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Abstract
Background. The anatomical structure of the paranasal sinuses of a person predetermines
the risk of development, diversity of presentation, possibility of complications and features
of surgical treatment of rhinosinusitis. Objective: of our study was to determine the thickness
and density of the walls of the maxillary and frontal sinuses, which are potentially dangerous
in terms of the development of complications. Materials and methods: Our study involved
121 subjects without any ENT diseases, who underwent SCT examination due to the reasons
that were not related to abnormalities of ENT organs. Thickness and density in the region of
the lower (orbital) wall and posterior (cerebral) wall of the frontal sinus were calculated.
Results and Discussion. The maximum density was characteristic of the lower wall of the
frontal sinus under physiological conditions and appeared 107.96 ± 201.64 Hu, the minimum
for the lower wall was -29.98 ± 208.54 Hu. The thickness of the bone tissue in the frontal
sinus was 4.05 ± 2.04 mm. Conclusion. The minimum density and thickness of the lower
and posterior walls of the frontal sinus and upper and lower walls of the maxillary sinus was
established under physiological conditions. The density of the posterior wall was found to
be 25.4% lower than the density of the lower wall, and the thickness 22.2% lower.
Key words: Frontal sinus, Maxillary sinus, Spiral computed tomography, Bone density, Bone
thickness.
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Introduction
The anatomical structure of the paranasal

sinuses (PNSs) of a person predetermines the
risk of development, diversity of presentation,
possibility of complications and features of
surgical treatment of their inflammation,
rhinosinusitis [1–3].

The maxillary sinus is more involved in
inflammatory processes than other PNSs [4],
which is due to the peculiarities of its anatomical
and topographic location, the largest volume,
location of the anastomosis above the bottom of
the sinus, proximity of teeth. Therefore, maxillary
sinusitis is one of the most common forms of
rhinosinusitis [5]. This fact is of great interest in
the study of the anatomical structure of this area.
The most significant in terms of complications is
the upper wall, which is at the same time the lower

wall of the orbit. Impairment of the integrity of
this wall can result in the spread of purulent-
inflammatory processes into the orbit. Equally
important is the lower wall of the maxillary sinus
- a potentially dangerous area for the development
of odontogenic maxillary sinusitis.

The anatomical structure of the frontal sinus
is also of great importance for development of
inflammatory pathological processes [6] and their
complications with spread to the neighboring
organs and tissues (orbital phlegmon, brain
abscess, meningitis). Pathological processes
occurring in the frontal sinus due to its topographic
and anatomical relationships with nearby
structures most often lead to complications.
Chronic frontal sinusitis has the greatest specific
weight for their occurrence, because they are
associated with bone changes in the sinus walls,
such as bone demineralization, disappearance of
trabeculae, cortical destruction, and focal
sclerosis. These changes are manifested as a
decrease in bone density, as proven by Dong et
al [7]. In addition to density, destructive processes
often lead to a change in the thickness of the
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Global Osteitis Scoring Scale, in which the degree
of destruction is associated with a decrease in
bone thickness [8]. These changes can correlate
with the severity of the disease, which must be
taken into account when planning surgery for the
maxillary sinuses and predicting possible
complications.

2. Purposes, subjects and methods:
2.1. Purpose
Given all of the above, the aim of our study

was to determine the thickness and density of
the walls of the maxillary and frontal sinuses,
which are potentially dangerous in terms of the
development of complications.

2.2. Subjects & Methods
This study is a part of research work

"Optimization of early diagnosis, prevention and
treatment of oral tissue diseases with smoking
addiction", No. 0120U102057, Kharkiv National
Medical University, and is funded by Ministry of
Health of Ukraine.

Our study involved 121 subjects without any
ENT diseases, who underwent SCT examination
due to reasons that were not related to abnormalities
of ENT organs (suspected stroke, etc.). The
patients were selected with the same distribution
by gender and age. The age of the subjects was
from 25 to 65 years (see Fig. 1).

The study was performed using spiral
computed tomography (SCT) findings, a simple,
informative, and generally accessible intravital
method for determining bone density, which helps

to identify structural features, relative position of
PNSs, determine the microarchitectonics of bone
wall tissue and determine possible prerequisites
for the development of rhinosinusitis
complications.

Adherence to the principle of non-invasive
investigation is so important that often the study
of processes in the human body is replaced by
modeling or setting up an experiment [9].

Noninvasive detection of internal intravital
peculiarities is extremely important for human

organism morphology and function [10] with
nonobligatory linear-feedback connection [11].

SCT examination makes it possible to identify
the sizes and shape of the frontal and maxillary
sinuses, which differ in great individual and age-
related variability [12].

All patients gave voluntary consent to
participate in the studies and were examined by
an otolaryngologist. After the SCT examination,
the radiologist's conclusion was obtained. To
evaluate the bone density by SCT, Hounsfield
scale was used, considering that according to M.
Hofer, modern devices can cover 4096 shades
of gray scale, which represent different density
levels in Hounsfield units (HU) (the density of
water is taken as 0 HU, and air as 1000 HU) [13].

We studied the indicators of the minimum
density in all sections presented. The calculation
of the thickness was carried out in the thinnest
section of the wall (see Fig. 2).

Axial sections and coronary reconstructions
were investigated. The thickness and density in
the region of the lower (orbital) wall were
calculated as the most significant in terms of
intraorbital complications development [14], the
posterior (cerebral) wall of the frontal sinus was
studied, since it is of the greatest importance for
performing endoscopic interventions [15].

The obtained digital data were statistically
processed using Student–Fisher method, the
average value for each variation series (X), standard
deviation, and the mean error (m) were determined.

Statistical processing was carried out on a
personal computer using Microsoft Office Excel
2010 software (USA). The results were considered
statistically significant at p <0.05.

The article complies with the requirements
of the Declaration of Helsinki. The study was
approved by the Bioethics Committee of Kharkiv
National Medical University.
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Fig. 1. Patient distribution according to gender (A), age (B)
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3. Results & Discussion
The results of determining the thickness and

density of bone tissue (Hu) in SCT study using
the Hounsfield scale are presented in Tables 1–2.

During the study, the minimum thickness and
density of the posterior (see Table 2) and lower
(see Table 1) walls of the frontal and maxillary
sinus were determined in physiological conditions.

The study has shown that the maximum density
is characteristic of the lower wall of the frontal
sinus under physiological conditions and is 107.96
± 201.64 Hu, the minimum for the lower wall is –
29.98 ± 208.54 Hu. The thickness of the bone
tissue in the frontal sinus is 4.05 ± 2.04 mm.

The posterior wall was shown to be much
thinner than the lower one, creating the conditions

Fig. 2. Example of measuring the density (A) and bone thickness (B) of the frontal sinus
and maxillary sinus. SCT, coronary reconstruction

Table 1
Density (Hu) and thickness (mm) of the lower and posterior walls of the frontal sinus

Table 2
Density (Hu) and thickness (mm) of the upper and lower walls of the maxillary sinus
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for the spread of purulent-inflammatory processes
with the development of intracranial complications.
The thickness of the lower wall (4.05 ± 2.04 mm)
was found to be 22.2% higher than the posterior
one (1.006 ± 0.538 mm) under physiological
conditions. Based on this, it can be assumed that
chronic frontal sinusitis creates more favorable
conditions for the spread of the inflammatory
process intracranially than intraorbitally. In
addition, the likelihood of complications increases
due to the lower density in the region of the
posterior wall than the lower one. Thus, the density
of the posterior wall even under physiological
conditions (27.42 ± 168.76 Hu) is 25.4% lower
than that of the lower one (107.96 ± 201.64 Hu).
In maxillary sinuses, on the contrary, intraorbital
complications may prevail over intracranial
complications [16].

The minimum thickness of the lower wall of
the maxillary sinus was also found to be the thickest
among all the studied walls (4.47 ± 2.11 mm).
However, it is interesting that with the largest
thickness, the density of this wall is rather low
(-29.98 ± 208.54 Hu). The low density of this
area can probably lead to the spread of a purulent-
inflammatory process from the upper teeth to the
maxillary sinus [17].

As can be seen from tables 1 and 2, bone
thickness is a fairly constant indicator – less than
the density changes under the influence of
inflammatory changes in the sinus. Consequently,
in assessing the degree of destructive changes in
the sinus walls, perhaps we should rely more on
density indicators [18].

In addition, both walls (both the lower and
the posterior walls) respond to the inflammatory
process by decreasing the density, and the

decrease in density is most pronounced with the
maximum degree of severity of the inflammatory
process in the sinus, which is associated with the
appearance of purulent-polypous frontal sinusitis.
Thus, bone density depends on the severity of
changes in the PNS in patients with different age
and physical state [19, 20]. SCT examination can
help to determine not only the main morphological
aspects of the bone structure, but also to measure
its density. Maybe our study will help for the
development of artificial intellect or other computed
technologies [21–25] for the future studying of
medical care workers or doctors [26] in different
severity cases of pathological changes in paranasal
sinuses or oral cavity [27–29], that allows
accepting our results as useful in different field.

Conclusions
1. According to SCT, the minimum density

and thickness of the lower and posterior walls of
the frontal sinus and upper and lower walls of
the maxillary sinus was established under
physiological conditions. The density of the
posterior wall was found to be 25.4% lower than
the density of the lower wall, and the thickness
22.2% lower.

2. The wall thickness values were shown to
be 1.0006 ± 0.538 mm for the posterior wall of
the frontal sinus and 4.47 ± 2.11 mm.

3. The posterior wall was the thinnest among
all PNSs in all the studied groups. In addition, it
had a minimum density, creating the conditions
for the spread of purulent-inflammatory process
in the skull.

4. The lower wall of the maxillary sinus is
quite thick, but has a minimum density, which can
create favorable conditions for the development
of odontogenic maxillary sinus.

Fig. 3 Chart of average values with confidence intervals of thickness and density of the lower (A)
and posterior (B) walls in purulent-polypous frontal sinusitis
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