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TMEPINHWH: H kdtw gatviakr| aptnpia ugiotatal, e
v TMdpodo NG NAIKIAG ek@UAIoTIKEG aMolwaoelg. Erm-
mAéov, ayyeiomdBeieg kabwg kar aptnpiftideg, Omwe n
oldnG Kal n ylyavtokuttapiky, gaivetal ot mpooPBdi-
Aouv kal v kdtw @awviakr aptneia. O pdhog g
ayyeiwong dev eival yévo pnxavikdg-madnuikdg, Aer-
TOUPYWVTIAS WG IKPIWHA yia Toug ooteoPAdoteg, alMd
Kkal pubpioTikdG KaBwg n ayyeloyéveon mponyeftar g
ooteoyéveang, v omoia emdyel. ‘Hon katd v kpa-
vioripoowtiky didmAaon, mBavohoyeitar &t mpoyovikd
evdoBnAiakd kittapa armohoyouvtarl yia tn olvBeon
NG KAtdMNANG HOPQPOVYEVETIKAG TIPWTEIVNG, N oroia
Tiponyeftal tng ooteooUvBeong kar pubuiCer tnv TeNikr
B€on petavdoteuong Tou KUTTAPouU TG VEUPIKIG aKpo-
hooiag. Qotdoo kar katd v avdrugn, n ayyeioyéve-
on TIPONYETal XPOVIKG TNG OOTEOYEVEDNG KAl HEOW TWV
audnukav mapaydviwy tou evdobniiou, Omwg NG
HOPQOVEVETIKNG TTOWTEIVNG-2, TIaiCel onuaviikd pdho
otov ootikd detaBohiopd. Etal, KAVIKEG ekdNADOEIG
OTmwg n donrmn vékpwon, Bewpeftal miéov &t ouvogo-
VIal TIEPIooATEPO e pia xpdvia diatapaxr| TG ayyei-
wWOoNG TG KAtw yvdéBou, oe ouvduaoud pe dIaTapaxeq
NG IVwOGAUONG KAl TOU TINKTIKOU PnXaviopoy, Tapd Je
mpwtoyevr) diatapaxr] Twv ooteoPiactwv. H otev
auTr) oxéon PeTagu Tou ayyeliakoU Kal ToU OaTitn 10Tov,
pe epgavr tov kabodnyntikd kai pubpuiotikd pdAo tou
TIpWToU, umootnpifel tnv undbeon &t 0 ooTitng 10T
amoteel ayyeloyevr| 10Té.

AEZEI> KAEIAIA: kétw gatviakr] aptnpia, aptnpidio-
OKAPUVON, HOPPOYEVETIKA TTPWTEIVN-2, ayyelomdbeleg,
aptnpitdeg

SUMMARY: The inferior alveolar artery, more fre-
quently than previously estimated, is subject to age-
related degenerative changes, mostly of arteriosclerotic
origin. Moreover, it appears that vasculopathies and
arteritides, such as polyarteritis nodosa and giant-cell
arteritis, also affect the inferior alveolar artery. The role
of arterial supply is not just mechanical-passive, serving
as a scaffold for osteoblasts during osteogenesis, but
also regulatory, since angiogenesis precedes and initi-
ates osteogenesis. Already at the time of craniofacial
development, it is speculated that progenitor endothe-
lial cells account for the synthesis of one particular mor-
phogenetic protein that precedes osteosynthesis and
determines the final destination of migrating neural
crest cells. Similarly, in the postnatal period, angiogene-
sis precedes osteosynthesis and plays a vital role in
bone metabolism and repair, through the synthesis of
endothelial growth factors, such as morphogenetic pro-
tein-2. Thus, clinical manifestations, such as avascular
necrosis, are now believed to result from a combina-
tion of chronic disorder of the mandible’s arterial sup-
ply with fibrinolysis and coagulation disorders, rather
than from primary osteoblast dysfunctions. This close
interplay between the vascular and bone tissues, with
the vasculature playing a guiding role, supports the
hypothesis of the bone being an angiogenic tissue.

KEY WORDS: inferior alveolar artery, arteriosclerosis,
BMP-2, vasculopathies, arteritides
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EIZAITQrH

H kipia amootohry g ayyeiwong g Kdtw yvdabou
efval n IKavoroinon Twv TPOQIKWY AVayKWV Tou 0oToU.
H &iamiotwon autj wotdoo, n omofa onuaivel Tov
AN Slaxwpiopd PeTa&l twv 8Uo 10TwY, Sev katadel-
KvUel TN duvapikr TG aMnAemidpaocnis Toug.

To ayyeiakd evdoBrAio, extdg amd to onuavikd tou
pdAo otn olvBeon eIdIKOV AUENTIKWY TIAPAYSVIWY Ot
TAQiola TG ayyeloyéveong, Aetoupyel wg IKpiwua yia
Toug ooteoPAdoteg kal TV ooteoyéveon. ‘Exer diam-
otwBel O n ayyeloyéveon mponyeital I ooteooUvOe-
ong (Aronson, 1994), otoixeio mou emtpénel TV umo-
Beon éu 1o ootolv eival mbavdtnta éva mapdywyo
Tou ayyeiakoy 1otoU kal tnv aipetiky diatinwon &t To
oaotoUv efval ayyeloyevig 10TOG.

H olvBeon tou ootol Ba rjtav adlvatn xwpig v
mapouoia ayyeiwy, oxi pévo Adyw TG EMePnG NG
anartoUpevnG ayyelakrg mapoxng, dpd tou o&uydvou
Kal TNG TPOQrG, AMd emmAéoy, Adyw TG amousiag twv
EVAPKTAPIWV YEYOVOTWY yid Tnv ooteoolvBeon mou
aeopOUV OTNV ayyeIoyEveDn,

2T6X0G6 TOU TTAPAVIOG TTOVANATOG, efval Tépa amd v
avagopd otoixeiwv Quoloroyiag kai maboloyiag g
ayyeiwong g kdtw yvdbou, n apouoiacn G otevig
oxéong petall tou ayyeiakoU evboBnAiou Kkai tou
ootoU TG kdtw yvdbou, amd ta mpwta otddia g did-
TAQONG, KAtd TOV OO0TKS avaoxXnuUAtopd kabwg kai
OTIG AYYEIOTIABEIEG,

H ayyeiwon tng kdtw yvdBou Ba avahuBei otnv ouvé-
XEIQ O OXEO0N Pe TV avatopia, TV @uololoyia kabwg
Kal TIG PETAPOAEG TIG oTToleG UpioTatal.

A) ANATOMIA

H ayyeiwon g kdtw yvdbou ocuvteheitar otny mpdaobia
mepiox] amd Ttoug TEEIG KAGSouG TG umoyAwooiou
aptneiag, Tov avidévia, Tov Kaudvtd Kal To PECO Kal Ta
TOWIKA ayyela wG ouvéxela TG KATw QATVIaknG aptn-
piag (Loukas kai ouv. 2008).

H umoyAwooia aptnpia oto 73% Twv TEPITIHOEWY,
ekpuetal and m yhwooikd (kKhddo g €&w kapwtidag)
Kal oto umdAoiro 27% amd tnv utoyeveidio aptnpia
(kh&do g mpoowmikrc) (Loukas kai ouv. 2008). Evoia-
PEPOV TTAPOUCIAlouv ol KAASOI TG UMoyAwooiou TTou
QIJaTOVouV To XeINKS BAevvoydvo, amd Ttoug omoioug
propel va mpokAnBel onuavtikr aijoppayia katd v
ToToBETNON ePPUTEUPdTWY oty TPdabia Trepioxn TG
Kdtw yvadou.

H omioBia mepioxr] g kdtw yvdBou alyatwverar anod
TPeIG KAAdOUG NG €Ew kapwtidog, N YAWOOIKY, TV
TIPOCWTTIKA Kal TV KATw AtvIakr aptneia.

To umomepiootikd Siiktuo (peta&l yAwooikAg, TPoow-
TIKAG Kal TIAPEIaKnG), amOTeAE! TV KUPIGTEPN av OXI TN
pAVN Ty AIJdTwonG ToU 0WHATOG Kal Tou KAGSoU NG

Ntijtpix EM. kai ouv./Dietrich EM. et al.

INTRODUCTION

The arterial supply of the mandible caters to the nutri-
tional needs of the bone. This statement however
points to a complete separation between the two tis-
sues, concealing their dynamic interaction. In addition
to its significant role in synthesising endothelial growth
factors within the framework of angiogenesis, vascular
endothelium also serves as a scaffold for osteoblasts
during osteogenesis. It has been discovered that angio-
genesis precedes osteogenesis (Aronson, 1994), which
leads to the assumption that the bone is probably a
product of the vascular tissue, as well as to the
unorthodox conclusion that bone is a vascular tissue.
Osteosyntesis would be impossible in the absence of
vessels, not only due to the lack of the necessary arte-
rial supply, i.e. oxygen and nutrients, but also due to the
absence of angiogenesis-related triggering events for
osteosynthesis.

The aim of this study is to report initially on physiolog-
ical and pathological aspects of the mandible’s arterial
supply, but also to present the close interaction
between the vascular endothelium and mandibular
bone, since the early stages of bone formation, during
bone remodelling, as well as in vasculopathies.

The arterial supply of the mandible will be further
analysed regarding its anatomy, physiology, as well as
the changes it undergoes.

A) ANATOMY

Anteriorly, the mandible is supplied via the three
branches of the sublingual artery - the ascending, de-
scending and middle branches- and the incisor vessels,
in continuation of the inferior alveolar artery (Loukas et
al. 2008). In 73% of the cases the sublingual artery orig-
inates from the lingual artery (external carotid branch),
while in the remaining 27% from the submental artery
(facial artery branch) (Loukas et al. 2008). The sublin-
gual branches supplying the labial mucosa are also
worth mentioning, since implant placement in the ante-
rior mandibular region can give rise to significant haem-
orrhage from them.

Posteriorly, the mandible is supplied via three branches
of the external carotid artery— the lingual, facial and
inferior alveolar arteries.

The subperiosteal network (between the lingual, facial
and buccal arteries) is the primary, if not sole, source of
blood supply to the mandibular body and branch in
elderly individuals, whose inferior alveolar artery has
been blocked due to vascular wall degeneration
(Bradley, 1975, Hellem and Ostrup, 1981).
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Kdtw yvdbou og dropa peydAng nAikiag, ota ormoia n
KATW Qatviakr] aptnpia éxel amo@paxdel Aoyw ToIxw-
HATIKWV eKQUAIOTIKOY aMolwoewy (Bradley, 1975, Hel-
lem kar Ostrup, 1981).

B) ®YZIOAOTIIA

To ayyeiakd evdobrihio extdg amd to onuavtikd Tou
POAO OTNV AyYEIOYEVEDT KAl TNV KAAUYN TWV TOOQIKWV
anaoswy g Kdtw yvdbou, AapBdver eEéxouoa Bgon
og éva oUVOAO KUTIAPIKWV Kal HOPIaKwy Slepyaciwv
akdpa Kar ota apxikd otddia g didnhaong, ol oTTofeg
ennpedlouv dpeoa tnv ootikr) oUvBeon Kkai To petafo-
NoPO. 2UyKeKpIPEVa To ayyeiakd evooBrAio:

I. TNapéxel toug amapaftntoug augnuikolg mapdyovieg
yia T veoayyeiwon oty Tepioxr evdg 0OTIKOU
Tpavpatog (Bouletreau kar ouv. 2002),

2. MNapéxel éva ikpiwpa, to omofo Ba kabodnyrioel v
ooteooUvBeon (Fang kar ouv. 2005)

3. 2uvB€ter padi pe TG Aefeg pUikeég iveg Twv ayyeiwy, TG
anaparnTeg OOTIKEG HOPQPOYEVETIKEG TTPWTEIVEG
(BMP) mou kaBodnyouv tnv 0oTeoyEvean. 2UyKeKOI-
péva, n ouvBeon g BMP-2 (Matsubara kai ouv.
2012), au&dvetar 2-3 @opég oe ouvOrikeg umogiag
auénong tou ayyeiakoU evdobnhiakol augntikou
napdyovia (VEGF) (Bouletreau kar ouv. 2002). EibI-
kOtepa, N Tapayopevn and to evdobniNio ootk
HOPQOYEVETIKY TTPWTEIVN, (aivetal va maiCer onpave-
K& poAo Kal Katd v Kpaviompoowtikr didrmiaon
(BMP 2/4) (Langenfeld kai Langenfeld, 2004). [Napo-
An TNV €peuva TN OXETKY e Ta KUTIapa tng Veupl-
KNG akpoAopiag kar tn SIdmAacn Tou KPaviompoow-
TKOU OUPTIAEYNATOG, TIAPAMEVEl aKOPn dyvwoTo,
TIWG N OVIOYEVETIKA dIdTtnEnUévn orpavon Péow Twv
HOPQOYEVETIKOV TTOWTEVWY, TTPONVETal kal puBpicel
TN PETAVAOTEUON TwV KUTIdPWY autwy, Tpokabopi-
Covtag tov mpoopiopd toug. Mia egfiynon eivar ot
Ta mpoyovikd evdobnAiakd kuttapa, mponyouval
XPOVIKA Kal OUVBETOUV TIG OPPOYEVETIKEG TTPWTEN-
veg. Av kai autd Sev eival akopn opiotikd, eival yw-
oto OT n éMeyn twv BMP-2, -4 kai —7 mpokael
pepiki 1} TApN amouoia twv Mpogpxdpevwy and ta
kUTtapa NG VeupikAg akpologiag iotwv (Bonilla-
Claudio kai ouv. 2012).

O1 poppoyevetikég Tpwteiveg oUPBAMouY €TTiong
otn diagoporioinon oo Twv 0oTeoPAACTOV 00
Kal Twv ooteokhaotwv (Abe kai ouv. 2002).

H ootk oUvBeon kar anmoddunon, o avaoxnuatiopdg

dnhadn, Ppioketar kdtw amd tov éheyxo tou evooBnAi-

ou, kabwg n ayyeloyéveon TPonyeital tng mapaywyns
ooteoeldolg otn Béon tng ootikiig PAGPNG (Aronson,

1994). Akdpa kar ot xovdpoyévean, os avtiBeon pe

v emkpatovoa droyn o6t o xévopog dev amartel

ayyeia, mponyeftal n ayyeioyéveon (Dilling kar ouv.

2010). EmmAéov, o ayyeiakdg Kkar o ootng 10tdgG,
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B) PHYSIOLOGY

In addition to its significant role in angiogenesis and the
covering of the mandible’s nutritional needs, the vascu-
lar endothelium is also key to a number of cellular and
molecular processes, even at the early stages of devel-
opment, directly affecting osteosynthesis and bone
metabolism.

More precisely, the vascular endothelium:

I. Supplies the bone trauma region with growth factors
that are necessary for revascularization (Bouletreau
et al. 2002),

2. Serves as a scaffold regulating osteosynthesis (Fang
et al. 2005)

3. Synthesizes, together with the vascular smooth mus-
cle fibres, the bone morphogenetic proteins (BMP)
that are necessary to regulate osteogenesis. More
specificall, BMP-2 expression (Matsubara et al.
2012) is up-regulated 2-3 fold in conditions of
hypoxia or increased vascular endothelial growth fac-
tor (VEGF) (Bouletreau et al. 2002). It appears that
endothelium-derived bone morphogenetic protein
in particular also plays a significant role during cran-
iofacial development (BMP 2/4) (Langenfeld and
Langenfeld, 2004). In spite of the extensive research
on neural crest cells and the development of the
craniofacial complex, it is still unclear how ontoge-
netically preserved signaling precedes and regulates
via morthogenetic proteins the migratory behaviour
of these cells, by predetermining their destination.
One explanation is that progenitor endothelial cells
precede and synthesize morphogenetic proteins.
Even though this has not yet been clarified, it is
known that the lack of BMP-2, -4 and —7 leads to a
partial or complete absence of the tissues deriving
from the neural crest cells (Bonilla-Claudio et al.
2012). Morphogenetic proteins also contribute to
the differentiation of both osteoblasts and osteo-
clasts (Abe et al. 2002).

The process of bone formation and resorption, i.e.

bone remodelling, is under the control of the endothe-

lium, since angiogenesis precedes the production of

osteoid at the bone lesion site (Aronson, [994).

Contrary to the prevailing view that the cartilage does

not require vessels, even chondrogenesis is preceded

by angiogenesis (Dilling et al. 2010). Moreover, vascu-
lar and osseous tissues both have vascular endothelial
growth factor (VEGF) as their regulating molecule, the
inhibition of which affects both osteogenesis and angio-

genesis (Street et al. 2002).

The endothelium’s important role becomes even more

obvious if we look at the changes in arterial supply in

developing neoplasias. Endothelium-induced BMPs initi-
ate a process of neo-angiogenesis, either directly by
activating endothelial cells or indirectly by synthesizing
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EXOUV WG KoIVO puBUIoTIKO pdpIo Tov ayyelakd evdo-
Bnhiakd augnukd mapdyovta (VEGF), n avaotohd tou
oroiou emMpEedlel TG00 TNV OOTEOYEVEDN OO0 Kal TV
ayyeioyéveon (Street kar ouv. 2002).

O onuavukdg pdrog tou evdobniiou Siagaivetarl ka-
NiTepa oTIG PETABOAEG TTOU EMEPXOVTAl OTNV ayyeiwon
Katd tnv avdmugn veorAdoiwv. Or apaydpeveg amd
10 evdobrhio BMPs mpokaoulv véo-ayyeioyéveon, eite
dpeoa péow NG evepyoroinong twv evooBnAiakwv
KUTtdpwv 1 €épdeca péow ng ouvBeong VEGF
(Langenfeld kar Langenfeld, 2004). Khvikd, éxer diar-
otwBel 6T veorAdopata anmd MAakndeg emBrAio g
otopatkig KoINOTNTag urepekpdlouy Ty BMP-2 kai
pdAiota og pia ouxvotnta 90%, otoixeio Tou Ba mpé-
el va AapBdvetar umdyiv katd tn Bepaneia tng oote-
OVEKPWONG ot aoBevelq pe KApKivo Tou OTOPAToG,
omou n e€wyeviig xopriynon BMP-2, umopel va odnyn-
o€l og eMBETKOTEPN OUPTTEPIQOPA, TOTTIKY dINBnon Kai
XeIPATEPN TPAYVWON, OTwg éxel diamotwbel meipapa-
uKkd (Kokorina kai ouv. 2012). H amodiapoporoinon
QuUTH TWV KAPKIVIKWV KUTTdpwY, armotehel evoeign emon-
NO-[ECEYXUPATIKOU HETAOXNHATIGHOU.

[vetal katavontd, 6T ta olyxpova Qdpuaka tng oto-
xeupevng Beparteiag Tou Kkapkivou, ta omoia deopeu-
ouv tov VEGF (umeBaoiCoupdumm, Bevacizumab®),
propel va dpdoouv Bepareutikd kal va BeAtioouy Ty
TPOYvVWOon Twv acbevay, Oxi OVO avaotéMovtag Ty
ayyeioyéveon, aMd kal amotpénoviag v €kepaon
BMP-2 kar dpa v epedvion evog mepioodtepo embe-
TKkoU @aivotimou. Av kar éxel amodeixBel og Telpapa-
TKS poviého emolAwong kataypdtwy kviung, n duva-
ot G PrePaciCoupdunng va eATIOVEl TNV
ékppaon g BMP-2 (Wang kai ouv. 201 1), dev éxel
SiepeuvnBel o BaBudg otov omoio auth n dpdon tou
(@appdkou empEedlel TV emOeUKSTNTA TOU VEOTTIA-
opatog, kabwg kal oe o Babpd aut) n Spdon eival
onpavtiky yia Ty avtiveorAaopatkr dpdon tou.

N HAIKIAKEZ METABOAEZ

a) Kdtw ¢atviakr aptnpia

‘Onwg 6Aa ta ouotripata Tou avBpwrvou opyaviopou,
Ta oroia umdkevtal og yrpavan, €I01 Kai To ayyeiaxo,
TIapOoUOIAlel EKPUNIOTIKEG JETABOAEG, OI OTTOfEG TTO-
pouUv va ennpedoouv duopevwG TV aipdtwon, tn Baoi-
Kr) MpoUndBeon Asitoupyiag twv opydvwv. MetafoAég
oupPBaivouv pe v mdpodo TG nAIkiag kal oug aptn-
PIEG TIOU QINATWVOUV TNV KATW YO0 KAl OUYKEKPIPE-
va otV kdtw @atviakr aptneia. Or pyetaBoléq autég
emoupPaivouv Sekarmévie xpdvia vwPitepd OUYKPITIKA
pe Toug umdlomoug KAAdoug NG €Ew  kapwtidag
(Bradley, 1975). H ayyeiwon tng dvw yvdBou e paive-
tal va emnpedletar (Bradley, 1975).

H petatporm g kdtw @atviakng aptnpiag oe évav
KopPBohoeidr, otevwpévo owhfva éxel apatnonOef

Ntijtpix EM. kai ouv./Dietrich EM. et al.

VEGF (Langenfeld and Langenfeld, 2004). Clinically, it
has been found that squamous epithelial neoplasms of
the oral cavity overexpress BMP-2, at a frequency of
90%, which should be taken into account when treat-
ing osteonecrosis in patients with oral cancer, where
the exogenous administration of BMP-2 can lead to
more aggressive behaviour, local infiltration and worsen
prognosis, as has been experimentally observed
(Kokorina et al. 2012). This dedifferentiation of cancer
cells is indicative of epithelial- mesenchymal transfor-
mation.

It becomes clear that modern targeted cancer thera-
peutics inhibiting VEGF (Bevacizumab®) can treat and
improve the prognosis of patients not just by inhibiting
angiogenesis, but also by preventing BMP-2 expression
and thus the development of a more aggressive phe-
notype. Even though Bevacizumab's® ability to reduce
BMP-2 expression has been proved in an experimental
model of tibial fracture healing (Wang et al. 201 1), the
degree to which this effect of the drug can have an
impact on the neoplasm’s aggressiveness, as well as the
degree to which this is significant to its antineoplastic
effect, have not been investigated yet.

C) AGE-RELATED CHANGES

a) Inferior alveolar artery

Just like every other system of the human body that is
subject to ageing, the vascular system displays age-relat-
ed degenerative changes that can have a negative
impact on the supply of blood— an essential precondi-
tion for the proper functioning of the different organs.
Arteries supplying the mandible are also subject to age-
related changes, particularly the inferior alveolar artery.
These changes occur fifteen years earlier than changes
to the other branches of the external carotid (Bradley,
[975). The arterial supply of the maxilla does not
appear to be affected (Bradley, 1975).

The transformation of the inferior alveolar artery into a
beaded and narrowed tube has even been observed in
40-years-old individuals, which proves the develop-
ment of histological lesions at an early stage of the age-
ing process and reveals a blocking of the inferior alveo-
lar artery in 3% of the cases (Oikarinen, 1965). It should
be noted however that the age-related beading of the
external carotid and its other branches increases more
than that of the inferior alveolar artery (Wolf et al.
1989). Arterial stenosis is indicated by the development
of collateral vessels.

As early as 1975, an arteriographic investigation of the
inferior alveolar artery in both cadavers and living indi-
viduals revealed an anomalous picture of the artery
and, in 33% of the cases, inability to visualise it (Bradley,
1975) (Fig. lab,c). These findings were later confirmed
by other researchers (Wolf et al. 1989). However, it

Apxeia EMnvikig 2topatikrig & M'vaBompoowrikig Xeipoupyikic/
Hellenic Archives of Oral and Maxillofacial Surgery




Ayyeiwon tng kdtw yvdBou/Arterial supply of the mandible 135

akdpn kar og avBpwroug 40 etwv, amodeikviovtag Ty
EHPAVION 10TONOYIKOV AAMOIWCEWY OF TTPWIHO atddio
otV TTOPEIa NG YEAvong Kai Ty andeeadn g Katw
QATVIakAG aptnEiag oto 3% Twv TIEPITIWOEWY
(Oikarinen, 1965). INapdha autd, n €Ew kapwtida kar o
aMol kK\ddol g epgaviCouv mo eEeonpuacpévn Koy-
Bohoeidr] eikéva ouykEITKA e TNV KATW QATVIAKN
aptnpia pe v mdpodo g nAikiag (Wolf kar ouv.
1989). H otévwon g aptnpiag, emonuaivetar amd v
avdrrugn mapdmAeupwy ayveiwv.

'Hén amd 1o 1975, péow aptnpioypagikri Siepelvn-
0NG NG KATw QAtVIakig aptneEiag oe TWPATa ald Kal
(ovteg avBpwtoug, diamotwbnke avpaAn ameikévion la/l

NG aptnpeiag kar oto 33% aduvapia ameikdviong autrg

(Bradley, 1975) (E. 1aBy). Ta euprjpata autd empe-

Baiwbnkav kar anmé dMoug epeuvnteg (Wolf kar ouv.

1989). Mpénmel, wotdoo, va avagepBei du dev epgavi-

Covtal og OAEG TG PEAETEG QVTIOTOIXEG PETABOAEG OTN

Batdtnta g aptnpiag (Heasman kar Adamson, 1987).

H mapatnpolpevn eAdttwon NG aldatikrg Pong prmo-

pel va eival anotéheopa twv akohoUbwv:

[. AptnpidiookAripuvong, n oroia eugaviCetar e v
ndpodo ¢ nAikiag (Bradley, 1972). Autr exdnhwve-
Tal Je vwon Tou ToIX®PATog TG aptneiag kar did-
omaon tou éow ehaotkoy upéva. Or petaPolég
QuUTEG eival amotéheopa g EMeIPng evootikaTntag
Tou 00ToU To oTtoio TEPIBAMEl TNV KATw Patviakh 1B/l

aptnpia kar dev emtpénel T petaPolr g diape-

Tpou autrc. ‘Etor avaykdlel v aptnpia va avuppo-
miogl TV Tdon Tou dokeftal oto Toixwpd TG AOyw
NG PONG TOU aiatog, HEow NG EMPAKUVONS NG, N
oroia emiong dev pmopel va emteuxBel Adyw g
aykUpwonG TG oto ootolv. AMOTEAECHd aQUTWV
efval n didomaon tou €ow ehaotikoy TETdAou Kai n
gykatdotaon emKoiVwviag pe Tto PECO  XITWvA
(Bunce, 1974, Bradley, 1988).

2. ABnpookiripuvong: n umdBeon g abnpookirpuv-
0ONG, WG yeveoloupyoU artiag TG oTévwong TG KATw
(Qawviakig aptneiag, ouvdéetal mpwtiotwg pe TNV
IoToAoyIKr) Tapatipnon abnpwpdtwy oty aptnpeia,
Ta oroia, wotdoo, diamotwvovtal omdvia (Heasman Iy/1

kar Adamson, 1987, McGregor kar MacDonald,
1989). Aeutepeudviwg, n mapatripnon ot n duoko-
¥ ) X , & N map , PN I’]6 , " Kdtw @atviakr aptnpeia, émwg ameikoviovtal katd v

1a O‘Er]v, dmeikovion mql Gptr]ploq,ouv EHG'/ pe v ayyeioypa@ikyj Sigpedvnon. Turiua tou kKAddou g kdtw yvdbou
napoucia mEodiabecikwy TIapaydVIwy MPOKANGNG éxel a@aipedel yia EMOMTIKOUG AGYOUG. a. AIGKOIVETAl 1) KGTw
npd)lpr]c Gequpdtwor]q otoug Qoegvgfq’ svioxuog @atviakr} aptnpia (Ue KOkKIvo) va Siehalvel Tprpa tou Kdtw
T0UC UT[OOTr]pIKIéq GUIr’]Q me eawpl'(]q (Pogrel Kal (?GIV\GKO,L'J Wo',pou Kai é[><| ko 10 pijoq autc?u. B. éwaypdq{am pévo

1987). O " 0 . €va pIkpd TPRAPAa TG KATw Qatviakrg aptnpeiag mpiv v lcodo

O/UV' ) avu ,OYOC OI,r]V uro Solr] avtn ‘E'VG/l otov Kdtw @atviakd mépo (n yvaboloeidig aptnpia propel va
4Tl ol PIKPEG aptnpieg omaviwg mpooPdiovtar amd eivar guatohoyikry), y. Sev avixveletal Kdtw @atviakr aptnpia.
QequOK)\r]pu)'[”(ég G)\)\OIQOEIC, ot Q\/’[fegor] HE TG Fig. I: Schematic representation of degenerative changes in the
HEYd)\EC CIpU]pI'EC (V\/I”ight, |960). inferior alveolar artery, as visualized upon angiographic investigation.

3 A . A 5 , 3\ A Part of the mandibular ramus branch has been removed for
- ATPOQIAG. A&V ATIOOEIKVUETAl O& OAEC TIG HEAETEQ visualizing purposes. a. The inferior alveolar artery (in red) running

onpavtkoU Babpol otévwon n oroia va pmopef va along part of the inferior alveolar canal, but not its entire length; b.
8Er]yr/]og| ¢ Or]pCIV'EIKéQ pg‘[GBo)\éc om por'] ol OTIOI- only a small part of the inferior alveolar canal can be seen, before it

eC eixav ﬂOpGIr]pr]eal' and Tov Bradley w0 1975 enters that inferior alveolar canal (mylohyoid artery can be normal);
' ¢) the inferior alveolar artery cannot be identified.

Eik. 1t 2xnuatkr| avanapdotaocn ekQUANCTIKOY HETABOAGY otnv
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>tnv mpoomndBeia e€rjynong autwv twv dIapopwy,
TPOTAONKe &t o1 PETAPOAEG QUTEG TNG alpoduvapl-
KrG, OUVOEoVTal PE TOV TIEPIOPIOHO TWV POPTICEWV
katd tn pdonon AOyw anmwAeiag Twv odOvVIwy Kal
ouvakoAoubng amoppdenong NG QAtviakrg akpo-
hoopiag (McGregor kar MacDonald, 1989). H eAdt-
Twon ™G SIaPETpou TG KATW QATVIaknG aptnpeiag
ouvOEBNKe OTATIOTIKA pE TNV ATTWAEIT TwV 0OOVTWY,
otoixelo 181aftepa onpavtikd yia v katavonon twy
EMMAOKWY amd 1o 00ToUV PETd amd emedBAoelg oe
vwdouc aoBeveig (Wolf kai ouv. 1989). H cuoxétion
autq dev amodeikvietar mdvtote (Pogrel kar ouv.
1987).

B) Ymomepiootiké Siktuo

HAikiakég petaBolég emoupBaivouv kai otn dedtepn
onpavtikr My alpdtwong g Katw yvdbou, to mhou-
010 UTIOTTEPIOOTIKG aVAOTOPWTIKS SikTuo 0To KATW Xei-
oG NG Kkdtw yvabou, petaly tng mapeiakig, YAwool-
KNG Kal TNG TPOOWTIKAG dptneiag. Eivar to kipio
Siktuo aipdtwong Tou owpatog NG Katw yvdbou, to
omoio padi pe v ayyeiwon twv puwv (MPoowrikn
aptnpia) amoteAel T Baoikdtepn TMyr| AlNdTWoNG Tou
OWHPATOG KAl TOU avIGVToG KAGGou NG kdtw yvdbou
otoug nAikiwpévous avBpwmoug  (Bradley, 1975,
Hellem kai Ostrup, 1981). ‘Etol umopouv va egnynBoulv
1600 ta mBavd mpofBAjpata emovAwong oe yvaboxel-
POUPYIKEG ETEPPATEIG TTOU AMaitoly armokOMnon Tou
TIEPIOOTEOU, Ta OTTola TTapatnEoUvtdl oToug aoBevelg
HeydAng nAikiag, 600 Kai n donTrtn VEKpwaon TTou ETi-
oupPaivel oe aoBeveig Tou umodMovtal oe ofeNiaia
ooteotopia g kdtw yvdbou, n omoia ouvdudletar pe
amokOMNoN Twv TPOOPUONEVWY Otn yvdbo puwv
(Bradley, 1975).

A) MAS©OAOTIKEXZ METABOAEZ

I. Aptnpitudeg

Av kai dev unidpxouv avagopeg MPOoBoArG TG KAtw
(eatviakig aptnpeiag and ouotnUAtikéG aptneitdeg, n
gHpAvion Tou ouvOPAOU TNG YevelakiG VEUPOTIABEIaG,
WG ATTOTEAEONA TMPOOPONG TWV AyYEiwY TOU YeVEIaKoU
veUpou, Jag emtpéenel va mbavohoyriooupe ot avti-
OTOIXEG PETABOAEG TIapatnpoUvTal Kal OTouG HeyaAU-
TEPOUG ayyelakoUg kKAddoug NG Kdtw yvdbou.

O1 aptmpftdeg mou mpooPdMouv v Kdtw yvabo
gpgpaviCovtal kupiwg e tn poper T mapaiobnoiag n
apwdiag oto vévelo kal oto Kdtw Xefhog, ta ormoia
XapaktnpiCouv To oUVOPOO TNG VEVEIAKNG VEUPOTId-
Beiac. Authy ogeiletal oe éva TARBOG artioAoyiKwy
mapaydvIwy: atpogia tng Kdtw yvabou Adyw nAikiag,
NoIHWEEIG, 00OVIKEG vOOOUG, HETAoTAoElG, aMd Kkal
OUOTNHATIKEG VOOOUG OTIWG N SPEMAVOKUTIAPIKY aval-
pia, o oakxapwdng diaPrtng n apuloeidwon, n oap-
koeidwon (Divya kar ouv. 2010).

Ntijtpix EM. kai ouv./Dietrich EM. et al.

should be noted that not all studies reveal similar

changes in arterial patency (Heasman and Adamson,

1987).

The observed decrease in blood flow can result from:

|. Arteriosclerosis developing with age (Bradley, 1972)
which is manifested as fibrosis of the arterial wall and
rupture of the intemal elastic lamina. These changes
result from the lack of compliance on the part of the
bone surrounding the inferior alveolar artery, which
prevents any changes to its diameter. Thus, the
artery is forced to counterbalance the tension that
the blood flow exerts on its wall by elongating itself,
which is also impossible due to its anchoring to the
bone. As a result, there is a rupture of the internal
elastic lamina and establishment of communication
with the middle coat (Bunce, 1974, Bradley, 1988).

2. Atherosclerosis: as a progenitor of inferior alveolar
artery stenosis, is primarily associated with the histo-
logical observation of atheromas in the artery, which
however are rarely observed (Heasman and
Adamson, 1987, McGregor and MacDonald, 1989).
Secondarily, the observation that difficulties in arteri-
al visualisation are associated with the presence of
predisposing factors of early atherosclerosis in
patients, strengthens the view of those adhering to
this theory (Pogrel et al. 1987). The counterargu-
ment to this hypothesis is that, in contrast to large
arteries, small ones are rarely affected by atheroscle-
rotic lesions (Wright, 1960).

3. Atrophy. Not all studies point to a significant degree
of stenosis, which could explain the important
changes to blood flow observed by Bradley in 1975.
In an effort to explain these differences, it has been
suggested that changes in blood dynamics are linked
to the decreased tension exerted during mastication
as a result of edentulousness and the ensuing alveo-
lar ridge resorption (McGregor kar MacDonald,
1989). The decrease in the diameter of the inferior
alveolar artery has been statistically associated with
the loss of teeth, which is essential to understanding
postoperative complications arising from the bone
following operations in edentulous patients (Wolf et
al. 1989). This correlation is not always established
(Pogrel et al. 1987).

b) Subperiosteal network

Age-related changes also occur in the second most
important source of artenial supply of the mandible, the
dense subperiosteal anastomotic network in the lower
mandibular border, between the buccal, lingual and
facial arteries. This is the primary network of blood sup-
ply to the mandibular body, which, together with the
arterial supply to the muscles (facial artery), are the
main sources of blood supply to the mandibular body
and ascending ramus in elderly individuals (Bradley,
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Mpwtonabeic kar deutepomabeic aptnpitideg ouvdéo-
vIal €miong Pe TV ePpAvion TG cupmwpuatoloyiag. H
aptnpiuda mbavoloyeftal kupiwg dtav ugpiotatarl aip-
vidia évap&n Twv oUPTMWPATWY KAl AUTOPATESG UPEDEIG
autwv. Aeuteporiabeic poppég aptpitdag, eivar ol
OPEINOPEVEG OF YWWOTd CUOTNHATIKG vooruatd, omwg
N peupatoedric apBpftuda kar o oakxapwdng diaPn-
NG, OTa oTIoia €xel TEPIYPAPE! N Hop@r] TG olwdoug
moAuaptneitdag (Alentorn kai ouv. 201 1). Qotdoo, n
eppavion g aptneftdag umopel va mepiopiCetal povo
OTa Ayyeia Tou EMVEUPIOU ToU yevelakoU VeUpou Kal va
pnv epeaviCetal ota mAaiola ouotnuaukig aptneft-
dag, omdte kal xapaktnpietal wg TEWToNadng
(Alentom kar ouv. 201 1).

[Naboyéveia aptnpimdag: O unxaviopog pe Tov omoio
TIPOKAAETAl n VEUPOAOYIKA OUPTTIWHATOAOY/a oTn
TEPTWON NG ayyelakrg ouvdpopng Sev eivar BEBaia
0 (510G dMWG otV TEPITTIWON TWV PETAOTACEWY, OTToU
Kuplapxel n eEwtepikr Tifeon Tou vevelakoU veupou
(Lossos kar Siegal, 1992), alMd mepihapBdvel éva ouvo-
Ao mapaydviwy dnwg aptneftuda twv ayyeiwv tou erm-
veupiou, ayyeldoTIaoyo f EPTTAOKH TNG HIKPOKUKAOQO-
piag (Sebor, 1990, Baron, 1995).

2upiAisikri aptnpfméa: 18iaftepa omdvia poper| aptnpi-
1dag, n omoia MpooPdMel Ta ayyeia Tou yeveiakou
veUpou, eival n cu@NSIkA. Mévov éva Tepiotatikd éxel
nepiypael ot BiBNoypagia (Ormsteen, 1931). Av kai
0 pnxaviopdg mpdkAnong Sev eival ywwotdg, uropel va
mBavohoynBei 6t otn Seutepoyevr) UPIAN, omdte Kal
eppaviCetal ouotnuatkr aptnpeftuda, aut pmopel va
TPooPBdMel kal ta pikpd ayyeia Twv velpwy Tou TpIdU-
HoU kal va odnyroel atnv ePQAvion TNG YEVEIAKAG VEU-
poTdbeiag.

lyavrokutrapikn aptpiméa (FA): O unxaviopdg otov
omoio ogeiletal n MpdkAnon veuporndBeiag amo yiya-
VIOKUTTAPIKY) KPOTaQikr aptneftida, dev eivar Sigukpivi-
opévog. ‘Exouv avagepBel pdvo duo mepiotatikd otn
BiBNoypagia (Genereau kai ouv. 1997, Abilleira ka
Bowler, 2005). Evdiapépov mapouaidlel to yeyovdg ot
To OgUTEPO HETA TNV IOXAIYIKA OTTTKY veupordBeia
olpmwpa g A, eivar n diakeimouoa xwAdtnta g
kdtw yvdBou (Abilleira kar Bowler, 2005). Autd éxel
TEPIYPAPel kal 0g AAEG apTNPETIOEG, OTIWG TNV KOKKIW-
pdtwon Wegener (Vermeulen kar Mahowald, 1984).
Alayiyvaoketal 6tav o aoBevr|g avagépel TOVo Katd T
pdonon kar amoucia tou katd v neepia, evw Sev dia-
yiyvokovial dMeG  Kpota@oyvabikég  Siatapaxeq
(Zenone, 2007). O mévog autdg dev ogeiletal otnv
TIPOOPON TwV ayyeiwv Tou yevelakoU VEUPOU, CUVETTWG
Sev amotelel exkdridwon vevelakig veupomdBeiag. H
riapouoia g dlalemouoag xwAdtntag, ivar evoeiktiko
OTOIXE0 EAGTIWONG TNG QIPATIKAG POAG OTNV TIPOCWTTI-
krj (n omoia divel aptnpiakd kKAddo oto paontipa pu)
kal v €ow yvabiaia aptnpia (Sivel kKAGdoug Kar yia
TOUG TEOOEPIC PJAONTAPIOUG WUEG), OI OTIOIEG QIPAT®-
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1975, Hellem and Ostrup, 1981). This explains both
potential healing problems after maxillofacial surgical
operations requiring periosteal elevation, observed in
elderly patients, and aseptic necrosis developing in
patients who have undergone mandibular sagittal split
osteotomies combined with detachment of the mus-
cles anchored to the mandible (Bradley, 1975).

D) PATHOLOGICAL CHANGES

I. Arteritides

Even though there are no reports of systematic arteri-
tides to the inferior alveolar artery, the development of
chin neuropathy syndrome (numb chin syndrome) as a
result of the vessels of the mental nerve being affected,
allows us to speculate that similar changes can also be
observed to the major vascular branches of the
mandible.

Arteritides affecting the mandible manifest themselves
mainly as paresthesia or numbness of the chin and
lower lip, which are also aspects of numb chin syn-
drome. Numb chin syndrome arises from a wide vari-
ety of aetiological factors: age-related mandibular atro-
phy, infections, dental diseases, metastases, as well as
systemic diseases, such as sickle-cell anaemia, diabetes
mellitus, amyloidosis, sarcoidosis (Divya et al. 2010).
Primary and secondary arteritides are also associated
with the development of symptoms. Arteritis is mainly
suspected when there is a sudden outbreak and auto-
matic relief of the symptoms. Secondary forms of
arteritis are those caused by well-known systemic dis-
eases, such as rheumatoid arthritis and diabetes melli-
tus, in which polyarteritis nodosa has been reported
(Alentomn et al. 201 1). However, the development of
arteritis might be limited to the epineunial vessels of the
mental nerve and not manifest itself within the frame-
work of systemic arteritis, in which case it is described
as primary (Alentorn et al. 201 1).

Arteritis pathogenesis: The mechanism through which
neurological symptoms are caused in case of vascular
contribution is not the same as in metastases, where
the external pressure of the mental nerve dominates
(Lossos and Siegal, 1992); It involves however a set of
factors, such as arteritis of the epineurial vessels, micro-
circulatory involvement or obstruction (Sebor, 1990,
Baron, 1995).

Syphilitic arteritis is a very rare type of arteritis, affect-
ing mental nerve vessels. Only one case has so far been
reported in the literature (Omsteen, 1931). Even
though it is still unclear what its triggering mechanism is,
it can be speculated that in secondary syphilis, when
systemic arteritis develops, the latter can also affect the
thin vessels of the trigeminal nerves and lead to the
development of numb chin syndrome.

Giant-cell artentis (GCA): The mechanism through
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VOUV TOUG pUEG TG pdononge. Katd tn pdonon, au&dve-
Tal N anafnon yia €napkr] alpdukr] Por] TPOG TOoug
paontipioug HUeG, ouvenws TaboloyikéG HETABOAEG
OTa ayyeia, Propel va TTPOKAAEOOUY KAIVIKA GUPTTTOHA-
1, OTWG XwAdTNTa oty Kivnon g Kdtw yvdabou.

2. AyyeiomdBeieg

a) Apenavokuttapikni avaiuia: H andepaén and ta a-
vwpdhou oxrpatog Spemavokyttapa otn SPEMavoKuT-
Tapik avaiyia, mpokaAel epuBpdotaon. Autr apopd
ouvBwg ota ayyeia Tou yevelakoU veupou Kal EXel WG
amoTEAECHA TNV 1I0XAIPIKY VEKPWON TOU VEUPOU, armo-
TEAWVIAG TNV artia TG yevelakrng veupordBeiag oto 4%
twv aoBeviv (Konotey-Ahulu, 1972, Bruyn «ai
Boogerd, 1991). EmmAéov, n amdepaln twv ayyeinv
MG Kdtw yvabou amd ta mapapopwpéva epubpd,
ouvOéetal pe TV ePEAvion donTwy VEKPWOEWY OTNV
Kdtw yvdbo, ol omoieg pdAiota epgaviCoval Pe deya-
Nitepn ouxvétnta am ot motelape PEXpPl TPOoEAta
(Kavadia-Tsatala kar ouv. 2004).

B) lNepiveupikn Sinbnon: H mepiveupiky dindnukr e-
TIEKTAON TWV VEOTIAAONdTWY, €MnPedlel Kuping ta
ayyeia twv ayyeiwv alda kar ta eyyds (eupUtepa) Tun-
HaTd TOUG. 2UYKEKPIPEVA, OE AIPNATONOYIKOUG OYKOUG,
OTWG TN XPOVIA AEHPOKUTIAPIKY Aguxaipia, €xouv
aveupebel Aeuxaipikd kUTtapa Ta ormoia mpokaholv
Aeukdotaon ota ayyeia (Candiloros kai ouv. 1992). H
niepiveupikr) difbnon pmopel emiong va odnyrioer otnv
gHgpdvion yeveiakig veupordBeiag.

y) Zakxapwéng iaprimg (2A): Or KAVIKEG ekdNAOEIG
Tou 0akxapwdoug dIafrtn, Exouv AuECn OXEon He TV
pikpo- Kal PAKPO-ayyelomdBeia TG OTIOlEG EMQEPE.
Eidikd, yia to ootolv g kdww yvdBou, Siamotwbnke
meipapatikd, ot n mpdkAnon 2A tinou |, ouvoéetar pe
eNdttwon tou puBpoU evamdBeong tou ooteoeldoug
Kal TG evaoPeotiwor|g Tou Kar moloTtkr uroPBdBpion
Tou, omwg autr) diakpivetar aktivoypagikd (Abbassy ka
ouv. 2010). O pnxaviopdg o omolog ouvtehel oe autiv
v uroPdBpion, ouvbudler TV eMeIpPaTky Aeitoup-
yia Twv ooteoBAacTwV Pe TV EAGTIWON TNG OOTEOKAG-
OTKAG anopPd@nong Tou odnyoulv Ot TIEPIOPICHEVO
ootiké avaoxnuatopd (Abbassy kar ouv. 2010).

2€ PAKPOOKOTIKA HEAETN Twv petaPolwv tng ayyeiw-
ong Tou PAevvoydvou NG KAtw yvdBou otnv meploxn
Twv Topéwy, ot diafnukd naidid, diamotwbnke eAdTiw-
on kar avwpain katavopry TG (Gellin kar ouv. 1970).
Auotuxag, dev ugiotavial HEAETEG oI OTTOfEG VA pEAE-
ToUV I0ToAOYIKA TIG PETABOAEG TNG ayyeiwong TG KAtw
yvaBou oe diaPnukous aoBevelg. 2Uyxpoveg PENETES,
urtoatnpiCouv 6T 0 2A dev emnpedlel Tov 0oTIKS [ETA-
PoNiopd e Kkdtw yvdbou péow NG TPOKAAOUHEVNG
piKkpoayyelondBeiag, aMd péow Tou o&eIdwTIkoU
OTPEG, TO omoio eival o Mo mBavdg pnxaviopdg mpod-
KAnong ooteovékpwong oe diaBnuikols aoBevelg o
omoiol Aappdvouv dipwopovikd (Ichiseki kar ouv. 2006,

Ntijtpix EM. kai ouv./Dietrich EM. et al.

which  GCA-induced neuropathy develops has not
been clarified yet. So far, only two cases have been
reported in the literature (Genereau et al. 1997,
Abilleira and Bowler, 2005). It is interesting that the
second GCA symptom, after ischemic optic neuropa-
thy, is intermittent mandibular claudication (Abilleira
and Bowler, 2005). This has been reported in other
arteritides, too, such as in Wegener's granulomatosis
(Vermeulen and Mahowald, 1984). It is diagnosed
when the patient reports pain during mastication and
absence thereof at rest, and no other temporo-
mandibular disorders are identified (Zenone, 2007).
This pain is not due to the vessels of the mental nerve
being affected, and thus it is not a manifestation of
numb chin syndrome. The presence of intermittent
claudication is indicative of limited blood flow to the
facial artery (where the arterial branch to the mastica-
tory muscle arises from) and internal maxillary artery
(where branches to all four masticatory muscles origi-
nate from), which supply the masticatory muscles.
During mastication, the demand for adequate blood
flow to the masticatory muscles increases and thus
pathological changes to the vessels can give rise to clin-
ical symptoms, such as claudication upon mandibular
movement.

2. Vasculopathies

a) Sickle-cell anaemia: The blockage caused by abnor-
mally shaped drepanocytes in sickle-cell anaemia leads
to erythrostasis. The latter usually affects mental nerve
vessels, resulting in ischemic necrosis of the nerve,
which accounts for numb chin syndrome in 4% of the
patients (Konotey-Ahulu, 1972, Bruyn and Boogerd,
[991). Moreover, the blockage of mandibular vessels
by defective red blood cells is also linked to the devel-
opment of aseptic necroses of the mandible, which are
more frequent than previously suspected (Kavadia-
Tsatala et al. 2004).

b) Perineural infiltration: Perineural infiltrating expan-
sion of neoplasms affects mainly the vessels of the ves-
sels (the vasa vasorum), but also their proximal
(wider) parts. More precisely, in haematological
tumors, such as chronic lymphocytic leukaemia,
leukemic cells have been identified, causing leukostasis
to the vessels (Candiloros et al. 1992). Perineural infil-
tration can also lead to the development of numb chin
syndrome.

¢) Diabetes mellitus (DM): The clinical manifestations
of diabetes mellitus are directly linked to the micro-
and macro-vasculopathy that it causes. Particularly in
the mandibular bone, it has been experimentally
proved that the development of DM type-| is associat-
ed with a decline in the rate of osteoid deposition, cal-
cification and qualitative degradation, as seen radi-
ographically (Abbassy et al. 2010). The mechanism
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Khamaisi kai ouv. 2007).

6) Metakuvikry: H €kBeon tou ootol g kdtw yvabou
o€ aktivoohia, propel va odnyrjoel atnv ePgAvion g
OOTEOAKTIVOVEKPWONG, O TIABOYEVETIKOG HNXaviopog
NG orolag epTAEKE! TPEIG TIAPAYOVIEG: TNV aKTivoPo-
Na, To Tpalpa kai I @Aeypovn (Barkhuysen kai ouv.
2007). 2tov teheutaio mapdyovta oupmepiAapPdvetal
kar n autoavooia.

H 1oukq kataotpon, eugaviCel v €& akoloubia:
aktivoBoAion, dnuioupyia umoikol TepIBdMovtog,
TIEPIOPIOKOG TNG AYYEIWONG, UTTOKUTIAPIKATNTA, 10TIKO
tpalpa (Bras kar ouv. 1990). To ioukd tpalpa ouviota-
Tal og ivwon Kkar ayyelondBeia. 2uykekpipéva, mapatn-
peftar ivwon tou BAevwoydvou Kai Tou TIEPIOOTEOU, [E
eAdTiwon Tou apiBuol Twv KUTtdpwy, EAGTIwon NG
ayyeiwong kai mMéxuvon Tou €0w XITwva g KAtw @at-
viakig aptnpiac. H mdxuvon auty akolouBeftar amd
onuavtkou Pabuou ivwon kar eAdttwon g diapétpou
™G aptnpeiag otav eueaviCetal 0oTEOaKTIVOVEKPWON,
evw eppavicetal kal Opdppwor) g (Bras kai ouv. 1990).
Extdg, dpwe, and autéc tg kabapd ayyeiakeg petafo-
NG, ol ottofeg umopouv va eEnyrioouv dueoa tn diatd-
pagn NG ayyeiwong kar g o§uydvwong Twv 1I0TWY, N
Tiapouoia evég diatapaypévou avoooAoyikd UTooTP®-
patog, propel emfong va ennpedoel Ty emavayyeiwon.
2 UYKEKPIPEVE, N TIApoUoia aUToavuIowPdTwy, avtieAa-
otivng, avtikoMayovou, avImupnvikay Kar avuievoobn-
Nakawy, onmwg oty anogeaktiky Bpopfayyeitida
(véoo tou Buerger), éxel ouvdebBel pe tv epgdvion
HETaKTVIKAG donmmng ootikig vékpwong (Roncon de
Albuquerque kar ouv. 1989).

€) ®apparoenaydpevn: H xnueioBepaneia, khaoikr A
HE TN Hop®r) TG oTtoxeupévng Bepareiag, emmpeddel
duopevwg Ta TPoPopopa ayyeia g Kdtw yvdbou,
TpokaAwvtag tn dnuioupyia BpouBuoewv otoug TeN-
KOUG KAQOOUG TOUG OTO HUEAS Twv OO0TWY, aMd Kal
oxnuatopd Amwdwy eufdhwy amd tn peuctormoinon
Tou pughol twv ootwv (McMahon kar ouv. 2004). O
petaPolég autég eival anmotéheopa tng to€ikig Spdong
Twv @appdkwv NG xnueloBepaneiag oto evdobrio.
O1 BAGPeg autég ouvdEovtal e OOTIKEG HETAPOAEG,
omwg pe didBpwon tou omoyywdoug ootou (McMahon
kai ouv. 2004).

Ta dipwopovikd edpuaka, TEpav G avtiooTEOKAAOTI-
KAG OpdonG Toug, eHPAViCouv KAl avTIayyEIOYEVETIKN
dpdorn), meplopifovtag T petavdoteuon Kai Ty TTpo-
okoMnTkdTNTa Twv evdobnhiakwv kuttdpwy (Wood
kai ouv. 2002). Aut n dpdon eivar BéRaia emBupnt
otav mpokertal Tepl veomAaopdtwy, aAd BAarttikr kai
pn emBupntr dtav agopd oto ooTouv.

MAGODYZIOAOTIA TON OXTIKQN
METABOAQN ZTIZ AITEIOTNAOEIEX

AveEdptnta and to €idog g aptneftidag A g ayyel-
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behind this degradation combines osteoblast dysfunc-
tion with a decline in osteoclastic resorption, leading to
limited bone remodelling (Abbassy et al. 2010).

A macroscopic study of the changes in the arterial sup-
ply of the mucosa in the mandibular incisor area of dia-
betic children revealed its reduction and uneven distri-
bution (Gellin et al. 1970). Unfortunately, there have
not been any histological studies on the arterial supply
of the mandible in diabetic patients so far. According to
more recent studies, DM does not affect mandibular
bone metabolism via the resulting micro-vasculopathy,
but via the oxidative stress it causes, which is the most
probable mechanism behind osteonecrosis in diabetic
patients who are on bisphosphonates (Ichiseki et al.
2006, Khamaisi et al. 2007).

d) Post-radiation: Exposition of the mandibular bone
to radiation may lead to the development of osteo-
radionecrosis, the pathogenic mechanism of which
involves three components: adiation, trauma and
inflammation (Barkhuysen et al. 2007). The latter fac-
tor also includes autoimmunity. Tissue destruction
proceeds in the following pattern: radiation, creation
of a hypoxic environment, reduction of arterial sup-
ply, hypercellularity, tissue trauma (Bras et al. 1990).
The tissue trauma involves fibrosis and vasculopathy.
More precisely, fibrosis of mucosa and periosteum
are observed, involving a reduction in the number of
cells, decrease in arterial supply and thickening of the
inner coat of the inferior alveolar artery. In osteora-
dionecrosis, this thickening is followed by a significant
degree of fibrosis and decrease in the arterial diame-
ter, while thrombosis also develops (Bras et al. 1990).
Besides these purely vascular changes that can directly
explain disorders in vascular and oxygen supply to the
tissues, the presence of a disturbed immune back-
ground, can in tumn also affect revascularization. More
precisely, the presence of autoantibodies, antielastine,
anticollagen, antinuclear and antiendothelial antibodies,
such as in thromboangiitis obliterans (Buerger's dis-
ease), has been associated with the development of
post-radiation aseptic osteonecrosis (Roncon de
Albuquerque et al. 1989).

e) Drug-induced: Chemotherapy, classic or in the form
of targeted treatment, has a negative effect on the
mandibular feeding vessels, causing thromboses to
their end branches in the bone marrow and emboli as
a result of bone marrow liquefaction (McMahon et al.
2004). These changes are the outcome of the toxic
effect of chemotherapy drugs on the endothelium. The
lesions in question are associated with bone changes,
such as trabecular bone erosion (McMahon et al.
2004). Besides their antiosteoclastic effect, bisphos-
phonates also have an antiangiogenic effect, limiting the
migration and adhesivity of endothelial cells (Wood et
al. 2002). This is a desirable effect when it comes to
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omndBeiag, o Pnxaviopdg PEOW TOU OTTOIoU AOKE(Tal
mBavr) emPAaBric Spdon otnv TEPIOXT] TTOU AIPATWVE-
Tal and v aptnpia fj to aptnpeidio eivar o akdhoubog:
n ayyeiondBeia ouviehel oty umodpdeuon g Teplo-
xnG (veupo, pueg fj ootolv), dpa oe Ioxaiyia kai ev
Téhel o umogia. H erdttwon tng ofuydvwong tou
ootoU propel va petpnBel pe tn xprion evog edikou
METAMAKTN O oTToiog HeTpdel T PEPIK TTfeon o§uyo-
vou (PiO2). Metprioeig éxouv deiel dul og mepimwon
naboloyiag, n PiO2, anmd 71,4 mmHg (mou eivai n
@uololoyIkr Tiun), katépxetar ota 30,6 mmHg, amote-
Advtag éva xpriolpo Selktn katd T XePoupyIKh av-
HETWTTION TG XPAVIAG OOTEOHUENTISAG Kal TNG OOTED-
vékpwong (Maurer kar ouv. 2006).

To yeyovdg du otig aptneftideg Kal TG ayyelondOeieg
yevikd, dev emoupBaivouv akpaieg 0oTIKEG HETABOAEG
OTIWG OTNV TIEPITTIWoN NG OPEMAvVOKUTIApIKAG aval-
piag, opeidetar oto éu og autég Sev Tapatnpeital
ouvnBwg TAENG amdeealn tou aulol Twv ayyeiwv,
evw n mapdmeupn Kukhogpopia mou eykabiotatar otnv
Kdtw yvdbo, propel va avuueTwioel TV edeaviCope-
vn urodpdeuon. ‘Etol, dev mapatnpeftal n epgdvion
AKTIVOOKIEPWY GMOINOEWY, Ol OTIOfEG aVTIOTOIXOUV O
doNTTEG  VEKPWOEIG, WG AaMOTEAEOHA ePPBOADV  Ota
ayyeia, énwg otn dpemavokuttapikr) avaiyia (Kavadia-
Tsatala kai ouv. 2004).

Ootikég petaBolég og pikpookotkd enfmedo, wotdoo,
mbavoloyeital 6T undpxouv 0To 00TO NG KATW YVa-
Bou, Adyw G TMapeumddIoNng TG PUOIOAOYIKAG alpd-
Twong kar o&uydvwong. lNapatnperoeig ootikwy peta-
Polwv oe aptnpitdeg Tou MpooBdMouy dMa turpa-
Td TOU OWPATOG, EVIOXUOUV QUTAY TNV urdBean. Zuyke-
Kpluéva, éxel mapatnendel veo-ooteoyéveon otnv
KAaka Tou tupmdvou otn Bacikr éNika Tou KoxAia, og
aoBeveic pe olwdn moAuaptnpftida (Joglekar kar ouv.
2010). To mapddeiypa autd Seixvel 6T, av kai Ba mepi-
HEeVe Kaveic Ot n urodpdeuon NG TIEPIOXAG Kal 1 uTTo-
&la, Ba odnyroouv oe donmn vékpwon, n dia 084G,
propel va odnyrjoel og avdPACTIKY] VEOQYYEIOYEVEDN
Kal OOTEOTIAPAYWYr HE OTOXO TNV OpolooTdsia.
2XEUKA e TV donmmn vékpwor, vedtepa dedopéva,
uttoatnpiCouv éva ToAUTTapayovtiké HOVIENO BpdpPw-
ong (Kenzora kar Glimcher, 1985). Z0ppuwva pe autd,
Sev elval pévo n aktivoodAnon evég acbevous pe kap-
kivo fj n xnueioBepaneia mou pmopel va odnyrioel og
OOTEOVEKPWOTN, AN éva olvolo emPBapuvtikwy Tapa-
YOVIWY, OTwG N APn SIpwoPOVIKWY KAl OTEPEOEISWY,
Ta omoia dha padi mpokaholv éva abpolotikd OTpPES
ota ootikd kuttapa. [NAéov unmootnpiCetal ot n ootikr
vékpwon Sev ogeiletal Mpwtoyevwg og diatapaxr] g
Aertoupyiag Twv 0OoTEOPAQOTWV KAl OOTEOKAQOTWY,
aMd oe xpdvia loxaiia Tou PUEAOU Twv OoTwV
(McMahon kar ouv. 2004). Z& autdv To xpdvio unxavi-
Opod, ePMAEKETal N avaidia, ol diIatapaxég g IVwdOAU-
ong kai n BpopPogiiia (Glueck kar ouv. 1996, Lenz ka
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neoplasms, but a harmful and non-desirable one for
the bone.

PATHOPHYSIOLOGY OF BONE
ALTERATIONS IN VASCULOPATHIES

Regardless of the type of arteritis or vasculopathy, the
mechanism through which a potentially harmful effect is
exerted on the area supplied by the artery or arteriole
is the following: vasculopathy contributes to the hypop-
erfusion of the area (nerve, muscle or bone) and thus
to ischemia and finally to hypoxia. The decrease in
bone oxygenation can be assessed by means of a spe-
cial sensor measuring oxygen partial pressure (PiO2).
Measurements have shown that in pathological cases
PiO2 drops from 71.4 mmHg (which is the normal
value) to 30.6 mmHg, which is a useful indication in the
surgical treatment of chronic osteomyelitis and
osteonecrosis (Maurer et al. 2006).

In arteritides and vasculopathies in general, no extreme
bone changes are caused, like in sickle-cell anaemia,
which can be explained by the fact that there is usually
no complete blockage of the vessel lumen, while the
collateral circulation which is established in the
mandible can compensate for the resulting hypo-perfu-
sion. Thus, no radiopaque lesions can be observed, cor-
responding to aseptic necroses resulting from vessel
embolisation, like in sickle-cell anaemia (Kavadia-Tsatala
et al. 2004). It is speculated however that microscopic
bone changes are indeed caused in the mandibular
bone, resulting from the obstruction of the normal
blood and oxygen supply. Bone changes observed in
arteritides affecting other parts of the body support this
hypothesis. More specifically, neo-osteogenesis has
been observed in the scala tympani of basal turn of the
cochlea in patients with polyarteritis nodosa (Joglekar
et al. 2010). This example shows that, even though one
would expect that the region’s hypoperfusion and
hypoxia would lead to aseptic necrosis, this can also
lead to reactive neo-angiogenesis and osteo-formation
to achieve homeostasis.

Regarding aseptic necrosis, more recent data support
a multiple hit thrombosis model (Kenzora and
Glimcher, 1985). According to this model, it is not
only radiation or chemotherapy that can lead to
osteonecrosis in cancer patients, but a set of aggra-
vating factors, such as the use of bisphosphonates and
steroids, the interplay of which results in cumulative
stress to the bone cells. Moreover, it is argued that the
primary cause behind osteonecrosis is not osteoblast
and osteoclast dysfunction, but chronic bone marrow
ischemia (McMahon et al. 2004). This chronic mecha-
nism involves anaemia, fibrinolysis disorders and
thrombophilia (Glueck et al. 1996, Lenz et al. 2005).
The initial involvement of only the bone marrow and
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ouv. 2005).

H apxikr] epmAokr} pévo tou pughol Twv 0oTwv Kar OXI
TOU oupmayolg ootoU, Pmopel va ouykaAiger tnv
raboloyia kal To pdvo OToIXelo TTOU TNV AmOKAAUTTE!
va efvar évag d1dxutog Tévog, Kuping odovtikdg, Veu-
pomabnukrg artoloyiag. [Npémer va toviotel ot o
pnxaviopdg autdg eivar o idlog Téoo otig oAU xapa-
KINPIOTIKEG HOPPEG OOTEOAKTIVOVEKPWONG, OO0 KAl OF
ATTEG HOPPEG OOTIKAG 10XAIKIAg, OTwG Ol TPAUUATIKEG
00TIKEG KUOTEIG aMd Kal N 1oxaipia Adyw o1drpatog
ToU pughoU Twv 0oTwY, ayvwatou artiohoyiag. Or mpw-
ToveVveiG IaTapaxég Tou TMKTIKoU pnxaviopou, dSnAadn
n BpopPogiAia kai n diatapaxr| NG IvwddAuong, pro-
pel va ouvdEovtal kal Pe AMa kAivikd olvdpopa, Omwg
N veupahyia TPIGUPOU Kal dTutieG HOPPEG TIOVOU, O
omoiog mBavoloveftal 6T eival veuponadnuikdg, ioxal-
pikrg artohoyiag (Glueck kar ouv. 1996).

2YMIMEPAXMATA

H ayyeiwon g kdtw yvdbou, 1diaftepa n kdtw eatvia-
K aptneEia, emMOEXETAl EKPUNICTIKEG HETABOAEG TOU
Trou NG aptnEIdIooKApuUvonG Katd T yrjpavon, ol
OTTOlEC €XOUV WG ATOTEAECHA TNV UModpdeuon Tou
ootoU G Kdww yvdBou. Qotdoo, PetaBoAég emoup-
Bafvouv kar og maBoAoyikég Kataotdoelg TTou apoPOUV
OTOV AyYEIakd 10T, OTWG TTPWTOVEVEIG, aMd KUpiwg
Seutepoyeveic ayyelonddeieg kar aptnEITISEC.

O1 00TIKEG PETABOAEG TTOU ETTEPXOVTAl OTO OOTOUV TNG
Kdtw yvdBou amd TG petaPoAég otnv ayyeiwon dev
EXOUV TIAPWG PeAeTNOel kal HOvO pePovwpEveG ava-
(QOPEC autwV ugiotavtal. H otevr) oxéon peta&l ayyel-
®OoNG kal ootol G Kdtw yvdbou dnwg autr TTapou-
OIGOTNKE, €XEl WG ATTOTEAECHA, Ol KATAOTdoEIG OI OTTof-
€ Tapedmodifouv T @UOIOAOYIKY Asitoupyia Tou
evdoBnhiou kar mpokaholv TepIopIopd NG AINATIKAG
pong kar urogfa, va emmpedfouv dueca TO OOTOUV.
‘Etol, akdpa kar Aertoupyikol ooteofAdoteg, Sev eival
oe B¢on va ouvBéoouv ooteoeldEC emf diatapaypévng
ayyeiwong. H katdotaon autri odnyel og olotikd umo-
BaBuiopévo ootolv, pe dTumn APXITEKTOVIKY 1 akopa
Kkal donTn VEKpwon. 2tnv TeAeutaia, epmAékoveal id-
(QopoI artioAoyIkol TTapdyovteg, ota TAaiola evog TToAU-
TIaPayoVTIKOU POVIEAOU, TO OTTOIO €UTAEKE TN Xpdvia
IoXxaipia Tou PUEAOU Twv 00TWY, pe dIATapaxég otnv
VOOOAUCN Kal OTtov TINKTKO  UNXAVIOHO.  2ZUVETTWG,
OUOTNHATIKEG KATAOTACEIG PITOPOUV Vd TIPOKAAEGOUV
TIPWTOYEVWS ayyelakr) maboloyia kar deutepoyevag va
E€TNPEGOOUY TOV 00TIKG PETABONGHO.

Edv o ootitng kar o ayyeiakdg 10t6G BewpnBouv, Sopi-
K4 Kar Aertoupyikd, duo ave&dptntol 10Tol, Tote dev
efvar duvatdv va eEnynBel yiati To ootolv wg avedp-
TG 10TdG BPioKeTal TTAVIOTE UG TOV €AeyXO PEDO-
Aapntav kai auénukav mapaydviwy and to evoobnAio,
omwg g BMP-2. H teleutaia, dnwg mbavdtata kai
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not the compact bone may conceal the pathology,
and the only indication is a sense of diffuse, mainly
dental, pain of neuropathic origin. It should be noted
here that this mechanism is the same in both very
typical forms of osteoradionecrosis and mild forms of
bone ischemia, such as traumatic bone cysts and
ischemia resulting from bone marrow oedema of
unknown origin. Primary disorders of the coagulation
mechanism, i.e. thrombophilia and fibrinolysis disor-
der may also be linked to other clinical syndromes,
such as trigeminal neuralgia and atypical forms of pain,
which is speculated to be of ischemic origin (Glueck
et al. 1996).

CONCLUSIONS

The arterial supply of the mandible, particularly the
inferior alveolar artery, is subject to age-related degen-
erative changes, such as mandibular arteriosclerosis,
which result in hypoperfusion of the mandibular bone.
However, changes also occur in pathological condi-
tions affecting the vascular tissue, such as primary, but
mainly secondary, vasculopathies and arteritides.
Changes to the mandibular bone arising from alter-
ations in arterial supply have not yet been fully stud-
ied, and there are only individual reports on them. As
a result of the close relationship between the arterial
supply and mandibular bone, as presented in this
paper, conditions obstructing the endothelium's nor-
mal function, restricting blood flow and causing
hypoxia have a direct impact on the bone. Thus, even
fuctional osteoblasts are not able to synthesise
osteoid in cases of distorted arterial supply, which
leads to a qualitative degradation of the bone, involv-
ing atypical architecture or even aseptic necrosis. The
latter combines various etiological factors into a mul-
tiple hit thrombosis model, involving bone marrow
ischemia with disorders in fibrinolysis and the coagula-
tion mechanism. Thus, systemic conditions can prima-
rily give rise to vascular pathology and secondarily
affect bone metabolism. If osseous and vascular tissues
are approached as two structurally and functionally
separate tissues, then it is not possible to explain why
the bone, as an independent tissue, is always under
the control of endothelial mediators and growth fac-
tors, such as BMP-2. The latter, and probably also all
other morphogenetic proteins, seem to prove the
vascular origin of bone tissue, since angiogenesis pre-
cedes and regulates osteogenesis both at the early
stages of craniofacial formation and in post-natal oste-
ogenesis.

In conclusion, systemic vasculopathies appear to affect
the inferior arveolar artery and mandibular bone
metabolism more than previously suspected, as a
result of the fact that the vascular tissue regulates and



142

AMEG HOPQOYEVETIKEG TIPWTEIVEG, palvetal va amote-
AoUv v amddeifn TG ayyeliaknG TIPOEAEUONG Tou
ootitn 10Toy, kabwg dMwe ota apxikd otddia g Kpa-
VIOTIPOOWTTIKAG SIANMAaonG €tol Kal katd T JETayewn-
TIK] OOTEOVEVEDN N AYYEIOYEVEDN TTPONYEITAl XPOVIKA
kal pubpiel TNV ooteoyéveon.

2 UPTEPAOHATIKG, Ol OUCTNUATIKEG ayyelomdBeleg ¢ai-
VETal va mpoofdMouy Tiepioodtepo am Ot motedape
pEXPI TTPOO(PATa TNV KATw QATVIaKr) aptneia Kar tov
ootikd petaBoAiopd NG kdtw yvdbou, oToixelo TO
oroio ogeiletal oto T 0 ayyelakdg 10ToG PUBpICer Kal
emnpedlel dpeoa Tov 0oTKO PETABONIONS, Aetoupyw-
VIaG WG MapdBupo PEow Tou oToiou To 0oToUv aMn-
Aemdpd e To HIKpoTTEPIBAMOV.
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