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INTRODUCTION
The sinonasal area is affected by a wide spectrum of benign and 
malignant tumors and tumor like lesions. It is essential to dis‑
tinguish benign from malignant sinonasal tumors for treatment 
planning as well as determining the patient’s prognosis. However, 
the presenting symptoms of benign and malignant sinonasal 
tumors, such as nasal discharge, epistaxis and nasal obstruction 
are often nonspecific. Moreover, although endoscopic excisional 
biopsy in the sinonasal area is performed easily and used widely, 
the diagnostic sensitivity is low due to the fact that surrounding 
inflammatory tissues may be obtained. Therefore, the effective 
differentiation between benign and malignant sinonasal tumors 
is often difficult in the clinical practice (Wang XY, et al., 2015). 
The malignant sinonasal tumors, a variety of histological types 
mainly including squamous cell carcinoma, Adenoid Cystic Car‑
cinoma and lymphomas, can invade into the critical structures of 
the anterior and central skull base and threaten one’s life. How‑
ever, despite imaging developments, effective diagnosis of sino‑
nasal lesions only on the basis of conventional Computed Tom‑
ography (CT) and Magnetic Resonance Imaging (MRI) is still 
difficult (Sakamoto J, et al., 2014).
Conventional Computed Tomography (CT) and Magnetic Res‑
onance Imaging (MRI) play essential roles in the diagnosis of 
sinonasal lesions Computed Tomography (CT) provides excellent 
details about the thin bony sinonasal walls, but is of limited value 
in characterization of soft tissue mass due to poor soft tissue con‑
trast resolution. Magnetic Resonance Imaging (MRI) is widely 

accepted as the best technique for the characterization of an in‑
determinate mass due to the excellent soft tissue resolution, and 
many MRI features contribute a lot to the diagnosis of sinonasal 
tumors (Gomaa MA, et al., 2013).
Nevertheless, these MRI features are often nonspecific. For ex‑
ample, convoluted cerebriform pattern is a reliable MRI feature 
of sinonasal inverted papillomas, but it is also demonstrated in 
a proportion of malignant tumors. Therefore, the discrimination 
between benign and malignant tumors on the basis of conven‑
tional CT and MRI findings is still difficult in a substantial num‑
ber of cases and new imaging method is required to improve the 
discrimination (Mohaghegh P and Rockall AG, 2012).
Diffusion Weighted (DW) MRI, which was used to quantify the 
diffusional motion of water with the Apparent Diffusion Coeffi‑
cient (ADC), has also been employed for diagnosing head and 
neck lesions. Previous studies reported that ADCs were useful in 
discrimination not only between benign and malignant tumors 
but also between benign and metastatic lymph nodes in the head 
and neck region (Wan Q, et al., 2019).
For sinonasal tumors, a previous study showed effective differ‑
entiation between benign and malignant sinonasal lesions (93% 
accuracy) was achieved by measuring the ADCs. Nevertheless, 
inflammatory polyps that showed extremely high ADCs were also 
included in the benign tumor group. Another study showed ADC 
mapping based on a pixel‑by‑pixel analysis of the whole tumor 
volume facilitated the differentiation between benign/inflamma‑
tory lesions and malignant tumors in the sinonasal area (Sasaki 
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M, et al., 2011).
Overall Apparent Diffusion Coefficient (ADC) of malignant tumors were 
significantly smaller than those of benign and inflammatory lesions. There 
was no significant difference in overall ADCs between benign and inflam‑
matory lesions. An ADC cutoff point of 0.84  10‑³ mm²/s was best for 
differentiating benign/inflammatory lesions from malignant tumors; it 
provided diagnostic ability of 61% sensitivity, 94% specificity, 79% accur‑
acy, and 90% positive and 74% negative predictive values (Abdel Razek AA 
and Nada N, 2013; Elsherbini AA, et al., 2011).
ADC and ADC mapping demonstrated that lymphomas had the low‑
est overall ADCs and the greatest percentages of total tumor areas with 
extremely low and/or low ADCs among the malignant tumors. Overall 
ADCs of SCCs (including Spindle Cell Carcinoma and non‑keratinizing 
SCCs) and of undifferentiated carcinomas were significantly greater than 
those of the lymphomas and the percentages of total tumor area with ex‑
tremely low and/or low ADCs of these malignant tumors were significant‑
ly smaller than those of the lymphomas. However, the overall ADC par‑
ameters of the SCCs and undifferentiated carcinomas were significantly 
smaller than those of the other malignancies and the percentages of total 
tumor area with extremely low or low ADCs were greater than those of the 
other malignancies (Law BK, et al., 2018).
Fungus infections and organized hematomas had significantly smaller 
overall ADC values and greater percentages of total tumor areas with ex‑
tremely low or low ADCs among the inflammatory and benign lesions. On 
the other hand, fungus infections and hematomas had significantly greater 
overall ADCs and smaller percentages of total tumor areas with extremely 
low or low ADCs than the malignant lymphomas, SCCs, and undifferenti‑
ated carcinomas (Koehli M, et al., 2011).
The purpose of this study is to determine whether the combination of Dif‑
fusion‑Weighted (DW) and conventional Magnetic Resonance Imaging 
can improve the performance in characterization of sinonasal lesions.

METHODS AND PATIENTS
Technique
Conventional CEMRI (Contrast-Enhanced Magnetic Resonance Im-
aging): All the patients were evaluated by MRI paranasal sinuses with dif‑
fusion in National Cancer Institute, Cairo University using a 1.5 T scanner 
(Achieva, Philips Medical Systems, Best, Netherlands, Release 2.6, and 
Level 3).
The average total time of the scan was about 40 minutes. 
 All the cases were examined in supine position with standard circular 
polarized head coil using the following sequences:‑
• Scout T1 TFE (T1 Turbo Field Echo) (15/5.2 ms) TR/TE (Retention 
Time/Echo Time), flip angle 20̊, FOV (Field of View) 250 mm, matrix size 
256  256, slice thickness 10 mm, gap 10 mm.
• Axial T2WI (T2 Weighted Image) spin echo (4126/100 ms) TR/TE, flip 
angle 90̊ FOV 225 mm, matrix size 256  256, slice thickness 5 mm, gap 
2.5 mm for paranasal sinuses. 
• Axial T1WI spin echo (406/15 ms) TR/TE, flip angle 70̊, FOV 179 mm, 
matrix size 256  256, slice thickness 5 mm, gap 2.5 mm for paranasal 
sinuses.
• Axial STIR (Short Tau Inversion Recovery) (3257/20 ms) TR/TE, flip an‑
gle 90̊, FOV 179 mm, matrix size 256  256, slice thickness 5 mm, gap 
2.5 mm for paranasal sinuses.
• Coronal T1WI spin echo (447/15 ms) TR/TE, flip angle 69̊, FOV 184 
mm, matrix size 256  256, slice thickness 5 mm, gap 2.5 mm.
• Coronal T2WI spin echo (4417/100 ms) TR/TE, flip angle 90̊, FOV 183 
mm, matrix size 256  256, slice thickness 5 mm, gap 2.5 mm.
After intravenous administration of Gadolinium‑DTPA (Diethylene‑

triamine Penta‑Acetic acid) (0.3 mg/kg), contrast enhanced T1WI in axial, 
sagittal and coronal planes are obtained.
• T1WI in axial (406/15 ms) TR/TE, flip angle 70̊, FOV 179 mm, matrix 
size 256  256, slice thickness 5 mm, gap 2.5 mm.
• T1WI in sagittal (515/514 ms) TR/TE, flip angle 69̊, FOV 190 mm, ma‑
trix size 256  256, slice thickness 5 mm, gap 2.5 mm.
• T1WI in coronal (447/15 ms) TR/TE, flip angle 69̊, FOV 184 mm, ma‑
trix size 256  256, slice thickness 5 mm, gap 2.5 mm.
The lesions were evaluated in MRI commenting on:
• Signal behaviour on T1 and T2 (iso, hypo and hyper intense relative to 
muscles)
• Presence of intratumoral hemorrhagic or necrotic components.
• Enhancement degree (no, minimal or avid) and pattern (homogenous 
or heterogenous).
Magnetic resonance diffusion imaging:  Diffusion‑weighted MR im‑
aging was obtained using a multi section single‑shot echo planar imaging 
sequence (TR/TE/NEX (Number of excitations): 2200/139 ms/1) field of 
view 195 mm, matrix size, 128‑128, section thickness 5 mm, section gap 
2.5 mm with b values of 0 s/mm2, 500 s/mm2 and 1000 s/mm2. The Signal 
Intensity of the lesion on DWI (b=1000) was classified as hypointense (free 
diffusion) or hyperintense (restricted diffusion). 
The Apparent Diffusion Coefficient (ADC) maps were calculated auto‑
matically by the MRI software. Freehand regions of interest along the mar‑
gins of the lesions were manually placed onto the ADC maps by using the 
corresponding FS (Fat Suppressed) T2‑weighted MR images as references 
for placing the regions of interest. Then, average ADCs were determined. 
The ADC values were expressed 10‑3 mm2/s.
 Cystic and necrotic components were differentiated as areas of hyperinten‑
sity on T2‑weighted MR Images and on contrast‑enhanced T1‑weighted 
images as areas of non‑enhancement. Hemorrhagic lesions were differen‑
tiated on unenhanced T1‑weighted MR images as areas of hyper intensity 
and not suppressed on STIR images.
 Histopathological analysis of the masses was done after the MR examin‑
ation to correlate the histopathology with the DWI (Diffusion Weighted 
Imaging) results.
Statistical analysis: The statistical analysis of data was done by using Excel 
and the SPSS program (Statistical Package for Social Science version 20). 
• The description of data was done in the form of mean and SD (Standard 
Deviation). 
• The Kolmogorov‑Smirnov (K‑S) test was done for diagnosis normality 
of data distribution.
• The analysis of data was done to test statistical significant difference. 
• The Student’s "t" test was used to compare between two groups. The Re‑
ceiver Operating Curve (ROC) was done to determine the cutoff point 
with highest accuracy and sensitivity.
•  The "p" value was considered significant if ≤ 0.05 at the 95% confidence 
interval.

RESULTS
The demographics of patient’s data in this study included 75 patients (31 
male and 44 female) patients. Patients ages ranged from 1‑73 year with a 
mean of 26.40 ± 25.202 (mean ± SD). 
All these patients were subjects to conventional MRI and MR diffusion 
study as a part of their pre‑operative assessment. 
The Locations of these lesions were distributed as follows; the maxillary 
antra and ethmoidal air cells were the seat of most of the lesions, the others 
located in the nasal cavity, sphenoidal, frontal sinuses and nasopharynx. 
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Patients were grouped according to final pathological diagnosis into 2 
groups the benign group and the malignant group. The benign group in‑
cluded 36 patients while the malignant group included 39 patients. The 
diagnoses in the benign group as determined by pathological analysis 
were diverse: Brown tumor 4%, meningioma 6.7%, fungal sinusitis 12%, 
Fibrous Dysplasia (FD) 6.7%, mucocele 4% and others #. The diagnoses in 
the malignant group were not less diverse, if not more; they included: squa‑
mous cell carcinoma, adenocarcinoma 4%, Rhabdomyosarcoma (RMS) 
13.3%, lymphoma 8%, leukemia 2.7%, Adenoid Cystic Carcinoma (ACC) 
2.7% and others. Even rare cases were found such as myxoid mesenchymal 
tumor of infancy 1.3% and Primitive Neuro‑Ectodermal Tumor (PNET) 
4%. However, the most common malignant lesion found in our study was: 
Rhabdomyosarcoma (RMS) representing 52% of all malignant lesions all 
these data presented in Table 1.

Results of conventional MRI of the study group 
On basis of Signal Intensity on T1WI and T2WI and contrast uptake, the 
Lesions were assessed primarily with conventional MRI alone. They were 
labelled as either benign‑looking “B” or malignant‑looking “M”, accord‑
ing to presence of criteria of malignancy; e.g. ill‑definition of margins or 
invasion of surroundings. Our results by conventional MRI alone showed 
49 malignant‑looking lesions, after pathological analysis; only 33 proved 
to be truly positive for malignancy with 16 false positive cases. 26 lesions 

were detected as benign looking; only 20 proved to be truly negative for 
malignancy with 6 false negative ones (Table 2).
Thus, using conventional MRI alone in predicting benign and malignant 
lesions has the sensitivity of 84.6% and specificity of 55.6% with 67.3% 
positive predictive value and 76.9% negative predicative value. 

Results of diffusion weighted imaging in the study group 
The Apparent Diffusion Coefficient (ADC) values were calculated along 
the margins of all lesions using b value=1000. The calculated ADC values 
ranged from 0.34 to 2.5  10‑3 mm2/sec. the ADC values had a mean ± SD 
0.95 ± 0.51, of all patients. 
The calculated ADC value of the lesion was found statically significant in 
differentiation between the benign and malignant lesions (Figure 1). The 
mean ADC value for benign lesions was 1.25  10‑3 mm2/sec ± 0.52, while 
the mean ADC value for malignant lesions was 0.67  10‑3 mm2/sec ± 0.29 
(P<0.001). 
The diverse pathologies detected in this study makes comparison between 
different types in attempt to attribute suggestive ADC values to each type, 
quite difficult. However (Table 3) lists all pathological types (Figures 2 
and 3) detected with their mean ADC values as well as their medians and 
ranges.

Table 1: The clinical and pathological characteristics of the included patients

Variable Patients (N=75)
Age, mean ± SD 26.4 ± 25.2
Gender, No. (%)  Female 44 (58.7%), Male 31(41.3%)

Location, No. (%)
Maxillary 39 (52%)
Ethmoidal 39 (52%)
Sphenoidal 28 (37.3%)

 Nose 31 (41.3%)
Nasopharynx 9 (12%)

Frontal 6 (8%)
Pathological diagnosis, No. (%)

Benign 36 (48%)
 Fungal sinusitis                                 9 (12%)
Fibrous dysplasia                           5 (6.7%)

Meningioma                                            5 (6.7%)
Others 17 (22.7%)

Malignant 39 (52%)
Rhabdomyosarcoma (RMS) 10 (13.3%)

 Lymphoma 6 (8%)
Squamous cell carcinoma 4 (5.3%)

Primitive Neuro‑Ectodermal Tumor (PNET) 3 (4%)
Adenocarcinoma 3 (4%)

 Others 13 (17.3%)

Table 2: Conventional Magnetic Resonance Imaging (MRI) characteristics of the included patients
Variable Benign (N=36) Malignant (N=39)

T1 signal criteria, No. (%)
High SI (Signal Intensity) 6 (16.7%) 1 (2.6%)

Intermediate 14 (38.9%) 29 (74.4%)
low SI 9 (25%) 6 (15.4%)

Mixed SI 7 (19.4%) 3 (7.6%)
T2 signal criteria, No. (%)

Intermediate 7 (19.4%) 12 (30.7%)
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Low SI 5 (13.9%) 4 (10.3%)
Mixed SI 18 (50%) 15 (38.5%)

Enhancement, No. (%)
Homogenous 9 (25%) 10 (25.6%)

Heterogeneous 18 (50%) 29 (74.4%)
No uptake 5 (13.9%) 0

Faint 8 (22.2%) 11 (28.2%)
Intense 19 (52.8%) 28 (71.8%)

Definition of margins, No. (%)
Ill 18 (50%) 29 (74.4%)

Well‑defined 18 (50%) 10 (25.6%)
Shape and borders, No. (%)

Regular 19 (52.8%) 6 (15.4%)
Irregular 17 (47.2%) 33 (84.6%)

Relationship to surrounding structures, No. (%)
Not invading 25 (69.4%) 26 (66.7%)

Invading surroundings 11 (30.6%) 13 (33.3%)
Final diagnosis, No. (%)

Benign 16 (44.4%) 33 (84.6%)
Malignant 20 (55.6%) 6 (15.4%)

Figure 1:  Shows mean Apparent Diffusion Coefficient (ADC) values in benign 
and malignant lesions

Table 3: Mean Apparent Diffusion Coefficient (ADC) values in different benign and malignant pathologies

N Mean SD Median Minimum Maximum
Benign Fungal sinusitis 9 1.07 0.49 1.2 0.4 1.6

Fibrous dysplasia 5 0.66 0.3 0.59 0.47 1.2
Meningioma 5 1.8 0.19 1.24 0.85 1.3

Malignant RMS 10 0.68 0.15 0.68 0.51 0.95
Lymphoma 6 0.38 0.26 0.4 0.34 0.4

SCC 4 0.67 0.57 0.66 0.63 0.76
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One of our cases of a 69‑year old female patient presented with right nasal 
obstruction the conventional MRI showed a well‑defined expansile soft 
tissue mass is seen at the right nasal cavity extending to the right ethmoid‑
al, sphenoidal sinuses, nasopharynx and encroaching upon the right max‑
illary antrum with no intra cranial extension eliciting iso‑intense signal on 
T1 (a) and T2 (b) with avid homogenous contrast enhancement (c and d). 
It shows restricted diffusion (e) and ADC (f) value of 0.87  10‑3 mm2/sec 
and pathologically proven to be adenocarcinoma (Figure 2).

Another case of a 52‑year old female patient presented with right nasal ob‑
struction, the conventional MRI showed a lobulated expansile soft tissue 
mass lesion is seen implicating the right nasal cavity and right ethmoid 
air cells eliciting iso‑intense signal on T1 (a) high T2 signal (b) with avid 
heterogenous contrast enhancement (c and d). It shows facilitated diffu‑
sion (e) and ADC (f) value of 1.6  10‑3 mm2/sec and pathologically prov‑
en to be pleomorphic adenoma (Figure 3).

Figure 2:  Adenocarcinoma (a) axial T1 WIs (T1 Weighted Images), (b) axial T2 WIs (T2 Weighted Images), (c) coronal T1WIs (T1 
Weighted Images) post contrast, (d) axial T1WIs (T1 Weighted Images) post contrast, (e) Diffusion (b value=1000),  (f ) Apparent 
Diffusion Coefficient (ADC) 

Figure 3: Pleomorphic adenoma (a) axial T1 WIs (T1 Weighted Images) , (b) axial T2 WIs (T2 Weighted Images), (c) coronal 
T1WIs (T1 Weighted Images) post contrast, (d) axial T1WIs (T1 Weighted Images) post contrast, (e) Diffusion (b value=1000), (f 
) Apparent Diffusion Coefficient (ADC)
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In order to determine optimum thresholds for discrimination between be‑
nign and malignant lesions based on ADC values Logistic regression and 
Receiver Operating Characteristic (ROC) curve analysis were performed 
and showed that a (ADC) value of 0.995  10‑3 mm2/sec was suggested 
as an optimal cut‑off between benign and malignant entities, with 92.3% 
sensitivity and 77.8% specificity, the area under the curve is 0.811 which 
indicates that the accuracy of the test is 81% (Figure 4).

Results of diffusion weighted imaging signal intensity
The Signal Intensity (SI) of the benign and malignant groups on Diffu‑
sion‑Weighted images was assessed visually into three levels of varying 
intensity (Table 4) significant difference (p<000.1) was found between the 

84.7% of all malignant lesions exhibited that hyperintense and mixed in‑
tense SI in DWI, while 66.7% of the benign lesions showed hypointense 
and mixed intensities
The lesions were assessed again, this time combined with DWI considering 
the DWI signal and ADC value. After combination of DWI 44 malignant 
looking lesions were detected, 36 proved to be true malignant lesions and 
8 false positive ones. As 31 benign looking ones were detected, 28 proved 
to be true benign lesions and 3 false positive ones (Figure 5). So, combining 
DWI and ADC values has increased accuracy, as the sensitivity and speci‑
ficity were 92.3%, 77.8% respectively with 81.8% positive predictive value 
and 90.3% negative predicative value.

Figure 4: Receiver Operating Characteristic (ROC) curve of the Apparent Diffusion Coefficient (ADC) value
Table 4: Diffusion Weighted Imaging (DWI) SI of benign and malignant sino-nasal lesions

Benign Malignant
Count % Count %

Hyperintense 4 11.10% 15 38.50%
Hypointense 15 41.70% 1 2.60%

Isointense 8 22.20% 5 12.70%
Mixed intensity 9 25% 18 46.20%

Figure 5: Accuracy measures: Sensitivity, specificity, negative and positive predictive values of using conventional Magnetic Res-
onance Imaging (MRI) alone and conventional Magnetic Resonance (MR) combined with DWI (Diffusion Weighted Imaging) is 
assessing sino-nasal lesions, (    ) sensitivity; (    ) specificity; (    ) postive predictive value; (    ) negative predictive value
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DISCUSSION
The nasal cavity and paranasal sinuses are affected by a wide spectrum of 
benign and malignant tumors and tumor like lesions. It is essential to dis‑
tinguish benign from malignant sinonsal tumors for treatment planning 
as well as determining the patient’s prognosis. However, the presenting 
symptoms of benign and malignant sinonasal tumors, such as nasal dis‑
charge, epistaxis and nasal obstruction are often nonspecific (Razek AA, 
et al., 2009).
Even if imaging is performed in the early stages, a radiologist inexperi‑
enced with sinonasal anatomy and tumor features may easily interpret 
early signs of a malignant tumor as rhinosinusitis or a lesion that does not 
require follow‑up. Advanced unilateral opacification or bone destruction 
at imaging should always alert the radiologist (Eggesbø HB, 2012).
Computed Tomography (CT) scans help to reveal bony erosion in critical 
areas, and Magnetic Resonance Imaging (MRI) studies provide excellent 
delineation of sinonasal tumor from surrounding inflamed soft tissue and 
secretions, making both of these technologies useful for disease staging 
and surgical planning (Wippold FJ, 2007).
Computed Tomography (CT) and MR imaging features of sinonasal 
tumors and tumor like lesions have often been described as an expansile 
or infiltrative soft tissue mass with sinus wall erosion and destruction, 
heterogeneous Signal Intensity on T2‑weighted MR images, and irregular 
or homogeneous enhancement after contrast medium injection. However, 
the imaging features of benign and malignant sinonasal lesions are often 
nonspecific and overlap (Zou J, et al., 2014).
Diffusion‑Weighted Imaging (DWI) has been advocated in the literature 
as an MRI tool that can provide information about tissue cellularity and 
physiological processes. DWI qualitatively describes random water mol‑
ecule movement, called Brownian motion, and it can analyze water diffusi‑
bility within the intercellular medium. The motion of water molecules var‑
ies qualitatively among distinct tissues and intercellular conditions, and, 
similarly, it may vary in different tissue conditions (Munhoz L, et al., 2018).
Hypercellular tissue, as occurring within malignant tumors, will show low 
ADC values. Non‑tumoral tissue changes such as edema, inflammation, 
fibrosis and necrosis are expected to show low cellularity, in strong contrast 
with viable tumor, this results in high ADC values. An inverse correlation 
between the ADC value and tumor cellularity in experimental models has 
been shown, and this was clinically validated (El Said NA, et al., 2014).
This study included 75 patients (31 male and 44 female). Thirty‑nine pa‑
tients had malignant lesions and thirty‑six had benign ones. The DWI was 
obtained with b values including 0, 500 and 1000 mm2/second. The Appar‑
ent Diffusion Coefficient (ADC) generated by measuring identical images 
at different b‑values and represented as ADC map, from which the ADC 
value was calculated. Diagnosis was confirmed after the MRI examination 
by histologic biopsy according to standard histopathological procedures.
In our study, the average ADC value of lesions was significantly different 
between benign and malignant sinonasal lesions (p<0.001). 
We concluded that the sensitivity of ADC in differentiating benign from 
malignant lesions in our study was 92.3% indicating a high true positive 
rate. Hence, if the average ADC is below 0.995  10‑3 mm2/sec, there is high 
probability that the mass will be malignant with high specificity of 77.8%.
Our results revealed that the mean ADC value of benign and malignant 
sinonasal lesions were 1.25 ± 0.52  10‑3 mm2/sec and 0.67 ± 0.29  10‑3 

mm2/sec respectively. The mean ADC value of benign was significantly 
higher than that of malignant lesions (p<0.0001).
In agreement of the results of our study is Sasaki et al., 2011; a study that 
was preformed on 61 patients (44 males and 17 females; average age, 62 
± 17 years; age range, 16–86 years) with histologically proved benign le‑
sions, including tumor like organized hematomas, malignant tumors, and 

inflammatory lesions. The histology of these lesions included 19 benign 
lesions (7 inverted papillomas, 5 organized hematomas, 4 hemangiomas, 
and 3 angiofibromas); 28 malignant tumors (12 SCCs, including 5 poorly 
differentiated SCCs, 3 moderately differentiated SCCs, 3 well‑differenti‑
ated SCCs, and 1 nonkeratinizing SCC; 6 malignant lymphomas; 2 undif‑
ferentiated carcinomas; 2 metastatic renal cell carcinomas; 1 spindle‑cell 
carcinoma; 1 melanoma; 1 olfactory neuroblastoma; 1 pleomorphic Rhab‑
domyosarcoma; 1 adenocarcinoma; and 1 Adenoid Cystic Carcinoma) 
and 14 inflammatory lesions (5 rhinosinusitis, 5 inflammatory polyps, and 
4 fungus infections).
The Apparent Diffusion Coefficient (ADC) value of malignant tumors 
(0.87 ± 0.32  10‑3 mm2/sec) were significantly lower than those of benign 
(1.35 ± 0.29  10‑3 mm2/sec, P<0.0001) and inflammatory (1.50 ± 0.50  
10‑3 mm2/sec, P=.0002) lesions. 
They concluded that overall ADCs of malignant tumors were significantly 
smaller than those of benign and inflammatory lesions. An ADC cut‑off 
point of 0.84  10‑3 mm2/sec was best for differentiating benign/inflam‑
matory lesions from malignant tumors; it provided diagnostic ability of 
75% sensitivity, 94% specificity, 85% accuracy, and 91% positive and 82% 
negative predictive values (Sasaki M, et al., 2011).
The minute difference in cut off value in our study; may be attributed to 
the high percentage of malignant cases in their study, thus lowering the 
mean ADC value. 
Similar to our study the ADC values demonstrated differentiation in ma‑
lignant tumor subtypes like lymphomas with the lowest overall ADCs and 
the greatest percentages of total tumor areas with extremely low and/or 
low ADCs among the malignant tumors. Overall ADCs of lymphomas 
were significantly lower than other malignancies.
Our results also go hand in hand with the results of the study done by (Das 
A, et al., 2017) this study was done on 28 patients, the majority were males 
(n=21, 75%) with a mean age of 38.95 years (range: 10 to 66 years). Over‑
all, there were more malignant (n=18, 64.2%) than benign lesions on final 
histology. All the benign lesions were present in males (n=10, 100%), who 
also had two‑thirds of the malignant lesions (n=12, 66.67%).The mean age 
of patients with malignant lesions was higher (mean: 50.56 years, range: 
30 to 70 years) than that of patients with benign lesions (mean: 22.1 years, 
range: 10 to 52 years), and the difference was statistically significant.
The sensitivity, specificity, positive predictive value and negative predictive 
value of DWI in differentiating between benign and malignant sinonasal 
masses were: 72.7%, 90%, 92.9%, and 64.3% respectively. A cut‑off ADC 
value of 1.79  10‑3 m2/sec yielded a sensitivity of 80%, specificity of 83.3%, 
with area under the curve of 0.83, which was statistically significant for the 
characterization of malignant lesions (Das A, et al., 2017).
They also observed that malignant lymphomas arising in the sinonasal re‑
gion were associated with extremely low ADCs (ADC value is lower than 
0.483 ± 0.079  10‑3 mm2/sec). This agrees with our observations in our 
study as the mean ADC value for lymphoma was 0.38 ± 0.26  10‑3 mm2/
sec.
The increase in Mean ADC value of benign lesions and the cut off value 
between benign and malignant lesions in their study; may be attributed to 
the small number of patients, small percentage of benign lesions (about 
36%) and high percentage Juvenile nasopharyngeal angiofibroma which 
present about 70% of their benign lesions with mean ADC value about 
2.169 ± 0.270  10‑3 mm2/sec.
In their study Wang XY, et al. included a total of 197 retrospective patients 
with sinonasal tumors. The diagnosis of 81 benign tumors (57 males and 
24 females; mean age, 45.11 ± 16.33 years) and 116 malignant tumors (66 
males and 50 females; mean age, 49.06 ± 16.44 years). The most common 
histologic types of the tumors were as follows: inverted papilloma (n=48), 
lymphoma (n=22), Adenoid Cystic Carcinomas (n=16), Malignant mel‑
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anoma (n=11), SCC (n=11), Rhabdomyosarcoma (n=10), inverted pap‑
illoma with malignant transformation (n=10), Olfactory neuroblastoma 
(n=9), hemangioma (n=9) and schwannoma (n=5). 
The mean ADCs of malignant sinonasal tumors (1.084  10‑3 mm2/sec) 
were significantly lower than those of benign tumors (1.617  10‑3 mm2 

sec, P<0.001). The accuracy using WS ADCs b0,1000 alone was 83.7% in 
differentiating the benign from the malignant tumors (85.3% sensitivity, 
81.2% specificity, 86.4% positive predictive value, and 79.5% negative pre‑
dictive value) (Wang XY, et al., 2015).
Jiang et al., 2017 examined 81 patients with sino‑nasal lesions, 26 were fe‑
males and 55 were males. The age of patients ranged from 14 to 79 year 
old, with a mean age of 53.2 year. The malignant lesions were 46 cases in‑
cluding squamous cell carcinoma (n=17), olfactory neuroblastoma (n=7), 
Adenoid Cystic Carcinoma (n=5), Rhabdomyosarcoma (n=5), melanoma 
tumor (n=5), lymphoma (n=3), undifferentiated carcinoma (n=2), ma‑
lignant fibrohistiocytoma (n=1), and osteosarcoma (n=1). Benign lesions 
were 35 cases including inflammatory polyps (n=22), papilloma (n=7), 
spindle cell tumor (n=3), fibrous tumor of bone (n=2), and enamel cell 
tumor (n=1). 
They concluded that overall ADCs of malignant tumors were significant‑
ly lower than those of benign and inflammatory lesions. The mean ADC 
value of malignant sinonasal masses was (1.11 ± 0.41  10‑3 mm2/sec), 
which was significantly lower than that of benign masses (1.58 ± 0.50  
10‑3 mm2/sec) (P<0.001). The Receiver Operating Characteristic curve an‑
alyses yielded a cutoff ADC value of 1.27  10‑3 mm2/sec for differentiating 
between benign and malignant lesions, with a sensitivity of 69.6%, a speci‑
ficity of 77.1% and an accuracy of 74.0% (Jiang JX, et al., 2017).
Similar to our study there was also difference between subtypes of malig‑
nant lesions with significant lower ADC values in lymphomas (ADC value 
was 0.75 ± 0.29  10‑3 mm2/sec) than other malignant lesions.
There was a difference in the benign mean, range and cut off ADC values 
between our and their study may be due to high percentage of inflamma‑
tory lesions (more than 60%) which have high ADC values.
Razek AA, et al. study included 55 patients (34 males, 21 females; aged 14‑
64 years, mean 39 years) with nasal and paranasal sinus masses. There were 
malignant tumors (n=38) and benign lesions (n=12). 
The malignant tumors (n=27) comprised squamous cell carcinoma 
(n=20), undifferentiated carcinoma (n=3), mucoepidermoid carcinoma 
(n=3) and Adenoid Cystic Carcinoma (n=1), while sarcomas (n=11) 
comprised non‑Hodgkin’s lymphoma (n=4), Rhabdomyosarcoma (n=3), 
olfactory neuroblastoma (n=2), chondrosarcoma (n=1) and osteosarcoma 
(n=1). The benign tumors (n=12) included juvenile angiofibroma (n=4), 
inverted papilloma (n=3), inflammatory polyps (n=3), ossifying fibroma 
(n=1) and aneurysmal bone cyst (n=1).
The mean ADC value of nasal and paranasal sinus malignant lesions (1.10 
± 0.25  10‑3 mm2/sec) was significantly different (P=0.001) from that of 
benign lesions (1.78 ± 0.41  10‑3 mm2/sec). Using an ADC value of 1.53 
 10‑3 mm2/sec as the threshold value for differentiating malignant from 
benign lesions, the best result obtained had an accuracy of 93%, sensitivity 
of 94%, specificity of 92%, a positive predictive value of 92% and negative 
predictive value of 94% (Razek AA, et al., 2009). 
Xiao et al., 2018 study included 131 patients, 56 patients with benign sin‑
onasal lesions and 75 with malignant sinonasal lesions. These patients, 48 
were female and 83 were male. The age of patients ranged from 16 to 79 
years, with a mean age of 48.67 years.
The benign tumors inflammatory polyps (n=28) inverted papilloma 
(n=14) fibroangioma (n=5) spindle cell tumor (n=4) schwannoma (n=2) 
ossifying fibroma (n=2) enamel cell tumor (n=1). The malignant tumors 
squamous cell carcinoma (n=23) olfactory neuroblastoma (n=13) ma‑
lignant melanoma (n=12) Rhabdomyosarcoma (n=9) lymphoma (n=6) 

Adenoid Cystic Carcinoma (n=5) undifferentiated carcinoma (n=2) 
osteosarcoma (n=2) neuroendocrine carcinoma (n=2) malignant fibrohis‑
tiocytoma (n=1) (Xiao Z, et al., 2018).
In agreement without study they concluded that the ADC value from con‑
ventional DWI may be helpful for discriminating markers in the differen‑
tiation of benign and malignant sinonasal lesions with mean ADC value 
1.163 ± 0.354  10‑3 mm2/sec for benign lesions and 0.862 ± 0.258  10‑3 

mm2/sec for malignant lesions (P value=0.001) with sensitivity of 80% and 
specificity of 54.7%.
This study included 24 patients with sinonasal masses. They were 8 women 
(33.3%) and 16 men (66.7%). Their ages ranged from 10 to 68 years with a 
mean of 38.5 years. As for histopathology, the most common documented 
sinonasal diseases were inflammatory disease (12 cases, 50%) then invert‑
ed papilloma (3 cases, 12.5%), which represented the most common be‑
nign tumors followed by squamous cell carcinoma (3 cases, 12.5%), which 
represented the most common malignant tumors.
On using ADC value of 1.2  10‑3 mm2/sec as a cut‑off value for differen‑
tiating benign from malignant sinonasal lesions, they achieved 90% accur‑
acy, 100% sensitivity, 88.4% specificity, 77.8% positive predictive value, and 
100% negative predictive value. At this cut‑off, benign lesions show statis‑
tically significant higher ADC value than malignant tumors (El‑Gerby KM 
and El‑Anwar MW, 2017).
The major limitation of our study was that it has been done on wide range 
of pathologies, thus the numbers of the lesions in each category were few. 
So further separate studies dedicated to different pathological entities may 
provide differentiation between tumor types. 
In our study there were striking false results on basis of ADC value, in 
patients with Fibrous Dysplasia and fungal sinusitis. Most of the calcu‑
lated ADC values for Fibrous Dysplasia (FD) were very low (below 0.6 
with mean 0.66  10‑3 mm2/sec) and some of the calculated ADC values 
for fungal sinusitis were low (below 0.5 with mean 1.07  10‑3 mm2/sec). 
This can be explained by the fact that Fibrous Dysplasia (FD) lesions ADC 
value depends on their ossification and density the more dense lesions the 
lower ADC values and in fungal sinusitis variable degree of cellularity af‑
fected the ADC values.

CONCLUSION
In conclusion, the introduction of DWI and the ADC to the study of 
paranasal cavity disorders has improved the quality of the diagnostic hy‑
pothesis, particularly in the differentiation between benign and malignant 
masses. In addition, the differences in ADC values between certain types 
of neoplasms could be assessed, such as lymphoma and leukemias from 
carcinoma. A unique ADC cut‑off value for differentiating benign from 
malignant disease could not be established, mainly due to the heterogen‑
eity of methods applied for the ADC assessment, or even the heterogen‑
icity of the samples evaluated in each study. Overall, DWI and the ADC 
are promising methods that can be conveniently incorporated into routine 
evaluations as it can help in the differentiation of malignant tumors from 
benign lesions, and in the characterization and grading of malignancies.
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