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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.
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A &} (activation), & 4 (resoption), & &
(reversal), 12|31 Z&A(formation) HJAHL=E
olFo|% TGS AAE. o] TAolA ZobA|
Z(osteoblast)2} TEAZ(osteoclast) ] ZH-8-0]
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298] 7 A ZolA 12098 = x| S o] ©
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oz 3=l BP= o|E3h ZAFA IA
2 07 ulmA|aro] 2-g-sto] oAl AEA|
3} o] 5-& Ao B A ThEA| O] APE-S
.5, oldE 2434 ©?9l(bone remode
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 $8% 84¢1 BPY 1) 413EH ¢ 577t F55t0] Ex=o] Hrh= BRONJ HelE 7}
Al, 2) ZAF A, 3) HE/FEEd A, 4) | A2 2|50 o5 A7) of Frfal Erp 7,
AAA 9 vAlEEEe] Aol diste] 7]wstarat
sict, 2. ot AL 2Kl (excessive suppre
ssion of bone turnover)
1. A4 49 - R M
(avascular necrosis of the jaw) A3t viel o] BP7F ZUAE S o2 A5
U= AL ofg] dtollA & Yl 448 BP
BP7} AR08 NE T FEo| Fojx ¢l alendronateE 3ol FoA] tjRtH Tt 80%
?ﬂJﬂLlﬂ—LVﬂ % o AlSkaL Al E dHQ-quﬂi-"]' e FHAL GAIE sk Ao® Hilkoe] qltt
(anti—angiogenic effect)& 7F¥Ithil K il%|o] . BPHZoll TfZAl| o] o3t 547t sl o
ULt 53] BP7F ARt sHksto] o8 7 o Zoll A o] ZaxshHA] 4—*1]:5(osteocyte 7}
AA Y AT FAS FAste] B A e APESIAL ofofue} Z%9 lacunae ol F-2 ZAl
285 Uetl= 2 0= Harxfo] Qo o]ef Zhe 27} S7VHEA ZHAE ZeEgths 7o) AlA g
BP9 EAl W&o, %7]°| BRONJE H gt AP Lesclouss(2009)? & e o1& o<=¢]
Marx(2003)*4 Migliorati(2003)*+= WA = = GFol ARE 7} oAl o] ZHALR o]0l RS &
AA e B tf3RA Q] S50l WA S AL Z7] QEZo| A v O 7 WA} RFYE o] F=Fo|
(osteonecrosis of the jaw)4 tE&ZF2] F+a4 Ze =, oA =EH Zof ol A7 H3ol
AR} w7 = FHg Ao AA|I7F ZHjALR o]of Ze et sk3ih & o] BRONJ7L 7|24 ©.
Actar zkstel BRONJE “avascular necrosis “aseptic necrosis’ E’—PHO]EF’ FAeic &2
of the jaw 2}l "rgs}3ict. AZF dojupr| MEE aojst ATNAke] E24] AF2
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sto] Uehdths M 1nside—out” 7?@4
= o|EtkFig. 1. #5).
BP9 932l zoledronated FoiotdlSm thE
“HEC} guof| A ZThALA A7} B% ZFsHAl dolwt
So BaEola? | Ao A wEE W thAb
g(lntracortlcal bone turnover) L7} A 2E
o] A7t 25%, 3t} 7]AH(mandibular basal
bone)o] A7t T%AE=7FA QY Hste] A& (tibia)
U &l (femur diaphysis)< 1~2%°l 23Fsich
3 wsle] glep. SRSk olo] Wstel BP7F rhe
AN 5)5r o Sulo] DEER ARER:
A F7AE BES Reloh, A4 BRONJ
Waglo] 2ol obA QA itk BIE 9)
o, 2, 23 o] ST EAjske] Pl
2 B4} ol ks Aolos w0, Eak by
Aoz BUbt wobsls B 75 Alse
(hypoparathyroidism)ol|A] ¢| BRONJ$} 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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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
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6%2] 7oAl Wx|el 2 ojwgl
AU Za AR 57.4%2] 49 1 4
A= QUTRaL SR olgrgof TRt 2AL
o] oJshd A 567 BRONJ F&lF At 7]eke]
Ap=glo] A glo] 71 BRONJ7ZF 180% 2 HA|
9] 31.6%5 AFA|SEAL QTP A&7} &35k ol A]
RS 2005WHE 20118744 ¢] BRONJ 238%
g= SolsjEm [H|9] 9.7%¢] 23o] ojmdt 2}
ol dels Hds fle Ao oA
‘outside—in" 7Md=Z o]zgt W2 2kAl=0] 9ff o]+
£ &4=§1°] BRONJ7} sl l=A] o513] drgst
7] otk eAIE 7HA] 2L Qlet

1

4. XA X o|MZEEae] Sy

1) HAZHEHimmune modulating effect)

BP7} 2229 thefst Aol FokE =
Aol ofe} "R A= FoFe Fok F L I
Aol A= 7291 BP %97} pro-inflammatory
¥+ anti-inflammatory cytokines %74
(modulation)dto] FAFAE= 7Hl= ALz A
A B2 ARA AtellA SrEEo] v A4
& A&l o] §HTP”, olet= Ee] BPE FoIgt
7l o= BP7} lymphocyted] 2¢3}o] pro-
inflammatory cytokine@4< ZZsl=%50=2
dH AU, BP7F €N Al iYW farnesyl
diphosphate(FPP) synthaseS A5 =4,

o]& 3t FPP A& upstream metabolite?!
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isopentenyl pyrophosphate(IPP)& 57FA7]aL
ofZo] T cell of &ato] QAAEHA pro-
inflammatory cytokines =H|5}7] w0ty
o3t pro—inflammatory cytokine &H|7} 3}
A A2 o2 BRONJ W3} QA S 7HA=A]
= 13slz] ot EA4FA 0 2 BRONJEAES A7)
Zte] BPFo] WEg 7HA|AL Q7] wiZof BP Foi%-
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BRONJ 7} A& 2 & 2003W Marxs?,
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ofstaral A7k AlAHEE 20069 Migliorati 5+
% Bp §o] 11 AAHeRE = 4 ot A
AF QlolE ZF4:0] A3}7t ofub Bako] gast
WA AEZAEI 2 TA 2P AAE oot
(Fig. 2. W Z AL $HHO= dojuta o]

Bisphosphonate |
+ 49, 2d

Bisphosphonate
So] Rk

Bisphosphonate
+ chemotherap

bone multicellular
units | B4 2

bone cellularity 2}
HRgo Ux

MIZ DAF S AME

Fig. 2. BRONJS| HoI20=2 HA|El &7|9| 7HM. (Miglorati (2006)" =
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off 493 A5l dofdtid(inside—out) AR FEFE FsH & HAPF 2= ATkl AZslE
AAPZE 7P A58 Sl 71Rde] HAlRE ff e 5 i (Fig. 3). MR of A, 2ol SJshA| &
2 54 wo] SRR T dojub=Aol of = BRONJE A%3l7|7} offe}, F5avket 2
sto] Atz AmgshA] 3t} olofRtsto] Z|ik#Ql  BRONJ 7132 Al SlojAl, 2ol BPFo
Agoluf oo Qlsto] 22402 Zald 4yl 2 A7 EHARE 2eke 2% 230] HA &

FREYe 2y \ [ siposphomaie $01 |
gAK =
BP7} AT 4
= JHUHE, 8
-P_I-HIE, ﬂmlﬂﬂ Osteo- Angio- || Osteocyte |[ Osteclast |f o i Bolulg
of 54 el el vl sl P Pl e
204 (EX], 5 o4, ] At @iofilm) || oISy
Sain . :
i s U P
i U
am
}
[ |  #munge me | | 724 w=zio 2es7 |
e
EAHE ZXE| |_' EES
BRONJ

=

9| BRONJ position paper (2010)0i|M Sig=l &
{7ER| MZES| AEnt Aol dsks FHAM 2
P Z4E S7HA I%.'EEW BRONJ} X|=ICh=

Fig 3 TUER] AN3 0l|uE 20| HZMEY ZE4E O
ZIMIF Ftslol g7t BEBOIN T2 B0 R2lsipikf oixx
SMg Zdsol B INE GBAIZCIS el oIZF SN WM. AXIR9) P2 e2lo
(Reid (2008) 2| 2 HEi) PESINE

=2 Ho
s |
ga
S
1o
Thr
]3]
i
-
B
M

Mz

oot

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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Lo A0 R ofaEln itk Hold (Fig, 4). o]
9zo] BRONJY= 71 7)0e] o] B4l §4)
291 AP BASHE AT Aol glon] o]
© Table 12 8.0F84 9let,

V. 28

BRONJ 9] e z|atziel 7142 ofsfsk=d 2l

of Al theFgt Mol AAIEoSIY, A RA =
BRONJ7} 7] 7o) n|d& 2 o2 QIgh 7t

Aol vzt Fx2 9] YAA ] whg-2] o] Uglo]
o] ZHAE FUSHA He=AUA (S, septic
necrosis® ¥ IPOE EARIA), oflH =R

N
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MO

(bone remodeling)@A o] JA = o] aseptic
necrosis, & ALY AAE Qg ZH AR} o] 221
A x40 ool TeEY ofeshE 2ok
O 83t A1a Q1A ofA . Hets| YiE %] ¢k
ALt F o|2F HAE inside—out 7Hd, $AE
outside—in 7M=& &3] HYshy L& YS=2 9]
A5EE XYL glow o5 S sl thefeh A
T2, A dlolE7t HarEar ik, shARE FAH=
A o] = 7Pl B SElE A5 WHskA Al
FA= Fob, S 848 A BPY A7|Fo =

18 microcrack 2] ZZ|o|L} HuES-0] ko T
Sho] 3R thofet AP A, QA ALt oloj Ao &
Ao At

> Bl
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