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Abstract: The aim of the present study was to compare CT images between squamous cell carcinoma (SCC) and non-SCC 
found in the maxillary sinus, and to identify features that could be used to differentiate between SCC and non-SCC. Patients 
who visited the Faculty of Dentistry, Okayama University Hospital, between April 2007 and March 2023, underwent head 
and neck CT, and had tumors extending into the maxillary sinus that were diagnosed histopathologically as malignancy, 
were enrolled. The main seat of the mass, bony changes in the maxillary sinus wall, and extension into the surrounding area 
were assessed. These imaging features were evaluated according to SCC or non-SCC, and the characteristics of the two 
classes were assessed. Comparisons between the two groups were made using the Fisher exact probability test. There were 
11 cases each of SCC and non-SCC. In 11 SCC and 7 non-SCC cases, the main seat of the mass occupied the entire maxil-
lary sinus. The frequency of mass occupying the whole sinus was significantly higher in SCC than in non-SCC (p<0.05). 
Bone-thickening type disease was found only in squamous cell carcinoma 4/11 (36.4%), with there being a significant dif-
ference between SCC and non-SCC (p<0.05). Occupancy of the entire maxillary sinus by the mass and bone thickening on 
CT images were useful for differentiating between SCC and non-SCC arising in the maxillary sinus.
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Introduction
The sinuses include the frontal, ethmoidal, maxillary, and sphenoid 

sinuses, with the maxillary sinus having the largest cavity. The maxil-
lary sinus is pyramidal, consisting of anterior, posterior, medial, upper, 
and lower walls. Diseases occurring in the maxillary sinus include in-
flammatory, cystic, and neoplastic diseases1). Sinus tumors account for 
less than 3% of all head and neck malignancies, but maxillary sinus 
cancer accounts for approximately 80% of all sinus cancers2). Squamous 
cell carcinoma (SCC) is the most common malignant tumor arising in 
the maxillary sinus, with a frequency of approximately 80%, followed 
by adenocarcinoma, lymphoma, and adenoid cystic carcinoma3,4). Imag-
ing is important for diagnosing these malignant tumors, and computed 
tomography (CT) and magnetic resonance imaging (MRI) allow 
three-dimensional imaging of these lesions. CT allows diagnosis of both 
hard and soft tissues, with the ability to visualize complex structures in 
a continuous cross-sectional view, allowing the destruction and defor-
mation of the maxillary sinus wall to be understood three-dimensionally. 
As well as excellent visualization of bone, CT also facilitates observa-
tion of soft tissue lesions that have developed in or around the maxillary 

sinus. For this reason, we decided to use CT for imaging in this study. 
The common treatment options for maxillary sinus cancer are surgical 
resection, radiotherapy, and chemotherapy5), but SCC and non-SCCs can 
be treated differently6), and differentiation between the two is important 
for selecting the appropriate treatment option. Therefore, the aim of this 
study was to compare the CT findings of SCC and non-SCCs in the 
maxillary sinus and determine those features of use for differentiating 
between them.

Materials and Methods
The inclusion criteria for selection of subjects were: patients who 

visited the Okayama University Hospital Dental Department between 
April 2007 and March 2023, underwent head and neck CT, and had a 
tumor in the maxillary sinus that was diagnosed as malignancy by histo-
pathological examination. We considered 22 cases of maxillary sinus 
malignancy where the primary lesion was located within the maxillary 
sinus. This study was approved by the Ethical Review Committee of 
Okayama University Hospital (No. 2306-012), and informed consent 
was obtained through an opt-out method.

Imaging was conducted using one of five types of CT scanner: As-
teion (Toshiba, Medical Systems, Tokyo, Japan), Aquilion ONE and Aq-
uilion Precision (Canon Medical Systems, Tochigi, Japan), SOMATOM 
Definition Flash (Siemens Healthineers, Erlangen, Germany), and Dis-
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covery CT750 HD (GE Healthcare, Milwaukee, WI, USA). The CT pa-
rameters included field of view from 16 × 16 to 29.6 × 18 cm, 120 kV, 
and 110–311 mA. CT scans were performed on all 22 patients, with 
contrast-enhanced CT being performed on 17.

The CT was analyzed by five radiologists with 1, 6, 10, 22, and 26 
years of experience. In cases of divergent opinions among the readers, a 
consensus was reached through discussion. The readers assessed the fol-
lowing points: 1) extent of the mass, 2) bone changes in the maxillary 
sinus, and 3) extension into the surrounding area (nasal cavity, other si-
nuses, orbit). The extent of the mass was classified according to whether 
it occupied the whole maxillary sinus, or anterior, posterior, superior, or 
inferior portions (Fig. 1). Bone changes in the maxillary sinus wall were 
classified into four types: ‘destructive,’ ‘expansile,’ ‘permeative’, and 
‘thickened’. This is a four-category classification based on the report of 
Kato et al.7), which adds a thickened type to the three types of bone 
changes. Destructive type was defined as no bony expansion of the adja-
cent maxillary sinus wall with bone destruction. Expansile type was de-
fined as adjacent maxillary sinus wall with bony swelling due to mass. 
Permeative type was defined as lesions that cross the maxillary sinus 
wall, with the original shape of the maxillary sinus wall remaining as a 
linear structure within the mass without complete destruction. Thick-
ened type was defined as increased wall thickness within the maxillary 
sinus, with sclerotic changes in the thickened and surrounding bone 
(Fig. 2). For extension into other paranasal sinuses, the presence or ab-
sence of mass extension into the frontal sinus, ethmoid sinus, and sphe-
noid sinus was assessed. Extension into the orbit was assessed as with 
or without destruction of the orbital floor, with coronal sections being 
used for this purpose.

The recorded imaging features were classified according to SCC and 
non-SCCs, and their respective characteristics were evaluated. To deter-
mine the extent of SCC and non-SCC masses, the body changes in the 
maxillary sinus wall and extension into the surrounding area (nasal cav-
ity, other sinuses, and orbit) were compared. Statistical comparisons 

Figure 2. Bone changes in the maxillary sinus wall. (A) Destructive type: no bony expansion of the adjacent maxillary si-
nus wall with bone destruction. (B) Expansile type: adjacent maxillary sinus wall with bony swelling due to mass. (C) Per-
meative type: lesions that cross the maxillary sinus wall, with the original shape of the maxillary sinus wall remaining as a 
linear structure within the mass without complete destruction. (A)–(C) Dark grey area shows a mass lesion. (D) Thickened 
type: increased wall thickness within the maxillary sinus, with sclerotic changes in the thickened and surrounding bone. 
Light-grey range shows bone thickening.

Figure 1. Grey color indicates the location of the mass. The extent of the 
mass was divided into one of five categories: (A) entire maxillary sinus, (B) 
anterior, (C) posterior, (D) superior, and (E) inferior.
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were performed using the Fisher exact probability test, with statistical 
significance being defined as a p-value less than 0.05. GraphPad Prism 8 
(MDF Co., Ltd., Tokyo, Japan) were used to conduct statistical analysis.

Results
Fifteen men and seven women aged 38–91 years (mean 69.0 years) 

were included in this study. There were 11 patients with SCC (nine men 
and two women, aged 38–87 years (mean 66.6 years) and 11 patients 

Table 1. Cases
Squamous cell carcinoma Non-squamous cell carcinoma Total

Number (Male : Female) 11 (9 : 2) 11 (6 : 5) 22 (15 : 7)
Age 38-87 44-91 38-91

Average 66.6 71.9 69

Table 2. Histopathological classificasion
Squamous cell carcinoma Non-squamous cell carcinoma

Classification 11 Lymphoma : 4
Neuroendocrine carcinoma : 2
Adenoid cystic carcinoma : 1

Mucoepidermoid carcinoma : 1
Ameloblastic carcinoma : 1

Undifferentiated pleomorphic sarcoma : 1
Angiosarcoma : 1

Total 11 11

Table 3. Extent of mass
Squamous cell carcinoma (11) Non-squamous cell carcinoma (11) p-value

Whole 11 (100%) 7 (63.6%) <0.05*
Anterior 0 (0%) 2 (18.2%)* 0.238
Posterior 0 (0%) 1 (9.1%)* 0.500
Superior 0 (0%) 0 (0%) 1.000
Inferior 0 (0%) 2 (18.2%) 0.238

* One case is duplicated because of anterior and posterior extension.

Table 4. Bene change in maxillary sins
Squamous cell carcinoma* Non-squamous cell carcinoma* p-value

Destructive 11/11 (100%) 10/11 (90.9%) 0.500
Expansile   3/11 (27.3%)   5/11 (45.5%) 0.330

Permeative 0/11 (0%)   3/11 (27.3%) 0.107
Thickened   4/11 (36.4%) 0/11 (0%) <0.05*

* Duplicate notations are shown.

Table 5. Bene change in maxillary sins (non-SCC)

Lymphoma Neuroendocrine 
carcinoma

Adenoid cystic 
carcinoma

Mucoepidermoid 
carcinoma

Ameloblastic 
carcinoma

Undifferentiated 
pleomorphic sarcoma Angiosarcoma Total

Destructive 3/4 2/2 1/1 1/1 1/1 1/1 1/1 10/11
Expansile 1/4 1/2 0/1 1/1 1/1 0/1 1/1 5/11

Permeative 1/4 0/2 1/1 0/1 0/1 1/1 0/1 3/11
Thickened 0/4 0/2 0/1 0/1 0/1 0/1 0/1 0/11

Table 6. Extension into the surrounding area
Squamous cell carcinoma* Non-squamous cell carcinoma* p-value

Nasal cavity   9/11 (81.8%) 8/11 (72.7%) 0.500
Ethmoid sinus 10/11 (90.9%) 6/11 (54.5%) 0.074
Sphenoid sinus 0/11 (0%) 1/11 (9.1%) 0.521
Frontal sinus 0/11 (0%) 0/11 (0%) 1.000

Orbit   3/11 (27.3%) 5/11 (45.5%) 0.330
* Duplicate notations are shown.
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with non-SCCs (six men and five women, aged 44–91 years (mean 71.9 
years) (Table 1). The histopathological classifications are given in Table 
2.

Extent of the mass 
The mass occupied the whole of the maxillary sinus in all 11 cases 

of SCC and 7 out of 11 cases of non-SCCs. The frequency of occupation 
of the whole sinus was significantly higher in SCC than in non-SCCs 
(Table 3).

Bone changes in the maxillary sinus
Destructive disease was the most common type in both SCC and 

non-SCCs. Ten of the 11 non-SCCs showed destructive-type disease, 
with only one malignant lymphoma not showing destructive-type dis-
ease. Permeative-type disease was not found in SCC, but was present in 
three non-SCCs. Bone thickening was found only in SCC 4/11 (36.4%), 
with there being a significant difference compared with non-SCCs. (Ta-
bles 4 and 5).

Extension into the surrounding area (nasal cavity, other sinuses,  
orbit)

Extension to the ethmoid sinus was common in both SCC and non-
SCCs (Table 6).

Discussion
In the present study, we compared CT images between SCC and 

non-SCCs of the maxillary sinus. The number of cases with mass occu-
pation of the entire maxillary sinus was significantly higher in SCC than 
in non-SCCs. SCCs occupied the entire maxillary sinus before extend-
ing outside the maxillary sinus, whereas non-SCCs may leave an 
air-containing cavity and extend outside the maxillary sinus. SCC is 
characterized by a high frequency of destructive forms, with a third of 
SCCs reported to have residual bone wall inside the tumor7), which is 
seen as broken and fragmented punctate bone fragments. Destruc-
tive-type disease is also reported to be present in many non-SCCs, such 
as lymphoma, adenoid cystic carcinoma, neuroendocrine carcinoma, 
ameloblastic carcinoma, undifferentiated pleomorphic sarcoma, and an-
giosarcoma8). In our study, lymphomas were the only type that did not 
show a destructive form. As lymphomas are lesions that show a variety 
of bone changes9), those that do not show a destructive form are suspect-
ed to be lymphomas. SCC with dilated bone destruction in the adjacent 
bone wall was reported in approximately 7% of cases7), whereas in our 
study it was present in 27.3% of SCC cases. According to the literature, 
lesions with dilated forms are typically lymphoma9), adenoid cystic car-
cinoma8), mucoepidermoid carcinoma10), or ameloblastic carcinoma11), 
with lymphoma, mucoepidermoid carcinoma and ameloblastic carcino-
ma showing a dilated form in this study. We found no significant differ-
ences in the rates of dilated forms between SCC and non-SCCs, and 
they could not be differentiated in this respect.

In the present study, permeative-type disease was found in non-
SCCs (lymphoma, adenoid cystic carcinoma, and undifferentiated pleo-
morphic sarcoma). It is reported that non-SCCs show a tendency to 
present with a permeative type7,12), with permeative-type disease being 
considered to be a feature indicative of non-SCCs. Bone thickening was 
observed in four cases of SCC, but in contrast, it was not observed in 
non-SCCs. The finding of bone thickening can therefore be considered 
to raise suspicion of SCC. Bone thickening generally results from 
chronic inflammation; chronic sinusitis is reported to be involved in the 
development of maxillary sinus cancer and may be a risk factor13). In 

terms of surrounding extension, both SCCs and non-SCCs were found 
to extend into the nasal cavity, ethmoid sinus, and orbit, but rarely into 
the sphenoid sinus and frontal sinus. These results suggest that maxil-
lary sinus carcinoma tends to spread to the surrounding area, but be-
cause of its anatomical location, there were few cases of sphenoidal or 
frontal sinus extension.

In summary, the mass extent occupied the entire maxillary sinus in 
all cases of SCC, with the rate of this differing significantly from that in 
non-SCCs (p<0.05*). Bony changes showing a thickened form to the 
maxillary sinus were found in four cases of SCC, but not in non-SCCs, 
with the difference being significant (p<0.05*).

This study is subject to limitations. The number of cases was small 
because it was conducted at a single center. Additionally, there were 
several cases of non-SCCs that were classified as one case on histo-
pathological classification, and these may have included atypical cases.

In conclusion, our comparison of CT images of SCC and non-SCCs 
found in the maxillary sinus showed that occupancy of the whole of the 
maxillary sinus by the mass and bone thickening are useful for the dif-
ferential diagnosis between SCC and non-SCCs.
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