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ORIGINAL RESEARCH
HEAD&NECK

Bisphosphonate-InducedOsteonecrosis of the Jaw:
Comparison of Disease Extent on Contrast-EnhancedMR
Imaging, [18F] Fluoride PET/CT, and Conebeam CT imaging

R. Guggenberger, D.R. Fischer, P. Metzler, G. Andreisek, D. Nanz, C. Jacobsen, and D.T. Schmid

ABSTRACT

BACKGROUND AND PURPOSE: Imaging of bisphosphonate-induced osteonecrosis of the jaw is essential for surgical planning. We
compared the extent of BONJ on contrast-enhanced MR imaging, [18F] fluoride PET/CT, and panoramic views derived from standard
conebeam CT with clinical pre- and intraoperative examinations.

MATERIALS ANDMETHODS: Between February 2011 and January 2012, ten subjects with written informed consent (9 women; mean, 69.6
years; range, 53–88 years) were included in this prospective ethics-board-approved study. Patients underwent CEMR imaging, [18F] fluoride
PET/CT, and CBCT and were clinically examined pre- and intraoperatively. Surgery was performed, and BONJ was histologically confirmed
in 9 patients. Location and extent of BONJ on different modalities/examinations were graphically compared (0� no pathologic finding,
1 � smallest, 5 � largest extent of BONJ). Rank tests were used to assess overall and paired differences of ratings in 9 patients. A P
value�.05 was considered statistically significant.

RESULTS: Significant differences in BONJ extent among different modalities and examinations were found (P� .001). The highest median
rank was seen in PET/CT (4� 1.12) and CEMR imaging (4� 1.01), followed by intraoperative examinations (3� 0.71), CBCT (2� 0.33), and
preoperative examinations (1 � 0). No significant differences were found between PET/CT and CEMR imaging (P � .23), except when
comparing PET/CT to either CBCT, pre- and intraoperative examinations (all P� .05). Preoperative examinations showed significantly less
extensive disease than all other modalities/examinations (all P� .05).

CONCLUSIONS: [18F] fluoride PET/CT and CEMR imaging revealedmore extensive involvement of BONJ comparedwith panoramic views
from CBCT and clinical examinations.

ABBREVIATIONS: BONJ� bisphosphonate-induced osteonecrosis of the jaw; CBCT� conebeamCT; CEMR� contrast-enhancedMR;MDCT�multidetector CT;
STIR� short � inversion recovery

Osteonecrosis of the jaw is a known complication in patients

treated with bisphosphonates.1,2 The prevalence of bispho-

sphonate-induced osteonecrosis of the jaw depends on whether

patients are receiving intravenous bisphosphonate treatment (eg,

for cancer) or less powerful oral bisphosphonates (eg, for osteo-

porosis) and has been reported to be 1%–10% and 0.0004%–

0.04%, respectively.3,4 The mandible is more often affected than

the maxilla, and rarely are both bones affected at the same time.5

Although the exact pathophysiology of BONJ is not clear, poten-

tial causes include inhibition of bone turnover at sites of oral

trauma (eg, tooth extraction), infection with Actinomyces israelii,

soft-tissue toxic effects of bisphosphonates with resulting muco-

sal ulceration, direct toxic effects on bone, impaired bone remod-

eling, high masticatory forces, and exposure of the tooth socket to

an infected environment.6 Antimicrobial rinses and systemic an-

tibiotics are used for therapy, but sometimes surgery is required to

remove necrotic bone.

In addition to clinical examinations, radiologic imaging is the

key to an assessment and quantification of the extent of BONJ.

Usually panoramic radiography and, more recently, conebeam

CT are part of a standard preoperative imaging work-up.7 Multi-

detector CT or contrast-enhanced MR imaging might be per-

formed to diagnose early stages of BONJ, rule out malignancy,

diagnose pathologic fractures, monitor disease progression, or

evaluate the extent of necrotic bone areas preoperatively.8 Litera-

ture is sparse regarding which imaging technique should be used,

however; and little is known about the use of new imaging mo-
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dalities such as [18F] fluoride PET/CT in this setting. This tech-

nique uses radioactive fluoride, a tracer with high affinity to bone,

which has proved to be effective in the prediction of bone viability

after trauma or reconstructive surgery and in the detection of

bone changes secondary to intense sports activity.9 Dynamic

CEMR imaging is less specific for the assessment of bone viabil-

ity10 but does allow assessment of pathologies affecting bone, no-

tably the medullary cavity, and adjacent soft tissues.11 Our hy-

pothesis was that CEMR imaging and [18F] fluoride PET/CT best

quantify the preoperative extent of BONJ and add value to clinical

examinations and standard radiologic imaging with panoramic

views of the jaw from CBCT.

Thus, the purpose of this study was to compare the extent of

changes compatible with BONJ on CEMR imaging, [18F] fluo-

ride PET/CT, and panoramic views derived from standard

CBCT of the jaw with clinical preoperative and intraoperative

examinations.

MATERIALS AND METHODS
This prospective study was approved by our institutional ethics

board, and all patients gave written informed consent for study

inclusion.

Inclusion criteria were clinical evidence for osteonecrosis of

the jaw following bisphosphonate intake (ie, exposed necrotic

bone in the maxillofacial region that has persisted for �8 weeks).

Exclusion criteria were contraindications for MR imaging; preg-

nancy; age �18 years; extensive metallic implants of the jaw; prior

radiation therapy, reconstruction, or resection of the jaw; and

previous surgical treatment of BONJ. All subjects underwent

CEMR imaging and PET/CT on the same day, with a maximum

delay between examinations of no more than 4 hours. Clinical

examination and CBCT were performed as close as possible after-

ward with a maximum delay of 3 weeks and in proximity to sched-

uled surgery.

In total, 12 study subjects fulfilling inclusion criteria were con-

secutively included from February 2011 to January 2012. Two

patients were subsequently excluded due to extensive metallic im-

plants and previous surgical treatment. Thus, 10 patients (9

women, 1 man; mean age, 69.6 � 13.5 years; range, 53– 88 years)

were included in this study (Table). All patients underwent sur-

gery with additional microbiologic and histologic analysis of re-

sected specimens, except for 1 female patient (88 years of age) due

to poor health. This patient was excluded from statistical analysis.

MR Imaging
MR imaging was performed on a 1.5T scanner (Signa Excite

HDxt; GE Healthcare; Milwaukee, Wisconsin), which was

equipped with a high-performance gradient system (gradient am-

plitude, 40 mTm�1; slew rate, 200 Tm�1second�1). An 8-channel

transmit-receive head coil was used. All study subjects were im-

aged in the supine position with the jaw at the scanner isocenter.

We acquired the following imaging series: standard transaxial and

coronal T1 (TR, 300 – 600 ms; TE, minimum full; FOV, 22 � 22

cm; section thickness, 3 mm; spacing. 0.9 mm; NEX, 2; echo-train

length, 3) and T2-weighted spin-echo images (TR, 3000 – 6000

ms; TE, 85 ms; FOV, 22 � 22 cm; section thickness, 3 mm; spac-

ing, 1 mm; NEX, 2; echo-train length, 13), a coronal STIR series

(TR, 3500 –5000 ms; TE, 30 ms; FOV, 20 � 20 cm; section thick-

ness, 3 mm; spacing, 1 mm; NEX, 1; echo-train length, 9), an axial

dynamic contrast-enhanced 3D spoiled gradient-echo series with

fat-signal suppression (LAVA, GE Healthcare) (TE, minimum

full; FOV, 25 � 25 cm; section thickness, 2.6 mm; NEX, 0.5; echo-

train length, 9; flip angle, 10°) after injection of 0.2 mL per kg of

body-weight of patient of gadolinum-based contrast agent (gad-

oteric-acid, 0.5 mmol gadolinium/mL, Dotarem; Guerbet, Roissy,

France), followed by a transaxial T1-weighted fat-suppressed im-

age series (TR, 300 – 600 ms; TE, minimum full; FOV, 22 � 22 cm;

section thickness, 3 mm; spacing, 1 mm; NEX, 1; echo-train

length, 3; flip angle, 10°). Images were then sent and stored on the

PACS of our department (Fig 1A, -B).

[18F] Fluoride PET/CT Imaging
Patients were examined in the supine position on a PET/CT sys-

tem (Discovery RX or Discovery STE; GE Healthcare). A dedi-

cated thin-section CT (section thickness, 1.25 mm; FOV, 36 cm)

covering the maxilla and mandible was performed (soft-tissue

and bone reconstruction kernels). The same CT raw data were

used for PET attenuation-correction (section thickness, 3.75 mm;

FOV, 50 cm; 100 – 600 automatic mA; 120 kV; 0.5-second rota-

tion time).

Static PET scanning was started 30 minutes after intravenous

injection of a mean dose of 91 MBq (range, 63–112 MBq) of [18F]

fluoride. 3D PET emission data were acquired for 3 minutes in 1

bed position covering the same scan range as that in CT. Attenu-

ation-correction was performed, and images were reconstructed

by using a fully 3D iterative algorithm (VUE Point HD; GE

Healthcare). The acquired images were postprocessed with dedi-

Patient demographics with disease, type, and duration of prior bisphosphonate intake, histology, and location/region of BONJ

Patient Sex
Age
(yr) Disease Bisphosphonate

Duration of
Treatment Histology Region

1 F 56 Metastases, breast Ca Zoledronic acid (Zometa) 54 mo ON/OM 23–28
2 F 85 MM Zoledronic acid (Zometa) 48 mo ON/OM 44–46
3 F 64 MM Zoledronic acid (Zometa) 48 mo ON 34–37
4 F 60 Metastases, breast Ca Zoledronic acid (Zometa) 48 mo ON 35–36 and 45
5 F 59 Metastases, mamma Ca Zoledronic acid (Zometa) 36 mo ON 14–17
6 F 53 Osteoporosis Ibandronic acid (Bondronat oral) 12 mo ON 45–47
7 F 86 Osteoporosis Ibandronic acid (Bondronat oral) Not available ON 45–47
8 F 79 Metastases, breast Ca Zoledronic acid (Zometa) 7 mo ON 11–15
9 M 66 MM Zoledronic acid (Zometa) 60 mo ON 14–15
10 F 88 Metastases, breast Ca Zoledronic acid (Zometa) Not available Not operated 17–18

Note:—ON indicates osteonecrosis; OM, osteomyelitis; MM, multiple myeloma; Ca, cancer; Mamma, mammary.
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cated software (Volume Viewer PET/CT, Advantage 4.4 worksta-

tion; GE Healthcare) providing multiplanar reformatted images

of PET alone, CT alone, and fused PET/CT with linked cursors

(Fig 1C, -D).

Conebeam CT
A CBCT unit, KaVo 3D eXam (KaVo, Biberach, Germany) with

an amorphous silicium flat panel detector (20 � 25 cm), was used.

The exposure volume was set at a height of 102 mm. The voxel size

was 0.4 mm. The scan was set at a high-frequency constant poten-

tial of 120 kV(peak), and the occlusal plane of each patient was set

parallel to the floor base by using ear rods and a chin rest. The calcu-

lated DICOM data were transferred and evaluated by the software

viewer of the system (CliniView, KaVo).

Visual Image Evaluation
Visual evaluation of images was performed by 3 independent readers.

MR images were analyzed by a first reader (R.G., with 5 years of

experience in head and neck imaging), while evaluation of PET/CT

images was performed by a second reader (D.T.S., with 8 years of

experience in nuclear medicine imaging). A third reader (P.M., with

5 years of experience in craniomaxillofacial and oral surgery) inde-

pendently evaluated the location and extent of BONJ foci on pan-

oramic views from standard preoperative CBCT images.

Findings of clinical preoperative and intraoperative examina-

tions of the jaw (Fig 1E) were independently noted by a fourth

reader (C.J., with 8 years of experience in craniomaxillofacial and

oral surgery) who either performed surgery or extracted informa-

tion on BONJ extent from the patient’s history.

Jaw schemes (line diagrams of the teeth and mandible/max-

illa) were used to semiquantitatively evaluate the location and

extent of suspected BONJ. On these schemes, borders of sus-

pected disease extent were neatly drawn by using each tooth as a

reference for anteroposterior extension. For disease extension in

supero-inferior direction, the alveolar border, on the one hand,

and the floor of the maxillary sinus in the maxilla and the canal of

the inferior alveolar nerve in the mandible, on the other hand,

served as landmarks.

MR Image Evaluation
T1, T2, STIR, and contrast-enhanced MR images were visually

assessed. BONJ was identified as regions within the jaw bones

with decreased signal of the bone marrow on T1-weighted im-

ages; and increased signal on T2-weighted and STIR images

was considered confirmation of BONJ. Contrast uptake of the

suspicious bone and/or the adjacent soft tissues was addition-

ally evaluated and, if present, was taken as evidence for BONJ,

especially in doubtful cases in which intermediate or low signal

on T2-weighted images was seen. However, quantification of

disease extent was eventually based on precontrast T1- and

T2-weighted images only.

[18F] Fluoride PET/CT Evaluation
Evaluation of [18F] fluoride PET/CT was performed on screen by

using a dedicated workstation (Advantage 4.4; GE Healthcare).

The extent of pathologically increased tracer uptake of the jaw as

visualized on PET was anatomically assigned by using the coreg-

istered CT and noted on the jaw scheme. Fluoride uptake had to

be at least 2 times higher than physiologic uptake of healthy-

appearing bone. Maximum standardized uptake values, corrected

for body weight, were used to measure [18F] fluoride uptake. De-

pending on the extent of BONJ/increased tracer uptake, we used

normal bone of the contralateral side of the jaw, the cervical ver-

tebrae, and the skull base as the normal reference.

FIG 1. Transaxial images of the upper jaw from patient 9 with BONJ in the right maxilla (regions 14–15). A, Axial CT image in a bone window
depicting osteolysis and fragmentation of bone in a BONJ focus (arrow). B, CT image with fused [18F] fluoride PET signal indicating increased [18F]
fluoride uptake (arrow) overlapping the morphologic BONJ focus in A. C, Axial contrast-enhanced T1-weighted MR image with fat saturation
shows slightly increased contrast uptake of the BONJ focus without marked soft-tissue involvement (arrow). D, CEMR image with fused [18F]
fluoride PET signal indicates slightly larger BONJ extent than expected from theCEMR image alone (arrow). E, Clinical intraoperative examination
confirms BONJ in regions 14–15 of the right maxilla (white arrow).
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CBCT Evaluation
Standard preoperative CBCT with generation of panoramic views

of the jaw was analyzed to delineate the extent of BONJ foci on jaw

schemes. Areas of osteolysis with formations of sequestrum or

thickening or fragmentation of the cortex or both, with narrowing

of the marrow space surrounded by increased sclerosis of bone,

were regarded as signs of BONJ on CBCT.

Location and extent of BONJ as marked on jaw schemes (ie,

CEMR imaging, fluoride PET/CT, and preoperative clinical and

intraoperative examinations) were eventually graphically assem-

bled in 1 image and related to CBCT delineations to compare and

visually rank the extent of BONJ among different modalities/ex-

aminations (0 � no pathologic finding, 1 � smallest, 5 � largest

extent of BONJ) (Fig 2A, -B). Discordant findings among modal-

ities were separately noted.

Statistical Analysis
All statistical analyses were performed by using the Statistical

Package for the Social Sciences software (SPSS, Chicago, Illinois).

The Friedman 2-way ANOVA test by ranks was used to test for

overall differences between ratings of BONJ extent among modal-

ities and examinations. The Wilcoxon matched-pair signed-rank

test was used for paired differences of BONJ extent ratings be-

tween modalities and examinations. Intraoperative disease-extent

quantification and, alternatively, clinical examination and CBCT

were regarded as the reference standard. A P value �.05 was con-

sidered statistically significant.

RESULTS
In total, 10 patients with suspected BONJ underwent CEMR im-

aging, fluoride PET/CT, and CBCT imaging with additional clin-

ical correlation. Osteonecrosis was histologically confirmed in all

patients with the exception of 1 female patient who could not

undergo an operation due to advanced

age and reduced general health, and this

patient was, therefore, excluded from fur-

ther statistical analysis. Of the remaining

9 different jaws affected by histologically

proved BONJ, 4 had foci located in the

maxilla and 5 had foci in the mandible.

Individual rankings of disease extents in

imaging modalities and examinations of

all patients are depicted in Fig 3. Osteone-

crosis was confirmed in all cases, with

signs of infection in all bone specimens

and the presence of Actinomyces species

and/or other types of bacteria of the oral

flora in 8 cases.

On MR images, all BONJ foci showed

markedly decreased signal on T1- with in-

creased signal on T2-weighted images, ex-

cept for patient 1 with intermediate signal

on T2. However in this patient, contrast

enhancement of the lesion was seen, and

the focus was, therefore, regarded as pos-

itive for BONJ. Contrast uptake of af-

fected bone and surrounding tissue was

noted in all patients and foci of BONJ.

Overall, significant differences in quantification of BONJ ex-

tent among different modalities and examinations were found

(P � .001). The highest median rank was found for PET/CT (4 �

1.12) and CEMR imaging (4 � 1.01), followed by intraoperative

findings (3 � 0.71), CBCT (2 � 0.33), and clinical examinations

(1 � 0). No significant differences were found between PET/CT

and CEMR imaging (P � .234), but there were significant differ-

ences between both modalities compared with CBCT and preop-

erative clinical examinations (all P � .05). Preoperative clinical

examinations suggested significantly less extensive disease than all

imaging modalities and intraoperative examinations (all P � .05)

(Fig 4). With intraoperative examinations as the reference stan-

dard, among all imaging modalities, only PET/CT showed signif-

icantly larger disease extent (P � .023) than was determined

intraoperatively.

Individual comments on all patients are listed in the On-line

Table. Markedly discordant findings among modalities and ex-

aminations were found in patients 2, 3, 4, 7, and 8. The actual

extent of the BONJ both in CEMR imaging and PET/CT was

significantly larger than expected clinically and on CBCT. CEMR

and PET/CT were more specific in determining the true extent of

the disease as was confirmed intraoperatively.

In patient 2, BONJ was clinically suspected superficially in the

regions 44 – 46 of the right mandible. The actual extent of the

BONJ on PET/CT and CEMR imaging was markedly larger than

that expected clinically and on CBCT. PET/CT showed the largest

disease extent, ranging from region 35 to the right mandibular

ramus and in a craniocaudal direction from the alveolar crest to

the inferior body below the inferior alveolar canal. Disease extent

in CEMR imaging ranged from 32 to 47, with only central involve-

ment of the mandibular body inferior to the alveolar canal. Both

were more specific in determining the true extent of the disease

FIG 2. Location and extent of BONJ as marked on jaw schemes from contrast-enhanced MR
imaging (blue), [18F] fluoride PET/CT (pink), clinical preoperative (red), and intraoperative exam-
inations (striated areas) were graphically assembled in 1 image and related to delineations (white
contours) on panoramic views from CBCT to compare the extent of BONJ among different
modalities/examinations.A, In patient 9, only a small clinically suspicious area in the rightmaxilla
was seen. PET/CT and CEMR imaging showed slightly larger areas of suspected BONJ than CBCT
and intraoperative examinations in the right maxilla (regions 14–15). BONJ was histologically
proved. B, In patient 2, BONJ was suspected preoperatively in the regions 44–46 of the right
mandible. The actual extent of the BONJ was markedly larger than expected clinically and on
CBCT in both CEMR imaging and PET/CT. This was confirmed intraoperatively, where only parts
of the necrotic bone were removed.
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because they also showed marked effect of mandibular bone on

the contralateral paramedian side. This was only slightly sus-

pected in CBCT but was confirmed intraoperatively. However,

due to mechanical considerations, the necrotic bone was only subto-

tally removed with highly sclerotic bone remaining in the right

posterior and left parasymphyseal mandibular body (Fig 2B).

DISCUSSION
Clinical examination, usually in combination with panoramic

views of the jaws, may be considered as the reference standard in

the preoperative work-up of patients with BONJ scheduled for

surgery.12 While the first may identify a suspicious superficial

BONJ focus, the latter allows better delineation of the extent of

bone osteonecrosis and depicts coexisting changes such as sclero-

sis or periosteal thickening.13 CBCT allows easy generation of

panoramic views of the jaws from 3D datasets that are similar to

plain radiographs but, in addition, can be reformatted by dedi-

cated and user-friendly software.14 CBCT, furthermore, is less

susceptible to metal-induced artifacts from certain endodontic

prosthetic materials compared with standard multidetector CT15

and at a generally lower radiation dose.16

Necrotic foci are associated with a loss in bone mineralization

and fragmentation of bone leading to decreased attenuation in CT

or hyperlucent areas on panoramic views of the jaw.6,13 Associ-

ated sclerosis in the surrounding bone can often be seen and is

linked to bisphosphonate-induced deranged bone homeosta-

sis.4,5 CBCT attenuation measurements are not as reliable as in

standard MDCT, however; and soft-tissue contrast is lower com-

pared with MDCT due to basic differences in beam geometry,

detector technology, and varying tube voltage with consecutive

attenuation instability.17

MR imaging is free from ionizing radiation and has high soft-

tissue contrast. Coincident gingival and soft-tissue involvement is

highly indicative of BONJ and was, therefore, regarded as confir-

mation of disease in doubtful cases (ie, low signal on T1- and

T2-weighted images). However, in these cases, quantification of

disease extent was based only on affected bone on native T1- and

T2-weighted images. Soft-tissue involvement can be detected

with increased sensitivity by intravenous contrast administration,

either in contrast-enhanced MDCT or in CEMR imaging.6,11,18

Although only affected bone tissue was quantified, our results

showed significantly larger disease extent in CEMR imaging com-

pared with the widely used reference CBCT and clinical examina-

tion. This finding corroborates the notion of the additive value of

intravenous contrast for disease quantification. However, on

CEMR images, clear-cut distinction between necrotic bone or os-

teomyelitis and reactive signal changes of bone marrow secondary

to surrounding inflammation of soft tissue is often difficult.

Hence, affected bone in BONJ might be overestimated and may

not correlate well with intraoperative findings. This problem has

been shown in a previous study, where MR imaging and CT pro-

vided high detectability for BONJ lesions that exceeded that of

panoramic radiographs by far, but both techniques had limita-

tions concerning the exact assessment of the extent of BONJ le-

sions in individual patients.18

The same observation may apply to [18F] fluoride PET/CT

imaging. [18F] fluoride is a radioactive tracer that is incorporated

in hydroxyapatite by osteoblasts during bone neoformation.9 Ho-

meostasis of bone resorption and neoformation is markedly al-

tered in patients with BONJ under bisphosphonate treatment19

and not only affects the BONJ focus itself but may lead to in-

creased bone sclerosis or periosteal thickening beyond the clini-

cally overt BONJ lesion.4,6 These often subtle bone changes are

hardly perceivable on conventional panoramic radiographs or

FIG 3. Rankings of BONJ extent (0 � no sign of BONJ, 5 � maximal
extent among modalities/examinations) in different modalities for
each patient. Note in patient 10 that no abnormalities were seen in
CEMR imaging due to artifacts and no intraoperative examinationwas
performed.

FIG 4. Mean rankings of BONJ extent in different modalities/examina-
tions (0 � no sign of BONJ, 5 � maximal extent among modalities/
examinations). CEMR imaging and PET/CT ranked highest and showed
the largest extent of BONJ of all modalities, being significantly higher
thanCBCT and clinical preoperative examinations. PET/CT ranked signif-
icantly higher than intraoperative examinations. The latter showed sig-
nificantly larger extent of BONJ than clinical preoperative examinations
but did not significantly differ fromCEMR imaging and CBCT. Horizontal
lines with stars indicate significant differences among modalities (P �
.05). Note that patient 10 was excluded from statistical analysis because
no histologic confirmation of BONJ was obtained.
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morphologic imaging modalities such as CT or MR imaging.

However, [18F] fluoride PET/CT as a functional molecular imag-

ing technique may allow detection of subtle foci of increased bone

remodeling, considered precursors to clinically overt BONJ.20

PET images were acquired 30 minutes after the injection of the

tracer in this study; hence, the detected signal originated almost

entirely from radioactive fluoride incorporated into bone tissue,

and direct perfusion effects of the tracer could thereby be ex-

cluded.21 Extent of BONJ detected in [18F] fluoride PET/CT signif-

icantly overlapped that of other imaging modalities and clinical pre-

operative and intraoperative examinations, corroborating the

notion of altered bone biochemistry beyond the visible BONJ focus.

Due to mechanical considerations in certain cases, not all of

the necrotic bone that was found during surgery could be re-

sected. Thus, intraoperative quantification as a reference standard

underestimated the true disease extent to some degree. When one

compared all imaging modalities with intraoperative examina-

tions, only [18F] fluoride PET/CT showed significantly larger

BONJ areas than were addressed operatively, though CEMR im-

aging and PET/CT both depicted larger areas than CBCT or pre-

operative examinations. Although this finding on [18F] fluoride

PET/CT may be partly caused by reactive changes in the sur-

rounding bone, we hypothesize that these findings could never-

theless influence a surgeon’s approach to BONJ. The latter essen-

tially depends on how much bone of the jaw is affected (ie, how

much will have to be resected on the basis of preoperative exam-

ination and imaging). If, for example, BONJ is clinically or, on

plain radiographs, found to affect the alveolar process only, a

different surgical approach is warranted compared with patients

in whom the disease extends from the alveolar process into the

whole hemimandible including the articular process, as was seen

on [18F] fluoride PET/CT in 1 patient in this study.

We acknowledge certain limitations to this study. First, only

10 patients were included. However, 3 different imaging exami-

nations had to be completed in all patients before surgery with

ensuing histologic analysis of resected necrotic foci, which limited

prospective patient acquisition. One female patient could not un-

dergo an operation due to poor general health and, thus, lacked

histologic proof of BONJ; she was, therefore, not included in the

statistical analyses. Additionally, we consecutively included 9 fe-

male patients and only 1 male patient with BONJ in our study,

leading to a marked female majority in our patient population.

Although jaw bones of both sexes may be considered as equally

susceptible to side effects from bisphosphonate treatment, subtle

sex-specific differences cannot be ruled out with certainty.

CONCLUSIONS
[18F] fluoride PET/CT and CEMR imaging show more extensive

changes in the setting of BONJ compared with panoramic views

from CBCT and clinical examinations. This advanced imaging

may be of added value in the preoperative work-up of patients and

should be the focus of future studies. Awareness of differences

among imaging modalities should also be considered when plan-

ning the extent of operative treatment of BONJ.
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