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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(BRON]J) is the major concern of dental practitioner. This study intended to perform
the review of the current understandings concerning the pathophysiology of BRONIJ. 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 BRONJ. Both theory would be
partially explain BRONJ. 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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S22 GO AAHA AollA FAE L 45
+ 1S AAA HEot. EAF 4 (bone remode
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B = Aoz, FAo| 44 524
A 3} (activation), & <
(reversal), 7128]al Z&A(formation) FAHL=Z
o|Foi2l ZAFAES FAET) o] TN ZotA|
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BRONJ 9 4997} ehf5zo] &9f sl Aot
R4 4ol 71 Fast a4} ek, geba of S
Zo] dojuh=r} k= AL oldsh= Aol a5}
o 71A] E3lof| A BP7F Ul AulAEo] 2 A=
o8 BAS 7B WS ofgj7kr] &4t ofgt
RN ZAro] 71 03 QB 3bAS vl
O AAIEIL QP

BRONJ &] Hl20f| thel oj2f7kA] 7hdo] &5t
ARt EHAZE A EO EkEo] 2HYE
“inside—out’ 7M1} BPo] H&g o g olat LA}
v 24 Ee YA AR Aoy 459 A4
gt A R7F o] FOI A FobA Zuh7E B 213 of
BRONJ7} I8 €lth= “outside—in"7}do] 4]
O 2 AN oAUy 110 J =mol| Al o2t 7Hd
52 MAysts Q3 949 BPO 1) Algdw o
Al 2) ZohAE oA, 3) A/ B, 4) |
AR A 2 o)A ZE ko] AykAdol thste] 7|&slaiat
gtk

=ETPY

1, MM MR - 2N

(=2 | 'T'_J—IAI'
(avascular necrosis of the jaw)

BP7} AE4er A T 5= FolH 49,
AN ZE A5t AT T P A AT}
(anti—angiogenic effect)& 7FAttal HilE o]
e, 53] BP7F @AIet FHtsto] o8 ¢
UXA Y AT FAS AAste] Bl At et

g5 Uel= Aoz Hirsfo] i, o]ef 2k
BP 54 W&o, 7|9 BRONJE =
Marx(2003)*4 Migliorati(2003)*+= WA =
AA] ZAEE HEAHQ T6-2=0] HIAPAA ZIA}
(osteonecrosis of the jaw)u HE&Fo] F84
AR} rRR7 A = Ea /A o] oA|7F ZHARR o]of
Zlthal A47kste] BRONJE
of the jaw” 2tal Hg3}ict,

“avascular necrosis
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SR RS9 QAAE A, HEHQ anti-
vascular endothelial growth factor(VEGF) 91
bevacizumabs Fo{ok= Zlo| €W AL &
& OlsA| A5A71E o] ohjeks Alo] SklE|)
ot FEAYNA FEH BRONJ FAF HaoA
ool Rl HashA| gherol HarE e
. IERF BRONJ Hof] dagAdo] A ik 4
A FFo] YIAY HojoRgole E8laL, Ba
el o] BEEo] glrhe Ho] A Hso]
A= ol BRONJE
HIQA= gk, TS tiE U A= SolA= BPF
o1 TP} AojubA] eRee| o) At 3} e B
7} F53 Lol Al BRONJ 7F 7141 Aabr] oy
t}. o]2fgt o] wwell Y 3 ol = qlste] =
J,];\}y} 01011/}1 T IR F 2A ARPO] A RA T

F7} 5E38}o] Fi-Zo] Etk= BRONJ Hel& 7}
’S.% 250 Wol5oiA)7] ofHttal &

avascular necrosis =

5,27

2. D=5t AL 2Kl (excessive suppre
ssion of bone turnover)

At viel o] BP7F ZHiAE =402 At
O A2 ofg] koA & Yehelet, 3-8 BP
¢l alendronateE 3o FoA| ti27HE Tt 80%
Az ZA} AAE 2Hst= ACoRE HiEoe] Q)
. BPujszol] apEAlazol| &fjt g7t Aasial of
mfjof] S o] FashHAl ZA|E(osteocyte) 7t
APEsEaL ojofutel F22] lacunaeHlol] E- A
A7} S7FHA ZAARE 2ttt 7Hd o] A E
o Lesclous%(2009)"” & g 1912 &3l
Hso] AIRE T} o] Al o] ZHALRE o]ofxS &
2] QEZol| A upEE O 7 WAL R E|o] FeFo
=)o, o]FA =FH Il Aol 7| dFol
okl sH3ch & 0]5-2 BRONJ 7L 7|24 02
“aseptic necrosis’ IFFoletal FASITEH =]
AZE doju7] A EE S ojet Ao Z2A] H5S
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Uel= SAM 5994 uptake 57PF =24
o] el tiste] A rh= & Sa5HA 45k
oY ZIAPF BRONJ(Ee%) B4 &3 ¢4
sto] Yepdth= 7HdS “inside—out” 7Hd9] 7F
< olEtHFig. 1. #5).

BP9 ¥%£2l zoledronateE TS =
Foluoh oA ZTAAIZE B 738l dofsk
So HaEolQlar Algte] e wdE i SThAk
E(intracortical bone turnover) &E7} A2
o] A7t 25%, stet 7] A H(mandibular basal
bone)o] A7t TRAE7IA| QI "t ZdZHtibia)
U tjE&(femur diaphysis)< 1~2%°l E3}sct
o Hasfo] Qo sRA|ut ofof| ¥iste] BP7F thE
AW F)Eoh o] gwo] lFEsE A=
A A= 753 Holob?, A4 BRONJ

2E9lo ZAkEo] WobA QIA] gtk HalE gl
o &, SAL o] kA2t A5k Rl

F47F oyl Qltk= Aojo 0 w3t vy
Ao g Frjart RolA s B 7)s A skekAt
(hypoparathyroidism)ollA] ¢ BRONJS} AR
ST} Y7V A] Q=A] oF2] 2 g E AL QIR ¢k
TR o] ufjizof 3ofst A7k Ao dAvEE: EaL
HH BRONJY &5=Holut k2 Zfo]7} glom
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— Outside-in ?

— Inside-out ?

Classical ONJ model
by radiation or BP

Unknown ?

l

Started with “Sterile
necrosis” of the jaw bone

l

| Bone exposure |

l

Appearance of classical
chronic osteomyelitis

| Impaired blood supply ?

BRONJ $449] 859k 42 ek EA27}
Bzzztol wlsto] T1rkA] £e1k Ao} gieks Htel
BHEN 72 nefsha) ofefet 2ty At
21 BRONJ9| 7148 43sp] ofgik Ho] 44
g,

3. ZY/EZ Lo st dE (influence
of infection/inflammation)

BP7} Z3HE S22 47 & HA Y=t 0]
ofjof| Be2jote]] A 24 T3 S5 oR
s o) ol & s] AAEA] ghoba] hedo] &
Hep 2 BPE FofstA HH AWl =& v
(10-4~10-3M)2 BP7} EAfsk=dl, ol=let i&
9] BP7} U AltgAlE S218kaL, 2ok
biofilm P& Xt dHAUH”, -
2, R =R dHE2olrt A4H AdejollA= Bt
glgjo} frksol] A2 555 %ﬂ*l 7|A =
oh. BPR 1 250 O*XM = °
O A|AZ} A2 o] Fo| X A] grot A] =
ojL} AR 0]011111}“ “out81de—1n 7}’\30
AA =L QeKFig. 1. %5

BP7} 23| thets] 7:'&5}1 U7 L2154

_ll~>~
3

| Soft tissue toxicity, Trauma ? |

| Bacterial contamination | ﬁ

to bone

2

bone

| Impaired bone resorption |

Inhibition of removal of
contaminated bone (OM)

| Prolonged bone destruction |

Fig. 1. BRONJS| &t 7|MS MH5l= EXQI

FIHX| 74A9l "inside-out” 2! "outside-in" 7 AL
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AxA o tigk BPO| /o] &
T=F0| o|FolAA Ht, o]zt kEH
Zo| &A A= Ar|Ho R 7o F o|o]F AL
AA & 1) E 72t AT ASEIA AA
T Qef oy EEEe] oJshH A 23|
F(keratinocyte)© 24 A& oA (migr
ation)s°ll BP7} A2 %'g- ?‘5_}‘3}— o] A A3
ope 2742 skx]at th 3 2]¢1 BP¢l alendronateS ¢
ZAof| A F= gel FAO= HHEo] 50| Q=

Buy] el Rolst 23t 6712 ol AT Bol
sqlsjglom, AFEd Hgo Fud G %9
the B3} glo] ofefat 7Hdo] Tl BRI b=
2] of 7} Gle

BRONJ o]l lo1A] 4l o] 71 78l 2
21 owﬂ AR 0k AN theh TS
ob4 Asgolth, BP7} ZghElojols ZxHo] ut

mOm WA st s ol o] SuHe g
#] oJsto] oi7lE 7FsAe] AMEOm, BPE

coating ¥ EM7} actinomycetes?] J&FS 4

AlZ|EA o8 Haz) Haqley? Aghaloos(2011)
< BPFo9} 2|3dgto] RIS 78‘—?—01] TER
oAl BRONJE Z&fisl= St 2400 =4, &
3] BPFoUIC 2= BRONJE Z&fsl7]= 01%@
SRS 7 BdolA S8 vk ok, 220, vt
EA] ZieZo] AR ol BRONJ7F 22 &= 740]
A =EEA] 2 ZollA dAHAQl AL WA A
ofu= A7 EETE Ho] AFEHG w1
BRONJ7} BPEoIT A= A7) W gla, ?‘%%
2] Sk 22 HEre] ool dH = 4% 9l
o & SR ol FEIEEA] o] =EH olF
ofof 2 Eth= Zolc} Aspenberg $(2006)2
A ZYUAHAIA A5 ZHAreE 22
sterile bone death)®h= g¢], ve|gjote] 7H9=
Zo| WEA AAEA] Fsto] o] St H= vt
A S5 A= sljof kil STk

.
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4. HEHA A DjMEEzte| Fatd

1) HAZHEs I immune modulating effect)

BP7} ExA U9 thekeh IAjazofvt F3S
Aol ofe} " A o= Faks ok AP L
Aol A= T A1 BP £97} pro—inflammatory
T+ anti-inflammatory cytokine&x %74
(modulation)ste] FHASAES 7= Aoz A
Al =2 APA AtolA SEEo v A5 BE
& A zof o] FHPY, o]2k= Y] BPE Foitt =
71+ BP7} lymphocyted ¢&3}o] pro-—
inflammatory cytokine@dA< ZXst=7%02
dH A8, BP7E @9 A EZUW farnesyl
diphosphate(FPP) synthaseE 2AI5H| E=t,
o3t FPP YA+ upstream metabolite$!
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isopentenyl pyrophosphate(IPP)E %7473l
o|Z o]l T cell o ¢sto] QAAEHA pro-
inflammatory cytokineg ¥H8|3}7] wjl&olch?,
o]2{3t pro—inflammatory cytokine &H|7} I}
o 24 o2 BRONJ Hia} QIaiAE 7444
L gaksix] gt A O 2 BRONJEAELS A
7re] BPRo] WEE 71l Q7] witoll BP Fol%
of ofzjgt A-g-o] o]@HA| A-gste] & k=E7HA| o]0
A=AE As] wolslr|= @A 02 ofgfzo| 9l
7| oo},

2) OMIEZEe] Gty

O

TxAL AL ol n|NZAT} WHEA 0] %
AE, 53] Yo7t &5 olgt m1crodamage

7 2R P, ZobA|REo] 2%t microdamage /
microcrack ] A= TEA|E o3t 3] 2
Tz dojif= of2|7kR] axQIAE9] #Hlof| 23k vE
3olth, vt BP7F & ARl AEErhd wh2A|
7} QA E AL Zo) A f7t 2 PR A
ZEAH oA 1% 9] zoledronateS A7t Fol
SHH ) 22} microcrack©] ol A7Ith= A o]
HEo] QItP? Hoefert 5(2010)>" Z<=HoA

= ZF Ho|R] 9= microcrack®] ZHA} Haof &

53] gk wIskgt 3 B4 ALelE 2
229 microcrack®] A7 =], BPE 15t
ofelgt Aol Thet X195 Yk wHEA £ Ho}
AEE] AAZ 215}e] microcrack®] FOIA|= A 9]
ohlet HAHOR FHE, o Helrt YHHOR
£ BiZo] gl AH) AAHQ T} At |
ot of7]o] HiEeolt MWste] 5 HHe 2o
151 AlS WA T Heph ), olelgt 7]
DP%‘-*% FAre] BRONJ H4-E o|afsh=t] A
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. BRONJ 919 2 F%

BRONJ 7} A &2 & 20039 Marxs?,
Miglioratis®ol &Jsfo] HilH 0|5 11 7|4 ﬁ}
oFstalz} A7 AlRHEE 2006 Migliorati 5=
) BP o 1 ATk, 2, Z 1 ot 2
A} QlolE Bg0] A3} ol BFrago] Z4s)
WA AEANET T WA ZEE AN} 9t
(Fig. 2). W & JAk $AHOR Aol o]

Bispl f Bispl I
|_+'z."a',sz|+; || 0| JXHA

+ c'hemt.)therapy |

bone multicellular
units 2| &9 Z4

bone cellularity 2}
R A2

]
qa
)
:U

oLT-—

M= 2|AF S A

ONJ°| Ho|2o=z ; |)\|E|

Z7|9| 7}M. (Migliorati (2006)*" =

SozgE NH), BA HASS 8RO 1 AAEioRE 2549
249 3 A} ZRYSEHOR MBIGO0, O] ZHOIN BRZ
7} 28 dEg 898 HAI,
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of Z4} A5l Yojdrtd(inside—out) ZTHAM] TrE S & YAE 2= Ao Azl
AAZE 7V A5E Qe 71Ade] HARE Y =l A (Fig. 3). SHAIRE o] 75, eldoll ofshA] &
2 54 wo] SRRl FAPE dojuh=Alo o BRONJE AWsp7|7} offet. FEdniet A2
sto] A= drgshA] ZRich ofofRtste] AJ2kAQl  BRONJ 7|3 Awdtoll qlofAl, &Zol= BPFo
dgolu effo g Qlote] 22k4 02 2d el I ARPE SYAE ZEithe 2% 240 HA &

ﬂllﬂ

i Ol
rr —l>

Bisphosphonate &0 |

ﬁ
EH
hu

BP7} &af Al
=, ZHHME, E
EN=Z, HYM = Osteo- Angio- || Osteocyte || Osteclast 7} E ZHALE] EETE
o =5 oo || geo ||| g o am | e | ™80 ]
QA4 (], £ g, Bt (Blefim) [| SHEAN
= AX AF H SHA -
i . k) biofilm ¥4 I st:a's::aal & remodeling Zt2, e
— ALE 9|
B%ITL{S_O:‘;'E Elﬂ' D ALE HAHe| x|
ar
| | munge ma | | 220 sezio 257t |
nhEH =
susazy [ 28+

BRONJ

Fig. 3. TZ&2to| &4kt olo2 Z0| EM=EY ZFTE US Fig 4 U= SCHAISIE[S| BRONJ position paper (2010)M CigEl &

7b SEHM 02 20| Re|=/HAM =0 HI|T® BP F0{7| 0{2{71K] MZO| A=D1} xYMol| Fete FHA 2
=EME Zdfoto] 2 IAE ASIAZICHE BPe XA =4 JHM. MRReF 72U YiE2[oF 22 SIIAZCEMN BRONIE Zaf=Ch=
(Reid (2009)"2| EE MHE) 22 MAlE

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 N —

1. 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

[SSIIN N

1. Osteoclast apoptosis, reduced bone remodeling

. Necrotic mineralized trabecular and cortical bone, but viable periosteum

BRONJ("inside-out”) and soft tissue initially Mandible + Maxilla
. Mucosal necrosis -) Bone exposure

. Secondary infection

N

S~ w

1. 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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= 7102 o]3||E] 1L Qlth= FHo|tl?(Fig, 4). ©]
o] BRONJ:= 1 7]Ho| glo] ZZalou} EAb
B A] Za)AReR= ALCHSE 2jo]7) 9lon o] A
ble 12 QoF=2: it}

jg

=3
0]
B S
()
= Ta

V. Z=

BRONJ 2] ®ejz|alzlel 7]4S olsist=d] 3l

ol thefet sHdol A EANY. A=A =

BRONJ7}A7|= Zlo] n]dlE Ao Qg gt
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MO

(bone remodeling)¥tg o] JA & o aseptic
necrosis, & AR JAZ Qg FH| AR} o] 221
A A2 9] Hofo] FeE9] otk Zefiok=
H $a3F YA aX| opA| = Hes] ¥E | A] ¢kl
ot F o]EF HAE inside—out 7HH, 3AE
outside—in 7Md= &3] Yt 2F U2
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