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Abstract

Purpose To assessradiographic presentation of anatomical structures, bony changes and soft tissue calcifications on pano-
ramic radiographs of oncologic patients under high dose antiresorptive drug therapy (ART) before exposure to dental
extraction.

Methods Panoramic radiographs of 57 patients under ART, taken previously to tooth extraction, and 57 control patients
were evaluated by two oral radiologists regarding bone pattern, anatomical structures visibility, estimation of cortical width,
mandibular cortical index (MCI), and presence of soft tissue calcifications. Parameters were compared between ART and
age- and gender-matched healthy control groups. Bone patterns were further assessed by regions with or without tooth
extractions and according to uneventful healing or MRONJ development. All comparisons were made using chi-square test
with significance level set at 5%.

Results Mandible and posterior maxilla presented more sclerotic bone patterns in patients under ART, regardless of tooth
extraction and MRONJ development status (p < 0.05). Heterogeneous bone pattern was identified in two regions that both
were subsequently affected by MRONIJ. Anatomical structure visibility and presence of soft tissue calcifications was not
different among groups (p > 0.05). ART patients showed significantly more CO (thickening) and C1 MCI (p <0.05).
Conclusion Sclerotic bone pattern and thicker mandibular cortices may represent a consequence of ART rather than
MRONI specific findings. Prospective studies on larger patient samples radiographically followed-up during the ART
treatment are advised, with specific attention to heterogenous trabecular bone pattern as a possible MRONJ predictor.
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Introduction metastasis of malignant tumors [1]. ART promote inhibition

of the osteoclastic activity, favoring bone deposition, which
Antiresorptive therapy (ART) is an essential part of the  has shown to improve oncologic patients’ quality of life [2].
treatment of oncologic patients aimed to prevent skeletal- ~ However, there is an uncommon, yet severe, adverse effect
related events and hypercalcemia associated with bony  associated with the ART that results in necrosis of the jaw
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bones, namely medication-related osteonecrosis of the jaws
(MRONUJ). MRONIJ presents higher risk of development in
oncologic patients under high doses of ART and followed
by tooth extraction as a triggering factor [1, 2].

A widely accepted and recently updated position paper
of the American Association of Oral and Maxillofacial
Surgeons defines MRONI as a condition of necrotic bone
exposed to the oral cavity for at least 8 weeks in patients
receiving, or that had formerly received ART and no his-
tory of radiotherapy of the head and neck [3]. Moreover,
they propose a staging system based on the clinical aspect/
extent of the osteonecrosis (stages 1, 2, and 3), a prodromic
stage (stage 0), and a “at risk” category that includes all
patients that have never manifested any signs or symptoms
of necrosis but have current or previous history of ART [3].

Imaging exams are adjuvant in the MRONIJ diagnosis,
which is predominantly clinical. However, the clinical diag-
nosis may come too late once the true extent of a clinically
visible lesion may be greater than expected [4]. Thus, imag-
ing exams are paramount for a correct and early diagnosis.
Current challenges in MRONJ diagnosis include the iden-
tification of its radiographic characteristics in the earlier
stages (i.e., without clinical bone exposure) or predictive
radiographic findings for the occurrence of MRONJ [5-8].

Cone beam computed tomography (CBCT) has been sug-
gested as the imaging modality of choice for early detection
of bone necrotic development. However, panoramic radi-
ography is an easy and accessible imaging modality which
allows visualization of both arches and adjacent structures.
In addition, it has a relatively low radiation dose to the
patient and may be useful in identifying predictive charac-
teristics for MRONIJ [9].

Different mandibular radiomorphometric indices have
been applied to panoramic images in an attempt to identify
patients with bone-affecting conditions, such as low bone
mineral density in post-menopausal women. Often those
indices present good results in terms of accuracy [10, 11]
and may be used either quantitatively (i.e., cortical thickness
measures) or qualitatively (i.e. mandibular cortical shape
and structure). Although the quantitative indices have shown
to be effective, qualitative indices are typically simpler and
more efficient, and therefore more clinically applicable. The
visual estimation of cortical width (ECW) and the mandibu-
lar cortical index (MCI) are examples of qualitative indices
that have been demonstrated to be reliable in identifying low
bone mineral density [10].

Therefore, the aim of the present study was to assess
radiographic findings of anatomical structures, bony
changes, qualitative radiomorphometric indices, and soft
tissue calcifications in panoramic radiographs of onco-
logic patients under high dose ART before exposure to
dental extraction, in an attempt to associate these with
bone necrosis development.
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Methods

Approval from the local review board was granted for the
present study (protocol S63934), following the ethical
principles and standards from Helsinki Declaration.

Sample selection

Patients from the department of Oral and Maxillofacial
Surgery at the University Hospitals Leuven databank
were selected according to the following inclusion cri-
teria: patients in high dose ART for oncologic reasons,
indicated for tooth extraction, presenting panoramic radio-
graph while on “at risk” stage for MRONIJ development.
Records of their clinical follow-up after the tooth extrac-
tion should be available for at least an 8-week period to
demonstrate uneventful healing or to confirm diagnosis of
MRONJ if the wound persisted [3]. Following the diagnos-
tic criteria proposed by the AAOMS, patients with history
of radiation therapy of the head and neck were excluded.
A total of 57 patients meeting these criteria were included
and formed the ART group. In addition to those, a control
group of healthy individuals was selected, pairing with the
ART group by age, gender, and tooth number indicated for
extraction. Teeth of all patients were surgically extracted
following the department protocol, with prophylactic anti-
biotics coverage when indicated.

Image assessment

Images were exported in DICOM format from the PACS
server and randomized for the independent assessment by 2
oral radiologists, in a dimly lit environment, using a high-
resolution monitor (MD Barco MDRC-2221; Barco, Kor-
trijk, Belgium). Image assessments were done considering
different aspects of the structures, as follows:

e Bone pattern: bone pattern was evaluated considering
6 different regions of the dental arches: 1—right pos-
terior maxilla; 2—anterior maxilla; 3—left posterior
maxilla; 4—left posterior mandible; 5—anterior man-
dible; 6—right posterior mandible [12]. In each of these
regions, observers scored trabecular bone pattern as nor-
mal (sparse or alternating dense and sparse), sclerotic
(dense bone with small intertrabecular spaces to absent
spaces), or heterogeneous (mixed sclerotic and lytic
bone) (Fig. 1), adapted from the study by Jonasson et al.
[13]. Edentulous regions with extensive bone resorption
were excluded from the assessment.

e Anatomical structure visualization: mandibular canal
cortices, mental foramina, and maxillary sinus floors
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Normal

Fig. 1 Representative scheme of the six regions evaluated for bone pattern and examples of normal, sclerotic, and heterogeneous

were classified as visible, partially visible or not visible,
considering the radiopaque limits of these structures.

e Estimation of mandibular cortical width (ECW) [11]:
thin, normal, or thickened (Fig. 2).

e Mandibular cortical index (MCI) [14]: C1, C2, or C3. In
addition, a new index was proposed as C0O, when thick-
ening of the mandibular cortical was detected, including
periosteal reaction (Fig. 2).

e Soft tissue calcifications: absent or present, considering
any of the possible soft tissue calcifications observable
on a panoramic radiograph (e.g., carotid artery calcifica-
tion/atheroma, tonsillolith, sialolith, and stylohyoid liga-
ment mineralization).

Prior to assessment, a training and calibration session was
held to explain the parameters under assessment and solve
any questions. Immediately after the assessment by the two
observers, the results were confronted to reach consensus,
and if necessary, a third oral radiologist was invited to solve
any disagreements.

Statistical analysis
Data was analyzed using GraphPad Prism software (Graph-

Pad Inc., La Jolla, CA, USA) and SPSS Statistics software
version 25.0 (IBM Corp., Armonk, NY, USA). For bone

pattern comparison, each region was classified as: control,
ART when no tooth extraction was performed in that region,
MRONIJ — when tooth was extracted but there was unevent-
ful healing, or MRONIJ 4+ when tooth was extracted and
there was subsequent development of necrosis. For the other
radiographic parameters, patients were divided as control or
ART. Data was expressed as absolute and relative frequen-
cies, and all comparisons between groups were done using
the chi-square test, with a significance level of 5% (@ =0.05).
For multiple comparisons, the Bonferroni correction was
applied and post hoc of the chi-square was carried out fol-
lowing the adjusted residuals analysis [15].

Results

One hundred fourteen panoramic radiographs (57 patients
under ART and 57 control patients) were evaluated. The
mean age of the patients was 55.5 years (31-89 age range)
for both groups. In the ART group, 18 patients were under
ART for less than one year, 15 patients were between 1 and
2 years under ART, and 24 were over 2 years under high-
dose ART. Of the 57 patients under ART, 22 had unevent-
ful healing after tooth extraction. A total of 35 patients
presented clinically with necrosis after tooth extraction.
Twenty-six patients developed necrosis in only one region,
while 9 patients presented necrosis in multiple regions.
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Fig.2 Representative scheme of
the estimation of cortical width
(ECW) and mandibular cortical
index (MCI) used for classifica-
tion of the mandibular inferior
cortices

(ECW)

Thin

Normal

Thickened

Regarding the teeth extracted in that group, 145 teeth were
extracted from 107 regions, of which 48 regions developed
necrosis, and 59 regions healed uneventfully.

Bone pattern

Table 1 shows data regarding the bone pattern classifica-
tion in all the different anatomical regions analyzed, con-
sidering control patients, ART regions, MRONJ —regions,
and MRONIJ + regions. Maxillary bone presented higher
prevalence of normal bone pattern, without significant
differences among the groups (p =0.510). In the pos-
terior maxilla, the prevalence of sclerotic bone pat-
tern was slightly higher in MRONJ + groups (p =0.020;
not significant according to Bonferroni correction).
Mandibular bone showed higher prevalence of sclerotic
bone pattern in the anterior mandible for MRONIJ — and
MRONI + groups (p =0.023; not significant according
to Bonferroni correction), and in the posterior mandible
for ART, MRONIJ —, and MRONIJ + groups (p <0.001).
Overall, MRONIJ + ssites presented higher prevalence of
sclerotic bone (p <0.001). No statistically significant dif-
ferences in the bone pattern among different regions were
observed between MRONJ —and MRONIJ + (p > 0.05).
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Estimation of cortical width

Mandibular cortical index
(MCI)

Anatomical structure visualization and calcifications

Concerning anatomical structures visibility, no differences
(p>0.05) were detected between patients under ART and con-
trols for any of the structures assessed (mandibular canal, mental
foramen, maxillary sinus; Fig. 3). Soft tissue calcifications were
detected in 40% of the control group and 38% of ART group,
without significant differences among groups (p=0.848).

Mandibular cortical estimation and index

Regarding the mandibular cortical indexes assessed (Fig. 4),
no differences were observed for the ECW (p=0.197), how-
ever, for MCI, patients under ART were classified more often
as types CO or C1 compared to control patients (p <0.001).

Discussion

MRONIJ causes changes in the jaws that can be assessed
by means of panoramic radiography, such as changes in
bone pattern (dense, sclerotic, or heterogeneous bone),
presence of bone sequestration, increased periodontal
ligament space, thickened lamina dura, and narrow-
ing of the mandibular cortex. Those are characteristics
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Fig.3 Bar graphs depicting the relative frequency of the visibility of anatomical structures classification in control patients and patients under

antiresorptive therapy (ART)

Fig.4 Estimation of cortical
width (ECW) and mandibular
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We assessed the presence of soft tissue calcifications
observed on panoramic radiographs in patients under ART.
Our results show that, despite the effect of ART on bone
metabolism and possible circulating calcium level, the
prevalence of those calcifications is not expected to differ
significantly from non-ART patients.

Radiomorphometric indices (ECW and MCI) in pano-
ramic radiographs make it possible to subjectively predict
a decrease in bone mineral density in the mandible [6, 20].
The ECW is an estimate of the cortical thickening and in
the present study, it was not found different between con-
trol and ART groups. Yet, a numerical quantification of
the cortical thickness by Torres et al. [21] showed thicker
cortices in patients with MRONJ and patients under ART
as compared to controls. In contrast, Kubo et al. [6] also
measured the mandibular inferior cortical bone thickness
and found thicker cortices for control group compared to
patients under ART. Differences among studies may be
related to patient-specific variables, such as age, gender,
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basis condition, medication, duration of treatment, dosage,
and time of the measurement.

For the MCI, there was a higher prevalence of the newly
introduced index CO, and C1 classification in ART patients.
This is an important finding, as it may represent the con-
sequence of ART in thickening the mandibular cortices.
Therefore, the proposal of the CO classification that indicates
bone deposition in the mandibular cortex may be considered
for further studies assessing MCI in these patients. These
results concur with the previous study by Kubo et al. [6]
that elucidated a higher prevalence of the C1 index when
comparing patients under ART and controls. The authors
[6] also suggested that C2 may be a predictor for necrosis as
this classification was more common in patients affected by
MRON!IJ. However, they considered this not to be a thinning
of the mandibular cortices characterizing C2, but a thick-
ening of previously defected cortices related to the use of
ART in osteoporotic patients. We believe that the CO and
C1 stages may be related to inhibition of bone resorption.



Supportive Care in Cancer (2023) 31:149

Page70f8 149

Therefore, in patients under ART with no clinical indication
of necrosis, the thickening of the mandibular cortices and a
more sclerotic pattern of the bone in the mandible may rep-
resent a therapy consequence. Nevertheless, in patients with
known necrosis, both findings can be also found as a result
of the chronic osteomyelitis process [4], surely when con-
sidering that osteonecrotic lesions may also show a chronic
osteomyelitis component.

Conclusion

In conclusion, sclerotic bone pattern and thicker mandibular
cortices are radiographic characteristics of patients under
ART, regardless of the development of MRONI after tooth
extraction. Heterogeneous trabecular bone pattern may be
related to the occurrence of necrosis and should be further
investigated.
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