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A review of pathophysiological mechanism of Bisphosphonate-related osteonecrosis of the jaw

Department of Oral and Maxillofacial Surgery, School of Dentistry, Kyungpook National University
Tae-Geon Kwon, D.D.S.,M.S.D., Ph.D.

Bisphosphonate(BP) significantly influence the bone remodeling process. Increasing number of patients with osteoporosis and
metastatic bone disease need high dose or long term bisphosphonate therapy. Major adverse effect is jaw bone necrosis and now
the bisphosphonate-related necrosis of the jaw(BRONJ) is the major concern of dental practitioner. This study intended to perform
the review of the current understandings concerning the pathophysiology of BRONJ. Even though pathophysiological mechanism
of BRONIJ is not clearly elucidated but now suggested as largely two different concepts; so-called "inside-out" or "outside-in"
theory. Inside-out theory emphasize the osteonecrosis of the jaw is the initial major event and subsequent infection and
inflammation is the second event that accompanies bone exposure and death of overlying mucosa. However, in "outside-in"
theory, infection or inflammation initiated by traumatized oral epithelium is the major event of BRONIJ. Both theory would be
partially explain BRONIJ. Recent research reveals the immune modulating effect and influence of microcrack accumulation by BP.
These findings and those of others might explain the missing part of outside-in theory.

Key words : Bisphosphonate- related osteonecrosis, infection, soft tissue toxicity,
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20] Fagolr} €glo] Hloj o,

Z| 3kAjo] /\/\]QL— Ak AL} O]
Ae T2 AR atolA tiEE T R
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Sule] 4% WA AR, ellor i ol
2 49 sl Ysto] ZAE 2eds gloH,
formocresol &2 H|A&(arsen) & &2 oF=, o}
okz ol o o3} H|ZA AL B E —'E—JJA}E H
e QI o]F =] 7MY W HlEE H
1% 3 Q=0 bisphosphonate(BP) 2F&Ex|&
29| gw Z3)Aolt}, BPE) A% BejBEol of
BEGY SHolE AAIsH] flsto] AHEH, o
ofo] AAWEA] o] Hugl o] SHE o] o9
A7|F% A7le EAE & BIAEZAZYO|E
A gm ol Z¥AKBisphosphonate—related
osteonecrosis of the jaw, BRONJ)7} 53]
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(reversal), 12|31 Z&A(formation) HJAHL=E
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ling unit) 2] 4=¢} 10|15 EUO =N ZAFAS o
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AA =] o] AT, ShARE AR AR AT, tiEAQ] anti-
BRONJ 9] 197} Uehffzo] =9] le&o] A%k vascular endothelial growth factor(VEGF) ¢!
XA FAof| 71 Z Qa3 @ 47 Ho}, whebA] o 2 bevacizumabe FoIok= Zlo] €W ALY gE
Z0| doju=7t sh= AL olslisl= Aol Fasitt, = T A7l Aol ofel= Aol &Rl
of2|7HA] ERd oAl BP7F 3 AdeiA| el 215 4] o =AY F=% BRONJ FAF BaolA
07 BAZ 7THBE, WA oH7A] &4 &gt g go] FoshAl HAAsHA] Yol HalE gl
T Aol A7 o] % AfEle IS Wellshe ? EQF BRONJ B4l 3t do] A= iehd 4=
Aoz AAEIL Qep A FEo| A HoloRgto e E16lal, 14
BRONJ 9] H¢lZe] thgt of2)71A] 7o) EAs} AR o] RE|o] Utk ol A &0 =
AgE AL SAEO] ZFFo] Y HTGE A= o ol BRONJE avascular necrosis &
‘inside—out”7Hd¥} BPo] FARG-O= QIgh 74t HUQA= oot E3F e Fu S FollA= BPF
¥ 54 B EA T AR Aold 859 A4 o}F ZHAPL YoubR] o=, off Aot 3 22 dF
Sk A f7} o] RO R A] Fobx Futu|zt v ZIgE|of 7} &5k 3ol A BRONJ 7FA71=4] Ad78317] oY
BRONJ7} A€ rh= “outside—in"7}do] T34 o}, o]dgt o] & whizol @Y 3w o= ¢lste] &=
O 7 AAJEAJTs 119 =ol| A= o] 2Rk 7HA -‘—V\V} dojufal, 1 WA & 24 AP AxA e
= AWske $8% 84¢1 BPY 1) 413EH ¢ 577t F55t0] Ex=o] Hrh= BRONJ HelE 7}
Al, 2) ZAF A, 3) HE/FEEd A, 4) | A2 2|50 o5 A7) of Frfal Erp 7,
AAA 9 vAlEEEe] Aol diste] 7]wstarat
sict, 2. ot AL 2Kl (excessive suppre
ssion of bone turnover)
1. A4 49 - R M
(avascular necrosis of the jaw) A3t viel o] BP7F ZUAE S o2 A5
U= AL ofg] dtollA & Yl 448 BP
BP7} AR08 NE T FEo| Fojx ¢l alendronateE 3ol FoA] tjRtH Tt 80%
?ﬂJﬂLlﬂ—LVﬂ % o AlSkaL Al E dHQ-quﬂi-"]' e FHAL GAIE sk Ao® Hilkoe] qltt
(anti—angiogenic effect)& 7F¥Ithil K il%|o] . BPHZoll TfZAl| o] o3t 547t sl o
ULt 53] BP7F ARt sHksto] o8 7 o Zoll A o] ZaxshHA] 4—*1]:5(osteocyte 7}
AA Y AT FAS FAste] B A e APESIAL ofofue} Z%9 lacunae ol F-2 ZAl
285 Uetl= 2 0= Harxfo] Qo o]ef Zhe 27} S7VHEA ZHAE ZeEgths 7o) AlA g
BP9 EAl W&o, %7]°| BRONJE H gt AP Lesclouss(2009)? & e o1& o<=¢]
Marx(2003)*4 Migliorati(2003)*+= WA = = GFol ARE 7} oAl o] ZHALR o]0l RS &
AA e B tf3RA Q] S50l WA S AL Z7] QEZo| A v O 7 WA} RFYE o] F=Fo|
(osteonecrosis of the jaw)4 tE&ZF2] F+a4 Ze =, oA =EH Zof ol A7 H3ol
AR} w7 = FHg Ao AA|I7F ZHjALR o]of Ze et sk3ih & o] BRONJ7L 7|24 ©.
Actar zkstel BRONJE “avascular necrosis “aseptic necrosis’ E’—PHO]EF’ FAeic &2
of the jaw 2}l "rgs}3ict. AZF dojupr| MEE aojst ATNAke] E24] AF2
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"}E}lﬂ% AE YA uptake SV wEH 2
o 4 ] st /\43“515}5 Xé.é %30}71] 7\]345}‘21

sto] Uehdths M 1nside—out” 7?@4
= o|EtkFig. 1. #5).
BP9 932l zoledronated FoiotdlSm thE
“HEC} guof| A ZThALA A7} B% ZFsHAl dolwt
So BaEola? | Ao A wEE W thAb
g(lntracortlcal bone turnover) L7} A 2E
o] A7t 25%, 3t} 7]AH(mandibular basal
bone)o] A7t T%AE=7FA QY Hste] A& (tibia)
U &l (femur diaphysis)< 1~2%°l 23Fsich
3 wsle] glep. SRSk olo] Wstel BP7F rhe
AN 5)5r o Sulo] DEER ARER:
A F7AE BES Reloh, A4 BRONJ
Waglo] 2ol obA QA itk BIE 9)
o, 2, 23 o] ST EAjske] Pl
2 B4} ol ks Aolos w0, Eak by
Aoz BUbt wobsls B 75 Alse
(hypoparathyroidism)ol|A] ¢| BRONJ$} f-AFSH
BN A717) QA oF) & TEE T QAlek
o, of ujol siols 24 W] AANHS 31
5 BRONJU E4:glolL} ke Hol7} glowy®,

— Outside-in ?

— Inside-out ?

Classical ONJ model
by radiation or BP

Unknown ?

]

Started with “Sterile
necrosis” of the jaw bone

|

[ Bone exposure I

1

Appearance of classical
chronic osteomyelitis

| Impaired blood supply ?

BRONJ 3Fa}o] Z&20} 22he LR w2217}
gjz2o] H]ale] TIrA] 9-20J3k jo]7} gtk 2o
gase g nesen ofde kel Astuke.
2= BRONJ 9] 7148 As}7] ofHrh= Ao] x4
Hef

3. Zg/Es wHo| st F (influence
of infection/inflammation)

BP7} 3 S22 S7F & HA Y=t 0]
ofjzof| Bre2jote]] A 24 T3k W S-S
HsL7] o) Aol 28] AAER] Ghoba] Zhelo] Shit
Hep ), BPE Folah =¥ 7ol 2 5%
(10-4~10-3M)& BP7} &Asl=d, o83t &
&9 BP7F W AletgAlE S8k, 2|ofsE
biofilm B4& Xt AT, T4
2, FERE Y dE ozt Z} H AefellA= ot
glejof FAkgo] wEA| L] S55 XA E
oF’, BPE QI3 Z&4=9 A7t A5k, A=
O A|AZ} Al &= o] R0 x| A] grof &4 9] H4H
oy} FALR o] k= “outside—in” 7Hdo] F*
A= ekFig. 1. ).

BP7} Z3wo] deks] Agstal ikt WAl

| Soft tissue toxicity, Trauma ? |

Bacterial contamination
to bone

| Impaired bone resorption |

Inhibition of removal of
contaminated bone (OM)

| Prolonged bone destruction |

Fig. 1. BRONJC| &t 7|MS MUol= CHEXQI FIIX| 7HAM 9l "inside-out” 2! "outside-in" 7HAd.
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AT oRE QIR ZXA o RHES| BPY &
AzxZ]of| gt BPO] BA4o] &
7¥ePaA EleEo] o|FoAA Het, ol =EH
=o| gA A= F7Her Ao m o]ojd AL
AARE & T2 E 7Pt AR e ASEA AA
E|aL Qept P oy E3EC oetH A s
E(keratinocyte)2] 54, A4 i
ation)oll BP7} AI2H-& 2tk A
o621 shx] gtk th 322 Q1 BPSI alendronates
Z2)0] A4 Fi= gel FACE THE0]

S W avof Fofgt Ayt 671 Fof A= B4
ZRE oM AF2A] Afol Fgt FFe =AU
Th= Ha7) Qlof o3t 714 o] I BfdetAl= +=
o] o427} Qlek?,

2
ik
1

BRONJ o] glofa] sted ghde] 71 5= A
QA oy 2 0 & o= AT 3t et
=13

o
o2 ZgFoltt, BP7F A o= 220
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Table 1. Comparison of the Osteomyelitis, BRONJ and ORN

Suggested mechanism Location

. Intense marrow inflammation (by microorganisms, toxins)
Blood vessel thrombosis, low oxygen tension Dominantly mandible
. Invasion of anaerobic microbes

Suppurative Osteomyelitis

w =

. Direct damage to all existing bone cells, marrow stem cells, blood vessels

i ) in the field of the radiation. ) )
Osteoradionecrosis ) ) o Dominantly mandible
. Loss of viable cells progressing over time in a dose related manner.

. Secondary infection

w N

1. Osteoclast apoptosis, reduced bone remodeling

2. Necrotic mineralized trabecular and cortical bone, but viable periosteum
BRONJ("inside-out”) and soft tissue initially Mandible + Maxilla
. Mucosal necrosis -) Bone exposure
. Secondary infection

s~ w

. BP containing bone resorbed slowly
BRONJ("Outside-in") 2. Bacterially contaminated bone cannot be removed fast Mandible + Maxilla
3. Development of chronic osteomyelitis

Modified from Marx & Tursun (2012)° and Abtahi(2012)%
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Bisphosphanate-related osteonecrosisof the jaw(BRONI)
biocherical bone markersg A2 TIAYS: 348 nonbisphosphanate drugs
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Biochemical bone markers of bisphosphonate-related osteonecrosis of the jaw (BRONJ) and
nonbisphosphonate drugs in osteonecrosis of the jaw

Department of Oral and Maxillofacial Surgery, Center for Refractory Jawbone Diseases, School of Dentistry,
Kyung Hee University
Deok-Won Lee, DM.D, M.S.D, Ph.D., Hyun-Woo Lee, D.M.D, M.S.D, Yong-Dae Kwon, D.M.D, M.S.D, Ph.D.

Bisphosphonates are widely used in the treatment of many medical conditions, such as osteoporosis, multiple myeloma, Paget’s
disease, etc. However, side effect has been documented in the published data during the past years, osteonecrosis of the jaw in
patients receiving long-term bisphosphonate therapy. Although pathogenesis of BRONJ(bisphophonate-related osteonecrosis of
the jaw) is not yet fully understood, it is currently known to be a disease associated with suppressed bone turnover by
bisphophonate. Recent literature has indicated a similar association with nonbisphosphonate drugs used in cancer therapy
including monoclonal antibodies denosumab and bevacizumab and multikinase inhibitor sunitinib. Accordingly, many studies
have been carried out on the biochemical markers examination to assess the risk for BRONJ. The treatment of BRONIJ is reported
with a review of the relevant literature. However, there is still a controversial discussion about the adequate treatment. It is
necessary to accumulate further studies in order to establish more useful biochemical markers and effective treatment for BRONJ.

Key words : Bisphosphonate-related osteonecrosis of the jaw(BRONJ), Biochemical bone marker, nonbisphosphonate drugs
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I.Infroduction A2 e 284S sl A W ol ARl &
S JAIA oIk
Bisphosphonatet &thes, 44%, Hol4 Bisphosphonate+= phosphoether 2gHel-&

=4
7243} Paget’ s disease 52 &2 tiAHy & A3} 2-Q19) AKS)E 7HA) = St E Es A TEAlE
O A me} thA Tt T4 Moot wE &= Ato] W & F4=Hol| AeiA 07 Z2bE|of ufZAL e
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stz o3t =2
755 ASHAA Z55E AAIRT olof wet = Tha 371419 W elel 23] & #AHE BRONJ =
WA 20} B A7t ko] HNHA Q] F9| wAlE 9] skl e a W ofte] Tt W8-S Halskal
= WFe AE Henh Eak o AglellA s AT,
d5A 7o X335 Wefisks 282 ot FrhAe
2 1Y A=l ¥E e AFReE HaAl7leE 1) Ew| Fejof| w7} =ZEo] glom AHIF A '
OFEARES STkl A Qiek. ol=gt AaubAQl & ol E-Fatal 85 ol A&k A%
7 A YA E-51L bisphosphonates & 2) BIAEZASZYO|ES A EESIAY AR
717F ARERE 7 O EollA & eE, "W MAe= 58 52 A+
F2argo] WAt A97E HilEa glom o5 3) WAMAA| &5 e A =o] gle A&
bisphosphonate—related osteonecrosis of
the jaw(BRONJ)Z ©gstal it BRONJE Ztsk=d] ¢1¢] bisphosphonate &
o= 20039 Marx”7} 2502 Hilgh o] ¢ ghf § ojfof It WA Fasih E A AAL
gt A7t K8 Qli=d] BRONJ #4452 BE  CT, MRI 59 A &9 HAPE AlgEc), e
YA 2| 2E9] &3} oA A, W A AR} Aghs o5517] fiske] AekehA] EA| Ao o
AAA 9] A4 FO8 AEA0 T 2k AAL7F AlgE] o St
?lﬁ = 79 T3 v 4 sol TAEH A7 Aygketal HAKbiochemical markers)st 24
B Wed Zdn 4 Ados W A T BRG] AH S BARA ke, Y Ee o
:’—E]J— 2| e} 0] Zhjo] WY & 4= Sl 2 59 AHou} 2AofA I E|ojR|= ofH T2
A1}k 2] oA | Fof o] 7Ht ghor T €] =, 54 A 52 Uelth, 53] Bone turnover
of &, Udske] YET, HY7lEol AstE o] A4 marker+= & AR} TS 2R HIE HARBE|
O] f19lo] =& A5 FollA AR, 2T Sof &4} fIgt Mo} 2N T2 Iy, A7
O] Ago] A= JETE 59 Alzo] Z|atofA 2%, &%, Paget s diseases9] A& A5 244
de] %A BRONJ 827} 7kl W o] gh=d AFgHTh Serum CTX, serum OC,
of gk o] ok AL Qe BSALP, urine NTX, urine CTX & o1& 7}A]
American Society for Bone and Mineral marker&©°| $=H o9 &8/l Tﬂo}@] o] A+t
Research”o| 4= bisphosphonateE 734 £-& ofA] theFst Axprt ekl gl
3h= A} oA BRONJ 2| 249182 10,000 2 AF-EolA BRONJF 1of thgt A 2|7} thef
o4 100,000 % 1H&E= WAL 5kl SHA| HarE AL Sk, YA AR W A=) HEAQ]
American Association of Oral and A, BFAEE HAEAE, FEAAeT 22 ¢
Maxillofacial Surgeons(AAOMS) of A & A A2 Qo] A AT ERS
Bisphosphonate®] AW uf Fojo] mk2 BRONJ o] g3t Frtaof o|2774A] o] W Eo] A E]
HAES 0.8-12%%, 7350l w2 BRONJ of gttt sHATE G717k ol% T2 HAS 4= Q=
AEL 0.01-0.04%%2 Hiskal QJep, dukgoz SHARE A A2 of4] glom Agke] gl thsfA =
AU Fo] B} A4te FojEEs A7 el SfolA| A2 R o)A A] AL Qlek”,
WAL A& ol 97h St A Qe "Eﬂio]‘zg H 53 FbE A A=A 2 oA =
2007, 200949 AAOMS position paperofA+= AFFIAE Yo 4= 9lo olF TAt EH
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loﬂ ojz] OE]:rL THEs TAR ok, At
HPARA AR €]o] BRONJE ZIEkstal
£0o] & 4= 9)= Biochemical bone markers2} Bl
AZEATZYO|EAA] o]Qle) etEIALE o] 4= 9)
+ tE ==l il A R} g,

I. Biochemical Bone Markers

= djAk} B biochemical markers & 1
ol wet 24| F 5o = tks 4= Ao,
1) & 4% FA(Bone formation related
markers)
—bone specific alkaline phosphatase
(BSALP), osteocalcin (OC),
inal propeptide of type I collagen

carboxyterm

(PICP), aminoterminal propeptide type I
collagen (PINP) 5°] it}

2) & &5 ¥ EA(Bone resorption related
markers)

- free and total pyridinoline (PYR), free
and total deoxypyridinoline (DPD), N-—
telopeptide of collagen crosslinks

(NTX),

(CTX), Parathyroid hormone 5©| Slt}.

C—telopeptide of cross—links

1. Serum C-Terminal Cross—linking
Telopeptide of type | Collagen
C—terminal cross—linking telopeptide test
(CTX) level> BHAAE Falo] Blad] HA AT
o = AARR SAAIE wet ®ol7t 9] wiE
of B obdl F&ol HARE AlgRItt,

Rosens?& serum C-terminal crosslin

king telopeptide of type I collagen(CTX)+
= Mzt 45 4] fIet AEehs At
SH3iTE AR o] X|E+= antiresorptive therapy
O HRE A 9 B52 K| QI AARE ARE-E o] £t
o olzfel A gE 7| o® vk gixjofA CTX
7F A Holg o g BRONJ Q| Y94 B7tel] 24
CTX7}-&3hekal 74 Hf qlch,

Marx5{10]& €% CTX 427} 150pg/mlolA
o] ro- 8l (low risk), 100-150 pg/ml %
59 Y (moderate risk), 100pg/mlo|sh=
< H8(high risk) &2 2573 tHTable 1).

CTX value Risk of ONJ
300-600 pg/ml none

159-299 pg/ml None or minimal
101-149 pg/ml moderate

<100 pg/ml high

Table 1. Risk of ONJ according to CTX value

(Marx et al. Oral bisphosphonate-induced osteonecrosis: risk
factors, prediction of risk using serum CTX testing, prevention, and
treatment. J Oral Maxillofac Surg, 2007)

C—terminal telopeptides= N-terminal
telopeptide(NTX) Rt} 4 HSH =7} 27] =
of Zo| Hehe S0l X} 4= T marker®
ol A At} Telopeptide 7S 1 & A
(osteoclast)7} & 51 &<t collagen?] 912
ANEE AE o FAEL aHERE 3 OTX & A
GA| Al 2] A e} BlFRitt,

A CTX%E bone turnover =70l A12|gk wlksh

markero|H & SAA A7 H7tol| £2 2|17}

2 4 ok AR SRS W) A 4 gl
IohEs WS St o) P14 WE 25 oA

sl7]of FAdsitt, HE @4 CTX ko] BRONJ 9|
ANEE ASshe AFER AREE o] fLo o] Ao of
ot =22 Al&EI JJoP?, Marxs'¥2 BRONJ 2
A= dukr o g o A COTX ZhS 7Htk 21
it} SHAITE HIAZAZYO|ES H839F BE 3

rr

i
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o
Zpo| A CTXE] FHass Bt Axfoln] HIALA Y| CTX level®] 57}5k3itt
o|E AwE W= At 5 A& o A9 BRONJ 7+ HlE d4 CTXgto| the A5t vlausto] 24
stk AL 1t CTX S22 BRONJ SHo] 7914 7 s A B ek o] HAR= oFA7HA|
o) WAYZ S5l A of B dolth A HE S HolE 4= qlrh 18 ER CTX #h=
200949 2o A 189 2] BRONJ A} A el weh o2 2Fe® Ys 4 Sl 150-
serum CTXE &4}l ARG A7 BRONJ 9] 4 ZOOpg/mL R}l A2 X]—g risk zonel.2 W&
2tk serum CTX 2] Atoof frolgh AhtAo] AAste] A TS S TP, o]l= 8H CTX #
A= o d ¢ %*EH:LE] 1) AAGE Aol A o] BRONJ 2| $184& 4 136}3’- Rekeh=d| Farat
Ao 2Rk T29%7F W A& vehd of B2 ARE 4 A ARY Beke A4ckT =
=2 B 5559 %%HLEE %ETH%EP”. = A o] J A o7 Holu} 71 g-8A4Jo] FHE H= ¢l
Ao} ATtz 719 A A0 AT E stage
oF A0 5 FAlol arefsl weket Ao ' o] ¢ 2. Parathyroid hormone
TZ23}= BRONJ HA 7= H7h o] Axfolw] Wy 9 PTH level 2} BRONJ Atojof] Aagof thgh -+
AAlSS flgh HE 9] A7 Fasitt AgE @A g, Ardine 572 A WY
Bagan 57 AW H|AZARYO|EXRE W2 bisphosphonated 7o) B2 32} 695 &
BRONJ #4h= o 22 CTX ghs UrEHH% AEH  FFA A4S o A7 BRONJO W A 4
Astie), vAZAZYO|ES B8] Ok EThE 32.3-283.5pg/mL(B A 157.9)01 A Td &
Z A}9] CTX 43 400-550pg/mLo& o4 43.2-236.8 pg/mL(E+ 139.9)=2 PTHZko| ¥
A Ql= WhH 583 $HA}= 150pg/mLo|th, B]A3L SFALt, o] AtellA PTHZF BRONJ 7} HAHA] oF
AAY[O|E .—% sl E7)% 5ol Tl A7 ]=t, < AR Blasto] RofskA Stk o= 4
585 9 A5 el oF 25pg/mL = 4 = =g TR0 Apeko] A o] HojX|A st
6.0
so{
4.0
2 b
(=]
3 3.0
2 |
2.0 :
0 T T — T T
0 50 100 150 200 250 300
S-CTX (pg/mL)
T2 1. 8 CTiglo| BRONIG AZT et RoiEt NBAYL USE Hel
(Kwon, Y.D., et al. Correlation between serum C-terminal cross-linking telopeptide of type | collagen
and staging of oral bisphosphonate-related osteonecrosis of the jaws. J Oral Maxillofac Surg, 2009)
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T olo] et AYeld ukg-0 2 PTH 50| S5l
AL HolZRL Aoa Ifjrso] HAZALYOE
s Az 4

Ea
off osf IestAl A He PTHE &
(})\]]\

2 Lehrers'®S PTH level 8] -8F4 1o
A 589] B2} F 94 19ko] =227} F7FsHlaL U
WA 472 A He ol %=t PTH levelt
BRONJ 9] ¥ Atolof| f-ogt 542 AFtAI7} ¢l
=) A

20109 Lazarvicis’2] d-oll4 BRONJ &zt
9] 13.3% 7} PTH A7t S7tstl oy S7H
PTH #4157 &4 5 o 2 H1&< 17.2%=
BRONJ = Ud=x] otth, o= PTH level¥}
BRONJ Atole]l f-2Jet AtAI7F §le= Urehdct
NI i

HbH 2013¥ Kims'"2 9|3 biochemical
markerz°| @4 PTHY] f-2]3k 2fo] & H ikl

33Tt

=

3. Bone alkaline phosphatase(BAP)
Bone alkaline phosphatase(BAP)&= &34
¥} 3t Ao F4lo] H= TS Sk marker©]
™ osteoblaste]l &Jsf Y4tz 8 FAo|T} 7]
W71 7R3 Al 48 (renal clearance)©l]
FoFe WA et wEbA o)A EH level > &
B8 s S 83 =7t et
BAPE BRONJS] L A %2 g A= WA &
24| Lazarvicis’e A4 BRONJ 2Ake}F 1
2] ko 351z} Alo]of| BAP levels< 25t 2lo]7}
ot Z237F Uit ¥ Lehrers¥2 589 3
g o S3FA AE AR Ant A B
W2 BAP level(10.38ug/L)°] Ugkom 2
ogke] gt Atxlef &JskH BRONJ 9] ol $-2F Eu

bone specific alkaline phosphotase®] 0]

Tdo] Q= Ao® AFAES HHR vl AT,

4. Serum osteocalcin

Type I collagen< & 4t opye} o] 22 o}
£ FxEo% &A%t 1A bone—specific
alkaline phosphatase ¢} Osteocalcin(OC)
= B9 Bl WIESHA| AME-El= markero|of?,

Serum osteocalcin(s—0OC) H At+ o} 4
BRONJ 2hAtol| 4] ol Al Il Q14| ot}

o 9159] bisphosphonate | &%} T E
biochemical turnover markers®| H3slE ¢+

Ylo|E 2|7 53k ghheticy @, 18a & 342
T & P {71H R ddEe s S Y

Aol ozl tha Al 4= oL spieyr. et
Lehrer$”-2 7942 BRONJ &AF2] s—0OC FroflA]
& k= fqlokar s

20109 2atofla] AJggt Aol H5AQ1 &t
4% Aol BRONJY] 918 H=E B71et 4= = s—
OC A 84 CTX AAF 22 Biochemical
marker=9 F&4< dAFsATH?. 2399
BRONJ 242} 6192 BRONJ7F 9131 671 o)A
H|AZ AN 0| E 583 Zrha5 2HAolA] s—CTX
ot s-0CE &4ttt X CTX = A 8%
2kxto] vl BRONJ A o)A H71 815 out 5414
o= HofsiA] ottt ¥WhH, BRONJ #Ake] &%
osteocalcin®] ¥=+= 7]E2 0 vl 251 Wk
tH1™ 2).

ozl s-0C g2 27/ix Y & 53] 2349
o= oA e §lom YIREEY] SApr} AF| 2o
Y =S F85hL A Y2 HE LG
ol o5t =34 Aoliut 71er mefElA] k2 12l
9J3ff osteocalcin®] <ol AS] WolsSS A2t
gk 4= 9lom BRONJ Q| WAo] 7|9 HlAZA Y|
o|Eo o3t Mgl Z5Ee Afd #yto] ozt

G WA 7ol =
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250 -

$-CTX (pg/mL)
L

120

Seeum OC (ng/mL)
-
2

Normal ONJ

ONJ patients

J2! 2. MM 2 BRONJ BHA1S] serum CTX 2 BRONJ EHAOIAS] serum OC
(Kwon, Y.D., et al. Two biochemical markers for the risk assessment of oral bisphosphonate-related

osteonecrosis, Clin Oral Implants Res, 2011)

7} ek webA] 22 s—

o oIt ONJ #18/d9] 87k efshe A
= AR A ob7] =2t
o] 2|7} Q7] o % %7%—1?1 HARSo] Bt g
o ARE xﬂJ— i = ot} mhA &
5171 HoH s— CTXQ} W == B
}E}L mm BRONJ 913/ 7o} Adshet]
TAAR 7RsA0] itk Bt AHGH 0] oubd 4%
o] A FH TAol|lA HHsHA WAE Festa
BRONJ 2| 9j34<& B8] Sfalix
545 H7F marker®}t s-0C & &

o] Z4jo] Aol Al Hlojx|iz

lo
pact

o3

4. Vitamin D

HIE} D+= lipophilic prohormone -2 Ej%F
B ofsto] o] dojdth e B 1R
A] T-Dehydrocholesterol provitamin D3Z
AgkA 7ok, qhoF gjokel AAs] ==Y
provitamin D3+ W27 HEF D3(Cholecalci
ferol) & AgHET) o]= liverollA 25(0H)D3E A
3tel 31 o] o] A kidneydl A EF5A FEH A
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1,25(0H)2D3= 9l
T8 el E‘%‘E‘@' BjogAlel eFolu F53
A 5ol
WHO+= serum 25(0H)D7} 20ng/mL ©|s} 4
o vlElR] D E=£02 Aol 3131 10ng/mL ©|3t
A o BERRl D AFHOo= FOSIry”. kAR B2
AFLENA serum 25(0H)D & AA FHS
30ng/mL o[e&2 ¥l 9131 20-30ng/mL ¢ 7
o BExRog HY 9lon 20ng/mL °|5kel AL
Aoz w1 Qe o|gd 7|1& e 25(0H)D7}
30 ng/mL otz "o|d uf PTH ko] 5716k= &
& Kol Cafl &7} 30ng/mL oA Z&s1A
%“ﬁ"“lh— Sl At AaE FAR SR,
Hwangmg’o = 2 S iR o
7ot 23 20.4 ng/mL olslollA Eths52] 184
ol =7 yetow o A%E flste] A
20ng/mL ©]4+9] serum 25(0H)D #H& A|otstaL
ek, HolickESO) Aol wet HFE Fof AAE]

g;

=

+ BIEHY D39 S skt A oqi%ﬂ}\i al
Agor 742 uH9] elastic fiber? $£=1F A
= @H=9] A T HAas Q| mlR-o] vl




AL FEo] AsheEral Hskal Qlok Epidermis
¢} dermis®] A 7-dehydrocholesterol ¥
previtamin D39] AJAto] IHH o7 ZhpE kA
w= A7 yekth

vkl DO ol AR BUFEL R @

% glom of2o] 3 o] Helshs Ao ueltt
AYZo| 9lotA] HER D3 AAHO] T4 wle}
B0} APOE oojA|: o]t BrkEE

tisto] gels] A 1 =2 Tl o
o] A thZ Q153§ HleR] D AHo| yephdt),
Hokugo%‘”% Rat o83t =44 HE

7 D 23 374 BRONJ 2] 5--&0f tjste] A
stlch, el D Ay Aol vz Ao A
AE Folgt 2FolA 1A & LT I ek
Af7F ol AL ofzHALe] WA Eo] FTksH,

ol elyl D Aol o] NHolu A4 WO

AR NS FHsto] FTIARE sk 7]
A Aoz wolA)

[oFstd HIE % CTX level©] BRONJ 24 of
% marker® F9 & 4 ¢l A2te A% & A
Hee 4ok ol Qlol Fadt dde & 4 =

Aoz Bt g3 BAP level 188 = ¢l
O 1 gk S HARE 83t PTHE oF4
BRONJ WA o|& marker® X7] ot} E3t &
A CTX2} Osteocalcin F AANE E5}o] v|AZA
Zujols BaAA ATy o] FRseA] of

5 o5 4 9k

o
Vitamin D 5= 3t o= Z|A} HAof] ofsh= A
o2 AN o yALe] Ay} 2] Fof 3 X HE
g4 5 e Ao By, 2EE
biochemical marker”} BRONJ &] oA | E 2 A

A REAL

£ B85l o 22 markers X‘71 ?4?'*
Z7HAR1 A7t AlsiE]ojof gt F48k=

QJrF? . o]gA BRONJ ¢ #&iste] oz **HPEJ—L—
At+E0] = AL & = ok 3|9 o]+= BRONJ
£ Ateke Alo] kg F83 dolu % 7]Ho]
U AskehA 2] e|al A gof| tiste] 714”1
7+ ek oujgitt,

I. Nonbisphosphonate drugs
implicated in osteonecrosis
of the jaw

ojste] v ] A “H}Eﬂ] 7‘]°§ﬂ
A2zl = ol v 2] Gkl tafAl= Ve L gHlo|lE
7F =& 4 ol gle}, HjAxZATY|o|E 1 9
AR oF A o7} S5 o) A 2 Aol ofshd
339 A7E Y% human monoclonal
antibody, FAFE|A 2| &4 9 A= FEIARE
goZ 4 9l W17}t 9ltt Bevacizumabdf
sunitinibZ-> anti—angiogenic =2 W= A}
f-olL} Bisphosphonate 2} 374 &3 ARg-o] 2J3)
A of MARE HAERITRAL oh Sty A RE 9
3k Q17 FUEE FA|IQ] Denosumab(Xgeva E=
Prolia)<
factor—kB ligand(RANKL) ¥} ¢13h=]n mharA)| 3
o) ST} 2L 2 A o] o u|ALe] Yolo g Bl
= 9tk A2} mEA e 29 49 33
S YUA= Alzoltt, 2EA|E= osteocyteolAl
2= AN TEA| 2= cytokine A QIAHES]

macrophage colony—stimulating factor:M-—

ﬂlH

receptor activator of nuclear

(|

CSF, receptor activator of nuclear factor—
kB ligand(RANKL), vascular endothelial
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growth factor(VEGF))2] 94& o}l monocyte—
macrophage A GolA 7|y 20 ghZA| L)
w3t 2, 223 BE2 RANKLE S| =Zof of&
sl o] gt Az = RANKLO] $IAY osteoprote
gerin(OPG) o A= AAldtt, 2oAlE 42
apZA| i Zgdotef A/dE wiziAl Sl el SRt
olfgt 7|H F AT ERT} vERIDe] ZHo}
2 Slot, oheket wi7iAdlE 7Hedl M—-CSF, VEGF,
RANKL 281 ®gvl DE
macrophage AY25E 7|3t WA ZEZ2] o}t
T3 Aol =83t 92 gl Denosumab=
EA| ] Et FAdS AAIsH ] s RANKLO
285t Hrhggoluh Zofl HolH of A wof ARgH
t}, Bevacizumab+ VEGF & #& o2 3l1 g3t
O] A4 Asieith, oA i, =, Al 54l
ZAA oFe] A 5ol A 0 & AFgEw Wagta) Gub
ool =854 AME-Eh Tyrosine kinase 2JAA]
9] TI4gof 3= sunitinib &= VEGF 84, M-
CSF 484 18|al o2 ZA2E Wafgor A4E
TS FARI (1- 3).

monocyte—

(Denosumab and Anti—angiogenics
drugs)

RANKLS BAIZ A4S 843 A7|aL &2
A 7IH o8 = A UA=(nsulin-like
growth factor, transforming growth factor
)< Y&t Denosumab< ©]&gH RANKL
S Al osteoprotegerin, tumor necrosis
factor family 2] A2|sh4] avts wulsto] oA E
o] B3l A3ks}aL 0]9] apoptosisE 451 A%
H olmA| ] AR Qlef W] FE ARk
Denosumab |25 -2 gERjol|A] etZy] A7} Bl
w31 ¢lem bisphosphonate 2F A AL}
H|Sgh e Bt giet, ofe] 7]4do] A& ot
27] wi£o] denosumab©l 23t A2k BPs of ¢
b A Hop w2 sjd sbesirial Hal gl
Angiogenesist $%9] X743} osteoclast &
315 0|71 HZQl RANKL AAI|A F83t 717go]
o, Az £ $8AQ vascular endothelial
growth factor(VEGF) 8A4= ] o] =48
o3kS- 51 tyrosine kinase activator o4 thE
o|2} 2HES Algtsh= eEol o8 2] & 4= 9l
oo E

antibody bevacizumab)

angiogenesis inhibitorg
o}
kinase inhibitor ¢! sunitinib-> VEFG AEA|A|

=2 F30o& 3t} Bevacizumab = JAHHoZ A

(monoclonal

T2l 3 = ZEo| M2|9 = tun over 9 2ko| AIS A2 J|M M-CSF = macrophage colony-stimulating factor,
OPG = osteoprotegerin, PTH = parathyroid hormone, RANKL = receptor activator of nuclear factor-kB ligand
(Troeltzsch, M., et al., Physiology and pharmacology of nonbisphosphonate drugs implicated in osteonecrosis of

the jaw. J Can Dent Assoc, 2012)
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%219 anti-angiogenetic drug@H -2l % V. Prevention and featment
27 ol 4] Tafol] HLt ek X 2ol ARLETE. of BRONJ

B A5 of ofe] 7t SFBIUNE B 5}

=4 Guarneris< 3,560 9 axjof A BRONJO]
bevacizumab T Ei= BPs} §A| AME-SHo] A&
St off orEAF S0 0.2-0.9%2 UEhdth
I BUSHATEY . Sunitinib & VEGF #8412 & Stageol W= A EX]Z& AAekct o]= tigh-
7Rt uelslo| M fARE A3 whEar qltk

2 fE IR} 8AIE FHOE ko] N2 AT

£ A= multi-targeted receptor tyrosine (Table 2).

kinase o[t} o] SFEE It oFF Aol tfgt A+ Stage I,

= WA grom Ao tisto] & AEA QLA gt A< dHst
53], Denosumab> &ths% A=l tiaE2Ql A &4

biologics = 3 oA e & Al Ao = o A 72

H QFo g g A28 oFEof Ot x|uhA Hzkg (chlorehexidine 7}=

o ool 3] hAsh) Qe APHANS BT BA (RREAE

3 ¥R DA Foltt,

Table 2. Staging and treatment strategies of BRONJ by AAOMS position paper”

Association of Oral and Maxillofacial
surgeons(AAOMS) 9] position paper8%Al+=

I1 2kx}e] 49 HEHQ 7S A3

OL% }\]ﬁﬂfﬂ- Ao Z 7‘5]._]—_7_ Olq.

), quﬂgtHOE 37 Ys 4 QU
L BEAQ] A ol A= 1AAQl AR of

) 3 o 2009¢ American

UL Stage 111 SHApo]| =gtafi A A=

DAz B o BER A
=

A7) 22k )7 A

BRONJ staging

Description

Treatment strategies

At risk category

No apparent necrotic bone in patients who have been No treatment
indicated Patient education
treated with either oral or IV bisphosphonates

No treatment indicated Patient education

No clinical evidence of necrotic bone, but non-clinical findings

Systemic management, including use of

Stage 0 clinical findings and symptoms pain medication
and symptoms and antibiotics
Antibacterial mouth rinse.
Exposed and necrotic bone in patients who are asymptomatic Clinical follow-up on quarterly basis.
Stagel and have no evidence of infection Patient education and review of indications for
continued bisphosphonate therapy.
) ) o ) ) Symptomatic treatment with oral antibiotics.
Exposgd and necrotic bohe assomalted with infection as ewdencgd Oral antibacterial mouth rinse.
Stage2 by pain and erythema in the region of the exposed bone with or Pain control Superficial debridement to relieve
without purulent drainage soft tissue irritation.
Exposed and necrotic bone in patients with pain, infection and
one or more of the following: exposed and necrotic bone Antibiotic
therapy and pain control. Antibacterial mouth rinse.
Stage3 extending beyond the region of alveolar bone, (i.e., inferior border Antibiotic therapy and pain control.

and ramus in the mandible, maxillary sinus and zygoma in the maxilla)
resulting in pathologic fracture, extra-oral fistula, oral antral/oral
nasal communication, or osteolysis extending to the inferior border
of the mandible of sinus floor

Surgical debridement/resection for
longer term palliation of infection and pain.
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HEOl A9 THHOZ YAE AASK= Ho| H
otk BRONJSHAA Qb4 A& Eis K} HE
29l T} Asto] g 2| Rof| igto] of&] 7]
=g}o] QJt} Lazarovici 5% E3F H|3 AvE
st 717k A 2| =t X4k o))
2 7142 3xto] 189%1to] A= ATtal it

2. A1 AxJof| tfstol= oFA7EA] =7k o 4]
7F Qo HEAQ Ao RE {7t o8
Stage 2b ¥ Stage 3 EA7} 3 ditolct, 9]hA
Aol Wit FHE2 & Al F8T A2 BE A}
Z9| AL} AL e HE, 1Rl sef
Q9] getoletal FEA o= Adgstal i, Xz
o] BREH AelE FaAotd 27]9] Zho|=ailat &
2] 2l =4 259 vl 9 §-84d0] Wol Kl
w3z glow oy A5 AT & o) BRONJ 9 <}
A 2| =27} v|QatA A8, HEA 22 ECE A ] 4]
FH ol Hot aabAolet HaETH,

LA 7938 5 o Al BRONJO A & 2
GuidelineZ A|A| 3t¥=tl] H52QA <7H4 2|79
Lo ¥399 7+x3ka Qith o] AAOMSY] B2
of] W& Stage3°llA 2] QJubd 2] &7} Al E ojof
gtk Adh v, oabd] 257t HEY A 5H
t} ®t} BRONJ 5o fa&oln AAOMSQ

® -
= a

-
-

W
®

Serum Osteocalcin (ng/ml)
=
-

-

Serum CTX (pgimL)

g F 2

g

stageol T A& A7o] HFEA] HQ | odrfal W
i ?\}\q-%)-

3. HEA, QupA A| Qof|= F7HA AR5 =3t
TH B 4 9 Harper$} Fung”+ A

(recombinant human
parathyroid hormone 1-34(teriparatide)
(rhPTH 1-34)2 ©]-§3F A &elA 107§ vlof vt
%% w3t A5ZdRE LA}, Teriparatide
(TPTD)= A4 S 2:29] 1-34 opiieAbs 3
o2t 4 polypeptide olth. Aol Sths52] A
et HFAA AEAR SAESl=T A = ¥
3
Teriparatide +
(= e b e A
7713 E5SE 22
=5 A =AY g
FF77F M 4 Sl =
ol TPTDY] H7}H4]
sltolrt,

J1ZA9 Teriperatide + ol 7| A4 He
o] Am ujUd AAg FAR|OFSl= MIARRORE o=
ol TAZE Sl o QLo B R ofof ot argfrt

Has] oz 247149 olym AMEBIES FDAY)

1
.
=

50

B

g ] -

& & Rl

s L L

5

T2l 5. 83X Osteocalcin 242 CTXHO0| & & 2-IiH7t Sl Lalks 29l
(Kwon, YD., et al., Short-term teriparatide therapy as an adjunctive modality for bisphosphonate-
related osteonecrosis of the jaws. Osteoporos Int, 2012)
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SOl okt AT GEH AYOR Fois)
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A 2~370 2] E=2 717t B¢t Teriparatide s ot
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o] Aol A F2te] s-0C  s-CTX F37F -2
SHA Aol &3/ 0] AaEE Elsl=t ol
St A9t2 &2 o Teriparatide’} BRONJ Z| &)
tigto] d 4= S-S A% S 4= eh(2™ 5). 1#A
Tk o}4] Teriperatide®] AR&-e] ojwgt &7+ 714
Q2] FRtths Bl glom B AxpE0] At 2}
& A ofZ] ofjudAle] ExshH BRONJ S| A5
2] BRONJ 9| &8/ thafir] R} B2 A7t
sk Aot

o]9]o] Adornatos'’-> BRONJZHAo| tja}o]
QA AzxZdAE F +a FHol Platelet
riched plasma(PRP)2} S5/ 9h3 AME-Sh=
o8 £ AWNE RISt Freiberger'®S 119F

At 8RS o83 A Ao Histe] o] EolS st
of &8 disto] Hilshr| e sk3ih,

4. BRONJS| ZaLe] A& offgolct, HjAz
2ZYO|E B8-2 STt et A2t S5 § oF
o] 7 F¢k Zol "olslth= 54 wizol of 589
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=207 AlgEojk= QHETh o] Fofr|7h e
risk—benefite]] thet A= N7 Folm, FE A
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A7 Raxof ZATo] Al S wf 71 3 A
7h /4= A7l 5219 akle] H Ao g ofA
Aok, BAZEAZYOIE Fofr|o Hste] 20099
wafol Al AJRYE 22} A= FH7E QIe, QA A
& FApEgley ue 9 AR o o] 9
A 2725 & 4 I BRONJEA|A 2714 2]
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2! 6. Bisphosphonate drug holiday?t =l X2 S|
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rhBMP-2 £} LFA-collagen scaffold=
0|43} BRONJQ| A2A 0l 2|2 A

LTI XYTerFH YU, K|l
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Successful strategy of treatment used to rhBMP-2 and LFA-collagen scaffold for BRONJ

Department of oral and maxillofacial surgery, college of dentistry, Wonkwang university Wonkwang dental research institute
Kyung-Hwan Kwon, D.D.S.,M.S.D., Ph.D.

Bisphosphonates are a class of pharmaceutic agents, which induce apoptosis of osteoclast as well as impair osteoclastic activity
to suppress bone resorption. Thus, bisphophonates are effectively used to treat osteoporosis, multiple myeloma and to prevent
bone metastases of malignant cancer.

However, recently dental disease have been reported associated with Bisphosphonates. Thus, there are a number of discussions
about proper prevention and treatment of bisphosphonate-related osteonecrosis of jaw(BRONIJ). Marshall R. Urist in 1965 made
the seminal discovery that a specific protein, BMP(bone morphogenetic protein), found in the extracellular matrix of
demineralized bone could induce bone formation newly when implanted in extraosseous tissues in a host. BMPs are multi-
functional growth factors which are members of the transforming growth factor-beta super family and their ability is that plays a
pivotal roll in inducing bone. About 18 BMP family members have been identified and characterized. Among of them, BMP-2 and
BMP-7 have significant importance in bone development.

In this study, patients of BRONJ were recieved who visited Department of oral and maxillofacial surgery, school of dentistry,
Wonkwang university for past 3 years from 2011 to 2013. We focused on the results of the surgical intervention. We suggest that
new strategy of treatment used to thBMP-2 and LFA(Lidocaine-Fibrinogen-Aprotinin)-collagen scaffold for patients of BRONJ.
The purpose of this paper is to give a brief overview of BMPs and to critically review the clinical data currently available on
rhBMP-2 and LFA collage scaffold.

Key words : rhBMP-2, BRONJ, scaffold, collagen
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© Aol 98 =4S =TT Y. BMPALO]ofA]
BMP-29} BMP-72 A& o2 || ARE-H AL )
oY ey BMPO 914 Agof Qlo] HE Aol
7} 248 AA); BMP-2+% ZL- vk7]|2 213
T710] AEgo] WolA T Z7pR o g BMP—2—4
W $ Sl ol A il 54 e
= gasi?, olgh 6}74]1: QdE e
Sj2i9 e o) BMP-27} Hast] o4
7\]&“]&1—} A kg 22
&= oIt oligt EAlES =5
5}7] H'BHH A 717 ARt ser Ao
# BMP-2& W&dt= 4
AL dasioh, =34
BMP-29] 243t &3
=9 A4 BMP-29] Collagen membrane%
o] &3t MmN A7} 5L GFoll A ©7 |7k Akt
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Of

10[‘

=

HH‘ > oo

A
S

=

lO oln 0)~

o
-

O r

]ol—

OFO

CHSHR| Zhe| AFEi 8| X| H52R M4z 2014 | 219

DI0}e0s UaBejoo-y145 ¢-diNgw m

=
E]

2810

iy BIY ol [oMNOYE |

L
{d



Korean Dental Association

Quiz gst =3

et

W AT o]F 0|83 BRONJ Amof el . 2087HA] W2 s Hol= 2| RZollAl= oA
S4Bk 201TAERE A8 ARE o 7)ol st Hichd warme) A7 2ok
rhBMP-2¢} LFA-collagen scaffold& ©|-83t A H= FARE HolA H o|#3t 3’—]/\]':7“0] ol 7|
A =S 0§37k BRONJZHA| tisiA e $aF4Q] e Alatoll ofs HEs oAl k=
2ARE F8l 7129 anket 714t tiste] Au=e olEg 7|Hto 7 ZIAMY HES e st Atk
LA} g, ojgfRl HjAZEAZY0|E AFY ofEd A2z T

=
off M2 2252 T8/ o e
O

R

ZF

go| dojubA| et s} ZARS T | HalA

I. 2= AR 2712717 ElaL dA|Alof) 2| 22e) nj i REe
Qo7 e} olefdt mZA BeojolA ZANE

BRONJZHA} Z29]| thgt rhBMP-29F LFA- gol dofjutof shARk o] gt ZAjAY o] whEA| 2]
collagen scaffoldE o83 A|=H2 20134 4¥ apoptosis@/de] Pojufal TA|2o] 7|5 A5t
deterueltets] BRONJ HZAIel A2 Uik ¢lsjo] whysin) oh=rt,
ot W8 7128 AgstarAl gt BRONJ k=

bisphosphonate Al 22 o 47|17t 584 v= 1. Fibrinogen—Aprotinin  mixture
AEZO] 7)5-& FHaAF] AL FFH o] FE3kE Wefs) local delivery system&| 7|=t &2

of TAlz] Bt SAS Al g ohe

2oz deA|aL Qlet. =34 Aol 10HA Aprotinin¥} fibrinogen oA FZo]

T & (ot |+ Osteoblast
RANK |

Differentiation) (| (ooes

o :_—J/_ fi KT
1
DNA | ———f— MAPK ora MAPK
_— ——
3

m-s:! —"E =

caicium - »

channel
H (NSaID]
= [ »-[TGroA !, ?
v

e L [Pae)s »\»o_xzr
T m __.-—-—"'—'—_F

Mevalonic acid B T T

[Msvalorio adid)
1 Bisphosphonate

[Fameeg}-— > (Ba7 }-»(ron BMP-2| | > > Fm ]| Runce| o]
v
Osteoclast (Wt} Faeriss -Canin H on

Flg 1. BRONJQP oAmE| mEAM|EQF TZAM|ESO| ZHH|. Bisphosphonate, Statins, Steroid2FE2| X|&£E0l F0i=
HIZMSIE Zalol/l| ECh TSMES AMAIZ SHO| HAZA
SO{SIA|2F HAZEl ZZANEO| F3tet ZAIS AMAIZ S UL

)«
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7Hs3 MR ZA mixture materialS Y5 L 224 AU AE 0 Z sfato] 715)c}

e FAStE 7lee 7HAL e E9) Aprotining 33t fibrin gel> 445 835

fibrinogen® 7|& FA8kL Zaa8-S =24 L aprotining E3t gel Hrte 5ujjol]ate] o

3= 7]5S 7HAAL Stk Fibrin 540l {7 717t Al E Aes dEA|aL oy, olHgt 7
= wolle 2dshd A4l HIE O 2 AWMAAIE AHH o2 AT 5 Q= gel

o E]7] wio] A
SRS £ kLM O o) e e e At
il fibrinogen®| A7} 25

O]’:J 5’:’%“ 4 ;JEP?‘; s} 218-5 9 7|7 74 2. BRONJOIMS| rhBMP-22| 7|ZF &2|

jt)

SHAA T TheFet Ay A Y] a5 25014

24% 5 = Vo= 7 EES 2T U= H| A A Y| 0| EZL afmA| 20 = oAt R
Ao =2 AlmHtt Aprotinine A4 B35 L2 A G Tol WASHA =1L smA 7] o YA
A 3h7] A A7k dEEs] AsAlR T A o) A e =2 ATPHAl 7hE5]
shal Qlom ExjeFo] 2ko Al a Had HalE %|A] 9= ATP analogue”} A EY]o]] %2 5] o]
AAsk= 92 gt Aprotinin¥ fibrinogen] ANZAPE (apoptosis) S 4o7It) o] ATPL A=
s3MEo Aozt 28-S oaly|7F 9x|8F 4 glon Z19] adenosine monophosphate®| pyrophos
olgfet A3t Folg|E 2577 fFAIskL =3 phatetAl B]AZAEY[0]EZL AAR7] wizo|ch
Aol FAAIE 7 A HofA 23 7]7F FAIE 4= 9 HhH A SR B AEZ AR YO|E= TEA| 2] A2

Antagonist :
Chordin
Noggin
DNA family

Cell membranc

R-Smad:
Smadl ', Anti-Smad/I-smad :

Smads Smadé.
Co-Smad: Smad7
Smad4
Smurfl
Nucleus
Transcription

factors Runx2/Chfal

Stem cell Preosteoblast Osteoblast

Commitment Osteoblast
Target genes: dilferentiation
type 1 collagen, Target genes:

Tibronectin ALFP, osteocalcin

Fig. 2. Smad pathways of bone morphogenetic protein (BMP)-2 in osteogenesis. “ %" indicates phosphorylation;
BMPR, bone morphogenetic protein receptor; Smurfl, Smad ubiquitination regulatory factor-1; Msx, msh homeobox
homolog 2; DIx5, Distal-less homeobox 5; Runx2, Runt-related transcription factor 2; Cbfal,

core binding factor alpha 1; Osx, Osterix ALP, alkaline phosphatase. (CHIU-JOU WU, HSEIN-KUN LU. Smad signal

pathway in BMP-2-induced osteogenesis. J Dent Sci, 3(1) : 13-21 , 20080{|A{ ZT5}%12)ajs
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Fe 741, MZEEE i, MEZE o (membrane and Msx20l| 844315 s €}, ol #AE2 &
ruffling), &3 $%(vesicular trafficking), Al AL Grsle HeE GARjo HAleH= S 3
i APE 59 7)ol 583 g "tk Al o, 499 BMP-29 @43 7122 BMP
o T o] post—translational modification®} receptor, Smads, Runx2/Cbfal, Osx, DIx5,
#H 7S mevalonate pathwaysS AAITOZH and Msx259 cascades AA FF4 45 3f

SFEAES AE ApES obdickn #4sn gt A BrhFig. 2),
E3F YR GBUSE BPS FESH HOE o

S5 3lon o2’ $71= BRONJ S| 731 =|st 3. rhBMP-2& gwet LFA-collagen

2] Aol Al Yrefuha gick. scaffold?| Z3gs0 st 32 &
BMP-2+ AlxZdfof| Q1= BMP receptorl 23t

sto] Az AR 3= Smads B/Jekste] LR E719 #74E AEF| 2% Lidocaine with

2 Zolatal o8 7FA] Runx2/Cbfal, Osx, DIx5, 1:100,000 epinephrin 0.5mg, T B2 =

Table 1. % Bone volume by micro-CT analysis

2 week 4 week 8 week
Groupl. Empty 1.82 £ 0.21 3.32 £ 0.71 7.04 + 0.83
Group2. Lidocaine-Collagen 1.72 £ 0.31 8.21 £ 0.75 1456 + 0.91™
Group3. Lidocaine-Collagen-BMP2 5.33 + 0.29° 17.22 £ 0.82° 29.24 + 0.98"
Group4. LFA-collagen-BMP2 521 + 0.25° 19.34 + 0.95° 35,12 + 1.08"

Each column represnts mean = SE(* P{0.05, **P{0.01)
LFA; Lidocane-Fibrinogen-Aprotinin, L; Lidocaine

2 week

Groupl
Empty

Group2
Collagen

Group3
Lidocaine
+Collagen
+BMP-2

Group4
LFA +
collagen +
BMP-2

Fig. 3. Maximum intensity projection image by micro-CT for 2weeks, 4 weeks, 8weeks, 3D images of micro-CT view.
All calvarial defects shows that new bone regenerated from the side of the defect margin. (1) Groupl. Empty(non
treatment group); (2) Group 2. Pure Collagen Type | membrane insertion group; (3) Group 3. Lidocaine mixed
collagen membrane and wetting BMP-2 group; (4) Group 4. Lidocaine-Fibrinogen-Aprotinin(LFA) and collagen
membrane wetting with BMP-2 group.
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(Fibrinogen)¥} oFZ2E W (Aprotinin) Eg&
0.5mg, rhBMP-2 1.5mg(BMP, Cowellmed/
Korea) & 4 o A Collagen membrane
(Collatape, Zimmer/USA), Ateloplug (Biol
and, Korea)o| AMA =4 $EEIHAFEH=
ol&stol ¥4 sE& B7IskH. Group 1
(empty), Group 2 (Lidocaine—Collagen),
Group 3 (Lidocaine-Collagen— rhBMP-2),
Group 4 (Lidocaine—Fibrinogen—Aprotinin—
Collagen—-rthBMP-2)2 Yo F=4¢d 2}t
Table 1, Fig. 4ol &l 4~ St} @45
Group4olA 7M=& Ao g Uepydth rhBMP-
25 LFA-collagenl 49 o rhBMP-27} 35
off A4 A As] WEdAS Het vt 9lon ofgh

Aol BIYSY A4H S TP LT A

B

Fig. 4. Intraoral view(T-ZLH A7)

4. 33 B3

SaE 1,

62A] ARTAE O 2 @ 2& g1 olFo] Ril A=
7t HoAueths F48 2 XF0E A4t
Hston A AAVS gt ZHA FFS 2
7} A9ict. (Fig. 4). WA HEHHE & &t
IrhEo 2 7|7 BISPHOSPHONATES F9F
Foleh= AME & 4= 1%L BRONJ2he Mo
g xIetstol| ARAARS: Zst it

CT/olA g eistoll B44% Sequestrumo] 4
g Z2A 3} PEelA BejEo] Hol= A EIT

T uslen Aetstol hazzyness7t 571 o] 3l
L

o
7F 2R BRle 4= AITk(Fig. 6).

Fig. 6. bone scan
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= 93t 57

o
K

95 Aot AXE-7AE7A Y EeE 9 2}
%|9lt}. osteotome ©]-&3te] AR T
A ABFL o]o] tigt biopsyE ATt
denture bur ©|&3sto] MARE ZxZ] A ASIZ
o 2o BIZFA 7R A HYlAL, AR F-E

»op 2

flo M
i
r

A Fo A Aok shdgo] $ds| olgkE]glom
A5 SHEL] hamular notchF-$17H4] o|gHdS

gkl AT}, fresh bleeding B Wi7hA] 22 A

off
<t

b ox

3 FYe F=517] $181] round bur® hole
8k9itt, ostioum FAI817] fl8to] 95 HlEg=
1o ostium & Foly catheterg %83}t
e Fesh] Sl 4 Aol rh-BMP2
with LFA collagen scaffoldE #-&3}sich Akt
= NERYE buccal fat padE o]&siA HH=
Algstslon] A7 Fejol tiste] 4-0 vieryl= &
=AYttt (Fig. 7)

ST CTA 4TS o 24E&S BYAHFig. 7)

AL TRYNETT 5 Pl WA 4t

O

i oft
oftl
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Fig. 7. Intraoperative photograph(ZZAHEl)




o & T 57E FA A BRONJ Q] Algk4A
2 Ho|x] e9H(Fig. 8).

S 2.
T0A] A B S 2 multiple myeloma® A
t+sto] BISPHOSPHONATE X &3¢l A2

Fig. 10. Intraoral view(7-ZLH A7)

5 AdorE H 9ol Pus discharge& bone
exposures F42 Qs om oJAF HAM g
o ZYAL Fe D 7t ASIek (Fig. 10) ol
o] BRONJ L Z7g A eksto] A &da AlRYst

ah-2hake} Cone—beam CT AoA] S 9eH &

s
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. stz st 53

v P A7 Sequestrumo] Y S2AT T P A5 wIAA L A, A5 ddEAY e 4
oA ZelEo] Hole A2 AT = dlen A HYtHFig. 10).
‘JefEtiol F24 22 hazzyness’t S7HE0 = olof me} HAIFEHSI| sequestrectomy S A€

Fig. 12. Intraoperative photograph(ZZAXI)

226 | chghx| 2ol AREEIR] M2 H4E 2014



3lal &2 Al #13,12,11,23 HEATLS =
275 B #13-23 I AVRE Aoz %} 13) A= s 59 FHESe] HAsHA
sko] Algistar, Zu vhejsto] &#RE5 =SAZH
#21,22,23 A0} Tx20] 2~4EGl o Fof 4 XH‘?;iZi% EOIXl SIthFig. 14).,
Z2 07 2} Ql= AL FRlskoich
SIS W, S5 HAE a2 E ad2 SRIE  9l SeEn 3,
%

Aok, #11,12,13 A2 F9 A3 24 =2 624 FA} BAE O R FrhEEat FulE| SR EA|
o] denture burE AR5l fresh blood 7} E¢lE 2 Forsamaxs 4WA| A=25¢ A2 = Al
7R EE2AE A A UE dAekal b ok A 297 2 WA ¢ Pus
e v7kAe] Hubs 4-0 vieryl= &3otod discharge& bone exposures F42 WY
H| b1 73S BE5tal, bone defect H91¢} ow A HAMS gt ZHAF F %3} g =7
#11,12,13 2ol rh-BMP2 with LFA-  I%IthFig. 15). ©]o] BRONJZRL A zItksto]
collagen scaffold 283t 3 4-0 vicryl °]&3} WAA ZYS Al
o] tight suture Al cHFig. 12). & O CTA At o] TS BT 3=

Fig. 14. Postoperative 5 months intraoral phograph(&% 57  Fig. 15. =& Ti2iof AIRICZE & #4882 WX|stn H CF2 X|&Hol pus
2 = ARl discharge® SE22 WHGIAS.
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TIAE] Afro] HWRAIEIA] 9k o cone beam
CTARl B34 e Bk

m & %0k

Lidocaine-Fibrinogen—Aprotinin(LFA) %}
el AEAS olgat Bol Aol et B71E 98
Al Aldet AR thoFst Group o2 WieolA H7k
2 A HokT) FoA AEAE BYHE
BMP-2 SR Z=A &R @/l AREEAL Ik,

Fig. 18. 28 =% mj-2io}

228 | chghx| 2ol AREEIR] M52 H4E 2014

Slo|E5 A oluteto| EQ} 9| &9 AR} EeHl
= Alzo] Estel #2; 3l Ao S35 FXIA
7| AR WA geo]| S-S vhofe a1 Qi

Heparin Conjugated Fibrin(HCF)& =48
< 913 BMP-29] A $E2 98l ARg-Eo] girt,
HCF adgAAg o] Fepll AEX] HdAje] H|
off S-dstn] BMP-29] A|9H 9= o avpyow
AlgRhefar Hargkap oy = 2 AtoflA] AREE
Lidocaine—Fibrinogen—Aprotinin(LFA)-
Collagen®3t 2HHA| 9] =74 SHIA|AELE BMP-2
Wk ofu el A A FE JEE Sl X

Fig. 17. 2% 87 3 AMALR

Fig. 19. €8 &% Cone beam 3AI2 HAt




S5t Afolol A2 B o3 Lol %
25 23 o] XAy U Ao A
o 7hs7 shelch v Zebdl AEAL Ry
BMP-2 G 20] S35} §ejo] ojgich

A B4 2|ee BMP-2 2 717t T2l 3)

o SR AR HEAERE wE S8 &
2E7] wfZo|obs P e AgrteRE e £
25 A 1820 BMP-27F TAA @Ash=
AL WEdt Z /oIy AAwhg} -2 g0
Lotz 4= Qlt}, o g3t R8-S LFAE At
BMP-2H9A5 ARgsh= Aol Qe #ad
o}, olygt Aif= mpo]AE CTE ©]83t 32
A A% Group 47F 4529} 85:lA] 3
WY EIE HolFal QlojA] 3 ZAY RIS
WA FA-8-% Fo|0 BMP-28%S &Y
Hebo & At

ARHoZ B 3= BMP-29] S&3H 7
198 $2S Y3l LFAAEAL 7129
EA NS AREEE AT AR A AR 9
the 43 BMP-202A2A LFAE Z2hl AER
o vlaste] F7bE FFHS o|FT 4= lrkehe A
AFa Qe E3F LFA AgA= BMP-29]
SFE AHESIET ol FEe S8l A
okotal BMP-29] gk ARgof oJsf of7|d 4= Q)
= AR B8-S Gl 4= Qo ejet AkR

LFA-collagen scaffold& ©]&3l rhBMP-2&
BRONJ #|&e] 85195 o & & g3 35
07 F5L221.4% 2 QRES JE 55 %
2R Tk 7MY W2 S H50 = 35.7%
ZRAstal Zrdolu A &AL HolA] okglon &

o
T UNE7HA] Fgo] dshe = HAsHh
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A ek Szl WAR S AAA, & 51
N H AR HE RAn & 37 A
WSS o A2 Af P2 Fosholt. =
= SelollAl BRONJ O] A =] ol
FEO| TS FHOR rhBMP-29] @3
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et
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=
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Boonyapakorn < BRONJ9] 74 A& &
50~89%9] AEES B 51¢la, oubA] x)7of of
g 59E d|Sete A2 BYEsital st Eet
Frank 52 BRONJY o|#4 A& & HAF¥ES
88%= 2 159ich Thomas 5 4% ¥ 605 7
¥} #H2st A} ANEA 91 BRONJ ] AE-8-2 28.7%
2 Bustgsyct & FElolis 94%9 AE3ES
HIl, rhBMP-29] 28 Al 4543l A5 a3ts
B},

V. Z=

BRONJ= 0f[40] SL3}Ct,
BisphosphonateA| 99| &2 12|
= Ao =M PSS WSt

o=

<l
N2

of
ol
2 mH
&
ox 1o X N

H 2 rlo o

=
£ BisphosphonateA|€9] oF=
o =5 H2A7)7] ks T34 S e
ofshz 2TA|EZY JAIE 2ot He= ket

= 2517 Hct. BisphosphonateA| 8] of=2
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X E

TrpEE ARECRE ZIAREo|L 2SS
S5Ol et tiAloFEe arefsjor ¢
Ao AR E I IFoRE (R ER
rhBMP-2, RANKL-RANK ¥ oF=, Z4S

3t Vitamin D §-& S48kl glek,

33]_0]0

F;\

BRONJ= LFA-collagen scaffold= g §t
rhBMP-22 X|27} 7FsaiCt
2 20119014 2013W7HA] 23eE 53k2)

(20139 49 L73oRobv o)u}s}s]o] What) &
8551‘413 wA A 1 Zaﬂoﬂﬁlﬂ rEFHER

At A7A7E e]lo] Hof A il
?ﬁ HollA B 1dolite
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u Title : Council on Membership(CM)

+ Sponsor : Membership and Dental Society
Services

« Event Dates : 4/2/2014 thru 4/3/2014

« City : Chicago

« State : IL

» Country : USA

+ Exhibits : N

« Contact : Ms. Elizabeth Bronson

« Phone : (312) 440-2500

« Fax : (312) 440-7494

+ E-Mail : online@ada.org

« Internet Site : www.ada.org

m Title : AADA Convention

+ Sponsor : Alliance of the American Dental
Association

« Event Dates : 4/3/2014 thru 4/5/2014

« City : New Mexico

« State : NM

* Country : USA

+ Exhibits : N

« Contact : Ms. Patricia Rubik-Rothstein

» Website : www allianceada.org

* Email : trish@allianceada.org

mTitle : Western Regional Dental Convention

» Session Description : Western Regional Dental
Convention

« Sponsor : Arizona Dental Association

« Event Dates : 4/3/2014 thru 4/5/2014

* Location : Phoenix Convention Center

« City : Phoenix

* State : AZ

» Country : USA

* Exhibits : Y

* Booths/Tables : 300

« Contact : Ms. Beverly Giardino

» Website : www.azda.org

» Email : beverly@azda.org

mTitle : IDEM Singapore

« Event Dates : 4/4/2014 thru 4/6/2014

* Location : Suntec Singapore International
Convention & Exhibition Centre

« City : Singapore

« Country : Singapore

* Exhibits : Y

+ Contact : To be determined

» Website : http://www.idem-singapore.com/

mTitle : New Orleans Dental Conference & LDA
Annual Session

* Sponsor : New Orleans Dental Association

« Event Dates : 4/3/2014 thru 4/5/2014

« Location : New Orleans Morial Convention

Center
« City : New Orleans
« State : LA
* Country : USA
* Exhibits : Y
* Booths/Tables : 170
» Contact : Ms. Normalee Ward
» Website : www.nodc.org

» Email : norma@nodc.org

mTitle : Oregon Dental Conference

« Session Description : Oregon Dental
Conference

« Sponsor : Oregon Dental Association

« Event Dates : 4/3/2014 thru 4/5/2014

* Location : Oregon Convention Center

« City : Portland

« State : OR

* Country : USA

* Exhibits : Y

* Booths/Tables : 278

+ Contact : Ms. Lauren Malone

» Website : www.oregondental.org

» Email : odc@oregondental.org

m Title : Tripartite System Users Group (TUG)
« Event Dates : 4/3/2014 thru 4/3/2014
« City : Chicago

* Country : USA

234 | CystaIZiolAbgiEIR| MisoR H|4S 2014



E-v:e-n-t -C-a-l-e-n-d-a-r

o2] = PAL L (2014'E 48~2014\3 78)

* Exhibits : N
+ Contact : Mr. Alan Bardauskis
» Website : www.oregondental.org

+ Email : odc@oregondental.org

mTitle : CONTACT program

« Event Dates : 4/3/2014 thru 4/3/2014
» City : Chicago

« State : IL

+ Country : USA

+ Exhibits : N

+ Contact : Mr. Ron Polaniecki

+ Phone : (312) 440-2599

« Fax : (312) 440-2883

 E-Mail : polanieckir@ada.org

m Title : Oral Cancer Lecture

+ Sponsor : Sixth District Dental Society
« Event Dates : 4/4/2014 thru 4/4/2014

* Location : Holiday Inn Arena

« City : Binghamton

« State : NY

« Country : USA

« Exhibits : Y

+ Contact : Ms. Nicole Bruster

» Website : www.6dds.org

» Email : sdds@stny rr.com

m Title : Conference on Membership Recruitment

& Retention (R&R)
« Event Dates : 4/4/2014 thru 4/5/2014
« City : Chicago
« State : IL
* Country : USA
« Exhibits : N
« Contact : Ms. April Kates-Ellison
« Phone : (312) 440-2624

» E-Mail : katesellisona@ada.org

m Title : Council on Scientific Affairs (CSA)

« Event Dates : 4/7/2014 thru 4/9/2014
» City : Chicago

« State : IL

+ Country : USA

* Exhibits : N

+ Contact : Ms. Jessie Elie

« Phone : (312) 440-2527

« Fax : (312) 440-2536

« Internet Site : www.ada.org

mTitle : NDEAF

« Event Dates : 4/7/2014 thru 4/7/2014
« City : Chicago

+ Country : USA

* Exhibits : N

+ Contact : Ms. Annie Driscoll

* Address : 211 E. Chicago

mTitle : Joint Commission on National Dental
Examinations (JCNDE)

« Event Dates : 4/9/2014 thru 4/9/2014

« City : Chicago

« State : IL

 Country : USA

* Exhibits : N

« Contact : Ms. Carrie Woodfork

« Phone : (312) 440-2676

« Fax : (312) 440-7494

m Title : Council on Ethics, Bylaws and Judicial
Affairs (CEBJA)

« Sponsor : Legal

« Event Dates : 4/10/2014 thru 4/11/2014

« City : Chicago

« State : IL

 Country : USA

* Exhibits : N

« Contact : Mr. Earl Sewell

« Phone : (312) 440-2499

« Fax : (312) 440-7494

* Internet Site : www.ada.org

mTitle : ASDA Annual Scientific Session
« Sponsor : Arkansas State Dental Association
« Event Dates : 4/11/2014 thru 4/12/2014

« Location : Statehouse Convention Center
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« City : Little Rock

« State : AR

* Country : USA

* Exhibits : Y

* Booths/Tables 90

« Contact : Ms. Angela Rogers

» Website : www.arkansasdentistry.org

 Email : info@arkansasdentistry.org

mTitle : Council on Ethics, Bylaws and Judicial
Affairs (CEBJA)

« Sponsor : Legal

* Event Dates : 4/10/2014 thru 4/11/2014

« City : Chicago

« State : IL

* Country : USA

* Exhibits : N

« Contact : Mr. Earl Sewell

« Phone : (312) 440-2499

« Fax : (312) 440-7494

mTitle : Star of the North Meeting

+ Session Description : Star of the North Meeting
« Sponsor : Minnesota Dental Association

« Event Dates : 4/24/2014 thru 4/26/2014

* Location : RiverCentre

« City : Saint Paul

« State : MN

* Country : USA

+ Exhibits : Y

* Booths/Tables : 240

« Contact : Ms. Juli Schneider
» Website : www.mndental.org

* Email : info@mndental.org

m Title © Oklahoma Dental Association Annual
Meeting

« Sponsor : Oklahoma Dental Association

« Event Dates : 4/24/2014 thru 4/27/2014

* Location : Cox Convention Center

« City : Oklahoma City

» State : OK

» Country : USA

* Exhibits : Y

* Booths/Tables : 130

+ Contact : Ms. Lynn Means

» Website : www.okda.org

* Email : Imeans@okda.org

mTitle : Council on Dental Benefit Programs
(cpBP)

« Event Dates : 4/24/2014 thru 4/25/2014

« City : Chicago

« State : IL

* Country : USA

+ Exhibits : N

+ Contact : Ms. Anna Hudson

« Phone : (312) 440-2759

« Fax : (312) 440-7494

« Internet Site : www.ada.org

mTitle : 146th PDA Annual Session

« Session Description : Annual Session

« Sponsor : Pennsylvania Dental Association
« Event Dates : 4/25/2014 thru 4/26/2014
* Location : The Hotel Hershey

« City : Hershey

« State : PA

+ Country : USA

« Exhibits : N

* Booths/Tables : 0

« Contact : Ms. Rebecca Von Nieda

» Website : www.padental.org

 Email : rvn@padental.org

May

mTitle : The Texas Meeting, Annual Session of
the TDA

« Sponsor : Texas Dental Association

« Event Dates : 5/1/2014 thru 5/4/2014

« Location : Henry B Gonzalez Convention

Center

« City : San Antonio

« State : TX

» Country : USA

« Exhibits : Y
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* Booths/Tables : 450

+ Contact : Ms. Sandy Blum

+ Address : exas Dental Association 1946 S.
IH35 #400

« Phone : (512) 443-3675

» Website : www.tda.org

» Email : sblum@tda.org

mTitle : lowa Dental Annual Session

* Session : Description: Annual Session

« Sponsor : Iowa Dental Association

« Event Dates : 5/1/2014 thru 5/3/2014

» Location : Coralville Marriott Hotel &

Conference Center

« City : Coralville

« State : IA

« Country : USA

« Exhibits : Y

* Booths/Tables : 111

+ Contact : Ms. Suzanne Lamendola Click on the
contact name for additional
information

» Website : www.iowadental.org

+ Email : suzanne .lamendola@iowadental.org

mTitle : MDA 111th Annual Meeting
« Sponsor : Montana Dental Association
« Event Dates : 5/1/2014 thru 5/2/2014

« Location : Hilton Garden Inn

« City : Missoula

« State : MT

* Country : USA

* Exhibits : Y

* Booths/Tables : 60

+ Contact : Ms. Jean Strainer

« Organization : Montana Dental Association

* Address : P.O.Box 1154 17 1/2 S. Last
Chance Gulch

« City, State, Postal Code : Helena, MT 59624

+ Phone : (406) 443-2061

« Fax : (406) 443-1546

» Website : www.mtdental.com

* Email : jeans@mt.net

mTitle : 145th SCDA Annual Session

« Session Description : Annual Session

* Sponsor : South Carolina Dental Association

« Event Dates : 5/1/2014 thru 5/4/2014

* Location : Embassy Suites at Kingston
Plantation

« City : Myrtle Beach

» State : SC

+ Country : USA

* Exhibits : Y

* Booths/Tables : 100

+ Contact : Ms. Laura Jordan

» Organization : South Carolina Dental

Association

* Address : 120 Stonemark Lane

« City, State, Postal Code : Columbia, SC 29210-
3841

« Phone : (803) 750-2277

» Fax : (803) 750-1644

* E-Mail : laurahjordan@msn.com

» Website : www.scda.org

+ Email : lauracreativeeventsandmeetings.com

m Title : Council on Dental Practice (CDP)

+ Event Dates : 5/1/2014 thru 5/3/2014

+ City : Chicago

« State : IL

+ Country : USA

+ Exhibits : N

+ Contact : Ms. GraceAnn Pastorelli

* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611-
2678

« Phone : (312) 440-2882

« Fax : (312) 440-7494

mTitle : North Coast Spring Meeting 2014

* Sponsor : Greater Cleveland Dental Society
« Event Dates : 5/2/2014 thru 5/2/2014

« City : Warrensville Heights

* State : OH

+ Country : USA

« Exhibits : Y
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* Booths/Tables : 20

« Contact : Ms. Margaret Morrish

+ Organization : Greater Cleveland Dental
Society

+ Address : 200 Treeworth Boulevard

« City, State, Postal Code : Cleveland, OH 44147

« Phone : (440) 717-1891

« Fax : (440) 717-1894

+ E-Mail : margaret@gcds.org

« Internet Site : www.gcds.org

u Title : 149th Annual Charter Oak Dental
Meeting

« Sponsor : Connecticut State Dental Association

« Event Dates : 5/7/2014 thru 5/9/2014

« Location : Mohegan Sun Resort Casino

« City : Uncasville

« State : CT

+ Country : USA

* Exhibits : Y

* Booths/Tables : 130

« Contact : Ms. Crystal Soucy

» Organization : Connecticut State Dental

Association
« Address : 835 West Queen Street
« City, State, Postal Code : Southington, CT
06489
* Phone : (860) 378-1800

« Fax : (860) 378-1807

« Website : www.csda.com

» Email : csoucy @csda.com

mTitle : Music City Dental Conference

« Sponsor : Tennessee Dental Association

« Event Dates : 5/8/2014 thru 5/10/2014

* Location : Nashville Convention Center

« City : Nashville

« State : TN

» Country : USA

* Exhibits : Y

* Booths/Tables : 120

« Contact : Ms. Sharon Melvin

* Organization : Tennessee Dental Association
+ Address : Suite 300 660 Bakers Bridge Ave
« City, State, Postal Code : Franklin, TN 37067
+ Phone : (615) 628-0208

« Fax : (615) 628-0214

» E-Mail : ssm@tenndental.org

» Website : www.tenndental.org

» Email : ssm@tenndental.org

m Title © Council on Dental Education and
Licensure (CDEL)

« Event Dates : 5/8/2014 thru 5/9/2014

« City : Chicago

« State : IL

» Country : USA

« Exhibits : N

« Contact : Ms. Esperanza Gonzalez

 Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611-
2678

« Phone : (312) 440-2698

« Fax : (312) 440-7494

m Title : 146th Semi-Annual Meeting

« Sponsor : Sixth District Dental Society
« Event Dates : 5/9/2014 thru 5/9/2014

* Location : Holiday Inn Arena

« City : Binghamton

* State : NY

* Country : USA

* Exhibits : Y

+ Contact : Ms. Nicole Bruster

» Website : www.6dds.org

* Email : sdds@stny.rr.com

mTitle : Annual Session

+ Sponsor : Delaware State Dental Society
« Event Dates : 5/9/2014 thru 5/9/2014

* Location : Chase Center on the Riverfront
« City : Wilmington

« State : DE

» Country : USA

* Exhibits : Y

* Booths/Tables : 30

« Contact : Ms. Patricia A. Kashner
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» Website : www.delwarestatedentalsociety.org

» Email : dsds@dol.net

u Title : Evidence-Based Dentistry (EBD)
Champion Conference

« Event Dates : 5/9/2014 thru 5/10/2014

* Location : ADA Headquarters

+ City : Chicago

* Country : USA

* Exhibits : N

» Contact : Ms. Erica Vassilos

* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611-

2678
+ Phone : (312) 440-2500
« Fax : (312) 440-7494

+ E-Mail : online@ada.org

m Title : Council on ADA Sessions (CAS)

+ Sponsor : Conference and Meeting Services

« Event Dates : 5/14/2014 thru 5/17/2014

« City : Chicago

« State : IL

+ Country : USA

+ Exhibits : N

+ Contact : Ms. Glynis Wilkins

* Organization : Conference and Meeting
Services

* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611-
2678

« Phone : (312) 440-2500

« Fax : (312) 440-7494

+ E-Mail : online@ada.org

mTitle : 156th IDA Annual Session

* Session Description : Annual Session
* Sponsor : Indiana Dental Association
« Event Dates : 5/15/2014 thru 5/17/2014
* Location : Hyatt Regency Indianapolis
» City : Indianapolis

« State : IN

+ Country : USA

* Exhibits : Y

* Booths/Tables : 80

* Contact : Ms. Heather Parton

» Website : www.indental.org

* Email : heather@indental.org

m Title : New Hampshire Dental Society Annual
Meeting

« Sponsor : New Hampshire Dental Society

« Event Dates : 5/15/2014 thru 5/17/2014

* Location : Church Landing at Mill Falls

+ City : Meredith

* State : NH

+ Country : USA

« Exhibits : Y

« Booths/Tables : 30
« Contact : Mr. James J. Williamson
» Website : www.nhds.org

* Email : jwilliamson@nhds.org

mTitle : CDA Presents in Anaheim

« Session Description : Spring Scientific Session

» Sponsor : California Dental Association

« Event Dates : 5/15/2014 thru 5/17/2014

* Location : Anaheim Convention Center

« City : Anaheim

« State : CA

* Country : USA

« Exhibits : Y

* Booths/Tables : 600

+ Contact : Ms. Deborah Irwin Click on the
contact name for additional
information

» Website : www.cda.org

* Email : debi.irwin@cda.org

mTitle : 158th NCDS Annual Session

« Session Description : Annual Session

+ Sponsor : North Carolina Dental Society

« Event Dates : 5/15/2014 thru 5/18/2014

* Location : Kingston Plantation Embassy Suites
« City : Myrtle Beach

» State : SC

* Country : USA
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* Exhibits : Y

* Booths/Tables : 125

+ Contact : Ms. Priscilla M Allen
» Website : www.ncdental.org

* Email : pallen@ncdental.org

m Title : Annual Session

« Session Description : Annual Session

+ Sponsor : South Dakota Dental Association
« Event Dates : 5/15/2014 thru 5/17/2014
* Location : Sioux Falls

« City : Sioux Falls

« State : SD

» Country : USA

* Exhibits : Y

* Booths/Tables : 65

+ Contact : Ms. Brenda Goeden

» Website : www.sddental.org

+ Email : brenda.goeden@sddental.org

mTitle : Washington Leadership Conference
(wLe)

« Event Dates : 5/19/2014 thru 5/21/2014

« City : Washington, DC

* Country : USA

« Exhibits : N

+ Contact : Mr. Brian Sodergren

o Address : 1111 14th Street, NW Suite 1100

« City, State, Postal Code : Washington, DC

20005
* Phone : 202-789-5168
* Fax : 202-789-2258

» E-Mail : sodergrenb@ada.org

m Title : Annual Meeting

« Sponsor : Rhode Island Dental Association
« Event Dates : 5/21/2014 thru 5/21/2014

* Location : Crowne Plaza at the Crossings
« City : Warwick

« State : RI

* Country : USA

« Exhibits : Y

* Booths/Tables : 20

+ Contact : Ms. Valerie Celentano

» Website : www .ridental.com

« Email : val@ridental.com

mTitle : 43rd Annual Convention of the Ordre
des Dentistes du Quebec

« Event Dates : 5/24/2014 thru 5/27/2014

« City : Montreal

+ Country : Canada

* Exhibits : N

+ Contact : To be determined

» Website : www.odq.qc.ca

» Email : congres@odq.qc.ca

mTitle : NYS Dental Assn. House of Delegates

Meeting
« Sponsor : New York State Dental Association
« Event Dates : 5/30/2014 thru 6/1/2014
« Location : Grand Hyatt New York Hotel
« City : New York
« State : NY
+ Country : USA
« Exhibits : N
+ Contact : Ms. Beth Wanek
» Website : www.nysdental.org

 Email : bwanek@nysdental.org

mTitle : KDA Summer Get Away

« Sponsor : Kansas Dental Association
« Event Dates : 6/5/2014 thru 6/6/2014
« Location : Cheyenne Mountain Resort
« City : Colorado Springs

« State : CO

+ Country : USA

* Exhibits : Y

* Booths/Tables : 65

« Contact : Ms. Niki Gustafson

» Website : www ksdental.org

 Email : niki@ksdental .org

m Title : 127th Annual Session

* Sponsor : Colorado Dental Association
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« Event Dates : 6/5/2014 thru 6/7/2014

* Location : Vail Marriott Mountain Resort

« City : Vail

« State : CO

* Country : USA

* Exhibits : N

* Booths/Tables : 25

« Contact : Ms. Molly Pereira

« City, State, Postal Code : Denver, CO 80237-
1808

+ Phone : (303) 996-2845

« Fax : (303) 740-7989

» Website : www.cdaonline.org

» Email : molly@cdaonline.org

u Title : Board of Trustees (BOT) Meeting
* Sponsor : Administrative Services

« Event Dates : 6/8/2014 thru 6/10/2014

« City : Chicago

« State : IL

« Country : USA

* Exhibits : N

* Booths/Tables : 0

+ Contact : Ms. Michelle Kruse

« Organization : Colorado Dental Association
* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL

+ Organization : Internet Site www.cdaonline.org

mTitle : 145th Annual Session

* Sponsor : Alabama Dental Association

« Event Dates : 6/10/2014 thru 6/15/2014

* Location : Perdido Beach Resort

« City : Orange Beach

« State : AL

* Country : USA

* Exhibits : Y

* Booths/Tables : 80

+ Contact : Ms. Michelle Waren

« Organization : Alabama Dental Association

* Address : 836 Washington Avenue

« City, State, Postal Code : Montgomery, AL
36104-3839

« Phone : (334) 265-1684

« Fax : (334) 262-6218

» Website : www.aldaonline.org

+» Email : waren@aldaonline.org

mTitle : Florida National Dental Convention

« Sponsor : Florida Dental Association

« Event Dates : 6/12/2014 thru 6/14/2014

* Location : Gaylord Palms Resort/Convention
Ctr

« City : Kissimmee

« State : FL

* Country : USA

« Exhibits : Y

« Booths/Tables : 325

« Contact : Ms. Crissy Tallman

+ Organization : Florida Dental Association

* Address : 1111 E. Tennessee St. Ste. 102

« City, State, Postal Code : Tallahassee, FL
32308-6913

+ Phone : (850) 681-3629 ext 7105

» Fax : (850) 561-0504

» Website : www floridadentalconvention.com

* Email : ctallman@floridadental .org

mTitle : Pacific Northwest Dental Conference
» Session Description : Pacific Northwest Dental
Conference

* Sponsor : Washington State Dental Association

+ Event Dates : 6/12/2014 thru 6/13/2014

« City : Bellevue

* State : WA

+ Country : USA

* Exhibits : Y

* Booths/Tables : 173

+ Contact : Ms. Amanda Tran

* Organization : Washington State Dental
Association

* Address : 126 NW Canal

« City, State, Postal Code : Seattle, WA 98107

+ OPhone : (206) 448-1914

« Fax : (206) 443-9266

» Website : www.wsda.org/pndc

» Email : amanda@wsda.org
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m Title : Maine Dental Association Annual
Convention

+ Sponsor : Maine Dental Association

« Event Dates : 6/13/2014 thru 6/14/2014

* Location : Samoset Resort

« City : Rockport

* State : ME

» Country : USA

* Exhibits : Y

* Booths/Tables : 47

+ Contact : Ms. Cindy Sullivan

» Website : www.medental.org

 Email : csullivan@medental .org

m Title : National Fluoridation Advisory
Committee (NFAC )

« Event Dates : 6/16/2014 thru 6/17/2014

« City : Chicago

* Country : USA

* Exhibits : N

+ Contact : Ms. Sharon Clough

* Organization : Alabama Dental Association

* Address : 211 E. Chicago

« City, State, Postal Code : Chicago

» Email : cloughs@ada.org

mTitle : 36th Asia Pacific Dental Congress 2014
(APDC 2014)

« Event Dates : 6/17/2014 thru 6/19/2014

+ City : Dubai

 Country : United Arab Emirates

* Exhibits : Y

* Contact : To be determined

» Website : www.mediafire.com/view/
47irl7z3bc1dv3h

« Email : Yukonthon (Tour) Pradsarakee

ypradsarakee@kenes.com

m Title : 18th World Congress on Dental
Traumatology

« Session Description : Conference topics include
Dental Trauma, Cone
Beam CT and other
Radiology Methods in
Trauma Patients, Pulp
Revascularization and
Regeneration, Bone and
Tooth Transplantation,
Prosthetics, Pediatric
Dentistry

« Event Dates : 6/19/2014 thru 6/21/2014

« City : Istanbul

 Country : Turkey

« Exhibits : N

« Contact : Ms. Molly Major

» Website : http://www .iadt-dentaltrauma.

org/2014conference/index.html

» Email : molly@res-inc.com

m Title : Council on Communications (CC)
« Event Dates : 6/20/2014 thru 6/21/2014
« City : Chicago

« State : IL

* Country : USA

« Exhibits : N

« Contact : Ms. Marcia Cebula

mTitle : the International Federation of Dental
Educators and Associations Symposium

« Sponsor : International Federation of Dental

Education Associations

« Event Dates : 6/25/2014 thru 6/28/2014

« City : Cape Town

+ Country : South Africa

« Exhibits : N

* Contact : To be determined

 Email : pferrillo@pacific.edu

m Title : American Dental Society of Europe -
120th Annual Meeting

« Event Dates : 6/26/2014 thru 6/28/2014

« City : The Netherlands

 Country : France

« Exhibits : N

« Contact : Jean Jacques Dupuis, President

» Website : www.ads-eu.org

» Email : adse@thedentist.fr
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mTitle : 2014 Garden State Dental Conference
and Expo

« Sponsor : New Jersey Dental Association

« Event Dates : 6/27/2014 thru 6/28/2014

» Location : Revel Resort & Casino

« City : Atlantic City

* State : NJ

+ Country : USA

+ Exhibits : Y

* Booths/Tables : 150

+ Contact : Ms. Patricia Decotiis

+ Organization : New Jersey Dental Association

* Address : One Dental Plaza P.O. Box 6020

« City, State, Postal Code : North Brunswick, NJ

08902-6020

« Phone : (732) 821-9400

« Fax : (732) 821-1082

» Website : www.njda.org

* Email : pdecotiis@njda.org

mTitle : NDA Annual Summer Meeting
+ Sponsor : Nevada Dental Association
« Event Dates : 7/5/2014 thru 7/7/2014
* Location : Omni Hotel

« City : San Diego

« State : CA

* Country : USA

+ Exhibits : N

* Booths/Tables : 6

« Contact : Dr. Robert H. Talley
» Website : www.nvda.org

+ Email : robert.talleydds@nvda.org

m Title : Council on Scientific Affairs (CSA)

« Event Dates : 7/14/2014 thru 7/16/2014

« City : Chicago

« State : IL

* Country : USA

* Exhibits : N

» Contact : Ms. Jessie Elie

+ Organization : Nevada Dental Association

* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611-
2678

« Phone : (312) 440-2527

« Fax : (312) 440-2536

« Internet Site : www.ada.org

m Title : New Dentist Committee (NDC)

« Sponsor : Membership and Dental Society
Services

« Event Dates : 7/15/2014 thru 7/16/2014

« City : Denver

« State : CO

+ Country : USA

« Exhibits : N

» Contact : Ms. Chris Chico

+ Organization : Membership and Dental Society
Services

* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611-

2678

« Phone : (312) 440-3524

« Fax : (312) 440-7494

» E-Mail : chicoc@ada.org

* Internet Site : www.ada.org

mTitle : 108th Annual Session

« Sponsor : West Virginia Dental Association
« Event Dates : 7/17/2014 thru 7/20/2014
* Location : The Greenbrier Resort

« City : White Sulphur Springs

* State : WV

+ Country : USA

+ Exhibits : Y

* Booths/Tables : 15

« Contact : Mr. Richard D. Stevens

» Website : www.wvdental.org

e Email : wvrds@aol.com

m Title : GDA Annual Meeting

+ Sponsor : Georgia Dental Association

« Event Dates : 7/17/2014 thru 7/20/2014
* Location : Ritz Carlton

« City : Amelia Island
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« State : FL

» Country : USA

* Exhibits : Y

* Booths/Tables : 67

+ Contact : Ms. Patrice Williams
» Website : www.gadental.org

» Email : williams@gadental.org

m Title : Council on Access, Prevention and
Interprofessional Relations (CAPIR)

« Event Dates : 7/17/2014 thru 7/19/2014

« City : Chicago

« State : IL

« Country : USA

* Exhibits : N

« Contact : Ms. Amy Radosevich

+ Email : Radosevicha@ada.org

mTitle : ADPAC American Dental Political Action
Committee

« Event Dates : 7/18/2014 thru 7/20/2014

« City : Kansas City, MO

* Country : USA

* Exhibits : N

« Contact : Ms. Natalie Halpern

» Email : halpernn@ada.org

mTitle @ Joint Symposium: Teeth for a Lifetime:

Interdisciplinary Evidence for Clinical

Success

« Session Description : In collaboration with
American Association of
Endodontists & American
College of Prosthodontists

« Sponsor : American Academy of Periodontology

« Event Dates : 7/19/2014 thru 7/20/2014

« City : Chicago

« State : IL

» Country : USA

+ Exhibits : N

+ Contact : Ms. Susan Schaus

» Website : www.perio.org

» Email : aap-info@perio.org

m Title : Management Conference Week
+ Sponsor : Membership and Dental Society
Services

« Event Dates : 7/21/2014 thru 7/24/2014

« City : Chicago

* Country : USA

* Exhibits : N

+ Contact : Mr. Ron Polaniecki

* Organization : Membership and Dental Society
Services

 Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611

* Phone : (312) 440-2599

« Fax : (312) 440-2883

* E-Mail : polanieckir@ada.org

« Internet Site : www.ada.org

m Title : Tripartite System: Shared
Platform/Shared Vision

« Event Dates : 7/23/2014 thru 7/23/2014

« City : Chicago

» Country : USA

« Exhibits : N

+ Contact : Mr. Alan Bardauskis

* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL 60611-

2637

« Phone : (312) 440-3536

« Fax : (312) 440-7494

» E-Mail : online@ada.org

* Internet Site : www.ada.org

mTitle : 118th ISDA Annual Session

« Sponsor : Idaho State Dental Association
« Event Dates : 7/24/2014 thru 7/28/2014
» Location : Conference Hall

« City : Sun Valley

« State : ID

« Country : USA

* Exhibits : Y

* Booths/Tables : 35

+ Contact : Ms. Rachel Wickham

» Website : www.TheISDA .org

244 | Cysta| 2ol AVgiEIX| MisoR H|4S 2014



o2] = PAL L (2014'E 48~2014\3 78)

E-v:e-n:t -C-a-l-e-n-d-a-r

 Email : Rachel @TheISDA .org

u Title : Board of Trustees (BOT) Meeting
* Sponsor : Administrative Services

« Event Dates : 7/27/2014 thru 7/29/2014
+ City : Chicago

« State : IL

+ Country : USA

+ Exhibits : N

* Booths/Tables : 0

« Contact : Ms. Michelle Kruse

+ Organization : Administrative Services
* Address : 211 East Chicago Avenue

« City, State, Postal Code : Chicago, IL

u Title : Commission on Dental Accreditation
(CoDA)

« Event Dates : 7/31/2014 thru 8/1/2014

« City : Chicago

« State : IL

* Country : USA

« Exhibits : N

« Contact : Mr. Paul Dohearty

* Address : 211 E. Chicago Ave

« City, State, Postal Code : Chicago, IL 60611

« Phone : (312) 440-4653
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