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Abstract The objective of this study was to establish the
appropriate interslice gap for screening coronal paranasal
sinus tomography to identify sinus mucosal thickening. We
reviewed 100 coronal paranasal sinus tomographic scans
(interslice gap, 2 mm) that had been performed at our insti-
tution between January 2004 and November 2004 to evalu-
ate rhinosinusitis. Digital photographs of all slices from
each tomographic scan were taken. The intervening slices
were eliminated to form six diVerent sets of interslice gaps
of 4, 6, 8, 10, 16, and 20 mm. The remaining slices for each
set were moved to corresponding folders created on a com-
puter to catalog each interslice gap. The same specialist
evaluated each folder of interslice gap. The paranasal
sinuses, the ethmoid infundibulum, and the frontal recess
were evaluated for mucosal thickening. The sensitivity,
speciWcity, and accuracy of each interslice gap in detecting
mucosal thickening were calculated by accepting the results
of 2-mm-thick slices as the gold standard. The interslice
gap of 2 mm was compared with that of other interslice
gaps using the chi-square test for dependent groups (the

McNemar test). The value of 20 mm interslice gap in
detecting sinus mucosal thickening was found to be signiW-
cantly low when compared with the interslice gap of 2 mm
(P = 0.022). Using coronal paranasal sinus tomography, an
interslice gap up to 16 mm may be used to detect sinus
mucosal thickening.
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Introduction

Rhinosinusitis is a common condition for patients who fre-
quently seek treatment. However, diagnosing rhinosinusitis
is often a signiWcant challenge for physicians because diag-
nostic criteria for that disorder have not been established.
Although the multidisciplinary Rhinosinusitis Task Force
of the American Academy of Otolaryngology-Head and
Neck surgery has established a symptom-based deWnition
of rhinosinusitis, diagnosis with this method has been
proven to be inaccurate [1–4 ]. For this reason, researchers
have sought to deWne new criteria for the diagnosis of rhi-
nosinusitis. The Task Force of the Sinus and Allergy Health
Partnership has stated that at least one sign of inXammation
(e.g., discolored nasal drainage, nasal polyps, polypoid
swelling, or edema or erythema of the middle meatus or the
ethmoid bulla) must be present during anterior rhinoscopy,
along with ongoing symptoms, must be present for a diag-
nosis of rhinosinusitis [5]. The Task Force also stated that
endoscopic examination and paranasal sinus computed
tomography (CT) scan are helpful in conWrming the diag-
nosis of chronic rhinosinusitis [5].

For evaluating the coronal plane, 3- to 5-mm interslice
gaps are usually used in paranasal sinus CT scans [2, 6–13].
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However, paranasal sinus CT is expensive, and this may
limit its use in diagnosing rhinosinusitis. Screening CT pro-
tocols that use thicker sections (5 mm–1 cm) may be help-
ful in conWrming the diagnosis of rhinosinusitis, which is
the most frequent condition for which examination via a
paranasal sinus CT is requested [14–16]. In this way, the
cost of paranasal sinus CT scans and exposure of the patient
to radiation can be reduced. However, the appropriate inter-
slice gap for paranasal CT scans used in such screening has,
to our knowledge, not been determined. We designed this
study to compare the sensitivity, speciWcity, and accuracy
of various interslice gaps in detecting mucosal thickening
of the paranasal sinuses.

Materials and methods

A total of 100 coronal paranasal sinus CT scans that had
been performed between January and November 2004 at our
institution to identify rhinosinusitis were retrospectively
evaluated. All coronal paranasal sinus CT scans had been
obtained according to our standard coronal paranasal tomog-
raphy protocol (i.e., high-resolution coronal slices 2-mm-

thick acquired in 3-mm increments from the anterior wall of
the frontal sinus to the posterior wall of the sphenoid sinus).

Digital photographs of all slices of each tomographic
scan were taken. We sought to obtain six sets of slices with
4, 6, 8, 10, 16, and 20 mm gaps. Intervening 2-mm slices
were discarded from the digital photographs of the coronal
paranasal sinus CT scans (Figs. 1, 2, 3, 4, 5, 6, 7). We cre-
ated seven diVerent computer-generated folders that were
named according to interslice gaps (2, 4, 6, 8, 10, 16, or 20
mm). The selected slices for each interslice gap were
moved to their respective folder. Folders for all patients
were created and were then numbered randomly. The same
specialist evaluated the frontal, maxillary, sphenoid, ante-
rior, and posterior ethmoid sinuses; the ethmoid infundibu-
lum, and the frontal recess in each of the seven sets of
coronal paranasal sinus CT scans and recorded the Wndings.
All sets of coronal paranasal sinus CT results for each
patient were entered into a computer database. During slice
analysis, the examiner was blinded to the patients’ clinical
presentation. Mucosal thickening of more than 2 mm was
considered to be abnormal. If mucosal thickening was pres-
ent at any anatomic location, the results of the coronal para-
nasal sinus CT scan were accepted as positive overall. To

Fig. 1 Digital photographs of all slices of the 2-mm coronal paranasal
sinus CT scans. All slices were numbered starting from the Wrst slice
just posterior to the anterior wall of frontal sinus

Fig. 2 To obtain a 4-mm interslice gap, one 2-mm intervening slice
was discarded between two consecutive digital photographs of the
coronal paranasal sinus CT scans
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assess the diagnostic performance of each set of coronal
paranasal sinus CT scans in detecting mucosal thickening,
we calculated the sensitivity, speciWcity, and accuracy of
each interslice gap using a 2-mm coronal paranasal sinus
CT scan as the gold standard. The chi-square test for depen-
dent groups (the McNemar test) was used. A P value of
<0.05 was considered to be statistically signiWcant.

Results

Using the 2-mm coronal paranasal sinus CT scan, 94 of the
100 patients (94%) had mucosal thickening in one of the
sinuses studied. The correlation of tomographic Wndings of
various interslice gaps with an interslice gap of 2 mm is
presented in Table 1. The sensitivity, speciWcity, and accu-
racy of the six sets of coronal paranasal sinus CT scans in
detecting mucosal thickening is shown in Table 2. With
respect to the results of overall examination, the accuracy
of 4, 6, 8, 10, 16, and 20 mm interslice gaps was found to
be 96, 93, 91, 95, 90, and 87%, respectively. The sensitivity
of 4, 6, 8, 10, 16, and 20 mm interslice gaps was found to
be 98.9, 97.9, 93.6, 97.9, 91.5, and 88.3%, respectively.

The value of 20 mm interslice gap in detecting sinus muco-
sal thickening was found to be signiWcantly low when com-
pared with the interslices gap of 2 mm (P = 0.022). With
respect to the results of the overall examination, the diVer-
ence between interslice gap of 2 mm and that of other inter-
slice gap was not statistically signiWcant.

Discussion

In 1997, the multidisciplinary Rhinosinusitis Task Force
advised using a symptom-based deWnition for rhinosinusitis
and stated that the patient’s medical history and the results
of physical examination were suYcient for diagnosing rhi-
nosinusitis [1]. The Task Force also stated that nasal endos-
copy and paranasal sinus CT scanning were expensive
techniques that were not essential for the initial diagnosis of
rhinosinusitis [1]. However, in 35–53% of the patients
diagnosed as having rhinosinusitis according to the Task
Force deWnition, the results of a paranasal sinus CT scan
are within normal limits [2–4]. Consequently, the accuracy
of a symptom-based diagnosis for rhinosinusitis is ques-
tionable and may result in inappropriate use of antibiotic

Fig. 3 To obtain a 6-mm interslice gap, two 2-mm intervening slices
were discarded between three consecutive digital photographs of the
coronal paranasal sinus CT scans

Fig. 4 To obtain an 8-mm interslice gap, three 2-mm intervening slic-
es were discarded between four consecutive digital photographs of the
coronal paranasal sinus CT scans
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therapy and/or a high cost of treatment [17]. For this rea-
son, the pre-existing deWnition of chronic rhinosinusitis was
revised by the Task Force of the Sinus and Allergy Health
Partnership in 2003 [5]. According to the new deWnition, an
accurate diagnosis of chronic rhinosinusitis is not based
solely on symptoms, and those symptoms should be associ-
ated with one of the signs of inXammation revealed by ante-
rior rhinoscopy [5]. In addition, the Task Force stated that
nasal endoscopy or paranasal sinus CT scan is valuable in
conWrming the diagnosis of rhinosinusitis [5].

Computed tomography is the imaging technique used
most frequently to conWrm a clinical diagnosis of rhinosi-
nusitis. In addition, CT scans reveal the delicate anatomy of
the nose and paranasal sinuses and provide a perfect “road
map” for endoscopic sinus surgery. However, CT also has
some disadvantages such as a high incidence of false-posi-
tive results, high cost, and radiation exposure for the
patient. Sinus mucosal thickening revealed by CT is a non-
speciWc Wnding that may not represent inXammation and
can be identiWed in asymptomatic individuals [18, 19]. If
paranasal sinus CT Wndings are not conWrmed by symptoms
and signs, abnormal incidental Wndings may lead to the
incorrect diagnosis of rhinosinusitis and unnecessary treat-

ment. It should not be forgotten that a diagnosis of chronic
rhinosinusitis should not be based only on the results of a
paranasal sinus CT scan [5, 18, 20].

On the other hand, it is economically and clinically
impossible to scan every patient who exhibits symptoms of
rhinosinusitis [21]. The results of clinical examination are
helpful in identifying patients who require radiologic evalu-
ation to diagnose rhinosinusitis [22]. Initially, all patients in
whom that disorder is suspected should undergo anterior
rhinoscopy. If physical Wndings of inXammation are not
detected during that procedure, nasal endoscopy should be
performed [18, 23]. If the pathologic changes characteristic
of rhinosinusitis cannot be identiWed with endoscopy, then
a paranasal sinus CT scan is recommended [18, 23].

One of the most important limitations of paranasal sinus
CT in conWrming the diagnosis of rhinosinusitis is the cost.
To decrease the cost, picture archiving and communication
systems (PACS) may be used. By using this system, the
acquisition, transport, viewing, reporting, and archiving of
tomographic images can be made in a digital environment.
In addition to decreased costs, PACS also provides addi-
tional advantages such as the immediate access of images,
quick reporting, and synchronous access of images at diVer-

Fig. 5 To obtain a 10-mm interslice gap, four 2-mm intervening slices
were discarded between Wve consecutive digital photographs of the
coronal paranasal sinus CT scans

Fig. 6 To obtain a 16-mm interslice gap, seven 2-mm intervening slic-
es were discarded between eight consecutive digital photographs of the
coronal paranasal sinus CT scans
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ent workstations [24]. However, PACS decrease only the
cost of paranasal sinus CT scans; patients continue to be
exposed to radiation at the same dose.

Several strategies have been suggested for decreasing
this exposure (as well as the cost of the procedure); for
example, lowering the milliampere setting of the scan or
decreasing the number of slices obtained [25–32]. Although
lowering the milliampere setting is associated with
increased noise and more artifacts, the image quality is not
negatively aVected to a great extent [28, 31]. Decreasing
milliampere settings to 60 or 65 mA or even to 40 mA does
not result in a decrease in image quality [27, 28, 33].

The other method of decreasing the cost of, and amount
of radiation exposure from, CT scanning is to decrease the
number of slices obtained. Screening CT protocols that
have an interslice gap ranging from 5 mm to 1 cm are rec-
ommended in conWrming the diagnosis of rhinosinusitis,
which is the most frequent condition for which examination
via a paranasal sinus CT is requested [14–16]. Awaida et al.
[25] and Goodman et al. [26] developed a similar four-slice
screening protocol with a sensitivity of 81.3 and 93.3%,
respectively, and a speciWcity of 89.5 and 89.3%, respec-
tively, for detecting mucosal thickenings in any sinus. In

our previous study, a three-slice CT protocol with a sensi-
tivity of 95.1% and a speciWcity of 92.6% was used to
detect mucosal thickening [32]. Although protocols with
few slices are helpful to conWrm a diagnosis of rhinosinus-
itis, they are not suYcient to evaluate the delicate anatomy
of the paranasal sinuses and are inappropriate for surgical
planning [25, 26, 29, 30, 32]. Contiguous paranasal sinus
CT scanning should be used in the preoperative planning of
endoscopic sinus surgery. Usually, an interslice gap of 3–5
mm is recommended for a coronal paranasal sinus CT scan
[2, 6–13]. An interslice gap of more than 5 mm is not rec-
ommended because it disturbs the surgical orientation [34].

It is obvious that increasing the interslice gap or lower-
ing the slice number results in a low cost and less radiation

Fig. 7 To obtain a 20-mm interslice gap, nine 2-mm intervening slices
were discarded between ten consecutive digital photographs of the
coronal paranasal sinus CT scans

Table 1 Distribution of tomographic Wndings of various interslice gap
compared with the Wndings of 2-mm coronal paranasal sinus CT scan

Interslice gap 2 mm

Normal Mucosal thickening

4 mm

Normal 3 1

Mucosal thickening 3 93

6 mm

Normal 1 2

Mucosal thickening 5 92

8 mm

Normal 3 6

Mucosal thickening 3 88

10 mm

Normal 3 2

Mucosal thickening 3 92

16 mm

Normal 4 8

Mucosal thickening 2 86

20 mm

Normal 4 11

Mucosal thickening 2 83

Table 2 Sensitivity, speciWcity, and accuracy of 6 sets of CT scans of
the coronal paranasal sinus in detecting mucosal thickening

* P values <0.05 were considered to indicate statistical signiWcance

Interslice 
gap (mm)

Sensitivity SpeciWcity Accuracy P

4 98.9 50 96 0.625

6 97.9 16.7 93 0.453

8 93.6 50 91 0.508

10 97.9 50 95 1

16 91.5 66.7 90 0.109

20 88.3 66.7 87 0.022*
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exposure for the patient. However, the accuracy of such a
screening paranasal sinus CT scan, which is used in detect-
ing mucosal thickening, should be high. Our objective was
to determine which interslice gap or gaps are suYcient to
conWrm the diagnosis of rhinosinusitis. To that end, we cal-
culated the sensitivity, speciWcity, and accuracy of six
diVerent sets of interslice gaps for each of 100 patients with
suspected rhinosinusitis. We thus eliminated confounding
variables, and the comparison of the six diVerent interslice
gaps was performed under identical conditions. All inter-
slice gap settings (except 20 mm) had high sensitivity and
accuracy values on overall examination. When compared
with the interslices gap of 2 mm, only the 20-mm interslice
gap was found to have less value in detecting sinus mucosal
thickening (P = 0.022). When the mucosal thickening of
any of the sinuses is of value in conWrming the diagnosis of
rhinosinusitis, an interslice gap of 4, 6, 8, 10, or 16 mm (but
not 20 mm) may be used instead of a 2-mm interslice gap.

Conclusion

An interslice gap of up to 16 mm can be used as well as an
interslice gap of 2 mm to detect mucosal thickening and
conWrm the clinical diagnosis of rhinosinusitis.

ConXict of interest statement None.
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