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Radiographic assessment of findings in the maxillary
sinus usin% cone-beam computed tomography

l1ze Dobele,

SUMMARY

igija Kise, Peteris Apse, Gints Kragis, Andris Bigestans

Objectives. To assess the presence of anatomic variations and pathology of the maxillary
sinus using cone beam computed tomography (CBCT) of the maxilla where pre- implant sur-

gery is planned.

Material and methods. This retrospective study evaluates a sample CBCT scans of 34
dental patients (68 sinuses). CBCT is used to assess maxillary sinus mucosa and outflow and
prevalence of septa. The mucosal thickening was measured and the sinus outflow was classi-

fied as open or obstructed.

Results. Mucosal thickening was found in 48.5%, septa in 20.6% and total opacity in 2.9%
of the sinuses. Maxillary sinus outflow was blocked in 26.5% of the scans. Strong association
between radiological signs of maxillary sinus ostium blockage and thickened mucosa was

observed.

Conclusions. Anatomic variations and lesions of the maxillary sinus were common findings
in CBCT examinations of the maxilla required for dental preprosthetic planning. Routine CBCT
scans, including maxillary sinus ostium are recommended for risk assessment prior to surgery.

Key words: cone beam computed tomography, maxillary sinus, mucosal thickening, dental

implants, and sinus floor elevation.

INTRODUCTION

The maxillary sinus is the paranasal sinus that
impacts most on work of the dentists and the maxil-
lofacial surgeon when treatment requires bone graft-
ing in this area. Augmentation of the maxillary sinus
floor is well-documented and considered a conven-
tional procedure, which allows the rehabilitation of
the atrophic posterior maxilla using osseointegrated
dental implants (1). Computerized tomography is
considered a gold standard for sinus diagnosis and
planning surgery (2, 3). A conceptual understand-
ing of the anatomic and functional relationships
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between the maxillary sinus and upper posterior
teeth is important when dealing with chronic inflam-
matory diseases and surgery planning. A significant
difference in the bone height of the sinus floor exists
between dentulous and edentulous individuals. In
persons with maxillary tooth loss, pneumatization
combined with ridge atrophy leaving thin alveolar
bone or only mucoperiosteum (Schneiderian mem-
brane) between the sinus floor and oral cavity (4).
The placement of the dental implants in such patients
requires preprosthetic surgical procedures such as
alveolar bone grafting and sinus floor elevation.
Providing dental implants to patients who have
lost upper posterior teeth and surrounding bone
requires radiological assessment of the planned
implant site. The opening of the maxillary sinus
osteomeatal complex (OMC) is located high in the
medial sinus wall. Compromised maxillary sinus
drainage system is associated with a higher risk of
postoperative sinusitis, and is a significant area in
examining patient with sinus complaints, there may
be a justification to extend the field of view (FOV)
to include the whole of the maxillary sinus includ-
ing the OMC. This information allows assessing
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Fig. 1. Pneumatized maxillary sinuses with opened ostium,
coronal view
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Fig. 2. Graphical representation of findings in maxillary
sinuses

Fig. 3. Septa in both maxillary sinuses, axial view

Fig. 5. Mucosal thickening and blocked ostium in both
maxillary sinuses, coronal view

the risk of the planned procedure (5- 7). Viral or
bacterial infection, edema as a result of an allergic
reaction, trauma, and tumor can cause obstruction of
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Fig. 4. Total opacification in the right maxillary sinus,
coronal view

the maxillary sinus (8, 9). Reaction to dental treat-
ment, sinus floor elevation and periodontal disease
may cause the mucosal thickening in the floor of
the maxillary sinus (10, 11). Perforation of the sinus
membrane during sinus floor elevation is the most
common complication, with the incidence rate of
approximately 30% (12, 13). Anatomic variations
within the sinus, such as septa, mucosal thicken-
ing of the sinus floor increase the risk of the sinus
membrane perforation during pre- implant surgery
in posterior maxilla (14). Computed tomography
images allow the location of anatomic structures
and provide information about bone dimensions and
morphology (15-18). CBCT can accurately capture,
display and provide 3-dimensional visualization of
maxillofacial anatomy and pathology. In maxillary
sinus floor elevation procedure, it is important to be
acquainted with different anatomic and pathologic
findings in sinus, to minimize the risk of postopera-
tive complications.
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MATERIALS AND METHODS

In this retrospective study, 34 patients attending
a private dental clinic and who were planned for pre-
implant surgery were referred for CBCT examination
of the maxillofacial region. The examinations were
performed using I-CAT cone beam computed tomog-
raphy (Imaging Sciences International, Hatfield, PA,
USA). The tomography specifications were: tube
potential (kV) 120, tube current (mA) 5, reconstruc-
tion time (s) <30, Voxel size (mm) 0.25-0.4, scan time
(s) 8-9. Image analysis was performed on the KaVo
3D eXam Vision (KaVo Dental GmbH) software, on
a multiplanar reconstruction window in which the
axial, coronal, and sagittal planes could be visual-
ized in 0.2 mm intervals. CBCT datasets of patients
were selected to include only those patients where the
dataset showed a complete maxillary sinus, including
the osteomeatal complex and entire maxillary floor
(Fig. 1). CBCT scans of 34 patients (68 maxillary
sinuses) were evaluated to assess the prevalence
of maxillary sinus mucosal thickening and opacity,
patency of sinus ostium and presence of septa. The
axial images were used for identification of presence
of septa. In the coronal images the presence of the
mucosal thickening on the maxillary sinus floor and
patency of sinus ostium were evaluated. The mucosa
could be visualized only at a minimum thickness of
2 mm or more, and therefore historically >2 mm was
considered a reliable threshold for pathological muco-
sal swelling (19). All measurements of mucosa were
made perpendicularly to the underlying bone and the
thickest area was recorded. The findings of osteome-
atal complex were scored as “open” if no mucosal
thickening was visible or “obturated” if it was filled
with mucosa or had anatomic blockage. At the time
of the retrospective data analysis, the preprosthetic
therapy planning, and in most cases the pre- implant
surgery had already been completed.

Statistical analysis

Commercially available statistical software was
used to analyze the data. The descriptive analysis
was presented as frequency, mean + standard devia-
tion (SD), 95% confidence intervals (Cl) and range.

RESULTS

The study population consisted of 34 partially
edentulous patients (16 females, 18 males) average
age of 52.53+9.15 (range 31 to 64 years). The distri-
butions of findings in maxillary sinuses are referred
to in (Fig. 2). Maxillary sinus mucosal thickening
was the most frequently detected lesion observed
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in 19 patients (33 sinuses) C1=0.3643-0.6062.
Fourteen patients showed mucosal thickening in
both sinuses, 5 patients in one sinus. The results of
the present study showed the noticeable individual
variability of the thickness of maxillary sinus floor
mucosa, with values ranging from 2.3 mm to 12.9
mm. The average mucosal thickness was 6.23+3.34
mm. The obstruction of sinus ostium was found in
11 patients (18 sinuses) CI=0.157-0.371. Ostium
blockage was present bilaterally in 7 patients with
4 patients having unilateral blockage. Septa (Fig. 3)
was present in 14 patients (14 sinuses) CI=0.108-
0.303. The total opacification (Fig. 4) together with
communication with oral cavity associated with
tooth extractions was detected in 2 maxillary sinuses
(C1=0.011-0.070). Mucosal thickening was evident
in all sinuses with obstructed osteomeatal complex
(Fig. 5). In our study there was no correlation be-
tween findings in maxillary sinus and gender or age.
Astrong correlation between maxillary sinus ostium
obstruction and mucosal thickening was found.

DISCUSSION

Preoperative imaging is highly clinically relevant
for the detection of maxillary sinus variations and
pathology, in 3D imaging the treatment plan can be
modified and the outcome of preprosthetic surgery in
posterior maxilla can become more predictable. Com-
bined with clinical examination, further management
options on referral to specialist can be considered for
findings not directly linked to the field of dentistry. All
concerned with augmentation procedure should have
sufficient knowledge of the maxillary sinus anatomy
and pathology. However there is limited understand-
ing of the significance of the Schneiderian membrane
thickness variations, and there is no guidelines for
assessment and classification of findings in the maxil-
lary sinus before sinus lift surgery (20, 21). Today,
virtually every partially or totally edentulous patient
can be accurately assessed through radiographic
and clinical diagnosis, and through interdisciplin-
ary implant team work. The use of CBCT scans can
provide identification of variations in the maxillary
sinus and a potential cause of sinusitis . This technique
is very effective for the study of inflammatory pro-
cesses. In dental examinations its intrinsic qualities
enable screening for sinusitis of odontogenic origin
with precision unobtainable on CT (22). The CBCT
scanner provided spatial and contrast resolution to
visualization of high- contrast morphology in sinus
and maxillofacial bone imaging at doses comparable
or less than reported for conventional diagnostic CT
(23, 24).
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CONCLUSIONS

Anatomic variations and lesions of the maxil-
lary sinus were common findings in CBCT of the
maxillofacial region in dental patients referred to
pre- implant surgery. From the perspective of a
dentist and maxillofacial surgeon the evaluation of
the maxillary sinus in CBCT appears to be relevant,
additionally proprietary software has become avail-
able that will allow clinicians to manipulate digital
images on a PC. Prospective investigations would

further minimize risks and identify treatment re-
quirements as part of interdisciplinary collaboration
for the well-being of the patients. Today CBCT is
an integrated diagnostic method to properly assess
the risk and prognosis of treatment. It is advisable
to develop clinical guidelines for a complete maxil-
lary sinus examination so that nothing is overlooked
and to improve communication and collaboration
between dentists, maxillofacial surgeons and otolar-
yngologists in providing successful oral rehabilita-
tion and improving quality of life in dental patients.
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