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Imaging Findings of Bisphosphonate-Associated
Osteonecrosis of the Jaws

P.M. Phal
R.W.T. Myall

L.A. Assael
J.L. Weissman

BACKGROUND AND PURPOSE: Bisphosphonates are drugs that decrease bone turnover by inhibiting
osteoclast activity. An association between the use of bisphosphonates and osteonecrosis of the
maxilla and mandible has recently been described. This study describes the imaging findings of
bisphosphonate-associated osteonecrosis of the jaws.

MATERIALS AND METHODS: This is a retrospective series of 15 clinically diagnosed patients, identified
at 3 centers. Eleven patients were women, of whom 6 had breast cancer, 3 had osteoporosis, and 2
had multiple myeloma. Of the 4 male patients, 2 had prostate cancer, 1 had multiple myeloma, and 1
had osteoporosis. The age range of the patients was 52–85 years (average, 68 years). The mandible
was the clinical site of involvement in 11 patients, and the maxilla was involved in 4 patients. Imaging
consisted of orthopantomograms in 14 patients, CT scans in 5 patients, and radionuclide bone scan in
1 patient. Nine patients had sequential imaging. Two radiologists reviewed the images.

RESULTS: All of the patients had a degree of osseous sclerosis, most commonly involving the alveolar
margin, but lamina dura thickening and full-thickness sclerosis were also observed. The sclerotic
change encroached on the mandibular canal in 3 patients. Less commonly encountered findings
included poorly healing or nonhealing extraction sockets, periapical lucencies, widening of the peri-
odontal ligament space, osteolysis, sequestra, oroantral fistula, soft tissue thickening, and periosteal
new bone formation.

CONCLUSIONS: The most common finding in bisphosphonate-associated osteonecrosis was osseous
sclerosis. This varied from subtle thickening of the lamina dura and alveolar crest to attenuated
osteopetrosis-like sclerosis.

Bisphosphonates, drugs that decrease bone turnover by in-
hibiting osteoclast-mediated bone resorption, are used to

treat osteoporosis, Paget disease, pain from osseous metasta-
ses, and malignancy-related hypercalcemia.1 Recently osteo-
necrosis of the jaws has been associated with the use of
bisphosphonates.2-8 Patients with bisphosphonate-associated
osteonecrosis present with nonhealing extraction sockets and
painful bone exposure.3,4 Because of the increasing use of
bisphosphonates, these complications are now being encoun-
tered more frequently. Diagnosis of bisphosphonate-associ-
ated osteonecrosis is clinical, because it is preferable to avoid
biopsy in patients taking bisphosphonates because of prob-
lems with healing postsurgical intervention.9 As a result, radi-
ology is likely to play an increasing role in confirming the
diagnosis. This study describes the imaging findings of
bisphosphonate-associated osteonecrosis of the jaws.

Materials and Methods
Institutional review board permission was granted for this retrospec-

tive study of 15 patients taking bisphosphonates who developed os-

teonecrosis of the jaws that was diagnosed clinically. Patients included

in this study were those currently receiving bisphosphonate therapy

who developed painful dental conditions requiring management by

an oral and maxillofacial surgeon. This included patients with painful

bone exposure, nonhealing extraction sockets, and infection difficult

to manage with conventional therapy. The patients were identified at

3 centers. A chart review was performed to document the clinical

details. Two radiologists reviewed the imaging of the jaws in consen-

sus, which consisted of orthopantomograms in 14 patients, CT scans

in 5 patients, and radionuclide bone scan in 1 patient. Nine patients

had sequential imaging.

Eleven patients were women, of whom 6 had breast cancer, 3 had

osteoporosis, and 2 had multiple myeloma. Of the 4 male patients, 2

had prostate cancer, 1 had multiple myeloma, and 1 had osteoporosis.

The age range of the patients (at the time first seen by oral and max-

illofacial surgeon) was 52– 85 years (average, 68 years). The mandible

was the clinical site of involvement in 11 patients, and the maxilla was

involved in 4 patients.

Results
Clinical data from the 15 patients are shown in Table 1. Dia-
grams of normal orthopantomogram appearance and mild
and advanced bisphosphonate-associated osteonecrosis are
shown in Fig 1A–C. All of the patients in our study (15 pa-
tients) had a degree of osseous sclerosis, most commonly in-
volving the alveolar margin (10 patients; Fig 2), but lamina
dura thickening (7 patients) and full-thickness sclerosis (6 pa-
tients) were also observed (Figs 3 and 4). The sclerotic change
encroached on the mandibular (inferior alveolar) canal in 3
patients. Five patients had poorly healing or nonhealing ex-
traction sockets and periapical lucencies. Four patients had
widening of the periodontal ligament space and osteolysis (Fig
5), 3 patients had sequestra (Fig 6), and 2 patients had oroan-
tral fistula. Single patients had soft tissue thickening and peri-
osteal new bone formation. The frequency of radiographic
findings is shown in Table 2. The single patient in our series

Received July 9, 2006; accepted after revision September 23.

From the Division of Neuroradiology (P.M.P., J.L.W.), Department of Oral and Maxillofacial
Surgery, School of Dentistry (R.W.T.M., L.A.A.), Department of Otolaryngology (J.L.W.), and
Department of Ophthalmology (J.L.W.), Oregon Health and Science University, Portland,
Ore.

Paper presented at: Annual Meeting of the American Society of Neuroradiology, May 3,
2006; San Diego, Calif.

Address correspondence to Pramit M. Phal, Department of Radiology, The Royal Melbourne
Hospital, c/o Post Office, Parkville, Vic 3050, Australia; e-mail: pphal@iprimus.com.au

DOI 10.3174/ajnr.A0518

H
EA

D
&

N
ECK

ORIGIN
AL

RESEARCH

AJNR Am J Neuroradiol 28:1139 – 45 � Jun-Jul 2007 � www.ajnr.org 1139



Ta
bl

e
1:

Pa
tie

nt
da

ta

Pa
tie

nt
Ag

e,
ye

ar
s

Se
x

Un
de

rly
in

g
Co

nd
iti

on
Pr

es
en

ta
tio

n
Lo

ca
tio

n
Bi

sp
ho

sp
ho

na
te

Bi
op

sy
M

an
ag

em
en

t
1

65
F

M
ul

tip
le

m
ye

lo
m

a
N

on
he

al
in

g
ex

tra
ct

io
n

so
ck

et
/

ne
cr

ot
ic

bo
ne

Le
ft

m
ax

ill
a

Zo
le

dr
on

at
e

N
ec

ro
tic

bo
ne

Cu
re

tta
ge

,a
nt

ib
io

tic
s,

hy
pe

rb
ar

ic
ox

yg
en

th
er

ap
y

2
67

F
M

et
as

ta
tic

br
ea

st
ca

nc
er

Pa
in

;n
on

he
al

in
g

ex
tra

ct
io

n
so

ck
et

Ri
gh

t
po

st
er

io
r

m
an

di
bl

e
Pa

m
id

ro
na

te
ch

an
ge

d
to

zo
le

dr
on

at
e

N
ot

do
ne

An
al

ge
si

a;
an

tib
io

tic
s

3
60

F
M

et
as

ta
tic

br
ea

st
ca

nc
er

N
on

he
al

in
g

ex
tra

ct
io

n
si

te
;l

at
er

co
m

pl
ic

at
ed

by
in

fe
ct

io
n

an
d

fis
tu

la
fo

rm
at

io
n

Le
ft

po
st

er
io

r
m

an
di

bl
e,

th
ird

m
ol

ar

Pa
m

id
ro

na
te

Ch
ro

ni
c

os
te

om
ye

lit
is

Cu
re

tta
ge

;a
nt

ib
io

tic
th

er
ap

y

4
77

F
M

ul
tip

le
m

ye
lo

m
a

M
ul

tif
oc

al
ex

po
se

d
bo

ne
Bi

la
te

ra
lb

od
y

an
d

sy
m

ph
ys

is
of

m
an

di
bl

e

Pa
m

id
ro

na
te

ch
an

ge
d

to
zo

le
dr

on
at

e
Os

te
on

ec
ro

si
s,

ex
te

ns
iv

e
ba

ct
er

ia
l

an
d

in
fla

m
m

at
or

y
ce

ll
in

fil
tra

tio
n

(F
ig

5C
)

M
ou

th
w

as
h,

an
tib

io
tic

s,
su

rg
ic

al
de

br
id

em
en

t

5
64

M
M

ul
tip

le
m

ye
lo

m
a

Ch
ro

ni
c

na
sa

li
nf

ec
tio

n/
si

nu
si

tis
;

pa
in

Ce
nt

ra
lm

ax
ill

a
Cl

od
ro

na
te

an
d

pa
m

id
ro

na
te

in
th

e
pa

st
N

ot
do

ne
Lo

ng
-te

rm
an

tib
io

tic
s

6
61

M
M

et
as

ta
tic

pr
os

ta
te

ca
nc

er
Pa

in
fu

lb
on

e
ex

po
su

re
;

su
bs

eq
ue

nt
lo

os
en

in
g

of
te

et
h

an
d

sp
on

ta
ne

ou
s

se
qu

es
tra

tio
n

of
th

e
le

ft
m

an
di

bl
e

Bi
la

te
ra

l
m

an
di

bu
la

r
bo

di
es

Zo
le

dr
on

at
e

N
ot

do
ne

M
ou

th
rin

se
s,

an
tib

io
tic

s;
fil

in
g

of
sh

ar
p

bo
ne

sp
ic

ul
e;

re
m

ov
al

of
se

qu
es

tra
;e

xt
ra

ct
io

n
of

to
ot

h
7

75
F

M
et

as
ta

tic
br

ea
st

ca
nc

er
In

fe
ct

io
n,

su
bc

ut
an

eo
us

fis
tu

la
;

pa
in

fu
lb

on
e

ex
po

su
re

In
iti

al
ly

an
te

rio
r

m
an

di
bl

e,
su

bs
eq

ue
nt

ly
bi

la
te

ra
l

m
an

di
bu

la
r

bo
di

es

Zo
le

dr
on

at
e

Ac
tiv

e
os

te
om

ye
lit

is
IV

an
tib

io
tic

s,
th

en
or

al
;

m
ar

gi
na

l
m

an
di

bu
le

ct
om

y

8
52

F
M

et
as

ta
tic

br
ea

st
ca

nc
er

N
on

he
al

in
g

ex
tra

ct
io

n
so

ck
et

;
pa

in
fu

lb
on

e
ex

po
su

re
Fi

rs
t

le
ft

m
an

di
bu

la
r

m
ol

ar

Zo
le

dr
on

at
e

Se
qu

es
tru

m
an

d
ch

ro
ni

ca
lly

in
fla

m
ed

m
uc

os
a

M
ou

th
rin

se
s;

an
tib

io
tic

s;
an

al
ge

si
a;

de
br

id
em

en
t

of
ex

tra
ct

io
n

si
te

9
79

M
M

et
as

ta
tic

pr
os

ta
te

ca
nc

er
In

fe
ct

io
n;

pa
in

Ri
gh

t
po

st
er

io
r

m
an

di
bl

e
Al

en
dr

on
at

e
ch

an
ge

d
to

an
in

je
ct

ab
le

bi
sp

ho
sp

ho
na

te
N

ot
do

ne
An

tib
io

tic
s;

m
ou

th
rin

se
s

10
54

F
M

et
as

ta
tic

br
ea

st
ca

nc
er

Pa
in

An
te

rio
r

m
an

di
bl

e
Zo

le
dr

on
at

e
N

ot
do

ne
N

on
e

11
82

F
Os

te
op

or
os

is
N

on
he

al
in

g
ex

tra
ct

io
n

so
ck

et
Le

ft
m

ax
ill

a
Al

en
dr

on
at

e
N

ec
ro

tic
bo

ne
co

at
ed

w
ith

ba
ct

er
ia

lc
ol

on
ie

s
An

tib
io

tic
s,

de
br

id
em

en
t

12
70

F
Os

te
op

or
os

is
N

on
he

al
in

g
ex

tra
ct

io
n

so
ck

et
Ri

gh
t

po
st

er
io

r
m

an
di

bl
e

Al
en

dr
on

at
e

N
ot

do
ne

Cu
re

tta
ge

,a
nt

ib
io

tic
s

13
85

F
Os

te
op

or
os

is
N

on
he

al
in

g
ex

tra
ct

io
n

so
ck

et
;

in
fe

ct
io

n
Le

ft
po

st
er

io
r

m
an

di
bl

e
Al

en
dr

on
at

e
N

ec
ro

tic
bo

ne
co

at
ed

w
ith

ba
ct

er
ia

Cu
re

tta
ge

,a
nt

ib
io

tic
s

14
74

M
Os

te
op

or
os

is
In

fe
ct

ed
ex

po
se

d
bo

ne
;p

ai
n

Ri
gh

t
po

st
er

io
r

bo
dy

of
m

an
di

bl
e

Al
en

dr
on

at
e

N
ot

do
ne

An
tib

io
tic

s,
m

ou
th

w
as

he
s,

in
ci

si
on

an
d

dr
ai

na
ge

15
54

F
M

et
as

ta
tic

br
ea

st
ca

nc
er

Pa
in

,s
w

el
lin

g,
ex

po
se

d
bo

ne
,

lo
os

e
te

et
h;

pa
la

to
na

sa
la

nd
pa

la
to

an
tra

lf
is

tu
la

,s
in

us
iti

s

M
ax

ill
a,

bi
la

te
ra

l
Zo

le
dr

on
at

e,
al

en
dr

on
at

e,
an

d
pa

m
id

ro
na

te
in

th
e

pa
st

Os
te

on
ec

ro
si

s
an

d
ac

ut
e

os
te

om
ye

lit
is

,a
bu

nd
an

t
ba

ct
er

ia
as

so
ci

at
ed

w
ith

bo
ne

in
fil

tra
tio

n

M
ul

tip
le

de
nt

al
ex

tra
ct

io
ns

,
bi

la
te

ra
ls

ub
to

ta
l

m
ax

ill
ec

to
m

y;
an

tib
io

tic
s

N
ot

e:
—

M
in

di
ca

te
s

m
al

e;
F,

fe
m

al
e.

1140 Phal � AJNR 28 � Jun-Jul 2007 � www.ajnr.org



who had technetium Tc99m hydroxymethylene diphos-
phonate (Tc99m-HDP) bone scan imaging had 2 examina-
tions separated by 3 years and demonstrated progressively
increased radiotracer uptake around the extraction socket
in the right posterior mandible.

Discussion
Normal bone is a dynamic organ with a balance between
bone formation from osteoblasts and resorption via oste-
oclasts.10 Bisphosphonates are drugs that decrease bone re-
sorption by inhibition of osteoclasts.1 First-generation
bisphosphonates, such as clodronate and etidronate, are
oral agents and act by causing osteoclast death by inducing
apoptosis.11 The newer nitrogen-containing bisphospho-
nates include alendronate, risedronate, and the intrave-
nously administered pamidronate and zoledronate. These
have a higher potency and inhibit osteoclasts by targeting
an enzyme in the cholesterol biosynthetic pathway called
farnesyl diphosphate synthase.12

Bisphosphonate-associated osteonecrosis of the jaws is a
newly recognized entity,8 and formal diagnostic criteria have
yet to be defined. The diagnosis of this entity relies on a char-

acteristic clinical presentation of painful bone exposure (Fig
7), histologic evidence of osteonecrosis (defined as empty la-
cunae and calcified matrix/osteopetrotic change with or with-
out bacterial invasion), the absence of any histologic evidence
of neoplasm, and a history of use of bisphosphonates. How-
ever, the rigid application of these criteria poses a number of
problems. First, cases of exposed bone are not always associ-
ated with pain. In addition, histologic confirmation of the di-
agnosis is not always possible, as a biopsy is often avoided
because these patients have problems with healing. Hence, bi-
opsy is recommended only when there is high clinical suspi-
cion of metastasis.9 The diagnosis of osteonecrosis is, there-
fore, largely based on clinical criteria, with the key elements
being an appropriate clinical presentation and bisphospho-
nate use. It should be noted that because the skeletal half-life of
bisphosphonates is more than 10 years,1 it is possible that
complications may occur after cessation of therapy.

The exact mechanism by which bisphosphonates cause os-
teonecrosis of the jaws is unclear. Most of the current theories
are extrapolated from the known mechanisms of action of
bisphosphonates and cases of osteonecrosis of the jaws that
have occurred in association with bisphosphonate use.3-7 The
metabolic theory is based on an altered balance between the
actions of osteoclasts and osteoblasts.13 The effect is similar to
that in osteopetrosis, a heterogeneous group of inherited con-
ditions in which there is defect in bone resorption by oste-
oclasts.10 In support of this theory is the report of a child
treated with bisphosphonates, albeit at a greater-than-recom-
mended dose, that led to a generalized osteopetrosis-like
state.14 In addition, the clinical effect of osteopetrosis on the
jaws is similar to that of bisphosphonates, with osteopetrotic
patients prone to problems with healing and infection of the
jaws after dental procedures.15,16

The antivascular theory is based on the known antiangio-
genic effects of bisphosphonates that have been documented
both in vitro and in vivo.17,18 Against this theory is the finding
that more potent antiangiogenic drugs do not cause osteone-
crosis of the jaws4 and the presence of normal numbers of

Fig 1. Radiographic findings in bisphosphonate-associated osteonecrosis of the jaws.

A, Normal: the alveolar crest of the jaws is the cortical bone of the alveolar margin in between teeth and is continuous with the lamina dura around the root of the tooth. The 1- to 2-mm
lucency between the root of the tooth and the lamina dura corresponds with the space for the periodontal ligament.

B, In our series, osseous sclerosis was most commonly involved in the alveolar margin and lamina dura. The sclerotic changes were often diffuse rather than localized to the area of clinical
involvement.

C, In the patients with sequential imaging, the sclerotic changes were often progressive and may encroach on the mandibular canal. The sclerosis of the medullary cavity may be attenuated
and reminiscent of osteopetrosis.

Fig 2. A 65-year-old woman (patient 1 in Table 1) with multiple myeloma treated with
zoledronate presented with a nonhealing extraction socket in the left posterior maxilla
(second and third molars, black arrow). The orthopantomogram demonstrates generalized
sclerosis of the alveolar margin of the mandible (white arrows) and the maxilla to a lesser
extent. There is also thickening of the lamina dura.

AJNR Am J Neuroradiol 28:1139 – 45 � Jun-Jul 2007 � www.ajnr.org 1141



blood vessels in histologic sections of bisphosphonate-associ-
ated osteonecrosis.13

The Wolf law19 states that bone remodeling occurs second-
ary to the forces applied to it. Because the mandible and max-
illa are subject to strong occlusal forces transmitted by the
teeth and periodontal ligaments, there is a high bone turnover,
which predisposes the jaws to certain conditions. “Phossy
jaw”13,20 is a condition historically described in match factory
workers in the mid-1800s who were exposed to metabolically
active white phosphorus. This resulted in a painful and disfig-
uring condition of the jaws, with superimposed infection lead-
ing to a 20% mortality rate in this preantibiotic era.21 The
accumulation of phosphorous in the jaws in this condition was
thought related to the high bone turnover. Likewise, as
bisphosphonates inhibit osteoclasts, they decrease bone re-
modeling and predispose bone to accumulated microdam-
age,22 again with the jaws particularly susceptible due to the
high bone turnover. Supporting this theory is that there has
been only 1 case of bisphosphonate-associated osteonecrosis
outside the oral cavity.23

The most commonly encountered radiographic finding in
our series was osseous sclerosis, which was present in all 15 of
the patients to a variable extent. The normal radiographic ap-
pearance of the alveolar crest is of a sharply defined thin ra-
diodense line that is continuous with the lamina dura around

the root of the tooth, also a thin, well-defined line. The 1- to
2-mm lucency between the root of the tooth and the lamina
dura corresponds with the space for the periodontal liga-
ment.24 In our series, case subjects with mild involvement had
sclerosis of the alveolar margin and thickening of the lamina
dura. The changes were often diffuse rather than localized to
the area of clinical involvement. More advanced case subjects
had greater degrees of osseous sclerosis, which may be atten-
uated and reminiscent of osteopetrosis and may narrow the
mandibular canal. In the case subjects with sequential imag-
ing, the sclerotic changes were often progressive. The general-
ized nature of the sclerotic changes in the jaws in bisphospho-
nate-associated osteonecrosis helps to differentiate this entity
from reactive sclerosis, which tends to be localized around
inflammatory foci.

The less frequently encountered findings in our series, such
as osteolysis, soft tissue swelling, periosteal new bone forma-
tion, periapical lucencies, oroantral fistula, and sequestra, are
likely to correspond with the presence of infection. In our
series, 7 of 8 patients who had histopathologic assessment of
their disease had changes of osteomyelitis. Although the his-
topathology of these patients demonstrates osteomyelitis, it is
important to note that the oral cavity offers a unique microbial
environment in which exposed bone is immediately contam-
inated with oral florae. Thus, bacterial colonies, as well as in-

Fig 3. A 67-year-old woman (patient 2) with metastatic breast cancer treated with pamidronate and later zoledronate presented with a nonhealing extraction socket.

A, The orthopantomogram demonstrates the nonhealing extraction socket in the right posterior mandible (*) with sclerosis in the adjacent body and ramus of the mandible (arrow) and
generalized thickening of the lamina dura in the mandible (arrowhead) and maxilla.

B, Axial CT demonstrates the osseous sclerosis, as well as narrowing the mandibular canal (*), thin periosteal new bone anteriorly (arrow) and generalized thickening of the lamina dura
in the mandible (arrowhead).

C, Tc99m-HDP bone scan demonstrates increased radiotracer uptake in the right hemimandible corresponding with the area of sclerosis, which had increased over the last 3 years.
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flammatory infiltrates, are ubiquitous in oral necrotic bone
such that differentiation between osteonecrosis and osteomy-
elitis can be muddled by this peculiarity. Our findings suggest
that the radiographic appearance of bisphosphonate-associ-
ated osteonecrosis is in part determined by the presence of
superimposed infection. This may prove to be a useful form of
radiologic classification and correlates with a staging system
proposed by Ruggiero.25 To our knowledge, there is little in
the literature regarding imaging findings in bisphosphonate-
associated osteonecrosis. Most authors describe lytic destruc-
tive changes, sequestra, and soft tissue swelling,3,7,26 though
Marx et al4 refer to the entity as “bisphosphonate associated
osteopetrosis,” making reference to sclerotic changes in the
jaws.

The radiologic differential diagnosis for bisphosphonate-
associated osteonecrosis includes chronic sclerosing osteomy-
elitis of the jaws,27,28 osteoradionecrosis, metastasis, and Paget
disease. Chronic sclerosing osteomyelitis of the mandible has
the radiologic hallmarks of periosteal new bone, sclerosis, os-
seous expansion, and sequestra28 (Fig 8). Osteoradionecrosis
occurs after radiation therapy to the oral cavity and is radio-
logically manifested by poorly defined destruction of the man-
dible29 (Fig 9). Metastases to the jaws are uncommon and are
most commonly found in the posterior reaches of the mandi-
ble. They are most frequently lytic lesions,30 with exceptions
being prostate and breast cancer metastases, which may be
sclerotic (Fig 10). Paget disease is typically manifest by osseous
expansion and coarsened trabeculae.

The main limitation of our study is the small number of
patients. Larger numbers are required before generalizations
can be made regarding the typical radiologic findings in

bisphosphonate-associated osteonecrosis. Another limitation
in our study is the variability in imaging studies between pa-
tients, which makes it difficult to analyze the frequency of
findings. CT is a more sensitive imaging technique compared
with panoramic radiography; subsequently, findings such as
soft tissue swelling, periosteal new bone, and sequestrum are
easier to detect on CT and may not be seen on orthopanto-
mography. Finally, because the clinical details were obtained
from a chart review, some details, such as the length of time
that subjects were treated with bisphosphonates, were not
available.

Fig 4. A 60-year-old woman (patient 3) with widely metastatic breast cancer treated with
pamidronate presented with a nonhealing extraction site in the left posterior mandible.

A, Orthopantomogram demonstrates the nonhealing extraction site in the left posterior
mandible (*) and sclerosis of the left ramus and angle of the mandible (arrowhead).

B, Orthopantomogram, 23 months later with intervening curettage, demonstrates disorga-
nized bone formation in the extraction socket of the lower left third molar, progressive
sclerosis of the left ramus, and angle of the mandible (arrow) with further encroachment
on the left mandibular canal (arrowhead).

Fig 5. A 77-year-old woman (patient 4) with multiple myeloma initially treated with
pamidronate and subsequently zoledronate.

A, The initial orthopantogram demonstrates osseous sclerosis (arrow).

B, Orthopantomogram 9 months later demonstrates lytic destruction of the mandible, most
prominent in the left body of the mandible (arrow). Surgical debridement was performed.

C, Photomicrograph at low power (�40) of the curettage specimen stained with hema-
toxylin-eosin demonstrates fragments of necrotic bone with empty lacunae (arrow). There
is extensive infiltration with inflammatory cells with surface resorption of bone (arrowhead)
and bacteria (*).
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Conclusions
In our study, the most common finding in bisphosphonate-
associated osteonecrosis was osseous sclerosis. This varied
from subtle thickening of the lamina dura and alveolar crest to

attenuated osteopetrosis-like sclerosis. It is important for ra-
diologists to recognize this entity, because imaging is likely to
play an increasing role in confirming the diagnosis, as there is
a preference to avoid biopsy.
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Fig 6. A 64-year-old man (patient 5) with multiple myeloma treated with pamidronate and
subsequently clodronate presented with sinusitis and chronic nasal infection. Axial CT
demonstrates maxillary sclerosis, sequestrum (arrow), and mucosal thickening in the right
maxillary sinus.

Table 2: Frequency of radiographic findings

Radiographic Finding
No. of Cases

(n � 15)
Osseous sclerosis (any type) 15

Alveolar margin 10
Lamina dura thickening 7
Full thickness of bone 6

Periapical lucency 5
Poorly healing extraction socket 5
Osteolysis 4
Widened periodontal ligament space 4
Encroachment on the mandibular canal 3
Sequestrum 3
Oroantral fistula 2
Periosteal new bone 1
Soft tissue swelling 1

Fig 7. A 61-year-old man (patient 6) with metastatic prostate cancer treated with
zoledronate presents with painful bone exposure of the right mandible (arrow).

Fig 8. Coronal CT in a 7-year-old girl with sclerosing osteomyelitis demonstrates osseous
sclerosis, remodelling, periosteal new bone (arrowhead), and soft tissue swelling (arrow).

Fig 9. Orthopantomogram demonstrates mixed sclerotic and lytic destruction and patho-
logic fracture of the left body of the mandible (arrow) secondary to radiation osteonecrosis.

Fig 10. Axial CT demonstrates mixed lytic and sclerotic (arrow) metastases in the mandible
and cervical spine secondary to breast carcinoma. Note the cortical thinning related to the
lytic lesions.
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