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Abstract: Objective: To study the value of single and combined application of contrast-enhanced computerized 
tomography (CT) and dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) in diagnosing parotid 
tumors. Methods: In this retrospective study, 82 patients with parotid gland mass who received contrast-enhanced 
CT and DCE-MRI detection in The First People’s Hospital of Huzhou from March 2018 to March 2022 were selected 
as study subjects. The nature of the parotid tumor was pathologically examined following the surgery. According to 
the pathological diagnosis results, these patients were divided into a benign group (n=59) and a malignant group 
(n=23). All patients underwent contrast-enhanced CT and DCE-MRI examinations. The diagnostic accuracy rates 
of contrast-enhanced CT, DCE-MRI and the joint application were compared. The CT or MRI images of benign and 
malignant parotid tumors were compared. The correlation of parotid cancer with the imaging features was analyzed. 
Diagnostic efficiency of contrast-enhanced CT, DCE-MRI and joint application for parotid cancer was assessed by 
receiver operating characteristic curve. Results: In terms of diagnostic accuracy, there was a significant difference 
between contrast-enhanced CT combined with DCE-MRI and contrast-enhanced CT alone (95.12% vs. 81.71%, 
P<0.001), and between the joint application and DCE-MRI alone (95.12% vs. 86.58%, P=0.004). Results of contrast-
enhanced CT revealed statistical differences in tumor boundary, tumor size, calcification and cystic degeneration 
between benign and malignant tumors (P<0.05), but no obvious difference in lymph node enlargement between 
the two groups. MRI results showed that there were differences in the DCE-MRI time-signal intensity curve and 
ADC value between benign and malignant tumors (P<0.05). Correlation analysis results showed that the malignant 
tumor was negatively correlated with tumor boundary, calcification, cystic degeneration and ADC values, and it was 
positively correlated with DCE-MRI time-signal intensity curve and tumor size (P<0.05). Analysis of diagnostic ef-
ficacy showed that contrast-enhanced CT combined with DCE-MRI were significantly better than contrast-enhanced 
CT alone in terms of sensitivity and specificity (P<0.05). Moreover, the sensitivity of the joint application was also 
higher than that of MRI alone, while no obvious difference was found for specificity between joint application and 
MRI alone. The areas under the curve of contrast-enhanced CT combined with DCE-MRI in diagnosing malignant 
parotid tumor was remarkably greater than that of CT or MRI alone (P<0.05). Conclusion: Contrast-enhanced CT 
combined with DCE-MRI can significantly improve the diagnostic accuracy, sensitivity and specificity for malignant 
parotid tumor, and the joint application was able to point out the direction of targeted surgical treatment plans.
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Introduction

The parotid gland is located in the superficial 
tissue of the external auditory canal located 
inferior and anteriorly in the human face and it 
is considered to be the largest gland within the 
human salivary glands. Among all head and 
neck tumors, the incidence of parotid tumors is 
approximately 5%, and it mainly occurs in popu-
lations with an age ranging from 30 to 50 years 
old [1]. When parotid tumors occur, obvious 

masses and swelling can be seen on the face. 
Clinically parotid tumors are mostly benign, 
accounting for about 80% of all patients with 
parotid tumors [2]. Such patients usually have a 
better prognosis after surgical treatment, but 
there are still about 20% of patients with parot-
id malignancy, among whom the disease relaps-
es after surgical treatment [3]. At present, the 
pathogenesis of parotid tumors has not been 
clarified, and it has been reported that its 
inducements were related to smoking, oral 
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hygiene, local irritation and so on [4]. Due to the 
complex and diverse pathological types of 
parotid tumors, the lack of specific tumor mark-
ers, and the insignificant clinical symptoms, 
there are certain errors in the clinical differen-
tial diagnosis between benign and malignant 
parotid tumors [5, 6]. In patients with early 
parotid tumors, there are no obvious clinical 
manifestations except for a significant mass in 
the parotid area. As the disease progresses, if 
it deteriorates into a malignant tumor, it may 
metastasize to other adjacent tissues and 
cause corresponding symptoms. Effective iden-
tification of benign and malignant lesions in 
patients with parotid tumors at the early stage 
is of great significance for guiding treatments 
and improving prognosis [7]. Although patho-
logical biopsy can confirm the diagnosis, it is 
not recommended to perform local fine-needle 
aspiration biopsy before surgery. First of all, 
most of the tumors are in special locations. 
Fine-needle aspiration biopsy would cause 
sampling errors, resulting in reduced sensitivity 
and specificity. Secondly, fine-needle aspiration 
biopsy may lead to the metastasis of malignant 
tumors and the infection of some benign 
tumors [8, 9]. Therefore, at present, the preop-
erative diagnosis of parotid tumors is still domi-
nated by imaging technology, and it is very 
important to reduce the errors by improving the 
performance of imaging diagnosis.

In clinical practices, non-invasive examination 
methods for parotid tumors include ultrasound, 
magnetic resonance imaging (MRI) and com-
puted tomography (CT). The use of ultrasound 
in parotid gland tumors has certain limitations, 
because ultrasound is regarded to be more 
suitable for detecting superficial glands. When 
the tumor is located in the deep lobes of parot-
id gland or in the minor salivary glands, it is dif-
ficult for the ultrasound to clearly display the 
images [10]. CT can accurately locate the mass 
of the parotid gland, and clearly show the size, 
number, shape, boundary and infiltration of the 
surrounding tissues. It was reported that con-
trast-enhanced CT could clearly display the ret-
romandibular vein, carotid artery and struc-
tures of cervical lymph node, which provided 
evidence for surgical treatment [11]. Some 
studies reported that CT could make an accu-
rate qualitative diagnosis of typical benign and 
malignant parotid tumors, but it has certain 
limitations for the diagnosis of low-grade malig-

nant tumors [12, 13]. Another study also report-
ed that CT was of great significance for the 
diagnosis in the morphological aspects such as 
tumor lesion boundary definition, tumor size, 
calcification and cystic degeneration, but there 
were shortcomings such as insufficient diag-
nostic accuracy [14]. MRI is currently another 
examination for the identification of parotid 
gland tumors. However, using MRI examination 
alone has some limitations. It was reported 
that MRI examination was not able to obtain 
the internal microstructure of tumor tissues, 
resulting in difficulty in evaluating the risk of 
parotid tumors [15]. Some studies have shown 
that diffusion-weighted MRI could well reveal 
the tissue of the tumor with abundant vascular-
ity, but the diagnostic value for malignant parot-
id tumors is debated [16]. Another study 
showed that MRI could improve the diagnostic 
accuracy by analyzing the local blood flow in the 
soft tissue, but it has limitations in terms of 
morphology [17]. So far, only a limited amount 
of data are found regarding the value of CT 
combined with MRI for the differential diagno-
sis between benign and malignant parotid 
tumors. In this context, this research included 
82 cases of parotid tumors to investigate the 
roles of CT plus MRI for identifying parotid 
tumors, so as to provide evidence for identify-
ing the nature of parotid tumors.

Material and methods

General information

In this retrospective study, 82 patients with 
parotid gland mass admitted from March 2018 
and March 2022 were selected as the research 
subjects. Inclusion criteria: (1) patients over 18 
years old who were diagnosed with parotid 
gland mass according to the criteria [2]; (2) 
patients with only a solitary lesion; (3) patients 
with no history of endocrine treatment, radio-
therapy or chemotherapy; (4) patients who vol-
untarily received contrast-enhanced CT and 
MRI; (5) patients who received fine-needle aspi-
ration biopsies or surgical resection, and the 
tumorous nature was verified by the histopath-
ological examination; (6) patients with com-
plete medical records. Exclusion criteria: (1) 
patients with a history of other malignant 
tumors; (2) patients with a history of parotid 
gland surgery; (3) patients with a hypersensitiv-
ity reaction of the contrast agent; (4) patients 
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with contraindications of MRI such as metal 
implants in the body; (5) patients with severe 
renal or hepatic dysfunctions, cardio-and cere-
brovascular diseases or mental disorder. All the 
patients were informed about the necessity for 
pathological detection and about the examina-
tion of contrast-enhanced CT and MRI per-
formed prior to the biopsy. According to the 
pathological diagnosis, these patients were 
divided into a benign group and a malignant 
group. The Ethics Committee of The First 
People’s Hospital of Huzhou approved this 
research (No. 2018-014).

Methods

CT was conducted using Siemens Definition AS 
64-row 128-layer spiral CT. Patients were main-
tained in the supine position, and the scanning 
scope included the parotid region and neck. 
The parameters were as follows: the 0.8 pitch, 
3 mm section gap, 3 mm section gap, 125 kV 
and 250 mA. Contrast-enhanced CT was con-
ducted following intravenous injection of Iov- 
ersol (350 mgI/mL) at the speed of 3.0 mL/s 
via a double-syringe power injector. After the 
scan, the obtained images were transmitted to 
the workstation, and then the imaging features 
including location of lesions, shape, density, 
margin, cystic necrosis, degree of enhance-
ment, invasion of adjacent structures and 
lymphadenopathy were analyzed by radio- 
logists.

MRI examination was performed using 1.5T 
Philips Ingenia magnetic resonance scanner. 
Patients were kept in a supine position and the 
scanning scope involved the entire parotid 
gland. Routine plain scan was conducted 
according to the following arguments: fast spin 
echo (FSE) sequence sagittal T1-weighted 
image (T1WI), T2-weighted image (T2WI), trans-
verse axis [time of echo (TE) 127 ms, time of 
repetition (TR) 3970 ms], matrix 256 × 87;  
sagittal fat-saturated T2-weighted image (TE 
84 ms, TR 4000 ms); spin echo (SE) sequence 
sagittal T1WI and T2WI, transverse axis (TE 19 
ms, TR 412 ms), matrix 256 × 75. The obtained 
imaging data were analyzed after scanning. 
Dynamic contrast enhanced magnetic reso-
nance imaging (DCE-MRI) was performed using 
fat suppression three-dimensional disturbing 
gradient echo (T1-FFE) sequence with 15 mL of 
contrast agent (Gadoterate meglumine, specifi-

cation: 15 ml:5.654 g) plus 20 mL of normal 
saline, which were injected via the double-
syringe power injector (speed 2.0 mL/s). After 3 
scans, the obtained data were plotted as a 
time-signal intensity curve. The spin-echo echo 
planar imaging (SE-EPI) sequence scan was 
also performed, and the apparent diffusion 
coefficient (ADC) values were recorded.

According to the morphological manifestations, 
the edges of the enhanced lesions were divided 
into smooth, irregular and speculation. The 
enhancement appearances were divided into 
even, uneven and annular enhancement. The 
functool software was used to select a region 
of interest in the largest and most significant 
enhancement lesion, trying to avoid blood ves-
sels, necrosis and cystic degeneration areas 
that can be distinguished by the naked eye and 
identifying the area that was slightly smaller 
than the lesion range (<10 mm2). The time-sig-
nal intensity curve was obtained and divided 
into three types [18]. Type I: the curve was  
slowly and continuously rising (the signal inten-
sity elevated >10% between 3-8 time phase); 
type II: obvious enhancement appeared in the 
early stage, and the plateau level was main-
tained in the middle and late stages (the signal 
intensity increased or decreased within ±10% 
between 3-8 time phase); type III: obvious 
enhancement appeared in the early stage, and 
the signal intensity remarkably decreased by 
10% in the middle and late stages between 3-8 
time phase.

The analysis of data regarding contrast-
enhanced CT and DCE-MRI was performed by 
two experienced radiologists with more than 10 
years of work experience. The diagnostic crite-
ria of CT and MRI were conducted according to 
previous studies [15, 19-21]. When there was a 
disagreement in the results, it was determined 
after joint discussion.

Statistical methods

Using pathological results as the gold standard, 
the diagnostic value including sensitivity, speci-
ficity and accuracy of contrast-enhanced-CT, 
DCE-MRI and the combined application for 
parotid cancer was analyzed. Diagnostic effi-
ciency of contrast-enhanced-CT, DCE-MRI and 
the combined application was also assessed 
via receiver operating characteristic (ROC). All 
the clinical data obtained in the research were 
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analyzed using SPSS 26.0. The measurement 
data were described in the form of mean ± 
standard deviation, and the comparison was 
conducted by t test. The count data were 
showed in the form of percentages/cases, and 
the comparison among groups was conducted 
using χ2 test. The correlation between malig-
nant tumors and imaging signs was analyzed  
by Spearman correlation analysis. P<0.05 indi-
cated a significantly statistical difference.

Results

Basic data

As described in Table 1, there were 59 patients 
with benign parotid tumor and 23 patients with 
malignant parotid tumor included in this 
research. There was no statistical difference in 
the age, sex, location of disease and course of 
disease between benign and malignant groups 
(all P>0.05). So, the two groups were compara-
ble. The images of CT or MRI examinations 
were shown in Figure 1.

Comparison of diagnostic accuracy rate

The included 82 patients with parotid tumors 
were pathologically diagnosed, and there were 
42 patients with pleomorphic adenoma, 13 
patients with adenolymphoma and 4 patients 
with hemangioma in benign group, while in the 
malignant group, there were 12 cases with 
mucoepidermoid carcinoma, 6 cases with ade-
nocystic cancer and 5 cases with parotid met- 
astases. The diagnostic accuracy rate of CT 
combined with MRI was 95.12%, which was sig-
nificantly higher than that of CT alone (81.71%) 
or MRI alone (86.58%), as shown in Table 2. 
Moreover, among them, the diagnostic accura-

5 patients with obscure boundary. The average 
size of the tumor was 8.22±1.34 cm3. There 
were 22 cases with calcification and cystic 
degeneration, and 37 cases without. There 
were 12 patients with lymph node enlargement 
and 47 patients without. In the malignant 
group, there were 9 patients with clear bound-
ary and 14 patients with obscure boundary. 
The average size of the tumor was 14.25±1.65 
cm3. All patients were without calcification and 
cystic degeneration. There were 6 patients with 
lymph node enlargement and 17 patients with-
out. Statistical differences were observed in 
term of tumor boundary, tumor size, calcifica-
tion and cystic degeneration between the two 
groups (P<0.001), while there was no obvious 
difference in lymph node enlargement between 
the two groups.

Comparison of imaging features of DCE-MRI 
between benign and malignant parotid tumors

The included 82 patients with parotid tumors 
received DCE-MRI, and the results were shown 
in Table 4. In the benign group, there were 29 
patients with type I, 24 patients with type II and 
6 patients with type III, and the value of ADC 
was 1.72±0.22. While in the malignant group, 
there were 3 cases with type I, 3 cases with 
type II and 17 cases with type III, and the value 
of ADC was 1.01±0.14. Obvious differences 
were found in time-signal intensity curve and 
ADC values between the two groups.

Correlation analysis between malignant pa-
rotid tumors and imaging features

The results of correlation analysis between 
malignant parotid tumors and imaging features 
were shown as follows: clear boundary: -0.623, 

Table 1. The comparison of basic data between benign and 
malignant groups

Parameters Benign group 
(n=59)

Malignant 
group (n=23)

t/χ2 
value

P 
value

Age (years) 50.6±5.1 52.7±5.2 1.616 0.110
Male/Female 29/30 11/12 0.012 0.914
Location 4.411 0.220
    Left superficial lobe 17 6
    Left deep lobe 14 5
    Right deep lobe 9 8
    Right superficial lobe 19 4
Course of disease (years) 1.86±0.52 1.92±0.54 0.464 0.644

cy rate of metastatic parotid 
tumors was the lowest in these 
three diagnostic methods.

Comparison of imaging fea-
tures of contrast-enhanced CT 
between benign and malignant 
parotid tumors

The included 82 patients with 
parotid tumors underwent con-
trast-enhanced CT, and the re- 
sults were shown in Table 3. In 
the benign group, there were 54 
patients with clear boundary and 
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P=0.004; calcification and cystic degeneration: 
-0.524, P=0.001; ADC: -0.385, P=0.005; tu- 
mor size: 0.280, P=0.012; time-signal intensity 
curve: 0.249, P=0.024. Obvious statistical dif-
ferences were obtained in the correlation of 

malignant parotid tumors with clear boundary, 
calcification and cystic degeneration, tumor 
size and time-signal intensity curve. Malignant 
parotid tumor was negatively associated with 
clear boundary, calcification and cystic degen-

Figure 1. The images of computerized tomography (CT) and magnetic resonance imaging (MRI) in patients with left 
parotid hemangioma before surgery. A: CT scan showed a round, slightly low-density mass in the left parotid gland, 
with clear boundary and homogenous density. The size of tumor was about 13 × 12 mm. B: Contrast-enhanced CT 
in arterial phase showed obvious homogenous enhancement in the arterial phase after enhancement. C: Contrast-
enhanced CT in venous phase showed continuous enhancement in the venous phase, and the density was similar 
to that of the large blood vessels in the same layer. There were no obvious enlarged lymph nodes in the neck region. 
D: T2WI mDixon technique showed a superficial lobulated mass in the left parotid gland. The mass was obviously 
present in high signal, homogenous signal and clear boundary. The size of tumor was about 14 × 11 mm. E: T1WI 
Scan showed that the left parotid gland tumor was iso- or hypo-intense signal, with obvious enhancement on con-
trast enhanced CT scan, and the boundary was clear. F: T1WI mDixon showed that the left parotid gland lesion had 
significantly homogeneous density, with clear boundary, and no obvious enlarged lymph node was found in the neck 
region. 

Table 2. Comparison of diagnostic accuracy of parotid tumors among CT alone, MRI alone and the 
combined application [Case (%)]

Tumor types Pathological diagnosis 
(Cases)

Contrast-enhanced 
CT DCE-MRI The combined 

application
Pleomorphic adenoma 42 37 (88.09) 39 (92.85) 41 (97.62)
Adenolymphoma 13 10 (76.92) 11 (84.62) 12 (92.31)
Angioma 4 3 (75.00) 3 (75.00) 4 (100)
Mucoepidermoid carcinoma 12 9 (75.00) 10 (83.33) 11 (91.67)
Adenoid cystic carcinoma 6 5 (83.33) 5 (83.33) 6 (100)
Parotid gland metastatic tumor 5 3 (60.00) 3 (60.00) 4 (60.00)
Total 82 67 (81.71) 71 (86.58) 78 (95.12)
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eration and ADC values, while it was positively 
associated with tumor size and time-signal 
intensity curve, and the coefficient of associa-
tion was 0.280 and 0.249. 

Diagnostic efficiency of contrast-enhanced CT 
alone, DCE-MRI alone and the combined ap-
plication

The diagnostic efficiency of these methods was 
shown in Table 5. The sensitivity of the com-
bined application was 94.74%, which was obvi-
ously higher than that of contrast-enhanced  
CT alone (70.96%, P<0.001) or DCE-MRI alone 
(86.21%, P=0.012). In additional, the specifici-
ty of contrast-enhanced CT alone, DCE-MRI 
alone and combined application was 37.25%, 
39.62% and 40.91%, respectively. Obvious dif-
ferences were observed for specificity be- 
tween contrast-enhanced CT alone and the 
combined application (P=0.034). There was no 
statistical difference in specificity between 
DCE-MRI alone and the combined application.

Comparison of ROC results

The area under curve (AUC) of contrast-
enhanced CT, MRI and the combination for 

tumor of the neck seen in clinical practice, the 
diagnosis of parotid tumors still needs to be 
confirmed by pathological biopsy, and surgery 
is still the first choice for treatment [23]. Among 
them, local parotidectomy is mainly used for 
benign parotid tumors, and total parotidectomy 
is used for malignant parotid tumors. It can be 
seen that the type of tumor needs to be clearly 
defined before surgery. The choice of surgical 
approach is very important [24-26]. Some stud-
ies have shown that pathological biopsy, CT 
and MRI have their own unique advantages in 
distinguishing benign and malignant parotid 
tumors [27]. Among them, the accuracy rate of 
pathological biopsy is as high as 98%, which is 
an important method of diagnosis. However, 
many studies revealed that the incidence of 
complications such as bleeding and pain dis-
courage a large number of patients from agree-
ing to be involved in the needle biopsy opera-
tion. Thus, the optimal detective technology for 
malignant parotid tumor is non-invasive, with 
less damage, less side effects and still of ben-
efit to a high proportion of patients. CT can dis-
play the tumor morphology more clearly, and 
MRI has advantages in the analysis of blood 
flow signals, which can significantly improve the 

Table 3. Comparison of imaging features of contrast-enhanced computerized tomography (CT) be-
tween benign and malignant groups
Parameters Benign group Malignant group χ2 value P value
Tumor boundary (Cases) 18.325 <0.001
    Clearness 54 9
    Obscureness 5 14
Tumor size (cm3) 8.22±1.34 14.25±1.65 16.953 <0.001
Calcification and cystic degeneration (Cases) 10.724 0.001
    Yes 22 0
    No 37 23
Lymph node enlargement (Cases) 0.856 0.442
    Yes 12 6
    No 47 17

Table 4. Comparison of imaging features of dynamic con-
trast enhanced magnetic resonance imaging (DCE-MRI) 
between benign and malignant groups

Groups
Time-signal intensity curve (Cases)

ADC value
Type I Type II Type III

Benign group 29 24 6 1.72±0.22
Malignant group 3 3 17 1.01±0.14
χ2 32.195 15.168
P <0.001 <0.001

parotid gland cancer was 0.578, 
0.648 and 0.791, respectively. The 
AUC of the combination for diagnos-
ing parotid cancer was remarkably 
higher than that of CT or MRI alone 
(P=0.016). See Table 6 and Figure 2.

Discussion

The parotid gland is considered as 
the largest pair of salivary glands in 
the body [22]. As the most common 
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diagnostic accuracy, sensitivity and specificity 
non-invasively. In this study, CT combined with 
MRI was used to comprehensively evaluate the 
changes in morphology and blood flow signals 
so as to diagnose benign and malignant parotid 
tumors, and the performance of the imaging 
examinations was evaluated.

There is limited data regarding the diagnostic 
efficacy of CT combined with MRI in malignant 
parotid tumors. Using the features of CT and 
MRI, the strong points of both were achieved by 
combined application. It was previous reported 
that in CT images, pleomorphic adenomas 
showed round or oval soft tissue mass; adeno-
lymphomas showed round cystic mass, heman-
giomas showed characteristically popcorn-
shaped changes; mucoepidermoid carcinoma 
showed irregular in contour of tumors; adenoid 
cystic carcinomas could invade the surround- 
ing structures and display a regular or irregular 
boundary; parotid gland metastases lacked 
smooth in boundary and are located in the 
deep lobes [11]. Therefore, contrast-enhanced 
CT has certain advantages in judging the histo-
morphology of tumors and can quickly perform 
differential diagnosis between benign and 
malignant parotid tumors through morphologi-
cal analysis [28]. In this study, benign parotid 
tumors had continuous and well-defined bound-
ary, while malignant parotid tumors had 
obscure boundary, which is consistent with the 
above study. However, studies have also report-
ed that although CT can quickly conduct differ-
ential diagnosis between benign and malignant 

parotid tumors, the diagnostic accuracy and 
specificity were inadequate, and radiation risk 
and contrast agent tolerance were the limita-
tions of CT [29].

MRI was helpful to accurately identify the posi-
tion of different tumors through the analysis of 
blood flow signals, including tumor size, loca-
tion, nature, invasion and lymph node metasta-
sis, which is more convincing than the morpho-
logical observation of CT images [30]. For 
example, T1 and T2 weighted images could 
clearly display the texture of malignant parotid 
tumor, including the areas of normal and dis-
eased tissues. It was reported that malignant 
parotid tumors could be distinguished through 
obscure boundary, cystic components, low T2 
signal intensity, necrosis and infiltration to 
adjacent tissues in conventional MRI images 
[31]. In this study, the results of the DCE-MRI 
time-signal intensity curve showed that benign 
tumors were mainly type I and II, while malig-
nant tumors were mostly type III. It was indicat-
ed that it was not possible to evaluate only the 
shape and size of tumor in the clinical diagno-
sis of benign and malignant parotid tumors. 
The results of this study suggested that there 
was a close correlation of malignant tumors 
with boundary definition, calcification and cys-
tic degeneration rates, ADC, and DCE-MRI time-
signal intensity curves. Our analysis showed 
that in the progression of malignant tumors, 
the malformations rate of vascularization 
caused by the compression of local tissues was 
obviously increased, because tumor cells need 
to absorb more nutrients in the process of pro-
liferation. The following inflammation would fur-
ther aggravate the deterioration of tumor. 

Some studies have showed that the ADC value 
can reflect the degree of angiogenesis under 
the condition of eliminating blood perfusion 
interference [32]. In this study, it was found 
that the ADC value in the benign group was 

Table 5. Comparison of diagnostic efficiency among computerized tomography (CT) alone, magnetic 
resonance imaging (MRI) alone and the combined application

Diagnostic methods
True 

positives 
(Cases)

False 
positive 
(Cases)

True 
negatives 
(Cases)

False negatives 
(Cases)

Sensitivity  
[% (n/m)]

Specificity  
[% (n/m)]

CT 22 32 19 9 70.96 (22/31) 37.25 (19/51)
MRI 25 40 13 4 86.21 (25/29) 39.62 (13/53)
CT combined with MRI 36 26 18 2 94.74 (36/38) 40.91 (18/44)

Table 6. Comparison of ROC results of CT, 
MRI and the combined application for parotid 
cancer
Groups AUC SE 95% CI
CT 0.578 0.050 0.497~0.785
MRI 0.648 0.039 0.462~0.819
CT plus MRI 0.791 0.043 0.667~0.903
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1.72±0.22, which was significantly higher than 
that in the malignant group (1.01±0.14). The 
possible reasons were as follows: the nuclei of 
malignant tumor cells were significantly larger 
than those of benign tumor cells, and the shape 
of malignant tumor cells was irregular, so the 
increasing growth rate was faster and the 
growth pattern was also irregular, thereby the 
local water diffusion capacity in the lesion was 
reduced. All of these resulted in an increase in 
the degree of neovascular malformations, and 
the reduction of local elasticity of the deformed 
blood vessels which could lead to an increase 
in blood flow resistance, ultimately decreasing 
the ADC value. Previous studies have showed 
that there was a certain correlation between 
ADC values and the deterioration of tumors, 
which is similar to the results of this study [33]. 
It was more convincing to judge the invasive 
ability of tumors by analyzing the metabolic 
capacity of the local tissue in tumor by the con-
ditions of blood perfusion (ADC value). However, 
the disadvantage was that the morphological 
analysis could not be well performed by using 
MRI alone. Therefore, there were certain limita-
tions of MRI or CT alone for patients with parot-
id tumors. In additional, the AUC of combined 
application was obviously more than that of CT 
or MRI alone, with remarkable statistical differ-
ences. It was indicated that CT combined with 
MRI had significant advantages in the term of 
diagnosing parotid malignant tumors, which is 
in accordance with previous reports [34].

The current study has some shortcomings that 
should be recognized. First, this is a retrospec-
tive study, which could not conduct blind analy-

sensitivity and specificity in detecting malig-
nant parotid tumors, the combination of the 
two yields a higher diagnostic efficacy. A satis-
factory finding of combined application seems 
to be achieved by analysis of morphology and 
blood flow signal. So, this combination has the 
potential to play an important role in the diag-
nosis and prognosis assessment of malignant 
parotid tumors, and must be further inves- 
tigated.
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