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Agreement between cone-beam computed tomography and functional endoscopic sinus
surgery for detection of pathologies and anatomical variations of the paranasal sinuses
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ABSTRACT

Purpose: The diagnosis of chronic rhinosinusitis requires a comprehensive knowledge of the signs and symptoms of
the disease and an accurate radiographic assessment. Computed tomography (CT) is the superior imaging modality
for diagnosis of chronic rhinosinusitis. However, considering the lower dose and higher resolution of cone-beam
computed tomography (CBCT) compared to CT, this study aimed to assess the agreement between the findings of
CBCT and functional endoscopic sinus surgery (FESS).

Materials and Methods: This descriptive prospective study evaluated 49 patients with treatment-resistant chronic
rhinosinusitis who were candidates for FESS. Preoperative CBCT scans were obtained before patients underwent
FESS. The agreement between the CBCT findings and those of FESS was determined using the kappa correlation
coefficient. The frequency of anatomical variations of the paranasal sinuses was also evaluated on CBCT scans.
Results: Significant agreement existed between pathological findings on CBCT scans and those of FESS, such that
the kappa correlation coefficient was 1 for mucosal thickening, 0.644 for nasal deviation, 0.750 for concha bullosa,
0.918 for nasal polyp, 0.935 for ostiomeatal complex (OMC) obstruction, and 0.552 for infundibulum thickening.
Furthermore, 95.9% of patients had 1 or more and 79.6% had 2 or more anatomical variations, of which nasal
deviation was the most common (67.3%).

Conclusion: Considering the significant agreement between the findings of CBCT and FESS for the detection of
pathological changes in the paranasal sinuses, CBCT can be used prior to FESS to detect chronic rhinosinusitis and

to assess anatomical variations of the OMC. (Imaging Sci Dent 2020; 50: 299-307)
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Introduction

Acute and chronic rhinosinusitis are highly prevalent
debilitating conditions worldwide." Around 30% of Ameri-
cans experience symptoms of rhinosinusitis. This condition
results in medical costs of as much as 2 million dollars per
year.”” Rhinosinusitis is characterized by inflammation
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of the nasal mucosa and paranasal sinuses and accumula-
tion of fluid in the sinus cavity."™ Chronic rhinosinusitis
refers to the persistence of this condition for more than 12
weeks.” Several factors may be responsible for the occur-
rence of chronic rhinosinusitis. In particular, anatomical
variations have been suggested to impair mucociliary flow
and enhance the susceptibility to chronic rhinosinusitis.”®
Ostiomeatal complex (OMC) obstruction prevents sinus
drainage and leads to chronic sinusitis. The presence of an-
atomical variations in this region can further aggravate the
obstruction.”

An accurate patient history, routine clinical examina-
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tion of the ear, nose, and throat, and radiography can aid
in reaching a definite diagnosis of chronic rhinosinusitis.
Computed tomography (CT) is the standard imaging mo-
dality for assessment of the paranasal sinuses and is im-
perative prior to surgical treatment planning for patients
with chronic rhinosinusitis.® It can reveal pathologies in the
sinus area, as well as anatomical variations of the OMC.
However, its high patient radiation dose has led researchers
to search for an alternative imaging modality with similarly
high accuracy, but a lower patient radiation dose for maxil-
lofacial assessments.” Research with this goal led to the ad-
vent of cone-beam computed tomography (CBCT). In con-
trast to medical CT, the voxels are isotropic in CBCT and
can be accurately used to measure maxillofacial structures
from different angles. The resolution and quality of recon-
structed CBCT images in the axial, sagittal, and coronal
planes are the same. CBCT is superior to CT for maxillo-
facial imaging due to its high resolution and lower patient
radiation dose.'” CBCT has many applications in the oral
and maxillofacial region and is commonly used to assess
mandibular condyle lesions in patients with temporoman-
dibular joint disorders or maxillofacial trauma; for implant
planning and orthodontic patients; for evaluation of the an-
terior parts of the skull, the olfactory system, and airways;
for the diagnosis of rhinosinusitis; assessment of mucosal
thickness, detection of nasal septum deviation, concha hy-
pertrophy, retention cysts in the head and neck region; and
in the evaluation of pathologies and anatomical variations
of the sinuses prior to functional endoscopic sinus surgery
(FESS)."""? A recent study also emphasized the need to
evaluate otorhinolaryngologic symptoms when radiograph-
ic findings are identified on CBCT."

The most common anatomical variations detectable on
CBCT scans include septal deviation, concha bullosa, para-
doxically angulated middle turbinate, agger nasi cell, Ono-
di cell, Haller cell, anterior clinoid process pneumatization,
bulla ethmoidalis, and atelectatic uncinate process.

FESS is extensively performed for chronic rhinosinus-
itis patients who do not respond to pharmaceutical therapy,
in order to resolve chronic sinonasal inflammation."* The
main goal of this approach is to clean the paranasal sinus-
es under direct vision, while preserving the physiological
function of the sinuses and the nasal cavity.15

Although CT remains the superior imaging modality for
detecting anomalies in the maxillofacial region and para-
nasal sinuses, Hashimoto et al.'® and Liang et al.'” showed
that CBCT might be preferable for this purpose due to its
lower patient radiation dose and higher resolution than CT.
To the best of authors’ knowledge, only 1 previous study

has evaluated the agreement between the findings of CBCT
and FESS." Thus, this study aimed to assess the agreement
between CBCT and FESS findings regarding anatomical
variations and pathologies of the paranasal sinuses to de-
termine whether CBCT is an efficient technique for assess-
ment of the paranasal sinuses in patients with chronic rhi-
nosinusitis.

Materials and Methods

This interventional prospective study evaluated 49 pa-
tients with chronic rhinosinusitis presenting to a private
ear, nose, and throat office to undergo FESS.

All procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation (the study was approved by the ethics
committee of Kermanshah University of Medical Sciences;
irkums.ac.1394.357) and with the Helsinki Declaration of
1964 and later versions. Written informed consent was ob-
tained from all patients prior to their enrollment.

The minimum sample size was calculated to be 49 pa-
tients according to the results of a pilot study conducted on
30 patients and the findings of Zojaji et al.,"® Walter et al.,”
and Sim and Wright,zo assuming a study power of 0.9, a
level of significance of 0.05, and kappa values of 0.55 and
0.86 for the concha bullosa variable. The PASS software
(NCSS, Kaysville, UT, USA) was used for sample size cal-
culation.

The inclusion criteria were: 1) patients with a confirmed
diagnosis of chronic rhinosinusitis according to the Amer-
ican Head and Neck Society criteria (facial pain, nasal
congestion, fever, and impaired olfaction),” 2) patients in
whom this condition had lasted for more than 12 weeks
with no response to medical and pharmaceutical therapy,
and 3) patients with indications for medical imaging (CT/
CBCT) and FESS. Treatment-resistant cases were select-
ed because they were candidates for FESS. Other patients
did not need FESS because they were treated with other
modalities, such as antibiotic therapy.

The exclusion criteria were sinus tumors (benign and
malignant), acute rhinosinusitis, pregnancy, immunodefi-
ciency, cystic fibrosis, age <17 years, history of FESS (due
to possible deformation of anatomical variations), cardiac
disease, history of rhinoplasty, and history of trauma to the
face and sinuses.'®

Eligible patients were selected by convenience sampling.
Finally, 49 patients were included and CBCT scans (coro-
nal, axial, and sagittal sections) were obtained of the para-
nasal sinus area in all patients using a NewTom VGI CBCT
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Fig. 2. Unilateral (A and B) and bilateral (C and D) concha bullosa (arrows) are seen on the coronal and axial planes of cone-beam comput-

ed tomography.

system (QR srl, Verona, Italy) with a spatial resolution of
300 um (voxel size, 0.3 mm), a 15X 15 cm field of view,
110kVp, and 59.78 mAs.

Two expert oral and maxillofacial radiologists evaluat-
ed the CBCT scans of patients on a LCD monitor (ASUS
VS197DE, ASUS, ASUSTeK Computer Inc., Taiwan) with
1366 X 768 resolution using NNT Viewer software version

6.1 (QR srl, Verona, Italy). The paranasal sinuses were
evaluated for pathologies including mucosa thickening,
septal deviation, concha bullosa, nasal polyp, OMC ob-
struction, and infundibulum thickening, as well as anatom-
ical variations including nasal deviation, agger nasi cell,
bulla ethmoidalis, concha bullosa, Haller cell, Onodi cell,
anterior clinoid process pneumatization, paradoxically an-
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Fig. 3. A and B. Haller cells (arrows) are seen on the coronal plane of cone-beam computed tomography.

Table 1. Agreement between cone-beam computed tomography (CBCT) and functional endoscopic sinus surgery findings in patients with

chronic rhinosinusitis (number and %)

Finding CBCT Endoscopy No endoscopy Total Kappa coefficient P

Mucosal thickening Yes 49 (100.0%) 0(0.0%) 49 (100.0%) 1 -
No 0(0.0%) 0(0.0%) 0(0.0%)
Total 49 (100.0%) 0(0.0%) 49 (100.0%)

Nasal deviation Yes 38 (95.0%) 3(33.3%) 41(83.7%) 0 644 <005
No 2(5.0%) 6(66.7%) 8(16.3%)
Total 40 (100.0%) 9(100.0%) 49 (100.0%)

Concha bullosa Yes 17 (73.9%) 0(0.0%) 17 (34.7%) 0 750 <005
No 6(26.1%) 26 (100.0%) 32(65.3%)
Total 23(100.0%) 26 (100.0%) 49 (100.0%)

Nasal polyp Yes 24 (96%) 1(4.2%) 25(51.0%) 0918 <005
No 1(4.0%) 23 (95.8%) 24 (49.0%)
Total 25 (100%) 24 (100.0%) 49 (100.0%)

Ostiomeatal complex Yes 39 (97.5%) 0(0.0%) 39 (79.6%) 0.935 <005

obstruction No 1(2.5%) 9(100.0%) 10 (20.4%)
Total 40 (100.0%) 9 (100.0%) 49 (100.0%)

Infundibulum thickening Yes 38 (92.7%) 3(37.5%) 41(83.7%) 0.552 <005
No 3(7.3%) 5(62.5%) 8(16.3%)
Total 41 (100.0%) 8 (100.0%) 49 (100.0%)

gulated middle turbinate, and atelectatic uncinate process.
The findings were recorded using a checklist (Figs. 1-3).
The CBCT scans were evaluated twice at a 2-week interval
to assess intraobserver agreement. To evaluate diagnostic
agreement between radiologists (interobserver agreement),
we computed the kappa score for various parameters.
Next, all patients who had indications for FESS un-
derwent FESS under general anesthesia by an expert ear,
nose, and throat specialist. The surgeon filled out the same
checklist (Figs. 1-3) for paranasal sinus pathologies and
anatomical variations based on his observations during the

surgical procedure. The study checklists were filled out
based on the presence or absence of findings.

The data of the 2 checklists were entered into SPSS for
Windows version 20 (IBM Corp., Armonk, NY, USA) by
a blinded examiner for statistical analysis. The agreement
between the CBCT and FESS findings was assessed by cal-
culating the kappa correlation coefficient. The level of sig-
nificance was set at 0.05. To interpret the obtained kappa
values, the classification by Landis and Koch®' was used,
where a kappa value <0 indicates poor agreement, values
between 0.0 and 0.20 indicate slight agreement, values of
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Table 2. Diagnostic performance of the findings in the maxillary sinus on cone-beam computed tomographic images compared with sinus

endoscopic surgery

Finding Sen Spe PPV NPV Acc +LR -LR AUC Power
Mucosal thickening 1 - 1 - 1 - - - -
Nasal deviation 0.95 0.66 0.92 0.75 0.89 2.85 0.07 0.80 0.90
Concha bullosa 0.74 1 1 0.81 0.87 Inf 0.26 0.87 0.99
Nasal polyp 0.96 0.95 0.96 0.95 0.96 22.85 0.04 0.96 1
Ostiomeatal complex 0.97 1 1 0.90 0.98 Inf 0.02 0.98 1
Infundibulum thickening 0.92 0.62 0.92 0.62 0.87 247 0.11 0.77 0.75

Sen: sensitivity, Spe: specificity, PPV: positive predictive value, NPV: negative predictive value, ACC: accuracy, +LR: positive likelihood ratio, -LR: negative
likelihood ratio, AUC: area under the receiver operating characteristic curve. Power refers to the power of the test for comparing cone-beam computed

tomography compared with sinus endoscopic surgery

0.21-0.40 indicate fair agreement, values of 0.41-0.60 indi-
cate moderate agreement, values of 0.61-0.80 indicate sub-
stantial agreement, and values of 0.81-1.00 indicate almost
perfect agreement.

Results

In total, 49 patients with chronic rhinosinusitis were
evaluated in this study, of whom 40 (81.6%) were men and
9 (18.4%) were women. The mean age of the participants
was 36.8+11.3 years. The highest frequency of rhinosi-
nusitis was found in patients in their fourth decade of life,
followed by those in their third decade of life. The intraob-
server agreement was found to be excellent (intraclass cor-
relation coefficient=1). The kappa scores for the assess-
ment of interobserver agreement were higher than 0.86,
implying satisfactory agreement between observers. The
total duration of the study was approximately 18 months.

Table 1 shows the agreement between CBCT and FESS
findings in patients with chronic rhinosinusitis. The ob-
served agreement between CBCT and FESS for mucosal
thickening was 1 (maximum). The observed agreement be-
tween CBCT and FESS for the detection of nasal deviation
and concha bullosa was moderate and statistically signifi-
cant (P<0.05). The agreement between CBCT and FESS
for nasal polyp and OMC obstruction was almost perfect
and statistically significant (P <0.05). The agreement be-
tween CBCT and FESS for infundibulum thickening was
moderate and statistically significant (P <0.05) (Table 1).

The sensitivity, specificity, positive predictive value, neg-
ative predictive value, accuracy, positive likelihood ratio,
negative likelihood ratio, area under the receiver operating
characteristic curve, and test power are presented in Table
2. The high-test power results, except for the infundibulum
thickening variable, indicate that the sample size of this

Table 3. Frequency of sinus pathologies in patients

Pathology Number Percentage
Mucosal thickening 49 100.0
Septal deviation 33 67.3
Concha bullosa 14 28.6
Nasal polyp 25 51.0
Ostiomeatal complex obstruction 39 79.6
Infundibulum thickening 41 83.7

Table 4. Frequency of anatomical variations in patients

Variation Number (%)

Nasal deviation 33(67.3) Right22,left 11

Agger nasi cell 22(44.9)

Bulla ethmoidalis 17 (34.7)

Concha bullosa 14 (28.6) Bilateral 5, unilateral 9
Haller cell 13(26.5)

Onodi cell 12(24.4)

Anterior clinoid process 9(18.4) Bilateral 5, unilateral 4
pneumatization

Paradoxically angulated 7(14.3)

middle turbinate

Atelectatic uncinated process 6 (12.2)

Pneumatization of uncinate 4(8.2)

process

study was sufficient.

Table 3 shows the frequency of sinus pathologies in pa-
tients. The CBCT scans of the 49 patients were also eval-
uated to determine the frequency of anatomical variations
(Table 4). The results showed that 95.92% of patients had
1 or more and 79.6% of patients had 2 or more anatomical
variations. Nasal deviation was the most common anatom-
ical variation, followed by agger nasi cell and bulla eth-
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Table 5. Frequency of anatomical variations in previous studies (%)

Ourstudy Duaetal  Tiwarietal.” Romanetal® Aramanietal®  Adeel” Rielloetal.”
Nasal deviation 67 44 88.2 - 74.1 26 28.5
Agger nasi cell 449 40 7 - 19 - 13.5
Bulla ethmoidalis 347 14 63.5 - - - -
Concha bullosa 28.6 16 764 353 33 182 425
Haller cell 26.5 16 35 25 19 9.1 8
Onodi cell 244 6 1.6 8 - 7.8 -
Anterior clinoid process 184 - - - - - -
pneumatization
Paradoxically angulated 14.3 10 10.5 8 14.8 143 29
middle turbinate
Atelectatic 122 - - - - - -
Uncinated process
Pneumatization of 8.2 - - 5 5.6 52 13

uncinate process

moidalis. Pneumatization of the uncinate process had the
lowest frequency of anatomical variations.

Discussion

This study assessed the agreement between the findings
of CBCT and FESS regarding paranasal sinus pathologies
and anatomical variations and showed significant agree-
ment between their results.

Studies on the agreement between CBCT findings and
FESS are lacking.18 However, many previous studies have
compared the agreement between CT findings and surgi-
cal procedures in patients with chronic rhinosinusitis.****

The results of this study revealed significant agreement
between the pathological findings of CBCT and FESS,
aligning with the results of Agius22 and Pokharel et al >’
Woo et al.”> evaluated the efficacy of CBCT for preopera-
tive assessment in endoscopic sinus surgery. They evaluat-
ed and compared the Lund-Mackay score before and after
the operation and concluded that CBCT was an efficient
modality for preoperative evaluation and diagnosis prior to
surgical procedures of the paranasal sinuses. Their results,
similar to ours, confirmed a significant agreement between
the results of CBCT and surgery.

Woo et al reported that the prevalence of chronic sinus-
itis was 66% in males and 44% in females. Balouchi et al.’
evaluated sinonasal polyposis and concluded that its prev-
alence in males was higher than that in females. Moreover,
Flint et al.* discussed that possible role played by environ-
mental factors such as trauma and exposure to chemicals in
the development of chronic rhinosinusitis. Since males are

at higher risk of exposure to such environmental factors,
they have a higher risk of this condition. In light of these
findings, the higher proportion of men than women in the
present study is justifiable.

Zojaji et al."® evaluated the CBCT scans of 42 patients
with chronic rhinosinusitis and found almost perfect agree-
ment between CBCT and endoscopy for all the parame-
ters evaluated, except for infundibulum thickening (kap-
pa=0.59). However, the present study found substantial
agreement between CBCT and FESS for nasal deviation
and concha bullosa, and moderate agreement for infun-
dibulum thickening. The kappa coefficients for mucosal
thickening, nasal polyp, and OMC obstruction were >0.8
in the present study, which is in accordance with the results
of Zojaji et al."® The principal methodological difference
between the present study and that of Zojaji et al.'® is that
they considered FESS as the gold standard for diagnosis
of rhinosinusitis. However, FESS has some shortcomings
and is not accurate enough to be used as a gold standard.
The present study assessed the agreement between CBCT
and FESS findings to determine whether CBCT can serve
as an alternative to CT for the diagnosis of paranasal sinus
pathologies.

The almost perfect agreement between CBCT and FESS
for mucosal thickening in the present study may be ex-
plained in light of the findings of some previous studies.
For instance, Amodu et al.”’ reported mucosal thicken-
ing of 1 or 2 sinuses on 98% of CT images. Rege et al®
showed that mucosal thickening had the highest prevalence
(66%) of the abnormalities investigated on CBCT images
of asymptomatic patients. Ritter et al? reported that CBCT
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detected pathological lesions in 56.3% of cases, and muco-
sal thickening was the most common CBCT finding. Kho-
jastepour et al ¥ evaluated the CBCT scans of 281 patients
who had undergone rhinoplasty. The frequency of mucosal
thickening was 60.7%. In line with our findings, some pre-
vious studies also showed that mucosal thickening had the
highest prevalence of various abnormalities, and complete
agreement existed between CBCT and FESS findings for
its detection. Thus, CBCT images are highly valuable for
detecting mucosal thickening of the paranasal sinuses.

Our study showed almost perfect agreement for OMC
obstruction. Laine and Smoker’' stated that paranasal sinus
endoscopy enabled direct observation of the OMC. Disease
conditions in this region are also well detectable on CT im-
ages. Their findings confirmed our results regarding the al-
most perfect agreement (0.935) between CBCT and FESS
findings for OMC obstruction. Our results showed almost
perfect agreement between CBCT and FESS for nasal pol-
yp, which is also in accordance with the results of Laine
and Smoker.”!

In the present study, the lowest agreement between
CBCT and FESS was noted for infundibulum thickening
(0.552). Stamberger and Kennedy™” described the infun-
dibulum as a 3-dimensional groove; the uncinate process
forms its medial border, and the lamina papyracea forms its
lateral border. In many cases, the border between the infun-
dibulum and the frontal recess cannot be identified. Haung
et al.” reported that visualization of the frontal recess in
endoscopic surgery is very difficult. Furthermore, detection
of the frontal recess on CT scans requires images recon-
structed in coronal, sagittal and axial sections. CBCT en-
ables a 3-dimensional evaluation of images in all 3 planes.
Thus, CBCT images can help in the evaluation of the fron-
tal recess prior to sinus surgery. The difficulty of detecting
the infundibulum during surgical procedures and the lack
of samples with this variation may explain the low correla-
tion coefficient for this finding.

Anatomical variations are other factors that cause rhi-
nosinusitis.” Such variations and anomalies play a role in
the development of pathological lesions in the paranasal
sinuses.* OMC obstruction prevents sinus drainage and
leads to chronic sinusitis. The presence of anatomical vari-
ations in this region increases the severity and extent of
obstruction.” Anatomical variations of the OMC include
concha bullosa, septal deviation, uncinated process varia-
tion, agger nasi cell, Haller cell, and paradoxically angulat-
ed middle turbinate.” Thus, CT is imperative prior to sinus
surgery. At present, CBCT images are commonly used to
detect anatomical variations of the sinonasal area due to the

Nafiseh Nikkerdar et al

lower patient radiation dose than CT and the availability of
multiplanar image reconstructions using CBCT.** CBCT
images are also used to describe the anatomy of bones in
the sinonasal area.”’

Due to the importance of detecting anatomical variations,
a complete list of variations according to the available lit-
erature was compiled and evaluated; 79.6% of patients had
2 or more and 95.9% had 1 or more anatomical variations.
This finding is in agreement with the results of some pre-
vious studies. For instance, Dasar and Gokce®® showed
that 99.8% of patients had anatomical variations. Reillo et
al.” stated that 83.5% of patients had 1 or more anatomical
variations, while Aramani et al.” showed that 53.7% of pa-
tients had 2 or more anatomical variations. Table 5 presents
the frequency of anatomical variations reported in several
previous studies.

The current results revealed a significant correlation be-
tween the findings of CBCT and FESS for the detection
of pathological changes in the paranasal sinuses. Further-
more, Hodez et al ® stated that CBCT can serve as a gold
standard for evaluation of the sinuses. Thus, CBCT may be
used as an efficient alternative to CT for the preoperative
evaluation of the paranasal sinuses in patients with chronic
rhinosinusitis.

A small sample size and the lack of a comparison be-
tween CBCT and CT were among the limitations of the
present study. Future studies with a larger sample size are
required to compare the agreement between CBCT and CT
findings for the detection of pathological changes in the pa-
ranasal sinuses.

In conclusion, the present study found strong agreement
between the findings of CBCT and FESS regarding the pa-
ranasal sinuses. Thus, CBCT can be successfully used to
detect chronic rhinosinusitis and to evaluate the presence of
anatomical variations in the OMC in patients with chronic
rhinosinusitis. CBCT can help in more accurate treatment
planning and is an efficient modality for preoperative as-
sessments before FESS.

Conflicts of Interest: None
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