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MEPINHWH: H oxeuldpevn pe @Appaka ooTeovEKPWON
Twv yvdbwv (OIZ0) eival yia voooloyikr) ovtdtnta mou
pTTopel va mpokAnBel anmd avt-ooteoanoppo@nUKoUg
mapdyovteg (Sipwopovikd kar devoooupdurn) f and
(dpHaka Pe avt—ayyeioyevetkr) dpdon. 2komdg g ma-
pouoag avaokdmnong eival va mapabéoel ta dedopéva
amnd ) olyxpovn diebvr BiPAoypagia doov apopd otig
Katnyopieg @apudkwy Tou PToPEl va TTPOKAAEoOUV
O, otnv nmaboguaioroyia g véoou, ota aftia ey-
(@AvIonG TG, ota emonuioAoyIkd, akTivoypa@Ikd, Kal KAI-
vikoriaBohoyikd xapaktnpIoTtikg, kabwg kai otg Hebod-
doug avupetwmong. H didyvwon BaociCetar oto 10topikd
kal ota KAIVIKG eupripata. Idiaitepn Baputnta mpéner va
didetal otn AN tou Iatpikoy 1oTopikoy yia Ty avadn-
TNON TWV KATtNyopInV @apudkwy Tou ouvdéovtal Pe
mpokAnon OIZ®d. H diatripnon uyniou emmedou oto-
HATIKAG UYIEIVAG KAl N avaykaiotnta odovatpIkiG gpov-
Tidag mpiv kar katd t Sidpkeia g Bepareiag eival mpo-
ANTTKG pétpa Tou TpéTtel va Aappdvovtal yia T peiwon
Tou oxeTikoU KivdUvou. To Beparreutikd MpwtdkoMo yia
v avtpetwmon g ONZ® eivar avdhoyo tou otadiou
NG vOoOU Kai Propel va miepIAapBdver ouvtnpnuikr ayw-
v (tomkd avuipikpoPiakd okeudopata og ouvduaouo
pe ouotnuatikr) AMyn avtPiotikav) fi Xelpoupyikr Ta-
péuPBaon and eCeidikeupévo oe TEToleG emepPdoels. H
iotoraboloyikr e€€taon dev Ba mpénel va mapaiemetal
yIa TOV aMOKAEIOPS PETAoTATKAG N dAANG vooou.

AEZEIX KAEIAIA: Ooteovékpwon Twv yvdbwv, ooTeovE-
Kowon twv yvabwv oxetildpevn pe @dpuaka

SUMMARY: Medication related osteonecrosis of the jaws
(MRONJ) is a clinical entity that may develop in patients
receiving antiresorprtive (bisphosphonates and deno-
sumab) or antiangiogenic agents. The main objective of
this article is to review the pertinent literature regarding
medications that may cause MRON], its pathophysiology,
etiologic factors, epidemiological, radiological and clini-
copathological features as well as therapeutic approaches.
It is critical for the dentist, to inform the patients at risk
for developing MRON], to be able to timely diagnose
the disease in order to contribute to its prevention and
proper management. Diagnosis is based on the patient’s
medical history and clinical findings. Medical history
should be thoroughly investigated with emphasis on
medications related to MRON)J. Maintenance of an ex-
cellent oral hygiene and intensive dental care before and
during treatment, are preventive measures aiming to re-
duce the risk of MRON]J. Treatment protocol is related
to the stage of the disease and ranges from conservative
management (topical antimicrobial agents in combination
with systemic antibiotics), to surgical interventions per-
formed by specialized surgeons. Histopathological exam-
ination of the surgically removed specimens is mandatory
in order to exclude other pathological conditions or
metastatic disease.
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EIZAIQrH

To 2002, o Opyaviopdg EAéyxou ®appdkwv kar Tpo-
ofpwv twv HIMA (FDA), éAafe T mpwteg avapopég
OOTEOVEKPWONG TwV ydbwv Tou agopoloav o aoBe-
velg e kapkivo, o omoiol AdpBavav evéoipa Sipwopovi-
k@ (Kumar kar Sinha, 2014). Ztnv 1atpikr BiBAoypagia n
OOTEOVEKPWON TwV YWdaBwv amd dipwo@ovikd Teplypd-
@nKe yia TPWn gopd amd tov Marx to 2003 (Marx,
2003). "Extote kai Adyw tou Ikavou apiBuol twv dnyo-
OlEUPEVWV TIEPITTTWOEWY, N EUPAVION TNG VOOOU CUCXE-
TioBnKe pe TN ouykekpIPévn Katnyopia @apudkwy, omwe
autd katadelkvyeTal Kar amod TG OVOUACIEG HIE TIG OTTOlEG
avagepdtav otn diebvry PiPAioypagpia (ooteovékpwon
TV YWdBwv oxetldpevn e SIPWOPOVIKA, OOTEOVEKPW-
on OXeulopevn e SIPWoPOVIKE, OOTEOVEKPWON TWV
yvdbwv opeNdpevn o dipwogovikd) (Ruggiero, 2015).
Me v mdpodo Spwg Twv TV dIamMoTwOnKe Gt eKTdG
amné 1a dipwoPoVIKA, OOTEOVEKPWON TWV YWABwv propel
va TPOKAAECOUV Kal AAEG KATnyopieg PApuAKwy Kal
ofPepa XpnaolpoTioleital TAéov 0 SPOC OOTEOVEKPWON
Twv yvabwv oxetldpevn pe pdppaxka (ONZd) (medica-
tion related osteonecrosis of the jaws) (Ruggiero kai ouv.
2014). 2e autrj Tnv opoloyia mepihapfBdvovtal n ooteo-
VEKPWON Twv yvdbwv TTou propel va mpokAnBef efite amd
QVTI-00TEOANOPPOPNTIKOUG TTAPAYOVTES (SIQuOPoVIKa
Kkal devoooupdprn) f amd edpuaka He avt — ayyeioye-
vetikr) dpdon (Ruggiero kai ouv. 2014).

O obovtiatpog, yevikdg kai eEEIBIKEUPEVOS, OPEIel va
efval ouvexwg evipepog yia v ONXd, oltwg wote pe
TIG KATAMNAEG evEpPyeIEG va oupBaMel ot TpoAnyn,
otnv éykaipn didyvwon tng véoou kai otnv diaxeipion
Tou acBevoug Tpog T owotr] Bepameutik avupetwion.
Ta anoteAéopata mpdogatng perétng oto Hvwpévo Ba-
ofhelo amekdAupav AT yWon TwV YeVIKOV 0dovTd-
Tpwv doov apopd ot autd To Béua (Tanna kar ouv.
2017). 2xomdg NG mapouvoag avackaTnong ival va ma-
pabéoel ta dedopéva amd tn olyxpovn diebvri BIBNo-
yPa®ia oxetkd e TIG KaTNyoplieg @appdKwy TTou propel
Va TIPOKAAEOOUV OOTEOVEKPWON TV YVabwy, Tnv abo-
@UOIoAOYIa, TOUC aioAOyIKOUG TTApdyovVTeG, Ta £mMon-
pioAoyikd dedopéva, Ta KAIVIKE, aKTivoypd@ikd Kal 10To-
miaBoroyikd xapaktnEIotikd, KaBwg Kai tig peBddoug av-
Tpetwmong tng ONZo.

AIATNQZH

H didyvwaon tg OIX® BaoiCetar oto 10topikd tou aobe-
voUg Kal OTd euprpata g KAVIKAG e&€taong. To mpw-
TOKOMO TG Apepikavikrg Etaipeiag 2topatikwy kai M'va-
Bompoowmikav Xeipoupywv (AAOMS) (Ruggiero ka
ouv. 2014), eival eupeiag anmodoxr|g kar eEakoroubel va
10X Uel, TAPOAO TToU €xel TTPOTABEl Mo TIPACEATO TIPW-
TOKOMO amé opdda avUIETWITIONG TG OOTEOVEKPWONG
Twv yvdbwv (ON] TaskForce) (Khan kai ouv. 2015). 20p-
ewva pe tnv AAOMS (Ruggiero kai ouv. 2014), yia

TapiwAdkng 1. kar ouv./Tamiolakis P. et al.

INTRODUCTION

In 2002, the United States’ Food and Drugs Administra-
tion (FDA) received the first reports regarding patients
with cancer, who were given intravenous bisphospho-
nates and developed osteonecrosis of the jaws (Kumar
and Sinha, 2014). In the medical literature, bisphospho-
nates related osteonecrosis of the jaws was first de-
scribed by Marx in 2003 (Marx, 2003). Ever since and
because of the great amount of published cases, it was
assumed that the disease is caused by this specific group
of medications, as shown by the variable nomenclature
that appeared in the literature (bisphosphonates related
osteonecrosis of the jaws, bisphosphonates related os-
teonecrosis, bisphosphonates induced osteonecrosis of
the jaws) (Ruggiero, 2015).

In the following years however, it became apparent that
not only bisphosphonates but, also, other categories of
medications can induce osteonecrosis of the jaws, thus
nowadays, the term medication related osteonecrosis of
the jaws (MRON]) is being used (Ruggiero et al. 2014).
This nomenclature includes cases of osteonecrosis of the
jaws caused either by antiresorprtive (bisphosphonates
and denosumab) or antiangiogenic agents (Ruggiero et
al. 2014).

Dentists, should be constantly updated about MRONJ,
in order to be able to provide prevention, timely diag-
nosis and patient’s guidance towards the right therapeutic
management. The results of a recent study in the United
Kingdom revealed lack of knowledge among general den-
tists regarding this topic (Tanna et al. 2017).

The aim of the present study is to review the pertinent
literature regarding categories of medications that may
cause osteonecrosis of the jaws, the pathophysiology of
the disease, the etiologic factors, the epidemiological
data, the clinical, radiographic and histopathologic char-
acteristics and finally its management.

DIAGNOSIS

The diagnosis of MRON] is based on the patient’s history

and the clinical features. The protocol of the American

Association of Oral and Maxillofacial Surgeon (AAOMS)

(Ruggiero et al. 2014) is widely accepted and still in use,

despite a new proposed protocol by the Task Force on

osteonecrosis of the jaws (ON] Task Force) (Khan et al.

2015). According to AAOMS (Ruggiero et al. 2014), in

order to establish the diagnosis of MRON]J, patients

should fulfill all of the following criteria:

I. Current or previous treatment with antiresorprtive or
antiangiogenic agents

2. Exposed bone (Fig. ), or bone that can be probed
through an intraoral or extraoral fistula in the maxillo-
facial region, that persists for more than 8 weeks

3. No history of radiation therapy to the jaws or obvious
metastatic bone disease

Apxeia EMnvikrg Ztopatikrig & NvaBompoowrikrig Xeipoupyikrig/
Hellenic Archives of Oral and Maxillofacial Surgery




Outeovékpworn twv yvdbwv oxeudbpevn pe pdppaxa/Medication related osteonecrosis of the jaws 13

didyvwaon OIZ®, mpénel va minpouvtar Ta mapakdtw

Kortipia:

. lotopikd mapoloag eapuakeutikig aywyng r Tmpo-
nyoUpevng APnG avti-ooTEOAmopPOPNTIKWY 1} avi—
AYVYEIOYEVETIKWY TIAPAYOVIWV.

2. K\vikd elpnua efte dueoa extebeigévou ootol (Eik.
1), i péow TG mapousiag evoootopatikoy f/kar e€w-
oToPaTIKoU CUPIYYiou, He Xpdvo epdviong g BAd-
Bng yia mepioodtepo amd oktw eBOOUESEG.

3. Arouoia iotopikoU aktivoBepareiag otn otopatoyva-
Borpoowikr TepIoXH 1| TIPONYOUHEVNG HETAOTATIKAG
gotiag otg yvdboug.

Me Bdon to 1610 TPWTOKOMO, N AU evag Aerrtopepols

IatpIkoy IotopikoU éxel Idiaitepn onpaocia yia T didyvw-

on, eve ouvrBwg dev Bewpouvtal amapaftnTeg mepdrté-

pw eEeTdoelg (ameikoviatikég 1) Iotoloyikr) (Ruggiero ka
ouv. 2014). Eival xpéoc Tou odovtdtpou, XpnalpoTol-

OVTAg KATAMNAeC epwTAoElG, va digpeuvrioel TO ITPIKS

10ToPIKG Twv acBeviv kal va minpogopnBel yia To ou-

VOAO TwV @appdkwv Tou AapBdvouy, kabwg dev eival

aolvnBeg va un ta avagépouv Bewpwvtag ot dev ago-

poUv tov odovtiatpo, f va pnv yvwpiCouv yia mo Adyo

1a Aappdvouv (Migliorati kar ouv. 2010).

> Siapopikr| didyvwaon g OIZ® mepidapBdvertal pia

miaBoloyikr] ovidtnta mou TPOCONOIAlel KAIVIKA [E TNV

OlZ0 kar xapaktnpiCetar and éxkwon e ouvodd oot

kr} amoAupatoroinon (Palla kar ouv. 2016). H eAkwtikr

autry BAAPN epeaviCetar oe aoBeveic xwpig 10TopPIKS
uTToKEIpeVWY voonudtwy | AMPng eappdkwy Tou Tpo-
diab€touy yia ooteovékpwon (Palla kar ouv. 2016). Aia-

@éper amd v OI2d wg mpog v evrdmon, yiati ava-

mriooetal ouvBwE Og CUYKEKPIPEVEG AVATOHIKEG BETEIC,

OMwg N €ow Ao&n ypaupr g yvdébou, eEootwoeig B

ootikég mpometeieg (Palla kar ouv. 2016).

OAPMAKA

|. ®dppaka pe avu-ooteoanoppo@nTiki Spdon

Ta dipwopovikd xopnyouvtal yia tn Bepareia kai mpo-
ANPN OKEAETIKWY EMTAOKWY Kal TTaBcewy ouvupaopé-
vwv e ooteokhaotikr] dpaotnpidtna (Nikitakis kar ouv.
2009, Tsetsenekou kar Kalyvas, 2010). Aiakpivovtar oe
alwtoUxa kai pn, eve avdhoya pe v 04 xoprynong
og and tou otdpatoq (per os) Kar evoo@AEBIa xopnyou-
peva (mapevtepikd). H kipia dpdon twv alwtouxwv di-
(PWOPOVIKWY €yKertal otnv avaotoAr g FPP ouvBetdong
(Farmesyl-pyrophosphatic synthetase), evdg eviUpou-khel-
810U otnv 086 g peBarovding, To omoio diadpapatiCel
poho otn PlootvBeon otepoAWV. ATTOTEETEI TV HETA-|E-
Taypaeik Amdiky petatpor twv pikpwv GTPacwy,
émwg ol Ras, Rho kai Rab, mou amoteholv eupeia opdda
ONHATOSOTIKWV-TIPWTEVWOY ONPAVIIKOV otnV emBiwon kai
otn Aertoupyia twv ooteokAaotwy. H péow twv alwtou-
XV dlpwopovikwv avactolr] tng FPP ouvBetdong odnyel
o€ OUOOWPEUOT Tou dpecou petaBoAitn IPP (Isopentenyl
diphosphate) oto Bloxnpiké povordu g pefarovdng,

Tépog 19, No I, 2018/Vol 19, No |, 2018
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Eic. I: AﬁOKGAuppévo ootolv otnV dvw TPdobia atviaki
akporogia.
Fig. 1: Exposed bone in the anterior maxillary alveolar ridge.

According to the same protocol, a detailed medical his-
tory is of high importance for diagnosis while other ex-
aminations (radiographic or histopathologic) are not
mandatory (Ruggiero et al. 2014). The clinician, should
explore in detail the patient's medical history and disclose
all prescribed medications (Migliorati et al. 2010).

The differential diagnosis of MRON]J should include a
pathologic entity that clinically mimics MRON], and is
characterized by ulceration with bone sequestration
(Palla et al. 2016). This ulcerative lesion which predis-
poses to osteonecrosis occurs in patients without under-
lying disease or drug intake. (Palla et al. 2016). It differs
from MRON] in terms of localization, as it occurs in spe-
cific sites such as the mylohyoid ridge, tori and bone ex-
ostoses (Palla et al. 2016).

MEDICATIONS

|. Antiresorptive agents

Bisphosphonates are an established treatment for the
prevention of skeletal complications and diseases with
osteoclastic activity (Nikitakis et al. 2009, Tsetsenekou
and Kalyvas, 2010). They are divided into nitrogenous
and non - nitrogenous, and according to the route of ad-
ministration into oral (per os) and intravenous. The ni-
trogenous bisphosphonates inhibit the farnesyl-py-
rophosphatic synthetase (FPP synthetase), an enzyme
which plays a key role in the mevalonate pathway and is
known for its participation in the biosynthesis of sterols.
This averts the post-translational lipid modification of
small GTPases, such as Ras, Rho and Rab, which form a
large group of signaling proteins, important for the sur-
vival and function of osteoclasts. Moreover, inhibition of
FPP synthetase by nitrogenous biphosphonates leads to
accumulation of the direct metabolite IPP (isopenteny!
diphosphate), in the biochemical pathway of mevalonate,
thus inducing osteoclasts apoptosis. The accumulation of
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TO oroio emiong umopel va MPokaAéoel anmdTmwon Twv
ooteokhaotwy. H cucowpeuon tou IPP fowg va ouppe-
Téxel Kal otnv avtidpaon oeiag pdong, piag yvwotrg ma-
PEVEPYEIAG TV eVOOPAEBING Kupiwg xopnyoUpevwy O
PWOPOVIKWY, TTOU XAPAKTNPICETal amd cUPTTwHAToAoyia
yPMHdoUg ouvdpopnG pe TUPETS. Ta pn alwtouxa oi-
QWoQoVIKd petaBoAiCovtal oe avaloya g TPIPOoPw-
pIKAG adevoaivng TTou emiong Pmopolv va emdyouy amnod-
mmwon ooteokhaotwv (Tsetsenekou kai Kalyvas, 2010).
2TV Katnyopia twv evOopAEBIwY SIPwoPoVIKWY UTIdyov-
1al 10 ohedpovikd o&U, To Tmapidpovikd oy kai To Bav-
Spovikd o&U (Ruggiero, 2015). Ta evbopAéPia dipwopo-
vIkd xopnyouvtal yia tn diaxeipion kataotdoewy Tou
oxetiCovtal pe kapkivo, Twg n uriepaoPectiaiia kai ol
OOTIKEG PETAOTACEIG CUPTIAYWY OYKWV TOU Jaotou, Tou
TPOOTATN Kail tou Tvelpova, Kabwg kal oe aobevelg pe
TToManié puéhwpa, véoo Paget i atelfj ooteoyeveoia,
OUVEIOPEPOVTIAC OUOIAoTIKG atn PeAtiwon Tou emmédou
CwAG twv aoBevav. ‘Exouv emiong xpnoiyormoinBel ot
Bepameutikr] QVUPETOMION TG OOTEOTIOPWONG OE HIKPO-
Tepeg OOOEIG KAl 08 PeYaAUTEPA XPOVIKA peoodiaotrpa-
1a Petady twv eyxtoewv (Nikitakis kar ouv. 2009). 2tnv
Katnyopia Twv per os SipwoPOVIKOV aviikouv n divatpl-
0Ux0G eudpovdtn, n varpiolxog alevopovdtn, vatpiou-
XOG pIoedpovdTn, N vatpiolxog kKhodpovdtr, To TAoU-
Spovikd divdtpio kai to Bavdpovikd o&U (Melakopoulos
kai Patrikiou, 2008, Nikitakis kar ouv. 2009). Ta per os
X0pPNYoUpeva dIPwoovikd €Xouv epappoyr ektdg and
TNV QVUHETWITION TG OOTEOTIOPWONG KAl OOTEOTTEVIAg, o€
VOOOUG TV O0TWY, AMA Kal O KATACTACEIG OXEUCOE-
veg pe kakorBeia (Nikitakis kar ouv. 2009).

H Sevoooupdpmn ouviotd avBpwIivo HOVOKAWVIKO av-
tiowpa (1gG2) pe uPnhi ouyyéveia kar eidikdTNTa MPdo-
deong oto RANKL, to orofo amotpérel tnv evepyorol-
non tou RANK (unmodoxéa tou RANKL) otnv emgdveia
Twv Pddpopwv ooteokhactwy (Mehrotra, 2015). H ma-
peumddion g aMniemidpaong RANKL/RANK' ava-
OTéMeI Tov oxnuatiopd, T Asitoupyia kar Ty empPiwon
TWV OOTEOKAQOTWY, UEIWVOVIAG HE TO UNXaVIoPd autod
TNV 00TIK amopPd@Pnon Tc0 otd cupnayr doo Kal ota
omoyywdn ootd (Mehrotra, 2015). H devoooupdprn ep-
TEPIEXETAI OTA SUO PAPHAKEUTIKG okeudopata Xgeva®
kai Prolia® (Mehrotra, 2015): To Xgeva® evbeikvutal yia
TNV TPOANYN OKEAETIKWOY CUPBAPdTwy, OE OOTIKEG HETa-
oTdoelg and oUPTayeiG Oykoug, kabwg Kar o€ un avia-
TIOKPIVOHEVN OTN XPrion SIPwoQoVIKWY Kakorjon urepa-
oBecuaipia (Mehrotra, 2015). Emmpdobeteq evdeiteig
anoteholv TIEPTIWOEIG W eYXEIPHOINOU YIYaVTOKUTIA-
pIkoU OYKOU TwV 00TWV evnAKwV 1 WEINWY OKEAETIKA
eQrBwv Kar epdoov N XelpoupyIkr TIapéppacn avape-
vetal va odnyroel oe cofapr voonpdtnta (Mehrotra,
2015). To Prolia® mpoteivetal yia tv avipetamon me
HETEPUNVOTIAUOIAKAG OOTEOTIOPWONG OE YUVAIKEG e au-
Enpévo kivbuvo kataypdtwy, Kabwg Kal og TTEPITTTOCEIG
avdpwV pe KapKivo TOU TIPOOTATN TTIPOKEIPEVOU Va Tie-

TapiwAdkng 1. kar ouv./Tamiolakis P. et al.

IPP seems to be the cause of an acute phase reaction, a
side effect mainly seen after intravenous bisphosphonates
intake and is characterized by fever and flu-like symp-
toms. The non - nitrogenous bisphosphonates are me-
tabolized in ATP analogues, which may also induce apop-
tosis of osteoclasts (Tsetsenekou and Kalyvas, 2010).
The category of intravenous bisphosphonates include
zoledronate, pamidronate and ibandronate (Rug-
giero,2015). Intravenous bisphosphonates are adminis-
tered for the management of conditions related to can-
cer, such as hypercalcemia and bone metastasis of solid
tumors of breast, prostate and lung, as well as in patients
suffering from multiple myeloma, Paget's disease or os-
teogenesis imperfecta, contributing to the improvement
of patients’ quality of life (Nikitakis et al. 2009). Lower
doses of administered drugs, and longer intervals be-
tween injections have also been applied for the treat-
ment of osteoporosis (Nikitakis et al. 2009). The cate-
gory of per os administered bisphosphonates include
etidronate, aledronate, risedronate, clodronate, tilu-
dronate and ibandronate. (Melakopoulos and Patrikiou,
2008, Nikitakis et al. 2009). Per os bisphosphonates are
mainly administered for the treatment of osteoporosis
and osteopenia, as well as for bone diseases and condi-
tions related to malignancy (Nikitakis et al. 2009).
Denosumab is a human monoclonal antibody (IgG2)
which targets and binds with high affinity to RANKL and
thus prevents the activation of RANK (receptor of
RANKL), on the surface of the precursor osteoclasts
(Mehrotra, 2015). The impeding of RANKL/RANK inter-
action inhibits the formation, function and survival of os-
teoclasts, thus reducing the bone absorption rate, both
in cortical and in cancellous bone (Mehrotra, 2015). Two
commercial products exist, Xgeva® and Prolia® (Mehro-
tra, 2015): Xgeva® is indicated for the prevention of
skeletal conditions, such as bone metastasis from solid
tumors and malignant hypercalcemia not responding to
bisphosphonate medications (Mehrotra, 2015). It can
also be used in cases of non- operable giant cell tumor
of bones in adults or in skeletally mature adolescents
when surgical excision is expected to lead to serious
morbidity (Mehrotra, 2015). Prolia® is indicated for the
treatment of osteoporosis in post-menopausal females
at high risk for fractures, as well as for the treatment of
bone loss related to hormone blockade in males suffering
from prostate cancer (Mehrotra, 2015). Both drugs are
injected subcutaneously (thigh, abdominal area or pos-
terior arm) (Mehrotra, 2015). The suggested dosage for
Xgeva® is 120 mg every 4 weeks and for Prolia® 60 mg
every 6 months (Mehrotra, 2015).

2. Other categories of medications

In recent years, the list of medications that may cause
MRON] is constantly expanding (Aghalo et Tetradis,
2014), mainly with the addition of anti-angiogenic agents

Apxeia EMnvikrg Ztopatikrig & NvaBompoowrikrig Xeipoupyikrig/
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plopIoBel N ootk amwAeId AOyw OpHOVIKOU aTOKAEI-
opou (Mehrotra, 2015). Apgdtepa ta mapandvw @dp-
paKa xopnyouvtdl o evEaIpn Hop@r| unmoddpia (Unpdg,
KoINIakr) xwpa A dvw pépog Ppaxiova). O cuvioTwHeveg
Sdoelig, eivar yia pev to Xgeva® 120 mg epdnal pia go-
pd kdBe 4 £fBouddeg, via be 1o Prolia® 60 mg spdnal
pia eopd atoug 6 prjveg (Mehrotra, 2015).

2. AMeg katnyopieg @appdkwv

Ta teleutaia xpdvia o Katdhoyog TwV QAPUAKEUTIKOV
ouolwv Tou propel va mpokaréoouv OIZ® ouvexwg Si-
eupuvetal (Aghaloo kai Tetradis, 2014) kupiwg pe v
TPooBriKkn avt-ayyeioyevetikwy mapayoviwy (Fantasia,
2015). Or avui-ayyeioyevetikoi rapdyovieg diakpivovial
og OUO KaTnyopieg, 0Ta HOVOKAWVIKA avTIoWHATa évavel
tou VEGF (MmePaciCoupdpmn (Santos-Silva kar ouv.
2013) AphPepoémn (Mawardi kar ouv. 2016)), kai
OTOUG AVAOTOAEIG TNG TUPOOIVIKAG KIvAong (Zouvitiviumn,
>opagevipmm, lyauvipmn, A&vipmn) (Viviano kai ouv.
2017, Patel kar ouv. 2017). A&iCel va onpeiwdel éu, n
mAeloynoia Twv acBevayv pe OFZP mou oxetiCovtar pe
QVTI-ayYEIOYEVETIKOUG TIAPAYOVTEG, eixav emmpdobeTo
10ToPIKS MYNG dipwogovikav A devoooupdpurng (Fan-
tasia, 2015, van Caan kai ouv. 2017). Tapdpolo 1otopikd
€xel eTMionG avagepOel KAl 08 HEUOVWUEVES TIEPITITWOEIG
eppdvions OIZ® oe aoBeveic Tmou Adppavav avactoAeic
Tou onpatodotikoy povoratiod mTOR (ERepdhipoug
(Kim kai ouv. 2013) kai Tepoipdhipoug (Smidt-Hansen
kai ouv. 2013)). MNpdogata meplypdenkav duo TEPITTI-
oeigc OIZ® mou oxetiCoviav de Mjyn popocoloupdy-
TING, n oroia amoteAel povokAwVIKS avtiowpa évavtl tng
OKANPOOTIVNG, HIAG YAUKOTTPWTEIVNG TTOU ekkpiveTal amd
TA OOTEOKUTIAPA KAl AVACTEMNEI TNV 00TEOCUVOETIKY IKa-
vétnta Twv ooteoPractwyv (Cosman kai ouv. 2016). Me-
PIKEG emmpoobeteg mepimwoeig OMZO apopoloav o
@dpuaka Siapdpwy Katnyoplwy, Onwg pebotpegdn,
TPedVICONOVN, etavepaérn kal adahipoupdumn (avt —
TNF napdyovteq) kar prtou§iudpmm (avtiowpa évava av-
Tyévou CD20) (Aghaloo kai Tetradis, 2017, Keribin kai
ouv. 2017, Heniem kai ouv. 2017). >tov Mivaka | ma-
pouoidovtal Ta eykekpipéva amd tov Ebvikd Opyavi-
o6 Oappdkwv (EOD) pdppaka mou EXouv eVOXOTTOl-
nBef yia mpdkAnon OIXo.

AITIONMAG©OTIENEIA

H apxikd mepiypaer] g OIZd xpovoloyeitar mpo Se-
KQETIag, wotdoo N artornaboyévela NG VOGOAOYIKAG au-
TG OVIOTNTAG Sev €xel SIeUKPIVIOTEl TTAPWGE Kal TIOTEVE-
Tal éu eival moAumapayovtikr (Aghaloo kar ouv. 2015).
Me Bdon ta epeuvnukd dedopéva oe elpapatdlwa, n
OUHMETOXH TNG HIKpoPIakrc hofpwEng eivar kaBopiotikr
yia v avdmuén OIZ® (Aghaloo kai ouv. 201 I, Kang
kai ouv. 2013, Aghaloo kar ouv. 2014, Soundia kai ouv.
2016). Eav mponynBei dpon evepywv eotidv QAeyHOVAG
TeplodovTIKAG fi/Kal TTOAPIKAG artiohoyiag mpiv v évap-
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(Fantasia, 2015). Anti-angiogenic agents are divided in
two categories, the monoclonal antibodies against VEGF
(Bevacizumab (Santos-Silva et al. 2013), Aflivercept
(Mawardi et al. 2016)) and the tyrosine kinase inhibitors
(Sunitinib, Sorafenib, Imatinib, Axitinib)(Viviano et al.
2017, Patel et al. 2017). It is worth mentioning that the
majority of patients with MRON] related to antiangio-
genic agents, had a history of bisphosphonates or deno-
sumab intake (Fantasia, 2015, Van Caan et al. 2017). A
similar history has also been reported in a few cases of
patients with MRON] taking inhibitors of the mTOR sig-
naling pathway (everolimus (Kim et al. 2013) and tem-
sirolimus (Smidt-Hansen et al. 2013)). Recently, two
cases of MRON] were reported in patients taking Ro-
mosozumab, which is a monoclonal antibody against scle-
rostin, a glycoprotein secreted from osteocytes which in-
hibits bone formation by osteoblasts (Cosman et al.
2016). Finally, some additional cases of MRON] were re-
lated to medications of various categories such as
methotrexate, prednisolone, etanercept and adalimumab
(anti-TNF factors), and rituximab (anti - CD20 antibody)
(Aghaloo and Tetradis, 2017, Keribin et al. 2017, Heniem
et al. 2017). All medications approved from the National
Organization for Medicines (NOM) responsible for
MRON], are tabulated in Table .

PATHOPHYSIOLOGY

More than a decade has passed since the initial descrip-
tion of the disease. Nevertheless it's pathophysiology is
yet to be determined and is thought to be of multifacto-
rial etiology (Aghaloo et al. 2015). Based on data from
experiments in animal models, the bacterial infection is
crucial for the development of MRON] (Aghaloo et al.
2011, Kang et al. 2013, Aghaloo et al. 2014, Soundia et
al. 2016). There is a decrease in the incidence of MRON]
in areas with active inflammation of periodontal or/and
pulpal origin, which are managed before the initiation of
treatment with antiresorptive agents, (Dimopoulos et al.
2009, Ripamonti et al. 2009). The selective occurrence
of MRONJ in the jaws has been initially attributed in the
high bone-remodeling rate which characterizes the jaw
bones in contrast to other bones of the body (Ristow et
al. 2014). Latest data favor the view that the predilection
of MRON] for the jaws may be attributed to high accu-
mulation of drugs in areas with active inflammation
mainly of odontogenic origin (Cheong et al. 2014). The
inhibition of bone remodeling plays a central role in the
pathophysiology of MRON]J due to the effect of bispho-
sphonates and denosumab on osteoclasts (Aghaloo et
al. 2015). Despite the different mechanism by which the
aforementioned drugs inhibit bone resorption, there is
no difference in the rate of MRON)] occurence between
bisphosphonates and denosumab (Lombard et al. 2016).
Experimental animal studies have shown that apart from
infection of odontogenic origin, the uptake of antiresorp-
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Nivakag 1: Eykexkplpéva ard Tov EOD pdppuaka mou gxouv avapepdel va oxetiCovral he Orzo.

ApaaTiki ougia

Alevdpovdatn/ANevOpovikd o&U
Z0NedPOVATN/ZoAeSPOVIKO OEU
Imavdpovdm/Imavopoviké oty
Ploedpovdtn/Ploedpovikd o&u

KAodpovdm/KAodpovikéd o&u
MNaudpovdn/Mapdpovikd oty
Etidpovdtm/Etdpovikd o&u
Aevoooupdurn
Aevoooupdurn
MreBaotloupdurn
APNBeEPOETTN

[pamviurmn

JOUVITIVipT

Jopageviurm

A&l

Macomaviurn
Bavdetaviummn
Peyopageviurn
KaBolZavtiviumn
ERepdNiog

TepolpOAIog
Prrou&udpurmn
ASAAILOUHAUTTN
Etavepogmm
MeBotpeEdtn

MpedviCoAdvn

Tumog pappdkou 034g xopriynong Epmopikr ovopaadia

AlPWOPOVIKO Per os Alendronate®, Ampine®, Fosamax®,
Binostos®, Bone-aid®, Debenal®

AlpwOPOVIKO Y Aclasta®, Zometa®, Boncan®, Bonevin®,
Zolmestat®, Nordeloz®

AlpwOPOVIKO Per os,IV Bonviva®, Bondronat®, lasibon®,
Spesostun®, Destara®

APWOPOVIKO Per os Actonel®, Bondamax®, Ostoris®, Bonmate®,
Medosteo®, Melenor®, Palibon®

AlPwOPOVIKO Per os Bonefos®

AlQWOPOVIKO % Aredia®

AlpwOPOVIKO Per os Ostopor®

lgG2 IM Xgeva®

lgG2 Per os Prolia®

Avtl-VEGFR IV Avastin®

Avtl-VEGFR Intravitreal, IV Eylea®, Zaltrap®

AvaoToA€ag TUPOOIVIKAG KIVAoNQ Per os Glivec®

AvaoToA€ag TUPOOIVIKAG KIVAoNQ Per os Sutent®

AvaoToAEag TUPOOIVIKAG KIvAoNQ Per os Nexavar®

AvaoToA€ag TUPOOIVIKAG KIVAoNQ Per os Inlyta®

AvaoToA€ag TUPOOIVIKAG KIVAONQ Per os Votrient®

AvaoToA€ag TUPOOIVIKAG KIVAoNQ Per os Caprelsa®

AvaoToAEag TUPOOIVIKAG KIVAONQ Per os Stivarga®

AvaoToA€ag TUPOOIVIKAG KIVAONQ Per os Cabometyx®

AvactoAéag mTor Per os Afinitor®, Certican®

AvactoAéag mTor IV Torisel®

Avtl-CD20 avtlowua Y Mabthera®, Truxima®

Avtl-TNF Y Humira®

Avti-TNF I\ Enbrel®, Lifmior®, Benepali®

AvOoOOTPOTIOTONTIKO Per os,IV Namaxir®, Emthexate®, Methobion®,
Metoject®, Methotrexate®

KopTikootepoeldEq Per os Prezolon®, Prednau®, Sirodrol®, Adrecort®

€n g aywyng He avii-ooTeodnoppo@nTikous TTapdyov-
TeG, €xel IapatnEnBeil peiwon g enfmwong g ONZd
(Dimopoulos kai ouv. 2009, Ripamonti kai ouv. 2009).
H emAexTikr] e@dvion 00TEOVEKPWONG OTIG YWaboug &i-
xe apxikd anodobel otov augnuévo pubud avadiaudp-
(PWONG TOU OOT(TN I0ToU OTN TTEPIOXH] AUTH CUYKEITIKA piE
Ta unéAoima ootd tou okehetol (Ristow kai cuv. 2014).
Teleutaieg dpwg andyelg unootnpifouv ATl N ekhekT-
KOTNTA TNG OOTEOVEKPWONG YId Td 00Td TwV yvdbwv
{owg va ogeiletal otnv augnuévn cucowpPEeUon TwV eap-
HAKWV OE TTEPIOXEG eVEPYOU PAEYHOVAG Kupiwg odovt-
krG aroAoyiag (Cheong kai ouv. 2014). tnv mpdkAnon
Ol>® kupiapxo pdro diadpapatiCer n avactoAr g
avadiapdpewaong Tou 0otol Twv YWabwy, wG armoTEAe-
OHa TG €MOPAcng Twv dIPpwoPOVIKWY Kal TG Sevosou-
pAaumnG otoug ooteokAdoteg (Aghaloo kar ouv. 2015).
Autd anodeikvietal amd To yeyovog T n ouxvotnta
avdmugng OIZ® dev mapouoidler Slapopéd petaku oi-
QWOPOVIKWV Kal OeVOOOUpAPTNG, TTapdtl ol SUo aUTEG
(PAPHAKEUTIKEG OUCIEC AVAOTEAMOUV TNV OCTIKH amoppd-
onon pe diapopetikd unxaviopd (Lombard kai ouv.

tive drugs, is a necessary and sufficient condition for os-
teonecrosis (Aghaloo et al. 2011, Kang et al. 2013,
Aghaloo et al. 2014, Soundia et al. 2016). However, rare
cases of jaw osteonecrosis have been reported in animals
free of antiresorptive agents (Aghaloo et al. 201 1), while
6 similar cases have been reported in humans without a
history of antiresorprtive drug intake (Aghaloo and
Tetradis 2016). It is also noteworthy that drugs which in-
hibit bone remodeling but belong to a category other
than bishposphonates or denosumab, do not cause
MRONJ (Allen, 2015).

Another factor that could be implicated in the pathogen-
esis of the disease, is the inhibition of angiogenesis caused
by bisphosphonates. However the anti-angiogenic action
of bisphosphonates in the pathogenesis of MRON]
seems not to be so important because denosumab does-
n't act in a similar way (Aghaloo et al. 2015). Toxicity of
bisphosphonates on the soft tissues has also been re-
ported. Specifically, they inhibit the proliferation and final
differentiation of keratinocytes, and they cause changes
in the morphology of desmosomes (Donetti et al. 2014).
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Table 1: NOM approved drugs that have been mentioned to cause MRONJ.

Active substance

Aledronate

Zoledronate
Ibandronate
Risedronate

Clodronate
Pamidronate
Tiludronate
Denosumab
Denosumab
Bevacizumab
Aflibercept
Imatinib
Sunitinib
Sorafenib
Axitinib
Pazopanib
Vandetanib
Regorafenib
Cabozantinib
Everolimus
Temsirolimus
Rituximab
Adalimumab
Etanercept
Methotrexate

Prednisolone

Outeovékpworn twv yvdbwv oxeudbpevn pe pdppaxa/Medication related osteonecrosis of the jaws 17

Type of drug Route of Administration
Bisphosphonate Per os
Bisphosphonate 1Y
Bisphosphonate Per os,IV
Bisphosphonate Per os
Bisphosphonate Per os
Bisphosphonate 1Y
Bisphosphonate Per os
lgG2 IM
lgG2 Per os
Anti-VEGFR Y
Anti-VEGFR Intravitreal, IV
Tyrosine Kinase Inhibitor Per os
Tyrosine Kinase Inhibitor Per os
Tyrosine Kinase Inhibitor Per os
Tyrosine Kinase Inhibitor Per os
Tyrosine Kinase Inhibitor Per os
Tyrosine Kinase Inhibitor Per os
Tyrosine Kinase Inhibitor Per os
Tyrosine Kinase Inhibitor Per os
mTor Inhibitor Per os
mTor Inhibitor IV
Anti-CD20 Y
Anti-TNF Y
Anti-TNF Y
Immunomodulator Per os,IV
Corticosteroid Per os

2016). Mehéteg €xouv Sei€el Ot oe meipapatikd enimedo,
eKTOG amd TV Tapousia gAeypovrig odovtoyevolg ai-
Tiohoyiag, Ikavr) kal avaykaia ouverjkn yia Ty mpdkAnon
OOTEOVEKPWONG amoteAoUoe n xoprynon avii—ooteod-
TIOPPOPNTIKAG aywyng ota Telpapatdlwa (Aghaloo kai
ouv. 2011, Kang kar ouv. 2013, Aghaloo kai ouv. 2014,
Soundia kat ouv. 2016). Qotéoo éxouv TEPIyPAQEl OE
Tielpapatédlwa omdvieg TTEPITIWCEIG EUPAVIONG OOTED-
VEKPWONG TwV Yabwv pn oxet{OPevNG e avi-00Te0a-
mopponukr aywyr) (Aghaloo kar ouv. 201 1), eve 6 Tre-
PITTIOOEIG OOTEOVEKPWONG ExOuV avapepBel oe avBpw-
TIoUg Tou Sev eixav 10TOPIKS AUNG Qapudkwy TETOIAq
katnyopiag (Aghaloo kar Tetradis, 2017). A§oonueiwtn
efvar emmfong n mapatrjpnon 4T avi-0oTeoanopPoPNTIKA
@dppaka, Ta omold ackoUv avacTtaAtikr] TNG OOTIKAG
avadiapdpewong dpdon aMd undyovtal oe dMn katn-
yopia ANV Twv SIpwo@oVIKWVY 1 TG SeVOCOUPAUTNG,
dev paivetral va mpokaholv 00TEOVEKPWON TwV YVabwy
(Allen, 2015).

"Bvag emmpdobetog mapdyovtag mou 8a propoloe iowg
va gpnAéketal otnv maboyéveia tng vooou eival ) HEow
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Commercial name
Alendronate®, Ampine®, Fosamax®,
Binostos®, Bone-aid®, Debenal®

Aclasta®, Zometa®, Boncan®, Bonevin®,
Zolmestat®, Nordeloz®

Bonviva®, Bondronat®, lasibon®,
Spesostun®, Destara®

Actonel®, Bondamax®, Ostoris®, Bonmate®,
Medosteo®, Melenor®, Palibon®

Bonefos®

Aredia®

Ostopor®

Xgeva®

Prolia®

Avastin®

Eylea®, Zaltrap®
Glivec®

Sutent®

Nexavar®

Inlyta®

Votrient®

Caprelsa®

Stivarga®
Cabometyx®
Afinitor®, Certican®
Torisel®

Mabthera®, Truxima®
Humira®

Enbrel®, Lifmior®, Benepali®

Namaxir®, Emthexate®, Methobion®,
Metoject®, Methotrexate®

Prezolon®, Prednau®, Sirodrol®, Adrecort®

Theoretically, this effect on the epithelium may lead to a
not clinically obvious lysis after trauma, creating a port of
entry for the bacteria which colonize and cause os-
teonecrosis (Donetti et al. 2014, Kim et al. 2016). How-
ever, this theory has yet to be proven experimentally and
probably toxicity on soft tissues has a secondary role in
the pathophysiology of osteonecrosis since a similar ac-
tion has not been reported for denosumab (Aghaloo et
al. 2015).

Another theory related to the pathogenesis refers to an
effect of the bisphosphonates on the local immune sys-
tem (Aghaloo et al. 2015). It has been shown in experi-
mental studies that bisphosphonates influence the action
of cells of the immune system either by increasing the
production of pro-inflammatory cytokines (Movila et al.
2016, Morita et al. 2017), or by affecting their lifetime
and/or efficacy (Hoefert et al. 2015). On the contrary,
reduced production of pro-inflammatory cytokines re-
sults in inhibition of osteonecrosis (Movila et al. 2016,
Morita et al. 2017). However similar results have not
been reported for denosumab thus rendering, at least at
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TV SIPWOEOVIKWY avaoToAr TG ayyeioyéveonc. Qoto-
00 O QVTIAYYEIOYEVETIKOG PONOC TWV SIPWOPOVIKOY OTNV
avdrugn ooteovékpwong dev @aivetal va ival onpav-
TKdG oty artoriaboyéveia g véoou, kabwg n devo-
ooupdprn dev diabétel mapdpoia dpdon (Aghaloo kai
ouv. 2015). To&kdtnta twv SipwoPoviKwy €xel emong
SeixBel oToug palakouc 1I0ToUG. 2UYKEKPIJEVA avagépe-
Tal avaotol Tou kuttapikoU TToAamAaciacpoy Kai TG
TENKAG S1aQopoTToinong Twv KePATIVOKUTIAPWY, KaBwe
Kal HETaBoAég otn popoloyia Twv decpoowudtwy
(Donetti kai ouv. 2014). @ewpnukd, n enidpaon auth
priopel va odnyfoel oe pia un epgavr] kKhivikd Adon g
OUVEXEIQG ToU KaAUTTTIKOU €mMBNAIOU Tou OTOPATOG, WG
enmakoroubo tpaupatopoy dnpioupywvtag TuAn e106-
dou kal eykatdotaong PIKPOOPYAVICHWY TIOU TTPOKA-
Aouv oateovékpworn (Donetti kar ouv. 2014, Kim kai ouv.
2016). H dmoyn autr| agevdg dev éxel emPBePfaindel mel-
PAPATIKA Kal APETEPOU N TOEIKATNTA OTOUG HaAakoug
10ToUg pdMov @aivetal va eival deutepelouoag onpa-
olag oty MPdKANCN ooTeovEKpwONG, KaBwg pia avti-
otoixn dpdon dev €xel avapepBei yia tn Sevoooupdyrn
(Aghaloo kai ouv. 2015).

Mia dMn Bewpla Tou éxel mpotaBel eival n emidpacn
TV dlpwoeovikwy otn tormki duuva Twv 10TV
(Aghaloo kar ouv. 2015). 2uykekpipéva oe epeuvnTkd
enimedo éxel SeixBel oe meipapatdlwa ét ta dipwopo-
VIKd emnpedlouv tn §pdon Twv KUTIApwV TOU avoaoTTol-
NUKOU CUCTHUATOG &fte au&dvovtag TNy Mapaywyr| mpo-
@Aeypovwdwy kuttapokivav (Movila kai ouv. 2016, Mori-
ta kar ouv. 2017), efte emdpwvtag oto xpdvo Cwrig f/kal
otn Spaotikdtntd Toug (Hoefert kai ouv. 2016). AvtiBe-
TQ, HEIWPEVN TIAPAYWYT TWV KUTIAPOKIVAV EXEl WG aTTo-
TéAeopa tnv avaotoN tng ooteovékpwang (Movila kai
ouv. 2016, Morita kar ouv. 2017). Avtiotoixeq PeAETEG
TIoU dopoUv otn devoooupdpurn Sev odnyouv oe avd-
Aoya euprjuata kai eival Aiydtepeg oe olykplion pe exel-
veg twv dipwogovikav (Hoefert kar ouv. 2015). Mia
unéBeon, n omoia Pploketar umé digpelvnon, MBavolo-
yel &t yia v avdrugn ooteovékpwang eubuvovtar yo-
vISIaKEG PETaMAEeIG TTou oxeTiCovtal e TO avoooTTol-
nukd ouotnua (Pushalkar kai ouv. 2014, Fung kai ouv.
2015, Sun kai ouv. 2015).

EMIAHMIOAOTIA

H OIZ® eivar yia oxetkd omdvia ovidtnta dedopévou
6T, 0 yevikdg odovtiatpog Oa khnbef va diaxeipiobef ka-
T4 TIPOOEyyIon €va VEO TIEPIOTATIKO YIa KB 62 xpdvia
enayyeApatikrg otadlodpopiac (Lee kar ouv. 2014, Uim-
ner kar ouv. 2014). Na v a&oAdynon tng enfmwong
g ONZ® 1diaftepn onuacia éxel o apiBpdg Tou umd
perétn Sefypatog (Dodson 2015). Na mapddeypa, pe-
AETEG TIOU Xpnolpomooav avimpoowteuTikd Sefypa
mou umepéBaive ta 1000 dropa Bewpolvtar Tekpunpiw-
HEVEG, wG TIPOG TNV aflomotia Twv eupnudtwy, os oly-
Kplon pe 6oeg oupmepiéhaPav apiBpd aobevav pikpo-

TapiwAdkng 1. kar ouv./Tamiolakis P. et al.

present, this theory of minor importance for the patho-
physiology of osteonecrosis (Hoefert et al. 2015). An-
other hypothesis, that is under research, speculates that
gene mutations related to the immune system may be
responsible for MRON]J development (Pushalkar et al.
2014, Fung et al. 2015, Sun et al. 2015).

EPIDEMIOLOGY

MRON] is a rare entity (Lee et al. 2014). It has been es-
timated that each dentist will encounter a new case of
MRON] every 62nd year of practice (Ulmner et al.
2014). In order to evaluate the incidence of MRON]J, it
is of great importance to take into account the number
of subjects in each study (Dodson, 2015). For example,
studies using a sample of more than 1000 patients are
well documented, conceming the validity of their results,
in contrast to studies with less than 500 patients (Dod-
son, 2015). In addition, the incidence of MRON] should
be distinguished according to the underlying disease (e.g.
cancer or osteoporosis) (Dodson, 2015). In patients with
cancer taking antiresorprtive or antiangiogenic agents, the
incidence of MRON] varies from 0% to 6,7% (0 to 7
cases per 100 patients) (Dodson, 2015). The incidence
of MRON] in patients taking intravenous antiresorprtive
agents for osteoporosis varies from 0.004% - 0.2% (0.04
to 2 cases per 1000 patients) (Dodson, 2015). On the
contrary, the incidence of MRON)] when bisphospho-
nates are given per os, is estimated at -4 cases per
100.000 patients. (Dodson, 2015, Gaudin et al. 2015).

RISK FACTORS

According to a recent systematic review (McGowan et
al. 2017), 14 medical and | | dental factors correlate with
the risk of MRONJ. Nevertheless, there is very low qual-
ity of evidence and as the authors suggest, more research
is needed to document the significance of each risk factor
(McGowan et al. 2017).

The main risk factors for MRON] development can be
divided into the following categories:

Medications

The risk for MRONJ in cancer patients taking antiresor-
prtive agents is 50fold greater compared to the control
group (patients taking placebo) (Dodson, 2015). Accord-
ingly, patients with osteoporosis taking antiresorptive
agents, have |3fold greater risk for MRON] compared
to the control group (Dodson, 2015).

The type of medication and the route of administration
seem to correlate with the risk of MRON). In a research
conducted by Goodwin et al. (2017), it was concluded
that the risk of MRON] is 6fold greater in patients taking
intravenous bisphosphonates for malignant lesions, com-
pared to patients with osteoporosis taking bisphospho-
nates through the same route of administration. Also
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tepo twv 500 (Dodson, 2015). Eivar emiong amapaftntn
n katnyopiotmoinon tng OMX® avdhoya pe to umokeiye-
vo voonua (mx. aoBevelq pe Kapkivo, 0oTeoToPWTIKO!
acBeveic) (Dodson, 2015). H ouxvdtnta epepdviong
OO0 oe aoBeveig pe kapkivo Tou Ppiokovtal umd av-
TI-00TEOANOPPOPNTIKY aywyr 1} Bepareia pe avti—ayyer-
oyevetikoUg apdyovteg, kupaivetal peta&u 0% kai 6,7%
(0 éwg 7 mepimou mepimwoeig avd 100 aobeveic) (Dod-
son, 2015). H ouxvétnta epopdviong OMX® oe ooteo-
TopwTIKOUG aoBeVelG utd avii—0oTEOAMOPPOPNTIKY £V-
SopAéPia aywyr, kupaivetal mepimou petagy 0,004% -
0,2% (0,04 éwg 2 mepimmwoeig avd 1000 acBeveig) (Dod-
son, 2015). 2 avtiBeon n ouxvdtnta epgpdviong ONZd
otnV per os aywyr| ekuudtar oe -4 mepimtwoelg avd
100.000 acBeveic (Dodson, 2015, Gaudin kar cuv. 2015).

MAPATONTEX KINAYNOY

Me Bdon mpdoeatn cuotNUATIKy avackonnon g Pi-
BAoypaoriag (McGowan kai ouv. 2017), wg mapdyovieg
KivOUvou yia v epedvion OIZO éxouv evoxoroinBel
[4 1atpikoi kar || odovuiatpikol mapdyovteg. Evroutoig,
urtdpxel TTOAS XapnAd enfmedo tekpnpiwong kar omwe
avagpépouV Kal ol CUYYPdgeic, amarteital mepaépw
€peuva yia tov kabopiopd NG onPavtikaTnTag kabevog
€& autwv (McGowan kar ouwv. 2017).

O kupidtepol mapdyovteg kivouvou yia epgdvion O,
pmopouv va ta&ivopnBouv otig eEAG KaTtnyopieg:

Ddppaka

O kivbuvog epgpdviong OMZ® oe aobeveig pe kapkivo
TIou AdpBavav avti-ooTteoanopPO@nTIKr) aywyr|, eKTiud-
tar éu efval 50 popéq PeyahUtepog CUYKPITIKA HE TNV
opdda eAéyxou (AN placebo) (Dodson, 2015). Avti-
OTOIXA, OOTEOTTOPWTIKOI aoBevel umd avti—ooteoamnop-
pooNTIKA aywyr, mapouaialav |3 @opéq peyalitepo
kivouvo epgdviong OIZ® oe olykpion pe TV oPdada
ehéyxou (Dodson, 2015).

O timog kai n 066G xoprjynong tou gappdkou Qaivetal
va ermnpeddel Tov Kivbuvo gugdviong OMZ0. e épeuva
Twv Goodwin kar cuv. (2017), Ppébnke 6 @popég peya-
ANitepog kivduvog oe aoBevelc Tou eAdpPavav evoopAE-
Bia dipwopovikd yia kakor|feia oe oUyKpIon He TOUG
00TEOTTOPWTIKOUC acBeveig mou eAdpBavav dipwapovi-
Kd péow TG i61ag odou. H evbopAéBia oe olykpion e
TNV per os aywyr] e SIpwo@ovikd eveéxel T HeyaAiTtepn
mBavétnta avdmuéng ooteovekpwong oe aoBevelG pe
ooteondpwon (Lee kar ouv. 2014). Avegdptnta amd tov
TUro tou @appdkou (Sipwogovikd fj devoooupdurn),
dev umdpxel dlagopd atn ouxvdtnta egedviong OrZO
oe aoBevelc pe kapkivo (Dodson, 2015), evw avtiBeta o
kivduvog eival peyalitepog étav AapfBdvouv omoiadn-
mote and TG SUO KATNYopieg QapUdKwy OUYKEITIKA pE
Kkdrolo avti-ayyeloyevetiko apdyovia (Lescaille kai ouv.
2014). AvtiBeta dtav ol aoBeveig AapBdvouv Tautdxpo-
vad QVTI-00TEOAMOPPOPNTIKY aywyr] 0€ ouvOUAopd [E
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among patients with osteoporosis, MRON] most proba-
bly manifest in those taking intravenous bisphosphonates
than per os (Lee et al. 2014). Regardless of the type of
medication (bisphosphonates or denosumab), there
seems to be no difference in the risk of MRON] in pa-
tients with cancer (Dodson, 2015); however the risk is
greater compared to antiangiogenic agents (Lescaille et
al. 2014). On the other hand, the combination of antire-
sorprtive treatment with antiangiogenic agents increases
the risk of MRONJ, compared to antiresorprtive medica-
tions alone (van Caan et al. 2017). It is worth mentioning
that in patients with cancer, the successive intake of dif-
ferent bisphosphonates, seems to prolong the time of
MRON] onset (Gabbert et al. 2015), whereas when bis-
phosphonate treatment is substituted by denosumab, the
time of MRON] onset is reduced (Yarom et al. 2017). In
patients with osteoporosis taking denosumab, it seems
that the risk for MRON)] manifestation is higher compared
to bisphosphonates (Dodson et al. 2015).

The duration of the medication intake, is an additional sig-
nificant risk factor. According to Fung et al. (2017), the
mean time for MRON]J manifestation is 5.3 years in pa-
tients with osteoporosis and 2.2 years in patients with ma-
lignancy. In the latter category, patients taking bisphospho-
nates or denosumab, the risk of MRON]J manifestation is
0.6% and 0.5% respectively the first year of drug intake,
0.9% and |.1% the second year, while the third year the
risk is 1.3% and 1.1% (Dodson, 2015). Accordingly in pa-
tients with osteoporosis, the risk of MRONJ manifestation
raises from 0% to 0.2% after four years of bisphosphonates
intake, while for denosumab the risk for MRON| after two
years of drug intake is approximately 0.09% and reaches
0.2% after 6 years of intake (Dodson, 2015).

Tooth extraction (surgical interventions)

Tooth extraction has been considered a risk factor for
MRON]. In a systematic review and meta-analysis, Gaudin
et al. (2015) reported that the risk of MRON] after tooth
extraction is higher in patients taking intravenous bispho-
sphonates (3.2%), compared to those taking medications
per os (0.15%). However, the main cause of MRON] is
not the extraction or any surgical intervention per se, but
the underlying inflammatory lesion, as shown in animal
studies. Extractions performed in mice under antiresorp-
tive treatment, free of periapical inflammatory lesions did
not lead to MRON], in contrast to mice with active in-
flammatory lesions (Soundia et al. 2016). Furthermore,
a recent experimental study showed that mice with pe-
riodontal inflammation under bisphosphonates experi-
enced a delay in socket healing, 4 weeks after tooth ex-
traction, and demonstrated radiographic and histological
findings consistent with MRON, in contrast to mice with-
out inflammation under bisphosphonates (Soundia et al.
2017). Furthermore, clinical observations showed that
patients with good oral hygiene develop MRON] with
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QVTI-QYYEIOVEVETIKOUG TTAPAYOVIES, €XOUV AUENUEVO Kiv-
duvo eppdviong OIZ® oe olykpion pe aoBeveic mou
AapBdvouv pdévo avt-ooteodnoppo@nuiky aywyr] (van
Cann kai ouv. 2017). A&iCel va onpeiwbel étui n diadoxikr
Myn S1a@opeTiIkV dIPwoPOVIKWV (aivetal va mapatei-
VEI TO XpOvo eppdviong ONZ® otoug kapkivorabeig
(Gabbert kar ouv. 2015), evy avtiBeta dtav yivetal ak-
Aayr] Twv SIPWOPOVIKWY 08 SEVOCOUUANTT, HEIOVETAl TO
xpoviké didotnpa gypdviong OMZd (Yarom kar ouv.
2017). Ztoug acBeveig pe ooteondpwon), n mbavédtnta
avdrmu€ng ooTeoVEKPWONG eival Heyahitepn He Tt Ajdn
Sevoooupudpmng o alykpion pe ta dipwogovikd (Dod-
son, 2015).

H xpovikn Sidpkeia AMying tng aywyrg ouviotd évav eri-
mpdabeto onpavtikd mapdyova KivOUvou. 2ZUpewva He
Toug Fung kai ouv. (2017), o péoog xpdvog avdammuéng
OlZ® exupdral ota 5,3 €t and v évapén aywyng pe
Slpwopovikd oe aoBevelc pe ooteomdpwaon kar otd 2,2
€t oe aoBevelg pe kakor|Beia. 2T TeAeutaia katnyopia
aoBevwv Tou Bpiokovtar und aywyr| Pe SIpwoPovika 1
Sevoooupdumn, o kivduvog epgdviong OMZ® umoloyi-
Cetal og 0,6% kai 0,5% avtiotoixa yia Tov mpwTo Xpdvo
Muing, 0,9% kai 1,1% yia tov deltepo, eva yia Tov Tpito
xpdvo eivar 1,3% kai |19 (Dodson, 2015). 2toug acBe-
velg pe ooteommépwar), o kivouvog eppdviong ONZ® au-
Edvetar and 0% oe 0,2% petd and téooegpa xpdvia Aj-
PYnG SIPWOPOVIKWY, VK yia T HeVOCOUPAUTN O KivOu-
vog au&dvetal and 0,09% petd and 2 xpdvia Myng oe
0,2% petd amd €& xpdvia AMung autou Tou eapudkou
(Dodson, 2015).

E€aywyr Sovuwv (xeipoupyikég emepPdosig)

H eEaywyr} dovtidv éxel BewpnBei mapdyovtag kivdivou
yia TV gpedvion OIZ®. >e cuotnpatiky avaokdrmon
kal peta—avdiuon g PiPAioypapiac and toug Gaudin
kai ouwv. (2015), mapatneri®nke augnpévn mbavdtnta ep-
@dviong OIZ® petd and eEaywyr) otoug aoBeveig e
evOoAEBia Myn dipwopovikay (3,2%) oe oxéon e
ekefvoug mou AdpPavav aywyd amé Ttou otduatog
(0,15%). Autj kaBautr| n dievépyeia TG e€aywyns i N
ortoladrote Xelpoupyikn eméppaon Sev amoteAel T ye-
veoloupyd artia avdmmugng ooteovEKpwong, ald katd
KUplo AGyo euBUvetal n UTTOKEipEevn QAeypovidnG vo-
00G, drmoyn Tou umootnpidetar and €peuveg o€ TIEIPa-
paTélwa. JUuykekpiéva dev mapatnErBnke ooteove-
Kowon petd amd eEaywyr| dovuwv Tou dievepyriBnke pe-
1d and APn avti-ooteoanopPoPnTKAG aywyig oe Tel-
PaPaTolwa Xxwpic TePIaKPOPPICIKEG  PAEYHOVWOEIG
€0tieq, oe avtiBeon pe TEPIMWOEIG TEIPAUATOlWWY HE
evepyd @Aeypovr| (Soundia kar cuv. 2016). 2 mpdopatn
EPEUVNTIKY epyaoia diamotwbnke &u oe eMmfpueg pe Te-
p10doVTIK PAeypoVH Kal AU SIWo@OVIKWY, TEOTEPIG
ePOopadeg petd v e€aywyr| dovtiwy utrpxe kaBuoté-
pnon otnv enolAwon Kabwg Kal aKtivoypd@ika Kal 10To-
Aoyikd euprjpata oupfatd pe OMZ® evey avtiotoixa

TapiwAdkng 1. kar ouv./Tamiolakis P. et al.

decreased frequency after tooth extraction, which rein-
force the significance of the underlying inflammation
(Otto et al. 2015).

Inflammation of odontogenic origin

Inflammation as the main causative factor for MRON|
manifestation can be either of periodontal or of pulpal
origin, although studies relating pulpal inflammation with
MRON] are lacking. On the other hand it has been re-
ported that patients with MRON)] compared to a control
group of patients have worse periodontal status, which
is characterized by less number of teeth, poorer clinical
level of gingival attachement, and less bone support
(Thumbigere-Math et al. 2014). It has also been found
that bacteria related to MRON], are of periodontal origin
(Hallmer et al. 2017), are organized in biofilms (Boff et
al. 2014), and there is high frequency of actinomycetes
(Panya et al. 2017).

Other factors

Patients with rheumatoid arthritis have higher risk of
MRON]J (Di Fede et al. 2016), which probably is not re-
lated to the medications administered but to the au-
toimmune disease itself, as proven by experimental
studies (de Molon et al. 2016). In addition, higher fre-
quency of MRON] has been reported in patients with
various diseases (diabetes mellitus, anemia), in patients
with genetic predisposition, under steroid therapy, and
in patients with dentures (Dodson, 2015). The relation
between dental implants and MRON] has not been clar-
ified due to the lack of well documented clinical trials
(de-Freitas et al. 201 6). However it seems that MRON]
around dental implants is related to peri-implantitis
(Troeltzsch et al. 2016), and is more common in pa-
tients taking intravenous bisphosphonates for malignancy
(de-Freitas et al. 2016).

Finally it has been reported, that level of CTX marker
(C-terminal telopeptide, marker of bone resorption and
remodeling) lower than |00pg/ml, before surgery, cor-
relates with high risk for MRON]J, whereas when it varies
between 100- 150 pg/ml the risk is moderate( Dal Prd et
al. 2017). However in a recent systematic review, it has
been concluded that the level of CTX marker does not
seem to correlate with the risk of MRON], although the
authors dispute the validity of the results due to the lack
of randomized control trials (Dal Prd et al. 2017). On the
other hand, many clinicians consider CTX marker a use-
ful tool in clinical practice, in order to detect patients at
risk for MRON] and define the treatment plan (Dal Pra
et al. 2017). Nevertheless, according to the American
Association of Oral Medicine (AAOM), when evaluating
the risk for MRON], the level of oral hygiene, the pres-
ence of inflammation in the area to be treated, the du-
ration of antiresorprtive drug uptake, the healing after
previous surgical procedures, and the response to anti-
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aroteAéopara dev mapatnErBnkav ot eMipUES XWPIG TTe-
plodoviiki @Aeypovr] Tou AdpBavav  Sipwo@ovika
(Soundia kai ouv. 2017). Téhog, KAVIKEG TIapatnproelg
HEIWUEVNG OUXVATNTAG EPPAVIONG OOTEOVEKPWONG OE
aoBeveic pe kah otopatiky vyieivi] HeTd amd eEaywyr),
€pXoVvTal va umoypappioouy tn onuacia g umokeipe-
vnG @Aeypovig (Otto kai ouv. 2015).

DAeypovr oSovTikig artioloyiag

H pAeypovr wg klpiog artiohoyikdg mapdyovag yia Ty
mipdkAnan OIZ® pmopel va eival mepiodovtikig 1 TToA-
@IkAG Mpogheuong. Ooov agopd otn deltepn Tepimw-
on, dev éxel Mpaypatomoindel oxetkr) épguva oe avtl-
Beon pe TV MepIodOVTIKY PAEYHOV, N oTTola €Xel Pehe-
NOel WG TPOG TN CUXVATNTA KAl WG TIPOG TO €00 TwV
eUTIAEKSpEVWY HIKpoPBiwy. AoBevei pe Ol mapou-
oldCouv duopevéatepn TTEPIOdOVTIKA katdotaon og oly-
Kolon pe TV opdda eAéyxou. H mepiodovtikr katdotaon
xapakmnpiCetar and pikpdtepo apiBud doviiwy, Mwxo-
TEPO KAIVIKG eMMeSO OUNIKAG TTPOGPUONG KAl HIKPOTEPN
ootk otipiEn (Thumbigere-Math kai ouv. 2014). Ta pi-
KpoPia mou éxouv Ppebel va oxetiCovtal pe v ONXd
eival mepiodovromnaboydva (Hallmer kai ouv. 2017), op-
yavwpéva oe Blolpévia (Boff kai ouv. 2014), ev emmpo-
oBeta undpxel kal augnpévn ouxvATNTA AKTIVOHUKITWV
(Panya kai ouv. 2017).

Aoimoi mapdyovteg

AoBeveic ou mdoxouv and peupatoeidr] apbpftida ep-
@avitouv auénpévo kivduvo avdrmmuéne OrZ® (Di Fede
kai ouv. 2016), yeyovdg mou dev @aivetal va oxetiCetal
HE TNV xopnyoUpevn aywyr yia tn vooo aMd pe to au-
T0dvooo voéonua, autd kabeautd (de Molon kar ouv.
2016). Augnpévn ouxvatnta epgdvions Ol éxel eri-
ong avapepBei oe €dagoc dlapdpwy voonudtwy (oak-
xapwdng diafritng, avaipia) oe dtoua pe €11k YeVeTKO
urtoPabpo, oe MY KOPTIKOOTEPOEIdWY, AMA Kal og
aoBeveic TTou PE€pouv KIVNTEG TTPOCBETIKES EpYADiEC, WG
ouvepyIkdg Totmkog mapdyoviag (Dodson, 2015). H
Ox€00n PeTagl ePQUTEUPATWY Kal KivOuvou eppdviong
OlZ0 dev exer diaoapnvioBel, Aoyw EMeIPNG KAIVIK®OV
HeAeTV Baciopévwy otn tekunpiwon (de-Freitas kar ouv.
2016). TapdAa autd avagépetarl du n ONXd mépiE ep-
QUTEUPATWY fowg va oxetiCetal pe Teplep@uTeUpatitioa
(Troeltzsch kar ouv. 2016) kai va eival ouxvdtepn oe
aoBeveic mou Aappdvouv evboeAéBia Sipwopovikd yia
uttokeipevn kakonBeia (de-Freitas kar ouv. 2016).
Téhog éxel avagepBel 6T UMdpxel CUOXETION PETAEY TG
TpAg tou deiktn CTX otov 0pd (C- tehikd tehomemidio,
Seiktng ootikAG amoppdenong Kal avadiapdpewang)
TPV TNV oTToIadAoTe Xelpoupyikr TTapéppacn kai Tou
KivoUvou epedviong Ol d. Juykekpipéva tipr HIKpoTe-
pn amd 100pg/ml oxetiCetal pe augnuévo kivduvo epgd-
viong OO, evw dtav kupaivetar and 100-150 pg/ml o
kivouvog peiwvetar (Dal Prd kar ouv. 2017). Qotdoo oe
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resorptive treatment should be taken into account
(AAOM clinical practice statement, 2017).

CLINICAL PRESENTATION —
DISEASE STAGING

MRON] occurs in patients with mean age 65.3 years (age
range: 25 — 99 years), mainly women (61.5%) (McGowan
et al. 2017). The mandible is affected in 64.69% of the
cases, the maxilla in 27.86%, while both jaws are affected
in 7.47% of the cases (McGowan et al. 2017).
According to AAOMS' protocol (Ruggiero et al. 2014),
MRON] staging is based on symptoms, clinical and radi-
ographic findings. The clinical staging of MRONJ is pre-
sented in Table 2.

While MRON]J is most common in patients taking drugs
for malignancy, proportionally more patients with osteo-
porosis taking per os medications belong to stages 2 and
3, which has yet to be explained (Hallmer et al. 2014,
Anavi-Lev et al. 201 3).

Bone exposure is not always necessary for the diagnosis
of osteonecrosis, a finding that has been proven both
experimentally (Aghaloo et al. 2014, Soundia et al.
2016), and clinically (Patel et al. 2012). According to
Schiodt et al. (2014), MRON]J should be divided into
“exposed” and “non-exposed” type based on whether
or not there is bone exposure in the oral cavity. Each
type may have three stages equivalent to those of
AAOMS protocol, with no differences in demographic
data, symptoms, clinical, radiographic and histologic find-
ings (Schiodt et al. 2014). The abovementioned sub-
classification is necessary, because a significant percent-
age of cases, which approximates 24% of all MRON]
cases, remains undiagnosed (Fedele et al. 2015). “Non-
exposed MRON]J" will eventually develop into the ex-
posed type, but the number of patients and the period
of time are unknown (Schiodt et al. 2014). A depend-
able biomarker for the diagnosis of MRON] has yet to
be validated (Vasconcelos et al. 201 3); however indica-
tive biomarkers in saliva have been reported in experi-
mental studies and remain to be documented for their
application in clinical practice (Thumbigere-Math et al.
2015, Kolokythas et al. 2015).

RADIOGRAPHIC FEATURES

The spectrum of radiographic findings (Figure 2) in
MRON] is wide and includes osteolysis or bone sclerosis,
cortical bone erosion, formation of bone sequestrum,
persistent alveolar socket after tooth extraction, pe-
riosteal neoformation, periapical radiolucencies, thicken-
ing of the lamina dura, widening of the periodontal liga-
ment and narrowing of the mandibular canal (Koth et al.
2016, Klingelhoffer et al. 2016a).These findings are not
specific for the disease as they can also be detected in
other diseases with bone exposure such as osteora-
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npdogatn cuotnuatiky avackdmmon g PiBAoypagiag
Bp£bnke T dev undpxel oUOXETION PETA&Y TG TIKAG ToU
Seiktn CTX kar tng mBavdtntag eppdviong OMZ0, av
Kal ol oUYYPAPEiG apgiofntoly Ty aglomotia Twv aro-
TEAEOPATOV AOYWw EMEIPNG TUXAIOTIOINPEVWY KAIVIKWV
peretwv (Dal Prd kar ouv. 2017). EvtoUtoig amd opiopé-
voug Bewpeftal xprjolpog Seiiktng otnv KAVIKF Tedén yia
Tov evtomopd acBevav de mbavd kivduvo yia OTZd
Kkai yia tov kabopiopd tou oxediou Bepaneiag (Dal Pra
kat ouv. 2017). Mapd talta, n Apepikavikn Etaipeia K-
vikAg 2topatoAoyiag (American Association of Oral
Medicine — AAOM) mpokeigévou va kabBopiobel o kiv-
duvog epedviong Ol ® ouotrivel va AapBdvetal undyn
n otopatikr uyeia Twv acBevay, n Umapén oty QAey-
povrG otnv umod Bepareia mepioxr, To Xpovikd didotnua
MUNG avt-00Teoanoppo@nTKAG aywyng, n emouiwon
petd amd mponyoupeveg emepPdoelg kKabwg kai n avta-
TOKPION 0T QVTI-O0TEOATOPPOPNTIKA  edpHaKka
(AAOM clinical practice statement, 2017).

KAINIKH EIKONA —
2TAAIOMNOIHXH NOzZOY

H OIZ®, pe Bdon v mpdoeatn cuoTNPATKr avaoko-
mnon g PiPhioypagiag amd toug McGowan kai ouv.
(2017), mpooPdMel aoBevelg nhikiag mepimou 65 etwv
(nAikiakd evpog: 25 — 99 €n), otnv MheioPneia yuvaikeg
(61,5%). H kdtw yvéBog mpooPdietal oe mooootd
64,69%, n dvw yvdBog oto 27,86%, evi PooPolr ka
Twv Suo yvdbwv avaépetal oto 7,47% Twv TepPIoE-
wv (McGowan kar ouv. 2017).

20ppwva pe to mpwtdkoMo g AAOMS (Ruggiero kal
ouv. 2014), n otadionoinon g OIZ® Paoietar ot
OUNTWHAToAoYia, ota KAIVIKG kal oTa aktivoypdgikd eu-
prjpata. Ta otddia g véoou mapouaidlovtar otov [
vaka 2.

Napoho mou n OIZO eivar ouxvdtepn oe acBeveig TTou
Aappdvouv aywyr yia urtokeipevn Kakor|Beia, evioutolq
éxel mapatnenBel du ol ooteommopwtikol acBevelg TTou
AapBdvouv aywyr] and to otéua eival mepioodtepol ota
otddia 2 kar 3, ebpnua to oroio dev éxel eppnveuBel
(Hallmer kar ouv. 2014, Anavi-Lev kar ouv. 201 3).

H €xBeon tou ootou oto otopatkd mepiBdhov Sev eiva
nidvta avaykaia yia T Sidyvwaon 00TEOVEKPWONG Kal EXEl
empBeBaiwbel téoo meipapatikd (Aghaloo kai cuv. 2014,
Soundia kai ouv. 2016), éo0 kar khvikd (Patel kar ouv.
2012). 24powva pe toug Schiodt kai ouv. (2014), pe pd-
on 1o KpItpIo NG ékBeong 1| pn tou ootoul, n OZd
propel va diakpIBel o€ 2 HOPPEG «eKTEBEIPEVNY KT [N
exteBeiévny ONZO, evw kdBe katnyopia pmopel va me-
pAapBdver 3 otddia mapdpola pe exeiva g otadiormoi-
nong g AAOMS. Alapopég petall tng «exteBeiévney
Kal «pn exteBeipévngy OMZDO dev éxouv diamotwBel
éoov apopd ota dnpoypa®Ikd OToIXeld Twv doBevay,
OTNn CUPTTTWHAToAOYIa, ota KAIVIKG, aKTivoypagikd Kal

TapiwAdkng 1. kar ouv./Tamiolakis P. et al.

dionecrosis, osteomyelitis, steroid-induced osteonecrosis
and bone metastasis (Chiandussi et al. 2006). Radi-
ographic findings should always be evaluated in combi-
nation with the clinical findings and the medical history
of the patient in order to establish the final diagnosis
(Klingelhoffer et al. 2016a).

Bone sclerosis, defined as loss of contrast definition be-
tween cortical bone and bone marrow space, has been
reported to be a significant early radiographic finding in
MRONJ (Koth et al. 2016). Bagan et al. (2015) found that
all patients with MRON]J, whether they had or not ex-
posed bone, presented with bone sclerosis in computer
tomography (CT) as opposed to the control group. They
also reported that the degree of bone sclerosis was re-
lated to the disease stage (Bagan et al. 2015).

Although panoramic radiograph is considered the initial
radiographic screening test, it may not disclose early
findings of MRON]J and the actual extent of the disease
(Koth et al. 2016). It is therefore suggested to perform
CT and Cone Beam CT (CBCT), which is necessary in
the pre-operative screening for treatment planning
(Kémmerer et al. 2016). Stockman et al. (2010) re-
ported that 54% of MRON] lesions are detected by
panoramic radiograph compared to 96% by CT. The
clinical margins of the disease do not always coincide
with the true margins which are identified by CT. In a
study conducted by Bedogni et al. (2014), downgrade
of the disease stage was found when the evaluation was
performed based on clinical characteristics alone,
whereas the true extent and stage of MRON] were pre-
cisely estimated using CT.

HISTOLOGIC FINDINGS

Microscopic examination should always be performed to
exclude other disease in the site of osteonecrosis (Ar-
duino et al. 2015, DeSesa et al. 2016). The histopatho-
logic characteristics of MRON]J generally consist of
necrotic bone which is characterized by the lack of os-
teocytes in the lacunas (Figure 3a), absence of osteoblas-
tic imming and osteoclastic activity, as well as thick re-
versal lines (Koerdt et al. 2014, Kim et al. 2017). The ex-
cised soft tissues are composed of granulation tissue, with
occasional bacterial colonization (Figure 3b) (Fantasia,
2009). It is important to perform microscopic examina-
tion in all resected bone segments, even if the clinical ex-
amination is suggestive of MRON], because cases of
metastatic neoplasms have been reported (Gander et al.
2014). In a retrospective study, among 357 specimens
with a working diagnosis of MRON]J, metastatic cancer
or multiple myeloma were detected in 5% of the cases
(Carlson et al. 2013).

PREVENTION

The treatment of choice for MRON] is prevention. Pre-
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Nivakag 2: >tadiornoinon g OrXd ue Bdon to mpwtékoAo g AAOMS (Ruggiero kat ouv 2014).
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Aev UTTAPXEL EUPAVES VEKPWEVO 00TOUV Og aoBevelq
TIou €xouv AdBel evOOPAERIA 1) K TOU OTOUATOG
QVTI-00TEOATIOPPOPNTIKY| T AVTI-QYYELOYEVETIKY| AYWYT).
KAwikd dev mapateeital VEKpWHUEVO (EKTEBELUEVD) 0TTOUVY,
aA\G ol aoBevelq €xouv [N eBIKA CUUTTTWUATA 1} KAVIKA
Kal OKTIVOYPAPIKA EUPTIUATA (TA OTTo{a UrmopouV.

va napatmpenBoulv kat oe aoBevelg otadiou 1, 21 3 Tou
€xouv Beparteutel Kal dev XouV KAWVIKA eKTEBEIUEVO
ootouv).

EkTeBeluévo Kal vekpwévo oatouv 1] 00ToUV TIoU
avixveUeTtal JEow ouplyyiou 0e aCUUMTWUATIKOUG
aoBevelg mou dev Exouv evde(Eelg poAuvong.

EkteBeluévo Kal VEKPWUEVO 00ToUV 1) 00TOUV

TIOU avixveUeTal UEow ouplyyiou Kal To orolo €xel
HOAUVOE(, kATt To orto{o arodelkvyeTal arnd

NV epuBPATTA Kal ToV TTOVO Kal Ty Tifavr) expon
TIUWA0UG eEOPWMUATOG.

EkTeBeluévo Kal vekpwévo oatouv 1] 00ToUV TIoU
avixveletal Jeow ouplyyiou oe aobevelq e Tidovo
Kal uOAuUvon kat TOUAdXIoToV éva amo Ta TapaKATw:
EKTEDEIUEVO KAl VEKOWUEVO OOTOUV TIOU KTEVETAL
MEpa ano TNV GATvIaKn MEPLOXT (T.X KATWTEPO OPLO
Kal KAGd0 Kkdtw yvdabou, tyuopelo, CUYWUATIKO TOEO)
Kal odnyel oe Katdyuara, eEwoTouaTikd oupiyylo,
OTOWUATOKOATTIKY T} OTOUATOPPELVIKY ETIKOLVWVIA,

1] 00TEOAUOIA TIOU eKTElVETAl EXOL TO KATWTEPO
6plo NG KdTtw yvdbou 1 To €dagog Tou Lyopelou.

Znpeia Kal cupmIT@HATA

ZypgnTtwpara

1. Odovralyia un odovroyevouq artloAoyiag.

2. AuBAUG Tvog oTIG YvABoug TTou UTtopel va aviavakAd
otV mieploxr) g KrA.

3. [évog oo tyPopELo TIou UTtopel va oxeTiCetal pe
(QAEYUOVT| Kal AETTTUVON TOU TOLXWUATOC TOU LYope(ou.

4. MetaBAnuévn veupoaloBnTikn Aettoupyia.

KAIvika euprjpara

1. XaAdpwon dovtidv Tiou dev arttoAoyeltal and xpovia
TIEPLODOVTIKT) VOOO.

2. AKPOPPIZIKO 1) IEPLODOVTIKO OUPLYYLO TToU dev OxeTiCeTal
e vékpwon oApoU and Tepnddéva, TPAUUATIONO
1 eMavopBWTIKN epyaoia.

AKTIVOYPAPIKA euppaTa

1. AnwAela 1) aroppd@naon 0otoy un oxeTI{opeva
JIE TIEPLODOVTIKT| VOOO.

2. AN\aYEG OTO TTPATUTIO SoKBWONG: AUENON TUKVATNTAG
TOU 00TOU Kal pn TTANPWon (atviou e ooto.

3. [NeploxEG 0OTEOOKAN|PUVONG TIOU EUMAEKEL TO OTIOYY®-
deg 00TOUV 1| TO IEPIBAANOV CUUTAYES OOTOUV.

4. Mdyxuvon 1} acagpoTtoinaon Tou MePLodOVTIKOU
OUVOETHOU (Ttdxuvon lamina dura, okArjpuvon Kat
HEIWUEVOQ XWPOG TIEPLODOVTIKOU OUVOETHOU).

Mrtopel va urtdpyouv TIapOUoLa AKTIVOYPAPIKA EURT|UATA

e To otddio 0.

Mropel va undpxouv apduoLa aKTVOYPAPIKA EUPT AT
e To otddio 0.

ota IotohoyIkd xapaktnpiotikd (Schiodt kar ouv. 2014).
H mapamdvw dpwg didkpion eivar anmapaftnmn, didt to
0000t ToU TTapapével adidyvwoto ASyw ENeIPNG
OOTIKAG AMokAAUYNG urtoAoyietal Tiepimou oto 24% Twv
nepimwoswv OMZO (Fedele kar ouv. 2015). H un exte-
Beipévn poper) OIZd avagépetal ot Ba eGehixOel teh-
K@ o€ €kBean 0oToU, TAPAPEVEl OPWG AOAPEG TO TTOOO-
otd twv aobevay, Kal 1o xpovikd didotnua katd to
omofo Ba oupPel (Schiodt kar cuv. 2014). Agidmotog
Biodeiktng, yia ) didyvwon g OIX® dev éxer empe-
Baiwbel (Vasconcelos kai ouv. 2013), evw éxouv avapep-
Bel o epeuvnuikd emimedo, evdeiktikofl Blodefkteg oTo
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ventive measures can be performed before the initiation
of antiresorptive or antiangiogenic agents, or after their
administration (Goodday 2015).

Check-up of dental and periodontal tissues belongs to
the responsibility of the dentist, whereas any intraoral
surgical procedure should be performed before the ini-
tiation of treatment. Instructions for the maintenance of
a high level of oral hygiene, information about the risk of
MRON] and the significance of regular follow-up, are also
included in the preventive measures before the initation
of medications (Goodday, 2015). In addition, physicians
and other health professionals (nurses, pharmacists),
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Table 2: Staging of MRONJ according to AAOMS protocol (Ruggiero et al 2014).

Stage Description Signs and symptoms
At risk There is no apparent necrotic bone in asymptomatic
patients who have been treated with IV or oral
antiresorptive or antiangiogenic therapy.
Stage 0 No clinical evidence of necrotic bone but nonspecific Symptoms
clinical findings, radiographic changes, and symptoms 1. Odontalgia not explained by an odontogenic cause.
(T?ﬁsehncinspeflfltc f|nc1lmgs, cgndpccur N pﬁatlﬁnts 2. Dull, aching bone pain in the jaw, which may
i ! [IEel) @I SElgle 1l £, @Ir & CIREtEE Wil netie radiate to the temporomandibular joint region.
healed and have no clinical evidence of exposed bone). : i ; ; s :
3. Sinus pain, which may be associated with inflammation
and thickening of the maxillary sinus wall.
4. Altered neurosensory function.
Clinical findings
1. Loosening of teeth not explained by chronic
periodontal disease.
2. Periapical or periodontal fistula that is not associated
with pulpal necrosis caused by caries, trauma,
or restorations.
Radiographic findings
1. Alveolar bone loss or resorption not attributable
to chronic periodontal disease.
2. Changes to trabecular pattern dense bone and
no new bone in extraction sockets.
3. Regions of osteosclerosis involving the alveolar
bone or surrounding basilar bone.
4. Thickening or obscuring of the periodontal ligament
(thickening of the lamina dura, sclerosis, and decreased
periodontal ligament space).
Stage 1 Exposed and necrotic bone or a fistula that probes Patients also may present with radiographic findings
to bone in patients who are asymptomatic and have mentioned for stage 0.
no evidence of infection.
Stage 2 Exposed and necrotic bone or a fistula Patients also may present with radiographic findings
that probes to bone associated with infection, mentioned for stage 0.
as evidenced by pain and erythema
in the region of exposed bone, with or without
purulent drainage.
Stage 3 Exposed and necrotic bone or a fistula that probes
to bone in patients with pain, infection, and at least
one of the following: exposed and necrotic bone
extending beyond the region of alveolar bone
(i.e., inferior border and ramus in mandible, maxillary
sinus, and zygoma in maxilla), resulting in pathologic
fracture, extraoral fistula, oral antral or oral nasal
communication, or osteolysis extending to
inferior border of the mandible or sinus floor.

olalo, ol omoiol amartoyv TekpnPIwon yid TNV epapuovr
Toug otn kKAvikr Tipdén (Thumbigere-Math kar ouv. 2015,
Kolokythas kar ouv. 2015).

AKTINOIPA®IKH EIKONA

To @dopa twv aneikoviotkwv eupnudtwv (Eik. 2) g
OlZ® eival eupy kar propel va mepIAapBavel 0oTeooKAR-
puvon i oatediuon, SidBpwon tou ootikoy TietdAou, dn-
pIoupyia ootikoU amoAUpatog, pn MAEWon Tou @atviou
HE 0oTOUV PETA and eEaywyr, TTEQIOOTIKY evamoBeon Vé-
ou 00Ty, TEPIaKPOPPICIKEG Slauydoelg, TTAxuvon NG

should inform the patients about the risk of MRONJ, and
are responsible to advise them to seek a dentist's con-
sultation (Goodday, 2015).

After the initiation of treatment, there is no contraindi-
cation for any dental procedure (Goodday, 2015). If sur-
gical operation is needed, preventive measures aim at
reducing the microbial load (Goodday, 2015). Specifi-
cally, patients are advised to use oral mouthwashes
(chlorhexidine) on a daily basis before the operation,
until complete mucosal healing is achieved. It is reported
that the use of prophylactic antibiotics decreases or
even eliminates the risk of MRON), without however a
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lamina dura, dieUpuvan Tou TeplodovTikoU CUVOESHOU A
OTévwon Tou TIGPOU Tou KAtw @atviakoU veupou (Koth
kai ouv. 2016, Klingelhoffer kai ouv. 2016a). Ta ameikovi-
oTikd autd euprjpata Sev eivar maboyvwpovikd, kabwg
pmopel va mapatnpenBolv kal g dMEG vOoOoUG TIou Xa-
pakmpiCovtar ané ékBeon ootoy, ATIwG 0oTEOHUEATIOQ,
OCTEOAKTIVOVEKPWOT), OOTEOVEKQWAN AMd KOPTIKOOTEPO-
€10 | ootikéq petaotdoeig (Chiandussi kar ouv. 2006).
[ autd to Adyo eival amapafnto va yivetar cuoxétion
TWV AKTIVOYPAPIKOV EUPNPATWY HE TA KAIVIKA XapakTn-
PIOTIKA Kal To 1aTPIKS 10TOPIKO Tou aoBevolg, Wote va
1e0¢el n tehikry Sidyvwon (Klingelhoffer kar ouv. 2016a).
Me tov épo ootk okArjpuvon Tieplypd@eTal n anwAeia
avtiBeong peta&l eAoIwdoug 0oTol Kal HUEAOXWPWY Kal
éxel avagepBOel &t ouviotd onuavikd apxikd aktivoypd-
@Iké eupnpa oty OIrZO (Koth kar ouv. 2016). 2e pehé-
TN twv Bagan kai ouv. (2015). n mapoucia ootikAG OKAR-
puvong otnv agovikr topoyparia (CT) amoteholoe
otaBepd ameikovioTiko elpnpa o GAoug Toug aoBevelg
pe OIZ®, avetdptnta amd v Unapén rj un extederpé-
voU 00ToU Ot OTATOTKE OnNUAVTIKS eMMedo CUYKPITIKA
pe TV opdda ehéyxou . EmmAéov mapatnprifnke avaho-
yIkry aignon tou Babpou ooTikrg okAfpuvonG Pe To otd-
810 TG vooou.

‘Ooov agopd otnv kataMnAdtepn aneikovioTikr pébo-
60, TTapd 1o yeyovdg &t N Tavopapikr) aktivoypagia Oe-
wpPETtal wg n mpwtn emoyr), eival duvatdv va unv aro-
kaAdgel apxikd eupripata tng ONZd Kkar TG mPaypatikeg
dlaotdoeig g BAABNG (Koth kar ouv. 2016). Katd ouvé-
mieiq, mpoteivetal nf CT kabwg kai n umoAoyIoTiKr Topo-
ypagia kwvikig &éoung (CBCT), n omola efvar amapar-
TN OTOV TIPOEYXEIPNTIKO EAEYXO TTPOKEINEVOU Va Yivel
o oxedlaopdc g avupetwmong (Kdmmerer kai ouv.
2016). 2tn ouykpitik PeAétn Twv Stockman kai ouv.
(2010), n OIZ® evroriobnke pe TV TTAVOPAWIKY AKTI-
voypagia oto 54% twv BAaBWY, eved pe v agovikr| To-
poypaepia oto 96% avtiotoixa. Ta mpaypatikd épia tng
BAGPBNG amokahUrrtovtar pe TV aEovikr) Topoypaeia kai
ouxvd Sev oupmimmowy de ta KAvIKA dpid. Autd emiPe-
Baiwoav ot peétn toug ol Bedogni kar ouv. (2014), o
oroiol TIapatrpnoav oagr urmoPdBpuion Tou otadiou g
véoou, étav n aglohdynon ritav faciopévn pévo ota kAI-
VIKA XaPAKTNPEIOTIKG, £V N aAndr|g éktaon kai To otddio
NG OINZ® exupribnrav pe akpiPeia pévo péow tng ago-
VIKAG ToHoypapiac.

IXTOMAO©OAQOTIIKH EIKONA

H iotomaBoloyikd e&€tacn Ba mpémel va mpaypatorol-
eftal oe kdBe mepimwon yia va anokAeiotel To evoexd-
pevo dMng véoou otn TepIoxr] TG 0oTeovEKpwang (Ar-
duino kai ouv. 2015, DeSesa kar ouv. 2016). Ta iotomna-
Boloyikd eupripata ouvriBwg ouviotavtar o 0oteodo-
KISEG e Xapaktrpeg VEKpwonG (OOTIKY armoAupdtoTToi-
non), OTwWG OOTIKEG KPUTTIEG KEVEG ATT® 0OTEOKUTIAPd
(Eikéva 3a), anouoia ooteoBAQOTIKAG TTAPUPHG, EVIOVES
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Ei. 2: Mavopaypikr akuvoypagia acbevoulg pe OMZO.
Fig. 2: Panoramic radiograph in a patient with MRONJ.

specific antibiotic scheme being proposed (Goodday,

2015). Some investigators suggest to cover the extrac-

tion socket with full-thickness flap in order to achieve

proper healing, whereas others dispute this view as long
as antibiotics are administered (Goodday, 2015). Several
methods that lead to a reduction of the risk of MRON]
have been proposed, and they include placement of au-
tologous platelet concentrates in the surgical wound,
laser application in the extraction socket, and recently
the use of parathyroid hormone, which provided prom-
ising results with the rapid healing of hard and soft tis-
sues (Goodday, 2015). Nonetheless, according to a re-
cent systematic review, the only preventive measures
(even though having low-level of evidence) that can ac-
tually decrease the risk of MRON] onset include: regular
dental follow-up of patients every three months, the
prescription of systematic antibiotics before the per-
formance of surgical procedures, and the application of
particular surgical techniques which lead to primary

wound closure (Beth-Tasdogan et al. 2017).

According to AAOMS protocol (Ruggiero et al. 2014),

before any surgical procedure, it is recommended to dis-

continue the medications (drug holiday), if the patient's
medical state allows it:

* In osteoporotic patients taking per os bisphosphonates
for a long time (more than 4 years), with or without
simultaneous therapy with steroids or antiangiogenic
agents, discontinuation of the medications 2 months
before the operation, and re — administration after
healing is suggested. The same applies for patients tak-
ing per os bisphosphonates for less than 4 years, but
with simultaneous therapy with steroids or antiangio-
genic agents.

* Data are scant regarding the effect of discontinuing in-
travenous bisphosphonates. However, if MRON]J de-
velops, it is possible to discontinue therapy until soft
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Eik. 3: A Nekpwpévo ootolv e KEVEG OOTIKEG KPUTTTEG (ﬂepl’ypopo BeAdv) (xpwon aipuato&uhivng kar nwoivng, apxikr peyebuvon x400) ka

B: Nexpwpévo ootolv e kevég ootikEG kpUTTTES (Tiepiypapipa Pehwv) kai amolkieg pikpoBiwy (patpo BEAoG) (xpwon alpato&uAivng kai

nwoivng, apxikr| yeyéBuvon x400).

Fig. 3: A: Necrotic bone with empty lacunas (arrow’s outline) (hematoxylin-eosin stain, original magnification x400) and B: Necrotic bone with
empty lacunas (arrow’s outline) and bacterial colonies (black arrow) (hematoxylin-eosin stain, original magnification x400).

YPAUMES QVaoTPOPriG Kal 00TEOKAAOTIKY Spaatnpidtnta
(Koerdt kar ouv. 2014, Kim kai ouv. 2017). O1 cuvaear-
peBévteg pahakol iotol amoteholval amd KokKIwdn 10To,
eva eival ouxvr| n mapouoia anmoikiov pikpoPiwy (Eik. 3p)
(Fantasia, 2009). H pikpookomiky e&étaon Awv twv
00TIKWV Tepaxiwv Tou éxouv apalpedel eivar 1iaftepa
onpavtky, akdua kai av n KAvky onpeiohoyia eivar ev-
deiktikr yia OIZ®, 81dt éxouv avapepBel TEPITTTIOOEIG
E0TIVV peTaotatikoy kapkivou ae Piomtikd uAikéd OrZo
(Gander kai ouv. 2014). Avtiotoixn avadpopikr peAétn
¢de1€e 6T og oUvoro 357 Bioyiwv pe mbavr kKAvikr did-
yvwon OO0, n mapoucia petactatikoy Kapkivou 1
€0TIOV TTOMAMAOU pUeA@Patog amokaAiebnke o To-
ooaotd 5% twv mepmmwoewy (Carlson kai ouv. 201 3).

MPOAHWH

H kaAUtepn avupetamon tng ONZ® eivar n mpdAnyn.
Métpa mpdAnYng propouv va Anedoulv efte Tpiv amnod
Vv évapén g aywyng Pe avii-ooTeoanoppo@ntikg
@dppaka rj ayyeloyevetikolg Tapdyovies, efte petd T
xoprjynor} toug (Goodday, 2015).

O €heyxog Twv 0SOVTIKWV Kal TTEPIOSOVIIKWV 10TWV Kal
N QVUPETWITION TwV 0O0VTIKOV MPOPRANPdTwy Tou aobe-
voug eivar euBuvn tou odovtidrpou, evw oTToIadnmoTe
evdOOTONATIKY] XEIPOUPYIKY eméuBaon Ba mpémel va
Tipaypdtonoleital mpiv v évapén g aywyng. O odn-
YIEC OTOPATKAG UYIENVAG OTE autr| va didtnpeital os dpi-
o0 emimedo, N evnuépwon Tou acBevoug yia Tov Kivou-
VO OOTEOVEKPWONG, KaBWG Kal N onuaoia Twv ouxvey
enaveEetdoewy mepINapfdvovtar ota mPoANTTUKA pETpa
TIoU TTPONyoUvVTal TG Pappakeutikic aywyrg (Goodday,
2015). TNapdMnAa o1 Bepdmovteg 1atpol dMwv ediKo-
TTWVY Kal Ol EUTTAEKOUEVOI QPOPEIG Uyeiag (VOONAEUTES,
(Pappaxoriolof) ogeouv va evnuePWVOUV Toug aobe-

tissue healing, depending on the disease status and only

after consultation with the oncologist.
¢ There are no data conceming possible discontinuation

of denosumab or antiangiogenic agents.
According to recent data, there seems to be no differ-
ence in the risk of MRON)] manifestation, if discontinua-
tion of bisphosphonates is applied before surgery.
(Bodem et al. 2016, Thumbigere-Math et al. 2016). Dis-
continuation of medications may possibly contribute to
improvement or/and rapid relief of symptoms (Hinson
etal. 2015). In a recent research paper, healing of lesions
compatible with MRON]J was noticed after discontinua-
tion of denosumab, but not bisphosphonates (de Molon
et al. 2015). More research needs to be conducted in
order to validate this finding (de Molon et al. 2015).

MANAGEMENT

Different treatment protocols have been used for the
treatment of MRONJ, with various outcomes (Fliefel et
al. 2015). Two recent systematic reviews concluded that
to date, the treatment of choice for MRON] has yet to
be defined due to the lack of well documented random-
ized clinical trials (Rollason et al. 2016, Beth-Tasdogan et
al. 2017). The majority of studies refer to the treatment
of MRON]J caused by bisphosphonates, whereas very
few studies deal with the treatment of osteonecrosis
caused by other medications, such as denosumab (Bagan
et al. 2016, Pichardo and Merkesteyn, 2016).

AAOMS treatment protocol (Ruggiero et al. 2014) is
usually applied for the treatment of the disease and re-
lates to the disease’s stage (Table 3). If a mobile bony
sequestrum is present it should always be removed with-
out exposing uninvolved bone (Ruggiero et al. 2014).
With respect to surgical margins, it is proposed that
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Vel yia Tov kivbuvo epgpdviong g ONXd kar va toug
oupPouledouy yia TNV avaykaidtnta tou 0dovtatpikoy
ehéyxou (Goodday, 2015).
Metd v évapn G eappakeuTiKig aywyng, ektog amod
T Siatripnon KaAjg otopatikig UYIEVAG KAl TIG CUXVEG
emaveEeTdoeig otov odovtiatpo, Sev undpxel aviévoeign
yia omoiadimote odovuatpiky Bepameia (Goodday,
2015). Edv umdp&er avdykn yia xeipoupyIkr emépBaon,
Ta MPOANTTUIKG PETPA TTou TIPEMel va AapBdvovtal katd
NV §aywyr 1) TN XEIPOUPYIKI) Tou 0otoU otoxedouv otnv
Katd ta duvatdv peyalltepn peiwon Tou pikpoPiakou
@optiou Tou atdpatog (Goodday, 2015). Zuykekpipéva
OUoTAVETal OToV aoBevr TIpIV TNV EMEPBacn n kabnpepl-
v} Xprion avtionTukwy otopatodIaAupdTwy (XAwPeEISi-
vn) Kai N OUVEXION QuTAG TG TotmKAG aywyrg HEXp! TV
€moUAwon Tou Tpaupatog. 2tn BiBAioypagia avagépetal
peiwon A kar eEaAeIPn Tou KIvEUvVou EUQAVIONG OOTEOVE-
KOWONG HE T XPron MPOQUACKTIKAG avTBIOTIKAG aywyng,
XWPIG va TIPOTEelVeTal KATTOIO CUYKEKPIPEVO AP PAKEUTIKG
oxrjua (Goodday, 2015). Opiopévor ouyypageig mpotei-
VOUV TNV KAAuyn tou @atviou Tou e&axBévtog dovtiou
e KENUVO oAikoU Tidxoug (Katd TpwTo okotd emoUiw-
on), eV dMor unootnpiCouv étl apkel pOvo n TIPOQPU-
Aakuikry avufiotikr aywyry (Goodday, 2015). Aidpopeg
péBodol peiwong g mMOavATNTAg OOTEOVEKPWANG EXOUV
TIEPIYPAE!, STTWG TOTIOBETNON OTO XeIPoupyIkd TedIo au-
TéAoYOoU TTAAOATOG AIJOTIETAN WY, N epappovr] laser oto
peteEaktikd @atvio, evd MPdoEAta n epappoyr mapd-
Bupeoeidikrg oppdvng @aivetal va emnpedlel Betikd v
TaxUTNTa emolAwonG TwV OKANPWY Kal HAAQKWV 10TWV
(Goodday, 2015). INapdia autd, pe fdon mpdogatn ou-
otnpaukry avaokdmnon g PiBANoypagiag, ta povadikd
TIPOANTTUKG PETPA TIOU PTTOPES Va PEI®oOUY Tov KivOuvo
epeaviong OIZ® (ue xapnAd enfmedo tekpnpiwong), &i-
vai n avd 3pnvo mapakohouBnon twv acBevav amd tov
odovtiatpo, n AMyn avuPiwong mpiv Ty Tmpaypatoroinon
XEIPOUPYIKWV EMEPPACEWY KAl N XPNOIPOTTONGON TEXVIKWY
®ote va eméNdel emovAwon katd mpwto okomod. (Beth-
Tasdogan kai ouv. 2017).
>0ppwva pe to mpwtdkoMo g AAOMS (Ruggiero ka
ouv. 2014), mpiv and omoiadnmote XelpoupyIKkn eMéuPa-
on mpoteiveral dIAKoTT| TNG QAPUAKEUTIKAC Aywyng
(drug holiday), epdoov n ouvoAikr katdotaon tou aoBe-
voUg TO EMITPETIEL
* > € 00TEOMOPWTIKOUG AOBEVEIG PE I0TOPIKG PAKPOXPO-
vIag Ayng amd tou otdPatog SIQwo@ovIKV (yia Tre-
ploodtepa and 4 xpdvia), He f XwPIG Tautdxpovn
aywyr] HE KOPTIKOOTEPOEIOH 1} QVTI-AYYEIOYEVETIKOUG
miapdyovteg, Tpoteivetal IaKoTT TwV XOPNYOUHEVWY
QapPdkwy 2 pAveg v TNV emépBacn kai emaveévapén
NG aywyng HETA TNV eMOUAWON OTn TTEPIOXT] TNG EMEY-
Baong. To idlo 1oxUel kal yia Toug acBeveig ou Aap-
Bdvouv amd tou otdpatog dipwopovikd yia Aydtepo
and 4 xpovia pe ouvodod Bepareia e KOPTIKOOTEPO-
€18r] 1| avT-ayyeIoyeEVETIKOUG TTAPAYOVTEG,
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necrotic bone should be removed until bleeding is no-
ticed (clinical sign of bone vitality). Any sharp bony edge
should be smoothen, and a layered tension-free primary
wound closure should be performed (Williams and
O'Ryan, 2015).

Systematic antibiotics along with oral antimicrobial rinses
before and after surgery are recommended (Bodem et
al. 2016).The ideal antibiotic scheme, the preferable
dose, the route of administration and the time spam of
antibiotic use, are empirically determined (Rollason et al.
2016, Beth-Tasdogan et al. 2017). Surgical intervention
should be performed in cases of MRON] stage 2 and 3
or in cases resistant to conservative management (oral
antimicrobial rinses and systematic antibiotics) (Bodem
et al. 2015, Klingelhoffer et al. 2016b). The likehood of
regression or healing after conservative treatment is
greater in stage | lesions compared to the other two
stages, with this difference between stages being statisti-
cally significant (Bodem et al. 2015).

Many adjuvant therapies have been used either alone or
in combination with conservative or surgical manage-
ment (hyperbaric oxygen; pentoxifylline, ozone, low level
laser, platelet-rich plasma, teriparatide, parathyroid hor-
mone and bone morphogenetic protein), but definite
conclusions regarding their effectiveness cannot be
drawn due to the lack of well-organized studies (Rollason
et al. 2016, Beth-Tasdogan et al. 2017).

PROGNOSIS

Results conceming prognosis of patients under bisphos-
phonate treatment, vary among clinical studies (Reich et
al. 2015). Patients who take intravenous bisphosphonates
have worse prognosis compared to patients under per
os administration (Shintani et al. 2015, Hayashida et al.
2017). In a recent study it was concluded that the prog-
nosis is favorable in older patients, when the lesions are
located in the maxilla, when surgery is performed and
when lesions fall in stages | and 2 compared to stage 3
(Ruggiero and Kohn, 2015).Timely intervention decreases
the rate of recurrences (Klingelhoffer et al. 2016b). It
seems that patients treated surgically have a favorable
prognosis, probably because bacteria are removed, thus
avoiding their resistance to antibiotics and the organiza-
tion in biofilms (Ruggiero and Kohn, 2015, Kim et al. 2016,
Hayashida et al. 2017, Hoefert et al. 2017).

CONCLUSIONS

* Medication related osteonecrosis of the jaws (MRONJ)
is a pathologic entity of unclear pathogenesis.

* The responsibility of the general dentist is to inform the
patients at risk for developing MRON]J, as well as prompt
diagnosis of the disease and proper management.

* Diagnosis is based on the patient’'s medical history
and clinical findings. Attention should be given during
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* Ta dedopéva oxeTkd e TG EMMWOEIG TNG SIAKOTG
TV eVOOPAEPIWG XOPNYOUPEVWV SIQWOPOVIKGV gival
averrapkr. Qaotdoo oe mepmwoelg avdrmugng OrZ o,
efvar duvarr n diakorr tng Oepameiag péxpr v emou-
AWOoN TWV HAATKWV 10TQV, EQO0OV TO EMTPETE TO VO-
onua tou acBevoug Kai oe cuvewdnaon e tov Bepd-
TIOVTA OYKOAGYO.

Aev undpxouv dedopéva doov agopd otn mbavr dia-
KOTI TNG HEVOOOUPANTING A TWV aVTI-AYYEIOYEVETIKOV
TIapayovIwv.

2Upowva e ta PiPhoypagikd dedopéva dev gaivetal
va urdpxel a€loonueiwtn diagopd otnv mbavdtnta ep-
@dviong OIZ® petd tnv mpoeyxelpnTiky SIaKoTH Twv
Sipwoovikwy (Bodem kai ouv. 2016, Thumbigere-Math
kat ouv. 2016). H diakorm| tng aywyig iowg va ouvdpd-
pel otnv PeAtinon A kal TaxUtepn umoxwpnan g oup-
mwpatoloyiag twv acBevav (Hinson kai ouv. 2015).
[MNpdopatn meipapatikr] peAétn €dei&e amodpopr| PAa-
Bov oupBatwv He 00TEOVEKPWON WETE TN SIAKOT TNG
devoooupdumng, evw Tapdpolo amotéhecpa dev diar-
otwbnke petd ) diakorm dipwopovikwy (de Molon kai
ouv. 2015). Amarteitar mepartépw €peuva yia va Tekpn-
plwBel To mapamdvw edpnua.

OEPAMEYTIKH ANTIMETQIMIZH

Aidgopa Bepameutikd TPWTOKOMA €XOUV XPNCIHOTION-
nBefl yia v avupetwmon tng O, pe moikiha amote-
Aéopata (Fliefel kar ouv. 2015). Ao mpdogpateg ouotn-
patikég avackotmoelg tng PiBAioypagiag katahjyouv
OTO OUWTTEPAcHa Gt Adyw NG EMeIPng Kahd oxedia-
OHEVWV TUXAIOTIOINKEVWV KAIVIKWOV HEAETWV TTOOG TO TId-
pov Sev eival duvatdv va mpotabei N mAéov evoedelypé-
vn Oeparneia yia v OIZ® (Rollason kar cuv. 2016,
Beth-Tasdogan kar ouv. 2017). H mieiopneia twv epya-
OlWV QVAQEPETAl GTNV QVTIHETWTIION TTEPITIVOEWY OOTE-
OVEKPWONG TTOU OPeihetal e SIPwoPovIKd, eve Aiveg e-
AETEC apopoUV OtV O0TEOVEKPWON OXeTCOUEVN pE dA-
Aa pdppaka, onwg devoooupdprn (Bagan kar ouv. 2016,
Pichardo kai Merkesteyn, 2016).

To Bepameutikd mpwtdkoMo tng AAOMS (Ruggiero
kar ouv. 2014) mou cuviBwg epappdletal yia Ty av-
petomon g OO, eivar avéhoyo tou otadiou tng
vooou (MMiv. 3). Edv Siamotwbel eukivnto ootikd ano-
Aupa, TTeértel TIAvIa va agaipeital Je amouyr| g ék-
Beong tou mapakeipevou uyioUg 0oToU OTO GTOHATIKO
niepiBaMov (Ruggiero kai ouv. 2014). Ooov agopd ota
XEIPOUPYIKA Opla, TTpoteivetal &t Mpémel va yivetal
agpaipeon Tou vekpoU 00ToU PEXPI TOU onuefou dmou
Ba mapatnpenOei aipoppayia (wg éva KAVIKG onpeio ev-
SeIktikS 00TIKrG CwTikdTNTag). Metd and Asiavon twv
oflaixpwv meploxwy Ba mpémel va yivetar cuppagn
Tou Tpalpatog e 600 o duvatdv AiyoTePeG TAOEIC
(Williams kar O’Ryan 2015).

2UoTrveTal n xoprynon oucTNUATIKAG aviiBIotikAg
aywyng oe ouvduacpd pe Totkd avupikpofiakd oto-

TapiwAdkng 1. kar ouv./Tamiolakis P. et al.

Nivakag 3: ©epameuTIkr TPOCEYYIOoN
a0Bevwv pe OMZd olupwva pe To TTPWTOKOAO
™™g AAOMS (Ruggiero kat ouv 2014).

216310 Aiayeipion aoBevoug - AVTIETWTION

AcBevrig | Evnuépwon yla v rubavotnta

oe kivduvo | OIZ® kat yia Ta onpela kal

TQ OUMIMTTWUATA TNG.

0 JUVTNPENTIKA QVTILETWOTIION ODOVTIKWY
TIPORANUATWY (TePNdOVIOEVA DOVTLA,
TIEPLODOVTIKY) VOOOG) 08 OUVOUACUO
pe avTIBLOTIKA Tr)/kal pdpuaka yia
XPOvIo TOVO (GTav autd evdelkvuvtal).
EnaveEetdoelq mpoAnTTIkeS yia
rBavr| eEENEN oe emdpevo oTddlo.

1 Xprion TOTIKWY QVTIUKPOBLAKWOV
oKkeuaopdtwy (YAwpeeEdivn 0,12%).
Mpayuatomolelral TAKTIKY
enaveEETaon (KABe TPEIG UAVEQ).

2 Xprion TOTUKWY QVTIUKOOBLAKWOV
OKEUAOUATWY O CUVOUACUO HE
OUOTNUATIKY AP avTIRLOTIKWY
(TTeVIKIANVN, KIvOAGVEG, ueTpovida-
CONN, KAVOAUUKIVN, DOEUKUKAIVN

1] EPUBPOMUKIVN) KAl AVAAYMTIKDOV.
Mpotelvetal n Afyn uAikou amno
BAARN (kaANEpYELa-avTIRBIOYPAUUA).
2 & TePIMTWwaon avekTIKATNTAG

TV UIKPOR{wv ota avtipLoTiKd,
OUOTIAVETAL XEIOOUPYIKY) TIapéuRaon.
8 Xprion TOTUKWY QVTIUIKPOBIAKWOV
TPOIOVIWY 0€ OUVOUACHO

[E OUOTNUATIKY) AN avTiBLOTIKWOV
Kal QVOAYNTIKAOV. XEIDOUPYIKN
TIaPEUBaON ToU Urtopel va Kupaivetat
anod anAr) and&eon peEXOL

KQl EKTOWN TUNUATOC TNG yvAbou.

history taking, and patients should always be ques-
tioned if they take medications associated with
MRON].

* Dental examination, maintenance of a high level of oral
hygiene, and dental care before and during treatment,
are essential preventive measures in order to decrease
the risk of MRONJ in patients under antiresorptive or
antiangiogenic agents.

* The treatment protocol for the management of
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patonAUpata, téoo Tpiv 600 KAl PETd TNV emépfaocn
(Bodem kai ouv. 2015). 2t mAeioyngia twv peetwv
oaivetar va kabopiCovtal epmeipikd t1éoo to Beparreu-
TKS oxAua Twv avtPioTikay, 6o Kai n &éon, n 06dg
XOPAYNONG Kal To xpovikd didotnua tng aywyrs (Rol-
lason kai ouv. 2016, Beth-Tasdogan kai ouv. 2017). H
XeIPOUPYIKY TTapépPaon Ba mpémel va mpaypatorolei-
tal og nepimwoelg OMX® otadiou 2 kai 3 1} o€ TepI-
TIWOEIG Jn aviandkpiong otn ouvinentiky Bepareia
(tomkd avupikpoPiakd otopdtomAUPaTa Kal cuoTna-
Tk avuBiotikr) aywyr]) (Bodem kar ouv. 2015, Klingel-
hoffer kar ouv. 2016b). Metd v epappoyr] ouvtnpen-
TKAG aywyng, n mbavdtnta urmoxwpenong 1| Kar faong
eival peyahtepn yia PAdPec OIZ O oradiou | oe aly-
Kplon pe exelveq Twv dMwv SUo otadiwy, pe tn diago-
pd petall twv otadiwv va eival otatiotkd onpaviki
(Bodem «ar ouv. 2015).

[MAnBwpa cupmAnpwpatikQV Bepameutikav apepBdoe-
wv €xouv xpnolgomoinBel oe cuvduaoud f un Pe T
OUVINPENTIKA 1| KAl TN XEIPOUPYIKY aVTIUETWTon (utep-
Bapikd o&uydvo, TevtoEupuAivn, 6oV, xapnhig évta-
ong laser, m\dopa mhodoio og aiporietdig, Tepimapation,
apabupoeldrg opudvn Kal HOPPOVEVETIKH TTPWTEVN
o0otoU), XwPIG ao@ah] CUPMERAONATA Yia TNV ATOTEAE-
OPaTKOTNTA TOUG AGYW TOU TTEPIOPICHEVOU apIBpoU Twv
kahd oxediaopévwv pedetwv (Rollason kar ouv. 2016,
Beth-Tasdogan kar ouv. 2017).

MPOINQ>H

Ta amotehéopata mou agopolv otn mpdyvwon acBe-
vV Tou Aappdvouv Sipwogovikd Tolkiouv peta&y
TV KAVIKQOV pehetov (Reich kai ouv. 2015). Avagépe-
Tal &t n MEoyvwon eivar xelpdtepn yia 6ooug AaufBd-
vouv evOo@AEBIa aywyr] og olyKkplon He v aywyr amd
Tou otépatog (Shintani kai ouv. 2015, Hayashida kar
ouv. 2017). MNpdopatn perétn €deife ST kaAltepn
TPOyvwon mapoucialav acBevelg peyaAltepng nAikiag,
BAGPeg Tou evromiCoviav otnv dvw yvdbo, MepImwoeig
TIOU efxav avTIUETWTTIOBEN XEIPOUPYIKA Kal TEAOG Ta OTd-
81a tng vooou | kar 2 ouykpitikd e to otddio 3 (Rug-
giero kal Kohn, 2015). H mBavdtnta umotpomig pel-
ovetal pe v éykaipn mapépfBaon (Klingelhoffer kai
ouv. 2016b). H xeipoupyikr| avtipetamon eaivetar va
oxetiCetal pe kahitepn mpdyvwon mhavév Adyw g
HNXaVvIKAG amopdkpuvong Twv pIkpoBiny, Ta omoia ye
N Hoper opyavwpévwy Prolpeviwv kabiotavtar avBe-
Ktikd otnv avuPiotiky Beparneia (Ruggiero kar Kohn,
2015, Kim kar ouv. 2016, Hayashida kai ouv. 2017, Hoe-
fert kar ouv. 2017).

2YMIMEPAXMATA

* H oxetudopevn pe edppaka (OIZd) ooteovékpwon
Twv yvdBwv eivar pia voooloyikr ovrdtnta n maboyé-
VEIQ TNG oTTolag xpriel TTepartépw €0euVag,.
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Table 3: Treatment strategies for patients
with MRONJ according to AAOMS protocol
(Ruggiero et 2014).

Stage Patient management - Treatment

At risk Information about the risk of
developing MRONJ, as well as for the

signs and symptoms of the disease.

0 Conservative management

of odontogenic lesions (caries and
periodontal disease) in combination
with antibiotics or/and medication for
chronic pain (when indicated).

Close monitoring for potential
progression to a higher stage.

1 Oral antimicrobial rinses
(chlorhexidine 0.12%).
Regular follow-ups
(every three months)

2 Oral antimicrobial rinses

in combination with systematic
antibiotics (penicillin, quinolones,
metronidazole, clindamycin,
doxycycline, and erythromycin)
and analgesics. Microbial cultures
also should be analyzed, and

the antibiotic regimen should

be adjusted accordingly.

In cases of resistance to antibiotics,
operative therapy is suggested.

3 Oral antimicrobial rinses

in combination with systematic
antibiotics and analgesics.
Surgical interference varying from
debridement to resection of part
of the jaw.

MRON] is related to the stage of the disease, and may
include conservative approach with topically-applied
antimicrobial agents, in combination with systematic
antibiotics or surgical intervention.

* Surgical intervention is usually performed for lesions of
Stage 2 and 3.

* Histological examination of surgical samples should be
performed in order to rule out the possibility of
metastatic disease or other pathology.
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* EuBuvn Tou yevikou odovtiatpou eival n evnpépwon
Twv aoBevav Tou Ppiokovtal oe mMBavd kivouvo ep-
@dviong OIZ®, n éykaipn didyvwon g maboloyikrg
katdotaong kai n owotr diaxeipion Tou aoBevoug.

* H didyvwon BaciCetal oto 1otopikd Tou aoBevoug Kai
ota eupApata g KAvIKAG e&€taong. 18iaitepn Papu-
TNTa mpénel va didetar otn AN Tou IatpikoU 10TopI-
KoU yIa TV avadrtnon Twv KatnyopIwV @apUdKwy TTou
OUVOEOVTal [IE TNV TIPOKANCN OCTEOVEKPWONG.

* H avaykaidtnta tou odovuiatpikol eAéyxou, n diatrh-

pNoN uPnAoU emmESOU OTONATIKAG UYIEIVAC KAl 0d0v-

TATEIKAG @PovTidag mpiv kai katd tn didpkeia tng Be-

pareiag, eival mpoAnTKd PETpa TToU TPETEl va Aap-

Bdvovtal yia TV peiwon Tou kivoUvou egedviong TG

OlZ® otoug aoBeveig UTo EAPHAKEUTIKY Aywyr He

QVII-00TEOATOPPOPNTIKOUG 1] AVIIAYYEIOYEVETIKOUG

TIapdyoVTeC.

To Bepameutikd TPWTAKOMO YIa TV AVTHETWTTION TG

OlZ0 eivar avdhoyo tou otadiou g vooou Kdai Hro-

pel va mepIAapBdvel ouvInENTIKY aywyr| HE XPron To-

TIKQOV QVTIIKPOPIAK®WY OKEUAOUdTWY, O ouVOUAoo

pe ouotnpatiky AMyn avtPIoTiKdV 1] XepoupyIkr Tia-

pEppaon.

H xeipoupyikr] avtipetwmon ouvAbwg agopd oe PAd-

Bec otadiou 2 kai 3.

H 1otomaBoloyikr| eE€taon Tou xeipoupyikou Tapa-

okeudopatog dev Ba mpémel va mapaleimetal yia tov

amokAeiopd TG mMBavaTNTag PHETAoTatikig f dGMng vo-
oou.
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