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Prostate cancer remains one of the most prevalent malignancies among men worldwide, 

necessitating accurate and early detection of clinically significant disease to guide 

appropriate management. In recent years, imaging modalities such as 

multiparametric magnetic resonance imaging (mpMRI) and micro-ultrasound 

(micro-US) have emerged as valuable tools in the diagnostic pathway. This review 

provides a comprehensive analysis and comparison of mpMRI and micro-US in 

identifying clinically significant prostate cancer. mpMRI, incorporating T2-

weighted imaging, diffusion-weighted imaging, and dynamic contrast-enhanced 

sequences, has demonstrated high sensitivity and standardized reporting through PI-

RADS, improving lesion localization and risk stratification. Conversely, micro-

ultrasound offers real-time, high-resolution imaging with enhanced spatial detail, 

enabling targeted biopsy using the PRI-MUS protocol without the need for contrast 

agents. The review critically evaluates diagnostic accuracy, sensitivity, specificity, 

cost-effectiveness, accessibility, and operator dependency of both modalities. 

Additionally, emerging evidence on combined and complementary use is discussed. 

While mpMRI remains the current reference standard, micro-ultrasound shows 

promising potential as a cost-effective and accessible alternative. Further large-

scale, multicenter studies are required to establish standardized protocols and 

validate long-term clinical outcomes. 
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ABSTRACT 

INTRODUCTION 

 

Prostate cancer is one of the most commonly diagnosed malignancies among men worldwide and represents 

a significant cause of cancer-related morbidity and mortality. Early and accurate detection of clinically 

significant prostate cancer (csPCa) is essential to guide appropriate treatment decisions and to avoid 

overtreatment of indolent disease. Traditional diagnostic approaches, including prostate-specific antigen 

(PSA) testing and systematic transrectal ultrasound (TRUS)-guided biopsy, have limitations in sensitivity and 

specificity, often leading to underdiagnosis of aggressive tumors and overdiagnosis of clinically insignificant 

lesions. These limitations have prompted the development of advanced imaging techniques to improve 

diagnostic accuracy and risk stratification. [1] Multiparametric magnetic resonance imaging (mpMRI) has 

emerged as a cornerstone in prostate cancer imaging due to its ability to provide       detailed     anatomical and 
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functional information. mpMRI combines T2-weighted 

imaging, diffusion-weighted imaging (DWI), and 

dynamic contrast-enhanced (DCE) sequences to assess 

prostate tissue characteristics and identify suspicious 

lesions. The introduction of the Prostate Imaging 

Reporting and Data System (PI-RADS) has further 

standardized image interpretation, improving 

interobserver agreement and diagnostic confidence. 

mpMRI has demonstrated high sensitivity in detecting 

csPCa and is increasingly used to guide targeted 

biopsies, reducing unnecessary procedures and 

improving clinically relevant cancer detection rates. [2-5] 

Despite its advantages, mpMRI has certain limitations, 

including high cost, limited availability in resource-

constrained settings, longer acquisition times, and 

contraindications in patients with certain implants or 

renal impairment. Additionally, interpretation of 

mpMRI requires specialized training and expertise, 

which may introduce variability in diagnostic 

performance. These challenges have led to the 

exploration of alternative imaging modalities that can 

complement or potentially substitute mpMRI in specific 

clinical scenarios. [6-8]  

 

Micro-ultrasound (micro-US) is a novel imaging 

modality that has recently gained attention for prostate 

imaging. Operating at higher frequencies (29 MHz) 

compared to conventional ultrasound, micro-US 

provides significantly improved spatial resolution, 

allowing for detailed visualization of prostate 

microarchitecture. The Prostate Risk Identification 

using Micro-Ultrasound (PRI-MUS) protocol has been 

developed to standardize lesion characterization, similar 

to PI-RADS in mpMRI. Micro-US enables real-time 

imaging and facilitates targeted biopsy during the same 

session, eliminating the need for image fusion or 

additional imaging procedures. [9-15]  

 

Recent studies have suggested that micro-US may offer 

comparable sensitivity to mpMRI in detecting clinically 

significant prostate cancer, with the added benefits of 

lower cost, greater accessibility, and shorter 

examination times. Furthermore, micro-US does not 

require contrast agents, reducing the risk of adverse 

reactions and making it suitable for a broader patient 

population. However, its diagnostic accuracy may be 

influenced by operator dependency and limited field of 

view, necessitating further validation in larger cohorts. 
[16-20] Given the evolving landscape of prostate imaging, 

a comparative evaluation of mpMRI and micro-

ultrasound is crucial to determine their respective roles 

in clinical practice. This review aims to analyze the 

diagnostic performance, advantages, limitations, and 

potential complementary use of these modalities in the 

detection of clinically significant prostate cancer. By 

synthesizing current evidence, the study seeks to 

provide insights into optimizing imaging strategies for 

improved patient outcomes and efficient healthcare 

delivery. 

 

MATERILS AND METHODS 

 
Study design: This Review study was designed as a 

comprehensive, evidence-based analysis comparing the 

diagnostic performance of multiparametric magnetic 

resonance imaging (mpMRI) and micro-ultrasound 

(micro-US) in the detection of clinically significant 

prostate cancer (csPCa). A structured methodology was 

adopted in accordance with Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines to ensure transparency, reproducibility, and 

scientific rigor. 

Data Sources and Search Strategy: A systematic 

literature search was conducted across multiple 

electronic databases, including PubMed, Scopus, Web 

of Science, Embase, and the Cochrane Library. The 

search was restricted to studies published within the last 

five years (January 2020 to March 2026) to ensure 

inclusion of the most recent advancements in imaging 

technology and clinical practice. Relevant keywords and 

Medical Subject Headings (MeSH) terms used in the 

search strategy included “multiparametric MRI,” 

“mpMRI,” “micro-ultrasound,” “PRI-MUS,” “PI-

RADS,” “prostate cancer,” and “clinically significant 

prostate cancer.” Boolean operators (AND, OR) were 

applied to refine the search results. 

Study Selection Criteria: A total of 30 peer-reviewed 

research articles were selected for inclusion in this 

review. Studies were included if they met the following 

criteria: (i) original research articles, systematic 

reviews, or meta-analyses; (ii) studies comparing 

mpMRI and micro-ultrasound or evaluating either 

modality in csPCa detection; (iii) studies involving 

human subjects; and (iv) studies reporting diagnostic 

performance parameters such as sensitivity, specificity, 

positive predictive value (PPV), and negative predictive 

value (NPV). Exclusion criteria included case reports, 

editorials, conference abstracts, non-English 

publications, and studies published prior to 2020. 

Data Extraction: Data extraction was independently 

performed from the selected studies using a 

standardized data collection form. Extracted variables 

included study design, sample size, patient 

demographics, imaging modality used, imaging 

protocols (PI-RADS for mpMRI and PRI-MUS for 

micro-US), biopsy techniques, and diagnostic 

outcomes. Discrepancies in data extraction were 

resolved through consensus. 

Study Characteristics: The included studies comprised 

prospective cohort studies, retrospective analyses, 

multicenter trials, and systematic reviews. Sample sizes 

varied across studies, ranging from small single-center 

cohorts to large multicenter registries involving over 

1000 patients. Imaging findings were typically 
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correlated with histopathological results obtained from 

targeted and systematic biopsies, which served as the 

reference standard for confirming clinically significant 

prostate cancer. 

Data Synthesis and Analysis: A qualitative and 

quantitative synthesis of the included studies was 

performed. Diagnostic accuracy metrics, including 

sensitivity, specificity, and area under the receiver 

operating characteristic (ROC) curve, were compared 

between mpMRI and micro-ultrasound.  

Outcome Measures: The primary outcome measure 

was the detection rate of clinically significant prostate 

cancer (Gleason score ≥7). Secondary outcomes 

included lesion localization accuracy, cost-

effectiveness, accessibility, procedure time, and 

operator dependency.  

Quality Assessment: The methodological quality of the 

included studies was evaluated using validated 

assessment tools such as QUADAS-2 (Quality 

Assessment of Diagnostic Accuracy Studies). Studies 

with a high risk of bias were critically appraised, and 

their limitations were considered during data 

interpretation. 

Ethical Considerations: As this study is a review of 

previously published literature, no direct patient 

involvement or ethical approval was required. All 

included studies were assumed to have obtained 

appropriate ethical clearance and informed consent as 

per institutional and international guidelines. 

 

RESULTS 

 

A total of 30 studies published between 2020 and 2026 

were included in this review following systematic 

screening and eligibility assessment. The selected 

studies comprised prospective and retrospective 

analyses, multicenter trials, and systematic reviews, 

with sample sizes ranging from fewer than 100 to more 

than 1500 patients. The study populations primarily 

included biopsy-naïve individuals, as well as patients 

with prior negative biopsies but persistent clinical 

suspicion of prostate cancer. Histopathological findings 

obtained from targeted and systematic biopsies served 

as the reference standard across all included studies. The 

general characteristics of the included studies are 

summarized in Table 1, highlighting the diversity in 

study design, patient population, and methodological 

approaches. 
 

Table 1: Study Characteristics 
Parameter Findings 

Total studies 

included 

30 (2020–2026) 

Study designs Prospective, retrospective, multicenter, 
systematic reviews 

Sample size range <100 to >1500 patients 

Patient groups Biopsy-naïve and prior negative biopsy cases 

Reference standard Histopathology (targeted + systematic 
biopsy) 

Multiparametric MRI (mpMRI) demonstrated 

consistently high sensitivity for the detection of 

clinically significant prostate cancer (csPCa), with 

reported values ranging from 85% to 95%. The 

implementation of the PI-RADS scoring system 

significantly enhanced lesion characterization and risk 

stratification, particularly for higher-grade lesions. 

However, specificity values were more variable, 

ranging from 60% to 80%, reflecting overlap between 

benign and malignant conditions. Micro-ultrasound 

(micro-US) also exhibited promising diagnostic 

performance, with sensitivity ranging from 80% to 94%, 

closely comparable to mpMRI in several studies. The 

PRI-MUS protocol enabled structured lesion 

assessment, and higher scores were strongly associated 

with clinically significant malignancy. Specificity 

ranged from 55% to 78%, with some variability 

attributed to operator dependency and learning curve. A 

direct comparison of diagnostic performance between 

mpMRI and micro-ultrasound is presented in Table 2. 

 
Table 2: Diagnostic Performance Comparison 

Parameter mpMRI Micro-Ultrasound 

Sensitivity (csPCa) 85% – 95% 80% – 94% 

Specificity 60% – 80% 55% – 78% 

Standardization PI-RADS PRI-MUS 

Lesion localization Excellent Good 

Imaging capability Multiparametric Real-time high-

resolution 

 

In terms of biopsy guidance, mpMRI-targeted biopsies 

demonstrated high detection rates for clinically 

significant disease but often required image fusion 

techniques, increasing procedural complexity. In 

contrast, micro-ultrasound enabled real-time targeted 

biopsy, simplifying workflow and reducing procedural 

time. Several studies reported comparable detection 

rates between the two modalities, suggesting that micro-

ultrasound may serve as a practical alternative in 

appropriate clinical settings. The comparative biopsy 

outcomes are summarized in Table 3. 

 

Table 3: Targeted Biopsy Outcomes 
Parameter mpMRI-Guided 

Biopsy 

Micro-US Guided 

Biopsy 

Detection of csPCa High Comparable 

Real-time targeting No Yes 

Need for fusion Yes No 

Procedural 

complexity 

Moderate–High Low–Moderate 

 

Further analysis revealed distinct strengths and 

limitations for each modality. mpMRI provided superior 

soft tissue contrast and comprehensive whole-gland 

evaluation, whereas micro-ultrasound offered real-time 

imaging, reduced examination time, and improved 

accessibility. However, micro-ultrasound was more 

operator-dependent and required adequate training for 

optimal performance. 
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These comparative clinical features are outlined in 

Table 4. 

 

Table 4: Clinical and Operational Comparison 
Aspect mpMRI Micro-Ultrasound 

Soft tissue contrast Superior Moderate 

Whole gland evaluation Excellent Limited 

Real-time imaging No Yes 

Operator dependency Moderate High 

Examination time Longer Shorter 

 

Several studies also explored the combined use of 

mpMRI and micro-ultrasound, demonstrating improved 

diagnostic accuracy and reduced likelihood of missed 

clinically significant lesions. The integration of both 

modalities was particularly beneficial in cases with 

equivocal findings, enhancing diagnostic confidence 

and clinical decision-making. Operational 

considerations further highlighted that mpMRI is 

associated with higher cost, longer acquisition time, and 

limited availability in certain healthcare settings. In 

contrast, micro-ultrasound is more cost-effective, 

widely accessible, and does not require contrast agents, 

making it suitable for a broader patient population. 

Overall, the findings indicate that both mpMRI and 

micro-ultrasound provide comparable diagnostic 

performance in detecting clinically significant prostate 

cancer. While mpMRI remains the current reference 

standard due to its comprehensive imaging capability, 

micro-ultrasound represents a promising, cost-effective 

alternative with significant practical advantages. The 

combined use of both modalities may offer the most 

effective diagnostic strategy in selected clinical 

scenarios.  

 

DISCUSSION 
 

The present review provides a comprehensive 

comparison of multiparametric magnetic resonance 

imaging (mpMRI) and micro-ultrasound (micro-US) in 

the detection of clinically significant prostate cancer 

(csPCa). The findings demonstrate that both imaging 

modalities exhibit comparable diagnostic performance, 

with high sensitivity for identifying clinically relevant 

disease, thereby reinforcing their growing importance in 

modern prostate cancer diagnostics.[21-23] mpMRI has 

established itself as the current reference standard in 

prostate imaging due to its multiparametric approach, 

which combines anatomical and functional imaging 

sequences. The integration of T2-weighted imaging, 

diffusion-weighted imaging (DWI), and dynamic 

contrast-enhanced (DCE) imaging allows for improved 

lesion characterization and localization. The adoption of 

the PI-RADS scoring system has further standardized 

reporting, enhancing diagnostic consistency and 

interobserver agreement. However, despite its strengths, 

mpMRI is associated with certain limitations, including 

high cost, longer acquisition times, and limited 

accessibility in resource-constrained settings. 

Additionally, variability in interpretation due to reader 

experience remains a concern. Micro-ultrasound has 

emerged as a promising alternative, offering high-

resolution, real-time imaging of prostate tissue. The 

technology operates at higher frequencies than 

conventional ultrasound, enabling improved 

visualization of microstructural changes associated with 

malignancy. The PRI-MUS scoring system provides a 

structured framework for lesion assessment, analogous 

to PI-RADS in mpMRI. One of the key advantages of 

micro-US is its ability to facilitate real-time targeted 

biopsy without the need for image fusion, thereby 

simplifying workflow and reducing procedural 

complexity. [24-26]  

 

The comparative analysis in this review indicates that 

micro-ultrasound demonstrates sensitivity rates 

comparable to mpMRI in detecting csPCa, although 

specificity may be slightly lower in certain studies due 

to operator dependency. This highlights the importance 

of adequate training and experience in optimizing 

micro-US performance. In contrast, mpMRI provides 

superior soft tissue contrast and whole-gland evaluation, 

making it particularly useful in complex cases and in 

assessing tumor extent. [27-30] An important observation 

from the included studies is the potential 

complementary role of mpMRI and micro-ultrasound. 

Combined imaging approaches have been shown to 

improve detection rates and reduce the likelihood of 

missed clinically significant lesions, particularly in 

patients with equivocal findings on a single modality. 

This suggests that a multimodal imaging strategy may 

enhance diagnostic accuracy and support more informed 

clinical decision-making.  

 

From a practical perspective, cost-effectiveness and 

accessibility are critical considerations, especially in 

low- and middle-income countries. mpMRI requires 

advanced infrastructure, specialized equipment, and 

longer examination times, which may limit its 

widespread use. In contrast, micro-ultrasound is 

relatively more affordable, portable, and easier to 

integrate into routine clinical practice. Furthermore, the 

absence of contrast agent requirements in micro-US 

reduces the risk of adverse reactions and broadens its 

applicability among patients with contraindications to 

MRI. Despite these promising findings, several 

limitations should be acknowledged. The heterogeneity 

among studies, including differences in study design, 

patient populations, and imaging protocols, may 

influence the comparability of results. Additionally, the 

relatively recent introduction of micro-ultrasound 

means that long-term outcome data and large-scale 

validation studies are still limited. Further multicenter 

trials with standardized methodologies are required to 

establish robust clinical guidelines.  
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CONCLUSION 

 
In conclusion, both multiparametric MRI and micro-

ultrasound demonstrate high diagnostic accuracy in the 

detection of clinically significant prostate cancer, with 

comparable sensitivity across recent studies. While 

mpMRI remains the current gold standard due to its 

superior tissue characterization and standardized 

reporting, micro-ultrasound offers a cost-effective, real-

time, and accessible alternative with significant clinical 

potential. The complementary use of both modalities 

may further enhance diagnostic precision and reduce 

missed lesions. Future large-scale studies and 

standardized protocols are essential to define their 

optimal role in routine clinical practice. 
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