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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, D.M.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.
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bisphosphonate—related osteonecrosis of
the jaw(BRONJ) = Hrds}ar i},

0] 20039¥ Marx?7} A0 2 B st o] 5 ght
gk A7 3= 9=t BRONJ &2 HE
YAbE A 2ZO| w3} 3RsA] AR 7t U AHAF
ARAA D T A4 FoR A9 £,

T B 79 FR T G4 Sol WAE 4%
5 A0 WA AT 17} AFlE g

a7 8 gors 9
T1ejar mejel 0] Zhojo] WA & 4= QlTp,

A2} 2| mof| A ] Seof| WAl ZH wom T ¢
off e, dete] SE, U750l AstEe] 7
o] 9IFlo] & A SolA WAg, 2T 5o 24}
o] Aol Aot JEHE 59| Also] 2| 2ol A
de] BgEHA, BRONJ 37t 71k W ©]
of gt eHilo] FobA|aL Qi

American Society for Bone and Mineral
Research”o|A]&= bisphosphonateS A+ =&
3h= 34} ZofA BRONJ ] BH$1E-2 10,0007
o] A 100,0008d 18E= wAgettal sqict,
American Association of Oral and
Maxillofacial Surgeons(AAOMS) of A =
Bisphosphonateﬂ W | Fofof mE BRONJ
PES 0.8-12%%, Z7Folo] & BRONJ ¥
AEL 0.01-0.04%2 HEistal QP dubxoz
AUl Fof Hrp B4E FojEe= A7t FHE0]
WAL A7 A 97b Fr7F g A A,

2007, 20099 AAOMS position paperolA+=
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CT, MRI 59 HAMD & AAE At 2Iee]
2RI} AghS o53517] flske] AeehA EA|R}o] o
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AslelA HAHbiochemical markers)® 2H
T BRG] AEH S BAEAN ke, Y Ei= o
2 59 Aot} Aol T Eojx]= o T2

o, 54 ) s=

43ttt £3] Bone turnover
marker+ & AR} TS 2k HSHE HARH ]
9 Wolol} ke 22 BOEE, WIAISY
2%, &%, Paget s diseases A= ats 24
sl=t| A8HTth. Serum CTX, serum OC,
BSALP, urine NTX, urine CTX & & 7}A
marker&©°| =H| 0|9 &8/ EHO}°4 oy I+t
oA TheFst Ak e ek
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I. Biochemical Bone Markers

Z Ak} #E biochemical markers & 1
Hejof whet 24 F IFo® Vs 4 U,

1) ¥ AT EABone formation related
markers)

— bone specific alkaline phosphatase
(BSALP), osteocalcin (OC), carboxyterm
inal propeptide of type I collagen
(PICP), aminoterminal propeptide type I
collagen (PINP) 5©] it}

2) = &= W ¥X|(Bone resorption related
markers)

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

(NTX),
(CTX), Parathyroid hormone 5| St}

C—telopeptide of cross—links

1. Serum C-Terminal Cross—linking
Telopeptide of type | Collagen
C—terminal cross—linking telopeptide test
(CTX) level> BHAHAE Foto] vl A LA A3
o 5 Q= HARE SAAIE| wet §lo)7) 9l7] whiE
of B ofxl F&oll HARE AR,

Rosen%s?& serum C—terminal crosslin

king telopeptide of type I collagen(CTX)+=
= Mxe 55 4] % et AEeta
akqltt, AMY o] Z|3E+= antiresorptive therapy
O Hkg A 9 853 7| 913t AAE ARG o] £t
om olgfek A gE A7|Aom "k SxjoA CTX
7} @7 HojHoug BRONJ 2 IdA H7to &%
CTX7} -&shkarl 54+ v Qich

Marx${10]-& €% CTX 427} 150pg/mlolAt
o] o o3+ (low risk), 100-150 pg/mlS %
S59] 93+ (moderate risk) 100pg/mloldl=
=2 Y&8+t(high risk) &2 EF5FAtHTable 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 telopeptide= N-terminal
telopeptide(NTX) ot Y W3 =7} A7) o+

of Zo] AgkE Sl Kt 4= IRl marker®
o] 4 At} Telopeptide 7 1 & A =
(osteoclast)7} & 521 &<t collagen®] 412
AES A Y FAE 22 EE @4 CTX = A
GA| Al i20] S A e} vlFRitt,

A CTXE bone turnover 30| A1=g uksh
markerolf’i F EFAA A& Frhel 22 A7)

o ot sHANE Itk WUt ARE 4= gl
g 3 WH 91 B0 713 B 59 o

S0 |2 &4 CTX %ol BRONJY
14 2ol A 481 g2 oled
' Marxs'"-& BRONJ &

A AurR o R e ¥4 OTX e btk 2o
Sk SHAE MAZATO|ES BET RE B
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serum CTXE —%@’5}04 AFet A3 BRONJ S 4
@) serum CTX 4] Alolof 3-2)at ARtAlo]
ANS-L W] W 4= QIQTH ™ 1), AAIEE Aol A]
AT Bk 72%7F 2 CTX =215 Uehd uf
B Bl FEEY TR BRI, B A
Apo] AtAT= 7)ok WAYTE A0 A= E stage
oF WA0] HeE FAlo efs] west 2 oR o] o
TZ23= BRONJ HATk= 7R o] Axtolu] Wby 9

Bagan §92 AW H|AXATUO|EXRE HES
BRONJ B B W& OTX & e 24 1

AZYO|EE T 5‘} =2/h& sgo] oA A7]=],
17hef| oF 25pg/mL H= 8%

CTX level©]| 57ttt

H|2 &4 OTXZo| o X RET} v)wsle] Ha
3te) 7ol 7ALS A ek o] ZAR: o7t
AP B E HolE 4= Qlok 19 ER CTX ¢k
Helol wet oy 2Fe2 s 4 1l 150-
ZOOpg/mL Hr} A2 £A 5 risk zone 2.2 HYE

AAstol S e 4 TP, o= @4 CTX #
o] BRONJ9] Y3A4L o=t Adel=g] 214}
FE ARE 5 9la 270 WekS XSl =&
ol g o= ol 11 a-§/do] T Hh= it

2. Parathyroid hormone

PTH level & BRONJ Afo]of] Atdof| ofgt A+
A= WA Ygrh Ardine 59 A W
bisphosphonates Fo] -2 82} 69S iAo =2
TP ALE 3 A7 BRONJY Hd A 4
32.3-283.5pg/mL(%B w#157.9)° A & &
43.2-236.8 pg/mL(%¥+t 139.9)2 PTHHLO]
3hict, o] ¢tell Al PTH7F BRONJ 7} 2AY3}7]
& A= Bluste] foJ5kA FTFsklTh ol
= ek 2720 Agho] EF o] WolA|A

N

Loy 652 R -loiv

O
-

ONJ Score
w
o
1

B RN = § === == = = == v w sy = an s v o m

S-CTX (pg/mL)

21 1. €3 CTXZr0| BRONJS| AlZtzel folsh ALt} olSe Y
(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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a1 ojof| digh AYe]4 vko 2 PTH 50| S7I8k=
Ae HolF= Z 08 Z/)RGo] H|AZATYo|E
o 93| HatA oA HE& PTHE Fafl Mk
AUth= AS AARRITE,

S 2 Lehrer59-8 PTH level @] $3F2] Ato]]
A 5789 A} F 9.7 1gvto] =27} F7kek AL U
W2 48 A4 9 <ol 9%l PTH level
BRONJ 9] A Atolof] -0t 5412 AFaatA7F ¢l
ohar skl

20109 Lazarvicigs?9 d+ol4 BRONJ A}
9] 18.3% 7} PTH A7} S7H8t9 oy S7t4
PTH A& 71 &4} 5 o 2 He 17.2%+<
BRONJ = WHAEXA| 9ttt ol= PTH level®}
BRONJ Afele]l ot AaiA7t ¢3-S vehdich
AL skeick

U 2013¥ Kim5'"& 938 biochemical
markerz°l @3 PTHYIo] 23t 2}o]& B kol

stiet,

3. Bone alkaline phosphatase(BAP)

Bone alkaline phosphatase(BAP)= =34
¥} F3} Aol F4lo] Hi= dE-E Sz marker©]
™ osteoblaste]l &Jsf AYatE= 8 @0t} 7]
HE7F71 8 7122 A% A4S (renal clearance)oll
FEFE WA etk webA o)A Y B levelE &
B s S0kt 783 =t "ot Y,

BAPE BRONJ O] Rl A2 7F dh= WAl ¢
24| Lazarvicis®2] oA BRONJ et 1
2] ok 3kA} Atolof BAP levels 23t Afo]7}
Aot 23 Ught, ¥ Lehrers¥2 59 3
AE toz o3k A5 Alget dat A B
o} W2 BAP level(10.38ug/L)°] vgkom 2|
ko] gt A-txlof| oj5hH BRONJ 9] ol -ef I
bone specific alkaline phosphotase®] 9]
o] Yl Ao R At AvE Wk HE ok,

4. Serum osteocalcin

Type I collagen & ¥4k opg} 9jf 72t}
£ FE=o= &A%ttt L# A bone-specific
alkaline phosphatase £ Osteocalcin(OC)-=
= 49 F7tel WIHsHA| AFE-El= markero]of?,

Serum osteocalcin(s—=0C) A At+ ©of &
BRONJ gkxfof| A gho] AJE|aL Q1] bt

ko o 50| bisphosphonate X|&&t WHH
biochemical turnover markers® H3slE o+
SFaL Qiek ofE Aol xl= s—OC Fro] Bl AEZAS
Hlo|E A& &t gastelek ™, e &= 34
= M&E I fr1H o R AdEls 5 & &
Alof] osf tha AAIE 4= ekl sy, ey
Lehrers””& 749 BRONJ &2}9] s—0C gfojlAl
& Wske AL sl

20109 oAl Al dAtollA 5AQ1 At
s Aol BRONJO 918 A=E B7Fd 4 = s—
OC AHAeF @3 CTX #HAF &2 Biochemical
markerg9 F&4<& A+, 239 9
BRONJ 22} 6172 BRONJ7F §1aL 670 o)/
H|AZALY|O|E B85 b5 @Afol|A] s—CTX
o} s-0CE S48t 84 CTX & A4 255
SEA}ol| Bls BRONJ Aol A W71 33l o FA4]
Oo& {OfstA| ottt vk, BRONJ 22| &34
osteocalcin®] k= 7|EA] ol vl8f FolahA Wk
H1H 2).

Holdl s-0C ¢k &7l 8 5 53] =349
o2 oAAA & glom tjREo S} A 2o
59 =S H8okL QA 2 A AR e
goll ozt A Aot 71er mel=|R] o2 82l
oJafl osteocalcin®] <=0 AA|5| Wobgle= A7t
o 4> 3lom BRONJ 9| HAgo] 7]&9] HlAL Ay
o|Eo] o3t Ml E55Y) ek #nto] ope}

|
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Normal ONJ

ONJ patients

T2l 2. XA 2l BRONJ EHALC| serum CTX 2 BRONJ 2HA}0|A{2] serum OC
(Kwon, Y.D., et al. Two biochemical markers for the risk assessment of oral bisphosphonate-related

osteonecrosis, Clin Oral Implants Res, 2011)

£ A58 o= Azolet & 4= At wakA] 4] s-
CTX Aol 25t ONJ Y1&8/49] B7He efet= A
2 s=CTX AAPF 2= BRI @7 o4 =3
of 2|7} Q7] wWiiol thE F7HAQl AAREo| Bk W
2 JRE AT & ¢ U Aotk wbA F Az
S 7] sl s-CTX S} 3 23452 ¥
7Fl= AP BRONJ 91343 B7Het Adksh=d| 3
AAHARR 7hsAde] Sloh Bk FEAR] Qi
o] dFH ZAolA HAsA HaE HE sl
BRONJ 9| 918445 H7Fs17] Ylalial= s—CTX 22

5% B marker?}t s—0C 22 = A marker
o] Z4o] FAlo| AlFY E|o A= AS Fght}

_ll)l'

4. Vitamin D

HE D+ lipophilic prohormone 224 %
FAle] oJste] FHdo] doldtt, AeA B 1]Fo
A 7-Dehydrocholesterol< provitamin D32
AghA Lok, whoF o] AAs] k=W
provitamin D3% w27 H|E] D3(Cholecalci
ferol) @ AZkECt o]&= liverol4 25(0H)D3=Z #
gt 31 o] o] A kidneyol A E&A FE <

208 | CHghx| 2ol ARSI Msed HaS 2014

1,25(0H)2D3& Agket} o] vjehal D 749
T2 U EFHT }EH" FaAlof eEoluh BETH &
A 5ol

WHO+= serum 25(0H)D7} 20ng/mL °]a} 4
W Bjebyl D B0 2 o] 31911 10ng/mL ©J3}
ol off vely]l D AP Aok, shA|ut W
AFEANA serum 25(0H)D 9 HA S
30ng/mL oJAYo& Hi1 9131 20-30ng/mL ¢l 7
$ BEEOR ¥ 9lon 20ng/mL ©J3kel 7;;%
Agow i glrk of2et 71 g2 25(0H)D7}
30 ng/ mL o|8}2 Hojd uwj PTH gfo] Z7lek= &

& 2ot Ca2l E47} 30ng/mL oA 2317

?:_‘0‘]‘4'1‘4—_1_ = A Aule a7 s,

Hwang$”-& = 1dg 35S ez o
5+ A7} 20,4 ng/mL ool Brhaze] <34
ol A uetten =9 A%S st Ha
20ng/mL °J4] serum 25(0H)D & AQkska
9lth Holick 502 ddo| wlg} u]H= =35 YAy
+ HEH D39] e ATtk A Aol 1
POog 245 179 elastic fiber?] 53 A
s A, TS Ha Qlef ujRkef vE

OIN' rji




A o] AlEctal B3l Qi) Epidermis
9} dermis®] A 7-dehydrocholesterol
previtamin D32] AjAte] TAHOZ Zhp= ZhA
w= A7t veryth

HElYl DO} BFolu 492 atys= A &

fle) o2 & ffwoﬂ Bfdhe R02 wach
e

Bl E‘r HlEle D A3 et Hl SEAZY|O|E A
AE FoAgt 1EollA 187 ¢k :Léiu} 7] 9}0]
A7F =oAL oFEALe] HAgEo] FTtshelrt
oli= Bl D Ago| &9 Adolut AHg WYY
2A%NE st oEHARE sk 71
Hel= A o0& Hojzint,

QoFstd H|E % CTX level©] BRONJ 2HY Oﬂ

Z marker® A9 g 4 & At A7} &
9L Z=AFE o) glo] 23 ATHS T} 2= 9)
Aoz "otk &4 BAP level > 488 4%
ot 1 ke 37HARl HARE a3t PTHE oFF)
BRONJ ¥4 o= marker® ®7] o]t} E3t &
A CTXE} Osteocalcin F AARE Fofo] H|AEA
FZYo|E H-83Rlo| A X4 grgz0] 7RETHA] of F
£ o5 4 9k

9% Fgepel 4 eite melse e
Vitamin D 45 E3F o 1A} 2o 3ofsl= 7
o Aztsle) of T)4tel Aest AR 3
WAL E S s AoRE HRY, EE
biochemical marker”} BRONJ 2] ¢lld A2 A

3:9, rlr )

B
I
2

s
N
11

=o17] 2ol M= markers L7] -‘,’Jﬂ
o] A7} Al E|oof Blrhal EAER=
EP” o]g7 BRONJ ¢} #dstoe] ofe] /\mml—

9= A& % 4= 9k, SHAIg ol BRONJ

iﬂ

N
—|—‘

O

_

4o f2 ¥ Aorr
iy

Asl= Ao| aukE 28t dojn 3 7)Ao
Aysteba 2] T1e]al 2|5 tiste] F7HAQl A
7} B aghe onsich

. Nonbisphosphonate drugs
implicated in osteonecrosis
of the jaw

|
o o]% X]—i\— o8
5171 Il 44 ZJatojakso] =Eskar AR Ay
94@94 o] oy wh=A 2P of2frl o]
=79 UV\]L FaFoll thsfiAl= AR 71 dH|o|E
Bl AZAZH|O|E P oFE ]
2] S A X Aol &Jshd
20359 A7E 9% human monoclonal
antibody, FHEIA A=A 9 A= FEIARE
Aoz £ 9= H17}t 9o}t Bevacizumabdf
sunitinib?@-> anti—angiogenic F&9| T= At
oL} Bisphosphonate 2} &7 &3} AR&-of ]3|
Al oFx AL AR ob SohaE A RE 9
SF Q17F U2 A9l Denosumab(Xgeva E+=
Prolia)
factor—kB ligand(RANKL) ¥} A= shZA| %
o] FAJu} AJZRS 2 A o] oFZu|AL] Yolo BT
w31 Qok, 2EA e} mEA R &9 59 3E
= YA = Alzoltt, 2EAME= osteocyteolAl
I A E = cytokine A% AAHES]

macrophage colony—stimulating factor:M-—

2 20 A 4

X

receptor activator of nuclear

CSF, receptor activator of nuclear factor—
kB ligand(RANKL), vascular endothelial
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growth factor(VEGF))2] 93 o2l monocyte—
macrophage AFoA 7] gl *0 algA| 29|
w3t 2, 223 BES RANKLEY| =30f o9&
sl o]H3t MlEZ= RANKLO| $IAY osteoprote
gerin(OPG) o] ZA= JA|Ht}, =EA|xZ S
A i ZAdotel A E i AIEl sl SR
olgfgt 7|AE M S =Rt HlENIDS] 2do}
el Qlet. ohekgt wiZhAlE 7kl M-CSF, VEGF,
RANKL 2 3 HEW DE monocyte-
macrophage A9=EHE 7|31t WA 252 g}s}
T3 Aol =83t 93 gt Denosumabe=
A ] gt FAS AAIsH ] s RANKL]
28510l Hrhggoluh Zofl HolE of A|=of| AR
t}, Bevacizumabt VEGF & #2002 5l g3t
O] A4S Asfigitt, oA i, #, Al 541
ZaA o] A mof| AeA 02 ARGE| | WAt} fH
ofoll =838 ARE-ETt Tyrosine kinase 2AA]
9] 7189 &3H= sunitinib &= VEGF 484, M-
CSF 84 18|il v HA2E Wofer A4E
TS AR (- 3).

(Denosumab and Anti-angiogenics
drugs)

RANKL2 BREAIE A4S 249 A)71aL &=
SoA7IH o8] & A UAAE(insulin-like
growth factor, transforming growth factor
52 Y=EA171th Denosumaba ©]8gF RANKL
< A5t osteoprotegerin, tumor necrosis
factor family 2] A2|at2] G115 wHslo] dhZA|E
o] B35 A3k}l ©]2] apoptosisS £X1510] A4
oA AR QI W o) FE ARy,
Denosumab A|8& -2 FxtoA] FZ| AP} Hal
%31 glo™ bisphosphonate £ A oFZy| AR}
vtk deS Helokar gie}, ofe] 7]4-o] A= o
27] wjZe] denosumabell &gt Ak BPs o 9
ek A Hoh wE2A sijd Zhestrial Hal Qi
Angiogenesist= 32| 8743} osteoclast &
3}E o]71+= ZFE 9 RANKL A A oA 523t ¥4 o]
oh, M2 2 4842 vascular endothelial
growth factor(VEGF) ~8A= ] 3o =2
o3LS- 519 tyrosine kinase activator o4 th&
ojat EAES AlRtete oFEel sl E4o] E 4= Sl
o.og R R
(monoclonal antibody bevacizumab) ¢+
kinase inhibitor ¢l sunitinib-> VEFG Z2A]4|

£ ¥A 07 st} Bevacizumab + YAA o0& A

angiogenesis inhibitorg

T2l 3. = ZEo| M2|Q = tun over f k0| AISAR2 7| 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)

210 | cHghx| 2ol AREIEIR] Msod HaS 2014




%915 anti—angiogenetic drug®# -3 tj#
217 Qroll A ol HiuE ek X mofl ARS-ETE”,
W2 A=0] o] ool o3t SFE RS Bl 519
=4 Guarneris< 3,56099] Gt Shato] A
bevacizumab = Ei= BPs 2} &7 AREs] 2|2
o9 o o= AL HAEC] 0.2-0.9%= Hehdtt
B3I, Sunitinib & VEGF 8412} &
T FE QR = 8AE FHOE st A2 AlS
APs= multi—targeted receptor tyrosine
kinase ©Jt}, o] SFE= QIgh oFZAte] thgh ¢+t
= WA grom g thsto] & A A Q1A gt
£3], Denosumaba Htha5 2|20 j32<l
biologics® FF oA E & AlThE Z o= o4t
e o g M2 okEol gt x|k Ak
of thsl 243] thx|sl7] 1 APAA|AS BaL A
S HEAH7 2 e Aol

i H K

IV. Prevention and teatment
of BRONJ

20094

and Maxillofacial

BRONJO| o 3} o American
Association of Oral
surgeons(AAOMS) 9| position paper8oA+
Stage®ll W& 72X A6, ol ik
Zgoret ejateslof A e FARRE X3S wEar it
(Table 2).

(chlorehexidine 7}, &

FEAA<e D), QAo s 374] ‘43 T 0”4.
1 BEAQ A ol HE WAl ARE

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

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.
StageT and have no evidence of infection Patient education and review of indications for
continued bisphosphonate therapy.
) ) o i Symptomatic treatment with oral antibiotics.
Exposgd and necrotic bohe assomalted with infection as ewdencgd Oral antibacterial mouth rinse.
Stage? 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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29 g Ao R HAE AAsH: o] HA| staged] W= & AXo| viEA] Q2] Yrial B

orth, BRONJEHA oA 9atd A8 EE Hop BE 31 ok,

291 ) yhAsto] Ak 2| &of| tste] of2]71A] 3. HEA, QA AA| Qo= HrpA AA|E E3H

o] 9t} Lazarovici 59 3t B3 ZujE T & 2 92 Aot} Harper? Fung?i A

YESIA= B7IEe] A A =ob Hage oy §7Fe R 2 (recombinant human

2 3HA-L2- 3kke] 18%Tto| A% kil gt parathyroid hormone 1-34(teriparatide)
2. A}l A Ao thstod= oA 7HA] =1ko] oA (rhPTH 1-34)< o]83F 2| ®ollA 107§ Thof 1t

7h oy BEHQ AAeRE A7t ofde £ w3t ARAHE ATk, Teriparatide
Stage 2b ¥ Stage 3 AF F tiiolch, ubd  (TPTD)&= FAMdAl $2829] 1-34 oAl 2
Al P BAE2 pE A TR AL BE A AR I polypeptide ol Aol SteEo] A

AE
T A A} ZHAL AR A, e puf BEE AT 344 ASAR SUEde A = 3
o] Bgoletal FEHom AFsta Yot A2 AE ASFse & s EolEd. Advt
o] HEA ;‘q 22 ZQ A5t 27)9) 7to|Eetelat o Teriparatide + 25} A= 49 Aol -85t
2] ol 224 8o 1} 9 9-840] wo| B o 9 A B 2R X RE T PSS
Hu glon ofg A5 A & ©f BRONJS| o 7ML 255 24% destdi: TPTD7}
A 2 587h vl itA A&, HEH 2 5HTAJE o 4] =055 ARAY] 3F 7HXo]ER H|AZAZY|0]E
G o] Bt mvlFo|at B FA7I7E 7 ¢ Sl ofd S S0l Bk g 4= it
ol 2793 Et 3] o A BRONJO | & 9 + Fo] TPTDY] F714 ARgollA 2= 4= Sl= 34

=

K3

Guideline A A= 254 244 2|79 shtfolet,

E BEES ARSI Qirh ol AAOMS9| &+ IR Teriperatide = Aol A] FAA Hok
o] w2 Stage3olA 224 14| 2 =7} AlgiE|ojof o] Am mjd AAT FASofEl= HARZZORE OFE
Stk Ad HihEny, o] 257t HEd Agk o TATE S o Lo B R ofof tigt arejrt
o} Xt} BRONJ Ao &33ojm AAOMSY s of4] 2470 o2 ARESHES FDAS

a0

- -
- -

-
-

q
s
g

Serum Osieocalcin (ng/imi)
-
Serum CTX (pg/mL)
8 8

=
B

Q.ﬁf 5 fvf 5 f-f" ‘b‘ﬁs“ ; f‘ ; 604@

T2l 5. &3 Osteocalcin 41} CTXZH0| = & 2-IH A7t Z75t= UAte HQl,
(Kwon, Y.D., et al., Short-term teriparatide therapy as an adjunctive modality for bisphosphonate-
related osteonecrosis of the jaws. Osteoporos Int, 2012)
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Qs Wl X|pojae) Thma] Ao r Fojx
o A= QHe|m HEEA] AREA] Sl Aok b
olere] Rlmoj] 9 71Ut x2A|A7F Zasict

2ol A AN T BIRE o= H| ALY
O|E RolZ FX|star, Hufgte] HEF 4 2w}
A 2~37HE 2] F2 717t B¢t TeriparatideE ot
Fof 20 mlo]ARTIFS Fofslele o, YA w
A glo] A &= e= 24l shink?.

o] g1FLof| A 2x19] s-0C W s—CTX 27} 49
SHA| Assto] =F/do] A3ES ERlstsl=t ol
St A72 & |, Teriparatide’} BRONJ #&2
tieto] & 4= 32 At T 4= JrH(™ 5). 187
9 ob2] Teriperatide®] ARE-ll oWt AvE 7HA
Q7 Fgtths Bk glom 2 Ax=9] A+t A
= YA] oF2] oulgtA o]l EXst BRONJ S| A =9
2101 BRONJ 9| a-840] tisiA =t g2 A7t
Zag 7ol

o]¢]of Adornatos”-> BRONJZA}]| st
b AxZdAw & & ol Platelet
riched plasma(PRP)¢} &4 B2 ARg-dl=
o7 £2 AWE BT} Freiberger' 119t

At o] 83t A Aol diste] of2] £3& AF3t
o] T8/l isto] Bilslr| e sh3ict.

4. BRONJ 9| 2|119] 22 offo|t}, H|Az
AEYO|E B8-S SR SR APt S & 9
o] 41 Fet Zofl goklrks 574 ol of 58
T Ak geehA] o2 el

BIAZAZYO|ES] Fof7|= A|apefate] ols)

R}

lo

risk—benefite] gt A= N8 Foln, EH
T= o] Fe|E gk A Al TS
K18k e sheleH”,

At} el ZATo] Al kS o oL 38 KA
7F A A7 AEAY f2lo] H A OR oA
Rt} H|AZAIYO|E FoFr|el ste] 20094
Eiol| A Al SR} A= 7t ek, kA A
5 T AUE oL g W HATER T o4k 9
A A 25 T = ¢IE BRONJZAo||A| £712] <]
T A7 glo] 67]9e] B AZAZYo|E FoT|E
Bl A met S| RH =] g4}l BlAEYolE &
oF7]of thgt -7-8/3¢] deflo)7] = st 1| 6).

HIAZATYO|E X785 AJZ| Hel|, A7)

oot

HIAZAZUO|E FoP7| % |

12! 6. Bisphosphonate drug holiday2} 2=l X2 =g
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< Aot vlg AASH, B A5 A2 w4 V. Conclusion
< Aol Aldgste] XA 9] A7} AEE Theo] =T
9, o] AldlE = Q= AFAR A& 7]3) BisphosphonateE 583} Qli= ¥4 5 2|t

7} #A3] A Hal A BRONJEHAYC] 5935t sz0] Q3 31xke] AL BRONJ WA of|Zo]ut
Hlo] El= Ay} 7]} A 2ES AWsk= A AR ke olato] o]AF W HRALA AALR} A3FEHA A}
9] U7} Z0] BRONJEAL] AL 714 Aot} 7} B a3l Biochemical markerS-2 o o+

_‘

BRONJ7} Aehe 52 e oot oM I -840l sl =] L A= ELH gt
Trejefl Qs A= Hojof sl Ao HH2 A2 3F S AAEHA] Fahe BRONJO| #et 213 &

Any3|
4
3} 2o gt §59 ol Bwl 24 A

=SE e ekl 9l AEiolth 8%%1\4 of2] FRloflA] B

3} A7) Aol o] BRONJ Zlttolu} of| &2 913t Aafeha] HAfo]

Chlorhexidine 7}, antiseptic agent+ 24 3l 5] A t7F A3l Qlom B markers
of Al Amrgolar, whef Ao} SA7E vk 2 F-85HA AREE| AL Qi

HAA1A YA Fof7F =3t BisphosphonateA A £l9] denosumab -

Stage3 o|st2] -9 Hzo] 7jEsHA welE o FAAY bevacizumab, sunitinib 22 anti—

HEA 5= 3 AR Agsjof & X5l A& angiogenic drugg®°| ¢EIAE doictal BHal

£ A Fo7|E ol o= A= A|&sfof 3t A 7F Qe oFA] sfell= Wl KAl ElX] R A AfE0]

I} o] RS oA AR A 4= Sl 7 A AR % E IS fEehe Q902 TS 7t

tjzolch, iRt HEA Ao S5tskal o] oF 2 a7k s AoE Helrh, Agks sk 9l

S| AL Bh3-o] v = Hoh =522 A4S of thgt A} o] & Zekeh= Aeksta] HAlel dfsted]
J o

a2 ol PHSIE T A B PeH 2oL 271HQ) gy} Washy of OB 4SS
W Aol HEA St AAlLe] WRT SE o whggo] Padt AR HERS ol sloa
olet. Ao Hal,

Bryan& BRONJ of ofst 4b8 4% 918 A=o® $450 dst AAjeh Weigaish

a4, e, =gl giste] 26799) 2Rl tisl  ojatele] Alo] Mt A% oA wEHS ol WS o
A-otAtt. BRONJE A& & 235 stage W 3 wokar Exjol|A| o]2jgh Agte] gt 31221 1A
7ol et BlastlS o frofeh Aol glglent, 21 Fo] "ad Zeolh, Eek BRONJRE 2=l 2t
TA = & LAY BRONJ AR AdH oz 9l 5 Woks wf pjekivelntz o] Mg o2ls F3f
el BRONJ 22pe] 49 A& 23t o Fosital 2o tigh 521291 A&7t Alg=) e sloof g,
SHTt.
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