better capture the temporal
evolution of statin-mediated effects. Additionally, the use of
a single centrally harvested 2-mm trephine biopsy may not
fully represent the spatial heterogeneity of tissue composition
within the entire regenerated socket. Regional coronal-apical
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faza pojacanoga granulacijskoga ili fibrovaskularnoga tkiva,
a ne smanjeno stvaranje kosti. Sli¢ni rani porasti mekog tki-
va opisani su i kod nosaca sa statinima koji poslije podupi-
ru bolju regeneraciju kosti nakon napredovanja mineralizaci-
je (10, 38 — 40).

S farmakoloskog gledista, ovi rezultati potvrduju da su
udinci statina na kost iznimno ovisni o kontekstu i susta-
vu dostave. Osteoanabolicki uc¢inak posredovan BMP-om 2
obi¢no zahtijeva odrzane lokalne koncentracije statina u ni-
skom mikromolarnom rasponu (27, 41), a angiogeni ili pro-
tuupalni uéinci mogu se pojaviti i pri nizim dozama. Jedno-
stavno mijesanje simvastatina s gustim, sporo resorbiraju¢im
ksenograftom poput Cerabone® Plusa vjerojatno ne omogu-
¢uje kontrolirano otpustanje, pa se lijek moze brzo elimini-
rati ili zadrZati na povrsini grafta. Nedavna eksperimentalna
istrazivanja pokazuju da su udinci statina znatno slabiji bez
odgovarajucega sustava dostave, a produljeni kada se uklju-
¢e u hidrogelske, polimerne ili mikrosferne nosace (42 — 45).

Sveukupno, ovi podatci sugeriraju da jednostavno mije-
Sanje simvastatina sa ksenogenim kos$tanim graftom vjero-
jatno ne rezultira mjerljivim pove¢anjem osteogeneze posli-
je tri mjeseca. Buduca istrazivanja trebala bi biti usmjerena
na sustave dostave koji omogucuju kontrolirano i dugotrajno
otpustanje, poput polimernih mikrosfera, pametnih hidro-
gelova, elektroispredenih membrana ili aerogelnih nosaca,
uz o¢uvanje strukturnih prednosti ksenografta (46). Kom-
binacija histomorfometrije s molekularnim markerima an-
giogeneze i osteogeneze (npr., VEGE, BMP-2, osteokalcin)
te naprednim slikovnim metodama (mikro-CT ili CBCT)
omogucila bi potpuniju analizu vremenskog odgovora tkiva.

Ova studija ima nekoliko ogranicenja. Prvo, to je pilot-
studija s devet pacijenata, pa je uzorak malen i nedovoljan za
detekciju manjih razlika i zato rezultate treba tumaciti opre-
zno. Drugo, iako split-mouth dizajn smanjuje varijabilnost
medu ispitanicima, ne uklanja sve moguée ometajuce ¢imbe-
nike. Trece, nisu analizirani molekularni ili imunohistoke-
mijski markeri $to ograni¢ava interpretaciju. Cetvrto, lokal-
na farmakokinetika oslobadanja simvastatina iz Cerabone®
Plus nije kvantificirana, stoga stvarna koncentracija lijeka i
vrijeme zadrZavanja na mjestu zacjeljivanja ostaju nepozna-
ti. Konacno, tromjese¢na zavr$na tocka predstavlja ranu fa-
zu zagjeljivanja; sekvencijalne ili dugoro¢ne procjene mogle
bi bolje uhvatiti vremensku evoluciju uc¢inaka posredovanih
statinima. Osim toga, koristenje jedne centralno uzete 2-mi-
limetarske trepanske biopsije mozda ne u potpunosti pred-
stavlja prostornu heterogenost sastava tkiva unutar cijele
regenerirane alveole. Regionalne koronalno-apikalne ili peri-
ferne varijacije u distribuciji mineraliziranog i nemineralizi-
ranog tkiva stoga bi mogle ostati neotkrivene, $to potencijal-
no utjece na kvantitativne histomorfometrijske ishode.

Unato¢ tim ogranic¢enjima, ova pilot studija pruza preli-
minarne klini¢cke dokaze da je dodavanje 1 mg lokalno pri-
mijenjenog simvastatina u Cerabone” Plus bioloski sigurno
i ne utjece negativno na ishode ocuvanja alveole nakon tri
mjeseca. Unutar ogranic¢enja malog uzorka i ranog ishoda,
kombinacija se ¢ini histoloski neutralno, s moguéim trendom
prema ve¢em CT/ TV-u $to moze odrazavati ranu fibrova-
skularnu modulaciju, a ne kona¢nu promjenu NB/T'V-a. Po-
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or peripheral variations in mineralised and non-mineralised
tissue distribution could therefore remain undetected, poten-
tially influencing quantitative histomorphometric outcomes.

Despite these limitations, the present pilot study pro-
vides preliminary clinical evidence that adding 1 mg of lo-
cally applied simvastatin to Cerabone” Plus is biologically
safe and does not adversely affect socket preservation out-
comes at three months. Within the constraints of the small
sample size and early endpoint, the combination appears his-
tologically neutral, with a possible trend toward greater CT/
TV that may reflect early fibrovascular modulation rather
than a definitive change in NB/TV. Larger, rigorously de-
signed clinical trials incorporating optimised delivery sys-
tems, pharmacokinetic assessment, advanced imaging, and
molecular endpoints are warranted to clarify whether local
statins can be harnessed as reliable osteoanabolic adjuncts in
alveolar ridge preservation and other bone regenerative pro-
cedures.

Conclusion

Within the limitations of this pilot splitmouth clin-
ical study, the local application of 1 mg simvastatin com-
bined with Cerabone® Plus did not produce measurable im-
provements in histomorphometric bone regeneration at the
3-month healing interval. Both treatment groups exhib-
ited comparable NB/TV and BSM/TV values, indicating
that simvastatin at the tested dose and delivery method did
not enhance mineralised tissue formation or graft resorp-
tion during early healing. A modest increase in CT/TV ob-
served in simvastatin-treated sites may reflect transient early
fibrovascular or angiogenic activity rather than a definitive
alteration in osteogenesis at this stage. Overall, the findings
suggest that simple admixture of simvastatin with a slow-
ly resorbing xenograft is biologically safe but histologically
neutral at three months. Future research should investigate
controlled-release delivery platforms, optimise dosing strat-
egies, and integrate molecular or imaging-based parameters
to clarify the temporal and mechanistic effects of locally ap-
plied statins in clinical bone regeneration. Larger, well-pow-
ered clinical trials are required before firm conclusions re-

garding efficacy can be established.
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Primjena statina u o¢uvanju alveole

trebna su veca, rigorozno osmisljena klinicka ispitivanja koja
ukljucuju optimizirane sustave isporuke, farmakokineticku
procjenu, napredno snimanje i molekularne ishode kako bi
se razjasnilo mogu li se lokalni statini koristiti kao pouzda-
ni osteoanabolicki dodaci u o¢uvanju alveolarnog grebena i
drugim postupcima regeneracije kostiju.

Zaklju¢ak

Unutar ograni¢enja ove klinicke pilot-studije sa split-mou-
th dizajnom, lokalna primjena 1 mg simvastatina u kombina-
ciji s Cerabone” Plusom nije pokazala mjerljiva poboljsanja u
histomorfometrijskoj regeneraciji kosti poslije tromjese¢nog
razdoblja cijeljenja. Obje skupine lije¢enja pokazale su uspo-
redive vrijednosti NB/TV-a i BSM/T V-a, §to upucuje na to
da simvastatin u ispitanoj dozi i na¢inu primjene nije pove-
¢ao stvaranje mineraliziranog tkiva, ni resorpciju grafta u ra-
noj fazi cijeljenja.

Umjereno povecanje CT/TV-a, uo¢eno u skupini tretira-
noj simvastatinom, moze odrazavati prolaznu ranu fibrova-
skularnu ili angiogenu aktivnost, a ne definitivou promjenu
u osteogenezi u ovoj fazi. Sveukupno, rezultati sugeriraju da
je jednostavno mijesanje simvastatina sa ksenogenim graf-
tom sporije resorpcije bioloski sigurno, ali histoloski neutral-
no poslije tri mjeseca.

Buduca istrazivanja trebala bi se usmjeriti na sustave kon-
troliranog otpustanja, optimizaciju doziranja te uklju¢ivanje
molekularnih i slikovnih parametara kako bi se razjasnili
vremenski i mehanicisticki u¢inci lokalno primijenjenih sta-
tina u regeneraciji kosti. Potrebna su ve¢a i metodoloski snaz-
nija klini¢ka ispitivanja prije donosenja konaénih zakljucaka
o ucinkovitosti.
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Sazetak

Cilj: Statini pokazuju pleiotropne ucinke na metabolizam kosti, uklju¢ujuci osteogenu i angiogenu
aktivnost. Svrha ove pilot-studije bila je procijeniti poboljsava li lokalna primjena simvastatina u
kombinaciji sa ksenogenim kostanim nadomjestkom govedega podrijetla histomorfometrijske isho-
de ocuvanja alveole u usporedbi s primjenom samoga kostanog nadomjestka poslije tromjesecnoga
razdoblja cijeljenja. Materijali i metode: U ovoj prospektivnoj split-mouth klinickoj studiji sudjelova-
lo je devet pacijenata kojima je bila potrebna bilateralna ekstrakcija zuba. Jedna alveola tretirana je
samo cerabone® plusom (kontrola), a kontralateralna alveola primila je cerabone® plus u kombina-
ciji s lokalno primijenjenim simvastatinom (1 mg/0,2 mL fizioloske otopine). Biopsije ko3tanoga ci-
lindri¢cnoga uzorka uzete su tri mjeseca poslije augmentacije i analizirane histomorfometrijski. Kvan-
tificirani su udjeli novostvorene kosti (NB/TV), rezidualnog materijala ko3tanoga nadomjestka (BSM/
TV) i vezivnoga tkiva (CT/TV). Za statisticku analizu koristeni su parni t-test i Wilcoxonov test pred-
znaka rangova. Rezultati: Histomorfometrijska analiza pokazala je slican sastav tkiva u obje skupine.
Vezivno tkivo bilo je je dominantna komponenta u kontrolnim i statinom tretiranim mjestima (59,1
+12,0 % i 64,3 £ 9,4 %; p = 0,31). Novostvorena kost iznosila je 31,0 + 15,5 % u kontrolnoj skupi-
nii26,2 + 11,6 % u statinskoj skupini (p = 0,45). Rezidualni materijal kostanoga nadomjestka poka-
zao je usporedive vrijednosti izmedu skupina (9,9 + 8,5 % prema 9,5 £ 9,7 %; p = 0,91). Nisu uocene
statisticki znacajne razlike. Zaklju&ci: Dodatak lokalno primijenjenoga simvastatina ksenogenom ko-
Stanom nadomjestku govedega podrijetla nije rezultirao znacajnim histomorfometrijskim razlikama
u ocuvanju alveole poslije tri mjeseca. Pri ispitivanoj dozi i nacinu primjene simvastatin nije pobolj-
$ao ranu formaciju mineraliziranog tkiva u usporedbi s primjenom samoga kostanog nadomjestka.
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