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Assessment of Maxillary Sinus Wall Thickness with Paranasal Sinus

Digital Tomosynthesis and CT
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Purpose: This study was performed to compare paranasal sinus tomosynthesis with
computed tomography (CT) imaging as a radiologic tool to evaluate the paranasal
sinuses, using measurement of the soft tissue thickness of the maxillary sinus.
Materials and Methods: A total of 114 patients with sinusitis who underwent both
paranasal sinus digital tomosynthesis (DT) and CT were enrolled in this retrospective
study. Two observers independently assessed soft tissue thickness in both maxillary
sinus chambers using both DT and CT images.

Results: The mean difference in soft tissue thickness measured by each observer
was -0.31 mm on CT and 0.15 mm on DT. The mean differences in soft tissue thick-
ness measured with DT and CT were -0.15 by observer 1 and -0.31 by observer 2.
Evaluation of the agreement in measurement of soft tissue thickness in the maxil-
lary sinus using DT and CT showed a high intraclass correlation, with the 95% limit
of agreement ranging from -3.36 mm to 3.06 mm [intraclass correlation coefficient
(ICC), 0.994: p < 0.01] for observer 1 and from -5.56 mm to 4.95 mm (ICC, 0.984: p<
0.01) for observer 2.

Conclusion: As an imaging tool, DT is comparable to CT for assessing the soft tissue
thickness of maxillary sinuses in patients with sinusitis.
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INTRODUCTION

Sinusitis is an inflammation of the mucosal layers of the para-
nasal sinuses (PNS). Obstruction of the draining pathways, such
as the ostiomeatal complex or the sphenoethmoidal recess of the
sinuses, is thought to be the main cause of sinusitis (1-4). The di-
agnosis of sinusitis is made by evaluation of the patient’s history
and physical examination. Imaging studies may also be useful.
Imaging findings suggestive of sinusitis include the presence of
mucosal thickening, opacification, or a mass within the sinus

cavities and associated bony erosion or sclerosis. Also, the radiol-
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ogist should search carefully for potential causes and complica-
tions of sinus disease, such as an obstructing tumor and spread of
infection to the orbits, brain, or bone (5).

Plain radiography is frequently used initially in patients with
suspected sinusitis; however, the reliability of plain radiograph
findings has been questioned. Even experienced radiologists have
difficulty in interpreting these images correctly, particularly in
judging whether or not mucosal thickening is present and wheth-
er or not the ethmoid and sphenoid sinuses are inflamed (6).

Multidetector computed tomography (MDCT) demonstrates

high image quality and provides much more detailed informa-
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tion about the anatomy and abnormalities of the PNS. The coro-
nal view is particularly beneficial in reflecting the findings of si-
nus surgery because the anatomy and pathology are visualized in
a plane almost identical to that seen by endoscopy. For these rea-
sons, MDCT has become an important component of the preop-
erative work-up for sinus surgery. However, the radiation deliv-
ered to the patient, especially to the radiosensitive organs, such as
the lens of the eye, is a significant risk that should be taken into
consideration.

Digital tomosynthesis (DT) is a form of limited-angle comput-
ed tomography that allows for reconstruction of multiple section
images from a set of projection data acquired over a limited range
of X-ray tube angles (7). Several studies have begun to address
the technical, ergonomic, and performance issues associated with
DT. These studies have shown that the image quality of DT is
comparable to that of other standard imaging modalities in
breast, bone, and chest sections (8-12). In a field of PNS sections,
DT can easily and promptly provide sinus coronal tomographic
images with high in-plane spatial resolution and is able to remove
overlying structures, enhance local tissue separation, and provide
depth information. According to a phantom study by Machida et
al. (13), the DT doses for the thyroid gland, brain, submandibular
gland, skin, and eyes were lower than the doses of MDCT with
values of 230 + 90, 1770 + 560, 1400 + 80, 1160 + 2100, and 112
+ 6 UGy, respectively.

With respect to the diagnosis of sinus diseases, there have been
relatively few studies to date that have employed DT. A study by
Yoo et al. (14) compared DT with plain radiography for the de-
tection of sinusitis and investigated the diagnostic accuracy of
DT sinus radiography for detecting sinus opacification (13, 15).
In the current study, we performed a comparative examination of
digital DT and computed tomography (CT) as a radiologic tool
to evaluate the PNS, using measurement of the soft tissue thick-

ness of the maxillary sinus.

MATERIALS AND METHODS

Patients

From April 2013 to January 2015, a total of 311 PNS DT and
PNS CT imaging studies for the assessment of sinusitis were in-
cluded from our hospital database. This study was approved by

our Institutional Review Board, and the requirement for obtain-
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ing written informed consent was waived. Of these patients, 174
patients were excluded due to a prolonged time interval between
the two modalities. Twenty-three patients who had an air-fluid
level in the maxillary sinuses on PNS DT were also excluded be-
cause accurate measurement of the maximum soft tissue thick-
ness of the maxillary sinus is theoretically limited in these cases.
Finally, 114 patients with 228 maxillary sinuses were included in
this study according to the following inclusion criteria: 1) ade-
quate PNS DT and PNS MDCT without an artifact or air-fluid
levels in the maxillary sinuses; 2) PNS DT and PNS MDCT were

performed on the same day.

Image Acquisition

MDCT

We used a 16- or 64-detector CT scanner (Somatom® Sensa-
tion scanner; siemens Healthcare, Forchheim, Germany). All of
the patients were positioned supine on the bed at the isocenter of
the gantry with the neck extended posteriorly for an X-ray pro-
jection tilted 10 degrees to the line between the infraorbital mar-
gin and the upper margin of the external auditory meatus (Reid’s
base line) in the z-direction. We performed the scan from the top
of the frontal sinuses to just below the mandible in the z-direc-
tion and from the face to the external auditory canal in the y-di-
rection. The scanning parameters were as follows: individual de-
tector width, 0.625 mm; tube voltage, 120 kVp or 200 kVp; tube
current, 150 mA or 120 mA; and pitch, 0.7. Dose length product
(DLP) was recorded. The average effective dose (ED) for PNS CT
was 922.02 pSv (range: 310.2 pSv to 1419 uSv) using a DLP to ED
conversion factor of 2.2 uSv/(mGy-cm) (16).

We obtained 3 mm thick reconstructed coronal images from 3
mm thick and 3 mm interval axial images with a perpendicular
angle. Thus, the reconstructed coronal images were 110 degrees
with respect to the Reid’s base line. Reconstructed coronal images
were taken from the anterior wall of the frontal sinus to the pos-

terior margins of the sphenoid sinus.

DT

Tomosynthesis examinations were conducted using a com-
mercially available unit (Sonialvision Safire II; Shimadzu Co.,
Kyoto, Japan) with a flat-panel detector system. We performed a
DT radiography scan covering the frontal to maxillary sinus with
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multiple posterior-anterior projection views of all patients in the
upright position using the following scan parameters: tube volt-
age, 75 kVp; tube current-time product per projection, 2.2 mAs;
scan time, 6.4 s; sweep angle, 40 degrees. We reconstructed DT
coronal images with a slice interval of 2 mm. Gomi (17) reported
on using the same device and scan parameters with the exception
of a tube voltage of 80 kVp and tube current-time product per pro-
jection of 3.5 mAs with an effective DT dose of 240 pSv. Thus, the

ED with our scan parameters was less than 240 uSv.

Image Assessment

Image assessment was performed by two readers with 20 and 4
years of experience in interpreting PNS images. The two readers
independently measured the maximum thickness of soft tissue in
both maxillary sinuses. To avoid recall bias, the observers mea-
sured the wall thickness in each imaging modality at specific
time intervals. First, all CT images were assessed, followed by as-
sessment of the DT data. In both analyses, the volume of a clear
maxillary sinus was regarded as 0 mm and the volume of a com-

pletely opacified maxillary sinus was regarded as 40 mm.

Statistical Analysis

The wall thickness values of maxillary sinuses on CT and DT
assessed by the two observers were presented as the mean with
standard deviation (SD). The mean difference and the SD of the
differences were calculated along with the 95% limits of agree-
ment (LOA), which was specified as the mean difference + 1.96
SD.

Bland-Altman plots as well as intraclass correlation coefficients
were used to investigate the intra and interobserver repeatability.
Differences between measurements were plotted against the mea-
surement mean.

All statistical analyses were conducted using the SPSS 19.0
software package (SPSS Inc., Chicago, IL, USA). A p-value < 0.05

was considered statistically significant.

RESULTS

A total of 228 maxillary sinuses of 114 patients were included
in this study. The average patient age was 44.8 + 13.8 years (range:
20-74 years).

The mean soft tissue thickness within the maxillary sinus mea-
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sured by observer 1 was 12.8 + 15.0 mm on CT and 12.7 + 15.0
mm on DT (Fig. 1). The mean measurements of soft tissue thick-
ness within the maxillary sinus according to both CT and DT
obtained by observer 2 were higher than those obtained by ob-
server 1. The mean soft tissue thickness within the maxillary si-
nus obtained by observer 2 was 13.1 + 14.8 mm on CT and 12.8
+15.0 mm on DT (Table 1).

The mean difference in soft tissue thickness measured by each
observer was -0.31 + 2.03 mm on CT and -0.15 + 1.66 mm on
DT. The interobserver 95% LOA for the maxillary sinus soft tis-
sue thickness measurement ranged from -4.29 to 3.67 for the CT
images and from -3.41 to 3.11 for the DT images (Table 2).
Bland-Altman plots were used to evaluate the difference between
the soft tissue thickness measurements obtained by the two ob-
servers versus the mean measurement value for each modality
(Fig. 2).

The interobserver agreement for the maxillary sinus soft tissue
thickness measurements on CT images was determined to be
high. In addition, the intraclass correlation coefficient was 0.991
[95% confidence interval (CI), 0.988-0.993: p < 0.01]. The in-
terobserver agreement for the measurements with DT was
slightly higher than the interobserver agreement for the measure-
ments with CT, with an intraclass correlation coefficient of 0.994
(95% CI, 0.992-0.995: p < 0.01) (Table 2).

Measurement values based on CT tended to be higher than
those with DT for both observers. In addition, the difference in
measured values for CT and DT was higher for observer 2 com-
pared with observer 1. The mean difference measured by observ-
er 1 was -0.15 £ 1.64 mm and -0.31 + 5.56 mm by observer 2.

The 95% LOA for soft tissue thickness measurement using DT
and CT images for the individual observers ranged from -3.36
mm to 3.06 mm for observer 1 and from -5.56 mm to 4.95 mm
for observer 2 (Table 3).

Bland-Altman plots of the agreement between DT and CT for
the two observers are shown in Fig. 3.

We observed a good correlation among the intraobserver ag-
reements for both imaging modalities. Specifically, the ICC val-
ue for observer 1 was 0.994 (95% CI, 0.992-0.995: p < 0.01).
While the ICC value for observer 2 was slightly less than that for
observer 1, the intraobserver agreement for observer 2 was high,
with an ICC of 0.984 (95% CI, 0.979-0.987: p < 0.01) (Table 3).
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DISCUSSION

In this study, DT exhibited a comparable diagnostic perfor-
mance to MDCT in the determination of maxillary sinus wall
thickness. In addition, the radiation dose remained substantially
lower than the dose used in low-dose MDCT protocols. Accord-
ing to a phantom study; eye lens dose of 0.1 mGy for DT sinus
radiography was lower than the previously reported dose of 0.5
mGy for conventional radiography, consisting of Waters,
Caldwell, and lateral projections (13, 18). The threshold for path-
ological radiographic mucosal thickening varies within the litera-

ture. Although mild mucosal thickening is often asymptomatic
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and considered a normal radiographic finding, thickening > 2
mm has been consistently reported to indicate sinus pathology
(19, 20).

Sinusitis is one of the most common diseases treated by prima-
ry care physicians. Uncomplicated sinusitis does not require ra-
diological imaging; however, when symptoms are recurrent or
refractory despite adequate treatment, further diagnostic evalua-
tions may be indicated. To this end, CT imaging is a highly sensi-
tive method for detecting mucosal thickening of the PNS (19).

Plain radiography has a limited role in the management of si-
nusitis. Although air-fluid levels and complete opacification of

the sinuses are specific indicators of sinusitis, they are seen in only

Fig. 1. DT (A) and MDCT (B) MPR coronal images of the paranasal sinuses acquired on the same day in a 52-year-old man with clinically sus-
pected sinusitis. (A) DT shows abnormal mucosal thickening of both maxillary sinuses which is comparable to that shown by MDCT (B). DT =
digital tomosynthesis, MDCT = multidetector computed tomography, MPR = multiplanar reconstruction

Table 1. Measurement of Maxillary Sinus Soft Tissue Thickness with Both DT and CT (mm)

DT CT
Observer 1 Observer 2 Observer 1 Observer 2
Mean measurement 12.67 12.82 12.82 13.13
Standard deviation 15.00 14.96 15.02 14.83

CT = computed tomography, DT = digital tomosynthesis

Table 2. Mean Maxillary Sinus Soft Tissue Thickness Measurement Error between the Two Observers according to Modality and Interobserver

Agreement (mm)

Difference in Mean Measurement  Standard Deviation Lower LOA Upper LOA ICC (95% ClI)
DT -0.15 1.66 -3.41 3.1 0.994 (0.992-0.995)
CT -0.31 2.03 -4.29 3.67 0.991 (0.988-0.993)

CT = computed tomography, DT = digital tomosynthesis, LOA = limits of agreement, ICC = intraclass correlation coefficient
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60% of cases (21). Additionally, conventional radiography can be  abnormalities of the PNS compared to plain radiography. How-

confounded by a number of factors including overlying soft tis-  ever, radiation dosing, especially to the lens of the eye, is an im-

sue, variation in sinus depth, and insufficient image quality. For ~ portant consideration according to Machida (13).

these reasons, many institutions routinely employ thin-slice DT is a relatively new imaging modality composed of multiple

MDCT due to its high image quality. Coronal CT images can  projected images obtained at different angles. DT uses a limited

provide much more detailed information about the anatomy and ~ rotation angle with a lower number of discrete exposures than
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Fig. 2. Bland-Altman plots showing the difference in mean soft tissue thickness measurements between the observers' measurements as a func-
tion of the mean CT (A) and DT values (B). The dashed middle line represents the bias (mean difference between measurements). The dashed
lower and upper lines represent the limits of agreement (mean + 1.96 SD).

CT = computed tomography, DT = digital tomosynthesis, SD = standard deviation

Table 3. Mean Error for Maxillary Sinus Soft Tissue Thickness Measurements Using DT Compared to CT for All Observers with Intraobserver
Agreement (mm)

Difference in Mean Measurement  Standard Deviation Lower LOA Upper LOA ICC (95% CI)
Qbserver 1 -0.15 1.64 -3.37 3.06 0.994 (0.992-0.995)
Observer 2 -0.31 2.68 -5.56 495 0.984 (0.979-0.987)

CT = computed tomography, DT = digital tomosynthesis, LOA = limits of agreement, ICC = intraclass correlation coefficient
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Fig. 3. Bland-Altman plots showing the difference in measurements of soft tissue thickness between DT and CT as a function of the mean mea-
surement according to the two modalities obtained by observer 1 (A) and observer 2 (B). The dashed middle line represents the bias (mean dif-
ference between measurements). The dashed lower and upper lines represent the limits of agreement (mean + 1.96 SD).
CT = computed tomography, DT = digital tomosynthesis, SD = standard deviation
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CT. Since fewer projections are needed to perform the reconstruc-
tion, radiation exposure and cost are reduced compared to CT
(22). DT has been applied to a variety of clinical applications, in-
cluding musculoskeletal imaging, mammographic imaging, vas-
cular imaging, and chest imaging (8).

In musculoskeletal imaging, DT has been compared to both
radiography and CT for the evaluation of fracture healing, espe-
cially in patients with an internal fixator. According to the study
by Ha et al. (22), DT provides superior diagnostic information
and reduces metal artifacts compared to radiography with an ac-
companying lower cost and radiation dose than CT (8). Unlike
our study, which compares the visibility of soft tissue in the sinus
cavity, their study assessed the visibility of fracture with DT com-
pared to CT. According to their study, DT could be useful as a fol-
low-up imaging technique in patients with facial bone fractures.

Johnsson et al. (8) showed that visibility and detectability with
chest DT are comparable to the those with chest CT for the eval-
uation of a pulmonary nodule with a lower radiation dose. How-
ever, they noted that chest tomosynthesis has a limited depth res-
olution.

Tomosynthesis is approved by the Food and Drug Administra-
tion for use in breast cancer screening. Digital breast tomosynthe-
sis provides a higher diagnostic accuracy for detecting a mass or
architectural distortion compared to conventional mammogra-
phy; especially in dense breast, by reducing overlapping breast tis-
sue. In a breast section, the strength of DT is not associated with
the radiation dose, but instead it is due to a higher detection rate
of the lesion obscured by normal breast tissue and lesion localiza-
tion (11). Our understanding and management of PNS infections
has improved significantly since the introduction of nasal CT
scans and MRI. However, clinical applications for DT have been
growing steadily, and some researchers believe that sinus imaging
should be added to the list (13). To test the suitability of DT for
this application, Machida’s team performed sinus MDCT and
coronal tomosynthesis in 31 patients with suspected acute or
chronic sinusitis (14). Images were then reviewed by two readers,
who independently determined the presence of opacification, and
results were compared between modalities. Results were assessed
for each of the maxillary sinuses. Tomosynthesis afforded good
detection of opacification in the maxillary sinuses, even among
readers without any experience in interpreting such images. In

addition, they reported that tomosynthesis requires approximately
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1/300 th of the radiation dose of sinus MDCT (13).

There were several limitations to our study.

First, the two modalities were performed during different posi-
tions of the patients. DT was performed in an erect position,
whereas CT was performed in a supine positon. The fluid in the
PNS moves according to the patientss posture, which can affect
the point of maximum mucosal thickness. Furthermore, two ob-
servers selected the point of measurement as the thickest part of
the maxillary sinus wall subjectively. Even though the point of
measurement could not be exactly the same, it may be regarded
as a relatively same point.

Secondly, the study did not assess other PNS besides the max-
illary sinuses. In clinical practice, sinusitis can involve any sinus
cavity. Therefore, it is difficult to directly apply our findings to a
clinical setting.

Finally, we did not consider any anatomical problems. The DT
images obtained by us had thicknesses that were too high to
demonstrate the structural anatomy in detail. Patients with sinus-
itis often have underlying anatomic abnormalities of the sinus,
which result in obstruction of the sinus cavity such as occlusion
of drainage pathways or nasal septal deviation. Imaging studies
are needed in the diagnosis and management of recurrent or
chronic sinusitis, especially in order to define the anatomy of the
sinuses prior to surgery. Unfortunately, our results did not show
whether DT was comparable with CT in pre-operative anatomic
evaluations. Thus, a further study on anatomical structure visibil-
ity with lesser DT slice thickness should be performed.

In conclusion, DT is comparable to CT for assessing wall thick-
ening of the maxillary sinuses in patients with sinusitis. DT can be
considered as a good alternative to CT for evaluation of paranasal
sinusitis, although there are some disadvantages in obtaining in-

formation regarding detailed anatomy of the PNS with DT.
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