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Does Medication-related Osteonecrosis
of the Jaw Affect Maxillary Sinus
Volume and Mucosal Thickness?

MRONJ Maksiller Sindis Kalinligini ve Sintis Volimdind Etkiler mi?
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Abstract

Objective: Bisphosphonates (BPs) are commonly prescribed drugs because of their
antiresorptive effects. However, BPs may cause medication-related osteonecrosis
of the jaw (MRONJ). This study aimed to compare the maxillary sinus volumes and
mucosal thickening of patients with MRONJ and healthy patients.

Materials and Methods: This retrospective cohort study evaluated cone-beam
computed tomography images of 54 maxillary sinuses in 27 patients. Patients were
divided into three groups: group 1 (n=8), patients with maxillary MRONJ; group 2
(n=9), patients treated with BPs and had no maxillary osteonecrosis (study groups);
and group 3 (n=10), healthy individuals (control group). Maxillary sinus volumes
and mucosal thickening were compared among the groups.

Results: No statistically significant difference in maxillary sinus volumes was found
among the groups (p=0.153). The mean mucosal thickening was 5.920+5.94 mm in
group 1, 1.718+2.58 in group 2 and 1.265+0.83 in group 3. Mucosal thickening was
prominent significantly in Group 1 (p=0.001).

Conclusion: BPs can affect oral soft tissues as well as hard tissues. The study results
showed significant changes in maxillary sinus mucosal thickening in patients with
maxillary MRONJ.

0z

Amac: Bifosfonatlar (BPs), antirezorptif etkilerinden dolayr siklikla tercih
edilen ilaglardir. Cenelerin ilaglarla iliskili osteonekrozu (MRONJ), BP'lerin bir
komplikasyonudur. Bu calismanin amaci, MRONJ hastalarinin maksiller siniis
vollimleri ve mukozal kalinliklarinin, saghkl bireylerle karsilastiriimasidir.

Gerec ve Yontemler: Bu calismada, 27 hastadaki 54 maksiller siniise ait konik isinli
bilgisayarli tomografi goriintileri degerlendirildi. Calismaya dahil edilen hastalar
tic gruba ayrildi. Calisma grubu olarak belirlenen grup 1 (n=8) maksillada MRONJ
gelisen hastalardan; grup 2 (n=9) BP kullanan ancak maksillada MRONJ gelismeyen
hastalardan olusurken; kontrol grubu olan grup 3 (n=10) saglikli bireylerden
olusmakta idi. Gruplar arasindaki sinlis voliimleri ve mukoza kalinlasmalari
istatistiksel olarak karsilastirildi.
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Bulgular: Maksiller sinlis voltiimleri agisindan gruplar arasinda anlamli bir farklihga rastlanmadi (p=0,15). Grup 1'in ortalama mukoza
kalinligr 5,920+5,94 mm; grup 2'nin ortalama mukoza kalinhgi 1,718+2,58 mm; grup 3'lin ortalama mukoza kalinligr 1,265+0,83 mm
olarak 6l¢tldi ve grup 1'deki kalinlasma istatistiksel olarak anlamli bulundu (p=0,001).

Sonug: BP'ler, oral sert dokularin yani sira, yumusak dokulari da etkileyebilir. Bu ¢alismanin sonuclarina gore, maksillada MRONJ

gelisen hastalarda belirgin mukozal kalinlasma mevcuttur.

Introduction

Bisphosphonates (BPs) are antiresorptive drugs,
which have intravenous (IV) and oral forms. IV BPs are
generally used to manage cancer-related conditions
including hypercalcemia of malignancy and bone
metastases of solid tumors such as prostate cancer,
breast cancer, and lung cancer, and for management
of Iytic lesions of multiple myeloma (1,2).
Furthermore, oral BPs are commonly prescribed for
the management of osteoporosis and for treatment of
less common skeletal diseases such as Paget’s disease
and Osteogenesis imperfecta (3,4).

Common complications of BPs include acute renal
failure, gastrointestinal disorders, hypocalcaemia, and
Medication-related osteonecrosis of the jaw (MRONJ),
which is described as exposed bone or bone that can
be probed through an intraoral or extraoral fistula
in the oral cavity that has been present more than 8
weeks with the history of BP administration and no
previous radiation therapy to the jaws or obvious
metastatic disease to the jaws (1,5).

It was reported that the mandible is more
frequently affected than the maxilla by BPs in several
studies (6-9); however, there are few studies about
involvement of maxillary sinuses, which are affected
due to the maxillary MRONJ (10-12). Nevertheless it is
still unknown how maxillary MRONJ affects maxillary
sinus mucosa and volume and there is no study to
compare them between patients who have MRONJ in
maxilla and BPs treated and have not MRONJ.

Materials and Methods

Sample Collections

This retrospective cohort study followed the
Declaration of Helsinki on Medical Protocol and
Ethics; and the Local Ethics Committee of Erciyes
University (Kayseri, Turkey) approved it with 2016/25
ethical number. Cone beam computed tomography
(CBCT) images of the patients in three groups were
investigated and patients treated with BPs for
osteoporosis and malign metastatic tumors were

included in this study. An informed consent was
obtained from all patients.

Patient Selection (Group 1 and 2)

Patients in Group 1 were selected from patients
who were diagnosed with maxillary MRONJ in
Erciyes University Faculty of Dentistry, Department
of Oral and Maxillofacial Surgery between 2011
and 2016 vyears. The diagnosis of MRONJ was
established according to American Association of
Oral and Maxillofacial Surgeons (AAOMS) criteria: (1)
current or previous treatment with antiresorptive 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
and these cases were classified into the four stages
reported (1). Patients who treated with IV nitrogen-
containing BPs (Zoledronate) and had images of CBCT
of the maxilla-mandibular complex for the evaluation
of osteonecrosis were chosen through those patients.
CBCT scans without involving the whole maxillary
sinuses bilaterally and patiens had sinus pathologies
like rhino-sinusitis of the maxillary and other sinuses
were excluded from the study. Patients in Group 2
were selected from IV BPs treated patients whose
CBCT scans were taken for routine control due to the
suspicion of osteonecrosis and had not MRONJ in
maxillary region.

Patient Selection (Group 3)

In control group, ASA | and Il patients who had
no history of BP administration and maxillary sinus
diseases with similar age and gender as study
patients were selected through the patients who had
CBCT images for evaluation of bone and surrounding
anatomic structures for pre-implant surgery, impacted
teeth, cysts or any other pathologies.

Measurements

All CBCT images were obtained in horizontal
position (New Tom 5G, Verona, ltaly). Scanning
time was 18 seconds, voxel size was 0.3 mm and
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exposure time was 3.6 seconds. Mimics Software
(Materialise HQ, Leuven, Belgium) was preferred to
produce DICOM format of the images. The data were
reconstructed with slices at an interval of 0.25 mm
and 15x12 field of view.

Bilateral maxillary sinuses were evaluated in axial,
coronal and sagittal sections and the patient-specific
Hounsfield units were used (Figure 1A, B). Maxillary
sinus volumes were measured in “mm?3”.

Length of the sinus mucosa was measured from the
coronal section from three different points vertically
as “mm”. The midpoint of the sinus floor was chosen
for measurements to standardize all samples. Two
other measurements 1.5 mm away from this point
also performed and the mean value of these three
measurements were calculated (Figure 2). The mean
values of each sinus were compared between groups.
The same researcher, who did not know the group of
the patients, assessed all CBCT scans of study patients
and controls.

Statistical Analysis

Data were analized with TURCOSA (Turcosa
Analytics Ltd. Co., Turkey, www.turcosa.com.tr).

Figure 1. A) Selection of maxillary sinus borders as mm? from
coronal cone beam computed tomography section with the
MIMIMCS software for three-dimensional (3D) evaluation of
sinus volumes. B) 3D solid model of bilateral maxillary sinuses
as mm?3. This model was created after the investigation of
sinuses from sagittal, coronal and axial sections
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Normality of data was assessed using histogram,
g-q plot and Shapiro-Wilk’s test. Levene test was
used to examine the homogeneity of variance. One-
way ANOVA was applied to compare the differences
between groups and p value<0.05 was considered as
statistically significant.

Results

CBCT images of 54 maxillary sinuses in 27 patients
were evaluated in this study. Group 1 consisted of 8
maxillary MRONJ patients. There were 9 patients in
group 2 and 10 patients in group 3. The mean age
was 6717 in Group 1; 70%1 in group 2; and 6515 in
Group 3.

While three of patients were female (37.5%) and
five patients were male (62.5%) in group 1; four
patients were female (45%) and five patients were
male (55%) in group 2. All patients were given IV
Zoledronic acid, and the mean duration time of BPs
therapy was 35 months [minimum (min): 1 month,
maximum (max): 60 months] in group 1 and 40
months (min: 12 months, max: 60 months) in group
2. The mainly reason of BPs therapy were prostate
cancer (n=7 patients) and also osteoporosis (n=3) and
breast cancer (n=3) relatively. Also, four patients had
been used BPs for other reasons such as lung cancer,
pancreas cancer, multiple myeloma and endometrium
cancer.

Figure 2. Measurement of mucosal thickening from three
different points in a maxillary medication-related osteonecrosis
of the jaw patient from coronal cone beam computed
tomography image. After the selection of the midpoint of
the sinus border, two vertical measurements were repeated
from 1.5 mm distance (the blue and the gray lines). Note the
thickening of the left sinus mucosa compared to the right
one. Also note the irregular thickening of the left mucosal
membrane



Yilmaz Asan et al. Radiographic Evaluation of MRONJ Patients 15

Six patients had Stage 2 MRONJ and two patients
had Stage 3 MRONJ in group 1. The demographic data
of the study group are shown in Table 1; and an intra-
oral view of a MRONJ patient was indicated (Figure 3).

The mean maxillary sinus volume was 9700 mm?3
(min: 127, max: 20.662 mm?) in group 1; 11.498 mm?3
(min: 5541, max: 18.210 mm?3) in group 2 and 13.114
mm?3 (min: 4165, max: 24.733 mm3) in the control

Figure 3. Intraoral view of the stage Il medication-related
osteonecrosis of the jaw in a patient in group 1. The gingiva
was inflamed and there were a lot of fistula formation with
pus drainage

group. There was no statistically significant difference
between groups (p=0.153) according to maxillary
sinus volumes (Table 2).

Mucosal thickening was prominent and statistically
significantly in group 1 compared to group 3 (p=0.021)
and group 2 (p=0.049). The mean mucosal thickness
was 5.92 mm (min: 0.38, max: 21.62 mm) in group
1; 1.71 mm (min:0.30, max: 10.68) in group 2 and
1.26 mm (min: 0.30, max: 3.21 mm) in group 3. Four
patients have mucosal thickening above 10 mm and
two patients have thickening above 5 mm in group 1;
and two patients have mucosal thickening above 10
mm in group 2. There was no statistically significant
difference for mucosal thickness between group 2
and group 3 (p=0.864) (Table 3).

Right and left maxillary sinus volumes and mucosal
thicknesses were also compared. There were no
statistical differences between groups according to
right and left comparisons (p=0.462). Left maxillary
mucosal thickening was prominent in group 1
compared to right maxillary thickening but there was
no statistical difference (p=0.18).

Table 1. Detailed information about gender, reason of bisphosphonates treatment, duration of drug administration
and stages of the medication-related osteonecrosis of the jaw of the study patients

Patient Gender Diagnosis Duration of BP therapy | Localization of BRONJ

1 Male Prostate Ca 48 months Maxilla 2
2 Female Breast Ca 36 months Maxilla 3
3 Male Prostate Ca 36 months Maxilla 2
4 Female Breast Ca 12 months Maxilla 2
5 Male Prostate Ca 48 months Maxilla 2
6 Female Osteoporosis 1 months Maxilla 2
7 Male Prostate Ca 36 months Maxilla 2
8 Male Prostate Ca 60 months Maxilla 3
9 Female Breast Ca 12 months No necrosis -
10 Male Lung Ca 18 months No necrosis -
11 Female Osteoporosis 48 months No necrosis -
12 Male Prostate Ca 48 months No necrosis -
13 Male Prostate Ca 60 months No necrosis -
14 Female Endometrium Ca 36 months No necrosis -
15 Male Multiple myeloma 42 months No necrosis -
16 Female Osteoporosis 48 months No necrosis -
17 Male Pancreas Ca 24 months No necrosis -
BP: Bisphosphonate, BRONJ: Biphosphonate-related osteonecrosis, ca: Cancer
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Right maxillary
sinus volumes

Left maxillary
sinus volumes

Total maxillary Right mucosal
sinus volumes thickening

Left mucosal
thickening

Table 2. The mean maxillary sinus volumes as mm? and mucosal thickenings as mm of the patients. The data are
expressed as mean * standard deviation values. n indicates the sinus numbers in each groups

Total mucosal
thickening

Group 1 11335£1793 8590+2178 9700+1375.66 2.081+0.83 8.909+7.09 5.920+5.94
P (n=8) (n=8) (n=16) (n=8) (n=8) (n=16)
Group 2 11371+1837 9225+1619 11498+3979.80 1.627+1.72 2.09+1.03 1.718+2.58
P (n=9) (n=9) (n=18) (n=9) (n=9) (n=18)
Group 3 9461+1965 10914+2142 13114+£1271.26 1.34310.76 1.234£0.28 1.26510.83
P (n=10) (n=10) (n=20) (n=10) (n=10) (n=20)

Table 3. Statistical comparisons of mucosal thickenings between groups. P value <0.05 was significant

Comparisons | Mean mucosal thickness | P value
Group 1 (n=16) Group 2 (n=18)

Group 1-Group 2 0.049*
5.92 mm 1.71 mm
Group 1 (n=16) Group 3 (n=20)

Group 1-Group 3 0.021*
5.92 mm 1.26 mm
Group 2 (n=18) Group 3 (n=20)

Group 2-Group 3 0.864
1.71 mm 1.26 mm

*: One-way ANOVA, Tukey test

Discussion

Nitrogen-containing BPs as zoledronic acid are
now widely used because they are more effective at
inhibiting bone resorption (13). The etiopathology
of MRONJ has not been explored in detail in an up-
to-date manner. The reduced bone remodeling in
MRONJ patients is related to induced inhibition of
osteoclasts; and osteogenic cells depend on the dose
of the medication (14), but effects of BPs on oral soft
tissues are still controversial.

BPs are known to inhibit the viability, proliferation
and migration of oral keratinocytes and fibroblast via
the mevalonate pathway (13,15). Cell culture studies
have demonstrated that nitrogen-containing BPs can
inhibit angiogenesis (16-18). However, it is not obvious
if this is a result of BPs changing the expression of
angiogenic receptors on the endothelial cells or an
alteration in the generation of growth factors by
fibroblasts or other cells (13).

In addition, recent studies concluded that, calcium
potentiates the cytotoxic effects of BPs (12,19). It is
thought that stored BPs in the epithelium may be
released while soft tissues sustain traumatic damages
such as tooth extraction, and this affects the nearby
cells, even basal keratinocytes and fibroblasts, and
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impairs mucosal healing, and leads to MRONJ (12).
In this study, all patients were selected from patients
who were treated with IV nitrogen-containing BPs
(Zoledronate).

Even development of MRONJ was found to be
related on a dose-dependent manner (1-3), one of
the maxillary MRONJ patient had only one-month
zoledronate therapy. This may suggest that the
etiopathogenesis of MRONJ is not only associated
with drug mechanism, but also related with personal
genetic background (20).

The management of the patients with MRONJ
remains  controversial but AAOMS suggest
determining the treatment modalities according to
the stage of MRONJ. At early stages, prevention from
necrosis and symptomatic therapy with medications
such as antimicrobial or anti-inflammatory drugs are
recommended. In advanced stages, infection and
pain control and surgical debridement/resections
should be beneficial for the management of the
disease (21). Patients in this study were treated with
medical and surgical treatment modalities according
to AAOMS suggestions. Eight patients had stage
2 MRONJ and superficial debridement of necrotic
area was performed to all patients and analgesics,
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antimicrobial drugs and chlorhexidine mouthwashes
were prescribed for infection control. However, two
patients had stage 3 MRONJ and these patients were
treated with surgical resection of the necrotic part of
the jaw addition to medical treatment.

Although clinical examination is favored for
diagnosis of MRONJ primarily, imaging is essential for
determining the extent of the lesion and diagnosing at
early stages. Recent studies focus on early detection of
MRONIJ from conventional radiographs or tomography
scans, and some authors have reported that CBCT can
detect early structural changes in a more predictive
way than conventional radiographs (22,23). In this
study, three-dimensional CBCT scans of the patients
were evaluated.

Several reports concluded that the mandible is
affected more frequently than the maxilla in MRON)J
cases (6-9,24). There are few studies published in the
literature that focus on evaluating the maxillary sinus
involvement due to maxillary MRONJ (10-12).

A case control study reported by Gallego et al. (12),
evaluated the mucosal thickening of the maxillary
sinus from panoramic and CT images of patients with
mandibular and maxillary MRONJ. The study showed
that the thickening of the maxillary sinus membrane
was more prominent in MRONJ patients than healthy
individuals. In this study, the authors evaluated the
maxillary MRONJ patients and BPs treated patients
separately, compared them with healthy individuals;
and found that, maxillary MRONJ patients had
significantly prominent mucosal thickening than BPs
treated non-necrotic patients and healthy subjects
(p=0.001). This result could be the reason of tissue
response to necrosis in maxilla rather than the direct
effect of BPs. Because, in the comparison of BPs
treated non-necrotic patients and healthy individuals,
there were no significant differences in mucosal
thickening (p=0.864).

On the other hand, sinus mucosa could be removed
from the underlying bone without significant force
in patients treated with BPs, which is similar to the
oral mucoperiosteum (10). There is a hypothesis
in the literature that soft tissue adjacent to bone is
affected more by BPs than soft tissue that is not in
connection with bone (25). It is known that, periosteal
membrane is connected to the underlying bone with
collagenous; and the inhibitory action of BPs on
fibroblasts and epithelial cells may be the reason of

the easier detachment of the periost and Schneiderian
membrane. It could be the reason of the thickening in
the sinus mucosa nearer to bony lesion in maxillary
MRONJ patients in group 1.

To authors’ knowledge, this study is the first report
inthe literature that evaluates maxillary sinus volumes
of MRONJ patients by using three-dimensional CBCT.
There are no statistically differences between MRONJ
patients and healthy individuals (p=0.153).

Conclusion

BPs can affect the oral hard and soft tissues and
MRONJ can be easily diagnosed with CBCT. There
are significant changes in maxillary sinus mucosal
thickening in MRONJ patients with maxillary lesions.
The exact mechanism of BPs on soft tissues is still
controversial; however, it can be thought that BPs
affect the fibroblast’s apoptotic and proliferative
activities, and this may lead osteonecrosis of oral soft
tissues. According to results of this study, the mucosal
thickening and volume reducing may be the result
of the site of MRONJ instead of direct affect of BPs
to sinus membrane. Furthermore, there are some
limitations of this study. This study was carried out
in few patients. Nevertheless, some patients were
excluded from the study because of inappropriate
CBCT images for the evaluation of maxillary and
paranasal sinuses. Further studies with more patients
are suggested to reach certain results.
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