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MRONTI (medication related osteonecrosis of the jaw) is a disease characterized by necrosis of the jaw that occurs after
administration of anti-resorptive or anti-angiogenic drugs. However, etiology and effective treatment methods of MRONJ
are not yet clearly identified. In this study, a systematic review was conducted to investigate the effects of pentoxifylline
and tocopherol on MRONI. A total of 5 clinical studies using pentoxifyllie and tocopherol in MRONJ patients among the
papers registered in Pubmed/medline were reviewed. Pentoxifyllie and tocopherol were used for therapeutic purposes in 32
patients, and the mean age was 68 years for men and 74.21 years for women. Of the 32 patients, 20 patients were stage 2, 11
patients were stage 3, and one patient was stage 0. In the most cases, the triggering factor was extraction. All patients com-
plained of pain in the lesion area before drugs administration. The average follow-up period was 10.6 months. After drugs
administration, 29 patients (90.6%) showed improvement in symptoms in terms of bone exposure and pain. Administration
of pentoxifylline and tocopherol in MRONJ may improve symptoms of pain and bone exposure. However, it seems that
additional studies on the appropriate use and dose, timing and duration of administration are needed.
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MRON]J (medication related osteonecrosis of the
jaw)= anti-resorptive T+ anti-angiogenic & &
of & ofzof| A7]= FAM Aglolr}. 200349 Marx=
307 pamidronate?} zoledronic acid®] AFEO=
QUeh W24 ok IALE LRI, 1 F R 9t
9l=9f| 9J5]| bisphosphonateE F <1 A=l
HI&S S U= Selee] Bl =it 20109
7oz, HIAZAZYO|E AA £49F of2} RANK li-
gand AJA|2] denosumabe|U?, anti-angiogenic F
E2l bevacizumab? 7} 7+ OFE o E3F oFF I|ANS
AT 5= Sl k=R AWt Ut 20149 Ameri-
can Association of Oral and Maxillofacial Surgeons
(AAOMY) °l 9J5}] ©3% position paperolA] MRONJ
2he &7 FHEIL, o YA 8 She A2 v
AEAFY|0E FE ofue} thE F57-9] oFE0] 2J5fiA]
= A7 S ookl A ST,

Anti-resorptive 9FE2 H|AZAILH|O]EQ} RANK
ligand ASAIZ Uz & Utk T HIAZAZYO|EE
potency@} AW X5 7]17tof| @A intravenous (IV) £
oral bisphosphonate® F-5%It}. IV bisphosphonate
= 0 AEAY, HAe ZH0lE AU multiple
myeloma®] 52 918 A=W, oral bisphospho-
350U AT, A E Holu4 =59
A o|g4gZe A=l ARSHT”. 1 2] RANK ligand
Ao 2= denosumab, antiangiogenic agent=%=
bevacizumab, sunitinib®] tEZ o], o] ek Zrhy-
T A&, B TFY ARE H3f AREEIL ATk
MRONJ| ozt Rl oFa] 25| Heix]A] gt
ok Z5=0] FeIA 2 It bone remodeling B
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roid, anemia(Hb<10g/dL), tobacco 9} Z2 Q4E©
MRONJE 212tA1d 4= Ql= 71018210 = A4 =1L 9}
o9, 5k X3S 954 kA 9] S, CHX rinse, Y19
A &7, AYA| Fol, %, platelet rich fibrin®] AR,
Low level laser therapy, teriparatide %2} 22 tf
P A& HHE0] AL EL Qo oF] HEdt treat-
ment protocol®] FHE 0] QA= b1,

Z MRONJ9] H&49] 22O ZA| pentoxifyl-
line¥} tocopherol®] AR&-o0] & ¥t31 QIt}. Pentoxi-
fylline?} tocopherol osteoradionecrosis (ORN) &+
2] ARHORA o &= glom 1 X5 &
= Ao R 71 sk Bl Yz,
Pentoxifylline 518/ A48 &= T3 (claudica-
tion) ¥ 22 U2 F A3Ho] X 5ol A EE= kB,
2g79] FAA (Hlexibility)E 57F A1711L, S (aggre-
gation) AAA171H, @3 o]Kvasodilation), FSHE
55 AsfistaL, HETLY julA L2 ] F2Hadhesion)
< A O EN TXERO Y2 sk 208
A A AeHe!”. Tocopherol 2184 284 % P
9] Vitamin B2, AJZ99] lipid peroxidation T4}
282 Bl Mol 2H, WEe ol e
ZFLorE 2 e A . Pentoxifylline@} tocopher-
ol2] Tk ARE-2 ORNY| o & A 75 9I5| ARGE 1L
Qlow, B BaloflA 1 2|5 a7t HilEo] Sk

MRONJ2} ORN2| 3y o] H|s=sith= Hofl
Zisto], F S0 MRONJQ X|&O|| pentoxifylline
7} tocopherol& ARERE SEIE0] HalE 1 Qlct. whet
A AAE ol2eh EES 1S, AA= MRONJA
pentoxifylline?} tocopherolo] &7} Ql=4]of i3]
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Pubmed/medline®l|4] ‘tocopherol AND pentoxi-
fylline AND osteonecrosis'g 4012 20229 7€ 7
o 7HA] AASE o, & 13719 A7 Uttt o] S Hf
AR SHARST 0] Sl =i, a0l Qi
=2, Yol ofd =2, 5= =1, review article
E A5t HFAH 0 E 5719] =S B2 4 A 7
Zro] =RolA AAF 9 WY A: demographic data
(age, gender, MRONJ stage), underlying disease, pre-
disposing medication, trigger factor, systemic anti-
biotics, surgical intervention, regimen of pentoxi-
fylline and tocopherol, clinical presentation before
pentoxifylline and tocopherol, & 717}, presenta-
tion after pentoxifylline and tocopherol (pain, bone

exposure) S 2P0 7 FAS A5k

g Sk= F 321 o]t &3t AFE= Table 191 7]
& 5[99t} Demographic data®lA B3 89 (HatH
% 68Al), o142 247 (B+AR 74.21A) ©1Ach Rug-
giero7} Aot 715 71&0 2, 04 249 F 1782
stage 2, 682 stage 3, 118 stage 0 °|11L, ¥4 8
H 5 52 stage 3, 32 stage 2 °©|Jtt. Underly-
ing disease= HILEA] 2 67 FAE AL, 26
Y 5 =5 EA7E 117(42.3%), cancerd] $AF
1278(46.2%), ThEAd 253 SAP71 3%(11.5%) ©1 Tt
AlendronateE F0{3t ®Ak= 11, zolendronic acid
£ Foi3t &A= 14%, denosumab2 T3t 2Al= 4
BoIH.

3279] 3k} Fof 109gHto] trigger factors X1 5}

Table 1. Patients treated with pentoxifylline and tocopherol for MRONJ

Demoaraohi Clinical Clinical
emographic . o . Systemic Regimenof  presentation  Follow-up Presentation after
Authorand data (gender/ Underlying  Predisposing ~ Trigger o . g .
car ey dsease medicaonfactor antbiotic  Intervention  pentoxifyline before extent  treatment with
y stg 0 therapy and tocopherol  pentoxifyline  (months)  pentoxifylline
g and tocopherol and tocopherol
Pentoxifyline
800mg/day,
68/F/2 Cancer Alendronate Yes Sequestrectomy tocopherol 800 Healed
U.l./day
Pentoxifylling
800mgy/day,
65/F/2 Cancer Zoledronate Yes  Sequestrectomy tocopeol 800 Worsened
Varoni etal. Ul.fday
(20212 Pentoxifyline
800my/day,
B3(F/2 Cancer Zoledronate Yes Sequestrectomy tocopherol 600 Stable
U.l./day
Pentoxifylling
Zoledronate- 800mg/day,
bIfF/2 Cancer Denosumah Yes  Sequestrectomy tocopherc 80 Worsened
U1 /day
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Authorand data (gender/ Underlying  Predisposing ~ Trigger Sygtgm}c . Regmenp f - presentation  Folow-up Presentaton aftgr 8
) e antbiotic  Intervention  pentoxifyline before extent  treatment with >
year age/ disease  medication  factor h d herol i h i &
stage) therapy and tocopherol  pentoxifyline  (months)  pentoxifylling r\l&
and tocopherol and tocopherol 1
. =)
Pentoxifylline >
. Mlendronate~ 800mg/day, o
93JF2 Osteoporosis Denosumih Yes  Sequestrectomy toopherl 800 Healed %
Ul/day =
=
Pentoxifyline §
800mg/day, ®
85/F/2 Cancer Zoledronate Yes  Sequestrectomy tocopeol 800 Healed 3
Ul /day g
Pentoxifyline =
65/M/2 Cancer Denosumab Yes  Sequestrectomy B00mg/day Healed g
tocopherol 800 1o
Ul /day E
Pentoxifylling |'-||?
‘ 800mg/day, o
/F/2 Osteoporosis ~ Alendronate Yes  Sequestrectomy tocopherol 800 Healed rlu—il
Ul /day
Pentoxifylline
T2 Cancer Zoledronate Yes Sequestrectomy 800y, Healed
tocopherol 800
U1 /day
Pentoxifylline No pain or
F/61/2  Osteoporosis  Alendronate Dentgl o Saucerization 0mg/dy, - Pan dchae, 106 d\; charge, reduced
extraction tocopherol 800 exposed bone in size, no bone
U./day exposure
Pentoxifyline No pain or
‘ . Dental 800mg/day,  Pain, purulence, discharge, reduced
18R Osteoporsi extraction N Sequestecomy tocopherol 800 exposed bone " in size, no bone
LU /day £XpOSUTe
Pentoxifylling No pain or
Seoetal. . Risendronate, ~ Dental L 800mg/day,  Pain, discharge, discharge, reduced
(20201, FiR8l2. Osteoposi Alendronate ~~ extraction o Saucerzion tocopherol 800 exposed hone 6 in size, no bone
L.U./day exposure
Pentoxifylline No pain or
‘ . Dental . 800mg/day, ~ Pain, discharge, discharge, reduced
FITi2. - Osteoponss extraction o otz tocopherol 800 exposed bone 3 in size, no bone
L U./day exposure
Pentoxifylling No pain or
F/86/2  Osteoporosis  landronate Dentgl No Sauoerization 800mg/dey, P, dcharge, d\gchgrge, reduced
extraction tocopherol 800 exposed hone in size, no bong
U /day exposure
CHSHR|ZHOIAREIX] MIBOR AI113 2022 | 697



ORIGINAL ARTICLE
Demographic Clinical Clinical
Authorand cata (gender/ Underling Predisposing  Trgger Systemic Regimenof  presentation  Follow-up Presentation after
oar a6/ dsease medicaon factor antbiotic  Intervention  pentoxifyline before extent  treatment with
y stg o therapy and tocopherol  pentoxifyline  (months)  pentoxifylling
¢ and tocopherol and tocopherol
Pentoxifylling No pain or
[0 Multiple } No Saucerizaton 800mg/day,  Pain, discharge, 8 dwgchgrge, reduced
myeloma tocopherol 800 exposed hone in size, no bone
U /day exposure
Pentoxifyline No pain or
M/84/2  Osteoporosis  Ibandronate Derta Sauoerization H0ng/dy, e, discharge, 56 dscharge, educed
extraction tocopherol 800 exposed bone in size, no bone
LU /day £XpOSUe
Pentoxifylline No pain or
F69/2  Ostcoporosis  Alendronate - No Saucerization 00mg/dy, - Pan, e, 59 d\; chgrge, reduced
tocopherol 800 exposed hone in size, no bone
U/day exposure
Pentoxifylline No pain or
F/82/2 Osteoporosis  Alendronate Dentgl No Saucerization g/, e, dicharge, 39 d\gch_arge, reduced
extraction tocopherol 800 exposed bone in size, no bons
L.U./day exposure
Pentoxifylline No pain or
Multiple  Zolendronate, ) ) L 800mg/day,  Pain, purulence, discharge, reduced
B3 myeloma Sunitinib Saucerzton tocopherol 800 exposed bone “ in size, no bone
U /day £XpOSUTe
Pentoxifylling No pain or
Multiple  Zolendronate, . ) 800mg/day, ~ Pain, purulence, discharge, reduced
B3 myeloma  Alendronate Sequestectomy tocopherol 800 exposed bone 3 in size, no bone
[U./day exposure
Metastatic Pentoxifylline Noginor
M3 Gastuintestil Zolendronate - - No B00mg/dey, - Pain, puence, 2 discharge, no bone
stromal tocopherol 800 exposed bone
tumor LU /day eiposufe
QOwosho et al. o Now
(2016 . entoxifyline 0 pain or
Bl Mztrz;satsatt\c Zolendronate, } ) No 800mg/day,  Pain, discharge, 3 discharge, reduced
et Denosumab tocopherol 800 exposed hone in size, no bone
|U./day exposure
. Pentoxifylline Fanand bqne ‘ .
Metastatic 80mca exposure, right No pain and partial
bIfF/2 breast Denosumab - - Sequestrectomy 0/cay. maxilla, left 5 resolution of bone
tocopherol 800 .
cancer 1U/day maxila, and exposure
h mandible
Metastatic F;%?;xﬁ/ydlgne Pain, bilateral No pain and partil
08/F/2 breast  Zolendronate - - No ocey bone 3 bone exposure
tocopherol 800 .
cancer Uy exposure resolution
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Demographic Clinical Clinical g
Authorand data (gender/ Underlying  Predisposing ~ Trigger Sygtgm}c . Regmenp f - presentation  Folow-up Presentaton aftgr 8
) e antbiotic  Intervention  pentoxifyline before extent  treatment with >
year age/ disease ~ medication  factor h d herol i h i &
stage) therapy and tocopherol  pentoxifyline  (months)  pentoxifylling r\l&
and tocopherol and tocopherol 1
. =2
B3/F/0 Mztr:tsatﬂc Zolendronate - - No Z%mg%!;e Pan sweling o pli No pain or swellin §
tocopherol 800 exposed hone P ¢ 2
cancer 5]
U./day =4
S
Persistant pain, §
Magemanne Pentoxifyline recurrent Resolved pain and o
g . MNendronate, ~ Dental 800mg/day, infection, paresthesia, no 3
andReychler ~ 58/M/3 Osteoporosis Toend . Yes No ool e 12 on soic 3
vy Olendronate  extraction tocophero p paresthess, more bony spicules, 9]
1000mg/day ~ bony spicule bone recovery 8
expulsion 3
S
Pentoxifylline No pain, erythema, 10
; 109 fol
e B Toendronate ) Yes No 800mg/day,  Pain, purulence, 3 or puru\ence, 16% i
tocopherol 800mg/  exposed bone decrease inarea of -~
day exposed bone F'_!.,'?_
Pentoxifylline No pain, erythema, rlu—il
B Pamidronate, . 800mg/day,  Pain, purtlence, or purulence; 92%
B9fFf3 Zolendronate fes o tocopherol 800mg/  exposed bone K decrease in area of
day exposed bone
Pentoxifylline No pain, erythema,
B , ) 800mg/day, Pain, exposed or purulence; 83%
B prede o o tocopherol 800mg/ bone 2 decrease in area of
Fpstein etal. day exposed bong
(010 Pentoxifylling Rough/inequlr No pain, erythema,
Alendronate, Dental 800mg/day, Gn/regu or purulence; 100%
81/Ff3 - ; No No bone at extraction 10 :
lhandronate  extraction tocopherol 800mg/ e decrease in area of
day exposed bone
Pentoxifylline No pain, erythema,
B ) 800mg/day, Pain, exposed or purulence; %4%
BHlFf3 Aenefonete o o tocopherol 800mg/ bone 2 decrease in area of
day exposed hone
Pentoxifylling , No pain, erythema,
Roughyirregular iy
TIMf3 - Zolendronate Dentgl No Hlmg/cay bongatextraction 9 orpuru\ence, oh
extraction tocopherol 800mg/ e decrease in area of
day exposed hone
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Qo L o} ®X| 2 YERGTE Systemic antibiotics
© 329 & HalEA 2 e 782 A9 sk, 127
(48.0%)°] Fofst3ict. 7714 22 MRON] A =5 913t
Surgical intervention % 329 % 21(65.6%)°14 Al
PFEoH, 11503B44%)> &4 =7t AF=A &
gttt Surgical interventions T2 2149 21} 5 12
H(57.1%)°] sequestrectomys, 9%(42.9%)2] A7t
saucerization= Wkt Q1-8-H 5709 A+ 25 pent-
oxifylline 800 mg/dayE F51%.2H, tocopherol
< A} AdolstAl Fof =it (500mg twice a day
or 400 mg twice a day or 400 U.I twice a day).

Pentoxifylline¥} tocopherol £ A SAL 55 &
== pus discharge, 502 Tt 327 AL &
T &55°] UehtoH, 31%(96.9%9] 7t & &2
AT TS & S E A b2 SR 19 A 29
EF21E Zo] Ilth. A W 77k HAlEA] 2
A 98 Al@fstaL, Bt 10.6711o| .

Pentoxifylline?} tocopherol £ 3 297(90.6%)2]
Aol A] FAFo] A EIQIT}. o] ek A-EollA]
= "Healed & 5-49] 7l 0 2 H7}619iHt 20). E3E &
23} pus discharge= 327 5 298(90.6%)°14 glo1%
o, 27(6.3%)- 3= AL, 17(3.1%)1> Heb o
2] ottt & &0 A719] SHoA HALER] 929
59| SRS Al 9] 517 237 9] AL 5 147(60.9%)2] =
o] bds] AR oM, TH(30.4%)2 & =& &
A 4A7h I =l

Z 59 9] JArAT B9 112 S5l A] pentoxifylline
7} tocopherole] MRONJ9] A|=0] 317} Q13- &9l
Stoirh AAIR 3279 A Foll 90.6%(29/32)9] 8

A7t 25 7iA 9 pus discharge?] 3i47F 919131, T
60.9%(14/23)9] AIA & =29] 7Havt itk o
T A= A o= 119 9] of 4 AP Eek=T,
ol= ¥7 o]Fof F7loke Etha52] Wt ol 3
o, Eot YO A o A AXol7] v
U Ao = A7t

Pentoxifylline methylxanthine =A™, cyclic
A oA =
cyclic adenosine monophosphate (cAMP) phospho-
diesteraseE Asfsto], AEFoA cAMPY] F=E 5
7719, 894 (flexibility) & Z7HAZITPY. Tocoph-
erol F7|3RMEEA], 2] IAFKlipid peroxida-
tion)E Bfol Al x2uke B o6kl Hel 437 A Hgrowth
factor-beta)?] MAS A3fgtct. Delanian, S.(2004)?
9] AoflA ORNOJIA RHEAQ1 A FAR: &9
MRS Fst, 2= 22 AEHskE ¥ oItk 5t
et 28] al o] IS pentoxifylline ¥ tocoph-
erol®] F4te} A8E B9l HEE o Aokl A6t
o}. wfebA ORNZH vRd7HA] 2 MRONJ9] W2l 5 oF

Al T P49 TRlolA A FE W, pentoxifylline
7} tocopherolo] Agk] 7jAo] FAHRI FFE & -
U Ao A7Em, & NHAE AAZ T3t 7
T WD 5 S0

ORN©]| U]*]+= Pentoxifylline and tocopherol®] &
5ol TR WA= EEs| NFYElo] It Delanian,
S (2005)%)9] 9Jsf 21222 ORNOJAQ] pentoxifylline
3} tocopherol®] Mg A7 XF= it AA}= 18
82 ORN RIekZ Hh2 Aol 10789 SAfolA =
pentoxifylline¥} tocopherol& Fo 511, 892 &
A1of| A= pentoxifylline¥} tocopherol©]| clodronate
ZF7F Fofotqitt. 1 A3} pentoxifylline®} tocopherol
Tk Fof3k 1089 84 5 9%89], clodronateE 20| &
ofgh gAEolA= 8% 780l A4t ARE HolS=

nucleotide phosphodiesterase®] H|A€1%]
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o kit Efo

015193t} E3F D'Souza, J (2014/4%= pentoxifylline
800mg/day, tocopherol 1000 IU/day, doxycycline
100mg/dayE Fol3t $F4 4= Zﬁﬂﬁ}oﬂq AR
+ stagel ¥ stage2 9] SRLOIA 70% A =L 7HA
11, stage 3 SR A= 40%7F QP& olgkal BHE 51
t}. Patel, V2016”2 545 WA 25 ‘%‘:% 82
o419} 390719 |2t FdZ FFH T At
HEA) A Wt 1170, 24 & Hat 13.671E pentox1fy1—
line T} tocopherol& T3t 2EAtof| 4| 7]& ORN ¥4
201 7% | A Blusite wf 1.7%= Wekthal B
5}94th. Martos-Fernandez, M (2018)'“-& pentoxifyl-
line?} tocopherok WA | 25 W2 SExjof| 4] 2]
S8 2 4= 9l ORNZ ookt atoletal o}
Aot 22y 1870 mgk 717 pentoxifyllinet to-
copherol®] o+ v 9] a3} (rebound effect)S @
I Uom, ESF 2-34 oFe] Fol= £ Q Sirhal ot
ALt
MRONJ &= ¥ Pentoxifylline and tocopherol®] &
5< AS5K= in vivo animal study® =0 It}
Delfrate, G (2022)°% rat°]| zolendronic acidE F°]
S 9] E ot MRONJ &5 53t pentoxifylline=}
tocopherol?] 9¥4 (prophylactic) A3} 2|7 2] &3}
£ H]skodt. Ratoll 4] A pentoxifylline¥t tocoph-
erolZ A 0 &2 Foigh Fuk 2] & MRONJ & &
A7 0 2 Folgt -3 H|WolGlS o, A A o
o0g Bofgt 42 & =F AY, 7o, 7%, SEH =
ofoHA] Eotold W W] & Fof g FoflAf= St
BA< ooke AHE YT skt 3 pentoxi-
fylline®} tocopherol®] o A|7]e} & §lo], Fof A
AR 0] HI917F ol S%S= TSIt sHARE o
WA 0% Fogh It XA O Fofet - H| WS
< M, A2 02 Fofgt oA AR Zo| F25HA
[ e = e A L) L

O

d

S Fo xE3HE SR} HFof|A| Pentoxifylline
and tocopherol T2l W= adverse effects= 2=

A| 3k}, Pentoxifyllinee 800 mg/dayl& Fof &
2™, tocopherol 500mg twice a day or 400 mg
twice a day or 400 U.I twice a day= 5o H| it} A4
2 PentoxifyllineS 43 F4Yo] 714 3112, To-

A

copherol®] Z-9ol= 11 8F0 2 F77 B Alof| 4
235, AT, g &) Yol 4= Qlrfal Bl o]

QL. A | EE9] Pentoxifylline and tocopherol
S therapeutic doseZ ARESF YAFATO A= Ao
TR FARgo] THEEA] ettt HaE . Qi AA|
&, Epstein, M.S.(2010/®2 ORNOJIA] pentoxifyllinex}
tocopherol& pentoxifylline 800 mg/day, tocopherol
800mg/day= Foigt Shafo| A FA-82 llrtar Har
i}, E3} Delanian, S.”% ORNQ] X E&2A4] o]8F
pentoxifylline 800 mg/day, tocopherol 1,000 [U/day
o] A| Sk RAgo] QItkal Bl stk

o] 7120 x5k AEE| A= antibioticsd] F2F
ojuf 7} AJHE &(sequestrectomy H+= saucer-

ization)7} 22 k2 MRONJ2| A 29 = 2-8-5|917]
2], pentoxifylline?} tocopherolo] T FoF%] X
2 A2 1T o, A4 ok Fofo] AR Al A
Al A3p7F Qohal ©lsh7|= of ok E3t T8 oS
S} <= gl pathologicst A&ke] £ A} prospective
= As}7] otk o] A7-E2] HAE A AE 4

A, pentoxifylline?} tocopherol®] 27 &aF
5 _E,_oq 7173 tigt F7H4Q1 05.?7} 2T A0= A}
FH} JHo|E Bty B 2 1ES %OHH pent-
oxifylline®} tocopherol®] 542Q1 A4 23Hs o=
=3 9 FFolA AT £ R.9H, pentoxifyllinedt
tocopherol®] Foj7} #Z&3lH |70 g A & vigt
7Fs/e AE 4 ARlTh

an

J

I

”iﬁd

p L=
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