Dentomaxillofacial Radiology (2022) 51, 20210036

© 2022 The Authors. Published by the British Institute of Radiology under the terms of the Creative
Commons Attribution-NonCommercial 4.0 Unported License http://creativecommons.org/licenses/
by-nc/4.0/, which permits unrestricted non-commercial reuse, provided the original author and source
are credited.

birpublications.org/dmfr

RESEARCH ARTICLE
Correlation of dynamic contrast-enhanced bone perfusion with
morphologic ultra-short echo time MR imaging in medication-
related osteonecrosis of the jaw

12Paul Schumann, *Sarah Morgenroth, >*Florian A Huber, >*Niels J Rupp, °Filippo Del Grande and
23Roman Guggenberger

!Department of Cranio- Maxillo-Facial and Oral Surgery, University Hospital Zurich, Zurich, Switzerland; *Faculty of Medicine,
University of Zurich, Zurich, Switzerland, 3 Institute of Diagnostic and Interventional Radiology, University Hospital Zurich,
Zurich, Switzerland; *Department of Pathology and Molecular Pathology, University Hospital Zurich, Zurich, Switzerland;
Istituto di imaging della Svizzera Italiana, Regional Hospital of Lugano, Via Tesserete 46, Lugano, Switzerland

Obijectives: To investigate whether dynamic contrast-enhanced (DCE)-MR bone perfusion
could serve as surrogate for morphologic ultra-short echo time (UTE) bone images and to
correlate perfusion with morphologic hallmarks in histologically proven foci of medication-
related osteonecrosis of the jaw (MRONJ).

Methods: Retrospective study including 20 patients with established diagnosis of MRONJ.
Qualitative consensus assessment of predefined jaw regions by two radiologists was used as
reference standard using Likert scale (0-3) for standard imaging hallmarks in MRONJ (oste-
olysis, sclerosis, periosteal thickening). DCE-MRI measurements performed in corresponding
regions of the mandible were then correlated with qualitative scores. Regions were grouped
into “non-affected” and “pathologic” based on binarized Likert scores of different imaging
hallmarks (0-1 vs 2-3). DCE-MRI measurements among hallmarks were compared using
Mann—Whitney-U-testing. ROC (receiver-operating-characteristic) analysis was performed
for each of the perfusion parameters to assess diagnostic performance for identification of
MRONJ using morphologic ratings as reference standard.

Results: Median perfusion measurements of “pathologic” regions in wash-in, peak enhance-
ment intensity and integrated area under the curve are significantly higher than those of
“non-affected” regions, irrespective of reference imaging hallmark (p < 0.05). No significant
perfusion differences were found between “pathologic” regions with and without osteolysis
(p = 0.180). ROC analysis showed fair diagnostic performance of DCE-MRI parameters for
identification of MRONIJ (AUC 0.626-0.727).

Conclusions: DCE bone perfusion parameters are significantly increased in MRONIJ
compared to non-affected regions, irrespective of osteolysis. Due to certain overlap DCE-
MRI bone perfusion cannot serve as full surrogate for UTE bone imaging but may enhance
reader confidence.
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Introduction

According to the American Association of Oral and
Maxillofacial Surgeons (AAOMS), medication related
osteonecrosis of the jaw (MRONUJ) is defined by visually
exposed bone or bone-probing fistula in the maxillofa-
cial region persisting for longer than § weeks, in patients
with a history of antiresorptive therapy (ART) without
prior radiation to the jaw.! MRONJ was first associated
with bisphosphonates, but has now been linked to many
antiresorptive and cancer drugs.! MRONJ primarily
occurs in the alveolar bone of the jaw affecting the
mandible more often than the maxilla (80% vs 20%).!
The current pathogenetic concept for MRONJ is multi-
factorial and based in part on the accumulation of
antiresorptive drugs in the jawbone?? leading to bone-
remodeling inhibition and eventual bone necrosis in
response to inflammation of the periodontal space.*

The AAOMS initially proposed a 3-grade staging
system (Grade 1-3), depending on clinical symptoms
and degree of disease extent. In 2009, Stage 0 was added
as the non-exposed variant of the disease, in order to
include a significant proportion of patients on ART
who do not show exposed jaw bone, but present with
persistent non-specific symptoms (odontalgia, dull
aching pain, sinus pain) and non-specific clinical find-
ings (e.g alveolar swelling, gingival redness).!

The spectrum of typical imaging findings in MRONJ
include sclerosis, periosteal thickening and osteolysis,
as described in numerous studies.”’ Panoramic radio-
graphs, cone-beam computed tomography (CBCT) and
multi detector CT are used most often as they perform
best for bone depiction.* ! Despite advances in radio-
graphic diagnosis of MRONJ and subtle bone changes
already occurring at Stage 0,!! patients are often not
properly diagnosed using current clinical criteria. In
addition, the risk of disease progression from usually
undetected Stage 0 is about 50%.% As the diagnosis of
MRONI is currently based on clinical history and exam-
ination it is not only inaccurate, but often delayed."
Alternative imaging concepts for early disease recog-
nition and extent assessment are needed in order to
prevent MRONJ-associated complications.'?

A wide spectrum of alternative imaging modali-
ties for detection and grading of early stage MRONIJ
has recently been investigated by numerous authors.!
However, the role of MRI in MRONJ diagnosis besides
assessing adjacent soft tissue and ruling out possible
complications,!® has not been completely defined yet.
Recently, ultra-short echo-time (UTE) MRI sequences
have been proven to be of similar diagnostic accuracy
compared to CBCT images for jaw bone evaluation
in MRONJ patients.” In addition, dynamic contrast-
enhanced (DCE) bone perfusion MRI could help in
better assessing bone viability with better characteriza-
tion of disease extent.!® DCE-MRI in general reflects
pathologic changes in microcirculation as a time depen-
dent Tl-relaxivity change with Gadolinium passing
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through the examined volume.'”'® Moreover, DCE bone
perfusion MRI has proven valuable in the evaluation of
osteonecrosis of the patella and femur'®2 but has not
been applied to MRONI patients so far. The rationale
behind this investigation was hence to transfer current
knowledge about DCE-MRI from related pathologies
to MRONI and a possible gain in knowledge especially
regarding sub clinical stages.

The aim of this study was to correlate DCE-MRI
bone perfusion with morphologic UTE bone imaging
findings and to investigate whether DCE perfusion
could serve as surrogate for dedicated bone imaging in
the identification of MRONJ foci in patients.

Methods and materials

Patient population

This study was approved by the responsible local ethics
committee (Cantonal Ethics Committee Zurich).
Only patients with priorly obtained written informed
consent were included. Over a period of 13 months,
MRI scans, performed according to an institute-own
protocol for MRONIJ imaging, were screened. Only
patients with histologically proven MRONIJ according
to AAOMS criteria were included.! The internal search
was performed using the PACS system (Agfa IMPAX v.
6.7, Agfa-Gevaert N.V., Mortsel, Belgium). 19 of the 20
included patients have been previously reported.’ This
prior article dealt with the utilization of UTE-MRI for
MRONJ identification and characterization, whereas
in this manuscript we report on the diagnostic perfor-
mance of DCE-MRI compared to the reference stan-
dard of UTE-MRI.

MR imaging

All MRIs were performed on a 3T unit (Skyra, Siemens
Healthineers, Erlangen, Germany), with the patient in
supine position and the head in a dedicated 64-channel
head array coil (Siemens Healthineers). Imaging was
performed in one session per patient. In addition to
coronal T, weighted (W) and axial fat-saturated 7,W
turbo-spin echo (TSE) sequences, functional UTE- and
DCE-images were obtained. For jawbone imaging, a
vendor-specific UTE-MRI sequence using pointwise
encoding time reduction with radial acquisition was
used (“PETRA”, also Siemens Healthineers).!” Sequence
parameters for UTE-MRI were a 0.7 mm isovolumetric
voxel size, 0.07 ms TE, 5 ms TR, 246 mm field of view
at 315s acquisition time. Base resolution was 352 with a
bandwidth of 355Hz/Px. For DCE imaging a 7\W 3D
gradient-echo sequence (“VIBE”: 0.5 X 0.5mm in-plane
voxel size, 2mm slice thickness, TE 1.47 ms, TR 2.95
ms, 256 mm field of view, 980 Hz/Px) of the jaws was
repeatedly acquired, in order to monitor bone perfu-
sion over time (20 continuous measurements without
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pausing, total acquisition time 151s). A contrast bolus
of Gadobutrol (Gadovist®, Bayer AG) 1 mmolml™! at
a dosage of 0.1ml/kg bodyweight was applied intra-
venously followed by a 10ml saline flush. Only MR
examinations with high-quality UTE- as well as DCE
perfusion-images were used for further analysis.

Qualitative readout

The UTE-MRI were analyzed by two radiologists (R.G.,
FA.H., 12 and 2 years of musculoskeletal radiology
experience) independently after randomization of
patients using a 4-point Likert scale (0-3, for “normal
findings”, “mild”, “moderate” and “severe” changes)
for visual hallmarks (periosteal thickening, osteolysis
and bone sclerosis) typically associated with MRONJ.¢
The majority of the cohort has already been investi-
gated by a comparison of MRONJ hallmarks in CBCT
with UTE-MRI in a recently published study.’ Due to
resolution and sinus air artifact issues in DCE-MRI,
only mandibular regions were assessed bilaterally: ante-
rior corpus of mandible (aMa, i.e. comprised between
mental foramina), posterior corpus of mandible (pMa,
between mental foramen and angle of the mandible),
Ramus mandibulae (rMa), condyloid process of
mandible (conMa). Consensus reading was performed
for discordant ratings and used as standard-of-reference
for comparison with quantitative DCE-MRI perfusion
data. Due to results from the preceding publication, we
intentionally did not perform inter -reader agreement
for this study.’

Quantitative readout

Quantitative readout was performed using a vendor
workflow solution (“syngo.via” Module Tissue 4D,
VB30A, also Siemens Healthineers). Preprocessing
included calculation of perfusion maps (wash-in,
wash-out, arrival time (AT), time to peak (TTP), peak
enhancement intensity (PEI), initial area under the
curve (1IAUC)) within same-sized volumes of interest
(VOI), as well as semi-rigid co-registration of perfusion
with morphologic PETRA images.*'*> Due to preceding
testing of VOI-measurements at study-unrelated
subjects, an arbitrarily defined size of a spherical VOI
of 41 voxels (ca. Smm?®) was considered as optimum
(i.e. largest possible overall without interference with
adjacent structures, such as inferior alveolar nerve), and
therefore used for all subsequent measurements. Region-
specific VOIs were then placed in a total of six regions
of the mandible (aMa, pMa and rMa bilaterally). The
measurements were placed in the bone marrow with
margins of several millimeters in the mandibular base to
avoid measuring cortical bone. The conMa was excluded
as it is very rarely affected by MRONJ, and the anatom-
ical form of the bone marrow made consistent VOI
placement impossible. To improve comparability among
patients, all quantitative DCE measurements were inter-
nally referenced to the first and second cervical vertebral
bodies after prior exclusion of bone metastases or other
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osseous pathologies. Furthermore, VOI measurements
were performed in the axis body and compared with
measurements of the supposedly healthy side of the jaw,
in order to exclude a potential bias of disease spread
into the healthy jaw regions.

In every second randomly chosen patient of the
cohort quantitative readout was performed twice after a
delay of 4 weeks, in order to assess measurement repro-
ducibility using intraclass correlation coefficient (ICC)
analysis.

Statistical analysis

The Mann—Whitney U-test was first used to compare
medians for each quantitative DCE-MRI parameter
(wash-in, wash-out, AT, TTP, PEI, iAUC), separately
using the binarized groups “pathologic” and “non-
affected” from the qualitative UTE-MRI readout.
Bone regions were considered pathologic if any of
the three qualitative hallmarks were graded >2. Each
visually graded hallmark was assessed independently
(“sclerosis”, “periosteal thickening”, “osteolysis”),
again using Mann—-Whitney U-test and the binarized
scores “pathologic” and “non-affected” for each quan-
titative DCE-MRI parameter individually. Effect size
r was calculated for both analyses and was interpreted
according to Rosenthal and Rosnow (1984) (r > 0.1:
small effect size; r > 0.3: medium effect size; r > 0.5:
large effect size).”* Comparisons between healthy jaw
and axis body were performed in analogous fashion.
Additionally, in order to test for influence of bone oste-
olysis on DCE parameters, pathologic regions based
on binarized productive changes (periosteal thickening
and/or sclerosis) with or without presence of osteolysis
were compared to each other.

Receiver operating characteristic (ROC) curves were
plotted for each DCE-MRI parameter individually
(wash-in, PEI, iAUC), to determine the area under the
curve (AUC) as measure for diagnostic performance.?*
The ROC curves were then used to determine possible
cut-off values for each significant parameter at a speci-
ficity of 90% and a sensitivity of 90%, as well as Youden’s
J maximal value as a measure for maximal diagnostic
accuracy.” Pearson’s correlation was used to test for
correlation of DCE bone perfusion parameters with age
in regions classified as non-affected by MRONJ.

p-values < 0.05 were considered statistically signifi-
cant for all measurements. Statistical calculations were
performed using IBM SPSS Statistics (v. 25, IBM,
Armonk, NY).

Results

A total of 20 patients were included in this study, 11
female and 9 male patients, between 57 and 93 years of
age, with a mean of 75.9 + 10.1 years. The patients devel-
oped MRONJ after treatment with denosumab (n = 8),
zoledronate (n = 3), ibandronate (n = 3), denosumab/
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+ adult patients
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+ clinically diagnosed MRON]
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Figure 1 Flowchart of patient inclusion according to the STARD checklist. MRONJ, medication-related osteonecrosis of the jaw; UTE, ultra-

short echo-time.

zoledronate (n = 2), bortezomib/cyclophosphamide
(n = 1), bortezomib/zoledronate (n = 1), bortezomib/
denosumab (n = 1), or denosumab/everolimus/sunitinib
(n = 1). The majority of patients suffered from non-
malignant disease, i.e. primary osteoporosis (n = 11;
prostate cancer: n = 4; various malignant entities for the
remainder cases). A STARD-compliant flowchart of
in- and exclusion criteria is shown in Figure 1. A total
49 pathologic and 71 non-affected mandibular regions
were qualitatively and quantitatively assessed in this
study. The distribution of MRONJ lesions in the patient
cohort within the evaluated regions of the mandible is
displayed in Table 1.

Qualitative readout

41% (24 regions) of pathologic regions showed produc-
tive bone changes (i.e. sclerosis or periosteal thickening)
without osteolysis, 59% (34 regions) showed productive
changes in combination with osteolysis. Osteolysis was
present only in regions with productive changes (2% (1
region): with periosteal thickening/9% (5 regions): with
sclerosis/48% (28 regions): with sclerosis + periosteal
thickening). Sclerosis was only present in combination
with periosteal thickening (5% (3 regions): only peri-
osteal thickening/sclerosis + periosteal thickening). All
patients exhibited only one contiguous lesion, spanning
one or more regions of the mandible.

Table 1 Distribution pattern of pathologic and non-affected regions (n = 49) in the mandible (aMa: anterior mandible, pMa: posterior mandible,
rMa: ramus mandibularis) in total study cohort (n = 20)

Overall Right aMa Right pMa Right rMa Left rMa Left pMa Left aMa
Pathologic 49 11 (55%) 11 (55%) 9 (45%) 3 (15%) 6 (30%) 9 (45%)
PC wlout osteolysis 23 5 5 7 1 1 4
PC with osteolysis 26 6 6 2 2 5 5
Non-affected 71 9 9 11 17 14 11

Numbers are displayed for regions with productive changes (PC; periosteal thickening and/or sclerosis) with and without osteolysis, respectively.
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Figure2 MRON!IJ focus (asterisk) with periosteal thickening in right anterior and posterior mandible, but also bone fragmentation and osteolysis
(arrow) in right posterior mandible on UTE image (a). On late phase of a 7, W fat-saturated DCE image (b) surrounding hyperperfusion can be
seen (arrow) around the necrotic area. On iAUC perfusion map (c) increased values (green pixels) are seen in areas surrounding necrosis, compared
to contralateral normal healthy bone (dark and blue pixels). Respective VOI placements in necrotic (VOI 3, yellow) and perifocal hyperemic bone
(VOI 2, green) confirm increased perfusion in both MRONJ-affected core and surrounding area (d), corroborating inflammatory hyperperfusion
of necrotic bone. DCE, dynamic contrast enhanced; iAUC, initial area under the curve; MRONJ, medication-related osteonecrosis of the jaw;

UTE, ultra-short echo-time; VOI, volume of interest

Quantitative readout

DCE bone perfusion measurement reproducibility:  All
tested quantitative DCE bone perfusion MR parame-
ters showed good reproducibility between the two read-
outs with ICCs ranging from 0.739 to 0.774 (wash in:
0.774, 95%CI 0.628-0.862, PEI: 0.739, 95%CI 0.570-
0.842 and iAUC: 0.754, 95%CI 0.595-0.851). A repre-
sentative example of relevant workflow steps is shown
in Figure 2.

DCE bone perfusion correlation with imaging hall-
marks: Median wash-in, PEI, and iAUC were signifi-
cantly higher in pathologic compared to non-affected
regions with medium to large effect sizes (Mann—Whitney
U wuirn = 1060, p < 0.05, r = 0.33; Mann-Whitney U
ppr = 135, p < 0.05, r = 0.49; Mann-Whitney U ,, . =
700, p < 0.05, r = 0.51), as illustrated in Figure 3. The
parameters AT, wash-out and TTP did not show signif-
icant differences and were thus excluded from further
analysis.

Median wash-in, PEI and iAUC were significantly higher
in pathologic groups (Figure 4) with medium to large
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effect sizes for each individual qualitative hallmark. The
binomial rating scale was again used to classify regions
as “with osteolysis” vs “without osteolysis”; “ with scle-
rosis” vs “ without sclerosis” and “with periosteal thick-
ening” vs “without periosteal thickening” (sclerosis:
wash-in r = 0.36, PEI r = 0.52, iAUC r = 0.54); (perios-
teal thickening: wash-in r = 0.27, PEI r = 0.5, 1IAUC r =
0.5); (osteolysis: wash-in r = 0.21, PEI r = 0.4, 1AUC r
= 0.43). No significant differences were found between
different imaging hallmarks (Table 2). Median wash-
in, PEI and iAUC did not differ significantly between
regions with productive changes with and those without
osteolysis (Py, .1, = 0-535, Py, = 0.180, p, ;- = 0.389).

There were no significant differences between DCE
measurements of healthy jaw regions and the axis body
(all p > 0.05).

ROC analysis: The AUC in the ROC analysis for the
DCE parameters in order to detect MRONJ affected
regions were fair (wash-in: 0.626 AUC, PEI: 0.727 AUC,
1AUC 0.727 AUC; Figure 5). Possible cut-off values for
90% sensitivity and specificity respectively were 0.34 and
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Figure 3 UTE MR images of MRONU in left posterior mandible corpus region at (a) alveolar socket level and at (b) the base of the mandible
with productive bone sclerosis and periosteal thickening (arrowheads in b) and small osteolysis on alveolar ridge (circle in a). VOIs were placed at
the base of the mandible in MRONIJ focus (VOI 2, green) and contralateral non-affected area (VOI 3, yellow) as shown on UTE (c) and iAUC map
(d). In consecutive perfusion curves (¢) markedly increased perfusion in MRONTJ focus is seen, while in non-affected region a flat trajectory is seen,
indicating normal minimally perfused bone. Findings illustrate increased perfusion of base in MRONJ area despite presence of apical osteolysis
on UTE image. Pre-operative clinical findings are concordant showing (f) necrotic bone exposed to the oral cavity in the left posterior mandible
corpus region. Post-operative histology specimens (g) identified necrotic bone and acute inflammation (overview). The inset shows H&E staining
depicting avital bone featuring empty lacunae lacking osteocytes and abundant neutrophilic granulocytes attacking the bone matrix (arrowhead);
scale bars 1 mm (overview) and 50 um (insets). DCE, dynamic contrast enhanced; H&E, hematoxylin & eosin; iAUC, initial area under the curve;
MRONJ, medication-related osteonecrosis of the jaw; UTE, ultra-short echo-time; VOI, volume of interest

0.248 for iAUC, 0.313 and 0.188 for PEI, —0.027 and  “healthy” regions showed weak (r > 0.3) to no (r < 0.3)
0.148 for wash-in. Youden’s index (J) (assumption of correlation (Age: ry, = 0.17, 1., =0.34, 1, . = 0.35).
equal importance of specificity and sensitivity) was deter-
mined for each parameter respectively and were 0.183
for iIAUC, 0.326 for PEI and 0.112 for wash-in. Pearson’s
correlation of wash-in, PEI, iAUC with patients age in

AUC
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Figure 4 Boxplots displaying differences for DCE parameteres wash-in (a), wash-out (b), TTP(c), AT (d), PEI (e), and iAUC(f), binarized into
“non-affected” and “pathologic” groups based on marked presence (Likert score 2-3) of either qualitative imaging hallmark (osteolysis, bone scle-
rosis or periostal thickening), respectively. Signficant differences between groups were found for wash-in, PEI and iAUC (all p < 0.01). AT, arrival
time; DCE, dynamic contrast enhanced; iAUC, initial area under the curve; PEI, peak enhancement intensity; TTP, time to peak

Discussion

As mere clinical assessment only detects overt MRONJ
foci and often underestimates the extent of the disease
radiologic assessment is becoming more important for
timely and accurate diagnosis and therapy planning.'
In addition to information on bone morphology, func-
tional MRI, e.g. bone perfusion studies can also look at
vascular integrity of bone tissue and offer new perspec-
tives on disease assessment. This study aimed to demon-
strate the ability of DCE-MRI bone perfusion imaging
to serve as surrogate for morphologic UTE-MRI bone
imaging in distinguishing pathologic from healthy bone
regions in the mandible using histology proven MRONJ
as standard of reference.

Significant differences for perfusion parameters were
found when testing for different morphologic hall-
marks (“sclerosis”, “periosteal thickening”, “osteol-
ysis”), without significant differences among them. This
suggests that there may be no single dominant imaging

Table 2 Quantitative DCE parameters separately for different hall-
marks

Sclerosis Periosteal thickening Osteolysis
Wash-in pr <0.05 pr <0.05 pr <0.05
0.36 0.27 0.21
PEI pr <0.05 pr <0.05 pr <0.05
0.52 0.5 0.4
1AUC pr <0.05 pr <0.05 pr <0.05
0.54 0.5 0.43

PEL peak enhancement intensity; iIAUC, initial area under the curve.
Values represent p-values (p) and effect sizes (r) of Mann-Whitney
U Test. The differences between hallmarks were almost negligible.
Wash-in, PEI and iAUC, which were all significantly different
between non-affected and pathologic regions (refer to Table 2),
showed comparable effect sizes (r) among different qualitative
hallmarks (sclerosis, periosteal thickening or osteolysis) used for
binarization into pathologic vs non-affected lesions

Dentomaxillofac Radiol, 51, 20210036

birpublications.org/dmfr

hallmark of MRONIJ with regard to impact on perfu-
sion changes and also illustrates the complex and heter-
ogenous morphologic appearance with simultaneous
productive and lytic changes of these lesions.

All hallmarks were present in necrotic jawbone areas
with productive changes seemingly preceding osteolysis.
The latter was only present in regions with at least one
other productive change. We also investigated the signif-
icance of osteolysis as a purportedly specific morpho-
logic imaging surrogate for relevant bone necrosis on
perfusion behavior. Interestingly, no statistical differ-
ence was seen between MRONJ regions with productive
changes only (sclerosis and/or periosteal thickening) and
those with osteolysis, even though osteolytic or necrotic
bone would be expected to show decreased perfusion.
This may be explained first in part by VOI placements
at the mandibular base distant to the alveolar process
and the periodontal interface where MRONUI is usually
thought to initiate.! Thus, mere osteolytic bone may
not have been included in the VOI and the measure-
ments may reflect predominately productive changes
bordering the osteolytic process. Secondly, a number
of studies have presented contradictory results on the
relationship of DCE bone perfusion MRI with osteo-
necrosis and in particular osteolysis in other regions of
the body or other disease entities such as Kienbdck’s
disease and scaphoid non-union fractures.?*?’ These
studies suggest increased perfusion in osteolytic regions
when compared to healthy bone while also showing
decreased perfusion in later stages of osteonecrosis.
Hence, based on the current literature the correlation of
qualitative bone changes and bone viability in osteone-
crotic patients with quantitative DCE-MRI parameters
remains unclear.?’

In this study cohort perfusion parameters wash-in,
PEI, iAUC showed significantly higher median values
in pathologic regions than in healthy jawbone, despite
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Figure 5 ROC curves for (a) wash-In, (b) iAUC and (c) PEI demonstrate comparable accuracy for identification of pathologic and non-affected
MRONUJ regions based on binarized Likert scores (2 or 3) of either qualitative imaging hallmark (osteolysis, bone sclerosis or periostal thick-
ening). iAUC, initial area under the curve; MRONJ, medication-related osteonecrosis of the jaw; PEI, peak enhancement intensity; ROC, receiver

operating characteristic.

substantial overlap as illustrated in Figure 4. However,
significant median perfusion differences were irrespec-
tive of predominant qualitative imaging hallmark. This
finding is concordant with regional hyperperfusion and
has also previously been reported in a study correlating
imaging with histopathological findings in MRONJ,
describing areas of diseased unexposed bone with
hypervascular fibrous tissue and inflammatory infiltrate
filling intertrabecular spaces.?

Increased T, signal in DCE bone perfusion MRI is
dependent on the tissue blood flow (intravascular gado-
linium) as well as the permeability of the blood vessels
leading to increased extravascular volume fraction
(gadolinium in the extravascular space).!” Our findings
of hyperperfusion are most likely caused by a combi-
nation of both effects induced by inflammatory reac-
tion in the jawbone. In a study of osteonecrosis of the
femoral head correlating histopathological specimens
with DCE perfusion MRI Chan et al”® postulate, that
gadolinium enhancement is mostly due to inflamma-
tory infiltrates, fibrocytic repair and viable granulation
tissue surrounding necrotic bone areas. MRONJ shows
histomorphologic similarities with usually abundant
inflammatory cell infiltrates in addition to necrotic bone
areas.”

In their study, Chan et al also propose a trend of
decreased blood perfusion, but increased blood pres-
sure within the affected area, to explain perfusion MRI
results with higher peak signal intensities in osteone-
crotic regions of the hip.' This hypothesis could also be
transferred to our findings. Clinically, hypervascularity
or hyperemia in early stages of MRONIJ could lead to
an increase in intramedullary pressure, which could
explain symptoms (e.g odontalgia, dull aching bone
pain) patients experience in earlier stages of the disease
(Stage 0 non-exposed variant).

ROC curve analysis of DCE parameters were based
on dichotomized qualitative ratings and revealed AUC
values ranging from 0.626 to 0.727 with overall fair diag-
nostic performance for detection of MRONJ associated

bone changes due to certain overlap of perfusion param-
eters in healthy vs pathologic jaw bone regions. Hence,
DCE imaging at present cannot be regarded as a fully
valid substitute to UTE or CBCT images for MRONIJ
identification but they could potentially increase reader
confidence when added to traditional morphologic
TSE MR sequences of the jaw. Subsequently, DCE
may be a useful additive in fully MRI-based diagnostic
decision making for MRONJ, potentially allowing for
radiation-free imaging workflows for this disease entity
in the future. Despite the usually higher age of typical
MRONJ patients, it should be kept in mind that those
patients usually carry long medical histories with rather
high cumulative radiation doses. On the other hand,
issues of gadolinium retention in the brain should be
considered, especially ensuring to exclude renal impair-
ment and to use macrocyclic gadolinium-based contrast
agents. Perfusion changes measured by DCE MRI
might help in revealing MRONJ Stage 0 with alterations
present at a cellular or histopathological level, but invis-
ible to the human eye by means of qualitative imaging
or clinical inspection. A possible approach would be
further investigation of jaw perfusion in imaging, e.g.
using an animal model, correlated to a 3D histopatho-
logic segmentation as the reference standard.

There are several limitations to this study. First,
perfusion parameters were correlated with qualitative
morphologic bone changes in UTE imaging. Despite
histologic confirmation of MRONJ lesions, known
heterogeneity of jawbone within small disease foci may
impact on DCE perfusion behavior. Secondly, although
UTE images have been shown to perform comparably
well compared to CBCT,? the latter is still considered
the gold-standard for jawbone imaging. However, due
to results of a previous investigation, we assumed excel-
lent comparability between the two modalities UTE and
CBCT. Hence, we decided to choose a reference standard
that allows for assessment without need for atlas co-reg-
istration and potential biases due to differences between
two examination dates, as all examinations of this

birpublications.org/dmfr

Dentomaxillofac Radiol, 51, 20210036


http://birpublications.org/dmfr

9of 10

Correlation of DCE-MRI with morphologic UTE-MRI in MRONJ patients
Schumann et a/

study were performed in one session per patient. Third,
morphologic bone changes do not depict true extent of
diseased bone in MRONJ and there is no consensus on
which hallmark is the most important with regard to
disease extent. Moreover, it has to be mentioned, that
potentially missed lesions that were considered as “non-
affected” in UTE can lead to biased results. However,
surgical resection borders were known to be “healthy”
in all patients, and we considered multifocal appear-
ance as unlikely. Additionally, comparison of healthy
regions with the distant axis bone showed no significant
differences, which also indicates the observation of true
healthy regions. Due to ethical concerns, comparison of
DCE-MRI from healthy volunteers was not performed.
Fourth, the predictive value of MR perfusion for histo-
logic bone vitality/necrosis was not assessed in this study.
Further radiopathologic correlation studies are needed
and may reveal significantly larger disease extent than is
currently being detected by clinical findings and quali-
tative grading in clinical imaging in MRONJ patients.
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as a fully valid substitute to UTE or CBCT images for
MRONJ identification it may nevertheless enhance
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