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Abstract

Though diagnosis itself is based on anamnesis and clinical presentation,
imaging occupies an integral part of the management of medication-related
osteonecrosis of the jaws (MRONJ). Various radiographic signs may be
seen on panoramic radiographs, cone-beam computed tomography
(CBCT), or multislice CT (MSCT) like sclerosis, persisting alveolar sock-
ets, and lack of bone filling in extractions sites, osteolysis, and sequestra-
tion. While panoramic radiographs serve as a baseline diagnostic tool,
computed tomography (CT) or cone-beam computed tomography (CBCT)
and magnetic resonance imaging (MRI) provide three-dimensional infor-
mation of osteonecrotic lesions and may aid in assessing the extent of
necrosis, monitoring the disease, and detecting early lesions. Anyway, no
imaging modality is able to reliably depict the margins of a necrosis so far.
CT and MRI offer a wide spectrum of findings but those are often not very
specific. In the future, nuclear medicine imaging like combined SPECT/CT
or PET/CT may further improve the diagnosis of MRONJ by combining
functional and anatomical information.
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Introduction

According to AAOMS criteria and some early
reports, the diagnosis of BRONI is traditionally
based on anamnesis and clinical examination [1].
The criteria that have to be fulfilled in order to
establish diagnosis of BRONIJ are already men-
tioned in the previous chapters, including clini-
cally exposed bone in the oral cavity for 8 weeks
or more [2]. Therefore, imaging techniques are not
a prerequisite for the diagnosis itself. However,
they play an important role for assessment of
the extent of a necrosis and possible side effects
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Table 6.1 Summary of radiographic findings in MRONJ

Radiopacity Radiolucency

Sclerosis, focal/diffuse

Impaired healing of extraction sites, lack

Findings in advanced disease/
complications

Sequestra

of bone filling, persisting alveolar sockets

Thickening of the lamina dura
Prominent mandibular canal

Periosteal reaction Periradicular lucency

like accompanying inflammatory soft-tissue
involvement or for the detection of pathologi-
cal fractures. Furthermore, imaging can help to
monitor disease progression and to differentiate
between osteonecrosis and neoplastic lesion like
metastasis. Additionally, imaging is of special
interest concerning the detection of early stages
of BRONIJ, which do not present with clinically
exposed bone, corresponding to stage O of the
disease [3, 4].

While panoramic radiographs serve as valu-
able basic tools in MRONIJ imaging, radiologic
tomographic techniques like computed tomogra-
phy (CT) or cone-beam computed tomography
(CBCT) can provide three-dimensional informa-
tion of the region of interest. Furthermore, mag-
netic resonance imaging (MRI) is increasingly
becoming the focus of attention, as it is assumed
that it might aid in early detection and assessment
of a lesion’s dimension. Last but not least, func-
tional imaging techniques like scintigraphy, bone
single-photon emission computed tomography
(SPECT), or positron emission tomography with
computed tomography (PET/CT) have the poten-
tial to complement the radiologic spectrum of
MRONJ imaging. In the following, the relevant
radiographic, MR, and nuclear medicine imaging
techniques for the MRONJ imaging will be picto-
rially presented.

Osteolysis of cortical/spongious bone
Focal cortical disruption

Pathological fractures
Signs of sinusitis

an initial imaging modality for patients with
suspicion of MRONIJ [1, 5, 6]. Panoramic radio-
graphs provide information not only about signs
of osteonecrosis but also about coexisting dental
aspects like apical osteolysis, periodontal lesions,
or carious lesions. Furthermore, plain radio-
graphs are pricy and available in almost every
dental clinic and maxillofacial surgery unit.
There are various typical signs of BRONJ on
panoramic radiographs (Table 6.1). Alterations
of the bone structure may appear mainly with
osteolysis, sclerosis, or a combination [6—10].
Sclerosis is a highly frequent sign, seen at all
stages of the disease, especially in the early stage
[3-5, 11]. Sclerose-like areas can vary from a dis-
tinct focal sclerosis of the alveolar process to a
diffuse and wide range involvement of greater
parts of the mandible or maxilla [3, 11]. Further
frequently reported signs are thickening of the
alveolar margins, the lamina dura, or the cortical
borders and narrowing of the mandibular canal
[3, 5, 11, 12]. Also radiolucent appearance with
osteolysis, disturbance of the cortical bone, and
delayed healing of extraction sockets or even per-
sisting alveolar sockets can be observed (Fig. 6.1)
[3, 5, 6, 11, 13]. In advanced stages of BRONJ,
sequestra are another typical finding. Moreover,
widening of the periodontal ligament space and
periapical lucencies may be apparent [11].

Panoramic Radiographs

Conventional — dentomaxillofacial — diagnostic
x-ray supplied by periapical and panoramic
radiographs allows for baseline MRONJ imag-
ing. Especially panoramic radiographs enable
a prompt overview of teeth and mandibular and
maxillary bones. They should be considered as

Radiologic Tomographic
Techniques (CT, CBCT)

In contrast to conventional radiographs, includ-
ing panoramic radiographs, tomographic tech-
niques like computed tomography (CT) or
cone-beam computed tomography (CBCT) allow
for three-dimensional evaluation of the jaws.
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Fig. 6.1 A 70-year-old male presented clinically with a
non-healing extraction wound and exposed bone and
putrid exudate in the right mandible in region 45-46.
Extraction of tooth 46 had been performed 3 months
before. The patient received intravenous bisphosphonate
therapy with zoledronate (4 mg/month) since 3 and

The radiographic signs of BRONJ on panoramic
radiographs, which were described above, can
be seen in CT images in an analogous way
(Table 6.1).

Based on bisphosphonate-induced disorga-
nized bone homeostasis, the affected bone is
often associated with sclerosis [14, 15], and con-
sequently, it is a frequent sign seen in radiologic
imaging in BRONIJ cases (Table 6.1). Sclerosis
can range from focal to extended involvement
and may have a flocculent or more dense charac-
ter with irregular trabeculation (Figs. 6.2, 6.4,
and 6.6). In advanced lesions, osteonecrosis can
present as an inhomogeneous bone density with
“cotton-wool” appearance. Dealing with diffuse
sclerosis, buccal and lingual cortical bone was

1/2 years, due to osseous metastases from prostate carci-
noma. (a) Plain film radiograph prior to extraction. (b)
Plain film radiograph 3 month after extraction of tooth 46.
Lack of bone filling and persisting alveolar sockets are
obvious. (¢) Coronal/(d) sagittal sections derived from
CBCT data showing lack of bone filling

reported to be thickened with reduced contrast to
the spongious bone [3]. The mandibular canal
can present prominently when sclerosis affects
the margins of the canal (Figs. 6.3 and 6.4) [3, 5].
Thickening of the alveolar margins and lamina
dura is described as well [3, 5].

On the other side, osteonecrotic areas feature
a loss in bone mineralization and fragmentation
and often present with radiolucent areas on pan-
oramic radiographs and lowered attenuation in
CT (Table 6.1) (Fig. 6.6) [3, 5, 6, 11, 16].

Several reports suggest significant advantages
of CT imaging when compared to panoramic
radiographs [5, 6, 9, 13, 17-19]. Location and
extension of a lesion may be assessed more
exactly by tomography. The dimension of a
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Fig. 6.2 Multislice computed tomography (MSCT).
Extended sclerotic changes of the right mandibular corpus
and ramus (arrowheads). Sequestration and lingual corti-
cal disruption (large arrow)

Fig. 6.3 BRONIJ in the right mandible. Multislice CT
depicting a large lingual mandibular sequestration (black
asterisk) and prominent mandibular canal (white arrow-
heads) as sclerosis affects the margins of the canal

lesion was proved to be larger on CT and MRI as
well as in histopathology than the area of clini-
cally exposed bone [20]. Panoramic radiographs
seem to underestimate the dimension of a lesion
compared to CT imaging, and the existence of
smaller sequestra may be overlooked more easily
in panoramic radiographs (Fig. 6.6) [17].
Preoperative knowledge about the extension
of a bisphosphonate-related necrosis is valuable
for surgical planning. Up to now, there is pau-
city of available data in this concern. In a study
of 24 patients suffering from different stages of

Fig. 6.4 Multislice computed tomography (MSCT).
Mandible affected by BRONJ. Extended left perimandib-
ular periosteal reaction (arrowheads). Osteosclerosis with
disorganized irregular medullary trabeculation throughout
the complete mandible. Prominent mandibular canal can
be seen at the right mandible (large arrow)

BRONIJ, panoramic radiographs, CT, and MRI
were performed. While detectability of CT and
MRI exceeded that of panoramic radiographs by
far, it was obvious that CT and MRI presented
with difficulties in evaluating the exact extent
of the lesions, and so it was concluded that the
precision of these both modalities, displaying
the extension of osteonecrosis, is limited [9].
Guggenberger et al. (2013) compared extension
of bisphosphonate-related lesions in ten patients
undergoing PET/CT, contrast-enhanced MRI,
panoramic views derived from CBCT, and pre-
operative and intraoperative assessment. PET/
CT and contrast-enhanced MRI were able to
display more extensive changes compared with
panoramic views derived from CBCT and clini-
cal examination. It was reported that preoperative
examination detected smaller extension of the dis-
ease than the other examinations. All in all, PET/
CT and contrast-enhanced MRI detected more
extensive involvement of BRONJ compared with
panoramic views from CBCT and clinical exami-
nations [21]. Nonetheless, the latter two studies
demonstrate the current limitations of all modali-
ties in order to assess the exact extension of lesion
in BRONJ cases. While MRI and PET-CT may
overestimate the real lesion dimensions, CBCT
imaging as well as preoperative and intraoperative
estimations may underestimate the real extension.
For the surgeon it is worthwhile to note that for
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preoperative work-up, these differences between
the imaging modalities should be taken into con-
sideration [21]. Further studies are needed and
may include precise histopathological assessment
and intraoperative assessment with the aid of fluo-
rescence imaging as described in brief in the treat-
ment chapter [22, 23].

Recently, imaging focus also headed toward
the possibility to detect MRONJ in an early
stage, when there is no presence of clinically
exposed bone in the oral cavity. Sclerosis is
reported to be a consistent finding in imaging of
early disease [3, 16]. In contrast to low-grade or
sclerosing osteomyelitis however, periosteal
response seems not to be characteristic in early
stages (Fig. 6.4) [3, 10].

In a cohort of 32 patients with BRONJ, a clus-
ter analysis was performed on the basis of differ-
ent radiologic features. Patients were grouped in
4 categories based on CT findings. The authors
found a positive correlation with the clinical
extension analysis [17]. In contrast, a staging
based solely on panoramic radiographs was
judged not to be reliable because lesions tend to
be underestimated and because of a missing cor-
relation between clinical extension and dental
panoramic radiograph clusters [16]. Purulent
secretion and sequestration are correlating with
the size of osteonecrotic lesions and demon-
strated the value of CT imaging in patients with
BRONIJ [24].

Quantification of imaging features may be
promising in order to assess the presence of a
bisphosphonate-related bony disorder in an objec-
tive manner. CT imaging and consecutive work-up
of bone matrix density were performed in patients
with confirmed BRONJ and compared with sam-
ples from cadaveric controls. Unfortunately,
higher bone tissue density was evident only in a
subset of BRONIJ patients, suggesting that density
may have limitations as a biomarker for early
detection of this condition [25].

In a retrospective pilot study, different
techniques were tested in order to analyze corti-
cal bone dimensional changes caused by
bisphosphonates based on CBCT imaging. The
evaluation of the mandibular cortical bone at the
site of the mental foramen seems to be helpful

for the detection of cortical bone dimensional
changes. Alterations in the bone architecture
were even evident in areas of the mandible,
which were not affected by clinical bone expo-
sure. It was concluded that the technique
described may aid in detecting early bone altera-
tions helping to predict BRONIJ in individuals.
However, further longitudinal studies were pro-
posed to verify this technique [12].

Cone-beam computed tomography (CBCT)
is a tomographic imaging technique that has
become increasingly popular in dentomaxil-
lofacial imaging over the last decade. Within
a short imaging time, high-resolution three-
dimensional datasets of the head and neck
region can be generated. Software applications
allow displaying panoramic views as well as
multiplanar reconstructions [26]. Furthermore,
CBCT imaging comes along with considerably
reduced radiation exposure compared to mul-
tislice CT protocols [27, 28]. Accordingly, this
technique is of increased importance in the set-
ting of BRONIJ [10, 12, 29-33].

Radiographic findings (Table 6.1) can be simi-
larly found in CBCT and multidetector CT
(Fig. 6.6). However, it hast to be considered that
CBCT attenuation measurements are less reliable
compared with those in multidetector CT and
soft-tissue contrast is lower compared with mul-
tidetector CT [34].

Inflammatory affection of soft tissues like cer-
vical lymphadenopathy, mass-like thickening of
the masticator muscles, and abscess formation
are addressed more properly with multidetector
CT imaging or MRI, especially if imaging is con-
trast enhanced.

Further radiographic findings in advanced dis-
ease that should be kept in mind are sequestra,
pathological fractures, and maxillary sinus affec-
tion (Figs. 6.2, 6.3, 6.5, and 6.6) [35, 36]. These
findings should be given special attention and
three-dimensional imaging modalities are strongly
recommended in this context. For example, pan-
oramic radiographs seem to underestimate the
dimension of a lesion compared to CT imaging,
and the existence of smaller sequestra may be
overlooked more easily in panoramic radiographs
(Fig. 6.6) [17, 35].
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Fig.6.5 A 73-year-old male clinically presenting with signs
of sinusitis and exposed bone in the right posterior maxilla.
(a) Coronal and (b) sagittal sections derived from CBCT

data. Large arrows are depicting a sequestrum. Arrowheads
show mucosal thickening in the right maxillary sinus as
radiologic correlate to maxillary sinusitis due to BRONJ

Fig.6.6 A 69-year-old male patient received intravenous
bisphosphonate therapy with zoledronate (4 mg/month)
due to osseous metastases from prostate carcinoma. (a)
Panoramic radiograph. Large arrow is showing a radiolu-
cent area corresponding to alveolar margin osteolysis.
Posterior to the osteolysis, the two arrowheads depict
osteosclerosis with disorganized medullary trabeculation

and “cotton-wool”-like appearance. (b) Multislice

computed tomography (MSCT). The large arrow indi-
cates the osteolytic area; the two arrowheads indicate the
osteosclerosis. In contrast to the panoramic radiograph,
sequestration is visible as well (within the osteolytic
area). (¢) Cone-beam computed tomography (CBCT).
Osteolytic area can be seen as well (large arrow).
Additionally, lingual cortical disruption becomes evident
in the shown layer (consecutive arrowheads)
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Magnetic Resonance Imaging (MRI)

Free from ionizing radiation, MR imaging should
be preferentially performed in 1.5 T or 3 T MR
units, which may use the full spectrum of the mod-
ern sequences that provide “state-of-the-art” 2D
and 3D T1- and T2-weighted imaging [9, 16, 21].
New MR scanners are also offered with multiple
channel head/neck coils (up to 32 channels) that
enable superior spatial resolution (in submillime-
ter range) in reasonable acquisition time for the
patient. Besides the conventional morphological
imaging, which has to be enhanced by contrast
agent administration and suitable saturation of the
fat planes in extracranial head, new functional MR
imaging techniques (i.e., perfusion, diffusion) are
available and may facilitate early disease diagno-
sis or monitoring in the future. Nonetheless, pre-
liminary studies failed to demonstrate any strong
supporting evidence in clinically manifested cases
[37] as well as in the early stage of non-traumatic
osteonecrosis models [38].

MR imaging of BRONJ is complementary to
CT imaging revealing signal intensity alterations
in a homogeneous pattern or affecting the periph-
ery of the lesion in a band-like pattern [16], which
has also a close correlation to the “bone-within-
bone” appearance often seen in CT [16, 39]. In
general, BRONJ is typically associated with
decreased signal intensity on TIl-weighted
images and variable signal intensity changes on
T2-weighted or short inversion time inversion-
recovery (STIR) images and contrast-enhanced
images [6, 7, 16, 40]. Typically, low T1 signal
(reflecting low water content) in open wounds is
associated with intermediate or slightly increased
signal intensity on T2-weighted images (reflect-
ing edema and inflammation) (Figs. 6.7, 6.8, and
6.9). Rather than T1-weighted images, the T2
signal intensity of the abnormalities, possibly
associated with the disease stage including early
cases with intermediate symptoms, is not vari-
able, thus not pathognomonic and should be
meticulously appreciated together with the CT
findings, which may reveal subtle changes (i.e.,
focal hyperdensity) [6, 16, 40]. Generally, little
information has been published about the early
stages of BRONJ because they are not typically

imaged with MR imaging or because the unex-
posed bone does not raise the suspicion of
BRONIJ. In doubtful cases (i.e., ambivalent signal
on T1- and T2-weighted images), signal changes
in gingival region, inferior alveolar nerve, and
neighboring soft-tissue MR imaging, not readily
appreciated, even in the contrast-enhanced CT
also due to metal artifacts that may obscure the
lesions in CT, may suggest BRONJ (Fig. 6.10).
The involvement in MRI may appear more exten-
sive after contrast enhancement than in CT [9,
41], but imaging-based disease quantification
should preferably encounter native TI1- and
T2-weighted findings though the latter usually
overestimate the disease extent compared to
intraoperative findings [9, 21] or offer no signifi-
cant additional information for the resection mar-
gins [42]. Up to now and partly due to study
design problems, there are no longitudinal stud-
ies reporting on the clinical fate of “silent”
changes seen in CT or MRI not concordant to the
classical BRONJ appearance.

In late stages or chronic cases, the reported
signal intensity on T2-weighted images is also
variable with predominating low T2 signal (or
STIR-signal) indicating non-viable bone as
reported in cases with uncontrollable pain unre-
sponsive to conventional treatment before surgi-
cal resection [20]. Areas with unexposed bone
may demonstrate increased, sometimes periph-
eral, signal intensity on T2-weighted or STIR
images [6, 20] (Figs. 6.8 and 6.9). This signal
intensity pattern implies probably a chronic
osteomyelitis and is often accompanied by avid
contrast enhancement. This corroborates the
notion of the additive value of intravenous con-
trast for disease detection and quantification.
However, contrast-enhanced MRI alone fails to
distinguish between necrotic bone, osteomyelitis,
and reactive signal changes of bone marrow sec-
ondary to surrounding inflammation of soft tis-
sue. The bone marrow enhancement correlates
with the degree of fatty marrow replacement and
decreased signal intensity on TIl-weighted
images and typically spares the low T2 signal
bony sequestrum (Figs. 6.8 and 6.9) [7, 9, 16]. In
general, contrast enhancement may extend to the
cortical bone, bone marrow, adjacent soft tissues
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Fig. 6.7 (a—c) A 61-year-old woman with breast cancer
and symptomatic osteonecrosis. Axial T1-weighted image
(a) shows focal lesion of osteonecrosis in the left mandible
as hypointense zone without cortical affection. After

(including mylohyoid ridge, buccinator muscle,
orbicular muscle, and masticator space), parana-
sal sinuses, inferior alveolar and mandibular
canal, and in the locoregional lymph nodes
(Fig. 6.11). The commonly seen focal mass-like
thickening of the adjacent soft tissue as well as
cervical lymphadenopathy may clinically mimic
neoplastic disease, either relapsing tumors or

gadolinium administration and fat saturation (b), the lesion
does not demonstrate significant enhancement. Adjacent
fat-saturated, post-contrast T1-weighted MR image shows
enhancing metastatic lesion in the left middle skull base (c)

metastases (Fig. 6.11). The mass-like tissue
changes are frequently located submandibular
followed by the submandibular angle and jugu-
lodigastric chains and should be encountered in
the differential diagnosis [16, 37].

When we compare side-by-side the different
imaging techniques, the overall detectability of
BRONI lesions in MR imaging is very high,
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Fig. 6.8 (a-d) A 50-year-old woman with breast cancer.
Axial T2-weighted image (a) shows pathologic mesial
fracture in the mandible as well as decreased marrow sig-
nal intensity with cortical affection and hyperostosis on
the right side, accompanied by soft-tissue changes in the
labial and buccal premandibular region. The soft-tissue

justifying its application as a preoperative and
monitoring tool [20]. However, a close correla-
tion between intraoperative and MR imaging
findings is not always evident [9, 21]. The sensi-

changes and the affected bone marrow, especially on the

left side, show avid enhancement in fat-saturated
T1-weighted image (b). The corresponding axial CT
image (c¢) demonstrates cortical thickening, medullary
sclerosis, pathologic fracture, and non-healing socket, the
latter being also evident in the clinical examination (d)

tivity of MRI in identification of BRONI is heav-
ily dependent on the use of contrast enhancing
MR sequences and should be encountered as
high considering the identification of all the
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Fig. 6.9 (a-d) A 60-year-old male with prostate cancer.
Axial CT image (a) shows bony sequestrum in the right man-
dibular body as well as medullar and cortical sclerosis on both
sides. The corresponding unenhanced T1-weighted image (b)
demonstrates the sclerotic lesions as areas with low signal

intensity, whereas the T2-weighted image (c) shows interme-
diate signal intensity. The MR images reveal also soft-tissue
changes in the labial and lingual adjacent tissue. The soft-tis-
sue inflammation presents with avid enhancement in the fat-
saturated, post-contrast T1-weighted image (d)
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Fig.6.10 (a-d) A 54-year-old woman with breast cancer
and intermittent pain on the right mandible. Axial CT
image (a) shows subtle focal sclerosis on the right mandi-
ble next to the mental foramen. The suspected area appears
with low signal intensity on unenhanced T1-weighted (b)

and T2-weighted (c) images, whereas it shows remarkable
gadolinium enhancement on fat-suppressed, post-contrast
T1-weighted image (d) the contrast enhancement seems to
follow the right inferior alveolar canal; focal inflammation
of the gingival tissue is also present
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Fig.
T1-weighted MR imaging of a 67-year-old woman with
multiple myeloma and BRONIJ lesions on the maxilla and
mandible. Axial image (a) demonstrates increased gado-
linium uptake in the maxilla and left mandible as well as
prominent enhancement of the soft tissues adjacent to the
left mandibular ramus. There is fluid collection on the

6.11 (a-b)  Fat-suppressed,  post-contrast,

symptomatic lesions and additional lesions not
appreciated at clinical examination [37, 43].

Taken together, MRI may be advantageous
over other imaging modalities in helping to
exclude other possible diseases, delimiting the
area of the lesion with bone and soft-tissue
involvement, and guiding the therapeutic
approach (i.e., debridement in intractable cases
not responding to conservative treatment).

Nuclear Medicine Imaging
Techniques

Functional imaging with bone scintigraphy, bone
single-photon emission computed tomography
(SPECT), positron emission tomography (PET),
and combinations with computed tomogra-
phy (SPECT/CT, PET/CT) finally complete the

buccal side of the maxilla and on the mandibular foramen.
The adjacent axial section at the level of the mandible (b)
reveals the extensive inflammatory changes in the buccal
region as well as in the oropharyngeal space and the ton-
sillar region on the left side. The bony marrow shows
increased gadolinium uptake and the left mandible is frag-
mented with sequestration

imaging spectrum of MRONIJ imaging. While
radiographs, CT, and MRI are able to display
osteonecrotic pattern, they have low specificity
for BRONIJ lesions [8, 16, 44]. Reliable detec-
tion of early BRONIJ lesions and assessment of
the extent of a lesion are limited so far. Therefore,
functional nuclear medicine techniques were
investigated as well in the context of BRONJ
imaging.

Bone scintigraphy was identified to present
with alterations of radionuclide uptake in BRONJ
lesions [6, 45, 46]. 99Tcm-MDP uptake is gener-
ally influenced by blood flow and osteoblastic
metabolism. Chinadussi et al. reported decreased
99Tcm-MDP uptake in early stages when vascu-
larization is lowered and increased uptake in later
stages due to higher osteoblast activity in
advanced disease [6]. SPECT confirmed the pres-
ence of increased uptake, and it was concluded
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that scintigraphy might be used as a screening test
to detect subclinical osteonecrosis in patients
receiving bisphosphonates [6]. A drawback of
conventional bone scintigraphy and SPECT how-
ever is the low spatial resolution and a certain lack
in anatomical information. Hybrid SPECT/CT
can improve the accuracy of scintigraphy because
SPECT/CT provides a functional-anatomical cor-
relation. Accordingly, it was reported that SPECT/
CT increased the accuracy of conventional imag-
ing and differentiation between the necrosis and
adjacent viable bone became possible [46].

A comparison between two functional imag-
ing techniques, characterized, on the one hand,
by a tracer showing oncotropic properties, such
as Tc99m-sestamibi, and, on the other hand, a
tracer taken up by inflammation such as FDG-
PET, was reported to support differentiation
between BRONIJ lesions and myeloma osteolysis
in a preliminary report [45, 47].

Further studies demonstrated focal enhance-
ment on PET scans at sites of BRONJ lesions
[43, 44, 48]. PET enhancement is related to vas-
cularization and hypermetabolism. Therefore,
uptake in BRONJ lesions may be due to hyper-
metabolism caused by superimposing infection
or healing response and may not be caused by the
necrosis itself [44]. In a present study based on
46 PET scans, it was shown that enhancement on
a PET scan is not a reliable indicator of BRONJ
and that a non-enhancing scan does not necessar-
ily exclude the disease. In conclusion, the results
did not support a routine use in the diagnostic of
BRONIJ [44]. However, Wilde et al. suggested
that PET might serve as an option for visualizing
the severity of BRONJ and could be valuable for
evaluation of treatment effects. Combined PET/
CT techniques may further improve the diagnosis
of BRONIJ by combining functional and anatomi-
cal information [48].

While scintigraphy, SPECT, and PET are not
useful for metric analysis of BRONIJ [9], com-
bined PET/CT was assessed to detect more
extensive involvement of BRONJ compared with
panoramic views from CBCT and clinical exami-
nations, although, comparable to contrast-
enhanced MRI, the real dimension of a lesion
may be overestimated [21].

Conclusions

At present, panoramic radiographs can be con-
sidered as a primary modality for MRONJ
imaging. In clinical routine, CT and CBCT are
widely used to gain further three-dimensional
information of the extent of osteonecrosis and
to clarify if there are any further findings like
pathological fractures or signs of sinusitis. So
far, there is no final evidence that MRI is supe-
rior to CT in order to display the extent of the
lesion or to detect early stages of
BRONIJ. Anyway, it seems like CT and MRI
offer a wide spectrum of findings but those are
often not very specific. Nuclear medicine
tomographic imaging techniques may be use-
ful in detecting early stages and monitoring the
disease; however, they cannot be regarded as
standard in MRONJ imaging at the moment.
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