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Understanding osteoporosis treatment drugs and jaw bone necrosis

Department of Oral and Maxillofacial Surgery School of Medicine, Ewha Womans Univesity

Jin-Woo Kim, Sun-Jong Kim

Since the first report of osteonecrosis of the jaw (ONJ) associated with bisphosphonate (BP) administration
in 2003, there have been many efforts to establish the pathophysiologic nature of this disease. Given that its
pathogenesis is still poorly understood, and the global dependence on BP use and the entry tor aging society,
there is a pressing need of related investigations. In this article, the authors aimed to assess the possible ONJ-
inducing drug including BPs, Denosumab, Romosozumab, and etc., and investigate the actual diagnosis and
treatment of ONJ.
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1. HIAZAZ|O0|E (Bisphosphonates) AIZ 2

1865¢ Al FAE BIAZAZYOE AF sk
© BpAlzkg0] MM HIE E6) 2wt HAM
9} 7445} (water softner) 5-2] AFAA] HH o2 =
E ARGE QIR HIAZATY|O|EV} ofghA 0 2 ALGH
A)71% Pyrophosphate”} A3]3Kcalcification) ZHg 2t
o] =T 0}“'4/\1 AR 25 A=
W=} ollA EsHA ARGE7171A] °F 501
Aldo] 28 =k 194)7] & 4144 =4 0 2 7l
HIAZA IO E Ofhd] 54 0 & ARRE]7]| A|ZKeE
204171 o130l o[1] ‘Phossy JawZtal E2]= B8 LA}
S Ado] Harg v Qi

19694 1A} BIAZARZY[0]ER] oE|E2Ho|E
(Btidronate)?} 2 =2 UH|0|E (Clodronate)”| Z<91
27419 B3 Ak Fe] A3etE Ttk
A7E HaE|glom, o]F mr|EEY|0]E (Pamidro-
nate)’t TH55 AR BaEQoU A RES
9] ofgf3 & Irha5ol thet 22 QA= So= A}

-80] A 9] =A] 2ttt 1=t 19909 H] Yl==|o]
E (Alendronate)’} 85 SHA|= 7= o] ghitst
A o[- &E]7] AAFsI3Eom, 1990d FHlof| A ==Y

O|E (Risedronate)?} 20008t 5%t o|RI=2 o] E
(Ibandronate)?} S| =24|0]E (Zoledronate)7} 7
Elo] SA=H A

LAN=ZHo]EQ] FIT (Fracture intervention trial
LI) el oJobd dRE=Yo|E= #H1F o4 A
EE U7 FAAFoH, tEEEY} &

=4 T3 ZH7} 51%, 48% A7 1= 20 & HalE]
AP, Y= Z YO Ex= 5mg, 35mg, 70mg®] 2HAI7}
ARG Q1o o= BIERI D3 (EHZAIHE)
= 5 13] Aol ZZAZIAY Smg AAell ZAEE]
== I BEFAE o8 itk FA=EY[o]
EQ] Z4 74 A31= VERT (Vertebral efficacy with
risedronate therapy) =% 2ol T2 23 20|
41~49%, B 45-57H0] 33~39% HagE Halskal 9f
P, gH=2jo|E9L FUsHA AT AT 9lom,
Fof F7]of wjet uid, 5 13], € 1-23]9] S5mg, 35mg,
75mg, 150mg AZo] Ut

ojRf=2y|o]ES] Fatof St BONE (ibandro-
nate osteoporosis vertebral fracture trial in North
America and Burope) ol|A] A|&Eo] 25 Z40|
50~62% 3 AES AT Rl o m H|H = 282 50% 4
A5 Bustin. 378 A=A ¥ 13] 150mg, 3
7H€E 13]9] FARE AIA 3mg AlFo] EAlE] ). &
Eﬂ_E__'ELﬂ ]EL- 71-9_]_- 91]:_9_ E_mi,yq —J—X-]O] 0]—/\42
&, IZEES, SREs & 94 S TS IAjof|A|
94 5]7H=] 9l o1, HORIZON-PFT ollA] 23 &
Ho] 70%, tE=Eo] 40% Fage HUFo2A &

55 A=l AR g ARSE| L QJep.

OJAY HIARAFYC|E: FHL2 g AT 4 o
S ATE TN EDET7HHE SHAA A, TE A
a7t AsEeH, A S5 A=Y first-line
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2. RANKL S228H|: H|'e22t (Denosumab)

|- (denosumab) T3 S5 JAIE FH 2
= 7o) H Aoy A HAUSS &is| thETh
H|AEARLY|O| EZ} wEA]| 320]] A% =
AASFIL A|E APEE RSk Ao] FARgoleal §F
CFA, Bl e oAl 220 2}, 541, &4 501l 40|
Fofotal 9= RANK/RANKL/OPG A|AEIC]
(RANK ligand)®]l thgt monoclonal &Ajo|t}. o]S &
5ff o] =72 RANKLO] Agksto] oAz 25} 2
4, 183 HFH 02 FE5E Ao "

tiepo] g HASE FHsk=rtel sl
OFfte] =dho] ot 2 FE AY, I Al
A e T ARGl OJ3k Hi ZjARSo] 5 %L
om 7 Y 7F ARt viARZ AR EQ] E2
ER2HO|EL} RAHAU B & Z10& K%
P10, Denosumab Foi5t SkAlo) A ] He T|ALS:
< SHSSEIE U7l AdgRolA 9] s FofAle]
RIS 47F 100,00078 (patient-years)d 0 ~ 30.2%
O MYES Halstal itk S5 SAtelA Al
FREEDOM study®ll4l+ 10,0009 (participant-years)
3 52% S H 5kl QJoH i,

A EZAECIE AR MEHXgeva)?t TET O}
(Prolia)y= &Y g0l &9 Alo]& A35o| th=
o, AR = TRt 52 THo] SERjollA ZAA F
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Hskeletal-related events)2] B4 18 T4 H85S
7, ZETol= A ol TS AR, A =
U5 A1 2k S71, =7 A e S vk
U= H|Ho ] AP, Ao 44 A&, ok=vet
Al AfHA] H QM JE Q= oA R ek =
A4 A&7 5ol AREEH, 671k 60mgH] Fofste
5 5R1=of Sl

29 el 404, denosumab T AREO]
ozt Elw] IASY] FHEC] 4%% BHH BlAZAR
Y|o]E ARE- 0]F denosumab £ 2EAOA] pooled
weighted prevalence”} 13%%2 5718+& B aIgHHf QL
oh?, o]of] B]ARAZYO]E AR F denosumabs &
of 5= SRR Ei TARSTRE ZPERH =015 Q3ith
vbA, |37} 2|22 {19t Denosumab ST A] Rebound
fracture T4 71592 Aol Fok shH, €A1 77”1
9] risk and benefitZ 11&{sto] ZZJstoiof Jirt, H]A
EAFY0|EQ ] ZFRA0| A WA FOH R de-
nosumab 0] FA] o] % Bl A5 AP A R{-=
H115H= of2] AgA Bt glon obz] 4 LA
= FE51th

Denosumabe] Foi3p7} A ST5 A =E 9
S AR == B 2 w5 =R Eolual k. A7t
A 55 Aol F271E 7HAIA == 73 Denosumab-
Y717} oF 7N 2 oF 670 Ee] o1& 7HAH E
B YARSO] Yjo] =3 A4Sttt Tt Denosumab
A& A BAZALHOE A7E AlYs] 2 H9=
71 9fRlo] XESl = 7= ol ook etk I
SF BH 2 H|AXZAIYO|E A 7E o 27} deno-
sumabQ = F|Tof| wARH $kAke] 7-9- eFAQ] Addi-
tive 3= Synergic A} whE Bl TARSEH 9199
S7He & J1eE|ojofp o B oot a5 A 52 9
73] 31014 Denosumab®] FoF A| 24 =7t 5
7F81= rebound fracture®] 7Fs3o0] 7R 2, |}
A5 915k oA Tk A S| A=A Hot A9 =




U5 A& 71o] =211 Denosumab 2| & 3 H]ARE

Ao EE Fojoto] T3} (Consolidation)E A1

T Forehd Harskar glom, o] gt A A A&
of

T3 PR oFF] §17] wf o] 7 3] Risk-
benefitg 1121%t 2 2AE o] Pastct.

3. Sclerostin =3} gH4|: Romosozumab

Z|o] 7idk=lo] 591%E Romosozumaba ZAE
So] BH|5k= Sclerostin®]l tlet %5} FAEH, Wnt
signaling Aol gt S35} BEg-O 2 LA P4 L
715 EXA7 e Ao, A7) 71&st 25 o

o= 1w

AARKE B Z34d< S4IskaL o] ﬁ_,,g o
Alste 3 AE 71 4= Atk FDACY 592

=P/ ZXA|= Teriparatide, Abaloparatlde Romo-

sozumab 37]o]t}. ] /3Al5] 71<5FAMH Teriparatide

. Anti-resorptive agents
|:| Anabolic agents

Osteoclast Precursor

Osteoclast

& =

Figure 1. Drugs used for the treatment of osteoporosis and its mechanism (EFORT Open Rev

2019:4:158-164)

oR =
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9} Abaloparatidet= 2ZA| e} ZA| 0] EIMAHS

284 EF 1 (PTHR1)Ol Z23e 24 Wnt =
£ ZAIA711L, o]= ZA| 22| Sclerostin WA= =
o F =G protem—mdependent RO} RGE Z+

7t o =M ofF] A8 UEUH, teriparatide=
cAMP ZH|E AJsto] B 742 S415tk= Aol
Abaloparatide= YA|Z 02 7335t cAMP £H|E 94
Sh ZJ&A1710] B Zlt}. Romosozumaba FARSHA
sclerosting A6to] Wnt/beta-catenin HZE E4
SRt 4-gA|ofl 2-8-5H= 7170] o= Scleostin®]l
A 2-85l= Aotk BiFE S715k= Sclerostin
= Ao 2 B /g X5k B F5E Ast
+ oF4] A YERd.

2% g A+ Z3t 1271 21 wiE Romosozumab
2 5o Al 85 2% F7P7F 11.3% Harwglon o]
& PTH (1-349)Ht} 57150] & Zo]H, FRAME &+

-

Abaloparatide?
Teriparatide

Osteocyte

Coupling Factor [@

>
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Osteoprogenitor
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oAl Denosumab(ZE&]oh) Fofit tH] Romosu-
zumab(C|H[YE])-Denosumab(ZE&]op) Ak Foi-
o] A T4 YAHZ 75% AAARKIALE et It
35 A=A &7 ]"41% HE Qe Jejut-B o]
A H9- 212 SEa} Seo ) A|RE (33217 5 2') oFE AL
S A ﬁ—i Harxjo], ofof] dfgk F714Ql
A7+ g6tk

4.1 9| %S T EHIASS Qe 4 UCHT 27
X U= 042

a2 0Py U N2 W7 o4 Fu oA 52
SIRH B AYY oA L A M 2A) A e A

o] 3hst pilolgich oA k)
(Antiangiogenic or Targets of the Vascular Endo-
thelial Growth Factor (VEGF) Pathway)
- Tyrosine kinase inhibitor : Sunitinib, Sorafenib
- Humanized monoclonal antibody : Bevaci-
zumab
- Mammalian target of rapamycin pathway : Si-

rolimus

S5 71 4 Sl QU] A Sllat] o
7 9 25 eelE BTokL B o]
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Q1 54F S0l 7101 1) B2k, Waol
e A1 7ol s of ek

ool =) Bedel Ealo] S54 Al A
Aol 2] 947t ARFTE RIS B B
o] WREION IHORE 12 A AT Y.

e ARl 11 ol et F-22E= (sequestrec-
tomy), &Z8te]&E (decortication), ¥iEAdE (sau-
cerization) 2 & -2 4= 9lom, T Loy} Elw| 7] 4]
B7H] AAE 851= 749 b= BAl& (segmental re-

section)@} 2T A% (free flap reconstruciton)
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1 FAIE dLefsto] dEsto] 4
Al ot B8 YARS-Z F25] 213= o]
Zak]7} Dofu}7] Hofli= Plain X-ray 2 CTol|A] &
o] 7] grom (A} APH ol FIAE B
78571t EA3D, MRIz= marrow?] ¥/3< €
o o= o HFAR] EA| &2 o] ofHt o]
<= bone scan 8- SPECT-CTof| g F-& 9o}l
1om AA| o F BRI 4 Q= TARR L =2 A
A& Ho] 1 ek Tkt scintigraphy?] £43 AF Eo]®
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Figure 2a. Plain panoramic x-ray and CT showed close to normal findings even though the clinical fistula and bone

scan showed hot spots.
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Figure 2b. Possible to identify the affected bone with jaw bone necrosis through 3D SPECT CT.
SRt A T YA A4 DTE Es A Al Foka AR of= oAl =2419] Fefh=
T2 A" AGFES HolA Hu, Bl YA 73 ‘d4o] tram, YARRS] a2 dAeh dAF A572] &
9 T1%0] AAULAP} ol T 0 SjRaka Al 5, 1)1 of 4-6H A7 Aetel b X162t A
R ESE e L R AR Ao ] B gl 7Rl 28] Fol SAE
A 2READ] BAR AARE SRR BARS T 5 Aok et Frk3F0] ohd thiby 4% 1
(o)
°

F

A Folal A IS FoA YA Al A= 73
7h gt olof] 2214 9] 7 0 = rhBMP-2.7, L-P

59| =4 8o F3E ARt rgetota St X]E
A= of2] ZAZF RESI) v FHlEge] ERly]
Aot sHA| 24174 2] BI7HA] §/do] igesA| SRl E]=
735+= o= AAlks Aol FESS 32 Caldwel-luc
&, SERA17 HAIE Aol ARtk @7 2 7]
O PA Ame= e A E A7A A& aE 72
SHA HAAIZITk L A 9lom™, 71er 1QkAkA, |
oA 2|5 52 B A5 EIASO] a7t 1
A5 HE ot

& A150] Zletelo] 40|
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Figure 3b. Improvement of jaw bone necrosis through rPTH alone treatment
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