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Abstract 

Background The purpose of this study was to identify neurogenic tumours and pleomorphic adenomas of the para-
pharyngeal space based on the texture characteristics of MRI-T2WI.

Methods MR findings and pathological reports of 25 patients with benign tumours in the parapharyngeal space 
were reviewed retrospectively (13 cases with pleomorphic adenomas and 12 cases with neurogenic tumours). Using 
PyRadiomics, the texture of the region of interest in T2WI sketched by radiologists was analysed. By using independ-
ent sample t-tests and Mann‒Whitney U tests, the selected texture features of 36 Gray Level Co-Occurrence Matrix 
(GLCM) and Gray Level Dependence Matrix (GLDM) were tested. A set of parameters of texture features showed statis-
tically significant differences between the two groups, which were selected, and the diagnostic efficiency was evalu-
ated via the operating characteristic curve of the subjects.

Results The differences in the three parameters – small dependence low level emphasis (SDLGLE), low level empha-
sis (LGLE) and difference variance (DV) of characteristics – between the two groups were statistically significant 
(P < 0.05). No significant difference was found in the other indices. ROC curves were drawn for the three parameters, 
with AUCs of 0.833, 0.795, and 0.744, respectively.

Conclusions There is a difference in the texture characteristic parameters based on magnetic resonance T2WI 
images between neurogenic tumours and pleomorphic adenomas in the parapharyngeal space. For the differential 
diagnosis of these two kinds of tumours, texture analysis of significant importance is an objective and quantitative 
analytical tool.
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There is a potential tissue space known as the para-
pharyngeal space (PPS) that occupies the upper part 
of the neck, extending from the base of the skull to the 
hyoid bone. It is composed of a complex structure. PPS 
tumours are uncommon and account for less than 1% of 
all head and neck neoplasms [1]. PPS is anatomically sur-
rounded by several important structures, including the 
anterior styloid space and posterior styloid space formed 
by the styloid process. A majority of PPS tumours are 
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benign [2], and pleomorphic adenomas originating from 
small salivary glands are the most common ones, usu-
ally occurring in the anterior styloid septum, followed by 
neurogenic tumours, usually originating in the posterior 
styloid septum [3–6]. Only 20% of tumours are malig-
nant [7]. As the tumour is hidden in the parapharyn-
geal space, the early symptoms may not be apparent. A 
parapharyngeal space tumour is generally large in size 
when the patient visits a physician. It is common for the 
diagnosis to be incorrect due to the difficulty of deter-
mining the anatomical location alone. At present, MRI 
imaging is an effective method for evaluating head and 
neck diseases. A texture analysis of MRI is a relatively 
newly developed technology that describes the pixel 
value features that are invisible to the naked eye, which 
can illustrate small changes in pixel value. In MRI, tex-
ture analysis is a method for the noninvasive differentia-
tion of PPS tumours, a useful technique for the selection 
of treatment plans and the assessment of prognosis. PPS 
tumours are treated with surgery as the first option. A 
variety of surgical approaches have been described in 
the literature, including the transcervical approach, the 
parotid approach, the oral approach, and the mandibu-
lar approach [8]. In most cases of benign tumours in the 
parapharyngeal space, the transcervical approach is the 
most commonly used surgical approach [8–11]. Due to 
many surgical complications associated with neurogenic 
tumours, such as nerve injury and massive haemorrhage, 
surgical risks should be fully explained to patients before 
surgery.

Methods
Patients
From January 2018 to January 2022, 25 cases of PPS 
tumours (10 males and 15 females) were retrospectively 
collected, ranging in age from 20 to 79 years old, including 
12 cases of neurogenic tumours (8 cases of neurilemmoma, 
2 cases of neurofibroma, and 2 cases of paraganglioma), 
13 cases of pleomorphic adenoma, 13 cases with lesions 
occurring on the left side, 12 cases on the right side, 6 
patients with anti-inflammatory treatment experiences, 
and the remaining patients were initial cases. The chief 
clinical symptoms of all patients included 5 cases of sen-
sation of a foreign body in the pharynx, 5 cases of lateral 
wall bulge of the oropharynx noticed by patients, 6 cases 
of painless mass in the upper neck, and 9 cases of pain and 
dysphagia. Before surgery, MR imaging was performed for 
every patient. Criteria for inclusion included patients with 
PPS neurogenic tumour and pleomorphic adenoma con-
firmed by pathology after surgery, while patients served 
complete and clear preoperative MR imaging. The crite-
ria for exclusion were as follows: cases in which the larg-
est diameter of the tumour was less than 5  mm, difficult 

delineation of lesions, no clear surgical records or patho-
logical information, and poor MRI quality. This study fits 
the point of view in the 1975 Helsinki Declaration, which 
was revised in 2013 and was approved by the Ethics Com-
mittee of China-Japan Union Hospital of Jilin University. 
All patients signed the informed consent form.

The method of MRI examination
MRI was performed using a Siemens MagnetomAvanto 
l.5  T nuclear magnetic resonance machine in coronal, 
sagittal, and transverse planes. Fast spin echo T1WI and 
T2WI sequences and fat inhibition and water inhibition 
T2WI sequences were the scanning sequences. Diffusion-
weighted images were obtained in the coronal plane. On 
the basis of DWI, an ADC diagram was generated. The TR/
TE was 7500  ms/80  ms, the FOV was 300 × 320  cm, the 
matrix size was 256 × 256, the layer thickness was 3  mm, 
the number of layers was 30, the layer spacing was 1 mm, 
and the b value was 800 s/mm2. All patients underwent a 
T1WI fat suppression enhancement scan, and 15 ml of gad-
olinium diamine was administered intravenously. Changes 
in the lesions following enhancement were used to evaluate 
the relationships between the tumour and adjacent tissues 
and blood vessels.

ROI segmentation of tumours
The high-resolution T2WI original DICOM images of 
25 patients were imported into the Shenrui Multimodal 
Research Platform (http:// keyan. deepw ise. com, v1.6.2). 
Two senior imaging physicians drew the ROI layer by layer 
along the tumour’s edge on T2WI images. The ROI showed 
necrosis, cystic changes, and bleeding components within 
the tumour (Fig.  1). The computer automatically gener-
ated the three-dimensional volume of interest (VOI) of the 
lesion by avoiding the surrounding oedema. Disagreements 
between physicians were resolved via discussion.The repro-
ducibility of radiomic features was assessed using intraclass 
correlation coefficient(ICC). Features with an ICC > 0.75 
were selected for statistical analysis.In the neurogenic 
tumour group and the pleomorphic adenoma group, the 
ADC values were measured separately, and cystic necrosis 
and bleeding were avoided.

Extraction of MRI texture features
A B-spline interpolation resampling was used, and the ani-
sotropic voxels were resampled to form isotropic voxels of 
2.0 mm × 2.0 mm. The MRI images were then normalized 
by centring them at the mean with standard deviation.

(s = 100; μχ represents the mean value; σ represents the 
standard deviation).

f(x) =
s(x − µx)

σx

http://keyan.deepwise.com
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After obtaining the results of tumour segmentation, 
two characteristics were extracted from the original 
T2WI sequence images using the open-source PyRadi-
omics toolkit software according to the original T2WI 
sequence images: the 36 texture characteristic param-
eters comprised 22 characteristics of the GLCM and 14 
characteristics of the GLDM (Fig. 2).

Statistical analysis
The 36 extracted texture feature parameters were sta-
tistically analysed using SPSS 22.0 software(IBM 
Corp.,Armonk, NY, USA). The normal distribution data 
were expressed as the mean ± standard deviation (‾x ± s) 
and compared by using the independent samples t test; 
the nonnormal distribution data were compared using 
the Mann‒Whitney U test, and the difference was statis-
tically significant (P < 0.05). Then, the receiver operating 
characteristic curve (ROC) was drawn for the statisti-
cally significant parameters, and the area under the curve 
(AUC), sensitivity and specificity were calculated, as well 
as the effectiveness of the model in predicting neurogenic 
tumours and pleomorphic adenomas in the parapharyn-
geal space.

Results
Patients’ general information
There was no significant difference in age, sex, tumour 
location, pain level, or maximum tumour diameter 
among the 25 patients with PPS tumours (as shown in 
Table 1).

Comparison of texture analysis results
PyRadiomics software was used to analyse the texture of 
the original T2WI images of 25 patients.Features showing 
poor consistency between different groups were removed 
by calculating the intraclass correlation coefficient,and 
identify 36 texture characteristics, which contain 22  Gy 
level co-occurrence matrix features (GLCMs) and 14 Gy 
level dependent matrix features (GLDMs). In Table  2, 

three texture characteristics were found to be statistically 
significant between the PPS neurogenic tumour and ple-
omorphic adenoma groups (P < 0.05). ROC curves were 
generated for three texture parameters: SDLGLE, LGLE 
and DV. In Fig. 3, ROC curves for the three parameters 
are shown, and the area under the curve, the sensitivity, 
and the specificity were calculated. Based on the three 
characteristic parameters, SDLGLE had the largest area 
under the curve, which was 0.833 (Table 3).

Discussion
The majority of parapharyngeal space tumours are neu-
rogenic tumours, salivary gland tumours and other types. 
Due to the overlap of certain imaging characteristics, dif-
ferential diagnosis is complex. A certain misdiagnosis rate 
is associated with the preoperative diagnosis of tumour 
origin by routine imaging examination, tumour anatomi-
cal location, and tumour relationship to surrounding tis-
sues. According to previous studies, neurogenic tumours 
are generally located in the posterior space of the styloid 
process, and the posterior space is large, housing the IX, 
X, XI, and XII cranial nerves, the sympathetic trunk, 
internal jugular vein, and internal carotid artery passing 
through. The tumours are frequently accompanied by 
cystic areas with clear boundaries, and the arteries and 
veins move forward or outward. The majority of tumours 
are neurilemmoma, neurofibroma, and paraganglioma 
[12, 13]. The other types of PPS tumours include lym-
phoma, haemangioma, lipoma, teratoma, and metastasis, 
which account for 20% of PPS tumours [14]. The ante-
rior styloid space is small, including the external carotid 
artery, ascending pharyngeal artery, deep lobe of the 
parotid gland, and a small salivary gland. Parotid gland 
tumours of the deep lobe and ectopic salivary gland 
tumours are therefore frequently found in this space. 
Approximately 80%-90% of salivary gland tumours are 
pleomorphic adenomas, and 10–20% of them are malig-
nant mucoepidermoid carcinomas [15]. Because the ana-
tomical structure of PPS is complicated and the incidence 

Fig. 1 Images a and b illustrate the sketch of the T2WI axial image of the ROI of a pleomorphic adenoma in the right parapharyngeal space. Image 
c is the ADC diagram corresponding to image a. Images d and e illustrate the sketch of the T2WI axial image of the ROI of neurofibroma in the left 
parapharyngeal space. Image f shows the ADC diagrams that correspond to Image d 
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of tumours is relatively low, it is crucial to select the opti-
mal surgical method by determining the precise location 
and origin of the PPS tumour, such as the transcervical 
approach, the parotid approach, the oral approach, and 
the combined approach. Historically, PPS tumours were 
diagnosed by dividing the PPS into two parts (the ante-
rior and posterior styloid processes) and using the loca-
tion of the internal carotid artery (ICA) as a diagnostic 
marker [16]. Through the forward or backwards dis-
placement of the ICA, it was determined whether the 
tumours in the anterior styloid process space originated 

from parotid gland tumours and ectopic salivary gland 
tumours or whether the tumours in the posterior styloid 
process space were predominantly neurogenic. Liu [17] 
et  al. suggested that judging PPS tumours based solely 
on ICA displacement has limitations. Since the ICA has 
the structure of the posterior styloid space, tumours from 
tissues outside the carotid sheath of the posterior styloid 
space and nasopharyngeal tumours invading the styloid 
process may cause the ICA to move backwards, whereas 
some tumours may surround the ICA without causing it 
to move. A retrospective analysis revealed that 8 of the 12 

Fig. 2 An overview of the process of extracting texture characteristics from MRI images
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neurogenic tumours in this study caused arteriovenous 
displacement. Ten cases of neurogenic tumours were 
found in the posterior space of the styloid process. Only 

1 of 13 pleomorphic adenomas caused arteriovenous dis-
placement, and all thirteen tumours were found in the 
anterior space of the styloid process. Therefore, judging 
PPS tumours solely by their positions is unreliable. This 
study’s findings are generally consistent with Liu’s [17]. 
In the previous domestic and international literature, the 
objective and quantitative identification of PPS tumours 
by combining MR texture characteristics has not been 
discussed.

Texture analysis is a novel method of analysing medi-
cal images. It is the extraction of texture-specific param-
eters using specific image processing techniques to 

Table 1 Clinical and radiological characteristics of patients

Characteristic All Patients Neurogenic Tumour Pleomorphic Adenoma P value

n 25 12 13

Age(years) 42 ± 15 38 ± 10 45 ± 17 0.205

Sex 0.870

    Female 15 7 8

    Male 10 5 5

Tumour location 0.255

    Left 13 6 7

    Right 12 6 6

Pain 0.053

    Yes 9 5 4

    No 16 7 9

Maximum diameter(mm) 44.9 ± 13.4 46.3 ± 13.7 43.7 ± 13.5 0.637

ADC values (*10−3mm2/s) 1.50 ± 0.26 1.51 ± 0.19 1.49 ± 0.32 0.880

Table 2 Comparison of the results of three parameters: SDLGLE, 
LGLE, and DV

a Represents the nonnormal distribution of data, and the Mann‒Whitney

The U test was used to compare the data between groups

Texture Parameter SDLGLE LGLE DV

t/z -3.288 -2.502a -2.115

P 0.003 0.110 0.045

Fig. 3 ROC curves of three texture parameters
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obtain quantitative and qualitative descriptions of texture 
[18, 19]. Noninvasive methods are used to evaluate the 
internal characteristics of tumours for diagnosis, treat-
ment, and prognosis [20]. Texture analysis has emerged 
in numerous medical fields in recent years, including the 
differential diagnosis of benign and malignant mucinous 
soft tissue tumours [21], the prediction of the pathologi-
cal grade of breast phyllodes tumours [22], and research 
on the differentiation and grade of cervical squamous 
cell carcinoma [23]. Basic first-order statistics are used to 
describe the pixel intensity and its distribution in the tar-
get area as the first-order characteristics of texture. Local 
texture features of two adjacent pixels are calculated by 
second-order characteristics. Gray Level Co-Occur-
rence Matrix (GLCM), Gray Level Run Length Matrix 
(GLRLM), Gray Level Size Zone Matrix (GLSZM), Gray 
Level Dependence Matrix (GLDM), Neighborhood Gray 
Tone Difference Matrix (NGTDM), etc., are examples 
of common methods. High-order image characteris-
tics analyse localized image data [24]. Drabycz et al. [25] 
believed that T2WI in MRI can extract texture char-
acteristics more effectively. However, in this study, the 
texture characteristic parameters were extracted from 
T2WI. It was discovered that SDLGLE, LGLE, and DV 
are statistically significant (P < 0.05) in distinguishing 
neurogenic tumours and pleomorphic adenomas in the 
parapharyngeal space, among which SDLGLE measures 
the joint distribution of small dependence with lower 
gray-level values. LGLE measures the distribution of low 
gray-level values, with a higher value indicating a greater 
concentration of low gray-level values in the image. Dif-
ference variance is a measure of heterogeneity that places 
higher weights on differing intensity level pairs that devi-
ate more from the mean. The mean values and standard 
deviations of the three parameters SDLGLE, DV, and 
LGLE were higher in the neurogenic tumour group than 
in the pleomorphic adenoma group (P < 0.05). SDLGLE 
has the highest diagnostic efficiency, with an AUC of 
0.833, a sensitivity of 83.3% and a specificity of 84.6%. In 
this study, the respective ADC values of the two groups 
of tumours were determined. The ADC values for the 
neurogenic tumour group were found to be (1.51 ± 0.19) 

*  10–3  mm2/s, while those for the pleomorphic adenoma 
group were (1.49 ± 0.32) *  10–3  mm2/s. There was no sta-
tistically significant difference between the ADC values 
of the two groups. Therefore, the degree of tumour cell 
diffusion limitation cannot be used as a diagnostic index. 
In this paper, the advantages of the quantitative descrip-
tion of tumours by MRI texture analysis are gradually 
emerging, and the origin of tumours in the parapharyn-
geal space is determined by a noninvasive preoperative 
examination method to guide clinics in the correct diag-
nosis and treatment.

Limitations
First, parapharyngeal space tumours are extremely rare. 
Due to the small sample size of our research, our find-
ings may not be generalizable. Second, in the future, we 
will be able to study multiple sequence textures, includ-
ing T2WI and DWI joint sequences.

Conclusions
Through texture analysis of MRI T2WI, we discov-
ered that neurogenic tumours and pleomorphic adeno-
mas in the parapharyngeal space differ in three texture 
parameters: SDLGLE, LGLE, and DV. These param-
eters are found in the gray level co-occurrence matrix 
and gray level dependence matrix. They compensate 
for the deficiency of the previous diagnosis based solely 
on the anatomical location of the tumours and perform 
a quantitative evaluation of the two tumours, thereby 
guiding the clinically scientific and individually tailored 
treatment.
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