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The Use of CBCT Projection for the Schneider Membrane Thickness Analysis
Abstract

Introduction: Makxillary sinus is lined with respiratory region mucosa-pseudo;
stratified, ciliated epithelium. The Schneider membrane thickness is an impor-
tant information in diagnosing pathological conditions and planning surgical
procedures, e.g. lifting the maxillary sinus floor. To evaluate the condition of
paranasal sinuses the radiological diagnosis is used. More and more frequently
dental cone beam computed tomography (CBCT) is used.

Objectives: The purpose of this investigation was.to determine the medium
range of the thickness of membrane in patientsithat frequently attended medi-
cal appointments in the Department of Oral Surgery of the Medical University
of Warsaw, having undergone the CBCT procedure, and to determine the bo-
undaries of physiological and pathological condition.

Material and methods: The analysis of 150 patients CBCT results was perfor-
med and 146 patients were qualified to the examination. The medical history
was analyzed with particular attention to the symptom characteristic for dise-
ases of paranasal sinuses. The literature of the researchers reviewing the thick-
ness of the sinus mucosa was reviewed and compared with our own results.

Results: The average-thickness of maxillary sinus mucous membrane in the
examined group of patients is 7.8 mm, with 6.83 mm in patients with no symp-
tom of sinus inflammation,.and 9.46 mm in patients with at least one symp-
tom. Moreover, the patients with diagnosed recent, recurring or present sinus
inflammation, polyps, tonsillar hypertrophy, asthma and Oro-Antral Commu-
nication demonstrated a thicker membrane.

Conclusions: The literature reports various ranges of physiological thickness of
maxillary sinus-mucous membrane. Savolainen et al. Defined the pathological
thickening as greater than 6 mm, while Phothikhun et al. as exceeding 1 mm.
Most often the physiological norm is defined at 2 mm, e.g., Janner et al. In this
study-the measurements were done, and the results were compared with the
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ones reported in the literature. The majority of examined patients not repor-
ting sinus inflammation the thickness of the maxillary sinus mucous membra-
ne was <6 mm. This means that for patients with Schneider membrane.thicker
than 6 mm the diagnostics should be extended to search for pathologies.

Key words: cone beam computed tomography, maxillary sinus, mucous mem-
brane, maxillary sinusitis
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Background

Maxillary sinuses (sinus maxillaris) are two twin, pyramid-shaped voids,
located in the body of the makxilla.lts walls corresponding to four surfaces
of the body of maxilla. In the nasal wall, maxillary hiatus (hiatus'maxillaris)
that opens into nasal cavity and connects it with maxillary'sinus,is located.
The posterior wall contains alveolar canals and posterior superior alveolar
vessels and nerves. The floor is formed by the alveolar process of the ma-
xilla. With a concave shape in the lowest point it corresponds to the roots
of the first maxillary molar tooth. The premolar and molar teeth enter with
their alveolus top into the sinus floor, whereas-the canine.alveolar usually
heads frontwards. In a case of disappearance of thin-osseous cover, teeth
roots can come directly in contact with Schneider membrane. Maxillary si-
nus begins to develop in the fifth month of fetal growth and reaches its ma-
ximum size (approx. 24cm?®) at the moment of complete permanent teeth
eruption [1]. The sinus has five recesses: frontal recess, superior palatinal
recess, inferior palatinal recess, alveolarrecess and zygomatic recess [2].

The physiology of maxillary sinuses is'closely related to their micro-
anatomy. The mucous lining of-the sinus, called Schneider membrane is
a pseudostratified, ciliated epithelium? It is the extension of respiratory
area of nasal cavity mucous membrane and usually is similar but thinner,
paler and containing less glands, goblet cells and cilia [3]. Healthy mucous
membrane has thicknessof0.2 to 0.8 mm [4].

The inflammation of maxillary sinus is a disease of the mucous mem-
brane lining with diversified pathophysiology. The following factors can
contribute to developing the inflammation: nasal factors, teeth-derived
factors, allergic factors, injury-derived factors, blood-derived factors.
The inflammation of maxillary sinus is caused primarily by periapical le-
sions following defective endodontic treatment, complications after den-
tal caries or inflammation of periodontium, complications after extrac-
tions such.as the Oro-Antral Communication and entrance of the tooth
root into the sinus [5].

There are two types of symptoms of the sinonasal inflammation: gre-
at and-small. To make a diagnosis of paranasal sinuses inflammation it is
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necessary to report the presence of at least two symptoms, including at
least one great symptom (Tab. 1).

Table 1. Great and small symptoms of sinusitis

Nasal congestion An unpleasant smell from the mouth
Leakage or retention of purulent dischar- | Toothache

ge in the nose or dripping down the back

of the throat

Pain/pressure on the face Headache

Impaired smell Cough

Fever Pain/fullness/compression of the ear
Swelling/full face Fatigue

One of the broadly accepted clinical classification of paranasal sinu-
ses inflammations was proposed by Lund et al., dividing those into acute,
recurrent acute and chronic inflammations. The classification is based on
the time in which the patient suffers from the disease and it includes also
pathophysiologic criteria [8].

Schneider membrane thickness is an important information during
the diagnosis of pathologic conditions and during scheduling surgical
procedures, e.g. lifting the maxillary sinus floor. To evaluate the condi-
tion of paranasal sinuses the radiological diagnosis is used - CT (compu-
ted tomography) [9] or CBCT (dental cone beam computed tomography)
[10,11], diaphanoscopy [12], endoscopy [13] and fluorescent imaging of
near-infrared spectroscopy (NIR) [14]. Radiologic images OPG, CBCT
and tooth photography made with the right-angle technique contain the
information about the quality and the quantity of the tissues, specifi-
cally mineralized tissues. The introduction of Hounsfield scale allows to
mathematically analyze tissues with low-mineralization level, e.g. bones
are classified as IV type (non-mineralized tissue). The scale fluctuates
between -1500 and 3000 units [15]. The results reported by Mah et al.
proved-the possibility of analyzing grayscale tones in CBCT, with the me-
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asurement error of only few percents [15]. Nowadays, the gold standard
of imaging in the case of nasal and sinuses mucous membrane inflamma-
tion is the computed tomography. However, the CBCT method begins to
be used with more and more frequency. The examination conducted with
this method, with correctly chosen parameters of exposition and correct
patient positioning, provides the information about the extentof disease
process and allows to diagnose even the smallest changes in.the maxilla-
ry sinuses. It also exposes the structure of paranasal.sinusesin order to
reveal distinct parts in the anatomy [16]. Due to smaller exposure to ra-
diation in comparison with spiral tomography, greater accessibility, shor-
ter examination time and lower costs, in this investigation the thickness
of membrane of maxillary sinus was analyzed based on CBCT results.

Objectives

The purpose of this investigation was to determine the medium range
of the thickness of membrane and possible factors that could affect the
Schneider membrane and cause its thickening. Retrospective examina-
tion was conducted on the patients that frequently attended medical ap-
pointments in the Department of Oral'Surgery of the Medical University
of Warsaw, and having undergone the CBCT procedure to make a dia-
gnosis. Available references do not state a clear range, nor the borders
between the physiology-and. pathology of the membrane thickness. The
cited authors’ results oscillate between 1mm to 6mm.

Material and Methods

The analysis of 150 patients of Department of Oral Surgery’s CBCT re-
sults was_conducted. 146 patients were qualified to the examination,
4 persons did not agree to take part in the investigation. Using the i-CAT
Vision'program, the measuring of the thickness of maxillary sinus muco-
us membrane-was carried out in the CBCT examination in similar condi-
tions. The measured part was located on the level of premolar teeth and
first molar/teeth on the right and left side. A questionnaire was conduc-
ted-among the qualified patients, with special emphasis on symptoms of
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sinus inflammation: sinus headache symptom, often described as uncom-
fortable pressure sensation, headache while bending over, mucus drib-
bling on the throat back wall.

Additionally, factors that could possibly affect the thickness of muco-
us membrane were investigated: Oro-Antral Communication, operations
of paranasal sinuses, earlier diagnosis of pathology in the sinus.area (po-
lyps in maxillary sinus), tonsillar hypertrophy, asthma, sex;.age, perma-
nent residence location, smoking (Fig. 1).
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Figure 1 - location of maxillary sinus mucous membrane measurement

Results

As a result of the'investigation, two main groups were identified. The
first group consisted of patients with no symptom of sinus inflamma-
tion. The second'group patients with at least one of the symptoms men-
tioned before.

The average mucous membrane thickness in the examined group of
patients is.Z.8-mm, with 6.83 mm in the first group and 9.46 mm in the
second one.

The median of all the patients - 5.3 mm, patients from the first group -
5.05-mm, patients from the second group - 6.55 mm.
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Maximum thickness reported in the first group - 26.2 mm, in the se-
cond - 38.9 mm.

Minimum thickness in the first group - O mm, in the second group=1 mm:

In the patients with at least one symptom of sinus inflammation dia-
gnosed, the maxillary sinus mucous membrane was 38.5% thicker com-
pared with patients with no symptoms. Patients who reported sinus
headache symptom, often described as uncomfortable pressure sensa-
tion, had the membrane thicker by 39.7%, headache while bending over
- 33.6%, mucus dribbling on the throat back wall - 13.5% (Tab. 2, Tab. 3,
Tab. 4, Tab. 5).

Table 2. Impact of history of sinusitis or presence of at least one symptom of sinusitis on

the thickness of maxillary sinus mucosa

No 92 6.83
Yes 54 9.46
Total 146 7.80

Table 3. Impact of sinusitis symptom in the form of spreading sensation in the face to the

thickness of the maxillary sinus mucosa

Nie 136 7,59
Yes 10 10,60
Total 146 7,80
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Table 4. Impact of sinusitis symptom of headache when bending on the thickness of

maxillary sinus mucosa

No 118 743

Yes, rarely or slight 10 8:32
Yes 18 9.93

Total 146 7.80

Table 5. Impact of the discharge dripping down the back of the throat on the thickness of

maxillary sinus mucosa

No 103 7.50
Yes 43 8.51
Total 146 7.80

Table 6. Impact of past, recurring or present sinusitis on the thickness of maxillary sinus

mucosa

No 128 7.63
Yes 18 9.01
Total 146 7.80

Boththe first and the second group consists of most patients with the
membrane thickmess of 0 mm to 8 mm (Fig. 2). However, 70% of the pa-
tients of the first group demonstrated Schneider membrane thickness no
bigger than 6 mm. In the second group of the patients in almost 50% the
thickness was more than 6 mm (Fig. 3).
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The patients with diagnosis of recent, recurring or present sinus in-
flammation demonstrated the membrane thicker by approx. 1.4 mm on
average compared with patients with no inflammation recorded (Tab. 6).

The patients with complications after extraction in formof Oro-Antral
Communication demonstrated the membrane thicker by'4.1 mm on ave-
rage than patients with no complications (Tab. 7).

Table 7. Impact of the complications after extractions in the form.of oro-antral communi-

cation on the thickness of maxillary sinus mucosa

No 135 7.49
Yes 11 11.58
Total 146 7.80

The patients with polyps in maxillarysinus demonstrated the mem-
brane thicker by 5.3 mm compared with'patients with no polyps diagno-
sed (Tab. 8).

Table 8. Impact of polyps in the maxillary sinus on the thickness of maxillary sinus mucosa

No 141 7.62
Yes 5 12.88
Total 146 7.80

The examination reports also show that people with tonsillar hyper-
trophy demonstrated the membrane thicker by 45.6% compared with
people/with no hypertrophy (Tab. 9).
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Table 9. Impact of tonsil hypertrophy on the thickness of maxillary sinus mucosa

No 126 7,58
Deleted 11 7,64
Yes 9 11,04
Total 146 7,80

Patients with asthma had the Schneider membrane thicker by 1.3 mm

than people without this disease (Tab. 10).

Table 10. Impact of asthma on the thickness of maxillary sinus mucosa

No 134 7.69
Yes 12 8.99
Total 146 7.80

No 141 7.62
Yes 5 12.88
Total 146 7.80

The investigation showed no significant correlation between sex and

smoking and the Schneider membrane thickness.

The patients from the first group did not demonstrate connection be-
tween the thickness and the sex of the patient. In the second group, men
had the membrane thicker by 2.41 mm on average (Tab. 11).
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Table 11. Impact of gender on the thickness of maxillary sinus mucosa

F 89 7,29
M All respondents 57 8,59
Total amount 146 7,80
F 54 5,83
M Group 1 38 8,24
Total amount 92 6,83
F 35 954
M Group 2 19 9,30
Total amount 54 9,46

Smokers demonstrated slightly thinner membrane than non-smokers
(Tab. 12).

Table 12. Impact of smoking on the thickness of maxillary sinus mucosa

No 108 7.86
Yes 38 7.63
Total 146 7.80

The research included also investigating the impact of permanent re-
sidence location on the thickness of the Schneider membrane, taking into
consideration the population of the town or city. However, in the group
of 146 patients, 113 persons lived in Warsaw. This issue is continuously
investigated, taking into account more diversified patient groups, inclu-
ding residents from towns of various localization, infrastructure develop-
ment level and air contamination level.

The biggest'medium thickness of alveolar bone mucous membrane
was recorded in age groups of 25-30 and 65-70 years. In order to confirm
these results, the research should be widened by adding the same num-
berof persons to each age group (Fig. 4).
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Figure 4. Average Schneider membrane thickness in various age groups.

Discussion

The literature reports various ranges ‘of physiological thickness of the
maxillary sinus mucous membrane thickness, from 1 mmto 6 mm: Savola-
inen et al. defined pathological-thickness as greater than 6 mm [17]. Vallo
affirms that physiological Schneider wall thickness should measure from
3 mm to 6 mm [18]. Phothikhun'et al. stated that pathological thickening
is greater than 1 mm [19], so did White [20]. Other authors, such as Jan-
ner et al. [21] and Rak-KM-[22] define the limit of physiological thickness
of mucous membrane at approx. 2 mm.

For the majority of patients who took part in the examination and
did not report any-symptoms of sinus inflammation, the average thick-
ness of maxillary sinus’"mucous membrane was equal or smaller than
6 mm. This result corresponds to Savolainen et al. observations publi-
shed in‘Radiological findings in the maxillary sinuses of symptomless young
men [17]. It means that patients who report the Schneider membrane
thickness.greater than 6 mm should be examined in search for patholo-
gical changes.

In addition, greater thickness of Schneider membrane was noted in
patients-who reported symptoms or undergoing sinus inflammation and
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alsotonsillar hypertrophy, polyps in the maxillary sinus, asthma and Oro-
-Antral Communication.

According to Kryst, the definition of sinus inflammationincludes a gro-
up of medical conditions which all have one feature in common: the pre-
sence of inflammatory process in sinonasal mucous membrane [2]. This
research showed that patients with diagnosed sinus inflammation (re-
cent, past, present or recurring), demonstrated maxillary sinus mucous
membrane thicker by approx. 1.4 mm on average than healthy patients.
Also Hryniewicz points out that, proven in a radiologic examination, sino-
nasal mucous membrane thickening allows to-diagnose.acute sinonasal
inflammation. Responsivity of this method equals76% [6].

This investigation confirms that patients who had reported tonsillar
hypertrophy, demonstrated Schneider membrane thicker by 3.5 mm on
average. This fact has its explanation described in the research by Hrynie-
wicz, who states that throat adenoid hypertrophy is a factor that incre-
ases the possibility of suffering from development and recurrence of si-
nus inflammation [6]. In this investigation, the patients with the presence
of polyps in maxillary sinus had-Schneider membrane thicker by 5.3 mm
compared with patients without polyps. According to Maria Zaleska-
-Krecicka, polyps develop from’inflammatory or allergic changes of mu-
cous membrane. The most common localizations of polyps are maxillary
sinuses, ethmoid sinuses-and middle nasal cavity. The polyp derives from
mucous membrane-edema, then proliferation of submucosa and cumula-
tion of liquids [23]. Fokkens et al. in his publication confirms that chronic
rhinosinusitis with'nasal polyps is described as a subgroup of chronic rhi-
nosinusitis. What is more, chronic rhinosinusitis, with or without polyps,
are commonly treated as one disease type, as they are almost impossible
to distinguish [24]. In our investigation, 5 patients of 146 were diagnosed
with palyps, which is approx. 3.5% of patients. It confirms the observation
of Fokkens.et al., who stated that polyps affect 4% of population. Further-
more, he described the correlation between polyp presence, chronic nasal
and sinonasal mucous membrane inflammation, acute bronchial asthma
and-aspirin intolerance, called “Samter’s triad”, aspirin-induced asthma or
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Samter’s syndrome. Fokkens points out that 7-15% of asthmatics suffer
from nasal polyps. In this investigation, in the group of 12 asthmatics, po-
lyps were diagnosed in 2 persons, which makes 16,7%.

This investigation proved that asthmatics demonstrate thicker Schne-
ider membrane, what is confirmed in Satoshi Hamada et al. observations,
described in the article Radiographic Evidence of Sinonasal Inflammation in
Asthma-chronic Obstructive Pulmonary Disease Overlap Syndrome: an Un-
derrecognized. Satoshi Hamada proved that the frequency of presence of
radiologic symptoms of sinus inflammation among people with asthma,
ACO and COPD equaled respectively 95.5%,72.2% and 60%. Patients
suffering from ACO and COPD were diagnosed with mild radiologic
symptoms, while average to severe symptoms were reported in the cases
of people with asthma [25]. E. J. Peters et al. in his research Sinus compu-
ted tomography scan and markers of inflammation in vocal cord dysfunction
and asthma proved the correlation between-asthma and sinus disorders
in 1/3 of patients [26]. Also M. Bresciani et al. in the publication Rhino-
sinusitis in severe asthma [27] presented‘a connection between chronic
sinus inflammation and asthma.

This investigation did not prove a direct correlation between smoking
and maxillary sinus mucous membrane thickening. However, the publi-
cation Microbiology of acute and chronic maxillary sinusitis in smokers
and nonsmokers [28]proved.that the amount of bacteria causing chronic
mucous membrane-inflammation and smoking are related. Smokers de-
monstrated a much higher number of those pathogens. Smoking can di-
rectly affect the thickness of maxillary sinus mucous membrane. It is also
important to point out that smoking can worsen the condition of people
with asthma, what in consequence can lead to thickening of sinus mucous
membrane [29].

In order to confirm the relation between sex and mucous membrane
thickness-it would be necessary to research a wider group of patients. In
this investigation, the group of not healthy patients did not demonstrate
any connection between Schneider membrane thickness and sex, whe-
reas-in-the group of healthy patients men showed a thicker membrane
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by 2.41 mm on average. This fact can also be noted in the publication by
Vogiatzi T et al., Incidence of anatomical variations and disease of the maxil-
lary sinuses as identified by cone beam computed tomography; a systematic
review, where one of the conclusions is that men usually demonstrate hi-
gher frequency of pathological changes in maxillary sinus, including the
thicker mucous membrane [30].

The research on the impact of air contamination on Schneider mem-
brane thickness is being carried out currently (Fig. 5):
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Figure 5. Schneider membrane thickness and suspicion of sinus inflammation
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