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Objectives: Medication-related osteonecrosis of the jaw (MRONJ) is a severe side effect of
antiresorptive agents. The aim of this study was to investigate the osseous changes in patients
with MRONJ.

Methods: Cone beam CT (CBCT) images of 25 patients with MRONJ and controls were
retrospectively evaluated. Buccal, lingual, apical cortical bone thicknesses; buccal, lingual,
apical intracortical and cancellous bone density; diameter of mental foramen and incisive
canal, and width of mental foramen were measured.

Results: Buccal and apical cortical bone thicknesses were increased; however intracortical
radiodensity values decreased in the Study Group when compared with the Control Group
(p = 0.007, p = 0.001). Narrowing of incisive canal was observed in patients with MRONJ
(» = 0.000).

Conclusions: Clinician should have awareness about narrowing of incisive canal, apical and
buccal cortical bone thickening, decreasing in cancellous bone radiodensity, and the lingual
cortex destruction in patients with MRONJ.
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Introduction

Bisphosphonates (Bps) are inorganic pyrophosphates
effective in inhibiting bone resorption and most widely
prescribed for the treatment of patients with osteopo-
rosis, Paget’s Disease, hypercalcemia related to malig-
nancy, multiple myeloma and symptomatic fibrous
dysplasia.'> Osteonecrosis of the jaw is a potentially
severe side effect of antiresorptive agents including
bisphosphonates with a mean incidence of 7% (0 to
27.5%) in patients treated intravenously.?

The American Association of Oral and Maxillofacial
Surgeons (AAOMS) has updated their definition in 2014
as medication-related osteonecrosis of the jaw (MRONJ)
to (1) current or previous treatment with antiresorptive
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or antiangiogenic agents; (2) exposed bone or bone that
can be probed through an intraoral or extraoral fistula
in the maxillofacial region that has persisted for more
than 8 weeks and (3) no history of radiation therapy to
the jaws or obvious metastatic disease to the jaws.* Accu-
rate staging is essential to plan the correct treatment for
MRONI patients. Staging of MRONJ is currently based
on the classification proposed by Ruggiero and colleagues®
and has been adopted by AAOMS® (Table 1). Although
clinical examination is favoured for diagnosis of MRONJ
primarily, imaging is essential for determining the extent
of lesion, diagnosing early stages and excluding frac-
tures.” Conventional radiography and CT scans have been
widely used and may show osseous changes such as peri-
osteal reaction, sclerotic lesions, lucency and sequester
formations; however, there is no golden standard.®® There
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Table 1  Staging and treatment strategies of MRONJ according to AAOMS?
Staging of BRONJ Treatment modalities
Stage 0 No clinical evidence of necrotic bone, but non-specific clinical findings, Systemic management, including the use of pain
radiographic changes and symptoms medication and antibiotics
Stage 1  Exposed and necrotic bone, or fistulae that probes to bone, in patients who are Antibacterial mouth rinse
asymptomatic and have no evidence of infection Clinical follow-up on a quarterly basis
Patient education and review of indications for
continued bisphosphonate therapy
Stage2  Exposed and necrotic bone, or fistulae that probes to bone, associated with Symptomatic treatment with oral antibiotics
infection as evidenced by pain and erythema in the region of the exposed bone Oral antibacterial mouth rinse
with or without purulent drainage Pain control
Debridement to relieve soft tissue irritation and
infection control
Stage 3  Exposed and necrotic bone or a fistula that probes to bone in patients with Antibacterial mouth rinse

pain, infection and one or more of the following: exposed and necrotic bone
extending beyond the region of alveolar bone (i.e. inferior border and ramus
in the mandible, maxillary sinus and zygoma in the maxilla) resulting in

Antibiotic therapy and pain control
Surgical debridement/resection for longer term
palliation of infection and pain

pathologic fracture, extraoral fistula, oral antral/nasal communication, or
osteolysis extending to the inferior border of the mandible or sinus floor

AAOMS, American Association of Oral and Maxillofacial Surgeons; BRONJ, medication-related osteonecrosis of the jaw.

are few reports for the quantitative evaluation'®!! of
osseous changes by using cone beam CT (CBCT) and no
distinct clinical-radiological systematization of MRONJ.
Diagnosis of MRONUJ in CBCT is usually based on clas-
sical subjective image parameters. Therefore, the aim of
this study was to investigate the differences in radiological
variables between the patients with MRONJ and healthy
individuals in CBCT.

Material and methods

The study was approved by the Ethics Committee of
Erciyes University. Sagittal, axial, and coronal CBCT
scans of 25 MRONJ (Group 1) cases were studied. The
diagnosis of MRONIJ was established according to
AAOMS criteria, and these cases were classified into
four stages as in Table 1.

The Control Group consisted of 25 patients (Group
2) with no history of bisphosphonate administration,
and who had had CBCT scan without any radiographic
alterations for other reasons (mainly for assessing bone
height/width in time of pre-implant surgery). Control
patients were matched by age and gender to the MRONJ
patients in this study.

Measurements in CBCT

All tomography scans were obtained in supine position
by using CBCT (NewTom 5G, Verona, Italy). Scanning
time was 18 s, exposure time was 3.6 s, and the voxel
size was 0.3 mm. Simplant Pro software (v. 13.0, Mate-
rialise HQ, Leuven, Belgium) was used to create the
images and to perform the measurements, which were
transformed to Digital Imaging and Communications in
Medicine format. Data were reconstructed with slices at
an interval of 0.25 mm.
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Comparison of cortical bone thickness and bone density
in mandible between patients with MRONJ and healthy
individuals

Cortical bone thickness: Buccal (BW) and lingual
(LW) cortical widths were measured just below the hori-
zontal line, which was drawn under the floor of mental
foramen. Apical width (AW) of cortical bone was

Figure 1

Coronal section of mental foramen region. Horizontal line
was drawn just under the floor of the mental foramen. Buccal and
lingual cortical bone thicknesses were measured below the horizontal
line. Apical width of cortical bone was measured at the border of the
mandible.
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Figure 2

5 mm? ROI was created for the measurement of buccal (pink), apical (yellow), lingual (green) intracortical radiodensity values and

cancellous (blue) radiodensity value (To view this image in colour, please refer to the online version of this paper). ROI, region of interest.

measured next to the perpendicular line at the border of
the mandible (Figure 1).

Intracortical bone density value: Region of interest
(ROI, 5 mm? square) was created for the measurement
of buccal, apical and lingual intracortical bone density
values (IRV). Roof of the square was located on the
horizontal line and centre of the ROI was located at
the intracortical region for the detection of buccal
(B-IRV) and lingual intracortical radiodensity values
(L-IRV). For measuring the apical IRV (A-IRV), the
position of perpendicular line was at the midline of ROI
(Figure 2).

Cancellous bone density values: 5 mm? ROI was created
and roof of the square was located on the horizontal
line, and midline of the ROI was positioned onto the

perpendicular line for the measurement of cancellous
radiodensity value (Figure 2).

Diameter and width of mental foramen

Mental foramen region was viewed from the axial
and coronal sections of CBCT images of the
patients. Height of the mental foramen was measured
perpendicularly between the floor and roof of the
foramen in coronal section (Figure 3a) and width
of the foramen was measured in axial section
(Figure 3b).

Diameter of incisive canal
CBCT images were viewed for the detection of the
presence or absence of the mandibular incisive canal in

Figure 3
the foramen in axial section.

(a) Measurement of the height of the mental foramen between the floor and roof in coronal section; (b) measurement of the width of
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Figure 4

sagittal, axial and coronal sections. After the presence
of the incisive canal was confirmed, the visible length
of the canal, defined as the intrabony continuation of
the mandibular canal mesial to the mental foramen, was
measured in the sagittal section (Figure 4) according to
previous study of Sahman et al.'?

Statistical analysis

The statistical analysis of the results was performed
by using the R software, v. 3.1.1 (R Development Core
Team, Vienna, Austria). Convenience of the data to the
normal distribution was assessed by the Shapiro-Wilk’s
test, and variance homogeneity was tested by the Levene
test. Two independent sample z-tests, and dependent
two sample z-tests were used for the group comparisons;
and one-way variance analysis was used for repeated
measures. Multiple comparisons were assessed by the
LSD test; and Spearman’s correlation analysis was also
used. A p-value < 0.05 was considered as statistically
significant.

Results

The mean age of Group I was 71 years (min: 46 max:
84) and 70 years (range 47-83) in Group 2. Out of
the 25 patients studied, 14 were male and 11 were
female in Group 1. 20 patients (80% of all patients in
Group 1) had been used i.v. bisphosphonate and 5
patients (20%) had received oral bisphosphonate treat-
ment. The characteristics of patients with MRON]J are
listed in Table 2.
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Incisive canal diameter was measured in sagittal section, mesial to the mental foramen.

Results of comparing cortical bone thickness and bone
density in mandible between patients with MRONJ and
healthy individuals

25 patients in Group I and 25 patients of Group 2 were
compared for measurements of cortical bone thick-
nesses and radiodensity at the mental foramen region
(Table 3). Changes of the BW and AW, buccal and apical
IRV were statistically significant (p < 0.05). Buccal and
apical bone thicknesses were increased; however, intra-
cortical bone density was decreased in Group I when
compared with the Control Group.

Results of comparing diameter and width of the mental
foramen and incisive canal

Changes in diameter and width of the mental foramen
were not statistically significant. The mean diameter of
mental foramen was 2.69 * 0.91 in Group I and 3.05
+ 1.06 in Group 2 (p = 0.231), and the mean width of
mental foramen was 3.20 £ 0.76 in Group 1 and 3.56 +
0.78 in Group 2 (p = 0.128). However, narrowing of inci-
sive canal was observed in patients with MRONJ. Diam-
eter of incisive foramen was 1.12 * 0.56 mm in Group I
and 1.98 £ 0.64 mm in Control Group (p = 0.000).

Discussion

MRONUJ can be developed because of the inhibitory action
of the bisphosphonates (Bps) on the farnesyl synthase
enzyme,'>"* which results in loss of the ruffled border
and altered cytoskeletal organization in osteoclasts. Most
reported MRONJ cases use nitrogen-containing injectable
Bps such as pamidronate and zoledronate.!>!¢ 20 patients
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Patient Age Sex Diagnosis Bisphosponate  Duration of treatment  Usage MRONIJ localization Stage
(months)
1 64 M Multiple myeloma Zoledronate 4 v Right mandible 2
2 78 M Lung Ca Zoledronate 18 v Right mandible 2
Left mandible 2
3 83 F Osteoporosis Ibandronate 48 Oral Left mandible 2
4 78 F Osteoporosis Risedronate 120 Oral Right mandible 1
5 60 M Pancreas Ca Zoledronate 24 v Left mandible 2
6 82 F Osteoporosis Alendronate 24 Oral Left mandible 2
7 81 M Prostate Ca Zoledronate 60 v Right mandible 2
8 83 M Prostate Ca Zoledronate 48 v Right maxilla 2
9 77 F Osteoporosis Zoledronate 48 v Right mandible 3
Left mandible 3
10 71 F Breast Ca Ibandronate 48 Oral Right mandible 1
11 53 F Breast Ca Zoledronate 12 v Left maxilla 2
12 78 M Prostate Ca Zoledronate 36 v Left mandible 2
13 45 F Breast Ca Zoledronate 36 v Left maxilla 3
14 59 F Breast Ca Ibandronate 36 Oral Left maxilla 0
15 84 M Prostate Ca Zoledronate 60 v Right maxilla 2
16 69 F Osteoporosis Zoledronate 1 v Right maxilla 0
Left maxilla 2
17 59 F Ovary + Zoledronate 36 v Right mandible 3
Endometrium Ca
18 74 M Prostate Ca Zoledronate 24 v Right mandible 2
19 70 M Prostate Ca Zoledronate 60 v Left mandible 2
Left maxilla 0
20 58 M Prostate Ca Zoledronate 8 v Right mandible 2
21 78 M Prostate Ca Zoledronate 36 v Right mandible 3
Left maxilla 2
22 78 M Prostate Ca Zoledronate 36 v Right mandible 2
Right maxilla 3
23 66 F Breast Ca Zoledronate 48 v Right mandible 3
24 59 M Prostate Ca Zoledronate 42 v Left mandible 2
25 76 M Prostate Ca Zoledronate 48 v Left mandible 2

MRONJ, medication-related osteonecrosis of the jaw.

(80% of all patients in Group 1) had used i.v. Bp and 5
patients (20%) had used oral Bp treatment in this study;
and zoledronate was the common prescribed i.v. Bp. In the
case of zoledronate, the literature reports a mean of 9.3
months of administration for the promotion of MRONJ.!”
Total period of administration was in a large interval in
this study, and one of the MRONJ patients (patient no:
16) had 1-month zoledronate therapy.

According to the literature, the mandible is the most
affected bone in the maxillofacial region at a 2:1 propor-
tion compared with the maxilla.’ In this study, 68% of
the MRONJ occurred in mandible.

There are few reports about the quantitative evaluation
of early radiographic bone changes in MRONJ patients.'®!°
OPG, CBCT and CT may be useful to detect radiological
findings in MRONJ.!-2*2 Diagnosis of MRONJ in CBCT
is usually based on classical subjective image parameters
such as the detection of osteosclerosis, areas of osteolysis,
cortical erosion, increased periosteal bone formation, and

sequestration, potential fistula track formation and incom-
plete extraction socket healing.”>* There are several studies
in the literature that have shown changes related to Bp
therapy in the mandibular cortex.?>?” Torres et al*® reported
that mandibular cortical width was higher in patients with
osteonecrosis from CBCT images. They suggested that
mandibular cortex width could be used to detect early
changes related to treatment with Bps and to predict the
risk of developing osteonecrosis of the jaws. Diniz-Freitas
et al® found that mandibular cortical width was signifi-
cantly greater in osteoporosis patients who were treated
with Bps than in the Controls in CBCT. Aforementioned
studies evaluated the mandibular cortex width which was
called the apical cortical width (AW) in this study. AW was
measured from buccal, apical and lingual for comparing
the thicknesses. It was found that cortical bone became
thicker in Group 1 than healthy Controls, which is similar
to the literature. BW and AW were significantly increased
in Group I than in the Control Group.

birpublications.org/dmfr
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Table 3 Cortical bone thickness (BW, AW, LW), diameter of incisive canal and mental foramen, width of mental foramen and radiodensity values in mandible between MRONJ patients and

healthy individuals

CRV
(HU)

L-IRV
(HU)

A-IRV (HU)

B- IRV
(HU)

Width of mental fora-

Diameter of mental fora-

Diameter of incisive

Lw

AW
(mm)

(mm)

BW

(mm)

Groups

men (mm) men (mm)

canal (mm)

666,41 *+ 329.50
714,27 + 254.86

1188,04 £ 251.57
1185,97 £ 242.96

1279 1279,18 £ 357.53

1108,50 + 262.62
1283,11 £ 224.94

3.20£0.76
3.56+0.78

2.69+0.91

1,12+ 0.56

2,71 £0.99
2,36 £0.72

3,62+ 1.10
2,624 0.67

2,8240.77
2,254 0.50
0.007¢

25)
25)

Group 1 (n

1482,92 +222.33

3.05 % 1.06

1,98 £ 0.64

Group 2 (n

0.582

0.977

0.023¢

0.019¢

0.128

0.231

0.185 0.000¢

0.001¢

P value

AW, apical width; BWbuccal width; CRV, cancellous radiodensity value; HU, Hounsfield unit; LW, lingualwidth; MRONJ, medication-related osteonecrosis of the jaw.

“Data were expressed as mean * standard deviation.
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The bone turnover is more rapid in cancellous bone
than in cortical bone.*® Hamada et al'® reported the
cancellous bone CT radiodensity value was a good indi-
cator for the sensitive detection of changes in bone, and
for the early detection of MRONJ.

Cankaya et al' suggested using Hounsfield unit (HU)
to be efficient in the diagnosis of MRONJ in CBCT,
corroborating the current notion of bone density
changes in the evolution of MRONJ.

The mineralized skeleton had an endosteal surface and
included endocortical, intracortical and trabecular compo-
nents at this internal part.”> Most of the recent studies on
the pathogenesis of MRONLJ point to the effect of Bps on
cortical bone remodeling.’! Bps suppresses the endocor-
tical and the intracortical remodelling in the mandible,>?’
and the type of remodelling that occurs within cortical
bone of humans is intracortical (osteonal).”® In this study,
the intracortical bone density value was measured, and
according to the results; apical IRV and buccal IRV were
statistically significant and decreased in Group I when
compared with the Control Group.

The mandibular canal may present narrowing in
patients who receive Bp treatment.>* Hutchinson et al*
reported diffuse sclerosis and prominent inferior alve-
olar nerve with narrowing of canal margins.”” On the
other hand, Krishnan et al’ found the inferior alveolar
nerve thickening in MRI, and they showed the loss of
the normal T1 hyperintensity of fatty marrow in the both
mandible and maxilla in MRI. According to the results of
this study, changes in diameter and width of the mental
foramen were not statistically significant between Healthy
Controls and MRONI patients. However, narrowing of
incisive canal was observed in patients with MRONLU.

Standard diagnosis based on clinical and radio-
logical criteria is still lacking, and there is no clinical-
radiological guideline with quantitative values (such as
cut-off values) according to the stages in MRONJ for
the clinicians. However, early detection may lead to
efficient therapy, and may increase the life-comfort of
patients. Therefore, to support this possibility, longitu-
dinal studies should be performed in individuals with
MRON!J.

In conclusion, CBCT seems to be a useful tool in the
detection of cortical bone dimensional changes caused
by Bps. Apical and buccal cortical bone thickening,
decreasing in cancellous bone density in the same areas
and narrowing of incisive canal in mandible have the
potential to be a simple and quantitative method to detect
the early stages of MRONJ. Future multicentre studies are
suggested to assess larger samples and to confirm these
results.
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