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Objective: We investigated low dose digital tomosynthesis (DT) for the evaluation of the paranasal sinus (PNS), and
compared its diagnostic accuracy with a PNS radiography series (XR).

Materials and Methods: We enrolled 43 patients for whom XR, PNS DT, and OMU CT were performed. We measured effective
doses (EDs) of XR, DT, and OMU CT using Monte Carlo simulation software. Two radiologists performed independent
observation of both XR and DT. For seven PNSs, they scored anatomic conspicuity of sinuses and confidence on the presence
of sinusitis using nine point scales. OMU CT was observed by the third radiologist and the findings were regarded as
reference standard. We compared scores for conspicuity and sinusitis confidence between XR and DT.

Results: Mean EDs were 29 + 6 pSv, 48 + 10 pSv, and 980 + 250 pSv, respectively, for XR, DT, and CT. Mean scores for
conspicuity were 6.3 and 7.4, respectively, for XR and DT. Sensitivity per patient basis for sinusitis detection were 52% and
96%, respectively, for XR and DT in observer 1 (p = 0.001) and 80% and 92% for observer 2 (p = 0.25). Specificities for
sinusitis exclusion were 100% for both XR and DT for observer 1 and 89% and 100% for observer 2 (p = 0.50). Accuracies
for sinusitis diagnosis were 72% and 98%, respectively, for XR and DT for observer 1 (p = 0.001) and 84% and 95% for
observer 2 (p = 0.125).

Conclusion: Patient radiation dose from low dose DT is comparable with that of PNS XR. Diagnostic sensitivity of DT for
sinusitis was superior to PNS XR.
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introduced as commercial equipment for medical imaging

in the form of chest tomosynthesis (3). This new modality
offers the potential for improved diagnostic performance
over conventional radiography by substantially reducing the
visual clutter of the overlying anatomy (1, 4-6). Although
it does not have the depth resolution of CT, DT? provides
high-resolution images in the coronal or sagittal plane with
a substantial reduction in the radiation dose compared with
CT (5-7).

Failure to detect sinusitis can lead to serious
complications, such as cellulitis and osteomyelitis (8-10).
Standard plain radiography, such as Caldwell or Water’s
views, used to be the primary imaging methods. These
imaging methods do not have an acceptable diagnostic
accuracy in cases of sinusitis. Therefore, a CT scan of the
PNS is currently the imaging method of choice for sinusitis
(8,9, 11-15). A standard CT scan (SCT) of the PNS consists
of coronal and axial sections. Because of these multiple
slices, paranasal sinus (PNS) CT has a significant patient
X-ray absorption dose (8, 13-15).

Although the radiation dose of DT is relatively higher than
that of plain radiography (XR), DT is the most advanced
digital radiography technology, which can be applied easily
as an alternative to XR in many regions, including PNS
evaluation.

Therefore, we investigated low dose (LD) PNS DT and
compared its diagnostic accuracy for sinusitis? with that of
PNS XR.

MATERIALS and METHODS

Patients

Our institutional review board approved this study, and
all patients provided written informed consent. We enrolled
43 patients, for whom PNS DT, a PNS XR series, and OMU CT
had been performed within one week and for whom images
were available. From February of 2009 to March of 2010, we
enrolled 43 consecutive patients aged 20-75 years (mean
+ SD =55 + 18 years). Of the 43, 21 were males 55 + 18
years) and were 22 females (56 + 18 years).

Radiography

An XR PNS series was performed using a commercial
cesium iodide-amorphous silicon flat-panel detector digital
radiography system (Definium 8000; GE Healthcare, Chalfont
St Giles, England). Under automatic exposure control (AEC)
with a detector speed of 400, two shot XR PNS series
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(Caldwell view and Water’s view) were performed with
80kVp. We measured the entrance surface dose (ESD) using
a glass dosimeter (Dose Ace, Asahi Technoglass, Japan).
We calculated organ dose (0D) and effective dose (ED)
using Monte Carlo simulation software (PCXMC v2.0, STUK,
Helsinki, Finland).

DT (Digital Tomosynthesis)

Digital tomosynthesis examinations were conducted using
a commercially available unit (Volume RAD; GE Healthcare)
with cesium iodide-an amorphous silicon flat-panel detector
system. We altered the DT parameters and established a
lower radiation dose condition for PNS imaging. Under
automatic exposure control conditions, DT was performed
with 100 kVp, an 0.3 mm additional Copper filter, and a 1:5
dose ratio of the scout image.

In the same manner as for the XR PNS series, we
calculated entrance surface dose (ESD), organ dose (OD),
and effective dose (ED) by means of Monte Carlo simulation
software (16).

Multidetector CT

In all patients, helical CT scans were obtained through
the face, from the forehead to the maxilla, using
64-section equipment (LightSpeed VCT; GE Healthcare)
with noncontrast studies. The scanning parameters were
as follows: individual detector width, 0.625 mm; gantry
rotation time, 600 msec; tube voltage, 120 kVp; tube
current, 250 mA; and pitch, 0.97. Axial images were
reconstructed using the following parameters: 1.25 mm
section thickness, high-spatial-frequency reconstruction
algorithm (bone preset), and an 18 cm field of view. Coronal
images were reformatted from volume axial images with 2
mm intervals. Dose-length product (DLP) was recorded. The
ED for OMU CT was calculated using a DLP to ED conversion
factor of 2.2 uSv/(mGy-cm) (17).

Detection Study

Two radiologists did independent observations of both
XR and DT and analyzed the image data separately. The two
radiologists had different experiences; observer 1 had three
years of CT experience and six months of DT experience, and
observer 2 had sixteen years of CT experience and two years
of DT experience.

Using nine point scales, they scored anatomic conspicuity
and confidence of sinusitis for each sinus in each patient.
Diagnostic criteria for both XR and DT for sinusitis were
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as follows: 1) Diffuse and/or polypoid mucoperiosteal
thickening, 2) Total opacity of sinuses, 3) Air-fluid level, 4)
Erosion and sclerosis of sinus walls.

All images were assessed using a picture archiving and
communication system (Centricity RA 1000; GE Healthcare)
and control of image conditions, such as window level/
width or magnification, were fully permitted.

Reference Standard

OMU CT served as the reference-standard method for the
analysis. After completion of the detection study by the
two observers, records from XR and DT images were matched
and compared with those from OMU CT scan readings
(both coronal and axial CT images). For comparison,
two other board certified radiologists, with 20 and 12
years’ experience with CT, reviewed the OMU CT and made
conclusions by consensus.

Statistical Analysis

We compared anatomic conspicuity between XR and DT
using the score itself by Wilcoxon signed rank test because
there is no reference standard for conspicuity. We analyzed
the diagnostic performances of XR and DT, including
their sensitivity, specificity, and accuracy for detection
of sinusitis, by dividing the scores into two groups:
positive (6-9) and negative (1-5). We compared diagnostic
performance between XR and DT by the McNemar test.
A commercially available software program was used for
processing and analysis of data (PASW, version 17.0; SPSS,
Chicago, IL, USA). P < 0.05 was considered to indicate
statistical significance.
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Receiver operator characteristic (ROC) analysis with
calculation of the area under the ROC curve was performed
using the ROCKIT program (Metz C, University of Chicago,
Chicago, IL, USA).

RESULTS

Radiation Dose of Examinations

EDs measured using a standard anthropomorphic phantom
(female ART phantom; Radiology Support Devices, Long
Beach, CA, USA) were 21 uSv, 26 pSy, and 910 pSy,
respectively, for XR, DT, and CT. ODs for the brain were 0.39
mGy, 0.47 mGy, and 23 mGy, respectively, for XR, DT, and
CT. Mean EDs of clinical cases were 29 + 6 pSv, 48 + 10 uSv,
and 980 + 250 pSy, respectively for XR, DT, and CT.

Anatomic Conspicuity of Sinuses

For observer 1, the scores for anatomic conspicuity for
XR and DT for detection of PNS were 6.7 and 7.1 for the
maxillary sinus (p = 0.108, Wilcoxon signed rank test), 6.1
and 6.3 for the ethmoid sinus (p < 0.001), 6.3 and 6.7
for the frontal sinus (p = 0.057), and 4.4 and 6.9 for the
sphenoid sinus (p < 0.001), respectively. For observer 2,
the corresponding scores were 7.0 and 8.5 for the maxillary
sinus (p < 0.001), 6.7 and 8.1 for the ethmoid sinus (p <
0.001), 7.1 and 7.5 for the frontal sinus (p = 0.057), and 5.8
and 8.2 for the sphenoid sinus (p < 0.001).

Overall, for observer 1, mean scores for anatomic
conspicuity for XR and DT for detection of PNS were 5.9 and
6.8, respectively. For observer 2, the corresponding mean
scores were 6.7 and 8.1, respectively (Fig. 1).
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Fig. 1. Scores for anatomic conspicuity for radiography (XR) and digital tomosynthesis (DT) for demarcation of paranasal sinuses.
A. For observer 1, mean socres are 5.9 for XR and 6.8 for DT (p < 0.01). B. For observer 2, mean socres are 6.7 for XR and 8.1 for DT (p < 0.01).
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Table 1. Diagnostic Performance of Radiograph (XR) vs. Digital Tomosynthesis (DT) for Paranasal Sinusitis Per
Patient Basis

Observer 1 Observer 2
XR DT P* XR DT P*

Sinusitis (+) (n = 25)

True positive 13 24 20 23

False negative 12 1 5 2
Sinusitis (-) (n = 18)

True negative 18 18 16 18

False positive 0 0 2 0
Sensitivity 52% 96% 0.001 80% 92% 0.250
Specificity 100% 100% N/A 89% 100% 0.500
Accuracy 72% 98% 0.001 84% 95% 0.125

Note.— *P values were calculated using McNemar test.

Fig. 2. Images from 65-year-old man with fever.

A. Water’s view radiograph shows subtle periosteal blurring of right maxillary sinuses. Both observers missed presence of sinusitis. B.
Tomosynthesis image shows lobulating mucoperiosteal thickening in right mixillary sinus (arrow) and minimal and smooth thickening in left
maxillary sinus (arrowheads). C. CT image confirms presence of mucoperiosteal thickening in both maxillary sinuses.

Table 2. Diagnostic Performance of Radiograph (XR) vs. Digital Tomosynthesis (DT) for Paranasal Sinusitis Per Lesion
Basis

Observer 1 Observer 2
XR DT P* XR DT P*

Sinusitis (+) (n = 88)

True positive 35 66 53 72

False negative 53 22 35 16
Sinusitis (-) (n = 213)

True negative 202 193 165 204

False positive 11 20 48 9
Sensitivity 40% 75% < 0.001 60% 82% 0.001
Specificity 95% 91% 0.108 77% 96% < 0.001
Accuracy 79% 86% < 0.001 72% 92% 0.031

Note.— *P values were calculated using McNemar test.
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Fig. 3. Receiver operator characteristic curve (ROC curve) from radiography (XR) and digital tomosynthesis (DT) for detection of

paranasal sinusitis.

A. For observer 1, areas under curve (Az) are 0.700 and 0.891, respectively, for XR and DT (p < 0.05). B. For observer 2, Azs are 0.813 and 0.924,

respectively, for XR and DT (p < 0.05).

Table 3. Area Under Curve (Az) of Receiver Operator Characteristic Curve (ROC curve) from Radiography (XR) and
Digital Tomosynthesis (DT) for Detection of Paranasal Sinusitis

Observer Modality Az

95% Confidence Interval

Lower Upper

1 XR 0.6998 0.6202 0.7709
DT 0.8906 0.8402 0.9284

2 XR 0.8129 0.7535 0.8626
DT 0.9240 0.8812 0.9539

Detection of Sinusitis

Table 1 summarizes the diagnostic accuracy of XR and
DT for detection of sinusitis in a person-based description.
DT was? significantly superior than XR in the evaluation of
person based sensitivities (52% for XR and 96% for DT; p =
0.001) and accuracy (72% for XR and 98% for DT; p = 0.001)
for observer 1 (Fig. 2). However, there was no significant
difference between XR and DR for observer 2.

Table 2 shows the diagnostic performance of XR and DT
in the detection of sinusitis in seven sinuses. The overall
sensitivities for XR and DT in a lesion-based description
were 40% and 75% (p < 0.001) for observer 1 and 60% and
82% (p = 0.001) for observer 2. The overall specificities
for XR and DT were 95% and 91% (p = 0.108) for observer
1 and 77% and 96% (p < 0.001) for observer 2. Moreover,
overall accuracies of XR and DT were 79% and 86% (p <
0.001) for observer 1 and 72% and 92% (p = 0.031) for
observer 2.

The areas under curves (Az) of the receiver operator
characteristic (ROC) curve, which correspond to the
accuracies for detection of paranasal sinusitis, were 0.700
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and 0.891, respectively, for XR and DT for observer 1, and
0.813 and 0.924 for observer 2 (Fig. 3) (Table 3). Thus,
these findings show that the accuracy of DT for detection
of sinusitis is significantly higher (p < 0.05) than that of a
PNS XR series.

DISCUSSION

Paranasal sinus radiography series are the first choice
for diagnosis and follow-up for patients with paranasal
sinusitis; however, low sensitivity and low specificity are
major limitations (8, 9, 11-15). Problems related to limited
sensitivity and specificity of radiography are alleviated with
use of CT. However, higher doses of radiation and higher
costs become problematic (13-15). A recently developed
technique, DT, is an interesting alternative modality.
The number of scientific papers on DT has increased over
the years (1, 3, 5, 7, 18-25), which is an indicator of
increasing interest. DT is associated with a low radiation
dose compared with OMU (T, and with improved detection
compared with PNS radiography (1, 6, 18, 26-32). From
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A
Fig. 4. Images from 68-year-old woman with cough.
A. Water’s view radiograph shows subtle fluid filled left maxillary sinus. There is no motion artifact. B. Tomosynthesis image shows image blurring
in right maxillary sinus (arrowheads) which mimic mucoperiosteal thickening. Note prominent motion artifact in mandible area. C. CT image
confirms presence of left maxillary sinusitis. Note that right maxillary sinus is normal.

our results using a standard anthropomorphic phantom,
the effective dose for PNS DT is approximately 0.06 mSv
by manufacturer’s default and 0.026 mSv by our low

dose modification, which is approximately 3 times higher
than that used for radiographic examination (0.01 mSv);
however, it is approximately 30 times lower than that used
for OMU CT examination (0.91 mSv) (6, 24). Usual PNS
radiographic examination includes two or three exposures
(Water’s view, Caldwell view, and/or skull lateral view);
thus, total exposure of DT will not exceed that of the PNS
radiography series. Furthermore, DT can be performed in
a single position and exposure and thus may be easier
and faster than the PNS series, which requires multiple
positions and exposures. With DT, by collecting a number
of projection images at different angles using a digital
detector, one can produce a limitless number of section
images at random depths using a suitable reconstruction
algorithm (1, 30). With better depth resolution and much
less overlap of anatomic features than can be achieved
using a PNS radiography series, DT might result in increased
detection of paranasal sinus lesions.

Costs of non-contrast CT, DT, and PNS radiography
series are approximately $200, $30, and $20, respectively,
Korea (30). Therefore, DT is more expensive than the PNS
radiography series, but still much cheaper than CT. Thus, DT
may be suitable for follow-up examinations.

Our study showed that the overall diagnostic sensitivities
of the DT technique for detection of sinusitis were higher
than those of the PNS radiography series, although the
mean scores of anatomic clearness for paranasal sinus were
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not significantly different in some PNSs (maxillary and
ethmoid sinuses for observer 1, frontal sinuses for observer
2); because the PNS is composed of soft tissue and bones,
the PNS XR series is sufficient for detection of anatomic
conspicuity between bone and air. However, it is not
sufficient for detection of soft tissue lesions.

The major limitation of DT is vulnerability to motion
artifacts. The minimum required scan time of DT by
commercially available machines is 3 seconds, and the usual
scan time is about 10 seconds. During the scan, patients
should fix their body and hold their breath. Therefore, a
respiratory motion artifact can be critical in chest DT. In
spite head and neck radiography is relatively tolerable to
the respiratory motion, motion artifact can degrade image
quality of DT in some patients who cannot fix their position
especially in an aged person or a child (Fig. 4).

In our study, two observers who had different levels of
experience with CT, radiography, and DT showed different
characteristics in interpreting radiography and DT. Observer
1 was more specific and observer 2 was more sensitive.
Despite the fact that the sensitivity and accuracy of the
less experienced radiologist (observer 1) was lower for plain
radiography, diagnostic performance for DT was not different
than it was for the experienced radiologist. This suggests
that DT is a more objective and easier method with which
to diagnose sinusitis.

There were several limitations to our study. First, the
number of patients enrolled in the study was rather small,
and were cases involving the frontal sinus. Therefore,
it is difficult to generalize our results. For example, the
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diagnostic performance values of DT were better than XR

in observer 2; however, this difference was not significant.
Second, we did not include skull lateral radiographs in

the image analyses; inclusion of these images might have
enhanced PNS XR sensitivity for sphenoid lesions. However,
in our institute, standard plain radiography, such as Caldwell
or Water’s views, are used as the primary imaging methods.
Thus, this clinical practice pattern may have reflected our
routine daily work. Third, only OMU CT was used as the
reference-standard method for the analysis; that method did
not include additional evaluations, such as sinus endoscopy
or any follow up clinical result. Therefore, some subclinical
mucoperiosteal thickening on CT was regarded as sinusitis
positive, and thus the sensitivities of the study were lower
than expected.

In conclusion, patient radiation dose from low dose
digital tomosynthesis was comparable to that of a PNS
radiography series. Use of the DT technique is superior to
use of radiography for detection of paranasal sinusitis and
for acquiring anatomic details of the sphenoid sinus. DT can
be considered as a good alternative to the XR PNS series for
evaluation of paranasal sinusitis.
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