Oral Radiol (2018) 34:151-160
https://doi.org/10.1007/s11282-017-0293-9

=
@ CrossMark

ORIGINAL ARTICLE

Panoramic radiographic features that predict the development
of bisphosphonate-related osteonecrosis of the jaw

Ryota Kubo' - Yoshiko Ariji'
Akitoshi Katsumata® - Eiichiro Ariji’

- Tohru Taniguchi® - Michihito Nozawa' -

Received: 2 March 2017/ Accepted: 20 May 2017/ Published online: 12 June 2017
© Japanese Society for Oral and Maxillofacial Radiology and Springer Japan KK 2017

Abstract

Objectives The purpose of this study was to clarify which
panoramic radiographic features can predict the develop-
ment of bisphosphonate-related osteonecrosis of the jaw
(BRONJ).

Methods Participants included 24 patients treated with
bisphosphonates (BP) for osteoporosis who developed
osteonecrosis of the jaw (ONJ™* group). Controls included
179 patients treated with BP who did not have
osteonecrosis (ONJ™ group) and 200 patients with no his-
tory of BP administration (unmedicated group). The
mandibular cortical width, mandibular cortical index
(MCI), sclerosis of trabecular bone, and thickening of the
lamina dura were evaluated on panoramic radiographs.
Results The mandibular cortical width was significantly
smaller in the ONJ™ group than in the other groups. Class II
MCI (semilunar defects of endosteal margin) was fre-
quently noted on the affected and contralateral sides in the
ONIJ™ group but not in the ONJ~ or unmedicated groups.
Sclerosis of the trabecular bone was significantly more
frequently observed on the affected side in the ONJ* group
than in the other groups. Thickening of the lamina dura was
observed significantly more frequently in the BP-treated
groups than in the unmedicated group.
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Conclusions Class II MCI may be an indicator to predict
the development of BRONJ. Sclerosis of trabecular bone
was a characteristic imaging feature of BRONIJ. Thicken-
ing of the lamina dura may be an imaging feature caused
by BP administration.

Keywords Bisphosphonate - Osteoporosis - Panoramic
radiography - Computer aided diagnosis - Jaw
osteonecrosis

Introduction

Bisphosphonate-related osteonecrosis of the jaw (BRONIJ)
has become well known since its first description by Marx
in 2003 [1]. The imaging features of BRONIJ are non-
specific, including unremodeled extraction sockets,
osteosclerosis, osteolysis, cortical disruption, and widening
of the periodontal ligament [2-5]. The most common
imaging finding is osteosclerosis, varying from subtle
thickening of the lamina dura and alveolar crest to
osteopetrosis-like sclerosis [2].

Various risk factors for the development of BRONIJ
have been reported [6—12], although the mechanism of
BRONIJ pathogenesis is not well understood. Invasive
dental procedures, especially tooth extraction [8—12], as
well as inflammatory conditions of the jaw are considered
the most critical risk factors [12, 13].

If the imaging features related to the development and
early stages of BRONJ could be detected before dental
procedures, clinicians could use this knowledge to help
prevent worsening of the condition. Our previous study
using computed tomography confirmed that cancellous
bone in BP-treated patients, including early BRONIJ
patients, recorded high CT values [14]. However, there is a
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need to investigate BRONIJ indicators on panoramic
radiographs, which are more commonly taken at the first
visit to a dental clinic. Klingelhoffer et al. were unable to
find any indicators of BRONJ development on panoramic
radiographs [15]. However, Torres et al. showed that the
width of the inferior mandibular cortex was related to the
cumulative dose of bisphosphonates (BP) and that changes
in this width could be a useful indicator of BRONJ [16].
Further investigation of the reliability of indicators of
BRONIJ development is required.

This study aimed to clarify which features on panoramic
radiographs can be used to predict the development of
BRONIJ.

Materials and methods
Patients

This retrospective study was planned in accordance with
the code of ethics of the World Medical Association
(Declaration of Helsinki) and was carried out with the
approval of the Aichi Gakuin University Ethics Committee
(No. 388).

Cases were selected from the image database at the
Department of Radiology and Diagnostic Imaging of Aichi
Gakuin University Dental Hospital between April 2011 and
August 2016. Twenty-four patients who were treated with
BP for osteoporosis and developed osteonecrosis of the jaw
were enrolled in this study (ONJ" group). The patients
included 23 women and one man, with an average age of
76.9 £ 7.1 years (range 62-91 years). All patients
received an oral examination at the initial visit, including
panoramic radiographs for diagnosis and treatment plan-
ning of BRONJ.

Diagnosis of BRONJ was based on the criteria outlined
in the position paper of the American Association of Oral
and Maxillofacial Surgeons [17, 18]. These criteria include
the current or previous treatment with antiresorptive or
antiangiogenic agents, exposed bone or bone that can be
probed through an intraoral or extraoral fistula in the
maxillofacial region that has persisted for longer than
8 weeks, and no history of radiation therapy of the jaw or
obvious metastatic disease of the jaw.

The patients in the control groups were selected con-
secutively from data collected during the same time period,
ensuring that age and sex distribution matched the study
group. One control group consisted of 179 patients who
were treated with BP for osteoporosis but had no
osteonecrosis (ONJ™ group); these patients had visited the
hospital for treatment of other conditions. This group
included 165 women and 14 men (mean age
76.0 £ 7.7 years; range 54-94 years). The second control
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group consisted of 200 patients with no history of BP
administration and no large lesions of the jaw (unmedi-
cated group). That group included 184 women and 16 men
(mean age 74.7 & 7.8 years; range 59-92 years). All
patients in both control groups underwent an oral exami-
nation including panoramic radiographs for diagnosis and
treatment planning of their chief complaints, which inclu-
ded periodontitis, apical periodontitis, and small radicular
cysts.

Clinical characteristics

The number of patients taking cardiovascular disease
medication, antidiabetic agents, thyroid hormones, anti-
cancer agents, and corticosteroids in each group is shown
in Table 1.

BP administration status

The number of patients taking BP in each group is shown
in Table 2. All patients in the ONJ' group received oral
BP, whereas in the ONJ™ group, 97% of patients received
oral BP and 3% received intravenous BP. Alendronate was
the most frequently administered BP, followed by rise-
dronate. The duration of BP administration was
63.3 £35.7 months in the ONJ" group and
8.1 £ 31.5 months in the ONJ™ group.

Evaluation of panoramic radiographs

Panoramic radiography was performed with a Veraviewe-
pocs unit (J. Morita Mfg. Co., Kyoto, Japan). The follow-
ing four parameters were evaluated on the digital
panoramic radiographs.

The mandibular cortical width (MCW) was analyzed
with a bone morphology analysis system (Fig. 1). This
system was developed through joint research between Gifu
and Asahi Universities to screen for osteoporosis [19-21]
and enables automatic measurement of MCW and evalua-
tion of the mandibular cortical index (MCI) according to
the methods of Taguchi et al. [22-25] and Klemetti et al.
[26]. Muramatsu et al. demonstrated the high accuracy of
this system [19, 20]. The reproducibility of MCW mea-
surements was preliminarily determined with Dahlberg’s
double determination method, using the equation
Sx = (Zd*/2n)'?, where d is the difference between
duplicate measurements and n is the number of double
measurements.

Evaluation of MCI on the more severely affected side
was obtained with this system. Referring to these results,
two specialists in oral and maxillofacial radiology (YA and
EA) evaluated MCI on both sides, without access to clin-
ical information. MCI classifications according to Klemetti
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Table 1 Clinical characteristics of patients
Characteristics ONI" group (n = 24) ONIJ™ group (n = 179) Unmedicated group (n = 200) P value
Age (year) 769 £ 7.1 76.0 + 7.7 747 + 7.8 NS
Sex
Male 1 (4.2%) 14 (7.8%) 16 (8.0%) 0.3591
Female 23 (95.8%) 165 (92.2%) 184 (92.0%)
Medications
Cardiovascular +15 (62.5%) 84 (46.9%) 62 (31.0%) 0.0003%*%*
—9 (37.5%) 95 (53.1%) 138 (69.0%)
Antidiabetes +0 (0.0%) 17 (9.5%) 17 (8.5%) 0.3049
—24 (100.0%) 162 (90.5%) 183 (91.5%)
Thyroid hormones +1 (4.2%) 5 (2.8%) 5 (2.5%) 0.8743
—23 (95.8%) 174 (97.2%) 195 (97.5%)
Anticancer +1 (4.2%) 2 (1.1%) 0 (0.0%) 0.0533
—23 (95.8%) 177 (98.9%) 200 (100.0%)
Corticosteroids +6 (25.0%) 19 (10.6%) 3 (1.5%) <0.0001%**
—18 (75.0%) 160 (89.4%) 197 (98.5%)
Age presented as mean = SD. Other data shown as number (percentage)
# P < 0.01
:;I?lgﬁigtriilf)ih;z?ssnate (BP) ONIJ* group (n = 24) ONJ™ group (n = 179) P value
Administration method
Oral 24 (100.0%) 174 (97.0%) 1.0000
Intravenous 0 (0.0%) 5 (3.0%)
Type of BP
Alendronate 15 (62.5%) 79 (44.0%) 0.6169
Risedronate 5 (20.8%) 54 (30.0%)
Minodronate 4 (16.7%) 41 (23.0%)
Ibandronate 0 4 (2.0%)
Etidronate 0 1 (1.0%)
BP administration period (mo) 67.9 £+ 37.1 404 + 479 0.0114*

BP administration period presented as mean £ SD. Other data presented as number (percentage)

* P < 0.05

et al. [26] were as follows: Class I, the endosteal margin of
the cortex was even and sharp on both sides; Class II, the
endosteal margin showed semilunar defects or endosteal
cortical residues on one or both sides; Class III, the cortical
layer formed heavy endosteal cortical residues and was
clearly porous.

The same two specialists evaluated sclerosis of trabec-
ular bone and thickening of the lamina dura in comparison
with a presented typical image. When sclerosis was
observed in a wide range beyond the alveolar region, it was
evaluated as positive (Fig. 2). When thickening of the
lamina dura was observed around more than two teeth, it
was evaluated as positive (Fig. 3).

When two observers had different assessments of MCI,
sclerosis of trabecular bone, or thickening of the lamina
dura, consensus was reached by discussion.

Statistical analysis

MCW, MCI, sclerosis of trabecular bone, and thickening of
the lamina dura were evaluated bilaterally. In the ONJ™
group, the affected and unaffected sides were compared. In
the two control groups, the evaluations on the right side
were used for analysis, because there were no significant
differences between the right and left evaluations. The
evaluations were compared among the three groups.
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Fig. 1 Bone morphology analysis system. a Actual system; b Authors’ English translation of the system

MCW was compared between the affected and unaf-  Results
fected sides in the ONJ™ group with the Wilcoxon signed-
rank test, and among the three groups with the Tukey—
Kramer test. MCI was compared with the ;> test. Sclerosis
of trabecular bone and thickening of the lamina dura were
compared between the affected and unaffected sides in the
ONJ™* group with Fisher’s exact test, and among the three
groups with the y* test. A P value of <0.05 was considered
statistically significant.

Logistic regression analysis was performed to examine
the factors in the clinical and imaging findings that pre-
dicted the development of BRONJ.

among the three groups (x°
P < 0.0001, respectively).
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Patients’ clinical information is shown in Table 1. The
three groups showed no significant difference in age dis-
tribution (Table 1, Tukey—Kramer test) or sex ratio (xz test,
P = 0.3591). Regarding medication status, there were
significant differences in the percentage of patients taking
cardiovascular disease medication and corticosteroids
test,

P =0.0003 and

BP administration status is shown in Table 2. There was
no significant difference between the two groups in
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Fig. 2 Typical image of sclerosis of trabecular bone. Sclerosis is
observed in a wide range beyond the alveolar region in the right
mandible

Fig. 3 Typical image of thickening of the lamina dura. Thickening of
the lamina dura is observed at the right mandibular canine and
premolars

administration method (Fisher’s exact test, P = 1.0000) or
type of BP administered (3> test, P = 0.6169). A signifi-
cant difference was found in duration of BP administration
between the two groups (¢ test, P = 0.0114).

Regarding the reproducibility of MCW measurements,
Sx was sufficiently small at 0.09. The interobserver kappa
values for MCI, sclerosis of trabecular bone, and thicken-
ing of the lamina dura were 0.704, 0.738, and 0.798,
respectively.

The results of the MCW measurements are shown in
Fig. 4. The mean MCW on the affected and unaffected
sides in the ONJ* group was 3.25+ 1.08 and
2.93 + 0.98 mm, respectively. The mean MCW in the
ONJ™ and the unmedicated groups was 2.90 & 0.74 and
3.03 £ 0.78 mm, respectively.

In the ONJ* group, the MCW was significantly larger
on the affected side than on the unaffected side (Wilcoxon
signed-rank test, P = 0.0148). There was a significant
difference between the MCW on the affected side in the
ONJ™ group and the MCW in the ONJ~ group (Tukey—
Kramer test, P = 0.0396). The MCW was significantly
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Fig. 4 Mandibular cortical width (MCW) in each group

smaller in the ONJ™ group than in the unmedicated group
(Tukey—Kramer test, P = 0.0243); in other words, the
MCW in the ONJ™ group was significantly smaller than the
MCW in the other groups. The MCW on the unaffected
side in the ONJ™ group was not significantly different from
the MCW in the other groups (Tukey—Kramer test).

The results of evaluation of the MCI are shown in
Fig. 5. Class II MCI was frequently seen on both sides in
the ONJ* group. The distribution of MCI classes on the
affected side in the ONJ™ group was significantly different
from those in the ONJ™ and unmedicated groups (o test,
P = 0.0131 and P = 0.0195, respectively). A significant
difference in the distribution of MCI classes was also found
between the ONJ™ and the unmedicated groups (3> test,
P = 0.0427). Although the distribution of MCI classes on
the unaffected side in the ONJ* group was not significantly
different from that in the ONJ™ group, the P value was
borderline (X2 test, P = 0.0511).

The results of the evaluation of sclerosis of trabecular
bone are shown in Fig. 6. Sclerosis of trabecular bone was
observed significantly more frequently on the affected side
in the ONJ* group than on the contralateral side in the
same group (Fisher’s exact test, P = 0.0003). Similar
results were seen in comparison with the two control
groups (3> test, P < 0.0001).

The results of the evaluation of thickening of the lamina
dura are shown in Fig. 7. There was no difference in the
prevalence of thickening of the lamina dura between the two
sides in the ONJ™ group (Fisher’s exact test, P = 0.3726).
Comparison among the three groups demonstrated that the
frequency of thickening of the lamina dura was significantly
lower in the unmedicated group than in the BP administra-
tion groups (i~ test, P < 0.0001 compared with the affected
side in the ONJ™ group, P = 0.0049 compared with the
unaffected side in the ONJ* group, and P < 0.0001 com-
pared with the ONJ ™ group).
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Fig. 5 Distribution of
mandibular cortical index
(MCI) classification in each
group

Fig. 6 Prevalence of sclerosis
of trabecular bone in each group
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To examine which factors in the clinical and imaging  II MCI were considered significant factors to predict the
findings could predict the development of BRONJ, logistic =~ development of BRONJ. Although the odds ratios for age
regression analysis was performed. The results are shown  and duration of BP administration were close to 1, the odds
in Table 3. Age, duration of BP administration, and Class ratio for Class II MCI was 3.63.
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Table 3 Factors in clinical and imaging findings that predict the development of BRONJ based on logistic regression analysis
Variable Standard partial regression Odds ratio 95% confidence interval P value
Age —0.3831 0.9509 0.9101-0.9934 0.0242%
Sex 0.2874 3.1006 0.2825-34.0301 0.3546
Cardiovascular medication 0.5348 2.9150 0.9715-8.7467 0.0563
Corticosteroids 0.3480 2.8769 0.7798-10.6138 0.1126
BP administration method (oral) —0.2159 0.2491 0.0201-3.0825 0.2789
Type of BP (alendronate) 0.1975 1.4862 0.5527-3.9960 0.4324
BP administration period 0.4096 1.0096 1.0002-1.0191 0.0452%*
MCW 0.0042 1.0055 0.5298-1.9084 0.9867
MCI (Class II) 0.6452 3.6344 1.1906-11.0941 0.0234*
Sclerosis of alveolar bone —0.3895 0.4329 0.1386-1.3521 0.1496
Thickening of lamina dura 0.0523 1.1190 0.3765-3.3257 0.8396
* P <0.05
Discussion dental procedures (especially tooth extraction [8-10, 12]),

Various clinical risk factors for BRONJ have been reported
since its first description more than 10 years ago [7-13].
BRONIJ has predominantly been observed in cancer
patients treated with high-dose intravenous BP [11]. This
study targeted patients treated with BP for osteoporosis,
most of whom were treated with oral BP. The duration of
BP administration has been implicated as a potential risk
factor for the development of BRONIJ [8]. Other local
factors associated with the development of BRONJ include

inflammatory conditions [12, 13], and oral hygiene [8].
There are several systemic risk factors for the devel-
opment of BRONIJ. The risk increases with the severity of
osteoporosis [9]. Steroid intake has also been implicated as
a potential risk factor [8]. Factors inhibiting angiogenesis
have also been considered, and it has been shown that
patients with hyperlipidemia and rheumatoid arthritis have
a high risk of developing BRONJ [7]. In this study, these
risk factors were re-examined, as well as factors relating to
the imaging findings. Univariate analysis revealed that the
ONJ™" group had the highest percentage of patients taking
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corticosteroid medication. However, multivariate analysis
(logistic analysis) indicated that other parameters were
more significant risk factors for the development of
BRONI. Corticosteroid administration can still be consid-
ered a possible factor related to BRONJ.

This study aimed to explore which imaging features
predict the development of BRONIJ. According to the
previous reports, BPs accumulate in the bone and cause
thickening of the lamina dura and sclerosis of trabecular
bone [2]. BRONIJ is frequently accompanied by inflam-
mation; imaging findings such as osteolysis, osteosclerosis,
sequestration, and periosteal reactions have been observed
in the jaw, similar to the findings in osteomyelitis [3, 4, 27].
In our study, the jaw on the contralateral side in the ONJ*
group, which had not been modified by inflammation, was
carefully evaluated. Differences in the imaging findings
between the contralateral side of the ONJ™ group and the
ONJ™ group could indicate possible imaging features that
are risk factors for the development of BRONIJ.

Several studies have investigated whether certain
imaging features could predict the development of BRONJ.
Klingelhoffer et al. were unable to find any imaging fea-
tures that acted as indicators [15]. Our previous study using
CT images suggested that sclerosis of cancellous bone may
be an indicator of BRONIJ development [14]. However, not
all patients treated with BP necessarily undergo CT
examination. Panoramic radiography is the method most
frequently used at the first dental visit. Therefore, indica-
tors that can be evaluated on panoramic radiographs would
be of clinical use.

Torres et al. proposed MCW as an indicator of BRONJ
[16]. However, MCW was not found to be an indicator in
the present study. The MCW was larger on the affected
side than on the contralateral side in the ONJ* group. The
comparison among the three groups indicated that the
MCW in the ONJ™ group was smaller than MCW in the
other groups. The cortical width may vary under the
complicated influence of several factors, including the
severity of osteoporosis, the effect of BP administration,
and inflammatory changes in the jaw. The MCW on the
affected side in ONJ' patients may have been larger
because of inflammatory changes in the jaw. The MCW
may have been larger in the ONJ* group than in the ONJ~
group because of the greater cumulative effects of long-
term BP administration. The MCW in the ONJ™ group may
have been smaller than the unmedicated group because of
changes caused by osteoporosis. Differences between our
study and Torres’ report may have been caused by differ-
ences in patient ratios.

The definition of Class II MCI according to Klemetti
et al. includes the presence of semilunar defects of the
endosteal margin and the formation of endosteal cortical
residues [26]. In this study, the frequency of Class II MCI
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on the affected side in the ONJ™ group was significantly
higher than in the other groups. Class II MCI on the
affected side may not indicate the presence of a bone defect
as in the original definition. Treatment with BPs could
cause additional bone formation on the thinned cortex,
resulting in roughening of the endosteal margin and thus
evaluation as Class II. The frequency of Class II MCI on
the unaffected side in the ONJ™ group also tended to be
higher than in the ONJ™ group, although this difference
was not significant, with a borderline P value. If jaws with
Class II MCI become inflamed, a higher frequency of
BRONIJ development is predicted, that is, Class II MCI
should be listed as a possible factor leading to the devel-
opment of BRONIJ. This association was confirmed by the
results of logistic regression analysis, which revealed an
odds ratio near 3.00. It was predicted that Class II MCI
according to the original definition would usually increase
with age, even in the unmedicated group. Alternatively,
Class I MCI in this study may represent BP-related
thickening of the cortex previously thinned by osteoporo-
sis. In any case, follow-up is important in BP-treated
patients.

Sclerosis of trabecular bone was more frequently
observed on the affected side in the ONJ™ group than on
the contralateral side or in the other groups. Therefore,
sclerosis was considered a characteristic finding leading to
the development of BRONIJ.

The frequency of thickening of the lamina dura was
significantly higher in the BP-medicated (ONJ™ and ONJ ™)
groups than in the unmedicated group. Thus, thickening of
the lamina dura was considered a characteristic finding
caused by BP administration.

A weak point of this study is the difficulty of image
evaluation. MCW and MCI have been used worldwide as
screening tools for diagnosing osteoporosis [22-26].
However, evaluation of MCI is difficult, even when
undertaken by specialists [28]. The analysis system used in
this study, which was developed for osteoporosis screen-
ing, can record MCW and MCI at the same time [20-22].
In this study, MCW was obtained with the system and MCI
was evaluated with reference to the results of the system.
The system’s accuracy in the diagnosis of osteoporosis is
more than 90% [20-22]. Clinical evaluation may be
improved by the development of advances such as com-
puter-assisted diagnosis.

Qualitative evaluation of sclerosis and thickening is
problematic, because there are no measurable indicators
such as CT values. Evaluation of sclerosis of trabecular
bone and thickening of the lamina dura in our study was
undertaken by two specialists, and showed fair-to-good
agreement as measured by xk values. If clinicians are
trained in the evaluation of images, the results of this study
may be clinically useful.
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In conclusion, Class II MCI could be useful as an
indicator to predict the development of BRONJ. Sclerosis
of trabecular bone can be considered a characteristic
imaging finding in BRONJ. Thickening of the lamina dura
could be an imaging feature caused by BP administration.
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