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Abstract: 
Background: Brain tumors present with varied histological and radiological features, requiring accurate 
diagnostic tools for appropriate treatment planning. Conventional MRI, though widely used, may have limitations 
in differentiating tumor types. Advanced MRI techniques, including Diffusion Weighted Imaging (DWI), 
Magnetic Resonance Spectroscopy (MRS), and Perfusion MRI, offer functional and metabolic insights that can 
improve diagnostic precision. 
Aim: To evaluate the correlation between advanced MRI techniques and histopathological findings in brain 
tumors and assess the diagnostic accuracy of MRI modalities. 
Methods: This was a prospective study conducted at SCB Medical College, Cuttack, over a period of two years 
(August 2021 to July 2023). Seventy patients with suspected brain tumors underwent preoperative MRI using 
both conventional and advanced techniques. MRI findings were compared with postoperative histopathological 
diagnoses. Data were analyzed using SPSS version 23.0. 
Results: Of the 70 participants, 64.3% were males and 35.7% were females, with the highest incidence observed 
in the 51–60 age group. Gliomas were the most common tumors (42.9%), followed by meningiomas (25.7%). 
DWI showed the highest diagnostic accuracy (96.5%), while MR spectroscopy and perfusion imaging also 
demonstrated strong diagnostic value. The overall MRI-histopathology correlation was 94.3%, with substantial 
agreement (Cohen’s kappa > 0.80) across most tumor types. 
Conclusion: Advanced MRI techniques significantly enhance the preoperative diagnostic accuracy of brain 
tumors and closely correlate with histopathological outcomes. They provide critical metabolic and perfusion-
related information that supports tumor characterization, grading, and treatment planning. 
Recommendations: Routine integration of advanced MRI sequences such as DWI, MRS, and perfusion imaging 
is recommended in the diagnostic workup of brain tumors. Future studies with larger sample sizes and long-term 
follow-up are needed to assess the prognostic implications of MRI-pathology correlation. 
Keywords: Brain tumors, Advanced MRI, Diffusion-weighted imaging, Histopathology, Magnetic resonance 
spectroscopy. 
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Introduction

Brain tumors are a significant health concern 
worldwide, accounting for a considerable proportion 
of both morbidity and mortality. These tumors are 
diverse in nature, ranging from benign lesions such 
as meningiomas to aggressive malignancies like 
glioblastomas, which have a poor prognosis. The 
accurate diagnosis and characterization of brain 
tumors are essential for appropriate treatment 
planning, prognosis estimation, and monitoring of 
therapeutic responses. (MRI) has become the gold 
standard for non-invasive evaluation of brain 
tumors, offering high spatial resolution and the 

ability to assess the tumor’s anatomical and 
physiological features [1]. 

Recent advancements in MRI technology, 
particularly the use of advanced MRI techniques like 
(DWI), (MRS), and Perfusion MRI, have greatly 
enhanced the ability to distinguish between tumor 
types and assess their biological behavior. DWI, for 
instance, provides insights into tumor cellularity by 
measuring the diffusion of water molecules, which 
is often restricted in tumor tissues compared to 
normal brain parenchyma [2]. MR Spectroscopy 
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allows for the metabolic profiling of tumors, aiding 
in the identification of gliomas and other malignant 
tumors, while Perfusion MRI assesses blood flow 
within the tumor, offering valuable information 
regarding tumor grade and vascularity [3]. 

The correlation of MRI findings with 
histopathological results is critical in validating the 
diagnostic accuracy of MRI techniques. While 
traditional imaging methods such as T1, T2, and 
FLAIR sequences provide detailed structural 
information, they often fail to differentiate between 
certain tumor types, especially low-grade gliomas 
and metastases. Recent studies have demonstrated 
that advanced imaging modalities can provide 
complementary information, significantly 
improving the diagnostic accuracy [4]. For example, 
the use of advanced MRI techniques has been shown 
to help distinguish between glioblastomas and 
metastases, which appear similar on conventional 
imaging but require vastly different treatment 
approaches [5]. 

Despite the significant improvements in imaging 
technology, the accuracy of MRI still depends on the 
expertise of the radiologist and the interpretation of 
complex imaging data. As such, a multimodal 
approach, combining advanced MRI techniques 
with histopathological evaluation, remains the most 
reliable method for brain tumor diagnosis and 
management [6]. To evaluate the correlation 
between advanced MRI techniques and 
histopathological findings in brain tumors and assess 
the diagnostic accuracy of MRI modalities. 

Methodology  

Study Design: This was a prospective observational 
study. 

Study Setting: The study was carried out in the 
Department of Radiodiagnosis at SCB Medical 
College, Cuttack, over a period of two years, from 
August 2021 to July 2023. 

Participants: A total of 70 patients with suspected 
or diagnosed brain tumors, referred for MRI and 
subsequently undergoing histopathological 
evaluation, were included in the study. All patients 
were enrolled consecutively based on the eligibility 
criteria and after obtaining informed consent. 

Inclusion Criteria 

• Patients of any age and gender presenting with 
clinically or radiologically suspected brain 
tumors. 

• Patients willing to undergo MRI and 
histopathological confirmation. 

• Patients providing informed consent for 
participation in the study. 

 

Exclusion Criteria 

• Patients with contraindications to MRI (e.g., 
pacemakers, metallic implants). 

• Patients who had previously undergone surgical 
or medical treatment for brain tumors. 

• Patients with inadequate imaging quality or 
incomplete histopathological records. 

• Unwilling or uncooperative patients. 

Bias: To minimize selection bias, consecutive 
sampling was employed. Observer bias was reduced 
by involving two independent radiologists in the 
interpretation of MRI findings, and discrepancies 
were resolved by consensus. Blinding of the 
radiologists to histopathological results was ensured 
during image interpretation. 

Data Collection: Clinical details and demographic 
data of the patients were recorded. MRI scans were 
performed using standard and advanced MRI 
protocols, including (DWI), Perfusion MRI, and MR 
Spectroscopy. The imaging findings were 
documented systematically and compared with 
histopathological results obtained after biopsy or 
surgical excision. 

Procedure: Each patient underwent advanced MRI 
scanning using a high-field MRI scanner. Imaging 
parameters included anatomical sequences (T1, T2, 
FLAIR) along with DWI, Perfusion MRI, and MR 
Spectroscopy. After imaging, the patients proceeded 
to surgery or biopsy as per clinical indication, and 
the samples were subjected to histopathological 
analysis. Imaging findings were then correlated with 
the histopathological diagnosis to evaluate 
diagnostic accuracy and concordance. 

Statistical Analysis: Data were compiled and 
analyzed using SPSS software version 23.0. 
Descriptive statistics such as mean, standard 
deviation, and percentage were used to summarize 
the data. The correlation between MRI findings and 
histopathology was assessed using Chi-square test 
and Cohen’s Kappa coefficient where appropriate. A 
p-value of <0.05 was considered statistically 
significant. 

Results 

A total of 70 patients (45 males and 25 females) 
were included in the study. The average age of 
participants was 52.3 ± 12.4 years, with the youngest 
being 18 years old and the oldest being 80 years old. 
The patients were categorized into different age 
groups to assess the distribution of brain tumor types 
across various demographics. 

Demographic Distribution: The demographic 
distribution of participants based on age and gender 
is shown in Table 1 below:
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Table 1: Demographic Distribution of Study Participants Based on Age and Gender 
Age Group (years) Male (n) Female (n) Total (n) 
18-30 4 2 6 
31-40 6 3 9 
41-50 10 5 15 
51-60 12 7 19 
61-70 8 5 13 
71-80 5 3 8 
Total 45 25 70 

 
Types of Brain Tumors 

The brain tumors were categorized based on 
histopathological findings into the following types: 

• Gliomas (n=30, 42.9%) 
• Meningiomas (n=18, 25.7%) 

• Pituitary Tumors (n=10, 14.3%) 
• Metastatic Tumors (n=6, 8.6%) 
• Others (including schwannomas and 

medulloblastomas) (n=6, 8.6%) 

These results are summarized in Table 2.

 
Table 2: Distribution of Brain Tumor Types Among Study Participants 

Brain Tumor Type Frequency (n) Percentage (%) 
Gliomas 30 42.9 
Meningiomas 18 25.7 
Pituitary Tumors 10 14.3 
Metastatic Tumors 6 8.6 
Others (Schwannomas, Medulloblastomas) 6 8.6 
Total 70 100 

 
MRI Findings and Histopathological 
Correlation: The study aimed to correlate advanced 
MRI findings with histopathological results. The 
MRI techniques used included conventional MRI 
sequences (T1, T2, FLAIR) along with advanced 

techniques such as (DWI), MR Spectroscopy, and 
Perfusion MRI. 

Table 3 below shows the correlation between the 
MRI diagnosis and the histopathological findings for 
the most common tumor types:

 
Table 3: MRI-Histopathological Correlation for Brain Tumor Types 

Tumor Type MRI Diagnosis (n) Histopathology Diagnosis (n) Correct Diagnosis (%) 
Gliomas 30 30 100% 
Meningiomas 18 17 94.4% 
Pituitary Tumors 10 9 90% 
Metastatic Tumors 6 5 83.3% 
Other Tumors 6 5 83.3% 
Total 70 66 94.3% 

 
The correlation of advanced MRI techniques with 
histopathological findings was also evaluated in 
terms of sensitivity, specificity, and accuracy. The 

following Table 4 shows the sensitivity, specificity, 
and diagnostic accuracy for each MRI technique 
used in the study:

 
Table 4: Diagnostic Performance of Advanced MRI Techniques for Brain Tumor Detection 

MRI Technique Sensitivity (%) Specificity (%) Diagnostic Accuracy (%) 
T1-weighted Imaging 95.2 92.5 93.8 
T2-weighted Imaging 94.3 91.8 93.1 
FLAIR Imaging 93.5 90.2 91.8 
Diffusion Weighted Imaging (DWI) 97.0 96.0 96.5 
MR Spectroscopy 92.1 89.4 90.8 
Perfusion MRI 93.4 90.1 91.7 

Statistical Analysis: The correlation between MRI 
findings and histopathology was further assessed 
using the Cohen's Kappa coefficient for each tumor 

type. The Kappa values indicate a substantial 
agreement between MRI and histopathology for 
most tumor types:
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Table 5: Cohen’s Kappa Value for MRI-Histopathological Agreement by Tumor Type 
Tumor Type Cohen’s Kappa Value 
Gliomas 0.91 
Meningiomas 0.87 
Pituitary Tumors 0.83 
Metastatic Tumors 0.75 
Other Tumors 0.76 

 
The overall diagnostic accuracy of the MRI 
techniques in detecting brain tumors was found to be 
94.3%, indicating a high level of agreement between 
imaging findings and pathological confirmation. 

Discussion 

The study included 70 participants diagnosed with 
brain tumors, with a higher proportion of males 
(64.3%) compared to females (35.7%). The majority 
of the patients were in the age group of 51–60 years, 
indicating a peak incidence of brain tumors in the 
middle-aged population. Gliomas were found to be 
the most prevalent tumor type (42.9%), followed by 
meningiomas (25.7%) and pituitary tumors (14.3%), 
suggesting that primary brain tumors remain a major 
concern in neurosurgical practice. 

Advanced MRI techniques showed strong 
diagnostic performance in identifying and 
characterizing brain tumors. (DWI) had the highest 
diagnostic accuracy (96.5%), followed closely by 
conventional T1 and T2 imaging. MR spectroscopy 
and perfusion MRI also demonstrated high 
sensitivity and specificity, reinforcing their role in 
preoperative evaluation. These findings highlight 
that integrating advanced MRI techniques 
significantly enhances diagnostic confidence and 
tumor differentiation. 

When MRI findings were compared to 
histopathological diagnoses, the overall correlation 
was excellent, with an accuracy of 94.3%. Cohen’s 
Kappa values for most tumor types exceeded 0.80, 
indicating substantial to almost perfect agreement 
between imaging and pathological diagnoses. 
Gliomas and meningiomas showed particularly 
strong MRI-pathology agreement, emphasizing the 
reliability of imaging-based diagnosis in these tumor 
types. 

In conclusion, the study confirms that advanced 
MRI techniques provide critical insights into tumor 
biology and morphology, closely mirroring 
histopathological outcomes. These imaging tools 
not only support early diagnosis but also guide 
treatment planning and prognostication, making 
them indispensable in the clinical management of 
brain tumors. 

Advanced MRI techniques have significantly 
enhanced the imaging-pathology correlation in brain 
tumor evaluation by enabling more precise 
characterization of tumor features and facilitating 
better surgical and treatment planning. 

Zhou et al. introduced a novel latent correlation 
representation learning method for brain tumor 
segmentation using incomplete MRI modalities. 
Their approach achieved superior performance over 
baseline models, demonstrating that missing 
modality data can still yield reliable segmentations 
when latent correlations are effectively modeled [7]. 
This provides a practical solution for clinical 
environments where all MRI sequences might not be 
available. In the realm of radiogenomics, Zhou et al. 
used multiparametric MRI (mpMRI) data—
comprising T1-weighted, T2-weighted, FLAIR, and 
diffusion-weighted imaging—to predict genetic 
mutations in glioblastoma. Their machine learning 
classifier demonstrated promising accuracy in 
identifying IDH mutation status, showcasing how 
non-invasive imaging can serve as a proxy for 
molecular profiling [8]. 

Zhang et al. developed a radiomics model using 
mpMRI for the prediction of MGMT promoter 
methylation status in glioblastoma patients. The 
model integrated features from multiple sequences 
and showed strong predictive power, emphasizing 
the potential of imaging biomarkers in personalized 
treatment planning [9]. Van Niftrik et al. assessed 
the utility of advanced intraoperative MRI 
modalities—such as diffusion MRI, arterial spin 
labeling, and amide-proton transfer-weighted 
imaging—in pediatric brain tumor surgeries. These 
techniques enabled better real-time tumor 
visualization, facilitating safer resections while 
preserving neurological function [10]. 

Conclusion 

The study demonstrates that advanced MRI 
techniques, especially (DWI) and MR Spectroscopy, 
offer high sensitivity and specificity in diagnosing 
brain tumors, with a diagnostic accuracy of over 
90%. The correlation between MRI findings and 
histopathological results is substantial, making MRI 
a reliable tool for preoperative assessment and tumor 
characterization. 
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