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Differential diagnostic value of tumor morphology, long/
short diameter ratio, and ultrasound gray-scale ratio for 3
parotid neoplasms
Feifei Xia, SM,a Wenjuan Qin, SM,b Jia Feng, SM,b Xuyang Zhou, SM,c Ercan Sun, SM,a
Jiang Xu, SM,a and Changxue Li, SMa
Objective. The objective of this study was to evaluate the value of tumor morphology, long-to-short diameter ratio (L/S), and ultrasound gray-scale ratio (UGSR) in the differential diagnosis of 3 parotid neoplasms.
Study Design. Preoperative ultrasound images of 17 patients with a malignant tumor (MT), 48 patients with pleomorphic adenoma (PA), and 39 patients with adenolymphoma (AL) were analyzed for imaging features and gray-scale histograms. Tumor morphology, L/S, and UGSR of MT, PA, and AL were compared. Receiver operating characteristic analysis of area under the curve
(AUC), sensitivity, and specificity were used to measure the differential diagnostic efficacy of L/S, UGSR, and both combined
with tumor morphology.
Results. Morphologic features, L/S, and UGSR differed significantly in various pairwise comparisons of the 3 tumor types. Acceptable discrimination was detected between MT and AL with UGSR alone (AUC = 0.771) and between PA and AL with L/S and
UGSR combined (AUC = 0.741). The combination of tumor boundary with UGSR yielded excellent discrimination between MT
and PA (AUC = 0.853) and between MT and AL (AUC = 0.885), with sensitivity and specificity values greater than 0.800.
Conclusions. These ultrasound parameters, alone or in combination, can provide a method for accurate presurgical differential
diagnosis of parotid tumors. (Oral Surg Oral Med Oral Pathol Oral Radiol 2022;134:484 491)

Parotid gland tumors account for 3% of head and
neck neoplasms, of which approximately 20% are
malignant tumors (MT) and 80% are benign. Pleomorphic adenoma (PA) is the most common benign tumor,
followed by adenolymphoma (AL).1-3 The clinical
manifestations of malignant and benign tumors of the
parotid gland are similar, but the surgical treatment
and postoperative outcomes are quite different, so it is
important to differentiate malignant from benign
lesions and distinguish different histologic types before
surgery.4
Ultrasonography (US) is considered the first-line
diagnostic imaging method to assess lymph nodes and
soft tissue lesions of the head and neck region, including tumors in the salivary glands.5-6 Consequently,
numerous studies have focused on the differential diagnosis of parotid neoplasms by US.3-8 These lesions
have different properties and morphologic features.
Unfortunately, there is a substantial overlap between
them, so the differential diagnosis on the basis of US
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has always been inadequate. Moreover, interpretation
of US findings is mainly dependent on subjective,
naked eye judgment and the clinical experience of an
ultrasonographer rather than measurable evidence,
leading to unsatisfying results.
A degree of objectivity in the US interpretation of
parotid tumors can be provided by 2 parameters: measurement of the ratio of the long diameter of the tumor
to the short diameter (L/S) and the ultrasound grayscale ratio (UGSR), defined as the ratio of the grayscale of the parotid neoplasm to the surrounding normal parotid tissues under the same operating conditions.7 L/S does not depend on the skills of the
ultrasonographer or the sensitivity or quality of the US
machine. It is a quantitative means of assessing tumor
shape, related to the texture and elasticity of the solid
tumor to some extent, and can be easily obtained. L/S
has been shown to be helpful in the differential diagnosis of PA and AL.8
UGSR is valuable because there is a strong correlation between the intensity of echogenicity and the gray
scale of the ultrasound image.9 The intensity is shown
in a black to white gray scale, reflecting differences
between nodules and surrounding tissues. However,

Statement of Clinical Relevance
The parameters of tumor boundary, long/short diameter ratio, and ultrasound gray-scale ratio, alone or
combined, provide acceptable to excellent presurgical discrimination between malignant tumors, pleomorphic adenoma, and adenolymphoma in the
parotid gland.
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the gray scale is also affected by other factors, such as
gain level, dynamic range, and frequency. Therefore,
there is no applicable method for gray-scale level measurement of all ultrasonic images. However, no matter
how the gray-scale level changes in parotid neoplasms,
there is still a “low” and “high” relative ratio between
gray-scale levels of nodules and the surrounding
parotid tissue. Studies have shown that UGSR has a
certain value in the differential diagnosis of thyroid
and breast diseases.8-10
Research indicates that there are differences between
benign and malignant tumors and between benign
tumors of different histologic types regarding texture,
elasticity, and the mean gray levels of ultrasonic
images.3,4,7,8 We predicted that tumor morphology, L/
S, and UGSR would differ among MT, PA, and AL.
Therefore, the objective of this study was to compare
the tumor morphologic parameters of boundary, shape,
echotexture, anechoic area, and high rear echo; the L/S
ratio; and UGSR of MT, PA, and AL in the parotid
glands. We hypothesized that these parameters, considered separately or in combination, would differ significantly between the tumors, thereby aiding in the
formulation of differential diagnoses.

MATERIALS AND METHODS
Patient Selection
In this retrospective analysis, 243 consecutive patients
with parotid neoplasms treated in the First Affiliated
Hospital of the Medical College of Shihezi University
from January 2014 to November 2020 were initially
included. We excluded 59 patients because of controversial pathologic diagnosis, leaving 184 patients who
were diagnosed with MT, PA, or AL in the parotid
gland. Next, 47 patients with no preoperative parotid
ultrasound examination were excluded, resulting in
137 patients. Finally, 33 patients were excluded
because of unclear or incomplete US images. In total,
104 patients were included in the study (Figure 1).
There were 17 patients (11 males and 6 females) in the
MT group, 48 patients (23 males and 25 females) in
PA group, and 39 patients (38 males and 1 female) in
AL group. The research was approved by the ethics
committee of the First Affiliated Hospital of the Medical College. Written informed consent was waived
owing to the noninterventional and retrospective nature
of this study.
US examination
The Philips EPIQ5 color Doppler ultrasonography unit
(Philips Medical Systems, Amsterdam, Netherlands)
was used with a probe frequency of 7 to 15 MHz. The
patients were positioned to fully expose the parotid
region. After smearing an appropriate amount of coupling agent, the probe was placed perpendicular to the
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Fig. 1. The recruitment pathway of patients in this study.
MT, malignant tumor; PA, pleomorphic adenoma; AL, adenolymphoma.

scan surface with minimal pressure applied to the face,
and longitudinal (vertical) ultrasound scans were performed on the parotid glands. The lesions were localized, and the ultrasonographic features of each tumor
were observed, including boundary, shape, echotexture, anechoic areas, high rear echo, and the long and
short diameters to allow calculation of the L/S diameter
ratio. The images were saved in the original data of the
Digital Imaging and Communications in Medicine format.
Image acquisition and analysis
US data selected from the picture archiving and communication systems (PACS) were independently analyzed by a physician who was experienced in US
diagnosis and a chief physician in oral and maxillofacial surgery. Both examiners were blinded to the pathologic diagnoses of the tumors.
The following ultrasound image features of tumor
morphology in the 104 lesions were analyzed:
1 Boundary, classified as clear (with complete capsule
echo) or unclear (blurred with surrounding parotid
tissue, no obvious capsule echo).
2 Shape, classified as regular (round or oval) or irregular (lobulated edge or “burr sign”).
3 Echotexture, characterized as homogeneous (when
the tumor contained echolucent areas only) or heterogeneous (when the lesion contained echolucent
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Fig. 2. A 48-year-old woman with an MT (acinar cell carcinoma) in the right parotid gland. (A) A homogeneous hypoechoic mass
with a clear boundary and irregular shape was detected by gray-scale ultrasonography. Anechoic areas were not observed. A high
rear echo was detected. The long diameter and short diameter were 1.41 and 1.35 cm, respectively, with a long-to-short diameter
ratio of 1.04. (B) A region of interest (ROI) was drawn along the edge of the parotid tumor and marked with red filling. A round
ROI was selected in the normal parotid tissue image area around the lesion and filled with green. (C) The software automatically
generated gray histogram and gray characteristic parameters including the average gray values of the parotid neoplasm and the
surrounding normal parotid tissues. Based on the histogram of the tumor ROI, the mean value of the gray scale was 120.70. (D)
The ROI histogram of the normal parotid tissues had a mean gray value of 166.34.

areas and distinct areas of clearly increased or
decreased echogenicity).
4 Anechoic areas, characterized by the presence of
cystic components that appeared anechoic.
5 High rear echo, characterized by the presence of
echolucent areas that were significantly increased
below the tumor region.
6 Long diameter (the longest axis of the tumor) and
short diameter (the anteroposterior diameter perpendicular to the long diameter), measured in cm,
which were used to calculate L/S.
Data regarding the categorical image features of
boundary, shape, echotexture, anechoic areas, and high
rear echo were entered independently by the 2 physicians. In cases of disagreement, consensus was reached
by discussion. The 2 physicians independently measured the long and short diameters of each tumor, from
which L/S was calculated. The mean values of their
measurements were used for statistical analysis.
After downloading the images through PACS, the 2
physicians used Mazda 4.6 software11 (http://www.ele
tel.p.lodz.pl/mzada/) together to complete the gray histogram texture analysis. A region of interest (ROI) was
drawn along the edge of the parotid tumor and marked
with red filling. A round ROI was selected in the normal parotid tissue image area around the lesion and
filled with green, and the software automatically

generated gray histogram and gray characteristic
parameters including the average gray values of the
parotid neoplasm and the surrounding normal parotid
tissues. Examples are shown in Figures 2, 3, and 4.
Finally, the UGSR was calculated.
Statistical analysis
SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis of the data. The chi-square test was
employed to compare the differences of boundary,
shape, echotexture, and anechoic areas among MT,
PA, and AL, and for pairwise comparisons of MT vs
PA, MT vs AL, and PA vs AL. Due to the small numbers of expected frequencies in some cells, the Fisher
exact test was used to compare the differences in high
rear echo among PA and AL. The alpha level for significance was established at P < .05 for overall comparisons among the tumor groups but was lowered
from .05 to .017 using the Bonferroni correction for
pairwise comparisons.
All numeric data were reported as mean § standard
deviation (SD) in cm. Since measurements of the short
diameter had a normal distribution, the t test was used
for comparisons of this parameter among MT, PA, and
AL. The long diameter, L/S, and UGSR values were
non-normally distributed and were analyzed with the
Kruskal-Wallis (K samples) test. SPSS 22.0 was
used to generate the receiver operating characteristic
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Fig. 3. A 46-year-old woman with a PA in the right parotid gland. (A) A heterogeneous hypoechoic mass with an unclear boundary and irregular shape was detected by gray-scale ultrasonography. Anechoic areas were not observed. A high rear echo was
observed. The long diameter and short diameter were 2.33 and 1.41 cm, respectively, with a long-to-short diameter ratio of 1.65.
(B) A region of interest (ROI) was drawn along the edge of the parotid tumor and marked with red filling. A round ROI was
selected in the normal parotid tissue image area around the lesion and filled with green. (C) The software automatically generated
gray histogram and gray characteristic parameters including the average gray values of the parotid neoplasm and the surrounding
normal parotid tissues. Based on the histogram of the tumor ROI, the mean value of the gray scale was 45.41. (D) The ROI histogram of the normal parotid tissues had a mean gray value of 114.20.

Fig. 4. A 60-year-old man with an AL in the right parotid gland. (A) A heterogeneous hypoechoic mass with a clear boundary and
irregular shape was detected by gray-scale ultrasonography. Anechoic areas and high rear echo were observed. The long diameter
and short diameter were 2.09 and 0.97 cm, respectively, with a long-to-short diameter ratio of 2.15. (B) A region of interest (ROI)
was drawn along the edge of the parotid tumor and marked with red filling. A round ROI was selected in the normal parotid tissue
image area around the lesion and filled with green. (C) The software automatically generated gray histogram and gray characteristic parameters including the average gray values of the parotid neoplasm and the surrounding normal parotid tissues. Based on the
histogram of the tumor ROI, the mean value of the gray scale was 53.39. (D) The ROI histogram of the normal parotid tissues had
a mean gray value of 134.47.
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(ROC) curve, with sensitivity as the ordinate and
1 specificity as the abscissa. On this curve, the closer
the point was to the upper left corner, the higher the
sensitivity and specificity. The point that was the closest to the upper left corner represented the best cutoff
value to maximize sensitivity and specificity. The area
under the ROC curve (AUC) was calculated to estimate
the overall accuracy of the parameters. Diagnostic performance was calculated using the cutoff values
according to the Youden index, which is defined as the
maximum of sensitivity + specificity 1 over all possible decision thresholds. P < .05 was considered statistically significant.

RESULTS
Comparison of tumor morphology
Overall comparisons revealed significant differences in
boundary, shape, high rear echo, long diameter, and
short diameter among groups (P  .016). Pairwise
comparisons discovered which specific groups were
significantly different. The boundary of MT was more
unclear than that of PA and AL (P < .001), but there
was no significant difference between PA and AL
(P = .736). The shape of MT was more irregular than
that of AL (P = .007), but there was no significant difference between MT and PA or between PA and AL (P
 .050). High rear echo was less common in MT than
in PA (P = .001), but there was no significant

difference between MT and AL or between PA and AL
(P  .040). The long diameter of AL was significantly
greater than that of MT (P = .001). The short diameter
of AL was significantly longer than the short diameter
of MT (P = .006) and PA (P = .005). No significant differences were discovered among the tumor groups
regarding echotexture or the presence of anechoic areas
(P  .273). All data are listed in Table I.

Comparison of L/S and UGSR
Overall comparisons revealed significant differences in
L/S and UGSR among groups (P  .010). Pairwise
comparisons discovered which specific groups were
significantly different. The average L/S values of MT,
PA, and AL were 1.604 § 0.331, 1.443 § 0.230, and
1.633 § 0.335, respectively. Pairwise comparisons
showed that the L/S value of AL was higher than that
of PA, and the difference approached significance
(P = .018). There was no significant difference between
the L/S values of MT and PA (P = .101) or AL
(P = .824). The average UGSR values of MT, PA, and
AL were 0.519 § 0.151, 0.429 § 0.152, and 0.359 §
0.141, respectively. Pairwise comparison between the
3 groups revealed that the UGSR value of MT was significantly higher than that of PA (P = .002) and AL
(P = .001), but the difference between PA and AL
(P = .029) was not significant (Table II).

Table I. Tumor morphology of MT, PA, and AL
Parameters

Boundary
Clear
Unclear
Shape
Regular
Irregular
Echotexture
Homogeneous
Heterogeneous
Anechoic areas
Yes
No
High rear echo
Yes
No
Long diameter

Short diameter

Tumor classification

Among groups
P value

Comparison between
groups

Pairwise comparison
P value

< .001*

1 VS 2
1 VS 3
2 VS 3
1 VS 2
1 VS 3
2 VS 3
1 VS 2
1 VS 3
2 VS 3
1 VS 2
1 VS 3
2 VS 3
1 VS 2
1 VS 3
2 VS 3
1 VS 2
1 VS 3
2 VS 3
1 VS 2
1 VS 3
2 VS 3

< .001*
< .001*
.736
.173
.007*
.050
.446
.383
.836
.522
.562
.107
.001*
.157
.040
.045
.001*
.131
1.000
.006*
.005*

MT (1)

PA (2)

AL (3)

3 (17.6)
14 (82.4)

38 (79.2)
10 (20.8)

32 (82.1)
7 (17.9)

3 (17.6)
14 (82.4)

17 (35.4)
31 (64.6)

22 (56.4)
17 (43.6)

3 (17.6)
14 (82.4)

15 (31.2)
33 (68.8)

13 (33.3)
26 (66.7)

6 (35.3)
11 (64.7)

13 (27.1)
35 (72.9)

17 (43.6)
22 (56.4)

11 (64.7)
6 (35.3)
1.150 § 0.642

46 (95.8)
2 (4.2)
1.626 § 0.630

32 (82.1)
7 (17.9)
1.921 § 0.669

.001*

2.191 § 1.157

2.370 § 0.996

3.016 § 0.869

.002*

.016*

.477

.273

.005*

n, number of cases; MT, malignant tumor; PA, pleomorphic adenoma; AL, adenolymphoma.
*Statistically significant difference: P < .05 for comparisons among groups, P < .017 for pairwise comparisons, Tumor classification for categorical parameters reported as number (%). Tumor classification for numerical parameters reported as mean § standard deviation in cm.
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Table II. L/S and UGSR of MT, PA, and AL
Parameters

Tumor classification

Among groups
P value

Comparison
between groups

Pairwise comparison
P value

1 VS 2
1 VS 3
2 VS 3
1 VS 2
1 VS 3
2 VS 3

.101
.824
.018
.002*
.001*
.029

MT (1)

PA (2)

AL (3)

L/S

1.604 § 0.331

1.443 § 0.230

1.663 § 0.335

.010*

UGSR

0.519 § 0.151

0.429 § 0.152

0.359 § 0.141

< .001*

MT, malignant tumor; PA, pleomorphic adenoma; AL, adenolymphoma; L/S, ratio of the long diameter to the short diameter; UGSR, ultrasound
gray-scale ratio.
*Statistically significant difference. P < .05 for comparisons among groups, P < .017 for pairwise comparisons.

ROC analysis
For L/S, the AUC, sensitivity, specificity, Youden
index, and optimal cutoff value for distinguishing
PA from AL were 0.698, 0.872, 0.500, 0.372, and
1.406, respectively. For UGSR, the AUC, sensitivity,
specificity, Youden index, and optimal cutoff value
for distinguishing MT from AL were 0.771, 0.824,
0.641, 0.465, and 0.404, respectively. For the combination of L/S and UGSR in the diagnosis of PA and
AL, the AUC, sensitivity, specificity, Youden index,
and optimal cutoff value were 0.741, 0.744, 0.687,
0.431, and 0.409, respectively. However, the diagnostic efficacy of tumor boundary features combined
with UGSR in the differential diagnosis of MT and
PA as well as MT and AL were generally better,
with AUC, sensitivity, and specificity values all
exceeding 0.800, as shown in Table III.

DISCUSSION
Although 80% of parotid tumors occur in the superficial lobe of the parotid gland, and surgical resection is
the most common management, the treatment of
benign and malignant tumors is completely different.
Malignant tumors often need radical resection, whereas
benign lesions can be treated with modified or functional parotidectomy. In addition, the postoperative
recurrence rates of benign tumors vary among different
histologic types. Therefore, the preoperative discrimination of benign vs malignant parotid neoplasms and
between the histologically different benign lesions is

very important for perioperative preparation, selection
of surgical treatment, and communication about the
disease.4,12,13
Studies have shown that sensitivity and specificity of
US features in distinguishing benign and malignant
tumors of the parotid gland range from 46.2% to 84%
and from 88% to 98%, respectively. The sensitivity
and specificity in discriminating between PA and AL
have been reported to range from 57% to 96% and
55% to 82% in 2 studies.4,14 US of MT has revealed
unclear edges, irregular shapes, and uneven echo of
structure.7 PA appears as a hypoechoic mass with a
clear boundary, lobulated shape, and uniform internal
echo with posterior enhanced echo, whereas AL often
is a hypoechoic lesion with a clear boundary, regular
round or oval shape, a solid or partially cystic structure,
and inhomogeneous internal echoes.15 In the present
study, statistically significant differences were revealed
in boundary, shape, and long and short diameters
among and between groups; however, there were no
significant differences in echotexture or anechoic areas
among groups, consistent with other research.16,17
The use of these US features to distinguish common
parotid tumors depends on the subjective judgment of
the radiologists in imaging diagnostics.15 Lack of
objectivity can be addressed with quantitative measures such as L/S ratio, one of the most basic characteristics of tumors that has been widely used to evaluate
lymph node diseases.18 The UGSR value, although
acquired with different time compensation gain,

Table III. ROC analysis of solitary and multiple parameters to diagnose MT, PA, and AL
Parameters

Tumor group

AUC

Sensitivity

Specificity

Youden index

Optimal cutoff value

L/S
USGR
L/S + UGSR
Boundary + UGSR
Boundary + UGSR

PA, AL
MT, AL
PA, AL
MT, PA
MT, AL

0.698
0.771
0.741
0.853
0.885

0.872
0.824
0.744
0.813
0.846

0.500
0.641
0.687
0.824
0.824

0.372
0.465
0.431
0.637
0.670

1.406
0.404
0.409
0.610
0.661

AUC, area under the curve; L/S, ratio of the long diameter to the short diameter; PA, pleomorphic adenoma; AL, adenolymphoma; UGSR, ultrasound gray-scale ratio; MT, malignant tumor.
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frequency, and scanning depth, can objectively reflect
the change of echo intensity in the tumor area to a certain extent.19 Ultrasonic echo intensity is completely
different from the ultrasonic gray scale, but there is a
positive correlation between them. Echo intensity
ranges from weak to strong, the sound spectrum image
from black to white, and the gray value from low to
high. The echo intensity of the focus ROI tumor area
can be reflected by measuring the gray values on the
ultrasound image.9,10,19 Therefore, the ratio of gray
values between the focus areas in the tumor and the
surrounding gland in UGSR can meet the need for standardized operating conditions.
In the present study, we found that the L/S value
of PA was smaller than that of AL, with the difference bordering on significance, which was consistent with the results reported by Miao et al.8 L/S is
related to the texture and elasticity of the tumor to
some extent. A low L/S value indicates that the
tumor is less elastic and relatively hard, whereas
high L/S values show that the tumor is more elastic
and relatively soft. The epithelial and interstitial
components of PA, such as cartilage and mucus-like
tissue, have complex pathologic structures and are
relatively hard, whereas AL contains mostly cystic
areas, including epithelial and lymphoid tissues,
whose hardness is relatively low. This finding was
confirmed by our results.
Reportedly, the hardness of MT is greater than that of
benign tumors, and the L/S ratio should be lower in MT
than in benign neoplasms. The L/S of MT in this study
was slightly higher than that of benign tumors PA and AL,
although the differences were not statistically significant.
The reason may be that there is some overlap between
low-grade malignant tumors and benign tumors, and the L/
S value is not suitable for cases in which more than half of
the tumor focus areas of the parotid gland are cystic.8,20,21
However, most of the malignant tumors selected in this
study were low-grade lesions, which resulted in a slightly
higher L/S ratio in MT than in PA. Follow-up investigations need to collect larger numbers of malignant parotid
tumors to explore the differences in L/S between different
tumor grades.
We found that the UGSR of MT was significantly
higher than that of PA and AL. The UGSR value of PA
was larger than that of AL, but the difference was not
statistically significant. UGSR is used to distinguish
various diseases in the breast and the thyroid and
parotid glands.9,10,22 Chen et al.10 indicated that UGSR
is an objective and quantitative method to evaluate the
echo degree of thyroid nodules and has different diagnostic effects for different sizes of nodules.10 The ROI
of the focus selected in our study was the imaging area
of the entire tumor. The ratio of the average gray value
of the lesion to the average gray value of the
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surrounding normal parotid tissue can eliminate the
influence of operating factors—such as compensation
gain and scanning frequency to some extent—and
objectively reflect the change of echo intensity of the
diseased tissue.
Yonetsu et al.23 analyzed the mean gray values and
SD of echo intensity of 21 benign parotid tumors and
22 malignant lesions and found that the average gray
value of cancer was significantly higher than that of
PA and AL, which is consistent with the findings of the
present investigation.23 They also found that the average gray value of PA was significantly higher than that
of AL.23 The relationship between the pathologic tissue
and the internal structure of parotid tumors is not clear.
Reportedly, most of the weakly hyperechoic structures
on ultrasound images consist of connective tissue, zona
pellucida, necrosis, and keratinized substances, different contents of which lead to different average gray
values. It will be necessary to compare the characteristics of gray ultrasound histograms of the parotid gland
with histopathologic patterns to explore the relationship between image features and histology.
We found that tumor boundary, L/S, and UGSR
revealed significant differences in values in overall
comparisons of the 3 types of tumors. Therefore,
ROC analyses were performed for the ability of these
parameters, individually and combined, to discriminate between MT, PA, and AL. A commonly used
scale for interpretation of AUC states that values of
0.5 to 0.7 indicate poor ability of the test to discriminate between lesions, 0.7 to 0.8 represents acceptable
discrimination, 0.8 to 0.9 is excellent, and values >
0.9 are outstanding.24 The efficacy of L/S in discriminating PA from AL was represented by AUC of
0.698, sensitivity of 0.872, and specificity of 0.500.
Although the sensitivity level was good, AUC was
approximately 0.7. This result means that L/S values
are at best acceptable for distinguishing PA from
AL. The use of UGSR alone to distinguish MT from
AL (AUC of 0.771) and the combination of L/S and
UGSR to discriminate between PA and AL (AUC of
0.741) were found to be acceptable.
However, the diagnostic efficacy of tumor boundary
and UGSR together was greatly improved. This combination led to excellent discrimination between MT and
PA (AUC = 0.853) and between MT and AL
(AUC = 0.885). In both cases, sensitivity and specificity values each exceeded 0.800, which fulfilled the
expectation that the sum of these values should exceed
1.5 for tests to be effective.25
Some limitations should be noted in our study.
The evaluation of each case was retrospective. Also,
the tumors themselves existed 3-dimensionally, and
the diameter of the long axis was measured on a 2-D
image, which could not always show the longest
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diameters, so selection bias is inevitable. Despite
selecting the focus ROIs over as much of the tumor
area as possible, the placement of ROIs was still performed in a manual pattern, which could result in a
potential sampling bias. It is hoped that in the future,
artificial intelligence technology will help achieve
automatic delineation of ROIs to solve this problem.
Subtype analysis of histologically different malignant tumors in the parotid gland was not carried out,
but the sample size of MTs will be increased in the
future, and subgroup analysis will be carried out to
improve the value of clinical application.
In conclusion, the morphologic properties of tumor
boundary, shape, high rear echo, long and short tumor
diameters, L/S, and UGSR differed significantly in various pairwise comparisons of the 3 tumor types. UGSR
alone yielded an acceptable distinction between MT and
AL. When L/S was combined with UGSR, the AUC
value indicated acceptable discrimination between PA
and AL. The combination of boundary with UGSR
yielded excellent discrimination between MT and PA
and between MT and AL. This result suggests a new
method for accurate presurgical differential diagnosis of
parotid tumors in clinical work without increasing the
economic burden to patients.
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