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Abstract

Aim: Torevaluatethe effect of a novel liquid carrier system of enamel matrix derivative
(Osteogainysoaked ormnabsorbable collagen sponge (ACS) upon periodontal wound
healing/regeneration ifurcationdefects in monkeys

Materialsand Methods: The stability of theconventional enamel matrix derivative

(Emdayain) and Osteogain adsorbauto ACS wasvaluated by ELISA. Bronic class
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[l furcation defects werereatedat teeth 36, 37, 46, 47 in three monkdylagaca
fascicularis). The 12 defects we@ssigned to one of the following treatmeifigopen
flap debridementOFD) + ACS, (2)OFB-Emdogain/ACS, (3)FD+Osteogain/ACS,

and (4FD alone At 16 weeks following reconstructive surgehg animals were
euthanizedor histologcal evaluation.

Results::A:20-60% signifcantly higher amount of total adrbed amelogenin was found
for ACSloaded-Osteogain when compared to Emdogain. The histomorphometric
analysis revealethatboth approaches (OFD + Emdog#@/S and OFD +
OsteogaifACS) resulted in higheamounts of connective tissue attachment and bone
formation"compared toeatment wittOFD+ACS andOFD alone. Furthermor&FD +
Osteogain/ACS group showed haymewattachmenformation cementum ahnew
bone arga.

Conclusions: Within their limits, thepresent data indicate that Osteogain possesses
favorable physicochemical properties facilitating adsorption of amelogenin SreAQ
may additionally enhance periodontal wound healing/regeneration when compared to

Emdogain.

Clinical Relevance

Scientific rationale for the study: A new liquid carrier system for EMD (Osteogain) has
recently_been developed to facilitate bone biomaterial mixing. This study eachthat
effect of*Osteogain with absorbable collagen sponges (ACS) in chronidltlass
furcation defects in monkeys.

Principal findings: Statistically significantly higher amount of total adsorbed

amelogenin was detected for Osteogain/ACS when compared to Emdogain, which
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yielded higher amounts of new connective tissue attachment and lporadidm in
furcation defects.

Practical implications: Osteogain/ACS promoted periodontal wound
healing/regeneration in claBs furcation defects, thus warranting further evaluation in

preclinical and clinical settings.

Introduction

Preclinical and clinical studidsave provided substantial evidence on the biologic
potentialef.anenamel matrix derivative (EMDOp promote periodontal wound
healing/regeneration and improve the clinical outcomastiabony, furcation and
recession typdefectsMiron et al. 2016a). Howevedue to its fluid consistency, the
use ofEMD-gel (Emdogainpppears to posselsited spacemaking potential which,
in defects with a more complicated anatomy (e.g. so called¢dmoiained type defects),
may not be.able to prevent the collaps@a mucoperiosteal flap thus limiting the
available space for regenerati@viellonig 1999, Lekovic et al. 2000, Cochran et al.
2003,Shirakataet al. 2@7). In order to overcome these potential shortcomings,
clinicians oftencombine various types of bone grafting materials with Emdogain,
especially.when treatingon-contained typdefects (Sculean et al. 2Q1The
combination"of Emdogain and different typegadfting materialhias been extensively
evaluated.in preclinicaind clinical studies(Lekovic et al. 2000, Cochran et al. 2003,
Shirakataretal. 2007, Gurinsky et al. 2004, Bokan et al. 2006, Kuru et al. Y260y,
et al.;2009. Although arecent systematic reviesgportedthat the combination of
Emdogainwith bonegrafting materiad maylead tostatistically significany higher
clinical improvementsthe analysis also revealed a high heterogeneity between the

clinical outcomes obtained with the various combination approdbtearasso et al.
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2015). One possible reason for the high clinical variability in the outcomes when using
the combination of Emdogain and grafting materials may be related to substantial
differenges in,enamel matrix proteins (EMPs) adsorption and subsequent cell
proliferation between the uted bone grafting materialsliron et al.2015. In this
respect, very recent data from a seriesaftro studies revealed that the usfeEMD
without its:;prepylene-glycoklginate (PGA) carriemarkedly improved protein
adsorption when comped to conventional EMD (e.g. Emdogain) (Miron et al. 2015).
Further @adyantages of using EMD withastPGA carrier is related to its more fluid
consisteney-and subsequent improvement of surface coating and penetratitihsof
within the"boneiomaterialscoupled with the capacity forggadual release of EMPs
over time(Miron et al.2015). These prominent findings led to the development of a
new liquid carrier system for EMD (Osteogain) specifically designed for mikimigh
different biomaterials including bone grafts and collagertrices/scaffolds/ery
recently,Miron et al(2016b)reported that preoating Osteogain onenaturalbovine
mineral NBM) significantly increased cell adhesion, proliferation and difi@ation of
osteoblastgn vitro (Miron et al. 2016b) and improved new bone formairoa rat
femurbone defect model (Zhang et al. 2016). Howevespitethes encouraging data,
it is still unclearto what extenOsteogain is effective in promoting periodontal wound
healing/regeneration iperiodontal defest

An important agect that is still controveraily discussed in the literature is the need
of usingsbone grafting materials for enhancing periodontal regeneration. Since most
findings fram histologic studies in animals and humans indicate that the healing
following the use of bone grafting materials is frequently characterized bgtpars of
graftingresidues embedded eithiea bone or encegulated in connective tissue, the

biologic rationale of using such materials needs to be questioned (lvanovic et al. 2014,
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Sculean et al. 2015). Thus, despite the fact that clinical consequences of pensiftting g
residues are still unclear, from a biological point of view, it would be desirable that a
biomaterial used as a carrier for biologics (e.g. growth factors or EMD) or to stabilize
the wound by:supporting the flag,completely resorbed and replaced by negated
periodontal tissues (e.g. cementum, periodontal ligament and Ban@)g the last
decades various types of collagens matrices have been successfully @wsedrasar
growth factors and Emdogain pointing to the potential biological advantages of this
combination toe support wound healing/regeneration (Susin et al. 2015, Stahli et al.
2016).

However, at present it is unknown whether the combination of EMD and an
absorbable collagen sponge (ACS) may represent a potential option for recwestruct
surgery/in.complex nonentaiend defects such as clggurcation defectsTherefore,
the am of the presenpreclinicalstudy was to evaluate tledectsof Osteogairwith

ACS in chronicclasslll furcationdefects imon-human primates.

Materialsand Methods

Emdogain, Osteogain and ACSs

Emdogain.and Osteogain (0.3 ml vials, concentration 30 mg/ml, Straumann AG, Basel,
Switzerland'and native typé andlll porcine absorbable collagen spon(&GS:

Collaconé&, Batiss, Berlin, Germany) weteilized in this study

Quantifieation of amelogenin adsor ption to ACSs

To determine the quantity of Emdogain/Osteogain adsorptithetsurface oACSS
ELISA quantification assay was utilized for amelogenin, the main protein foundh EM

encompassing 90-95% of the total protein content. Brieéf§/mlof
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Emdogain/Osteogain was poured ooytindrical ACS scaffolds in @ell dishesfor 10
minutesat 37C.After the coating period incubation, the samplese simply wased with
phosphate buffered saline (PB8)dthe remaining PBSolution, containing unattached
enamel matrix proteins was collected and quantified by a Quantikine Colocimetri
Sandwich ELISA(Porcine Amelogenin, X isoform (AMELX) ELISA Kit,

MyBioSaureesnc, San Diego, California, USAgcording to the manufacturer’s

protocol. Subtraction of total coated protein from the amount of unadsorbed protein was
used to/determine the amount of adsorbed material to the surfdGSafs previously
describedMiren et d. 2015). Furthermore, in order to determine the quantity of
amelogénin‘protein being released frA@S over time, coateACSswere soaked in 5

ml of PBS and samples were collected at various time points including 15 min, 1 hour, 8
hours, 1, 3 and 10 days. All samples were quantified in triplicate and 3 independent

experiments were performed.

Experimental animals

Three7-8-yearold male monkeysMacaca fascicularis), weighing 6.91-7.02 kg,
were usedThe animals exhibited intact dentition with healthy periodontilineywere
kept in individual cages at 23-Z9relative humidity of 30-70%, and a 12-hour
light/dark cycle. Approximately 108 g of solid food (HF Primate J 12G 5K9J, Purina
Mills, LLC, Gray Sunmit, MO, USA) was provided to each animal daily and water was
availableradlibitumAll procedures during the ilife phasefor about 9 monthdriom
November 6, 2014 to August 3, 2015) were approved by the ethical committee of the
AnimakResearch Centef Kagoshima University, Japan (approval no. D14026) and
were performed in accordance with standards published by the National Research

Council (Guide for the Care and Use of Laboratory Animals, NIH OACU) of the
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National Institutes of Health Policy on Hum@are and Use of Laboratory Animals.
Preparation of experimental defects

One surgeon (Y. S) performel surgical procedures under general and local
anesthesia using aseptic routirn@sfore the operation, buprenorphine hydrochloride
(Lepetan injection 0.2mg, Otsuka Pharmaceutical Co., Ltd., 0.1 mL/Kg), to ameliorate
pain, andhansantibiotic (Mycilinzol Meiji, 0.05 mL/Kg, Meiji Seika Pharma Cdl) Lo
prevent infection, were administered intramuscul&@Bneral anesthesigasachieved
with a ketamine hydrochloride (0.2ml/kigl, Supriya Lifescience Ltfmedetomidine
hydrochleride-(Domitor, 0.08ml/kiM, Orion Corporatiopcombinationrmaintaining
spontaneous breathing. Local anesthesiaperformed using lidocaine
HCl/epinephring2%, 1:80,000; Xylocaing-ujisawa Inc., Osaka, Japahfter the
operation, atipamezole hydrochloride (Antisedan, 0.08 mL/Kg, Orion Corporation) was
administered intramuscularlietoprofen (Capisten IM 50mg, 2mg/kg, 0.1mL/Kg,
Kissei Pharmaceutical Co., Ltd.), to ameliorate pain, and an antibiotic (Mycilinzol Meiji,
0.05 mL/Kg, Meiji Seika Pharma Co., Ltd), to prevent infection, were intramarsgul
administered to all animals fowo days after operation.

As a pretreatment, the 2nd premolars and #olars in the mandible weextracted
for flap management to prevent material exposure and obtain primary @dssure
previouslydescribed (Donos et al.2003, Gkranias et al. 281t2) a healingeriod of
2 monthsthemucoperiosteal flaps were raisaold classll furcation defects were
surgicallysereated at the first and the second mandibular molars withetloé lngne
chisels and slowly rotating diamond burs (12 defects in total). The dimensions of the
exposedurcation defects were mm wide and 5 mm high. In order to prevent
spontaneous healing amtluce paque accumulatiorthe defectswerefilled with

impression materiallEXAFINE PUTTY TYPE, GC Corporation, Tokyo, JapaRjd.
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1a). Subsequentlyhie flapswererepositioned and stabilized with(4silk sutures
(Mersilk™, Ethicon Ltd, Edinburgh, UK)Sutures were removed Hb days following
surgery.During 8veeks followingthe 1stsurgey, no oral hygiene measures were
performed and the animals were fed a soft diter 8 weeksthe impression material
was removed from the defects anglaque contralegimen, consisting of oral cavity
flushing-withsa chlorhexidine gluconate soluti@¥{ HIBITANE®, 25ml of a 2 %
solution, Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japas performed for a
period of 4/weeks.

Reconstructive surgery

At 16 weeksfollowingreation of the defec{ig. 1b), intrasulcular incisionsere
performed and full-thickness buccal and lingual flaeseelevated in order to expose
the furcation defects. All granulation tissfiég. 1¢) wasremoved and the exposed root
surfacewascarefully scaled and planed. Cementwasremoved using Gracey curettes
and a chisefFig. 1d). Reference notchegeremade using a #1 round bur on the root
surface athe base of the defedts histometric analysisClasslll furcation defects
receivedone of the followingreatmentsACS alone, Emdogaiwith ACS
(EmdogainACS), Osteogairwith ACS (OsteogaifACS), and open flap debridement
(OFD) as.a.surgical control.lhe experimentatonditiors were rotatetietween defect
sites in"subsequent animaisndogain/ACS an@®steogain/ACSvere not placed in the
same unilateral side in the same anirrathe ACS group, ACSvasmixed with sterile
salinebeforebeing applied to the defecbd® surfaces that receiv&andogain or
Osteagainwereconditioned witha 24%EDTA gel (PrefGef, Straumann AGBasel,
Switzerland for 2 minutes and then, along with the adjacent mucoperiosteal flaps,
thoroudnly rinsed with sterile salin€rior to the placement of Emdogah@S or

OsteogaifACS, theACS wasfully saturated with Endogain orfOsteogairand the
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constructsvereallowed to rest for 10 minuteki@. 1€). The constructeerethen filled
in the defectvith moderate pressur€i@. 1f). Maximum @are was taken during surgery
to prevent mixing of Emdogain or Osteogain to the otheiirsitee same side of the
mandible.

A periosteal releasing incisiomasmade to allow coronal displacement of the flap,
followed by.suturing Gore Tex C\t6 Suture W.L. Gore & Associates Inc., Flagstaff,
AZ, USA ) slightly coronal to the CE(Fig. 1g). After reconstructive surgerythe
animds receivel similar treatments of the antibioticscaanalgesics which were used
during preparation of experimental defeci&ituresvereremoved after 14 days of
healing ‘and“postoperative plaque control was maintained as previously described.The
4 months aftethe reconstructiveurgery(Fig. 1h) the animalsvereanesthetized bgn
intravenous njection adodium pentobarbital (64.8 mg/mL, 0.4 mL/Kg, Tokyo
Chemical Industry Co., Ltd.) and euthanized by exsanguination.
Histologicalprocessing

All the defects, including the experimental and control sitesethen dissectedith
the surrounding soft and hard tissues. The tissue bleekesfixed in 10% buffered
formalin; timmed, and rinsed IPBS The sampleweredecalcifiedin Kalkitox™™
solution (Wake Pure Chemical Industries Ltd., Osaka, JdpaB)weeks dehydrated,
and embedded in paraffin. Step serial sections of 6 um thicluszeshen prepared
along the mesidlistal plane, stained with hematoxylin/eosin or veiganmallory at
intervals'of90 pum.

Histometric analysis

All the specimensvereanalyzed histometrically under a light microscope (Eclipse
E800, Nikon Inc, Tokyo, Japarequipped with a computerized imagisgstem

(Imagepro Plus Media CyberneticSilver Spring, MD, USA). For thieistometric
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analysis, 3 sections approximately 90 um apareselected from the most central area

of each clas8#ll furcation defect, identified by the length of the root canal and the

reference notehed line connecting both notches defirge apical limit of the defect

and thefollowing parametevegere measured by the same experienced and masked

examiner(T. N.). The mean value of each histometric parametessthen calculated for

eachsite.

Area measuremen(s mnt and %)

1. Bonedefect areaBDA): area limited by the apical line and the root surface in the

furcation.region;

2. Nonfilled"area (NFA): portion of th8DA not filled with any tissue, partially filled
with‘plaque deposited on the root surface;

3. Epithelium tissue are@ETA): portion of the BDA filled with epithelium tissue;

4. Connective tissue area (CTAprtion of the BDA filled with connective tissue;

5. New bonearea (NBA): portion of tB®A filled with new bone

Area measurements, except for BDA, were calculated as the percentage of the BDA

within each defect.

Linear measuremen(sn mm and %)

1. Length.ef.the root surfaceRS): length of the root surfadeom the msial notch to
the"distal'notch

2. Tissuefree defect length (TFL): portion of thdkS with the dsence of any new
tissuesformation;

3. Junctional pithelial migration JE): total linear extensions of the root surface covered

by epithelial tissue;
4. Connective tissue adhesion (CT): total linear extensions of the rootescofzred

by connective tisue without cementum;
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5. New cementum formation (NC): total linear extensions of the root suidaed by
new cementum:
6. New attachment formatiofA): total linear extensions of the root surface covered
by NCadjacent to newly formed bone, with functionally oriented collagen fibres
Linear measurements, except for LRS, were also expressed as the percentage of the
LRS withineach defect.
Examiner calibration
Thirty six'sections from all sites were read by the examiner without calibration before
the measurementBorty eighthours later, the same examiner rea@@kections again
to evaluate“intraxaminer reproducibility. Intecalibration of the examiner was
acceptedt the 90% leveBecause of low sample sidee to the selected model chosen
the statistical analysis was restricted to descriptive statistics.

Statistical analysis

For the amelogenin ELISA quantification experiments, means and standard erjors (SE
were calculated. Statistically significant differences were examined by multgdest
between both groups. Statistical significance was defined as a p-value of Og@fecbrr
using the Bonferroni-Dunn method utilizing GraphPad Prism software (La Jolla,

California, USA.

Results

Ability to adsorb and release Emdogain and Osteogain over time

ELISA was utilized to investigate trmount of adsorbed amelogenin when Emdogain
or Osteogain were loaded onto AG3d. 2). While it was first found that both carriers

efficiently loaded amelogenin onto the collagen sponges at time pairsifiple saline
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rinse with PBS significantly removed over 20% more (frd®0% to 70%) of the total
amelogenin content from Emdogain when compared to Osteogain where the total
protein eontent remained greater than 90% of the initial concentrafimpn). At each
of the remaining time points thereafter, a&o significantly higher amount of total
adsorbed amelogenin was found for collagen sponges loaded with Osteogain when
compareditesEmdogairrig. 2). After a 108day period, nearly 60% of the initial
amelogenin protein content found in Osteogain remained present within the collagen
sponges whereas in the Emdogain samples, no remaining amelogenin could be
guantified-as-values approached (Rig(2).
Clinical"observations

All surgical treatments were well tolerated by the animals chnidal healing was
uneventfulat all 12 sites. No visible adverse reactiansluding material exposure,
infectionandsuppuration were observed throughout the experimental period.
Histologic observations
OFD group
In the OED_group, apical migration of the junctional epithelium considerablyred
(Fig. 3af 3e and 3i) with varying degrees of new attachment and nevelfmmmation
were observedn one defect, considerablew cementunfiormation and moderatew
attachmentformatioonccurred Fig. 3a). Artifacts (separations between the new
cementum.and the root surface) were consisteletigctedn all threedefects Thick
new cellulareementum with or without collagen fibers obliquely oriented to the root
surface was sean the lower portion of the defedtiQ. 4a, 4b). The collageriibers
appeared to be sparser than those observed in the Emdogain/ACS and Osteogain/ACS
groups Fig. 3e, 3i and Fig. 4b).

ACSqgroup
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The healing pattern in the ACS group was charactebydichited periodontal
regenerationKig. 3b, 3f and 3j). Junctional epithelium migrated to the most coronal
extension of new cementwwith less connective tissue adhes(ég. 4c, 4d). A small
amount©f new bone formed in the lower portion of the defagt 8b, 3f and 3j). New
cementum formation angewattachment formatiowereminimal in one defect, and
restrictedhtesthe mid portion of the rest of tdefecs. Moderate thickandthin cellular
cementum with or without collagen fibers obliquely oriented to the root susfase
observedkig. 4c, 4d ).

Emdogain/ACS group

In the"Emdogain/ACSroup, apical extension of the junctional epithelium was more
restrained than in the OFD and ACS groupgreater amount of new cementum was
observed in the EMD group than in the control A@S groups. New bone formation
was noted extending from the apical notch toward the coronal region aefeet(Fig.
3g, 3k). Thinacellularcementurrand thick cellular cementunwith collagen fibers
obliquely oriented to the root surfacesreobservedFig. 4e, 4f). Furthemore, the
collagen fibers appeared to thenser than those observed in @D andACS groups.
Many blood vessels were obserweithin the newly formed periodontal ligaméfig.
de, 4f).

Osteogain/ACS group

In general, lte healing pattern in the Osteogain/ACS group was similéeto
Emdogain/ACS group. However, migration of junctional epithelium was more
restrained in the Osteogain/ACS group than inQR®, ACS andEmdogain/ACS
groups. Furthermoreenv attachment and nelvone formatiorwereconsistentlynoted
extending from the apical notches toward the coronal region of the detdcdefects

(Fig. 3d, 3h, and 3l). Moderatéy thick newcellular and thin acellular cementumith
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dense collagen fibers obliquely or perpendicular oriented to the denuded root surface
was more consistently observig. 49, 4h). Highly vascularized new periodontal
ligament-like tissue, tightly confined to between the new cementum and new bone,
maintained its,width up to the coronal portigig. 4g, 4h).
ACS appeared to be completely resorbed after 16 weeks of healing in the ACS,
Emdogain/AES and Osteogain/ACS groupemplete defect resolution of furcation
defects'was not achieved in any of defects in all 4 treatment gitthuigre waseither
extensive root resorptiamor ankylosis, irrespective of the experimental group.
Histometricanalysis

The results of histometric analysis are summariz&ixie 1 andTable 2. The
ETA/BDA in the Emdogain/ACS (14.6x£24) and Osteogain/ACEL4.3+1.84)
groups were lower than those in DED (19.2+3.9%) and ACS(21.7+3.26) groups.
Osteogain/ACS group showed the greatest amount of newly formed bone (NBA/BDA)
among the groups examined. The length of junctional epithelium migration observed in
the Osteogain/ACSroup was shortehan those in th®FD, ACS and Emdogai®CS
groups.The Emagain/ACS and Osteogain/ACS groups showed greater cementum
formation than the ACS grouppheamount of new cementum the Osteogain/ACS
group (40:5+7.%20) was twice as great a&sthe ACS group (19.4+7.5%Yloreover, ew
attachmentormation wasnostextensive irthe Osteogain/ACS (37.4+4%&) group
when compared to theFD (19.4+6.96), ACS (14.1+9.6% and Emdogain/ACS

(25.0+1:8%)groups.

Discussion
To the best of our knowledge, this is the first report evaluatingdtential effects

on periodontal wound healing/regeneratidra new liquid carrier system for EMD

This article is protected by copyright. All rights reserved



(Osteogain)n chronic class$ll furcation defects in non-human primates. Many
investigators have become interested in the plausible reasons for the high clinical
variability for studies reporting the combination of EMD with bone grafting nadser

(Tu et alf 2010, Miron et al. 2014). Previous data has shown that the use of Emdogain,
although ideal for root surface adsorption, displayed drastically increased thiokness
coating tosthesbone grating surface which was easily dissolved following a sinfple PB
rinse. Contrarily, the use of Osteogain (EMD dissolved in acetic acid solution)tedhib

more favorable surface coating by demonstrating an increase and more complete surface
loading efperous graft materials and tighter and more stable surface coatings w
enamel'matrix proteins (Miron et &015)

In this study, we used AC& a putative carrier for EMD since ACS has been
extensively used as an appropriate carrier including high clinical applicability,
biocompatibility, and uneventful biodegradation in bone and periodontal surgeries
(McPherson:1992, Cochran et al. 2000, Yamashita et al. 2010, Kim et al. 2013). In
addition it has been reported that fast resorption of a residual material is desirable to
avoid therisk for infection and to increase the amount of regenerated tissues in
bone/periodontal defects (MacNeil et 899, Shirakata et al. 2002, 2007, Potijanyakul
et al. 2010;.-Yoshinuma et al. 2012). Histological findings demonstrated that ACS was
completelyresorbed after 16 weeks of healing in the ACS, Emdogain/ACS and
Osteogain/ACS groups. Complete resolution bfuaitation defects was not achieved in
any of thesspecimens. On one hand, the imcomplete regeneration may be explained by
thelargechronic -type, furcation defects exhibiting a Enealing potential antdy the
difficulties to ensure a plaque free haglienvironment in this animal model (Caton et
al. 1994, Donos et al. 2003). It has been extensively demonstrated that periodontal

wound healing and the outcomes following conventional and regenerative periodontal
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surgery are negatively influenced by plaque accumulation of the wounfRaxgang et

al. 1976, Nyman et al. 1977, Lindhe et al. 1995, Tonetti et al. 1996, Rossa et al. 2000,
Gkranias et ak 2012). On the other hand, it cannot be excluded that the used ACS did
not possess the optimal mechanical characteristics to ensure sufficient stability of the
wound, subsequently resulting in a collapse of the mucoperiosteal flap and mowk limite
space fonregeneratiqdusin et al. 2015). Although the expenses and demanding
maintenancenayrestrictthe broad use of non-human primates, the microbiological,
immunalogical and morphological features quéte similar tothoseof humans
(Pellegrini-et.al. 2009 urthermore, chronic periodontal defects with minimal
spontaneous reparevaluable for evaluatingaw medical formuladns or drugssa
putativeperiocontal regenerative therapy priwr clinical application in human€aton

et al. 1994, Giannobile et al. 1994). The amount of new tissue fornadiaimed in the
Emdogain/ACS and Osteogain/A@®ups was greater than those in the @GRD ACS
groupsin the-present animal modéiurthemore, the migration of the junctional
epithelium was more restrictedtime Emdogain/ACS and Osteogain/ACS groups
compared.to th©FD and ACS groupd-or the newlyformed cementummo distinct
qualitatve differencesvere observed between the Emdogain/ACS and the
Osteogain/ACS group, they were composethixied cellularacellular cementum
(Aradjo'etali1998, Donos et al. 2003, Shirakata et al. 2007, Gkranias et al. 2012).
Functionally oriented collagen fibers with many blood vessels in some partsia¢ong
denudedroot surface were observed, and they appeared to be denser than those
observed in the control and ACS groups. These findings are comparable to those of
previous studieseporting thaEMD histologically presented positive regeneration
resultsin animals and human biopsi@sammarstdm et al. 1997, Heijl et al. 1997,

Mellonig. 1999, Donos et al. 2003, Hovey et al. 2006, Shirakata et al. 2007, Gletanias
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al. 2012, Ivanovic et al. 2014, Sculean et al. 2015
Interestingly, the amount of the regenerated tissueNB&, NC and NA was the

greatest in the Ostgain/ACS group, supier to that obtained in the Emgdain/ACS
group. This may be due to thect that th&ELISA assay demonstratéiobt a 2660%
siginificantly higher amount of total adsorbed amelogenin was found for the
OsteogallACS group when compared to Emdogain/ACS. Furthermore, the ACS loaded
with Emdogairstartedto degrade in PBS by 3 days whereas thosegeited with
Osteogain showed more stable properfié®se findings suggest that
Osteogaimadsorbed ACS not oniyaintairs the sustained release of amelogenin but
alsoprovidesan environment conducive to deding periodontal regeneration.
Furthermore, theositive effects of Ostggain on periodontal regeneration may be
explainedby previous findings indicatinthat Osteogairsignificantly increased cell
adhesion, proliferation and differentiation of ostesksin vitro (Miron et al. 2016b),
and significantly upregulating the expression of genes encoding BMP2 and TGF-31,
collagen and osteocalcin ( Miron et al. 20L6¢

Withinitheirlimits, the present data indicate tl$teogain possesses favorable
physicochemical properties facilitating adsorption of amelogenin on ACS and may
additionally.enhance periodontal wound healing/regeneration when compared to
Emdaogain."None of the treatments achieved complete regeneratiaiassl)
furcationstill persistedafter treatment-urtherpreclinical and clinical studiesre thus
warranted-to‘evaluate tgologic and clinicalvalue of this novel EMD formulation on

periodontal wound healing/regeneration.
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Table 1./Histomorphometric area measurment in each gnoga@SD in mnt and %
n=3 animalsn=12 sites BDA: bonedefect are&NFA: non{illed areaETA: epithelium

tissuéare&€TA: connective tissue aré&dBA: new bone area

Animal No

1
2
3
Mean+SD
1
2
3
MeantSD %)
1 1.6 (13.0%)

2

3
MeantSD

1

2

3
MeantSD

1

2

3
Mean+SD
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Table 2. Histomorphometric linear measurment in each grougaSDin mm
and % n=3 animalsn=12 sites LRS: length of the root surface TFL: tissinee defect
length JE: junctional epithelial migration CT: connective tissue adhesion NC: new

cementym formation NA:new attachment formation

LR
S (mim) 3 16.5

MeanxSD

Figure L egends

Figure 1. Clinical appearance of the mandibular buccal aspect of Macaca fascicularis.
(a) Indugtion of chronic inflammation. After fabrication Gfasslll furcation defects,
impression materials were placed to encourage growth of oral microflora along the
exposedroot.surfaced) Prior to reconstructive surgeig) Immediately after flap
reflection."Note the excessive granulation tissue in the chronic détBdBefects were
exposed.and. debrided again at the time of reconstructive sugedgteogain/ACS
construet-before surgical implantatigf). left (second molar): ACS alone, rigffitrst
molar): placement adDsteogain/ACS(g) Flaps were coronally repositioned and sutured.

(h) 16 weeks after reconstructive surgery.

Figure 2. Invitro release profiles of Emdogain and Osteogain from ACS
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(*, pvalues <0.05 was considered significant).

Figure 3; Overviewphotomicrographsf all Classlll furcation defecten different
groups AzanMallory staining).(a), (€), and (i). OFD group Overview(scalebar: 1
mm). (b), (f), and(j). ACS group Overview(scalebar: 1 mm)(c) (g), and(k).
Emdogain/AES group OvervieWscalebar: 1 mm)(d) (h), and(l). OsteogainrACS

groupOverview (scalebar: 1 mm)Arrowhead: notcl{apical extent of root planing)

Figure 4=Representative photomicrographsGdasslll furcation defects in OFD group
(AzanMallory staining).(a) Higher magnification othe framed area (left) in Figure 3i
(scalebar: 200 pumyb) Higher magnification of the framed are#&lt) in Figure 3i.
(scalebar:20Q um), in ACS groug) Highermagnification of the framed areleft) in
Figure 3f (scalebar: 200 um)(d) Higher magnification of the framed area (rigint)
Figure 3f (sealebar: 200 um), in Emdogain/ACS gro(g) Higher magnification of the
apical framed area (left) ligure 3g(f) Higher magnification of the framed area
(right) inkigure 3g.scalebar: 200 um), and in Osteogain/ACS grd¢gpHigher
magnification of the framed area (left)kigure 3d (scalebar: 200 um)(h) Higher
magnificaton.of the framed area (righin Figure 3d(scalebar: 200 um)JE: junctional
epithelium;"NB: new bone, D: root dentin, N@&w cementumPDL: periodontal

ligament

This article is protected by copyright. All rights reserved



This article is protected by copylSBfe &R ¢fshtstifeserved




Adsorbed Amelogenin to ACS (%)

100+

80+

40-

20+

*

-&- Osteogain

-e— Emdogain

Ohr .PBSwash 15min 1hr  8hrs 24 hrs

jcpe_12663_f2.tiff

This article is protected by copyright. All rights reserved

3 days

10 days



OFD ACS Emdogain/ACS Osteogain/ACS

jcpe_12663_f3.tif

This article is protected by copyright. All rights reserved



jcpe_12663_f4.tif

This article is protected by copyright. All rights reserved



