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ABSTRACT 

Prostatitis is a very common disease, with the growth of age, in addition to 

wrinkles, weight in the longer, the male prostate may also become longer, so 

there is prostatic hyperplasia (BPH), when its gradual proliferation compression 

bladder outlet and urethra, will cause dysuria and other symptoms. Simply put, 

prostatitis causes hyperplasia of the prostate, and prostatitis increases the risk 

of prostate cancer (Pca). Prostate disease afflicts many men. Therefore, 

accurate diagnosis of prostate disease is very important for athletic patients to 

seek medical treatment in time. Multiparametric magnetic resonance imaging 

(mp-MRI) is a non-invasive imaging technique with superior diagnostic 

performance compared to other imaging modalities, such as ultrasound and 

computed tomography. It is widely used in the diagnosis of prostate disease. 

Advances in science and technology, high-field magnets and new magnetic coil 

designs (including intra-rectal coils and multichannel surface coils), as well as 

more advanced software and computational algorithms, allow more 

sophisticated functional imaging to be incorporated into clinical imaging. The 

diagnosis of prostate disease has also become faster and more accurate, 
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bringing good news to athletic patients. 

KEYWORDS: prostate disease; mp-MRI; Clinical diagnosis 

1 INTRODUCTION 

At present, digital rectal examination (DRE) and prostate specific antigen 

(PSA) are the common clinical methods for screening prostate cancer. However, 

these methods have different degrees of limitations. Imaging examination is 

often used for the diagnosis of prostate diseases because of its relatively high 

accuracy. For the preoperative imaging diagnosis of prostatic hyperplasia, 

prostate cancer and prostatitis, ultrasound and magnetic resonance imaging 

are mainly used (Lerner et al., 2021; Nickel et al., 2015). 

Transrectal ultrasound (TRUS) is a commonly used imaging method for 

prostate examination. Because the detection rate of TRUS lesions is only 50%-

70%, and the sensitivity of TRUS to small prostate cancer lesions is low, it is 

difficult to distinguish benign and malignant prostate nodules, so it is not 

recommended to use TRUS alone for diagnosis (Silva et al., 2017). However, 

with the development of ultrasound technology, the functions of contrast-

enhanced ultrasound and elastography can also be realized on the transrectal 

ultrasound probe, but it is still in the exploratory stage (Pisco et al., 2016; 

Schoots et al., 2018). Contrast-enhanced ultrasound (CEUS) can reflect the 

dynamic microvascular perfusion of the tissue. Yingying Li et al. showed that 

there were benign lesions suggestive of non-prostate cancer in the 

simultaneous isoenhancement, homogeneous enhancement and synchronous 

regression of CEUS (Rajwa et al., 2021). The shear wave elastography (SWE) 

can evaluate the stiffness of prostate tissue, both of which are helpful for the 

diagnosis of prostate cancer. Most current studies have shown that prostate 

cancer tissues are usually harder than benign tissues. However, the cut-off 

values of elastic modulus for the diagnosis of prostate cancer vary greatly (such 

as 35kPa, 50kPa or 43.9kPa), and a unified standard is still needed (Greer et 

al., 2019; Liu et al., 2017). 

Mp-MRI can improve the diagnostic ability by combining imaging 

parameters, and can directly assess the location, size and staging of different 

prostate lesions. Their combination has been shown to improve the diagnostic 

ability of each individual. Careful histopathological studies using radical 

prostatectomy specimens showed that the identified lesions had a positive 

predictive value of 98% and a good sensitivity. Prostate guided biopsy may 

cause some discomfort to athletic patients, so mp-MRI is increasingly used in 

clinical practice (Vanaja et al., 2009; Weinreb et al., 2016). 

Clinically, the diagnostic power of mp-MRI can also be used for targeted 

biopsy. MpMRI provides reliable imaging basis for the diagnosis and differential 

diagnosis of prostate diseases by providing information about water molecular 
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diffusion, blood perfusion and microcirculation of prostate cancer (Aerts et al., 

2014; Litjens, Barentsz, Karssemeijer, & Huisman, 2015). In this study, mp-MRI 

technology was used to distinguish the types of prostate diseases, which were 

mainly judged by PSA value, ADC value and prostate volume. The reliability of 

mp-MRI was confirmed by combining the biopsy results. It is believed that mp-

MRI will become an accurate detection tool for prostate cancer with clinical 

significance. 

2 METHODS AND DATA 

The data collected in the trial were retrospectively analyzed. AW4.6 

workstations was used to collect the raw cross-sectional images of all athletic 

patients with small FOV T2WI-MRI, small FOV DWI-MRI (Diffusion-weighted 

imaging, b=100、500、1000、1500 s/mm 2) and DCE-MRI (Dynamic contrast 

enhanced). Two experienced radiologists delineated regions of interest (ROIs) 

on T2WI-MRI (T2-weighted imaging), DWI-MRI, and DCE-MRI images at each 

lesion level. Intra-class and inter-class correlation coefficients (ICC) were used 

to determine the repeatability of ROI delineation between and within observers. 

GE software was used to preprocess the original images of the lesions and the 

images with ROI markers, and then match them one by one. The high-

throughput information of the characteristic parameters of the lesions on each 

sequence was collected. 

In this study, we recruited 180 athletic patients with suspected prostate 

cancer and required them to meet the following criteria :(1) PSA levels or 

abnormal signal nodules; (2) histopathologic confirmation; (3) no previous 

biopsy; and (4) complete renal function. The scan sequences included T2WI, 

T1WI (T1-weighted imaging,), DWI and DCE. Mp-MRI sequence parameters 

include repetition time (TR), echo time (TE), field of view (FOV), matrix, parallel 

imaging factor and so on. 

2.1 Assessment of magnetic resonance imaging results 

Scans of each athletic patient were presented to five specialists on a single 

screen in the same location. Experts give their opinions based on their own 

experience and Prostate Imaging Reporting and Data System Version 2. Each 

expert should observe the images three times and give a conclusion. The final 

conclusion is given based on the opinions of various experts. 

2.2 The pathological biopsy 

After MRI examination, all athletic patients underwent prostate biopsy, and 

tissue samples were taken for histopathological examination. Each specimen 

was individually labeled according to its location and subjected to histological 

analysis. Target biopsies in the experiments were performed using an 

ultrasound system, GE L8, equipped with an intraluminal probe and an 18G 
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core biopsy needle. A urologist with years of experience performed the biopsy. 

The results were evaluated by another experienced urogenital pathologist who 

was unaware of the MRI findings. 

3 RESULTS 

3.1 Characteristics of athletic patients 

A total of 180 athletic patients were enrolled, with a mean age of about 61 

years (range :42-75 years). The mean BMI of the sample was about 25 

(range:22-28 years). As shown in Table 1, no significant difference between the 

characteristics of athletic patient groups. 

Table 1: Characteristics of athletic patients in the study 

Characteristics prostatitis group BPH group PCa group P value 

Age (years) 60.3±4.2 60.4±3.8 62.3±5.1 0.351 

BMI (kg/m2) 24.2±5.1 25.1±4.3 24.8±4.3 0.203 

 
Fig1: Characteristics of athletic patients in the study. Statistical significance was obtained by 

the Student's t-test. 
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Fig2: Imaging of prostate cancer and non-prostate cancer based on multi-parameter 

magnetic resonance. (A) and (B), prostate cancer. (C) and (D), non-prostate cancer. 

3.2 Three-category radiomics model based on multi-parameter magnetic 

resonance imaging to distinguish PCa and non-cancer 

The PSA level was 13.48±10.97 ng/ml in non-cancer group and 

146.28±220.56 ng/ml in PCa group. Mp-MRI can identify prostate tissue by 

detecting cell density, size, shape, and arrangement that affect tissue-water 

mobility, as shown in Figure 2. In this study, the apparent diffusion coefficient 

(ADC) was calculated to distinguish tumor areas from healthy tissues. The ADC 

value of PCa group was 880.28±300.26, and that of non-cancer group was 

1230.14±279.31, showing a significant difference. Therefore, mp-MRI can 

distinguish whether the prostate is cancerous. 

Table 2: Distinguish between PCa and non-cancer 

Characteristics PCa group Non-cancer group P value 

PSA (ng/ml) 146.28±220.56 13.48±10.97 ＜0.05 

ADC (d) 880.28±300.26 1230.14±279.31 ＜0.05 
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Fig3: Distinguish between PCa and non-cancer. Statistical significance (*P <0.05 vs PCa 

group) was analyzed by student’s t-test. 

3.3 Prostate volume can be detected to identify BPH and prostatitis 

 

Fig4: Imaging of prostatic hyperplasia and prostatitis based on multi-parameter magnetic 

resonance. (A) Prostatic hyperplasia. (B) Prostatitis. 

The histological manifestations of BPH are increased epithelial cells and 

stromal cells around the prostatic urethra. MRI shows that the central lobe of 

the prostate is enlarged, the anteroposterior diameter is widened, and the 

margins are circular and symmetrical. The prostate volume was 47.79±6.73 ml 

in the prostatitis group and 59.86±5.19 ml in the BPH group, showing significant 

differences between the two groups in Table 3. 

Table 3: Volume comparison of prostatic hyperplasia and prostatitis 

Characteristics prostatitis group BPH group P value 

Prostate volume (ml) 47.79±6.73 59.86±5.19 ＜0.001 
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Fig5: Volume comparison of prostatic hyperplasia and prostatitis. Statistical significance 

(*P<0.05 vs prostatitis group) was obtained by the Student's t-test. 

3.4 The pathological findings were consistent with the MRI findings 

Under the premise of unknown MRI findings, the pathological biopsy of the 

athletic patient is performed, and the expert can judge the type of prostate 

disease based on experience and parameters. The results of the two methods 

were compared, and the results showed that the conclusions of biopsy and MRI 

were basically consistent. 

 
Fig6: Tissue section results of prostate disease . 
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Table 4: Conclusion of pathological biopsy and MRI. 

Detection means prostatitis group BPH group PCa group 

Mp MRI (n) 69 63 48 

Biopsy (n) 67 63 50 

P value ＞0.05 ＞0.05 ＞0.05 

 

Fig7: Conclusion of pathological biopsy and MRI. 

4 DISCUSSION 

The aim of this study was to develop and validate a novel three-class MRI 

radiomics model based on T2WI, DWI, and DCE-MRI for the preoperative 

differentiation of BPH, prostate cance and prostatitis (Park, Choi, Lee, Kim, & 

Kim, 2020; Platt, Patel, Humphrey, Al-Booz, & Bailey, 2019). The diagnostic 

model based on radiomics in this study was compared with the efficacy of 

prostate PI-RADS in distinguishing benign and malignant prostate lesions to 

reflect the value of radiomics in the diagnosis of prostate cancer, in order to 

help doctors improve the accuracy of preoperative diagnosis and individualized 

treatment selection (de Rooij et al., 2020). 

Prostate disease afflicts many men. It is mainly divided into three categories: 

prostatitis, prostatic hyperplasia, and prostate cancer. Prostatitis can lead to 

hyperplasia of the prostate, and prostatitis can increase the risk of prostate 

cancer. Prostatitis can lead to the damage of prostate cells, cause chronic 

inflammatory reaction, lead to the change of prostate tissue structure, and then 

may cause prostate hyperplasia or even more serious hyperplasia (Bleker et 

al., 2020; Wang & Wang, 2020). Chronic inflammatory microenvironment 

contains some cytokines and inflammatory factors, which may be related to 

carcinogenesis. Therefore, athletic patients need regular check-ups no matter 

what stage of the disease they are in. In this way, even prostate cancer can be 

found and treated early. 
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Compared with other imaging modalities, mp-MRI is a non-invasive imaging 

technique with superior diagnostic performance. T2WI is the most commonly 

used and widely used imaging sequence (Woźnicki et al., 2020). In this way, 

the anatomy of the prostate is clearly visible, and the borders of the gland and 

surrounding tissue are clearly visible. DWI can detect and quantify Brownian 

motion of water in tissues in the body. Since this is related to cell density, cell 

permeability, and free water diffusion in the space, DWI can assess the tissue 

structural architecture and distinguish between benign and malignant tissues 

(Favero et al., 2014). Benign tissue exhibits high signal intensities because it 

usually allows free water to diffuse with relative ease. In malignant 

environments, the relative decrease in DWI signal intensity is caused by 

reduced free water diffusion due to higher nucleoplasm ratio and loss of 

extracellular space due to cell proliferation (Keys et al., 2003; Landoni et al., 

1997). DCE can assess tissue vascular supply. This was achieved by 

sequential acquisition of T1WI before, throughout, and after injection of MRI-

detectable contrast material. It is possible to distinguish between normal and 

malignant tissues because of the disordered angiogenesis of tumors with 

typical imaging features (Hong et al., 2004; Shibata et al., 2009; Touboul et al., 

2001). 

In conclusion, mp-MRI can provide information about water molecule 

diffusion, blood perfusion and microcirculation of prostate cancer, which can 

provide reliable imaging basis for the diagnosis and differential diagnosis of 

prostate diseases, and also become an accurate detection tool of prostate 

cancer with clinical significance. Mp-MRI faces many challenges in prostate 

cancer research. First, the available clinical data, while very compelling, cannot 

be described as reliable evidence because it comes mainly from single-

institution studies. More research is needed before mpMRI becomes the 

standard of care. 
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