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TMEPIAHWH: H Bepaneia pe Sipwogovikd exel kabie-
pwOel yia Tov €Aeyxo TwV OOTEOAUTIKOV BAaPwv tng
00TEOTOPWONG, TOU TOAAMAOU  PUEAWHATOG, NG
vooou Ttou Paget kal Twv ooTIKWY PETAcTdcEwY Kal Ti-
TUyxdvetal Péow avaotoAlg TG Spdong Twv OOTeo-
Khaotwv.

2KoToG €ival n avaokarnon g BIBNoypagiag oxetikd
HEe TV xoprynon Sipwaopovikwv oav Bepareia mpwIng
ekhoyric 1} oupmAnpwuatikr Oepareia, oe SIAQOPES
AMeG ev000TIKEG BAGPEG.

H Bepaneia pe dipwopovikd éxel amodeixBel amoteAe-
OMATIKY O€ EMAEYPEVEG TTEQITTIWOEIG EVOOOOTIKWY PAA-
Bwv and nwoivéeiAa 1| yiyavtokitiapd, yid Ty vadn
duomhaoia, ) véoo Gaucher, ) xpdvia umotpomd-
(ouoa ToAUEOTIaK 0OTEOPUENTISA, TV atehr] ooteo-
YEVEOH Kal TV 00TEOEVOWUdTwon Kal otabeporioinon
Twv opBomedikwv evdompobéoewv. EEaMou undpxouv
TTOMEG akdpun ootikég PAdPeg otig omoieg ta dipw-
opovikd Ba pmopoloav va eival AmoTEAECUATIKG,
KaBWwgG peIdvVouV TNV ootk armopEdenan.

AEZEIY KAEIAIA: Aipwogwvikd, vadng duomiaocia,
véoog Gaucher, ooteopuehTida, ateAig ooteoyevean,
opBomedikd epputedara.

SUMMARY: Objectives: The treatment with bisphos-
phonates is established in controlling bone resorption
by inhibition of osteoclast action, due to osteoporosis,
multiple myeloma, Paget’s disease and metastatic malig-
nancy. The aim of this review is to present a number of
studies, as they are reported in the recent literature,
where bisphosphonates have been used with good
results as primary or adjunctive treatment.

The use of bisphosphonates therapy proved effective
for selective cases of giant and eosinophilic cell osseous
lesions, fibrous dysplasia, Gaucher’s disease, chronic
recurrent multifocal osteomyelitis, osteogenesis imper-
fect, orthopedic and dental implants. There are howev-
er many other intraosseous lesions where a decrease in
bone resorption by bisphosphonates could be effective
for the management of these bone lesions.
Conclusions: Further investigations are needed to
determine the potential role of bisphosphonates for
the treatment of bone lesions

KEY WORDS: bisphosphonates, fibrous dysplasia,
Gaucher's disease, osteomyelitis, osteogenesis imper-
fecta, orthopedic implants.
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EIZAIQrH

Ta dipwopovikd (BPs) eival pia oikoyévelia @appdkwy
pe Bdon v mupopwopwpikn pica (P-O-P) otnv omoia
TO Kevrpikd dropo tou ofuydvou Tou Ppioketal avd-
peoa ota dtopa wopOPOoU Exel aviikataotabel Pe éva
dropo davbpaxa (P-C-P). H mheupikr] dhuoog mou ouv-
déetal pe to dropo dvBpaka pmopel va eivar udpo&u-
No, ahkuhoopdda 1} apivooudda dnpioupywvtag pia
peydAn moikiAia oupmAdkwv. O1 TTAEUPIKEG auTtég GAUCOI
eival ywwotég wg Rlkar R2 kal oxetiCovtar pe éva eupu
@dopa Spdoewv Twv dIAQOPWY OKEUAGHUATWY SIQw-
ogovikav (Vasikaran 2001, Kos kar ouv. 2004, Tset-
senekou kai Kalyvas, 2010, Lianou kar ouv. 201 ). Ta
SIPWoPoVIKA €xouv UPNAY XnUIKY OUyyEveld PE TO
ootolv akpIfwg emed eival xnuikd avdioya Twv
avopyavmy TIUPOPWOPOPIKWY, HE HeEYaNITEPN OPWG
XNUIK  otaBepdtnra. Amavidvial og  PeyaAUTEPEG
OUYKEVIPWOEIG OF TTEPIOXEG OOTEGAUONG KAl OOTIKIG
anoppd@nong Tapd O€ TIEPIOXEG OOTEOYEVEDNG, OTIWG
oupBaivel o ootedAucn amd Gykoug, TToU TIPOKAAE( Al
and g ooteokhdoteg (Russell kar ouv. 2008, Rogers
kai ouv. 2000, Gibbons kar ouv. 2003).

Ta dipwopovikd avaotéMouv TNV 0OTEOKAACTIK
dpdon e moMoUg TEATIoUG Kar eMOPOUV TTOIKIAOTPO-
nwg otov udpotuhanatitn (HAP) petaBdMovtag
XNHIKY dopr Kal TG QUOIKES Tou 1d16TNTee. EmPpadu-
VOuV TV KpuotdMworn tou dpopgou HAP evw ava-
OTEMOUV EMIONG TN CUCOWPEEUCH Kal KATaKPrpvion
Twv KPUoTtdMwv tou. Meivouv tn dnpioupyia VEwv
00TEOKAQOTWV amd 1t dlapoporoinon TEddPOopwY
povoTuprvwy, evw augdvouv to pubpd amdmwong
v Adn Slapoporoinuévwy ooteokhaotwy (Sato kai
Grasser, 1990, Hughes kai ouv. 1995). Aev éxouv
kabohou apvnukr) emidpacn oOTo OXNEATIOPS VEOU
ootoV, yiautd Bewpouvial Xprolua dppaka oe oote-
OAUTIKEG BAGPEG, o€ avamuoodpevoug okeAeToUG vea-
pwv acBeviyv. Xpnalgomololvtar emiong yid Ty av-
HETWTTION TNG 0OTEOTIOPWONG, NG UTEpacBeotaliag
amnd veomAaoieg Twv ootwv Kal otn véoo Tou Paget.
KaBwg peidvouv ToIKANOTPOTIWG TNV OOTEOKAACTIKT
dpaotnpidtnta, Spouv oav évag PIOXNUIKOG QPAyHOS
otnv ootk anoppdenan (Romanos kar cuv. 2009).
2N HeAétn auth mapouaidletal n xpron Twv dipwopo-
VIKWV 0av evaMaktkr| Oeparreia otnv avupeTwmon oot-
KoV BAaBav ota mhaioia dMwv, Tépav Twv ouvriBwv
KaTaotdoewy, Tou ival n ooTeomdpwan, TO TTOMATAS
HUEAWHQ, OI OOTIKEG petaotdoelg A n vooog tou Paget.

MNyavtokuttapikég BAAPeg kar moAamAS
NWOIVOPIAO KOKKiwpa

O Jpog «yyavrokutrapikni PAGPn» (TKB) mepihapBavel
ToIkiANG  armoAoyiag ooteolutikég BAGPeg, Tou Kovd
XAPAKTNEIOTIKS Toug eival n tdon yia UToTpoTTH, eV
ouxvd Katd ) xelipoupyikr) Bepareia mpoBAnuatiCel n

TpiavtaguAdibou A. kai ouv./Triantafillidou K. et al.

INTRODUCTION

Bisphosphonates (BPs) represent a family of drugs, ana-
logues of pyrophosphate (P-O-P) in which the oxygen
atom between the two P-atoms is replaced by a Car-
bon atom (P-C-P). The opening of each attaching side
chain of the carbon atom are either hydroxyl, alkyl or
amino atoms leading to a vast number of possible com-
pounds. These side chains are usually referred as RI and
R2 and account for a wide range of possible actions
among various drugs of bisphosphonates (Vasikaran
2001, Kos et al. 2004, Tsetsenekou and Kalyvas 2010,
Lianou et al. 2011). As BPs are chemically stable ana-
logues of inorganic pyrophosphate, they have a high
affinity for bone mineral. The influence of BPs to bone
mineral, especially in sites with osteoclastic activity, is
useful for the control of the growth of bone lesions.
Tumor osteolysis is mediated by osteoclasts, and BPs
are found in high concentrations at sites of bone resorp-
tion, rather than at sites of bone formation (Russell et al.
2008, Rogers et al. 2000, Gibbons et al. 2003).

BPs inhibit osteoclast-mediated bone resorption with
several ways; they have muttiple effects on hydroxyap-
atite (HAP) changing its physico-chemical structure,
they retard the transformation of amorphous HAP to
crystalline and inhibit the aggregation and dissolution of
crystals. BPs also inhibit osteoclastic activity and
decrease osteoclast formation from mononuclear
phagocyte precursors. They also increase apoptosis in
osteoclasts with consequent loss of attachment to
bone (Sato and Grasser 1990, Hughes et al. 1995). BPs
don't inhibit bone formation. They are recognized to
have useful influence for the treatment of bone osteol-
ysis associated with bone lesions, especially when these
develop in the immature skeleton of young patients.
BPs are used in the management of osteoporosis,
hypercalcaemia of malignancy and Paget's disease. They
reduce osteoclastic activity and act as a biochemical
barrier to bone resorption (Romanos et al. 2009).

In this paper, the role of BPs as an alternative treatment
in management of intraosseous lesions, other than
osteoporosis, multiple myeloma, metastatic cancer and
Paget's disease is reported.

Giant cell lesions and multifocal
eosinophilic granuloma

A wide range of lesions are cumulatively covered under
the term “giant cell lesions” (GCL). Recurrence is one
of the problems related to surgical treatment of GCL
whilst another one is preservation of vital structures or
functional bone upon surgical treatment. The possible
use of BPs for treatment of GCL in several sites of the
human skeleton has been reported from 2004 by
Chang et al. and was repeated by Balke et al. in 2008.
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Sidowon C(WTKOV QVATOHIKOY SOPWV 1] AEIToupyIKOU
ootou. H mBavdtnta avupetwmong MKB pe dipwogovi-
K4 oe dMa ootd, v Tou omhayxvikou kpaviou, éxel
nén emonuavBel (Chang kar ouv. 2004, Balke kai ouv.
2008). H 16éa aut epappdotnke ota 0otd Tou TPo-
owrmou amd toug Tse kai ouv. (2008), ou xpnalporoi-
noav mepleyxelpnuikd mapidpovdtn Kai (oAevopoviko
0&U og pia oeipd 44 TepmWoewy pe Kevtpikeg [KB ka
amné toug Landesberg kar ouv. (2009), mou xpnaiporoi-
noav Sipwogovikd og 3 akdpn mepimaoelg. O mapa-
mévw avagépouv evbappuvtikd amoteAéopata otny
avayéwnon Twv 0oTKWV EMEINPATWY Kal T Peiwon NG
ouxvétnrag urnotporc. [Npdoeata or DaSilva kar ouv.
(2012) avaxoivwoav mepfmwon kevepikrg MKB g kdtw
yvdBou TTou avuideTwITiotnke POvo Pe ahedpovdtn kal
TPIAPOIVOAGV, xwpiG kaBdhou xeipoupyikh Bepareia.
Tnv 7pnvn auty aywyry akoAoubnoe dnuioupyia véou
ootoU otn Béon tng ootedhuong kai Tepiodog Tapa-
KohoUBnong 4 xpdvwv xwpig EvoelEn UoTPOTAG.

To moAMamé nwovéeiro Kokkiwpa eivar n kipia ekdn-
Awon tng lotiokiTtwong Langerhans, mou eivar pn veo-
mAaopatiky urtepavdmugn evég kKhwvou kuttdpwy amd
TOV HUEAS Twv ootwv. Ao 1o 1989 avapépbnke ot ta
SIPWOPOVIKA HEINVOUV TNV OOTEOAUTIKY] SpaotnpIdtn-
1a kai tov mévo (Elomaa kai ouv. 1989) otoug aoBeveig
autoUq, Kal péxpl onpepa mepioodtepeg anod 20 mepl-
TWOEIG €XOUV avTeTwrmotel Pe mapidpovdtn, kho-
Spovdtn rj Colevdpovikd ok, dtav mponynBeioeg akti-
voBepareleg, xnueiobeparneieg 1 XelpPoupyIKEG amogé-
oelG dev prdpeoav va eNéyxouv v eEENEN g vooou
(Arzoo kar ouv. 2001, Farran kai ouv. 2001, Kamizono
kar ouv. 2002, Montella kar ouv. 2009, Sivendran ka
ouv. 2011).

2upnepaouartikd, oe mepimwoelg KB kar moMarhou
NWOIVOPIANOU KOKKIOHATOG AVOEKTIKEG OTN XEIPOUPYIKA
Kkal AMeg Bepaneleg, kabwg Kal kel dmou umdpxer ava-
ykaidtnta diapuAagnG onNUAvIKWV avatopIKOV SOHWY,
1a Sipwoovikd amoteholv Beparmeutikr emioyr.

Ivddng AuomAacia (1A)

H ootk vwdng duomhaoia eival diatapaxr| mou xapa-
KtnpiCetal amd ektetapévo MOAAMAdoIaopd avipdAou
I0TOU OTOV 00TIKO HUEAS, TIOU dnUIoUpPYEl OOTEOAUTIKEG
BAGReg, duopopoieg kar maboroyikd katdyuata (Cha-
purlat kai ouv. 1997, Landesberg kai ouv. 2009). ToA-
NG peAéteg oto mapeABdv mpoomdOnoav va mpoaey-
yioouv v mabBoguaiooyia g IA. 2rpepa eival yw-
otd &T MPAKENTal yId OUyyevr) VOOO TIoU OQeileTal O
evepyoroinon petaMd&ewv oe éva yovidio Tou Kwdl-
Kotolel tnv umoopdda a ng mpwteivng G, ) omoia die-
yelpel to oxnuatopd tou cAMP. Autd éxel oav amoté-
Aeopa v au€nuévn ouykévtpwon cAMP ota kittapa
TIOU (PEPOUV T YEVETIKH] TPOTIOTIOMNON. TETOIEG EVEPYEG
peTaMdEeig aveupiokovtal oe ooteokUttapd, Kabwg
kal o€ evOoKpIVIKoUg dyKkoug tou ouvdpdpou McCune-
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Application of the idea for the facial bones has been
reported by Tse et al. (2008), who used pamidronate
and zolendronic acid peri-operatively in a series of 44
cases with central GCL and Landesberg et al. (2009)
who used biphosponates in 3 more cases. They report-
ed encouraging results in terms of remodeling of the
surgical defect and reducing recurrence rate. Recently,
Da Silva et al. (2012) reported a case of central GCL of
the mandible, managed with aledronate sodium and tri-
amcinolone acetonide alone, without surgical treat-
ment at all. The 7-month treatment was followed by
new bone formation and by a 4 years' post-treatment
period free of disease.

Multifocal eosinophilic granuloma is the main feature in
Langerhans’ cell histiocytosis, a clonal, but non neoplas-
tic proliferation of cells originating from the bone mar-
row. Osteolysis and pain are both resistant in treat-
ment. Biphosphonates have been reported since 1989
to reduce osteolytic activity and to alleviate pain (Elo-
maa et al. 1989) and until today more than 20 cases
have been managed with pamidronate, clodronate or
zolendronic acid (Arzoo et al. 2001, Farran et al. 2001,
Kamizono et al. 2002, Montella et al. 2009, Sivendran et
al. 2011) when prior treatments as radiotherapy,
chemotherapy or surgical curettage failed to control
the progress of the disorder.

Conclusively, BPs can be an option for giant cell or
eosinophilic osteolytic lesions, when organ preservation
is the main treatment goal and when resistance in sur-
gical treatment is recorded.

Fibrous Dysplasia (FD)

Fibrous Dysplasia (FD) of bone is a skeletal disorder
characterized by extensive proliferation of abnormal
tissue in bone marrow, leading to osteolytic lesions,
fractures and deformations (Chapurlat et al. 1997, Lan-
desberg et al. 2009). Many studies have been made in
the past years in an effort to understand the patho-
physiology of FD. It is now recognized that FD is a con-
genital disease, caused by the activating mutations of
the gene of a subunit of the G-protein, which stimulates
cAMP formation, resulting in an increased cAMP con-
centration in genetically changed cells. These activating
mutations can be found in bone cells and in endocrine
tumors of the McCune-Albright syndrome (Marie et al.
1997, Bianco et al. 2000, Triantafilidou and Dimi-
trakopoulos 2003).

The management of FD is challenging for craniofacial
surgeons. Surgical treatment may range from conserva-
tive therapy (curettage, contouring or remodeling) to
radical resection followed by immediate reconstruction
(Valentini et al. 2009). Recently medical management
using bisphosphonates has been reported showing clin-
ical and radiographic improvement of the disease, espe-
cially for the polyostic form of the FD. Intravenous bis-
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Albright (Marie kai ouv. 1997, Bianco kai ouv. 2000,
Triantafillidou kai Dimitrakopoulos, 2003).

H avopetwmon g 1A efvar mpdrAnon yia toug Kpa-
VIOTIPOOWTTIKOUG Xelpoupyous. H xeipoupyikd avpe-
TWmon Propel va eival ouvtnenuikr (andgeon 1y ekopi-
Aeuon NG ooTikrG duopop®iac) aMd kai PIgiKY exto-
pr pe amokatdotaon oe mpwto xpdvo (Valentini kal
ouv. 2009). IMpdogpata éxel eloaxOel N QapPUAKEUTIKA
QVTIPETWON Pe SIpwO@OVIKE, TIOU ETIPERE! KAIVIKT] KAl
akuvoAoyikr] Pertiwon, 1diaitepa otn TTOAUOOTIKN
poper g IA. Ta evbopAéBia xopnyolpeva Sipw-
OQOVIKG dev eMEEPOUY POVO akTvoAoyIKH Kar Bloxnpi-
K| BeAtiwon, aMd peidvouy kal Tov ootikd oV kabwg
kal tov kivduvo maBoroyikoU katdypatog (Chapurlat
kal ouv. 1997, Landesberg kai ouv. 2009).

O1 Chapurlat kar ouv. (1997) perétnoav to pakpodxpo-
VO amotéAeapa tng evOopAEPIag xoprynong mapidpo-
vatng oe 20 aobevelc pe 1A, o omolor AduBavav to
@dppako oe avd e&dunvo ouvedpieg (3pepeg Beparrei-
€G pe 3 nueprioeg ddoeig twv 60 mg). O péoog xpd-
vog TapakohoUbnong rtav 39 prveq. Aiamotwdnke
peiwon otov ootikd TévVo Kal BeAtinvon NG aktivoAoyi-
KNG eIkOvag Twv PAABV. e GAMN peAétn Twv 1I6iwv ouy-
ypapéwy emi 58 mepmwoswy avaeépBnke emong pei-
won tou évou g AAoug kal BeAtiwon TG KAIVIKAG
eikévag oto 50%, pe avdmun véou ootol (Chapurlat
kar ouv. 2004). Or Lane kai ouv. (2001), perétnoav 6
aoBeveic pe IA atoug omoloug xopnyrBnkav amé tou
oToPatog A/kal evOoPAERIa SIPWOPOVIKA. >UYKEKPIE-
va, ol 4 éhaBav evdopAéPia 60-90 mg mapidpovdtng
v nuépa oe difpepeg ouvedpieg avd Tpipnvo Kai,
ouyxpovwg, 10mg aredpovdtng amd to otdua kabn-
pepiva. Or umdhormol 2 ehdpBavav pévo v and tou
otéparog aywyry. O mévog Pelbnke yia TepIcodTERO
and 70% oe dhoug Toug aabeveig, yia do xpdvia petd
v évapén tng Bepareiac.

O1 Kos kai ouv. (2004), avagpépouv otn PHEAET TOUG TO
anotéheopa tng Bepaneiag pe mapidpovdtn oe 6 mar-
814 pe mpoiotoa IA oty kdtw, v dvw yvdbo 1 T
Bdon tou kpaviou. ‘OAlor oI acBeveic €haPav to @dp-
pako evbo@Aéfia oe dooohoyia | mglkg Bdpoug
oWpPatog yia 3 pépeg, kabe 4-6 privec. H mapakohou-
Bnor|) toug kupdvbnke amd 9-24 prves. Yoeon tou
mévou kal ai&non NG ooTIKAG TIUKVATNTAG Tomikd dia-
motwbnke oe dAoug toug aoBeveic, evw oe Kavévav
Sev diamotwbnke mepartépw eEdmiwon g véoou.

O Parisi kar ouv. (2003), a&loAdynoav v amotele-
opatikdTNTa TV dipwopovikwy ot 7 aoBeveic pe IA, o
orofol eAdpPavay to oxrjpa twv 180 mg mapidpovdtng
avd 6unvo, diaipepévo oe 3 nueprioleg SOGEIG. 2TOUG
I2 prveg o mévog ehaxiotororfnke oe dAoug kar ol
Seiliteg ootikrg avdmhaong au&ribnkav. O Chao kai
ouv. (2008), eétaoav to amotéheopa g amd Tou
otépatog aledpovdtng oe uPnAj docoloyia (40 mg
TN PEPA) yIa 6 UAVEG, OE 3 eVAAIKEG TTOU UTTEQEPQAV aTTO
oofapoug movokepdhoug eEartiag IA tou kpaviou. 2

TpiavtaguAdibou A. kai ouv./Triantafillidou K. et al.

phosphonates may induce radiological and biochemical
improvement in some patients and may alleviate bone
pain and decrease the fracture risk (Chapurlat et al.
1997, Landesberg et al. 2009).

Chapurlat et al. (1997) evaluated the long term effects
of intravenous pamidronate in 20 patients with FD who
received courses of |80mg of intravenous pamidronate
every 6 months (60mg/day during 3 days by infusion).
The mean duration of follow up was 39 months. A
decrease in bone pain and improvement in the radi-
ographic appearance of the lesions was found. The
same authors reported another study of 58 patients
with FD, where all patients with bone pain referred sig-
nificantly decreased intensity. Furthermore 50% of
patients showed radiographic improvement (develop-
ment of new bone) (Chapurlat et al. 2004). Lane et al.
(2001) in their study evaluated 6 patients with FD
treated with either oral alone or oral and intravenous
BPs. The first 4 patients received 60mg to 90mg of
pamidronate intravenously every 3 months for 2 doses
and received 10mg alendronate orally every day. The 2
remaining patients received only 10mg of alendronate
orally every day. The bone pain decreased in up to 70%
of the patients 2 years after the initiation of therapy.
Kos et al. (2004) referred in their study the results of
the treatment with pamidronate in 6 children with pro-
gressive FD of the mandible, the maxilla and the cranial
base. All patients received pamidronate infusions
(Img/kg iv) for 3 days, every 4-6 months. The follow-
up of the patients was 9-24 months. Pain relief was
achieved in all cases, the local bone density increased,
and there was not further spread of the disease in any
of the patients.

Parisi et al. (2003) evaluated the effectiveness of BPs in
patients with FD. Seven patients received courses of
[80mg intravenous infusion of pamidronate every 6
months (60mg/day during 3 days). At 12 months bone
pain diminished in all patients and bone turnover mark-
ers decreased.

Chao et al. (2008) examined the effects of high-dose
oral alendronate (40mg daily) for 6 months on 3 adult
patients with severe headache due to FD of the skull.
The patients underwent clinical follow-up after |, 3 and
6 months. All 3 patients demonstrated a significant
decrease in pain levels and there was no evidence of
tumor growth during the follow up period.

Makitie et al. (2008) described a girl with mandibular
FD who was successfully treated with bisphosphonates.
During the first year pamidronate (I mgr/Kg on 3 con-
secutive days at 4-months intervals) was administered
intravenously. During the second year, the treatment
was changed to zoledronic acid (0.05 mg/Kg once
every 6 months) administered also intravenously. The
treatment resulted in rapid improvement in the degree
of pain and disfigurement.
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emavéleyxo petd and 1,3, kar 6 prveg, diamotwbnke
onpavtiky Ueeon NG ke@ahaAyiag xwpic évoeign avén-
ong Twv PAaPwv katd n didpkeia TG TTapakoAoudn-
ong.

O1 Makitie kai ouv. (2008), mapouciaoav Tepimwon
veapric aoBevoug pe 1A tng kdtw yvdbou mou avpe-
TWTTIOTNKE EMITUXWG POVO pE SIPWOPOVIKA. Tov TTRWTOo
xpovo xopnynBnke evbopAépia mapidpovdrn (Img/kg
yia 3 nuépeg kdBe 4 privec) kai tov deltepo CoAev-
Spovikd o&U (0,05mg/kg epdmal kai k&Be 6unvo). H
aywyr] autry mpokdAeoe taxeia BeAtiwon téoo otov
mévo 600 Kal otn ducpop®ia.

2uurepaouatikd Omote  £pappoobnkav oty Ivaon
SuomAaoia, ta amd tou otdPatog Kal Kupiwg ta evoo-
QAEPIa BIPWOoPOVIKA, EMEPEPAV KAIVIKY KAl AKTIVOAOYI-
Kr) BeATiwoN, YEIWVOVTAG TV avPaAn OoTIKY avakata-
OKEUr av Kal ol PEAETEG TToU dnuoacielbnkav mepiha-
Bdvouv pikpoug apiBuolc acBeviv. Xpeiddoviar Heré-
TEG TTOU va otaBpiCouv T 0Xx€on KOOTOUG-OPEAOUG OE
veapoUg acBeveic, otoug omoioug Ba Tmpémel va AneBel
ooPapd umdyn n mbavry BAGPn Tou mpokaholv Ta
SIPWoPWVIKA otV augnuiki {Wvn TwWV 00TWV.

Noéoog tou Gaucher

H véooc Gaucher (v.G) eivar pia ouyyevrg avendpkeia
Tou ev(Upou - YAUKOOEPEUTIPOOISAO TIOU TIPOKAAE
au€npévn OUYKEVIPWON YAUKOOEPEUTTPOOIONG Ot
povokUttapa Kar pakpoedya. Ta maboloyikd kittapa
pe au€npévn MoodTTa YAUKOOEPEUTTPOOIONG Aéyovtal
«kuttapa Gaucher». Ta oupmopata g v.G mpoka-
AoUvtar ané oucowpeuon kuttdpwv Gaucher oe did-
@opa épyava kai opyavikd ouctripata. Aiakpivovtal
TPEIG KAIVIKEG pop@ég TnG V.G, avdloya pe 1o Babud
mpooBoiig Tou veupikoU ouctriuatog. O tumog | eiva
0 TIO OUXVAG, Kal Oev Tiapouoidlel kaBdhou veupora-
Onuikr ocupmmwpatoAoyia, o timog Il epgaviCer coPapi
VEUPOAOYIKY onpeioloyia (kal pikpd TIPoadOKIPO €TTi-
Biwong) evw o timog Il epgpaviCer umo&eia veupoloyiki
onpeiodoyia (kar eivalr oupBatdg pe pakpd empiwon).
H onpeiohoyia amd to okehetd mepihapBdvel emeioddia
€VTOVOU TIGVOU TTOU Aéyovtdl KAl KOOTIKEG KPIOEIQ» HE
SUOKONEG atnV Kivnon, ooTeoTEevid, 0OTEOOKAPUVON
kar maBoloyikd katdypata (Wenstrup kar ouv. 2002,
Bembi kai Deegan, 2008, Landesberg kai ouv. 2009).

O1 Hamick kar ouv. (1984) rtav oI mpwtol TTou Mapou-
olaoav amotehéopata and xprion SIPWOPOVIKOY OE
I8xpovo acBevr| pe v.G pe moMamiég ekdnhwoeig amd
1a ootd. O aoBeviig avupetwriotnke pe kabnuepivi
xoprynon dipwopovikig apivorporuhidévng pe eEal-
PETIKA amoteAéopata emf éva €tog petd Ty évapén g
Bepaneiac. Or Samuel kai ouv. (1994), xpnoiyoroin-
oav 1o {610 @dppako oe 5 aoBeveic pe KAAG amoteré-
opata (Ueiwon otic 0oTIKEG Kpioelg kal Ta maBoAoyikd
katdypata). Or Ciana kar ouv. (1997) avupetwmoav
emiong 5 aoBeveig pe v.G tinou | pe mapidpovdtn (45
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Concluding, oral, but mainly intravenous BPs led to clin-
ical and radiological improvement of FD, reducing bone
remodeling. Although all the reported studies concern-
ing the treatment of FD with BPs include small number
of patients, and the most of these are uncontrolled, the
results suggest that BPs may have a significant role for
the therapy of these lesions. Further studies are need-
ed weighting specifically the benefit-to-hazard ratio in
young patients in whom the potential consequences of
bisphosphonates on growth-plate mineralization have
to be taken into account.

Gaucher’s Disease (GD)

Gaucher's disease is a genetic deficiency in the activity
of the enzyme b-glucocerebroside resulting in its accu-
mulation in monocytes and macrophages. The symp-
toms of GD are characterized from the accumulation
of the pathological cells, the so-called “Gaucher cells”,
in various systems. Three clinical forms of GD have
been distinguished, based on the degree of neurologi-
cal involvement. Type |, the most common form, with-
out neuropathic symptomatology, type Il with severe
neurological involvement (and poor prognosis), and
type Il which is associated with sub acute neurological
pathology (and higher survival rate). The effects of GD
on the skeleton are severe bone pain or “bone crises”
with difficulties in mobility, osteopenia, osteosclerosis
or pathological fractures (Wenstrup et al. 2002, Bembi
and Deegan 2008, Landesberg et al. 2009).

Harinck et al. (1984) was the first who reported the
results of BPs on an |8-year old patient with GD and
severe skeletal manifestations (“bone crises”,
osteomyelitis). The patient was treated with daily
aminopropylidene-BP with excellent results one year
after the initial treatment.

Samuel et al. (1994) used aminohydroxypropylidene-
BP on 5 patients with GD with good results (decrease
in “bone crises” and pathological fractures). Ciana et al.
(1997) treated 5 patients with GD type | with
pamidronate (45mg every 3 weeks for 3-5 months)
and noted increased new bone and decrease in severe
bone pain. In the only available double-blind, placebo-
controlled trial, Wenstrup et al. (2004) studied 34 adult
patients with type | GD, receiving enzyme replacement
therapy. Patients were treated with either 40mg alen-
dronate or placebo daily for a period of 24 months.
Bone mineral density, focal lesions and serum bone-
tumover markers were examined at 6-months inter-
vals. About bone mineral density the results showed a
significant improvement, but there was no improve-
ment in focal lesions.

Concluding, the skeletal manifestations of GD are asso-
ciated with considerable morbidity. Not only do
patients commonly experience severe bone pain, but
they are also at risk of pathological fractures. The limit-



40

mg kaBe 3 efdopddec yia 3-5 prveq) kar diamiotwoav
oxXNUatiodd véou ootol Kdl eAdTWon TOU EVIovVou
névou. 2t povadikl SImAr TUQAr HeAETn pe opdda
ehéyxou e placebo or Wenstrup kar ouv. (2004) peié-
oav 34 evnAikoug pe v.G tinou |, mou eAdpPavav
Bepaneia umokatdotaong tou evlipou. O1 aoBeveic
avtpetwmiotnkav de 40 mg aledpovdtng kabnuepivd
yia mepiodo 24 pnvav, 1 pe placebo yia to o did-
otnua. H ootk mukvdtnta kai or deikteg 0oTIKAG avd-
TAdong otov opd eetdlovtav kabe 6 prjveg. Ta aro-
Tehéopata €6eiEav onpavukr PeAtiwon otoug ootikoug
Seikteg aMd Oxi 0TIC eoTIakéG 00TIKEG BAGPEC.
JUUMELAoUATIKG Ol OKEAETIKEG  ekdnAwoelg g v.G
eivar uPnMig voonpdtntag. Amd TG TEPIOPICHEVOU
apiBpol PeAEteg yia tn Beparmeutikr xprion Sipwoo-
VIKOV gg@aviCetal éva eAmdo@dpo privupa yi autoug
Toug acBeveic.

Xpodvia urtotpomd{ouca moAusoTiaki
ooteopuelitda (XYT10)

H xpdvia unotpomdlouca oAueoTIakr] OOTEOUUENTI-
da (XYTIO) eivar omdvia @Aeypovadng vooog twv
00TWV dyvwoTng artioAoyiag mou epgavidetal cuxvote-
pa oe maidid kai veapoug eviikeg (Landesberg kai ouv.
2009). H véooc mpwtomepiypdenke to 1972 and toug
Giedion kai ouv. kal xapaktnpiCetal and xpodvia, don-
M Aeypovr) og didpopa ootd kai €idkd otg peta-
@UoEIC TwV Pakpwy ootwv. Mmopel emiong va mpo-
oPAnBolv n TUeog, n omovOuhiky otiAn kar omdvia n
Kdtw yvdabog. O1 BAABeC pmopel va eival aoupmwuat-
KEG, aMd yivovtarl emwduveg pe N euaoikr) dpactnpid-
mra. H XYTNO Bewpeitar pépog tou eupltepou
@dopatog BAaPov mou mepiypdeetal kg oUvOpoHo
SAPHO (amd ta apxikd twv AéEewv synovitis, acne,
pustulosis, hyperostosis kai osteitis). ‘Evag akdun mepie-
KTIk&G OpOG TTOU XpnaolpoTioleital yia auty v katd-
otaon eival «xpdvid P Baktnpiakr ooTeoPUENTICH
(Huber kai ouv. 2002, Girschick kar ouv. 2005).

[MoAMd Siagopetikd Bepareutikd OXAUATa €Xouv TTPo-
tafel yia ) XYT1O, petagy autdv ta pn otepoeidn
avtipAeypovimdn aMd Kkar Ta koptikootepoeldn, n adi-
Bpopukivn, ta ant-TNF (yvwotd kar wg Biohoyikol
Tapdyovieg) kal n Ivtep@epdvn. Ta dipwo@ovikd
€xouv TTPoTaBel yia Tov EAeyX0 TOU TTOVOU KAl TOV EAEY-
x0 eEENENC NG vooou (Gallagher kar cuv. 1997).

O1 Simm kai ouv. (2008) peétnoav T Spdon g mapi-
Spovdtng oe 5 maidiatpikoug aoBeveig mou eixav mpon-
YOUREVWG AdBel, Xwpig avtamokpion, pn otepoeidr] av-
@Aeypovwdn yia avtpetwmon éviovou Tévou. To
Bepameutikd oxrjua pe mapidpovdn frav | mg/kg yia 3
pE€PEG Kal emavdAnyn kdéBe 2-4 prveg via 12 wg 42
prves. Meiwaon tou mévou, alénon g Asitoupyikig Ika-
vATNTag katd ) Quoikr dpaotneidtnta ka PeAtiwon g
aKTIVOAOYIKAG evovag Twv ootk BAaBwv mapatnen-
BnKav otoug 4 amnd toug 5 veapoug acBeveic. Or Glee-
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ed reported studies about the use of BPs on patients
with GD can be a hopeful message for these patients.

Chronic recurrent multifocal
osteomyelitis (CRMO)

Chronic recurrent multifocal osteomyelitis (CRMO) is
a rare inflammatory disease of skeletal bones, of
unknown etiology, which most commonly occurs in
children and young adults (Landesberg et al. 2009). The
disease was first described in 1972 by Giedion et al.
(1972), and is characterized by a chronic, sterile inflam-
mation of multiple bones, especially the metaphyses of
the long bones. Other bones that may be involved are
the pelvis, the spine and rarely the mandible. The
lesions can be asymptomatic but can be painful with
the patient’s physical activity. CRMO is considered to
be a part of a spectrum of SAPHO syndrome (synovi-
tis, acne, pustulosis, hyperostosis and osteitis). The
broader term used for patients with a condition of this
nature is chronic non-bacterial osteomyelitis (CNO)
(Huber et al. 2002, Girschick et al. 2005).

Many different treatments have been used in CRMO,
including non-steroid anti-inflammatory agents, corti-
costeroids, azithromycin, tumor necrosis factor-a-
blocker and interferon. BPs have been used in CRMO
for pain relief and control of disease progression (Gal-
lagher et al. 1997).

Simm et al. (2008) studied the use of pamidronate on
5 pediatric patients with severe pain and loss of func-
tion who had been treated, without success, by non-
steroid anti-inflammatory agents. The therapeutic dose
of pamidronate was | mg/kg for 3 days, with intervals of
2 to 4 months for |2 to 42 months. Four of the 5
patients had decrease of pain, increased ability of func-
tion, and improvement in the radiographic appearance
of the bone lesions. Gleeson et al. (2008) showed
symptomatic relief of pain and vertebral modeling after
monthly administration of pamidronate in 7 pediatric
patients.

Montonen et al. (2001) studied the effectiveness of dis-
odium clodronate to relieve the pain in patients with dif-
fuse sclerosing osteomyelitis (DSO) of the mandible, in
a study including control group. Ten patients received
disodium clodronate or placebo intravenously on a ran-
domized double-blind basis. Both minimum (300mg)
and maximum (900mg) doses were well tolerated. Dis-
odium clodronate administration did not result in better
immediate pain relief than placebo administration. How-
ever, 6 months after the treatment, patients receiving
BPs had significantly reduced pain when compared with
the patients receiving placebo treatment.
Compeyrot-Lacassagne et al. (2007) and Yamazaki et
al. (2007) reported 2 cases of successful treatment of
mandibular CRMO with BPs. The same authors report-
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son kai ouv. (2008) avagépouv Bertinon tou mdvou Kai
TOU OXAPATOC TNG OTTOVOUAIKAG otiAng o 7 maidiatpl-
koUg emiong acBeveig pe XYTIO, petd ) xoprynon
mapidpovding, oto B0 dMwg mapandvw, oxrud.

O1 Motonen kar ouv. (2001), yeAétnoav tnv amoteie-
opatikdtnta g Sivatplo-khodpovding otov éheyxo
Tou mévou, oe aoBeveic pe SIdxuTn OKANPUVTIKY 0OTE-
opueNtIda g Kdtw yvdbou, oe PeAETn TTOU TIEPIAA-
Bdvel kal opdda paptipwy. Aéka aoBeveic éAafav efte
Sivatpio-khodpovdtn (oe minimum 1} maximum &don
amné 300 wg 900mg) i placebo aywyr| oe tuxaiomoin-
pévn SImAr tueAq Bdon. To @dppako dev emépepe
dpeon Ugeon Tou TIOvou, aMd 6 PAVES PETA Ty évap-
€n g Bepanmeiag o1 aoBeveic ou éAaBav dipwopovi-
K4 eixav onpavtiky peiwon Tou TIévoU CUYKPITIKA HE
TNV opdda g placebo Bepareiag.

O1 Compeyrot-Lacassagne kai ouv. (2007) kabwg Kka
ol Yamazaki kar ouv. (2007), mapouciacav dUo Tepl-
mwoelg emtuxols avtpetwmong XYTO pe dipwogo-
vikd. O1 aoBeveig Toug, porovot dev eixav avramokpl-
Bel otn oupPaukr) Bepaneia, eixav kaAr avrandkpion
otnv mapidpovdn pe mAen oxedov eEapdvion twv
KAIVIKGOV OUPTWHATWV Kal Twv 0oTKWV BAaP@V.
Juprngpaouatikd, ta dipwo@ovikd propsl va  eivai
euepvetikd oe aoBeveic pe XYT1O, eidikd oe emipoveg
TIEPITTTWOEIG GTTOU N AUENON Twv 0oTIKWV BAaBwyV ouve-
xiCetal mapd wn Oepareia, kar exel Mou n KAACOIKA
QVUPETOMON PE pn OTePOEIdr) avtipAeypovwdn Oev
pmopefl va eAéy€el ta cuprwpata.

Atelig ooteoyéveon (AO)

H atelic ooteoyéveon eivar kKAnpovopolpevn diata-
paxr] Tou xapakinpeiCetal and peiwon g ooTKrg
pddag kal avgnon g eubpauotdtntag twv ootwy. Ol
aoBevelc €xouv Kovtd avdotnua, 0SoVTIKEG AVWHANEG,
ootikég duopopeieg kar éxmwon akorg (Vallo kai ouv.
2006, Landesberg kar ouv. 2009). Aiakpivovtar téooe-
pIc Slagopetikol KAvikof Tumor tng véoou (tumor |-IV)
mou opeihovtal oe petaMd&eig ota yovidia COLIA
kar COLIA2 mou Bpiokovtal ota xpwHoowuata 7 kai
|7 avtiotoixa. O twinog | eival n mAéov Ama popoer),
XWPIG ONUAVTIKEG OOTIKEG SUTHOP®IEG, 0 TuTog Il fval
Bavatnedpog otnv mepiyewntiky mepiodo, o tumog |l
efval n mo Bapeia poper g vooou, xapaktnpiCeta
and TMoAU kovtd avdotnud, TPOIoUOEG OOTIKEG
duopopgieg kar MToManAd katdypata. TéAog, o timog
IV eival ehapputepog améd tov tUmo Il aMd ouxvd
ooPapdtepog amd tov timo | (Amako kar ouv. 2004,
Lowing kar ouv. 2007).

H Bepareia mou éxel mpotabel mepidapPdvel xeipoup-
YIKf] Kal amokatactatky avugetwmon. [lpdogata
OPWG éxel MPOTABel N PAPUAKEUTIKY aywyr| He SIpw-
0QOVIKd WG evaMaktkr AJon yia toug acBevelq pe
AO. To mpwto maidf pe AO avtpetwmiotnke pe dipw-
opovikd 10 1987 (Devogelaer kar ouv. 1987). Tnv
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ed that the patients who had not responded to con-
ventional therapy, had a good response to pamidronate
with near disappearance of clinical symptoms and
inhibitory effect on bone turnover.

In conclusion, BPs can be of benefit to patients with
CRMO, when simple therapies such as anti-inflamma-
tory agents fail to control symptoms or for cases in
which lesion expansion continues. Further studies are
indicated to provide better evidence of the true treat-
ment effect.

Osteogenesis Imperfecta (Ol)

Osteogenesis imperfecta is a genetic inherited disorder
characterized by increased bone fragility and decreased
bone mass. Patients may also exhibit short stature, den-
tal abnormalities, bone deformities and hearing loss
(Vallo et al. 2006, Landesberg et al. 2009). There are
four different clinical types of the disease (I-IV), which
are due to mutations in the COLIAI or COLIA2
genes localized to chromosomes |7 and 7, respective-
ly. Type | is the mildest form without severe bone
deformities. Type Il is lethal in the perinatal period.
Type lllis the most severe form in children surviving the
neonatal period with extremely short stature, progres-
sive deformities and multiple fractures. Type IV is often
more severe than type | and milder than type Il
(Amako et al. 2004, Lowing et al. 2007).

Treatment which until recently involved surgery and
rehabilitation therapy, includes nowadays treatment
with BPs as an alternative solution. The first child with
Ol was treated with BPs in 1987 (Devogelaer et al.
1987). The last decade BPs have been widely studied in
the treatment of Ol, primary through open-ended non-
randomized studies. Treatment has been usually based
on the protocol as originally shown by Glorieux (1998)
of a total of 8mg/kg/year of pamidronate, administered
intravenously in a cyclical manner every 3 to 4 months.
The results were beneficial with increased bone miner-
al density, decreased incidence of fracture, normal
growth, as well as decreased serum alkaline phosphate
and urinary N-telopeptides.

DiMeglio and Peacock (2006) reported the results of a
feasibility study comparing oral to an intravenous BPs
therapy in |8 children with Ol. All the children were
over the age of 3 years and were stratified by bone age,
pubertal stage and type of Ol. Then they randomized
to receive oral alendronate |mg/kg/day in tablet form
or intravenous pamidronate 3mg/kg/4months. All the
children completed |2 months of therapy: nine on oral
alendronate and 9 on intravenous pamidronate. Pri-
mary outcomes showed increase in bone mineral den-
sity (BMD). Secondary outcomes included changes in
bone turnover biomarks, fracture incidence and
growth. Oral and intravenous BPs therapy was equally
effective in children with Ol and was particularly effec-
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Teheutaia dekaetia ta Sipwo@ovikd PeAeTiBnkav eupé-
WG yia t Oepaneia g AO, KupiwG Pe QVOIKTEG, HN
TUXQAIOTIOINUEVEG  HEAETEG. 2UvABWG N TIPOTEIVOPEVN
aywyr BaoiCetar oto MpwtdkoMo Tou apxikd utodei-
xOnke and toug Glorieux kai ouv. (1998) kar ouviota-
Tal oe evdoPAEPia xopriynon Tapidpovding os ddon 8
mg/kg/ €tog pe SiaMefpata 3-4 unvav. Ta amoteé-
opata fAtav Betikd, kataypdgovtag aiénon otnv oot
Kr) TTUKVOTNTa o€ avopyava, Peiwon g emmwong Twv
maboloyikwv kataypdtwy, Quolohoyikr avdamuén kai
(UOIONOYIKEG TIPEG OTNV AAKAAIKY] pwo@atdon kai ta
N-tehomemmidia twv olpwv.

O1 DiMeglio kai Peacock (2006) énuoofeucav to aro-
TENEOPA PEAETNG OKOTIIUAOTNTAG OTNV OTTOIa CUVEKPIVAY
TNV and tou otdépatog pe TV evoopAEPia Bepareia pe
Sipwopovikd oe 18 maidid ye AO. ‘OAa ta maidid rtav
peyaAUtepa amd 3 etwv kal tagivopriBnkav pe Bdon
NV nAIkia, Ty Uriapén f éxi APng kai tov tino g AO.
2Tn OUVEXEIQ TUXAIOTTOINONKAV TIPOKEILEVOU va UTTo-
BAnBouv oe aywyr pe akedpovdtn Img/kg/nuéoa amd
Tou otégatog, f  evdogAéPia  mapidpovdin
3mg/kg/4urves. Oha ta maidid (9 pe aredpovdrn kar 9
pe mapidpovdn) oupmAipwoav éva €tog Bepareiag.
Ta mpwta amoteléopata €dei§av aiénon g OoTKAG
TUkvOTNTAG oe avépyavad OTOIXEld evy) Ta amwtepd
anoteréopata €deigav PeAtivon twv Bloxnpikwv Oel-
KT®V ToU 00TIKoU PETABOAIGHOU, TG avdrtuéng Kai tng
ouxvoTnTag twv maboloyikwy kataypdtwy. Téoo n
and tou otdpatog G600 Kai n evOoPAERIa xoprjynon
Slpwopovikay amodeixBnke to 010 amoteAeopatikr,
1S1aftepa otig A HOPPES TG vooou. H and tou otd-
patog Bepareia PeBaing yivatav oAU Mo elkoAa aro-
Sextry amd ta maidid Kai eixe Mpogav TEAKTKE TAeo-
VEKTAPATA évavtl TG evOopAEPIac.

O Léwing kai ouv. (2007) a&loAdynoav to anmotéAeopa
NG evooPAEBIag xopriynong mapidpovding otg kadn-
pepIvEG Spaotnpidtnteg maidiwv pe AO. 2ty mpoo-
ik HeAETN Toug, Tou TrepiAdpPBave 43 maidid amnd 4
HNVOV Péxpr 16 €Ty, xopnyrBnke evbo@AEPia mapi-
Spovdtn oe auEavopevn doooroyia amd 10 péxpr 30
mg/kg. To amotéAeopa petd amd éva xpdvo Bepareiag
rtav 181aftepa evBappuUVTIKS WG TPOG TV Kabnuepivi
@UOIKA 5pacTNEIGTNTA, TOV TTOVO KAl TNV OOTIKI] TTUKVO-
tta. Ta naidid nhikiag pikpdtepng twv 7 €TV eixav
onpavukotepn Pertiwon amd ta peyalitepa. Autd
mbavwg va oxetiCetal pe v taxeia avdmugn otg
MIKOGTEPES NNIKIEG e TNV KaAUTEPN avIamoKpIon Twv
venTepwy TadIov og autrh) tn Bepareia.

O Poyrazoglu kai ouv. (2008), peAétnoav To pakpod-
XPOVO aTOTEAECHa NG TIApIdSPOVATNG Oty OOTIKA
mukvétnta kai to petafohiopd oe 35 maidid pe AO.
XopnynBnke mapidpovdtn evoopAERia yia 3 ouvexo-
peveg nuépeg kabe 3-4 prjveg oe doooloyia Imglkg.
Autol ol kikhol Bepaneiag emavaAieOnkav amd 4 wg
|7 @opéc. To aoPéotio, 0 QwoPdPOG ol Bloxnuikof
Seikteg ootikoU petaBoNopoU Kal N ouxvotnta Twv
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tive in milder forms. The oral route was highly accept-
able in children and had practical advantages over the
intravenous route.

Lowing et al. (2007) evaluated the effect of intravenous
pamidronate therapy on everyday activities in children
with Ol In their prospective study, intravenous
pamidronate infusions were given once a month with
an increasing dose from 10 to 30mg/kg according to a
schedule. The study included 43 children (aged 4
months- | 6 years). Treatment during | year had signifi-
cant positive effects on everyday activities, pain and
bone density. Children younger than 7 years showed
greater improvement than the older ones. This might
be due to the rapid normal development of young chil-
dren, or it might indicate that young children respond
better to the treatment.

Poyrazoglu et al. (2008) studied the long term effect of
pamidronate therapy on bone mineral metabolism and
BMD in 35 children. Pamidronate was administered
intravenously on 3 consecutive days every 3 to 4
months at a dose of Img/kg. Infusion cycles ranged
from 4 to |7. Serum calcium, phosphorus, bone
tumover markers and fracture rate were decreased
during long-term pamidronate treatment.

Concluding, although pamidronate therapy has become
the standard of care for children with moderate to
severe O, long term effects beyond 2 years on grow-
ing skeletons are not known. This is especially impor-
tant because BPs are known to accumulate in bone for
many years. So, further research is needed to provide
guidelines regarding appropriate selection of BPs, dos-
ing schedules, and duration of therapy.

Use of BPs in orthopedic and dental
implants

The long-term clinical success of total joint replacement
depends on osseointegration. It is the direct structural
and functional connection between living bone and sur-
face of the load-bearing implant without intervening
fibrous tissue (Branemark et al. 1977, Eberhardt et al.
2006). Some evidence suggests that the amount of
bone attached to the surface of implant can be
increased by using BPs after implantation. BPs inhibit
osteoclast-mediated bone resorption more than
osteoblast-mediated bone formation, possibly activate
osteoblasts, and apparently improve implant osseointe-
gration (Kurth et al. 2005, Eberhardt et al. 2006).
Recently experimental studies have shown that a
hydroxyapatite-bisphosphonate composite improves
periprosthetic bone quality and osseointegration of an
intramedullary placed implant.

Eberhardt et al. (2006) examined whether the single
injection of BPs was as effective as a daily injection in
improving the osseointegrated surface, and enhancing
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Kataypdtwv peidbnkav onuavikd katd ) didpkeid
autrg TG Bepareiac.

Juprnepaouatikd, poAovot n Bepareia pe mapidpova-
T €éyive Bepareia avapopds yia maidid pe Ama f
ooPapr} Hoper| ateAoUs OOTEOYEVEDNG, TO PAKPOXPO-
vio anotéAeopa tng Beparmeiag autig otnv avdrmuén
Tou okehetoU petd amd 2 xpdvia, dev eival eMapKWG
ywwotd, H onpacia twv pakpdXpovwy ETMmTHoEwyY
ogeiletal ato T 1a diPwoPovikd, wg yvwoto, Tapa-
pévouv ota ootd yia TToMd xpdvia. Emopévwg, xpeid-
(etal TePIOOATEPN EPEUVA WOTE VA ATTOCAPNVIOTOUV Ol
odnyleg yia ™ owotr) emAoyr] Slpwaovikoy, d6ang
kar didpkeiag Oepareiag.

Xprion twv dipwoovikwv ota opborre-
OIkd Kkal ta odovtikd epgutelpata

H pakpoxpdvia kAvikr emtuxia piag oAikrig apbpo-
TAQOTIKAG e€aptdtal amd TV OOTEOEVOWNATWON TG,
mou eival n dpeon Sopikr Kal Aertoupyik ouvdeon
peTa&y Tou guaioloyikoU ootoU Kal NG eM@AveIas Tou
utid EOPTION EPEUTEUNATOG, XWPEIG TTApePBOAY VK-
doug 1otol (Branemark kar ouv. 1977, Eberhardt kai
ouv. 2006). Kdrola otoixeia deixvouv &t To ood tou
00toU TToU OUVOEETal PE TNV EMEAVEId TOU EHPUTEU-
patoc prmopel va augnBel pe tn xprion twv dipwapovi-
KOV petd v epouteuon. Ta dipwopovikd avaotél-
Aouv TNV ooTikr] armoppd@naon amd 0oTEOKAGOTEG TTOAU
TIEPIOOBTEPO AMd OO0 EVOEXOUEVWG AVACTEMOWY TO
oxnuatopd véou ootol and ooTteoPAdOTEC, MOAvVWG
HAAIoTa va evepyottololv TIG 00TeOBAGOTEG Kal, TENKA,
va BeAtivvouy TV 00TE0EVOWHATWON TWV EPQUTEUHd-
v (Kurth kar ouv. 2005, Eberhardt kar ouv. 2006).
[Npdopata, Melpauatikég peAéteg €deiEav &t oupmho-
ka udpo&uhamatitn Kal SIPWOPOVIKOY OTNV EMEAVEIQ
TWV EPQUTEVPATWV BEATIOVOUV TNV TTOIOTNTA TOU 00TOU
yUpw amd evOoUENKES TTOOBEDEIG.

O Eberhardt kar ouv. (2006), e&étacav oe 55 meipa-
patélwa (emipueg) edv n epdna& xopriynon Siewoeo-
VIKQV efval to 1810 amoteheopatik oo Kkai n kabnpe-
pivr] xoprynor| toug otn PBeAtiwon TG emedveiag
OCTEOEVOWHUATWONG, UM TNV éwold TNG augnuevng
EMAOBECTWONG TG, OE eppuTElpata mou tomobetou-
vial xwpic opBomedikd tolpévto. Aev Ppébnkav diapo-
PEG avdpeoad otiG SUO HOPPEG XOPryNoNG SIpwapovi-
KV (e@dma kal kabnuepivr)) ota meipapatdlwa.

O1 Wermelin kar ouv. (2008), oe meipapatkr emiong
€OEUVA OF KVAHN TTOVTKWY, Xpnolyoronoav Pideg amd
avoleidwto xdhuBa Kahuppéveg pe SIpwoPovikd evow-
patwpéva og okelaopa vwdoydvou. 2TiG 8 eBdouddeg
To TP Ha NG PBidag mou rAtav kaAuppévo eixe TepIBANBel
amné ootoly, evw oxeddv KaBdhou ootolv dev eixe oxn-
patiotel yUpw amd tg Bidec-pdptupes,

O1 Suratwala kar ouv. (2008), oe o pakpdxpovn Tel-
PAUATIKA PEAETN EPQUTEUCAV AP@OTEPOTIAEUPA HAOUG
Kahuppévoug pe udpo&ulamatitn o pnpiaia 16 movu-
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periprosthetic bone mineralization of cementless metal
implants on an experimental model of 55 rats. Their
results showed that there were not differences
between the single dose and the daily dose of BPs in
this rat model.

Wermelin et al. (2008) in their experimental study in
rat tibiae, used stainless steel screws coated with BPs in
a fibrinogen matrix. At 8 weeks, the part of the BPs
screw that was coated in the marrow cavity had been
surrounded with bone, whereas there was almost no
bone surrounding the controls.

In a longer term experimental study of Suratwala et al.
(2008) hydroxyapatite-coated intramedullary placed
nails were implanted bilaterally in the femora of 16 rats
(the control group), and hydroxyapatite-zoledronate-
coated nails were impacted bilaterally in the femora of
16 rats (the experimental group). Eight rats from each
group were killed at 6 weeks, and the remaining rats at
6 months. The mean bone area in the periprosthetic
bone region was significantly greater in the hydroxyap-
atite-zoledronate group, than in the control group.
Limited clinical studies have shown the benefit of BPs in
decreasing periprosthetic bone loss after uncemented
hip and knee arthoplasties. Venesmaa et al. (2001)
studied the results of BPs on bone loss, adjacent to
prostheses, on |3 patients after uncemented primary
total hip arthroplasty (THA). They received |0mg alen-
dronate plus 500mg calcium or 500mg calcium only
daily for 6 months after THA. Decreases in peripros-
thetic BMD in the alendronate-treated group were
lower compared with the changes in the calcium-only
group, in the same regions of interest, at the same fol-
low-up time. In the proximal femur, the mean BMD
decrease was 17.1% in the calcium-only group, where-
as in the alendronate-treated group the decrease was
only 0,9%. About the decrease of BMD in the total
periprosthetic area there were also significantly differ-
ent results between the 2 groups of patients (calcium-
only group- 9.9%, alendronate-treated group- 2.6%).
Alendronate therapy led to a significant reduction in
periprosthetic bone loss after primary uncemented
THA, compared with the changes found in patients
without therapy. However, the same authors refer that
the follow-up time (6 months) and the number of
patients were too small for long term conclusions.
Tapaninen et al. (2010) investigated if the therapy with
BPs reduces the periprosthetic bone loss after unce-
mented primary THA. Sixteen uncemented primary
THA patients received 10mg alendronate plus 500mg
calcium or 500mg calcium only, daily for 6 months
postoperatively. At the 5-year follow-up, the calcium
group showed mean BMD decrease of 23,1% in the
proximal part of the femur and 9,6% in the total
periprosthetic area. In the alendronate group the BMD
decrease was 13.6% and 3.9% respectively.
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KWV, Ve 0g dMa | 6 reipapatdlwa egeuteucav apgo-
TePOTAEUPA MAOUG KaAupévoug pe udpoguiamatitn Kka
Cohevopovikd o&U. Oktw movtikoi anmd kdbe ykpout
Buaidotnkav otg 6 efoopddeg kar 8 atoug 6 prjveg. H
péon moodtnta ootol yUpw and Toug AAoUG e (oAev-
dpovikd Atav onuavtkd aufnuévn ouykprtikd pe
autolg Tou Atav KaAupévol pévo pe udpoguianatitn,
idiaftepa otig opddeg meipapatolwy Tou egetdotn-
Kav otg 6 fOouddeC.

ONydpiBueg KhvIKEG peNETeg Tpaypatelovtal T Babur-
afa ootk anwAeia yUpw and apOpoTAdoTIKES Tou 10X
OU Kal ToU yOvVaTog XwEIG TOIEVTO, KATAdeIkvUovTag To
Spehog amd tn xprion dipwogovikwv. Or Venesmaa kai
ouv. (2001), perétnoav oe |3 aoBeveic pe apbpormia-
otk Tou 10xioU XWPIC TOINEVTO, TO ATOTEAECHA TNG
xoprynong 10 mg akedpovdtng padi pe 500 mg aofe-
otiou, ouykprtikd pe ™ xoprjynon 500 mg aoBeotiou
poévov, kabnuepivd, yia 6 priveg PeTd tnv tomobEtnon
e mpdbeong. H amweia ootikig mukvaTNTAg yupw
amnd 1o eP@UTEVPA ATAV XAPNASTEPN OTNV OPdda tou
SipwopovikoU cuyKEITiKG (e Ty opdda tou acPeatioy,
péoa otov idlo xpdvo mapakorolbnong 17,1% amw-
Aela otnv opdda tou aoPeatiou évavu pohg 0,9% otnv
opdada G akedpovding yia Ty eyyUtepn TIEQIOXT] TOU
pnpiaiou kohoBwuatog kai 9,9% évavu 2,6% avtiotoixa
yia T ouvolikr) emigdveia enaer|g TG MEdBeong. 2uve-
WG N akedpovdtn peiwoe onpavtkd v OoTKr amnmw-
Aeia yUpw amd v mpdbeon xwpi¢ ToIuévto, aMd ol
idlo1 o1 ouyypagpeic mapatnpolv 6t o apIBuds Twv
aoBevav kai n éunvn mepiodog mapakoAouBnong Atav
TIOAU piker yia pakpoxpdvia amoteAéopata.

O1 Tapaninen kai ouv. (2010), epedvnoav emiong €dv n
Beparmeia pe dIPWOPOVIKA PEIWVEl TNV OOTIKY) AMTWAEIQ
yUpw amd to mpdbepa oNikrG apBPOTAACTIKAG XwpIg
ToIévTo, AMd e o pakpdxpovn TiapakoiouBnon).
Xopioav 16 aobeveig oe dUo opddeg otoug omoioug
xopfiynoav —Omw¢G Kal otnv TEonyoUlevn HEAETN-
[0mg aledpovdtng padi pe 500 mg aoBeotiou 1) pévov
aoPéotio yia 6 PrVEG. 2TV TIEVIAETIA N arWAEId OOTIKAG
TIUKVATNTag og avopyava Arav yia v opdda tou aofe-
otiou 23,1%, ev& yia v opdda twv SIpwoPOVIKOV
[3,6% oto eyyl¢ dkpo tou pnpou (mmou Oéxetal Tig
peyaAUTtepeg popTtioelq). H ootikr anwheia yia to olvo-
Ao g emedveiag emaerig ftav avtiotoixa 9,6 kai 3,9%.
Téhog, o1 Zeng kai ouv. (201 1), avaokdémmoav ) PiBAo-
ypagia oxetkd [e TV AMOTEAECHATIKATNTA TNG AAedpO-
vdtng otn pelwon tng ootk anwieiag yupw amd oA-
KEC apOPOTAACTIKEG TOU IoXI0U XWPIG Taldévto. Amd TG
310 dnpooieloeig Tou apxikd evioTiioTnkav, avaoKoTT-
Onkav 5 peAéteg emf 146 aoBeviv cuvohikd. Or peiéteg
autég amodeikvyouv &Ti N ooTIKr anwAeid To TPWTo did-
otNPa petd v tomobEtnon g mpdbeong eivar oAl
HIKpOTEPN otoug aoBeveic ou éhaBav akedpovdtn oe
oUykpion Pe autoug mou éhaPav placebo Bepareia. 2
pakpdxpovn TiapakohouBnon dpwg n diapopd auty
peidvetal kal kabiotatal oTtauoTK®G Jn onpaveikn. Emo-
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Zeng et al. (201 1) reviewed on the literature the effec-
tiveness of alendronate in reducing periprosthetic bone
loss after cementless primary THA. Of 310 citations
that were initially identified, 5 studies assessing 146
patients were reviewed. These studies showed signifi-
cantly less periprosthetic bone loss in the alendronate
—treated group than in the placebo-treated group dur-
ing the short-term period after THA. For long-term
investigation, the studies reported that the peripros-
thetic bone density was slightly higher in the alen-
dronate-treated group, compared to the placebo-treat-
ed group, and the differences did not reach statistical
significance. So that a longer follow-up with a larger
number of participants is needed to confirm the out-
come of cementless THA patients treated with BPs.
Given that BPs are strongly related to jaw osteonecro-
sis, the question if BPs is a risk factor or not, and
whether local application or systematic administration
of BPs can be effective for osseointegration of dental
implants, has been repeatedly placed in relative
research. In recent experimental studies (Back et al.
2012, Ayan et al 2012), it was found that systematic
administration of zolendronic acid is better than local
application at the implantation site. Studies showed that
systematic administration of bisphosphonates may
accelerate osseointegration of dental implants at the
early stages of the procedure (Griffiths, 2012), atthough
there are opposing aspects (Abtahi et al. 2012) claim-
ing success for local application, by means of implant
surface treatment with BPs. Almost all clinical or exper-
imental studies focus at early osseointegration of den-
tal implants. There is limited data on whether BPs
improve osseointegration at the long term, suggesting
no effect or a possible negative effect of BPs on dental
implants (Kim et al. 2011, Yip et al. 2012). Research
comparing the influence of systematic versus local BP
administration as well as the overall possible benefit of
BPs versus the risk for osteonecrosis is immediately
needed, to be the evidence basis for elaborating pro-
tocols for implant placement in patients receiving or
about to receive BPs.

In conclusion, BPs are pharmacological agents which by
inhibiting osteoclastic bone resorption may be useful in
osseointegration of orthopedic and dental implants.

In general, further investigations are needed to estab-
lish the efficacy of BPs in the primary or adjunctive
treatment of many intraosseous lesions and their use as
treatment of choice, especially when publications
reporting bisphosphonate related osteonecrosis of the
jaws are increasing.

Apxeia EMnvikrig Ztopatikrig & NvaBompoowrikrig Xeipoupyikig/
Hellenic Archives of Oral and Maxillofacial Surgery




Evalaxtikég Evéeileis Aipwopovikav/Alternative indications for bisphosphonates 45

HEVWG XPeIdlovtal HENETEG e peyaAlTepo xpdvo TTapd-
KohoUBnong Kkar peyahitepoug apiBpolc acBeviv yia
va efaxBolv ao@aly oupmepdopata yia I xprion
SIPWOPOVIKWV OtV ONIK) apBPOTTAACTIKY TOU 10Xi0U.

> BiBNoypagia tn oxetkr pe ta odovtkd ePQUTEU-
pATa TO KUpiapxo epwtnua sivalr av ta dipwo@ovikd
aroteholv 1] Oxi mapdyovia kivduvou, pe dedopévn
TNV I0XUPH CUOXETION TWV SIPWOQOVIKOV HE TNV OOTE-
OVEKPWON TWV YVabwV. 2ZUVETIWG, WG TTPOG TNV eVOEXS-
pevn Oetikr) emidpaor| Toug 0TV 0oTEOEVOWATWAN, TO
epWTNMa elival av auty propel va eméABel Pe ToTIKY,
avtl TNG CUOTNPATIKIG XOPHAYNONG. 2& TTPOOQATEG TIEl-
PAUATIKEG HEAETEG (aiveTdl OTI N CUCTNUATIKA X0PAYN-
on vevikd umeptepel évavtl TG tomikrg (Ayan kai ouv.
2012, Back kar ouv. 2012). >ta odovtikd epouteluata
@aivetal éu n TPWIPN ooteoevowpdtwon mmhavov
€UVOE(tal amd T oUoTNUATIKY Xoprynon Slpwopovi-
kv (Griffiths, 2012), av kar undpxouv avtiBeteg amoé-
YeIg, Tou IoxupiCovtal & Kal n TOTTKK EQAPUOYH, WG
ene€epyaoia NG emEAvVEIdG TWV EPQUTEUPATWY HE
Sipwopovika éxel mapopola emtuxia (Abtahi kai ouv.
2012). ‘ONeg oxeddv ol OXETKEG peAéTeG aglohoyouv
1a SIPWoPoVIKA atnV apxiky @don TG 0oTEOEVOW Hd-
TwonG. YTdpxel eEAAXIOTN TTANPOPOPIa OXETKA pe TV
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O AMWTEPO XPOVO eMOPAcn Twv dIPWOPOVIKWY, armd
TNV oroia dlagaiveral Mwg autd dev xouv HaKPOXPO-
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Toug elval apvnukd ota odovukd epeutetpata (Kim
kai ouv. 2011, Yip kai ouv. 2012). Xpeidletar dueoa
S1e€odikf ouykprky €peuva yia v emidpacn Tng
OUOTNHATIKAG 1} TNG TOTTIKAG EPAPHOYAS SIPWOPOVIKWY
OTNV 00TEOEVOWHATWOT), KABWE KAl ToU evOEXOHEVOU
OPENOUG TOUG €vavtl Tou KIVOUVOU OOTEOVEKPWONG,
()OTE va amoteAéoel TNV BAon yia v ekmovnon Tpw-
TokOMwV ToToBETNONG EpUTEUPdTWY Ot aoBevelg
Tou AapPdvouy, fj mpdkertal va AdPouv Sipwo@ovikd.
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avacTtéMouv v ootk armoppd@non Tou TTPOKAAoUV
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0OOVTIKWV EHPUTEUNATOV.
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