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Introduction Medication-related osteonecrosis of the jaw (MRONJ) is a complication associated with the intake of osteomodifying agents
(bisphosphonates, denosumab). At present, its frequency, according to various authors, may reach from one to 10 cases per 100 subjects.
The literature describes the main factors in the pathogenesis of the disease. The prognostic signs of its development, which would allow
timely diagnosis and prevention of the disease, remain not fully understood. Materials and methods The retrospective analysis was based
on the results of a study of 52 patients with MRONJ who were treated at the Department for Maxillofacial Surgery at the Central City
Hospital No. 23 in Yekaterinburg from January 2015 to December 2019 Multispiral computed tomography was used for visualization,
quantitative and qualitative assessment of the jaw bone tissue. The optical density of the spongy substance was determined in Hounsfield
units (HU) on the side opposite to the lesion. Results The analysis of the results of optical density showed that D1 bone type was not
detected in any patient. We observed type D2 using CT in 5 cases in the central part of the lower jaw (9.61 %), in 9 cases in the central part
of the upper jaw (17.3 %), as well as in the area of the angle of the lower jaw on 6 CT-scans (11.53 %). D3 and D4 bone types prevailed,
D5 bone type was less common. The optical density of the structures under study was in the range from 229.8 + 56.6 to 534.8 +£ 155.4 HU.
Thus, patients receiving osteomodifying therapy with bone types D3, D4, DS are more at risk of developing MRONJ than patients with
bone types D1 and D2. Conclusion It is advisable to include a mandatory MSCT with classification of bone types according to Misch and

determine optical density of bone tissue in the examination protocols of such patients.
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INTRODUCTION

Medication-related  osteonecrosis of the jaw
(MRON]J) is a complication associated with the intake
of osteomodifying agents (OMA), bisphosphonates,
denosumab [1,2]. The main mechanism of action of these
drugs is to inhibit the functioning of osteoclasts, thereby
blocking pathological bone remodeling and reducing
the risk of bone metastases in malignant neoplasms,
osteoblastoclastoma, and myeloma [3-6]. Currently,
the frequency of MRONJ, according to various authors,
can reach from 1 to 10 cases per 100 subjects [4, 6].
There are some physiological features in the structure
of the jaw bones that suggest the cause and localization
of MRONI in this particular part of the skeleton. Of
all the bones, the jaw is the most unprotected from the
point of view of bacterial infection, since the mucous
membrane covering the bone is very thin and sensitive.
It is known that the triggering factor in the development
of osteonecrosis is the extraction of a tooth or a pressure
ulcer on the mucous membrane of the alveolar process
of the jaw due to excessive pressure of the prosthesis on
the prosthetic bed [7-9].

This pathology has a specific clinical and
radiographic = symptomatic complex: primary
chronic course, pronounced pain before the
appearance of the first objective manifestations
of the jaw lesion, absence of classical signs of
bone sequestration when radiation methods of
examination are used. The literature describes the
main factors of the pathogenesis of the disease such
as impaired remodeling, antiangiogenic effects of
drugs, local toxic effect on soft tissues, as well as
general nonspecific factors (intake of cytostatics,
concomitant pathology, and others) [10, 11].

Despite the long-term study of the pathogenesis
of MRONJ, the prognostic signs of its development
remain not fully understood which would allow for
timely diagnosis and prevention of its occurrence.

The aim of the study was to identify predictive
criteria for the risk of developing MRONJ, based
on an objective assessment of bone quality by
determining its optical density with multislice
computed tomography.

MATERIAL AND METHODS

Our retrospective analysis was based on the results
of 52 patients with MRONJ who were treated at the
Department for Oral and Maxillofacial Surgery of the
Central City Hospital No. 23 in Yekaterinburg from

January 2015 to December 2019. The study included
patients with malignant neoplasms (MN) of different
localization and established bone metastases (Table 1).
Among them, 28 were men (53.85 %) and 24 were women
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(46.15 %). The average age was 66.8 & 10.03 years. The
mean treatment period for OMA was 3.4 £ 1.9 years.
Table 1

Distribution of patients according to the location of the
primary focus with established metastases in the bones

Location of the primary focus and Patients
established metastases in bones | Number %
MN prostate 19 36.53
MN mammal gland 12 23.08
MN lungs 10 19.23
MN uterus 4 7.69
MN kidney 2 3.85
MN intestine 1 1.92
Lymphoma 2 3.85
Myeloma 2 3.85
Total 52 100

All patients received chemotherapy with OMA
drugs according to clinical guidelines in specialized
hospitals [12].

The clinical picture in all patients is similar. They
complained of intensive pain radiating along the
branches of the trigeminal nerve and the intensity of
pain on a VAS scale was 5.5-7 points. By objective
examination, the face was symmetrical, or there
was a slight edema on the affected side. The skin
had physiological color. The mouth opened fully
or slightly limited. Examination of the oral cavity
revealed fistulous passages with purulent discharge or
a defect in the mucous membrane of various diameters
on the alveolar process of the jaw. The bone in the
defect was of grey color with a putrid smell (Fig. 1).

The diagnosis of medication-related osteonecrosis
was established according to the following criteria:

— presence of an exposed bone in the mouth for
8 weeks or more;

— current OMA treatment or in the past;

—no history of radiation therapy [13].

To determine the stage of osteonecrosis, we used
the classification proposed by Russian researchers
[14]. According to this classification, depending on

7

the prevalence of the process, there are three stages
of the disease:

— Stage 1 with an area of exposed bone tissue
within 1tooth hole.

— Stage 2 with an area of exposed bone tissue
within 2 or more holes within one quadrant (quadrant
is a segment of the tooth row from the central incisor
to the last molar) or 1-2 teeth within two quadrants.

— Stage 3 with an area of exposed bone tissue,
including three or four quadrants, or presence of a
pathological fracture of the jaw or involvement in the
process of the mandibular canal, mandibular branch,
the maxillary sinus or the floor of the nasal cavity.

We observed stage 1 osteonecrosis in 23.1 % of
cases (n = 12), the disease was detected in stage 2 in
57.7 % (n=30), stage 3 osteonecrosis was detected
in 19.2 % (n = 10).

Multispiral computed tomography (MSCT) was used
for visualization, quantitative and qualitative assessment
of the jaw bone tissue. The study was performed on a
Toshiba Aquilion RXL multispiral computed tomography
system (Toshiba Medical Systems Corporation, Odawara,
Japan) at the Department of Radiation Diagnosis of the
Central City Clinical Hospital No. 23 in Yekaterinburg.
The nominal power of X-ray radiation at the output is
60 kW, the slice thickness is 1.0 mm, and the scanning
speed is 0.5 s per revolution. The optical density of the
cancellous substance was determined in Hounsfield units
(HU) on the side opposite to the lesion: the mental region,
angle, branch on the lower jaw; the central region and
the region of the tubercle on the upper jaw. The Misch
classification was used to determine the type of bone [15].

The data were statistically processed using the
IBM SPSS Statistics 26 software package. The mean
(M), median (Me), and standard deviation (c) were
determined. To check the distribution normality,
the Kolmogorov-Smirnov normality test was used;
the nonparametric Kruskal-Wallis test was used to
compare the groups. The results were considered
statistically significant at p < 0.05.

Fig. 1 Photo of the oral cavity: a areas of exposed bone in the oral cavity; b sinuses on the mucous membrane of the alveolar

process of the lower jaw
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RESULTS

In CT scans, we visualized the absence of a clear
demarcation line at the border of a healthy bone and
the one involved in the process at stages 1 and 2,
periosteal reaction at stage 3 of the disease (Fig. 2),
which corresponds to the data presented in Russian
and foreign literature [16—18].

The results of optical density determination
were as follows. Bone type D1 (> 1250 HU) was
not detected in any patient. We observed type D2 in
the analysis of CT in five cases in the central part of
the lower jaw, in nine cases in the central part of the

upper jaw, as well as in six CT-scans in the area of the
lower jaw angle. Bone types D3 and D4 dominated,
bone type D5 was less common (Table 2).

Values of optical density depended on the bone
type according to Misch classification (Table 3).

We also found that there are intragroup differences
in density depending on the area studied. Thus, in D3
bone type the average value was 571.25 + 90 64 HU
in the central part of the lower jaw, and in the area
of the lower jaw angle it was 509.94 + 118.6 HU
(Table 4).

Fig. 2 a axial MSCT section
(bone window) of the
lower jaw with MRONIJ;
b 3D reconstruction in
MRONJ; ¢ sagittal MSCT
section of the lower jaw with
MRONJ; d sagittal MSCT
section (bone window) with
MRONIJ of the upper jaw

Table 2
Results of optical density measurement
Number of patients
Lower jaw Upper jaw
Bone type Central part angle branch Central part Tubercle
abs % abs % abs % abs % abs %
D2 (850-1250 HU) 5 9.6 6 11.5 9 17.3
D3 (350-850 HU) 26 50.0 15 28.8 22 42.3 15 28.8 15 28.8
D4 (150-350 HU) 10 19.2 16 30.8 16 30.8 14 26.9 25 48.1
D5 (< 150 HU) 11 21.2 15 28.8 14 26.9 14 26.9 12 23.1
Total 52 100 52 100 52 100 52 100 52 100
Table 3
Mean values of optical density in Misch bone types
Mean density (HU)
B t
one type Mo Mio
D2 (850-1250 HU) 866.35 894.98 + 83.23
D3 (350-850 HU) 559.03 534.77 £ 155.38
D4 (150-350 HU) 218.07 229.80 £ 56.62
D5 (< 150 HU) 101.4 96.18 + 38.6

Notes: Me — median, M — mean value, ¢ — standard deviation. Significant difference between the groups according to Kruskal-Wallis

test (p < 0.05)
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Table 4
Mean values of optical density in the areas studied
Bone density (HU), M + ¢
Bone type Lower jaw Upper jaw
Central part angle Branch Central part Tubercle
D2 1001.9 + 87.75 903.09 + 69.56 848.97 +20.08
D3 571.25 +£90.64 509.94 £ 118.6 579.48 +168.71 536.57 +214.93 427.124 £+ 124.06
D4 243.59 + 67.39 201.18 £+ 58.05 232.54 +60.28 268.99 +48.21 206.28 £ 46.01
D5 112.98 £ 62.32 102.16 +£40.68 81.63 +35.96 142.21 £5.18 70.9 £34.19
Note: M — mean value; 6 — standard deviation
DISCUSSION

A lot of works have been devoted to the study
of the MRONJ problem. The literature describes
in detail the radiological signs characteristic of this
particular disease, including the stages of the disease
[8, 19, 20]. However, there are few studies dedicated
to prognostic criteria based on objective indicators.
We assume that the quality of the bone, architectonics
of the bone tissue play a role in the development and
outcome of the disease. It is known that the D1 bone
type according to Misch is a compact and dense bone
tissue corresponding to the cortical layer. In bone type
D2, there is a certain polymorphism of the visualized
structure as the cortical layer of bone tissue has optical
density (from dense to very porous) and internally it
is a rough trabecular bone tissue. D3 bone different
type is characterized by a thinner porous cortical
bone tissue and thin trabecular bone. In D4 density,

there is practically no cortical bone tissue and almost
the entire volume of bone is a thin trabecular bone
tissue. Very soft bone with incomplete mineralization
is classified as DS. It usually corresponds to immature
bone [15]. Analysis of the findings on the study of
the optical density of the bone enabled to establish
that the main pool of patients with MRONIJ had the
structure of bone tissue architectonics corresponding
to types 3 and 4 according to the Misch classification.
The bones were almost devoid of a compact layer; the
spongy substance was a thin layer of trabecular bone
tissue. The optical density of the structures under
study ranged from 229.8 + 56.6 to 534.8 + 155.4 HU.
Thus, the quantitative indicators of the jaw bone
tissue and classified by types revealed can be regarded
as an objective prognostic criterion for assessing the
likelihood of developing MRONJ.

CONCLUSION

Thus, patients with bone types D3, D4, D5 receiving
osteomodifying agents are more at risk of developing
MRONIJ than patients with bone types D1 and D2. We
consider it expedient to include the mandatory MSCT

with the determination of the optical density of bone
tissue and the stratification of bone type according to
Misch in the examination protocols of this group of
patients. Dispensary observation should be implemented.

The study was conducted within the framework of the state assignment of the Institute for Immunology, Ural
Branch of the Russian Academy of Sciences (R&D registration number AAAA-A18-118020590108-7).
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