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Association between osteoporosis

and periodontitis

MepiAnyn

To evdlopépov TG €peuvag EMKEVIPOONKE TPOGPATO TN
oxéon HeTa&y YPpOVIaG TEPLOdOVTITIONG Kol ooteondpwong. H me-
pLodovtitida eivor PAEYHOVAOING VOGOG TOV GTNPIKTIKOV 0d0VTL-
KOV 10TMV 0V TPOKOAEITOL AtO AAANAETIOPAGEIS AVAUEGO GTOVG
LKpoPlakovg Plobpéves Kol TV 0VOGOPAEYLOVAOIN OTOKPIoN
oV £EVIOTH OV 00N YOVV GE OGTIKY OTOPPOPNOT|. ZVYKEKPLUE-
va. mepromafoyova PaxTiple, TO KATVIGUO Kol O GOKYOULPOONG
dfnmg etvar mopdyovteg Kivohvoy GTEVE GUVOEUEVOL LE TNV
évapén kar e&€MEn g meprodovritdoc. H ooteondpmon eivan
cofapn CLOTNUOTIKY VOGOG TOV 0GTAOV TOL EXNPEALEL ONUAVTL-
KO T0000TO avOpOTOV ToyKoopimg. Zyetifetor pe v nAio
Ko yopoktnpiletor amd younin ootk wale kot dtotapaén g
OGTIKNG OPYLITEKTOVIKNG OV QLEAVOLV TNV TOOVOTNTA Y10 OGTIKE
katdypoto. H £ykaipn didyvoon g ooteondpmong eivar Suvartn
pe SloyvooTikd HéGa Tov HETPOVV TNV 0oTikn Tukvotnta (OIT).
"Exovv avayvoptotei S1dpopot KOPLot 1] 0e0TeEPEHOVTES, TPOTOTOL-
NOWOL N 11 TPOTOTOW GO TOPEYOVTEG KIVOVUVOL Y10, TNV OCTE-
omoOpwo, mov mEphapPavovv ™ yaunin OI1, to owoyevelakod
1GTOPIKO, TPOTYOVLEVO KOTAYLATO, TO YOUNAO COUATIKO Bapog
kot To kamviopa. H yapmAn OIT Oswpeitot 0 KaAdTtEPOg TPOyvm-
OTIKOG OEIKTNG KATAYLATOV OTIG LETEUUVOTOVGLOKES YOVOIKES.

XKOTOC NG Tapovoag epyaciag gival 1 PipAoypapikn ova-
oKOTNOT T060 TV THUVAOV dAIAETOpdcemV PeETaEd TG 00TE-
OmOPWOTG KO TNG TEPLOSOVTITIONG OGO KOl TV VIOKEILEV®V Pi-
OAOYIK®OV PNYoviopdV. To opHate VTOSEKVHOLV OTL 1] XOUNAN
00TIKN Hale 68 YOVOIKEG HE OVETAPKELD 01GTPOYOVOV TOOVOV
emnpedlel v TLKVOTNTO TOL POTVIOKOD 0GTOD KOl GUVERMDG
propel va amoterel oNUOVTIKO TapdyovTa yio TV eEEMEN TG me-
prodovritidac. [opd ta dedopéva avtd, o1 EpgLVNTEG PaiveTol VO
GULPOVOVV OTL OTOLTOVVTOL TEPIOGOTEPEG HEAETEG YL TNV a&lo-
AOYNON TOV POLOV TNG OGTEOTEVING/0GTEOTOPWONG OTNV Evapén
Ko €EEMEN NG TEPLOSOVTIKNG VOGOV.
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Abstract

Research interest has recently been focused on the
association between chronic periodontitis and osteo-
porosis. Periodontitis is an inflammatory disease of
tooth-supporting tissues resulting from the interac-
tions between bacterial biofilms and the host’s immu-
no-inflammatory response, leading to bone resorption.
Specific periodontal microorganisms, smoking, and
diabetes mellitus are the risk factors most strongly re-
lated to the induction and progression of periodontitis.
Osteoporosis is a severe systemic bone disease affect-
ing a significant percentage of people worldwide. It is
associated with ageing and characterized by low bone
mass and impairment of bone architecture, which in-
creases susceptibility to bone fracture. Early detection
of osteoporosis is possible with accurate diagnostic
methods that measure bone mineral density (BMD).
Several major or minor, modifiable or nonmodifiable
risk factors for osteoporosis heve been identified, in-
cluding low BMD, family history, previous fracture,
low body weight, and smoking. Low BMD is consid-
ered the best predictor of fracture risk in postmeno-
pausal women.

The aim of the present paper is to review the lit-
erature concerning the possible interactions between
periodontitis and osteoporosis and to determine the
underlying biological mechanisms. The findings indi-
cate that low systemic bone mass in estrogen-deficient
women probably affects alveolar bone density, which
could constitute an important factor for the progres-
sion of periodontitis. Despite these findings, reviewers
seem to agree that additional studies are needed to as-
sess the role of osteopenia/osteoporosis in the induc-
tion and progression of periodontal disease.
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O1 gpevvnTég €xouv emkevipmbel TPOCEATO GTN GLGYETION
peta&d 006TEOMOPMONG Kol ¥poviag meplodovtitidag. Eav ova-
hoyiotel Kavelg €vav acBevn pe 16TopKd OMMOAENG GATVIOKOD
00TOV E0TIOG TG TEPLOSOVTITIONG KOl EVOV AAAOV LE YEVIKED-
LEVN 00TIKY| am®AElo Eontiog NG 00TEOTOPMONS, Elvol E0KOAO
va vroBécel 6Tt Ta 600 VOGTLOTO £XOVV KOWVA YOPUKTIPIOTIKA
(Reddy 2001).

H meprodovritida givor Aeypovmdng vOGOG TV GTNPIKTIKOV
10TMV TOV SOVTIOV GTNV OTOl0l EUTAEKOVTOL AAANAETIOPACELG LLE-
Ta&y TV PobuEvev Tov TEPIEYOVY LKPOPLa Kot GAAOVS LOAVGLLO-
TIKOVG TOPAYOVTES KOL TNG OVOGOPAEYHOVAOOVS OTOKPIGNG TOV
Eeviotr], 0dNY®VTOG 68 PETOPOAES TOV GLVIETIKOD 16TOD KOl 0TOp-
poenon tov 0otov (Kornman 2008). Apketd pukpoPia mov mept-
roppavovv to Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia, xon Aggregatibacter actinomycetemcomitans,
£YOVV OVOYVOPLOTEL (G CUTIOAOYIKOL TTOPEYOVTEG TNG TEPLOOOVTIKNG
vooov (Socransky kot Haffajee, 1997). Ot pukpoopyavicpol mpo-
OKOMOUVTOL GTNV 000VTIKY emeaveln oynuatifovtag Probpévia
TOL OTOTEAOVV KOAGL OPYOVOUEVES HIKPOPLOKES KOWOTNTES EVO®-
potopéveg o éva opyovikd vrootpopo (Marsh 2005). H vyela
TOV TEPLOSOVTIIKMV 10TOV €0PTATOL 0O TNV 150pPOTIN HETAED TV
LKPOPimV Kot TOV GVOGOAOYIKOU GUGTNUATOC. TV TEPIOOOVTIKN
Aotpwén, To pikpofrod mopdyya SIEIGOVOVY GTO GUVIETIKO 10TO
TOV OLA®V TPOKOAMDVTOS TIV VOGOAOYIKT 0tOKPIoT TOL EEVIGTN M)
omoio TPOKOAEL S10pOPETIKOD PadLLoD 0GTIKT KATAGTPOPT.

H ooteondpwon eivor pio amd TG o cvyvEG OKEAETIKEG TTOL-
Onoeig kot TposPaAdrel £va oNUOVTIKO TOGOGTO TOL TANOLGLOY
naykoopiog. Eivar pio cofoapn cuotnpatiky vOG0G ToV 0GTIKOD
petaforcpod mov oyetiCeton pe v nikio Kot yopoktnpileto
amd yopmAn ootikn pale Kot aALOImoT TG APYITEKTOVIKNG TOV
00670V, AVEAVOVTOG £TGL TNV EMPPETELN TOV ATOLOL Y10, KOTAYLO-
t0. 'Eva ov&avopevo mocootd yovaikdv kat avopmv 0o tpocfin-
Oel and ™ vos0 Tpoiovong g nhkiag tov TAnbvcpov (Kuo kot
ovv. 2008). EmmAéov, o1 O1KOVOUIKEG EMMTOCELS OO TOL OCTE-
OTOPWTIKG KATAYHOTo 0EAVOVTOL ToyKOGHImMG KabOmg 1) nAkio
oV TAnBvopov cvveyilel va peyaimvel (Lips 1997, Delmas kot
ovv. 2005). O emmoAacpHog TV Kotaypdtmv £xet avéndei kot ota
dvo evla (Pietschmann kot cuv. 2008). Tepimov 30-50% twv yvo-
voikav kot 15-30% tov avépdv Bo VTOGTOVY 0GTEOTOPOTIKO KA
taypo ot dupketa g Long tovg (Randell kot cuv. 1995, Geurs
2007). To emdnpuoloywkd otoryeio edpoidvovy Ot 1| EMNTOON
g vOoov avéavetal otadepd Kot To, ETOUEVE, YPOVIK 0 aplOuds
TOV 0CTEOMOPAOTIKAOV KAUTUYUATOV OVOUEVETOL VO SITAAGIOGTEL.
H oot andren eEghicoeton paydaio 0TS yovaikeg HETA TNV
EUUNVOTAVGT KOOMG T, ETTEDD TV O1GTPOYOVAOV EAATTOVOVTOL.
Av KoL 0 pOLOG TNG OOTIKNG OTMAELNG SLOPEPEL LETAED TOV TAN-
Buopdv Kot tov pefddmv eKTipnong, KATolEg LEAETES AVAPEPOLV
plo Pabpaio peiwon g HETEUUNVOTOVGLOKYG OCTIKNG WAL0S
katd 0,5-1,0% 1o ypovo (Jeffcoat 2005).

H avtoyn tov ootdv kabopiletar amd v motdTnTo. Kot TNV
mokvodTTd Toug. H éykoupn didyvwon g ooteondpmaong eival
duvath pe axpiPn SoyveoTIKE HEGO TOV HETPOVV TNV OGTIKN
mokvomro (OIT). H pérpnon g OII eivor o mo edkorog mo-
COTIKOG TTPOYVAOGTIKOG OEIKTNG KIVODVOL KATAYLOTOS Y10, OGOVG
dev &yovv VIOGTEL AKOUN KATAYLA, VG 0 Kivduvog Ba mpémet va
EKTIHATOL G oYéon pe TNV NAkio Tov atopov (Brown kot Josse
2002). H «omoppdenon axtvoforiog SimAng evépyswag» (dual

Researchers have recently focused on the associa-
tion between osteoporosis and chronic periodontitis.
In considering two patients, the first with a history of
alveolar bone loss due to periodontitis and the second
with systemic bone loss due to osteoporosis, one can
assume that the two diseases share common features
(Reddy 2001).

Periodontitis is an inflammatory disease of tooth-
supporting tissues involving interactions between
biofilms containing bacteria and other virulence fac-
tors and the host’s immuno-inflammatory response,
leading to connective tissue alterations and bone re-
sorption (Kornman 2008). Several bacteria, including
Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia, and Aggregatibacter actino-
mycetemcomitans, have been identified as etiologic
agents in periodontal disease (Socransky and Haffa-
jee 1997). Microorganisms are attached to the tooth
surface, forming biofilms that have been defined as
highly organized microbial communities embedded
in an organic matrix (Marsh 2005). Periodontal tissue
health depends on the balance between microbiota and
the host immune system. During periodontal infection,
microbial by-products penetrate the gingival connec-
tive tissue, inducing the host’s immune response,
which provokes a varied degree of bone destruction.

Osteoporosis is one of the most common skeletal
disorders, affecting a significant percentage of people
worldwide. It is a severe systemic bone metabolic dis-
ease associated with ageing and is characterized by
low bone mass and impairment of bone architecture,
which increases susceptibility to bone fracture. An
increasing percentage of women and men will be af-
fected by osteoporosis, as the population ages (Kuo et
al. 2008). Furthermore, the economic impact of osteo-
porotic fractures is increasing as the world population
continues to age (Lips 1997, Delmas et al. 2005). The
occurrence of fractures has increased in both sexes
(Pietschmann et al. 2008). Approximately 30-50% of
women and 15-30% of men will confront a fracture
related to osteoporosis within their lifetime (Randell
et al. 1995, Geurs 2007). Epidemiological data have
established that the prevalence of the disease is con-
stantly increasing; in the next years the number of
osteoporotic fractures is expected to double. Bone
loss progresses rapidly in women after menopause,
as estrogen levels are reduced. Although bone loss
rates may differ among populations and by evaluation
method, some reports state that the decline in post-
menopausal bone mass is 0.5-1.0% per year (Jeffcoat
2005).

Bone strength is determined by bone quality and
bone density. Early detection of osteoporosis is pos-
sible with an accurate diagnostic method that mea-
sures bone mineral density (BMD). This measurement
is the most readily quantifiable predictor of fracture
risk for individuals who have not yet had a fragility
fracture, and this risk should always be viewed in the
context of the person’s age (Brown and Josse 2002).
Dual energy X-ray absorption (DXA) was introduced
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energy X-ray absorption, DXA) napovoidotnke
10 1987 v T pétpnomn g yeEVIKELUEVNGC OOTL-
KNG anmAstoc. H ootikn mukvopetpio Kotoypd-
ot v OIT ¢ «mukvotnto Teployney» o€ gram/

Mn TpomomoujcLoL
Non-modifiable

Mivakag 1. MNapdyovteg kivBuvou yia tnv nepiobovtitiba

Table 1. Risk factors for periodontitis

Modifiable/
Partially modifiable

Tpomoromjoipov/
Mepukd TpomoToU|GL]IOL

cm? H TOPOVGINGT] TOV OMOTELEGUATMV YiveTat Hiwio Kowmvikoowovopikd eninedo  Socioeconomic status
pe dvo tipéc: v Ty «T» mov mpokvdmTEL amd Doro Zuykekppéva pcpopo Specific microbiota
v agaipeon g péong OIT evog nAnbvcpon OVMY/EBvicodm o Kémviopo Cigarette smoking
ava@opds veapmv evniikov omd v OIT tov Tovid10KOG TOALOPPIGHOG Sakyopddng dtopfng Diabetes mellitus
e&etalopevon aTOLOL Kot TN SloipeoT) TOL omo- Age Tayvoapkic Obesity
SSM?_'GH (X’l?og S‘ € m G’;aeeep M amdkiion (standazrd Gender Oocteomevia/Ooteonopwon — Osteopenia/Osteoporosis

eviation, TOL TANOLVOLOD KO TNV TIUN «Z)» . . .

, ) N H "l , N Race/Ethnicity Aoipoén HIV HIV infection
1 omoia cuykpivel Tnv OIT tov achevoig pe v : -
Gene polymorphisms Yuyoowkovopkoi mapdyovteg  Psychosocial factors

OIl &vdg mAnBvopoy TOVOROIOTLTTOV LE TOV

e&etalopevo ®c TPOG TN QUAT, TO GOAO KoL THV
niia (Jeffcoat 2005). Zopewva pe tov [aykdopio Opyoavicpud
Yyelag (WHO), éva dtopo Oempeitar 0Tl TAGYEL A0 0GTEOTOP®-
on gav n T OIT givor 2,5 SD kdtw omd 1o péco 6po evog véou
vy100¢ eviika (T-score < —2.5). Ty OII peta&o 1 koe 2,5 SD
kGt ToV PEGov 6pov (—1.0 < T-score <-2.5) Oewpeitor ooteonE-
via (WHO 1994, Brown kot Josse 2002).

H ymoewxkn axtvoypoeio mov omeikovifel T1g petafforég
670 VYOG KOl TNV TUKVOTNTO TOL POTVIOKOD 0GTOV, TPOTOTOL-
NOnke mTpdoEOTO Yo VO TOPEYEL TOCOTIKN EKTIUNGN TNG OCTL-
KNg anwiewog (Jeffcoat kot ouv. 1996). EmmAéov, n pébodog g
YNOLKNG NAEKTPOVIKNG ovaAvonG ekdvag (computer-assisted
densitometric image analysis, CADIA) ypnotiponoeitot yuo tnv
EKTIUNOT TOV LETAROADV TNG TLKVOTNTOG GTIV KOPLOT Kol Tl
POKEILEVES TEPLOYES TOV LEGOOOVTION PATVIOKOD 0OGTOV KOl 1) 7Ol
pPOVGINoT TV ATOTEAEGHATOV YiveTat pe Tn Ponbeia akyopiBuwmv
(Payne kat ovv. 1999, Jeffcoat 2005).

Mapdyovteg kivbuvou yia tnv nepiobovtitiba

H amotedleopotikdma tng 0voGOAOYIKNG amdKpiong Tov Ee-
viot| egoptdron and apkeTovg eEmYEVel Kot gvooyeveig mapdyo-
vteg. Ot pn TpOTOTOMGIHOL TaPEYOVTES KivOvVoL Tov oyeTilovTat
pe v meprodovritda (ITivaxag 1) meprrappdvoouv (1) v niwia,
av Kol 1 GLOYETION ot 08V £xEl TANPOG dtadevkaviet, (2) to
@O0, S10TL 01 AVIPEG ELPAVILOVY PTOYOTEPT] TEPLOOOVTIKT| VYEIL
GULYKPITIKA LE TIG YOVAIKES, (3) T LA/ /eBvikoTTa, Kuping Aoym
NG TOKIAOTNTOG TOV KOWVMVIKOOIKOVOUIK®MY EVKAPIOV HETAED
TOV SLOPOPETIKMY ORAd®V Kol (4) TOLG YOVIOKOVS TOAVHOpP-
(QIOUOVG, Ol 0Toiol OHMG dev YapaKTNPIlovTal G TPOYUATIKOL
Topdyovteg Kvduvou e€0ITioG TV OVETOPKMV ETONUIOAOYIKOV
oTolyElV.

Emumdéov, aprerol mepiBolhoviikol kot XIKTNTOL TOPAYOVTEG
(ITivaxog 1) mov pmopet vor GUULETEYOVY GTIV EUPAVION Kot €EE-
MEN g meprodovritdag meptrapBdvovv (1) to KOW®VIKOOIKO-
VOUIKO €TMEDO TO 0moi0 givol SLVOTOV Vo ETNPEACEL TNV TTEPLO-
SOVTIKT VYELD TOV OTOWOV, (2) GLYKEKPIUEVOLS TTEPLOTADOYOVOLC
HKPOOPYOVIGHOVS TTOV GYeTILOVTOL UE TIG OLOPOPETIKEG LOPPES
KOIL TOL OL0POPETIKA 0TAS10 EEEMENG TNG TEPLOSOVTIKNG VOGOV, (3)
TO KATVIGLL0, TO 01010 £Y€l amoderytel 6Tt uoyeTileTon e TNV mi-
TTOOoMN Kot T PapdnTo TG TEPLOJOVTITIONG, (4) TO GaKYOPOIN
PN, 0 0010G GLVIEETOL GTEVE. [IE TNV TTEPLOdOVTITION, (5) TNV
OGTEOTEVIO. KO TV 06TEOTOPWOT, (6) ) Aoipwén HIV, ywo v
omoio To EpELVNTIKA dedopéva etvart avtikpovopeva Kobmg kot (7)
YUYOAOYIKOVG KOl KOVOVIKOVG TOPAYOVTEG TOV OLMG OE PaiveTol

Agdopéva amd Borrell kot Papapanou (2005). Data from Borrell and Papapanou (2005).

in 1987 to measure systemic bone loss. DXA measures
bone density as ‘area density’ in gram/cm?. The inter-
pretation of results is based on two scores: the T-score,
which is derived by subtracting the BMD of young
normal persons from the BMD of an individual and
then dividing the difference by the normal population
standard deviation (SD), and the Z-score, which com-
pares the BMD of the patient to a race-, gender-, and
age-matched population (Jeffcoat 2005). According
to the World Health Organization (WHO), a person is
considered as osteoporotic when the BMD is 2.5 SD
below the mean for young healthy adults (T-score <
—2.5). A BMD between 1 and 2.5 SD below the mean
(1.0 < T-score < —2.5) is classified as osteopenia
(WHO 1994, Brown and Josse 2002).

Digital radiography that monitors alveolar bone
height and density changes has recently been modified
to quantitatively estimate bone loss in dental X-rays
(Jeffcoat et al. 1996). Moreover, computer-assisted
densitometric image analysis (CADIA) is applied to
estimate changes in bone density at crestal and subcr-
estal regions of interproximal bone using algorithms to
interpret the results (Payne et al. 1999, Jeffcoat 2005).

Risk factors for periodontitis

The effectiveness of the host immune system
depends on several internal and external factors.
Nonmodifiable risk factors that have been related to
periodontitis (Table 1) include (1) age, although the
relation to periodontitis is not well clarified; (2) gen-
der, because men have poorer periodontal health com-
pared with women; (3) race/ethnicity, mainly because
of the variety of socioeconomic opportunities among
different groups; and (4) gene polymorphisms, al-
though these cannot be characterized as true risk fac-
tors because of inadequate epidemiological data.

Furthermore, several environmental and acquired
factors (Table 1) may contribute to the induction of
periodontitis and the progression of the disease, in-
cluding (1) socio-economic status, which may affect
a person’s periodontal health; (2) specific periodon-
tal microorganisms that are associated with different
forms and stages of periodontal disease; (3) cigarette
smoking, which has been proven to be related to the
prevalence and severity of periodontitis; (4) diabetes

Copyright® 2009 Hellenic Society of Periodontology. All Rights Reserved.
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Mivakag 2. Kdpiol kar sutepetovteg napdyovteg kivBivou yia Ttnv ooteonopwan

Table 2. Major and minor risk factors for osteoporosis

Mapayovrog Kivovvov Tpomomoinon Risk factor Modification
Hlwcio >65 ¢ Oyt Age >65 years No
ZOUMIECTIKO KATOYLLO GTTOVODAOV Oyt Vertebral compression fracture No
Kétoypo petd v niikio tov 40 etdv Oyt Fragility fracture after age 40 No
& OKoyeveloKd 1IGTOPIKO 0GTEOTOPMTIKOD KOTEYLATOG . Family history of osteoporotic fracture
£ Swi . i : Ot » all L hip fi No
g (Woitepa KATOyHO 100V UNTEPOS) 5 (especially maternal hip fracture)
Rl
2 ZVOTNUOTIKY XP1OT| KOPTIKOGTEPOEISDV , E Systemic glucocorticoid therapy of .
g . , Mepu R . Partial
& duapkelag >3 unvav 5 >3 months’ duration
= Gl
5 [pwrtoradng vrepmapadupeoetdiopog Mepwn = Primary hyperparathyroidism Partial
Emppénsia oe ntdoeig Mepum Propensity to fall Partial
Ooteomevia ELOAVIG GE AKTVOYpaQio Now Osteopenia apparent on X-ray film Yes
[Ipdwpn eppmvomovon .
(mpwv TV Mt Tov 45 £Tév) Oy Early menopause (before age 45) No
Pevpatoedng apbpitido Mepwn Rheumatoid arthritis Partial
- Iotopikd Kvikod vepOupeoctdicLon Oyt History of clinical hyperthyroidism No
w
e
§ Alouta yopunAn o€ TpdcAnyn acPectiov No Low dietary calcium intake Yes
83 »
=% B
g Kénviopo Nat *§ Smoking Yes
h}l‘ S
'-s" YrepPorikn KatovaAmon oAKOOA Nt E Excessive alcohol intake Yes
3 =
§ YrepPolikn Katovaloon Kopeivng Not = Excessive caffeine intake Yes
g
< Yopatikos Bapog <57 kg N Weight <57 kg Yes
, o o .
Ambhzta oopatikod Bipous >10% tov fapovg Oyt Weight loss >10% of weight at age 25 No

oV nhkia Tov 25 eTdv

Tpomomompévog omd Brown kat Josse 2002 ko Jeffcoat 2005.

VO GUVOEOVTOL LE TNV TEPLOJOVTITION LIE WOLAITEPD 1GYVPT CLOYE-
Tion (Borrell kot Papapanou 2005).

Mapdyovteg kivBuivou yia tnv oagteondpwaon

‘Exovv avayvopiotel apketol kOplol 11 dELTEPEVLOVTES, TPO-
TOTOWGLLLOL 1 U1 TPOTOTOGILOL TOPEYOVTEG KIVOUVOL Yol TNV
ooteonopwon ([Tivaxag 2) mov mephapfdvovy ™ yaunin OI1, To
OIKOYEVELNKO 1GTOPIKO, TO 1GTOPIKO KATAYLLOTOC, TO XOUNAO OO~
potikd Bapog kot to Kamvicpo (Brown kot Josse 2002, Jeffcoat
2005, Geurs 2007). Ao Tovg mapdyovteg avtoe, N younin OI1
Oewpeiton 0 KAATEPOG TPOYVMOGTIKOG OEIKTNG KIVOHVOL KOTOY L~
TOV 0€ PETEUUNVOTOVOLOKES YOVOIKEG TTOV OeV eUpavilovy Al
onpeio N cvumtdpate g vocov. Emmiéov, N nhikia eivot duva-
OV va ypnoporombel mg deiktng Kivdvvov Katdypotog, ave&dp-
o omd v T g OIl, o dropa dve tv 65 gTmv.

H poxpdoypovn Oepaneio pe vymiéc d0GELS KOPTIKOGTEPOEL-
d®V ®¢ o1tio, 0GTIKNG OTOAELNG dlepevvnONnKe amd Toug Wowern
Kot 6uv. (1992). H andAgia tng TukvoOTnTOG TOL 0GTOV TG KATM
YVAOoL Ko TOV THYXEMS oVaAHONKOV G GYEON LLE TEPLOOOVTIKOVG
delteg Ommg M pikpoPlokn TAdKa, 1 aoppayio TV oVA®V Kot
N anoAel Tpdopuong, o 17 acbeveic mov vrofdAlovtay og Oe-
poameio pe VYNAEG dOGES KOPTIKOGTEPOEW DV Yo 12 punveg. Tlo-
patnpndnke évo TOGOGTO OGTIKNG ATMAENS 5,6%/£T0¢ Kot GTIg
V0 TEPLOYEG, AV KOl Ol HETOPOAEG OTIG KAIVIKEG TEPLOSOVTIKEG

Modified from Brown and Josse 2002 and Jeffcoat 2005.

mellitus, which is strongly associated with periodonti-
tis; (5) osteopenia and osteoporosis; (6) HIV infection,
for which the evidence concerning its relationship with
periodontitis is rather contradictory; and (7) psycho-
social factors, which are not strongly associated with
periodontitis (Borrell and Papapanou 2005).

Risk factors for osteoporosis

Several major or minor, modifiable or nonmodifiable
risk factors for osteoporosis have been identified (Table
2), including low BMD, family history, previous frac-
ture, low body weight, and smoking (Brown and Josse
2002, Jeftcoat 2005, Geurs 2007). Of these factors, low
BMD is considered the best predictor of fracture risk
in postmenopausal women who do not have any other
signs or symptoms of the disease. Moreover, age can
be used as predictor of fracture risk independently of
BMD in individuals who are over 65 years old.

Long-term, high-dose glucocorticosteroid treat-
ment as a cause of bone destruction was examined
by von Wowern et al. (1992). Loss of mandibular and
forearm bone mineral content was analyzed in relation
to periodontal indices such as dental plaque, gingival
bleeding, and loss of attachment in 17 patients under-
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TOPAPETPOVS OEV NTOV GTOTIOTIKG oNuovTiKES (von Wowern Kot
ouv. 1992).

O1 yevertikol mapdyovteg mailovv onpavtikd poro 6t pOOLL-
o1 TNG TVKVOTNTOG TOV 0GTAOV, TNG CKEAETIKNG YEOMUETPIOG KoL
¢ ddIKaciog Tov 06TIKoD avacynuatiopov (Jin kot Ralston
2005). [ToALd yovidia kot o1 6yeTi{OUEVOL POIVOTLTTOL TOVG TOV
eréyyouv v OII ko v ootk Ualo £x0UV avayVePIGTEL OC
vrevbuva. AlmeT®dnke 6Tt éva T0600To 50-80% 0md TOLG POt-
vothmovg mov &yovv peietnOel eival kKAnpovopkd petafiBalod-
HEVOL KOl OTL €VOG UEYAAOG aplOUOg Yovidiov umopel duvnTikd
va gpumhokel oty maboyévela g ooteondpwong (Williams kot
Spector 2006).

MeA€teg yia tn guox€tion ogteondépwaong Kai neplo-

Bovtitibag (Mivakag 3)

Khlvikég peréteg éyovv emdeiel ) oyéomn peta&hd ooteomd-
pPOONG, 0OTIKNG KATOSTPOPNS Kol anmAewng doviiwv (Krall xon
ovv. 1996, Payne kot ovv. 1999), av kot pio 1oyvpn oTOTIGTIKA
ONUOVTIKT] GUGYETION HETAED TNG YEVIKELVUEVNC KOl QOTVIOKNG
ooteoneviag dev Eyel TANpws drodevkavOet. [Tpdspata dedopéva
EMIONUOIVOLV OTL ATOUA LLE YEVIKEVUEVT] OGTEOTEVIN/ OGTEOTOP®-
on avTeTOnilovy avéNévo Kivouvo ELPAVIONES CUUTTOUATOV
00TEOTEVING TV YVAO®V, dALA 0T SeV £YEL OPIGTIKA OTOdEL TEL
(Chesnut, 2001). Ta gpevvntikd dedopéva vrootnpilovy Kupimg
TN GLOYETION TG OCTEOTOPMONG HE TNV EUQAVIoT Kol e€EMEN
NG TEPLOGOVTIKNG VOGO OV KOl Ol TEPIGGOTEPEG UEAETEG EYOVV
HIKpO op1Oud SeIyUAT®V Kol EIVOL GUYYPOVIKES, UT EAEYYOUEVEC
KO TEPLOPIGHEVEG OE LETEUUNVOTOVGLOKES Yuvaikes (Wactawski-
Wende 2001). EmmAéov, to amoteAéopato TV SNUOGIEVHEVOV
UEAETMV EIVOL GLYVA AVTIKPOVOUEVOL.

O1 Kribbs kot ovv. (1989) diepedhvnoav ) cvcyétion peta&y
00TIKNG palag g Katw yvabov Kot Tov oKEAETOV G€ 85 petepun-
VOTIOWGLOKESG YUVOIKES LLE 0GTEOTOPMGT] KOL AVEPEPAY OTL 1) QOT-
VIOKT] 0KPOAOPIO, TV TEPIGGOTEPOV VOIDV aclevmdv NTov ot~
peTikd amoppopnpévn. H idwa epevvntikn opdda (Kribbs kot cuv.
1990) pétpnoe v ootikn pnala Kot TuKVOTNTe TS KAT® YVAadov
KoOMOG Kot TO TAYOG TNG CLUTOYOVG LOIPOG TOV YOVIOL 6€ 50 yv-
vaikeg nhkiog 20-90 gtdv. Or gpevvntég Gupmépavay OTL 1 0TI
kN pao g Kato yvabov cuoyetileTon pe v ootikn nalo Tov
OKELETOV GE GTOTIGTIKG OTLLOVTIKO EMiNEd0 ywpig va emnpedletan
oo TNV NAIKia, VO TO TAY0G TNG CLUTAYOVS LOTIPOS TOV YOVIOL
glattdveTol Tpoiovong g nikiog (Kribbs kot cuv. 1990).

Xg [o GYETIKT avopopd, 1 Thovy cueyEtion HeTa&d g Tept-
000VTITIONG Kot TNG GLVOMKNG 0GTIKNG LAlog ekTiunOnke og 286
€0eLOVTPLEC YUVOIKEG (46-55 ETMOV) E KOTAUETPT|GN TOV VYOVS TOV
QaTvioKoy 00ToD, TG 0oeLIKNG OIT Kot Tov mhovg Tov peTaKP-
OV GLUTOYOVG TETAAOV. AEV EVIOTIGTNKE GTATIGTIKG G LLOVTIKN
GLGYETION HETAED TOV KAIVIKOV TOPAUETP®V TNG TEPLOOOVTITIONG
KO TOV TOUPAPETPOV TNG 0GTIKNG HALHG, KOl GUVETMG, 1| GUVOAIKY
ootikn pala dev Bewpnbnke 611 amotedel onuavTiKO TOPayoVTOL
otV maboyévela e meprodovritidag (Elders kot cuv. 1992).

Ot Hirai ko ovv. (1993) avépepav 6TL 1 LeimON TG VTOAEL-
LOTIKNG QOTVIOKNG 0KPOAOPiag emnpedletal amd TNV 0GTEOTO-
pwoT OT®G KoL amd To PUAO Kot TNV nAkio Tov acbevovg. [Ipoi-
ovoMg TG NAIKIOG, 1) TOGOTNTU TOL 0GTOV TOPOVGLALEL TV TAOT
va. v&dveTot EAaPPA oTV KAT YVAB0 TV avOpmV Kol VoL LELm-
VETOL 6€ aVTH TOV Yuvak®V (Solar kot cvv. 1994). H cucyétion
HETAED TNG OVTOOVAPEPOUEVIG OTMAELNG OOVTIOV KoL TNG TIUNG

going high-dose glucocorticosteroid treatment for 12
months. A 5.6%/year bone loss occured at both sites,
although no significant changes could be demonstrated
in the periodontal indices (von Wowern et al. 1992).

Genetic factors play an important role in the regu-
lation of bone density, skeletal geometry, and the bone
remodeling process (Jin and Ralston 2005). Multiple
genes and their associated phenotypes controlling
BMD and bone mass have been identified as respon-
sible. The associated phenotypes studied are 50-80%
inheritable and a large number of genes exhibit the
potential to be involved in the pathogenesis of osteo-
porosis (Williams and Spector 2006).

Studies on the relationship between osteo-

porosis and periodontitis (Table 3)

Clinical studies have demonstrated the relation-
ship among osteoporosis, bone destruction and tooth
loss (Krall et al. 1996, Payne et al. 1999), although
a strong statistical relationship between systemic and
oral osteopenia (jawbone loss) has not yet been well
clarified. Recent data indicate that individuals with
systemic osteopenia/osteoporosis may be at increased
risk for oral osteopenia symptoms, but this has not
been definitively proven (Chesnut 2001). Research
evidence mainly supports the association of osteopo-
rosis with the initiation and progression of periodontal
disease, although most studies have small sample siz-
es and are cross-sectional, uncontrolled, and restricted
to postmenopausal women (Wactawski-Wende 2001).
Furthermore, the results of published studies are often
conflicting.

Kribbs et al. (1989) investigated the relationship
between mandibular and skeletal bone mass in a group
of 85 postmenopausal women with osteoporosis and
reported that most of the edentulous patients had ex-
tremely resorbed ridges. The same research group
(Kribbs et al. 1990) measured the mandibular bone
mass and density, as well as cortical thickness at the
gonion in 50 normal women (20-90 years of age). The
researchers concluded that mandibular bone mass was
significantly correlated with skeletal bone mass but
was not affected by age, whereas cortical thickness at
the gonion decreased with age (Kribbs et al. 1990).

In a relevant report, the possible relationship be-
tween periodontitis and systemic bone mass was
evaluated in 286 female volunteers (46-55 years of
age) by measuring alveolar bone height, lumbar BMD
and metacarpal cortical thickness (Elders et al. 1992).
No significant correlation between periodontal clini-
cal parameters and bone mass parameters was found;
therefore, systemic bone mass was not suggested as an
important factor in the pathogenesis of periodontitis
(Elders et al. 1992).

Hirai et al. (1993) reported that the reduction of the
residual alveolar ridge is affected by osteoporosis, as
well as by the gender and age of the patient. Bone min-
eral content, with advancing age, tended to increase
slightly in the men's mandibles, whereas it tended to
decrease in the women's mandibles (Solar et al. 1994).
The relationship between self-reported tooth loss and
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OII tov 1oyiov Kot TG OTOVOLMKNG GTAANG eEeTdoTNKE OE pio
ovyypovikn puerétn pe 608 dvdopeg kat 874 yvvaikeg (65-76 e1v)
(May xot ovv. 1995). TTapatnpnonke pio otabepn peioon g
OIl xaBd¢ avovotay o aplBpog Twv eaypévov SoVILmY GTOVG
avopeg, n onola dev oyetiovrav pe v nAkia, v ooTikn Lélo
Kot T ovvNOELD TOV KOTVIGHOTOC, VG 0gv VINPEE GTOTIOTIKG
ONUOVTIKY GVoYETION HeTaéD anmieng dovtidv kot OIT otig yo-
vaikeg (May kot ovv. 1995).

H ovoyétion petald odovtikng vyeiog kot okeietikng OIT di-
epevvnOnke og 329 vylelg HETEUUNVOTOVGIOKES YOVOIKESG LE QL-
oloroywkny OIT ko to amoteréopota €510V OTL 1 YEVIKEVIET
OCTIKT] OMIMAELD, EVOL OUVOTOV VO GUUUETEXEL GTNV OTTMAELD, TMOV
dovuiwv (Krall ko cvv. 1994). EmmAéov, o€ pio opdada 227 vyt-
MOV LETEPUNVOTOVGLOKMV YOVOIKOV (48-56 £T(V) Tpocdiopiotnke
OLGYETION HETAED TTPOYWPNLLEVIG TEPLOSOVTITIONG KO TNG OGTIKNG
KOTAGTOONS TOL GKEAETOV AL Kot TG KAt Yvabov. H avdivon
TV 0£dOUEVOV VTESEIEE OTL TAL ATOUO e VYNAEG TES avOpYO.-
VOV GTOYEIDV GTO GKEAETO TOVG PaiveTL VO S10TNPOVV TaL HOVTIO
pe Babeic meprodoviikovg Buldkovg mo edkoro and o GTOUO UE
ooteondpmwon (Klemetti ko cov. 1994).

Emmpocbeta, epevvntéc Egovv mpoteivel OTL 1 TEPLOGOVTIKN
vooog pmopel vo amotedel pio mpodyn ekdnAmon cofoapng avo-
poiiog Tov 0oTikob petafortopon (Whalen kot Krook 1996, Kuo
kot ovv. 2008). O1 Bando ka1 cvv. (1998) avépepav 6TL 1 EXOPKNG
LOONTIKN ATovpyio e €vo TEPLOSOVTIKE VY| 0dOVTIKO PPory-
pué umopet va mapeumodicel | va kabvotepnoel TV TPO0S0 TOV
0GTEOTOPOTIKOV UETAPOADY GTO 0GTO TOV GKEAETOV, EVMD Ol VO-
0€G yuvaikeg pmopet va gival To EMPPETELG GTNV 0GTEOTOP®AT).
H anoiewn tov onichiwv dovtidv e nhkiopéves lamwvideg Exet
GLGYETIOTEL UE TN HElOT TOGO TOL VYOLS TOL PATVIOKOD 0GTOV
0G0 KOl TNg TUKVOTNTA TOV avopyavev ototyeimv (Taguchi ko
ovv. 1999). Avtifeta, or Weyant kot cuv. (1999) extipnocav
ovoyétion petald cvotnuatikig OIT kot KAViKdv onueiov Kato-
OGTPOPNG TOV TEPLOGOVTIKMV 10TAV GE L0l GUYYPOVIKT| LEAETN 292
EVOBOVTMOV YUVOIKGDV [E HEGO Opo nAkiag Ta 75,5 €. H avéivon
TOV EVPNUATOV VTEGEIEE OTL OEV LITAPYEL GTATICTIKG GMUOVTIKT
oxé0M HETOED TOV KMVIKOV TOPOUETPOV TNG TEPLOSOVTIKNG VO-
cov kot tov Tiudv g OIT kot ot cuyypageic cupmépavay OTL 1|
YEVIKEVLLEVT] OCTEOTEVID GE NAKIOUEVES YUVOITKEG LTopel va. Oem-
pnOet povo mg aobevig Tapdyovtag Kvovvou yio TNV TEPLOSOVTL-
K1 vooo (Weyant kot cuv. 1999).

To xémviopa Bempeital KOPLOG AALL TPOTOTOMGLOG TOPJ-
YOVTOG KIVOUVOD Y10l TNV 0GTEOTOP®GT]. ZVUVETMGC, dlEPELVIONKE
EMIONG M EMMTOOT TOL KOTVIGUATOG 6TO VYog oAAA Kot ot OI1
TOV QOTVIOKOD 06TOV. Xg pia cuyypovikn perétn 135 peteppnvo-
TOVOOKOV YOVAIKOV (41-70 eTddv), 1 andAED KAVIKNG TPOSPL-
O1G CLCYETIGTNKE LE TNV ATMAEL SOVTIOV aAAG Oyt pe v OIL
NG OTLOVOLAKNAG GTHANG 1] TOV 1GYI0V EVD TO KATVIGHA, TO YPpOVIL
oo TNV EUUNVOTaLoT Kot 1 aAANAETidpaon nAiog Ko Komvi-
OUOTOC ERPAVIGTNKOV OC GTOTIOTIKA GNUOVTIKOl TPOYVOGCTIKOL
deikteg ¢ amdAelog tpoceuong (Hildebolt kot cuv. 1997). e
L0 GYETIKN HEAETN, 59 HETEUUNVOTOVGLOKES YOVOIKES e TTEPLO-
dovritida mapakorovdndnkay yia 2 xpovia (Payne kot cov. 2000).
Ot yuvaikeg pe 00TEOTOPMON/0GTEOTEVIOL EKONAMCAY ATDAELOL
OI1 Tov PaTVIOKOD 0GTOV AV KL TOL EMITEOL 0OOVTIKNG TAGKOG dEV
dépepav and avTd TV [ KOTVIGTPLOV He uotoAoykn OIL. Ou
oLYYPAPELG KOTEANEQV OTL GE LETEUUNVOTAVGIOKES YOVOIKES, TO

BMD at the hip and spine in 608 men and 874 women
(65-76 years old) was examined in a cross-sectional
study (May et al. 1995). A consistent decrease in BMD
with increasing number of lost teeth was observed in
men, a decrease that was irrelevant to age, body mass
index, and smoking, whereas no significant associa-
tion was found between tooth loss and BMD in wom-
en (May et al. 1995).

The association between dental status and skeletal
bone density was investigated in 329 healthy post-
menopausal women with normal bone density and the
results showed that systemic bone loss may contribute
to tooth loss (Krall et al. 1994). Moreover, the correla-
tion between advanced periodontitis and bone mineral
status of the skeleton and mandibular cortical bone was
determined in a group of 227 healthy postmenopausal
women aged 48-56 years old (Klemetti et al. 1994).
Data analysis suggested that individuals with high
mineral values in the skeleton seem to retain their teeth
with deep periodontal pockets more easily than did in-
dividuals with osteoporosis (Klemetti et al. 1994).

Moreover, researchers proposed that periodontal
disease may be an early manifestation of severe bone
metabolic disorder (Whalen and Krook 1996, Kuo et
al. 2008). Bando et al. (1998) reported that sufficient
masticatory function with periodontally healthy denti-
tion may inhibit or delay the progress of osteoporotic
changes in skeletal bone and that edentulous women
may be more susceptible to osteoporosis. The loss of
posterior teeth in elderly Japanese women has been
associated with a decrease in alveolar bone height and
mineral density (Taguchi et al. 1999). Conversely,
Weyant et al. (1999) evaluated the association be-
tween systemic BMD and the clinical signs of peri-
odontal tissue destruction in a cross-sectional study of
292 dentate women with an average age of 75.5 years.
Data analysis indicated that there was no statistically
significant association between the clinical parameters
of periodontal disease and systemic BMD, and the
authors concluded that systemic osteopenia could be
considered only as a weak risk factor for periodontal
disease in older women (Weyant et al. 1999).

Smoking is considered as a major but modifiable
risk factor for osteoporosis. Therefore, the impact of
smoking on alveolar bone height and density changes
has also been investigated. In a cross-sectional study
of 135 postmenopausal women (41-70 years old),
clinical attachment loss was correlated with tooth
loss, but not with vertebral or proximal femur bone
density; current smoking, years since menopause, and
interaction of age and smoking were statistically sig-
nificant predictors of attachment loss (Hildebolt et al.
1997). In a similar study, 59 postmenopausal women
with periodontitis were followed for 2 years (Payne
et al. 2000). Females with systemic osteoporosis/os-
teopenia manifested net alveolar bone density loss,
although their dental plaque levels did not differ from
nonsmoking subjects with normal BMD. The authors
concluded that smoking is associated with a higher
frequency of alveolar bone height and density loss in
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KATVIGHO cuoyeTileTal pe avénpévn ouyvoTNTo OTOAELNS VYOLS
xot OIT tov patviaxov ootov (Payne kot cuv. 2000).

KAvikd dedopévo vmodetkviovy 0Tl Ol UETEUUVOTOVGLO-
k&G yuvaikeg pe yapnin OIT éyovv peyoldtepn mboavotnto va
EUPOVICOVV KAWVIKT] OTTOAEI TPOGPLGNG, VOILNON TOV OVA®V
Kot eAeypov (von Wowern kot cuv. 1994, Mohammad kot cuv.
1996, 1997, Tezal ka1 cuv. 2000). QoT1060, APKETEG LEAETES OTTE-
TLYOV VO EVIOTICOVV o GNUOVTIKY cvoyETion (Weyant kot Gov.
1999, Lundstrom kot cuv. 2001) kot onpeudvouy 0Tt 1 avEnpévn
oLYVOTNTO TNG £EEMOGOLEVNC TEPLOSOVTITIONG e PAoTn TIC pe-
TAOAEC TNG KAVIKNG TPOCPUOTG, OE GUVOEETOL OTTOKAEIGTIKG LE
v EMewyn olotpoydvev (Reinhardt kot cuv. 1999).

Ot Tezal ko ouv. 2000 ektipmoay T 6YEoN AVAUESO OTH GLOTN-
patikn OIT kot v Teplodovtikn voco og 70 PHETEUUNVOTOVGIOKES
Kovkdoteg yovaikeg (51-78 etdv). Ta amotedéopato védei&oy 0Tt
1 ooteonevia o LTopovsE Vo amoTeAEGEL dEIKTN KIVOUVOL TNG TTe-
PLOJOVTIKNG VOGOV GE PUETEUUVOTOVGLOKES YOVOIKES, 0poD 1) TIUN
¢ ovotnpotikng OIT cuoyetiotke He TNV OTOAELN LEGOSOVTION
QOTVIOKOD 0GTOV KU1, 6€ KPOTEPO PaBpd, e TV ATOAELD KAIVL-
KkN¢ npdopuong (Tezal kat cuv. 2000). Ze GAAN peré mov a&loro-
YNOE TNV TEPLOSOVTIKT] KATAGTOON 89 TPOEUUIVOTOVGIOK®OV Ko
101 peteppnvomovoiok®dv larwvidwv yovakav, n yapnin OIT 6o
LETOKAPTIO GLUGYETIOTNKE HE TNV TEPLOOOVTITION KOL TNV OTMAELN
dovtimv petd v eppunvorovon (Inagaki kot cvv. 2001).

H ovoyérion peta&d g OIT kot tov emmédmv KAMVIKNIG Tpo-
opuong dev el Ttekunpumbet emaprkmg. Ot Pilgram xon cov. 2002
dlepevvnoay og pio cLYYPOVIKN HEAETN TNV TOAVT GLOYETION TNG
OIT ¢ omovOLAMKNG GTAANG KOl TOL 100V HE TNV OTTMAELD KAL-
VIKNG Tpdoeuong o€ 135 vyteig peteppmvonovctokéc yovaikes. Ta
amote éopoTo avESEEay pio acbeviy oxéon Hetald TG KAVIKNAG
mpocpuong kot g OIT (Pilgram kot cuv. 2002). Evtovtoig, | and-
A€o, SOVTIDV KOl 1) EMOEIVMOON TNG ANOAELNG TPOGPLONG BpEbnie
ot oyetifovron pe eddttwon g OIT tov ooTov TG TTEPVOG, OF o
oLYXPoVIKN HeAETN 30 LETEUUNVOTAVGLOK®Y YOVOIKMOV AGLOTIKNG-
Apeprcavikng kataymyns (Mohammad kot cuv. 2003). Znpovtikn
ovoyétion petasd g OIT ko tov Bécewv pe e&gMocOeEvn amd-
gl TpOGPLoNg eviomiotnke og 179 nlucwpévoug ldnwves (dve
v 70 eTdv) mov mapoakorovdnOnkay yio 3 xpovia (Yoshihara o
ovv. 2004). Ze G d1etn perétn, dev Ppébnke cvoyétion petaly
VOIOTNTOG, OTMAEWG KAVIKNG TPOGOUONG KOl LOKPOXPOVAOV LE-
tafordv g OIT o 398 yuvaikeg pe péco dpo nikiog 75,5 ypdvia
(Famili ka1 ovv. 2005). Q61660, KAMVIKG 6TOLEL VTOGTHPIENY L0
woyvpn cvoyétion petald cvotnatikig Ol Kol ammAsag KAv-
KNG TPOcpLoNG o€ Lo cuyypovikn perétn 1.329 peteppunvomrav-
GLOK®OV YUVOIKAV, EVO 1] TAPOVGIQ 1 GTOVGI0, VITOOVAIKNG TPLYING
QovNKe O6TL dpal G TPOTOTOUTIKOG Tapdyovtas (Brennan kot cuv.
2007a).

EmumAéov, n Topovsio. GUYKEKPILEVOV VTOOVAKGV HikpoPio-
KOV E0®V £EETACTNKE G io. GLYYPOVIKT LEAETN Y10l TH) GTOHOTIKN
vyeio Kot Ty 06TE0TOP®ON 1.256 PETEUUNVOTOVGIOKMY YOVOIKOV
(Brennan kot ovv. 2007b). To amotehéopato £0e&ov OTL TO KL-
plopyo €idoc ftav o Streptococcus sanguis Kor axohovBovooy To
Prevotella intermedia, Tannerella forsythia, Capnocytophaga sp.,
Eubacterium saburreum, Campylobacter rectus, Porphyromonas
gingivalis, xon Fusobacterium nucleatum. H loipo&n ond P
gingivalis, T. forsythia, P. intermedia, ko C. rectus oyeti{otov
pe avénuévn mbovotTTo OmMAEWNS GaTViokoD 0otov (Brennan

postmenopausal women (Payne et al. 2000).

Clinical data indicate that postmenopausal women
with low BMD are more likely to have clinical attach-
ment loss, gingival recession, and inflammation (von
Wowern et al. 1994, Mohammad et al. 1996, 1997,
Tezal et al. 2000). However, several studies failed to
identify a significant correlation (Weyant et al. 1999,
Lundstrom et al. 2001) and noted that an increased
incidence of progressive periodontitis based on clini-
cal attachment changes is not associated with estrogen
deficiency alone (Reinhardt et al. 1999).

Tezal et al. (2000) evaluated the relation between
systemic BMD and periodontal disease in 70 post-
menopausal Caucasian women (51-78 years of age).
The results implied that osteopenia could be a risk
indicator for periodontal disease in postmenopausal
women because skeletal BMD was found to be related
to interproximal alveolar bone loss and, to a lesser
extent, to clinical attachment loss (Tezal et al. 2000).
In another study evaluating the periodontal status of
89 premenopausal and 101 postmenopausal Japanese
women, low metacarpal BMD was associated with
periodontitis and tooth loss after menopause (Inagaki
etal. 2001).

The association between BMD and clinical attach-
ment level is not well proven. Pilgram et al. (2002)
investigated in a cross-sectional study the possible as-
sociation between BMD of the spine and hip and clini-
cal attachment loss in 135 healthy postmenopausal
women. The results revealed a weak correlation be-
tween clinical attachment level and BMD (Pilgram et
al. 2002). However, decreasing BMD of the os calcis
was associated with increased clinical attachment loss
and tooth loss in a cross-sectional study of 30 post-
menopausal Asian-American women (Mohammad et
al. 2003). A significant association between BMD and
sites with progressive attachment loss was detected in
179 older Japanese (over 70 years old) who were fol-
lowed for 3 years (Yoshihara et al. 2004). In another
2-year study, no association among edentulousness,
clinical attachment loss, and longitudinal changes in
BMD was reported in 398 women with a mean age of
75.5 years (Famili et al. 2005). Yet clinical evidence
supported a strong association between systemic BMD
and clinical attachment loss in a cross-sectional study
of 1,329 postmenopausal women, whereas the pres-
ence or absence of subgingival calculus seemed to act
as an effect modifier (Brennan et al. 2007a).

Furthermore, the presence of specific subgingi-
val bacterial species was investigated in a cross-sec-
tional study of oral health and osteoporosis in 1,256
postmenopausal women (Brennan et al. 2007b). The
results revealed that the most prevalent species was
Streptococcus sanguis, followed by Prevotella in-
termedia, Tannerella forsythia, Capnocytophaga
sp., Eubacterium saburreum, Campylobacter rectus,
Porphyromonas gingivalis, and Fusobacterium nu-
cleatum. Infections with P. gingivalis, T. forsythia,
P. intermedia, and C. rectus were associated with
an increased possibility of alveolar bone loss (Bren-
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kot ovv. 2007b). H enidpoomn Twv oTOHOTIK®OV AOUMEE®DY Kot TNG
NAKiog 6T GLGYETION HETOED 0CTEOMOPMOOTG KOl ATTMAELNG POT-
VIoKoD 06TOV dlepeuviOnke mepartépm amd TNV S EPELVITIKN
opdda. Xe plo cuyypoviky peAétn 1.256 HeTEPUNVOTAVCLOK®Y
yovouk®v, 1 Aolpmén a&ohoyndnke pe detypoto VTOOVAIKNG Lt
KkpoPraxng mTAdkag,  cvotnuatikn OIT petpndnke pe DXA kot to
VYOG TOL 06TOV AELOAOYNONKE LLE TOVTOTOUUEVES OTLGHOPOATVIOKEG
axtwvoypaeieg (Brennan-Calanan kot cuv. 2008). Ot nAklopéveg
Yovaikeg aveo TV 70 ETOV EUEAVICOV LEYOAVTEPT] OTOAELN POTVL-
axov 06tov, Ympig 1 OIT kot 1 pukpoProkn Aoipwén vo oyetileton
GNUOVTIKG LE TO HEGO VYOG TOL PATVIONKOL 06TOV. 261060, 1060
n OIT 6c0 ka1 1 pkpoProkr] Aoipmén cuoyetiomray aveEaptnta
LE TNV ATOAELNL POTVIAKOD 0GTOV GTIG VEOTEPES LETEUUIVOTOVGCL-
aK€G yovaikes kdto tov 70 etdv. Ot gpeuvnTég GLUTEPAVAV OTL T
pukpofrokn Aoipnmén dev amotedel cLYYVLTIKO 1) TPOTOTOMTIKO TT0L-
payovto TG GLoyETIoNg avdpeso otn cvotnuotikny Ol kot oty
am®Aelo potviakob 06tol (Brennan-Calanan kot cuv. 2008).

AAAnAembpdoeig petat i ooteonépwong kal nepiobo-

vtitiBag: unokeipevol BioAoyikoi pnxaviopoi

H ooteondpmon kot 1 meprodovritido ivor ypovia. VOGTLLOTO
nov yapoktnpifovrar amd ootk amoppoenon. H opotooctacio
10V 00100 Paciletoar ot cuvtoviopévn oAAnAenidpacn petaly
0GTEOTOPAYOYIKDV KO OGTEOUTOSOUNTIKDOV KVTTAPWOV, EVD 1 EA-
Aewym 1ooppomiag dpdong avapueso 6Tovg 600 TOHTOVS KVTTAP®OV
odnyet og 06TIKY amoddunon kot ooteomdpwor (Pietschmann ko
ovv. 2008). H avemdprelo 016TpoyOVmV GTIG LETEUUVOTAVGIOKES
YOVOIKEG ETvo 1 K0P OiLticn TG 06TEOTOP®OTNG oV Bol pmopovae
vo. GUUPBAALEL KOl GTNV TTEPLOSOVTIKY VOGO 1 OTOlo YOpoKTNPi-
Ceton amd avENUEVT KOTAGTPOPT PATVIOKOD OGTOV KOl OITMAELOL
dovtidv. O punyoviouds TG 0GTIKNG OTMAELNG KoL OTIG GVO VOGOUG
€tvo 1 YEVIKELUEVN 1) TOTIKG AVENUEVT] OCTIKNY OTOPPOPNOT TOV
opeileTon 0TV 0VENUEVN 0CTEOKANGTIKT OPACTNPLOTNTO KoL OTIG
TOTKEG EMOPAGELS KLTTAP®V Kol KuTokvdv (Chesnut 2001). TTo-
AEP1OLOL VTTOKEIHEVOL UNYOVIGLOT TOV EUTAEKOVTOL GTIG OAANAE-
TOPAcES LeTa&D TV 600 VooV Exovv diepguvnOet.

H pelmon tov o16tpoyovey oty epumvomancn £l GUGKETICTEL
HE TO ENHEVO SUVALIKO TOV HEAOKVTTAP®V Y10, OmEAELOEPOON
OGTEONMOSOUNTIKMY KVTOKIVMV oV UIopel va Toilovy onuovTIKO
POAO OTIV EMTAYLVON TNG OCTIKYG amoppdenong (Bismar kot Guv.
1995). H ototpoyovikn dpdon emmpedleton ko pubpileton omod moiv-
GPIOLEG KVTOKIVEG IOV EVEPYOTIOLOVV EVOL LEYOAO aPLOUO KUTTAP®V-
oTOYOV, EVO AENUEVT] OGTIKT ATOPPOPNOT) UTOpEl VoL ToportnpnOet
KO LLE GYETIKY aOENCT UEPIKOV UOVO TOPOYOVIWV GTO LKPOTEPL-
BéArov tov ootov (Pacifici 1996). H wrepievkivn-1 (interleukin-1,
IL-1) kou 0 oykovekpoTikdg mapdyovtoag (tumor necrosis factor,
TNF) maifouv onpovtikd outioAoyikd poro 6T S1ad1Kociol OGTIKNG
OTIMOAELNG. ZTO, TOLLOL LLE OVETIAPKELDL O1GTPOYOVMV, Ol KUTOKIVES O~
TEG TopAyovTon OO TO 06TO KOl TO HVEAO GE UEYAAEG TOCOTITEC.
H avemdpiea 016Tpoydvemv avEAveL THY 0GTEOKANGTOYEVEST LLEGM
NG EVEPYOTOINGCTG TTOPOYOYNG TOV TOPAYOVTA SEYEPCTG OTOIKIOV
TOV HOKPOPAY®V 0d ETEVOVTIKA OCTEOUVEAMKA KOTTOPO, 1 OOl
eréyyeton omd v IL-1 ko tov TNF (Kimble kot uv. 1996).

Ta eminedo g IL-1, mov &ivor woyvpds evepyomomtig g
0GTEOKAUGCTIKNG OGTIKNG amoppdPNons, avEAVOVIOL GTNV ove-
TAPKELD TV 016TPOYOVOV PEG® TNG owénpévng mapaymyng I1L-1
OALQ KO TNG OVOLGTOANG TOV AVTAY®MVIGTH TOV LItodoyéa g IL-1

nan et al. 2007b). The influence of oral infection and
age on the association between osteoporosis and oral
bone loss was further evaluated by the same research
group. In a cross-sectional study of 1,256 postmeno-
pausal women, oral infection was assessed in subgin-
gival plaque samples, systemic BMD was measured
by DXA, and alveolar crest height was calculated on
standardized dental radiographs (Brennan-Calanan
et al. 2008). Older women (>70 years old) presented
with more jawbone loss, but BMD and oral infection
were not significantly associated with mean alveolar
height. However, BMD and bacterial infection were
independently associated with alveolar bone loss in
younger postmenopausal women (<70 years old). The
researchers concluded that bacterial infection was not
a confounder or effect modifier of the associations be-
tween systemic bone density and oral bone loss (Bren-
nan-Calanan et al. 2008).

Interactions between osteoporosis and peri-
odontitis: underlying biological mechanisms

Osteoporosis and periodontitis are chronic diseas-
es characterized by bone resorption. Bone homeosta-
sis results from the coordinated interaction between
bone-forming and bone-resorbing cells, and the im-
balance of the activity between these two cell types
leads to gradual bone degradation and osteoporosis
(Pietschmann et al. 2008). Estrogen deficiency in the
postmenopausal female is the major cause of osteo-
porosis which could also contribute to periodontal
disease characterized by increased alveolar bone de-
struction and tooth loss. The mechanism of bone loss
for both bone disorders is systemic or local increased
bone resorption due to increased osteoclastic activ-
ity and to local cellular or cytokine effects (Chesnut
2001). Multiple underlying mechanisms involved in
the interactions between these two diseases have been
considered.

Estrogen decline during menopause is associated
with an increased potential for human bone marrow
cells to release bone-resorbing cytokines, which may
play an important role in accelerated bone resorption
(Bismar et al. 1995). Estrogen activity is affected and
regulated by multiple cytokines that stimulate a large
number of target cells, but increased bone resorption
may occur from relative elevation of only a few factors
in the microenvironment of the bone (Pacifici 1996).
Interleukin (IL)-1 and tumor necrosis factor (TNF)
play an important causal role in the bone loss process.
These cytokines are produced in bone and bone mar-
row and are released in large amounts in estrogen-de-
ficient subjects. Estrogen deficiency increases osteo-
clastogenesis via IL-1 and TNF-mediated stimulation
of macrophage colony-stimulating factor production
by stromal bone marrow cells (Kimble et al. 1996).

The concentration of IL-1, a potent stimulator of
osteoclastic bone resorption, is elevated in estrogen
deficiency by increased production of IL-1 and con-
current inhibition of the IL-1 receptor antagonist (IL-
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(IL-1ra). Ot Keen kot ovv. (1998) e&étacav yo pia mepiodo 5
APOVOV TN GY€oT HETAED TOV €TGL0L PLOROYD cAhaymv tng OIT
KOl TOV YOVISiov Tov ovtayoviot! tov vrodoyéa g IL-1 (IL-
IRN) to omoio eivor mBavd vroynelo yovidio yio T pHoon
™G WETEUUNVOTOVOIOKNG OCTIKNG ammAelng. [Iposdiopiotnkav
Tpio. OAANAOLOPPO YOVIOLOL LE TEVTE YOVOTVTOVG, EVA 1 LETAPOAN
TOV 0OAMNAOpOpe®V ot yevetikn 0éon tov IL-1RN cvoyetiom-
KE LE SLOPOPETIKOVG PLOUOVG TNE TPOIUNG HETEUUNVOTAVGLOKTG
ootikng anmAewg (Keen ko cuv. 1998). Emmdéov, ot yopmAés
GUYKEVIPAOGELS OIGTPOUIIOANG KOl TPOYEGTEPOVIG TTPOTAONKOV (G
Topdyovteg Kivohvov yioL TV TePLOdOVTITION, apov KATw arnd av-
TEG TIG CLVONKEG TOL LOVOKDTTOPO CVTOTOKPIVOVTOL GUEGH GTNV
EMBPOOT TOV UIKPOPLOKDOV ALTOTOAVCOKYOPITOV UE CLENUEV
napaymyn IL-1a ko IL-18 (Morishita kot cuv. 1999).

Ta dvvnTikd KOWd «UOVOTATION HETAED OCTEOTOP®OTNG KOl
TEPLOSOVTIKNG VOGOV HEAETHONKOV EKTEVDS GE TTEPOUATOLWO [E
peteppnvonactoxy ooteondpmon (Golub kot cvv. 1999). H ano-
AE10. POTVIOKOD 0GTOV KOl 1] GLGTNUATIKY peimon g OIT og evi-
MKOL TTOVTIKLOL [Le @OOMKEKTOUN GLUVOSEVTIKE amd avénuévn dpa-
omPOTNTO TG KOAAOyEVAONS TV 00 AwV. Eivon evdtagépov ot n
Bopvtnrto 1060 TS 06TEOTOPWCNG OGO KOt TG OCTIKYG KATOGTPO-
Pfig, HeldONKE e TN YOPYNON UN AVTLIKPOBLOKNG, XNHIKE TpO-
TOTOMUEVNG TETPOKVKAIVIG 6T0l movTikia (Golub kat cuv. 1999).

Emmhiéov, n wiephevkivn-6 (IL-6) mov eivar 1oyvpog peco-
AOPNTG TG PAEYLOVIG, Umopel Vo eUTAEKETOL otV TaoyEvela
1060 TG TEPLOSOVTITIONG OGO KOl TNG OGTEOTOPWOTG, EE0NTIOG TV
avénuévov emumédwv 1L-6 mov oyetilovran pe v nhio (Ershler
ko Keller 2000). Opwmg, o1 Keller kot cuv. (2000) £dei&ov 6T M
dapopomoinon tov emmédwv IL-6 dev ivar 0 unyoviopog-kheldi
péow Tov omoiov M EAAEWYN O1GTPOYOVAOV GUVTOVILEL TNV OGTIKN
anoAewo. To eminedo IL-6 opov eEetdotniay MG TPOYVOGTIKOS
OElKTNG OOTIKNG OMMAEWNG GE piot dtoypovikn perétn pe 137 pe-
teppmvonavctokég I'eppovideg (Scheidt-Nave ko cuv. 2001). Ta
EMONUOAOYIKE oToLyEln VITEdEERV OTL Ta emimeda IL-6 opod NTav
TPOYVOOTIKOG SEIKTNG Y10l TNV OCTIKT ATMOAELN TOL UNPLiOL 0GTOV
OTIC LETEUUNVOTOVGLOKES YOVOIKEG, OAAG 1) TPOYVIOOTIKY] KAVO-
mrta meplopiotke ota 10 TpdTa ¥povia PeTd TV eUUnvOTavoN
(Scheidt-Nave ka1 cvv. 2001).

H eppdvion kot eEEMEN TV TEPLOSOVTIKOY VOG®V UTOpEt
vo. empeactel amd v avEavopevn evactnoia tov Eevioty 6
rowddn mpoxinon (Wactawski-Wende 2001). Eivor Broroyikd
mOavd OTL PEPOG TNG TTEPLOSOVTIKNG KOTAOTPOPNG emnpedleTal
oo TN YEVIKELUEVN 00TIKN omdAgla. ‘Eyovv mpotabel ot akod-
AovBot duvnTikol PNyovIoHol HECH TV 0molV glval SuVOTOV M
0GTEOTOPMOT VO GUGYETILETAN LLE T TEPLOGOVTIKE VOCTLLOTOL:
1. H younAn OII tev yvéBov 1 omoio cuvoietal e HELOUEV
00Tk Ualo odnyel Ge TOLTEPT AMOPPOPNGN TOV POTVIOKOD
00TOV MG PAEYLOVOING OTAVINGT) 0TI AOTHOEN.
2. ZUOTNHOTIKOL TOPAYOVTEG TOV OGTIKOV VUG LOTICHOD UTopEl
V0L TPOTOTONGOLY TNV OOKPICT] TOV TEPLOOOVTIOV 6T AOTU®ED.
3. I'evetikoi mapdyovieg mov mpodiabétovy Eva GTOHO Yo Ye-
VIKELUEVT OGTIKN OMMAELN UTOPEL EMIONG VO TPOSIAOETOVY Y1
EVTOVOTEPT TTEPLOSOVTIKY PAGPT.
4. Mapdyovteg Tov Tpdémov (g B pmopodoav vo Spacovy mg
TOPAYOVTEG KIVOVVOD Y1aL TNV 0VATTLEY 0GTEOTEVING KOl TTEPLOSO-
vtikng vooovu (Tezal kon cuv. 2000).

O1 Golub kot ovv. (2006) TpdéTEWVOY EVOL LOVTELO «OVO KPOD-

Ira). Keen et al. (1998) examined the relationship be-
tween annual rates of BMD changes over 5 years and
the IL-1 receptor antagonist gene (IL-1RN), which is
a potential candidate gene for the regulation of post-
menopausal bone loss. Three alleles with five geno-
types were identified and the allelic variation at the
IL-1RN locus was associated with differential rates of
early postmenopausal bone loss (Keen et al. 1998). In
addition, low concentrations of estradiol and proges-
terone were proposed as risk factors for periodontitis
because, under these conditions, monocytes respond
directly to bacterial lipopolysaccharide stimuli by pro-
ducing high levels of IL-1a and IL-1p (Morishita et
al. 1999).

The potential common pathways between osteopo-
rosis and periodontal disease were thoroughly studied
in an animal model of postmenopausal osteoporosis
(Golub et al. 1999). In the ovariectomized aged rat,
local alveolar bone loss and systemic loss of bone
density were accompanied by increased gingival col-
lagenase activity. Interestingly, the severity of both
osteoporosis and bone destruction was reduced when
a nonantimicrobial, chemically modified tetracycline
was administered to these rats (Golub et al. 1999).

Furthermore, IL-6, a potent mediator of inflamma-
tory processes, may be involved in the pathogenesis
of both osteoporosis and periodontal disease because
of the observed age-related increased IL-6 levels (Er-
shler and Keller 2000). However, Keller et al. (2000)
demonstrated that modulation of IL-6 levels is not the
key mechanism through which estrogen deprivation
mediates bone loss. Serum IL-6 levels were tested as
a predictor of bone loss in a longitudinal study of 137
postmenopausal German women (Scheidt-Nave et al.
2001). The epidemiological data indicated that serum
IL-6 was predictive of femoral bone loss in postmeno-
pausal women but that this predictive effect was re-
stricted to the first 10 years after menopause (Scheidt-
Nave et al. 2001).

The initiation and progression of periodontal dis-
eases may be influenced by an increased host suscep-
tibility to infectious challenges (Wactawski-Wende
2001). It is biologically plausible that part of the peri-
odontal destruction is influenced by systemic bone
loss. The following potential mechanisms by which
osteoporosis may be associated with periodontal dis-
eases have been presented:
1. Low BMD in the oral cavity associated with low
systemic bone mass leads to more rapid alveolar bone
resorption as an inflammatory response to infection.
2. Systemic factors of bone remodeling may modify
the local response of periodontal tissues to infection.
3. Genetic factors that predispose a person to systemic
bone loss may also predispose the individual to more
pronounced periodontal damage.
4. Certain lifestyle factors could act as risk factors for
the development of osteopenia and periodontal disease
(Tezal et al. 2000).

Golub et al. (2006) proposed a “two-hit” model

Copyright® 2009 Hellenic Society of Periodontology. All Rights Reserved.
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GEMV» TO OTO10 GLVIEEL TNV 0GTEOTOPWOT), LETAED GAA®MY GLOTN-
HOTIKOV VOOV, LLE TNV OTMOAELN QOTVIOKOD 0GTOV. LUVOTTIKA,
0. TEPLoTadoyova LIKpOPLo TOPEYOVY TNV TPMTH KKPOVGT» GTNV
OAANAOVYI0 TOV KATAGTPETTIKMV YEYOVOTMV TNG TEPLOOOVTITIONG
KoL 1 OEVTEPT «KPOVGN» TPOEPYETOL OO T GUGTNLOTIKY QAEY-
HOV®ON OTAVTNOY] TOL TPOKUAEITOL 0md O18.popeg TAOOALOYIKES
dwtopoyés. Axoun kot pio pikpn avénon tev emmédwv 1L-1,
IL-6 kot TNF-0 0po0 givar duvatov va ekKivioel Tov GEovo. KuTo-
Kivi/mpootayAavoivr/LETOAAOTPOTEIVAOT)/GUVIETT TOV EVEPYO-
TOMTI TOL LTOSOYEN, TOL TVPNVIKOD Tapdyovta-k B (RANKL)
6TOVG TEPLOOOVTIKOVS 16TOVG (Golub kat cuv. 2006).

H ootk pélo Ko avioyn EAOTTOVOVTOL GTV EUUNVOTOGT
e€antiog e avENUEVNS EVEPYOTOINONG TNG OGTIKNG OTOPPOPTIONG
KO TNG UELMUEVNG IKOVOTNTOAG TOV 0GTEOPANGTOV Y10, TOPOUYWOYT
0otov. [Ipdcpata dedopéva vrootnpilovy 10 Pacikd pOAO TV OL-
OTPOYOVAOV GTOV EAEYYO TNG OCGTIKNG ATOPPOPTONG LEGH TMV VTTO-
doyéwv twv orotpoydvwv ERa kot ERP 610 KuTOTAOG O TOV 00TE-
opLactav Kot 0oTEoKANGTOV. O1VTodoYElg avtol Teprtopilovy TV
000 £VEPYOTOINGNG TMV 0GTEOKANCTAOV LECH TV 00TEOPAUCTAV,
LEOVOVV TO GYNLOTICUO TV OGTEOKANGTMV OO TPOSPOLES LOp-
(Q£G TOVG KOl OVOSTEAAOVY TNV OGTEOKANOTIKY OpAiomn T®V 00TE-
okhaotov (Lerner 2006a). EmutAéov, ta ototpoyova umopei va
eléyyovv T Aertovpyia T mpootayAiavdivng E, mov eivar ioyvpdg
JlEYEPTNG TNG OGTIKNG OTOPPAPNONG KOl TOV GYNHOATIGHOD 0GTED-
KAMOTAOV, LECH TNG OVAGTOANG TOV KLTOKIVAV TOV SIEYEIPOVV TNV
KLUKA00EVYEVAGN-2. MOAOVOTL 1] OVETAPKELN OLGTPOYOVMV AVEAVEL
mv ékppaon tov IL-1 kot TNF-a, ot tpocnddeieg cvuoyétiong tov
EMMESOV OPOL CVTAOV TV KVTOKIVAOV LE TNV 0GTEOTOPMOOT KOTE-
Méav og avtikpovdpeve anoterécpata (Lerner 2006a).

To KOPLO0 GVGTNO KLTOKIV®V IOV EAEYYEL TOV OCTIKO OVOGYT)-
potiopd Pooiletor oty 16oppomion PHETAED SapopoToinomg Kot
gvepyonoinong twv 0oteokAaoT®mv, 1o RANKL kot Tov dtodv-
TOV TAPATAAVNTIKOD VIOS0YE TOV, TG 0oTEOTpoTEYEPivg (OPG)
(Kong kot ovv. 1999, Hofbauer xar Heufelder 2001). ITpoécpata
dedopéva, deiyvouv 6tL 10 «povordtyy RANKL/OPG mailer tov
0 GNUAVTIKO POAO GTIV OGTEOKANGTOYEVEGT] KOl OTI PAEYLOVA-
on ootikn andrelo oty meplodovtitida (Taubman kot cuv. 2005,
Wada kot ovv. 2006, Leibbrandt kot Penninger 2008). H OPG
evovetol pe 1o RANKL, tporapfavetl tny aAlnienidpacn petac&y
RANK «ot RANKL, kot emopévms, To GYNUATIGUO 0GTEOKANGTMV.
O TNF-a gvepyomotel v mopaywyr IL-1 and 11 ooteoPfrdotes
KoL TOL apyEyova KOTTopa o€ cuykekpyéva eminedo tov RANKL
KoBmG Kot 06 TOVG 06TEOKAAGTEG e Tapovaio tov RANK (Lerner
2006a). Emimpocbeta, ta evepyomompéva T kdttapa ekppdlovv to
RANKL, o onoioc eviverar pe 10 RANK tov 5evopiiikdv Kuttd-
POV EVIGYVOVTOG TN OpOcTNPLOTNTO Kot eMPimon tove. EEGAlov,
ta T kottapa mapdyovv eAeypovmdelg kotokiveg (IL-1, IL-6 kot
TNF) mov gvepyonowovv v ékppaot tov RANKL and tic ooteo-
Braotes. 'Etot, ta evepyomompéve T kdTTOpa Kot 01 06TE0PAACTES
EVEPYOTOLOVV TN OlOPOPOTOINGT] TOV OGTEOKANCTMOV UEC® TNG
0000 RANK/RANKL pe amotéleopo Ty 0oTikn omoppoenon. H
dPOPOTOINGT TV 0GTEOKANGTOV ovTioTaOpileTol 0o TNV 00TE-
opractik) OPG kot and v IL-4 ko tov TNF mov mopdyovron
ano ta T kotrapo (Leibbrandt ko Penninger 2008).

H avemdpkelo Tov 016TpoyoveOy EAATTOVEL TNV EKQPACT TNG
OPG (Saika kot ouv. 2001), evioydel 1o cvompue. RANKL/OPG
Kot datapdooet T Asrtovpyia Twv T KuTtépmv Ko TV ovTlyo-

that linked osteoporosis, among other systemic dis-
eases, and periodontal bone loss. Briefly, periopatho-
genic microorganisms provide one “hit” in the cascade
of destructive events of periodontitis, and the second
“hit” comes from a systemic inflammatory response
that is induced by various medical disorders. Even a
small increase in the circulating serum levels of IL-1,
IL-6, and TNF-a may initiate the cytokine/prostaglan-
din/matrix metalloproteinase/receptor activator of nu-
clear factor-kappa B ligand (RANKL) cascade in the
periodontal tissues (Golub et al. 2006).

Bone mass decreases during menopause and bone
strength is reduced because of the increased frequency
of bone resorption activation and the decreased ability
of osteoblasts to produce new bone. Recent data sup-
port the principal role of estrogen in controlling bone
resorption by the estrogen receptors ERa and ERp in
the cytoplasm of osteoblasts and osteoclasts. These
receptors restrict the osteoclast activation pathway in
osteoblasts, decrease the osteoclast formation from
the progenitor osteoclasts, and inhibit the osteoclastic
activity of osteoclasts (Lerner 2006a). Furthermore,
estrogen may control the function of prostaglandin E,,
which is a potent stimulator of bone resorption and
osteoclast formation, through the inhibition of the cy-
tokines that stimulate cyclooxygenase-2. Even though
estrogen deficiency enhances expression of IL-1 and
TNF-a, efforts to correlate serum levels of these cy-
tokines with osteoporosis resulted in contradictory
findings (Lerner 2006a).

The key cytokine system that regulates the bone
remodeling process depends on the differentiation and
activation of osteoclasts, RANKL, and its soluble de-
coy receptor osteoprotegerin (OPG) balance (Kong
et al. 1999, Hofbauer and Heufelder 2001). Recent
research evidence shows that the RANKL/OPG path-
way plays the most important role in osteoclastogene-
sis and inflammatory bone loss in periodontitis (Taub-
man et al. 2005, Wada et al. 2006, Leibbrandt and
Penninger 2008). OPG binds to RANKL and prevents
the interaction between RANK and RANKL and thus
the formation of osteoclasts. TNF-a stimulates IL-1
production from osteoblasts and stromal cells in the
presence of certain levels of RANKL, as well as from
osteoclasts in the presence of RANK (Lerner 2006a).
In addition, activated T cells express RANKL, which
binds to RANK on dendritic cells and enhances their
activation and survival. On the other hand, T cells pro-
duce inflammatory cytokines (IL-1, IL-6, and TNF)
that stimulate RANKL expression in osteoblasts.
Thus, activated T cells and osteoblasts stimulate the
differentiation of osteoclasts via the RANK/RANKL
pathway, resulting in bone resorption. Osteoclast dif-
ferentiation is balanced by OPG secreted from osteo-
blasts and by IL-4 and TNF produced by T cells (Leib-
brandt and Penninger 2008).

Estrogen deficiency diminishes the expression of
OPG (Saika et al. 2001), upregulates the RANKL/
OPG system, and dysregulates T cell function and
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vo-rapovcioon (Pietschmann kot ovv. 2008). Eniong, éxet ova-
eepBei 6T Otav vapyel Aoipmén pe Gram-opvnTikd pkpopia,
n éMewyn ootpoyovev epeovilel cuvepykn emidpacn otov
00TIKO LETAROMOUO LLE TOVG MTOTOAVCOKYOPITEG, 0ONYDVTIUG OE
avEnpévn ootikn amoppodenon oe Onivkd movtikie (Fujita won
cvv. 2008).

[Ipdopata epguvnTIKA d£d0UEVA TPOTEIVOLV OTL 1] TEPLOSOVTL-
K1 KATAGTOGT GUVOEETOL LLE TNV 0GTEOTOPMSN, TV EOviKdTNTA, TO
BaBog tov Buddkov, To VA0, TN C-avTIdPOGO TPWTEIVY TOL 0POV
Kot to eminedo twv Parvimonas micra, Prevotella intermedia,
Tannerella forsythia, xon Streptococcus mutans (Swoboda Kot Guv.
2008). Emmpocheta, oe pio perétn pe mepopotdlma, 1 ovénpévn
ékppaon g IL-6, Tov Tupnvikoy mapdyovta-k B, g oAkoAknc
QPO®GPUTACNG KOl TNG 00TEOKUAGIVIG TOV 0GTOV VTOONAMVEL TO
dUVNTIKO pOLO TV popimVv otV oty TafoyEévela TG 00TEOTO-
pwong (Zhu kot ovv. 2008).

Bepaneia oppoVIKAG unokatdotaong Kai nepiobovtiki

Katdataaon

H Oepancio. oppoviking vrokatdotacng epopuoletor cuyva
oV TPOANYN TG OGTIKNG OTMAELNG KOOMG Kol TV GAA®V onpei-
@V Kol CUUTTOUATOV GTIG 0CTEOTOPWTIKES Yuvaikes. H cupmin-
POUOTIKT OY®YT] LE O1GTPOYOVO GUGYETIGTNKE LLE UELMUEVT] OVAL-
K1 opoppayio cuykpitikd pe pio opdda gréyyov (Norderyd kot
ovv. 1993), amodelytnke eMOEEM|G 0TV TPOANYN TNG ATDOAELS
doVTIDV, av Kot Oyl Yopig Kivouvo yio GALEG GUGTNUOTIKEG OVGAEL-
tovpyieg (Paganini-Hill 1995a, 1995b). EmmAéov, ot yuvaikeg mov
vroPOnkav ot Bepameio mapovciocav Oetik| enidpacn otV
00TIKY LAlo NG KAT® YvABoL Kot TG 0GPUIKNG GITOVOVAIKNG GTN-
g (Jacobs ka1 cuv. 1996).

H enidpaon tov o1otpoydveov 6Tig HeTAPOAES TOV POTVIOKOD
0010V €EETACTNKE GE 0 LOVOETN LEAETT] OOV Ol OLGTPOYOVIKA
EMOPKEIC UETEPUNVOTOVGIOKEG YOVOIKES eppavicay kEpdog OI1
TOL PATVILKOD 0GTOV, VA Ol OIGTPOYOVIKA OVETOPKEIS YOVOIKES
enpavicav onmielo (Payne kot cuv. 1997). Qotdco, ot Streckfus
kot ovv. (1997) avépepav 4Tl yuvaikeg mov vrofdAloviay Ge
Oepameio pe owwTpoydva glyav vyNAdTEPO crelKd enineda 1L-6,
LEYOAVTEPT] OCTIKY] OTMOAELD, KOL LEWOUEVT] TUKVOTNTO POTVIOKOD
00TOV KOOMS KOl TEPIGGOTEPES AMMAEIEG JOVTIOV GE OYECT LE
TpogPUNVOTOVGIaKES Yuvaikec. H Begpamelo vnokatdotoong pe
016Tpoyova £)El GLUVOEDEL EMioNG LE HEIWUEVT PAEYUOVT TOV 0V~
AV Kol PELOUEVT] GLYXVOTNTO OTOAELNG KAVIKNG TPOGOUONG GE
OCTEOTOPMOTIKES YUVaikeg oe mpodun eppnvonavon (Reinhardt
Kot ovv. 1999) kabmg Kot pe avENUEVT TUKVOTITA TOL POTVICKOD
00ToL Kol Bedtioon g odovTikng vyeiog (Civitelli kot cuv. 2002,
Hildebolt kor cvv. 2002). Téhog, ov Hildebolt ko cuv. (2004)
AVEQEPOY OTL Ol OGTEOTOPMTIKEG YUVOIKEG OV VIOPGAlOvVTOY
o€ Oy®OYN HE 010TPoYyOva Kovn acPéotio ko Prrapivn D, eped-
VIGOV GTLLOVTIKT 00ENOT| TG TUKVOTNTOS TOV 0GTOV TV YVAOmV
1M omoia oy peyoAdhtepn ot SIAPKELN TOV 3 TPOTOV XPOVOV GE
pio tevtoet BepamevTikn Tepiodo.

2upnepdopata

O1 gpguvNTég PaIvVETOL VO GUUPOVOLV OTL Yl Vo, EKTIUNOEL 0
porog NG ooteomeviag/ooteondpwong oty Evapén Kot eEEM-
&N g mEPLOdOVTIKNG VOGOV OTOLTOVVTOL TEPIGCOTEPES LEAETES:
KOAGQ OXEOLOOUEVES, EVPEING KMUOKOG LEAETEG Y100 TOV TPOGO10-
POUO TOL POLOL TNG OGTEOTEVIOG OTNV EMTTMON Kol PapuTnTo

antigen presentation (Pietschmann et al. 2008). More-
over, in the presence of Gram-negative bacterial in-
fection, estrogen deficiency has been shown to exhibit
synergistic effects on bone metabolism with lipopoly-
saccharide, leading to enhanced bone resorption in fe-
male mice (Fujita et al. 2008).

Recent research evidence has suggested that peri-
odontal status is associated with osteoporosis, ethnic-
ity, probing depth, gender, serum C-reactive protein,
and levels of Parvimonas micra, Prevotella interme-
dia, Tannerella forsythia, and Streptococcus mutans
(Swoboda et al. 2008). Furthermore, in an animal
model study, the elevated expression of IL-6, nuclear
factor-kappa B, bone-specific alkaline phosphatase,
and bone osteocalcin implied the potential role of
these molecules in the pathogenesis of osteoporosis
(Zhu et al. 2008).

Hormone replacement therapy and perio-
dontal status

Hormone replacement therapy is commonly used
to prevent bone loss and other signs and symptoms
in osteoporotic women. Estrogen supplementation has
been associated with reduced gingival bleeding com-
pared with a control group (Norderyd et al. 1993) and
has been proven beneficial in preventing tooth loss,
although not without risk for other systemic disorders
(Paganini-Hill 1995a, 1995b). In addition, women
who underwent this treatment experienced positive ef-
fects on the bone mass of the mandible and lumbar
spine (Jacobs et al. 1996).

The influence of estrogen status on alveolar bone
changes was addressed in a 1-year longitudinal study
in which estrogen-sufficient postmenopausal women
displayed a gain of alveolar bone density, whereas
estrogen-deficient women exhibited bone loss (Payne
et al. 1997). However, Streckfus et al. (1997) report-
ed that postmenopausal women receiving estrogen
therapy had higher salivary IL-6 concentrations, more
alveolar bone loss, more missing teeth, and reduced
alveolar bone density than did premenopausal women.
Estrogen replacement therapy has also been associ-
ated with reduced gingival inflammation and reduced
frequency of clinical attachment loss in osteoporotic
women in early menopause (Reinhardt et al. 1999)
and with increased alveolar bone density and improve-
ment of dental health (Civitelli et al. 2002, Hildebolt
et al. 2002). Finally, Hildebolt et al. (2004) reported
that osteoporotic women receiving estrogen replace-
ment treatment and/or calcium and vitamin D supple-
mentation exhibited significant increases in oral bone
density, which were greatest during the first 3 years in
a 5-year treatment period.

Conclusions

Reviewers seem to agree that, to assess the role
of osteopenia/osteoporosis in the induction and pro-
gression of periodontal disease additional studies are
needed: well-designed large-scale studies to determine
the role of osteopenia on the prevalence and severity
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NG TEPLOJOVTIKNG VOGO KOl TPOOTTIKEG LEAETEG e EAEYXO TOV
GLYYVTIKOV TOPOYOVIOV Y10 VO TPOCIIOPIGTEL OV 1| OGTEOTEVIOL
oxetiletar pe ) ouyvotnTa Kot TV €EEMEN TOV TEPLOOOVTIKMV
voowv. Ot pehéteg mopéuPaons LTopet va eival YpNOIIES GTNV Ot~
TIoAOYNon g Tpomonoinong g OIT wg pio Tpocéyyion ot Oe-
POTEVTIKY OVTILETOTION TNE TTEPLOdOVTIKNG vOsov (Tezal kot cuv.
2000, Wactawski-Wende 2001, Borrell ko Papapanou 2005).

Ta epevvnTid dedopéva o GuVOEoLV Guese TV ootk Lalo
TOL (POTVIOKOV 0GTOV LLE TNV 0GTEOTOPMGT), OV KO TO, ATOTEAEGLOTOL
OPKETOV PEAETMV VTTOSEKVHOVV OTL 1] YOUNAT GLGTNHOTIKT OCTIKN
pado 6TIC YOVOIKES [E AVETAPKELD O10TPOYOVMV TBavOV emnpedlet
v OII tov patviakoy ootov. EmimAéov, 1 Oeponeio vrokatdoto-
OY|G LLE O10TPOYOVO. OTIG LETEUUVOTOVOLOKEG YOVOIKES POIVETOL VOL
emmpedlet Oeticd Tig Yvabovg, VTOSNADVOVTAG OTLTO POTVIOKO 0GTO
pmopel va. tvon emppenég oty ooteondpwor (Lerner 2006b).

AnAwaoeig/Euxapiatieg
H ovyypapéog Snidvel 6Tt dev LITEPYOVY OTKOVOUKES 1) AALEG
avTIOE0ELS GUUPEPOVTOV GE GYECT LE TNV TOpOoVGO, dMLocievon.

of periodontal disease and prospective studies control-
ling the confounding variables to determine whether
osteopenia is associated with the incidence and pro-
gression of periodontal diseases. Intervention studies
may be helpful to justify modification of BMD as an
approach for the management of periodontal disease
(Tezal et al. 2000, Wactawski-Wende 2001, Borrell
and Papapanou 2005).

Research data do not strictly correlate alveolar
bone mass with osteoporosis, although the findings of
several studies indicate that low systemic bone mass
in estrogen-deficient women probably affects alveo-
lar bone density. Furthermore, estrogen replacement
therapy in postmenopausal women seems to positively
affect jawbones, suggesting that oral bone could be
susceptible to osteoporosis (Lerner 2006b).
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