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Abstract 

A brain lesion is the damage caused to any part of the brain due to infection, trauma, accident, birth defect, stroke, 
disease like lupus (an auto immune disease) , vascular injury, impaired supply of blood to the brain, etc. There is a 
difference between Brain tumor and brain lesion. A particular kind of brain lesion is a brain tumor.  All brain tumors 
are lesions but not all lesions are tumors. Each tiny area of the brain is in charge of ensuring that each component of 
the human body functions correctly. A comprehensive study on brain lesions, symptoms, and modern approaches 
used to spot brain lesions in the human brain at early stages is presented here. The review is conducted to get 
awareness on the various modern techniques utilized to detect brain lesions with more accuracy and at a faster rate. 
Computed tomography (CT scan) also known as computerized axial tomography ( CAT scan), magnetic resonance 
imaging (MRI), Electronencephalography (EEG), Magneto encephalography (MEG), functional  magnetic resonance 
imaging (fMRI), Positron emission tomography (PET) are few of commonly used techniques to get the brain images. 
Few of the best performing approaches with detection of brain lesions are template matching, fast fourier 
transform(FFT),  A dense gated U-net, diffusion weighted imaging (DWI),deep transfer learning etc. This paper lists 
the numerous research gaps discovered during the literature review. 
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Introduction 
The main causes of the brain lesion are age, family 
history, vascular disorders (like  cerebral artery 
aneurysms , stroke, high blood pressure), trauma, 
infections brought on by noxious microbes and 
bacteria that can result in illnesses like encephalitis 
and meningitis, tumors (primary or metastatic), 
Autoimmune diseases ( like lupus, multiple 
sclerosis), Radiation or certain substances 
exposure, Toxins (alcohol, cigarette smoke, urea, 
ammonia etc) , poor diet, Plaques(may cause 
Alzheimer’s). Plaques is an abnormal protein 
buildup in the blood arteries or the brain tissues 
that slows the blood flow to the brain. Some of the 
symptoms of brain lesions are headache, nausea , 
vomiting, impaired movement, impaired hearing, 
lack of concentration, sluggish speech, fuzzy vision, 
Unconditioned movement of bodily parts, 
behavioural changes,  
Due to improved knowledge of the electromagnetic 
spectrum and radiofrequency waves, brain imaging 

has significantly improved during the past 27 years. 
Modern techniques used for brain research can be 
broadly categorized into three, a) brain structure b) 
brain function c) brain structure and brain function.   
a) Brain structure: To study brain structure 
CT(CAT) scans are used. It uses x-rays and shows if 
it has areas of the brain that are still developing , 
swelling, bleeding ,  regions of trauma from an 
impact, tumors, lesions, or infections. But it cannot 
tell which particular areas are active at a particular 
time. Radio waves are used in MRI (magnetic 
resonance imaging). Here, the head is enclosed in a 
machine and exposed to a high magnetic field due 
to which the brain's atoms line up to align in a 
specific way. After this is set up, a magnetic field is 
added, causing the atoms' orientation to be 
disturbed. They emit signal when these disturbed 
atoms moves back to get arranged with that 
original magnetic field. 
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Different atom types emit various signals, allowing 
for the construction of a detailed image of the 
brain.(more than CT scan). To increase contrast in 
the image, a dye or tracer, such as gadolinium, may 
occasionally be injected into a vein in the arm. An 
MRI doesnot reveal anything about how the brain 
works. In certain situations, such as when a person 
has a metal plate in the skull or retained metal 
pieces in the brain, it is not advised for them to 
undergo an MRI. In this circumstance, it is safe to 
obtain computed tomography (CT) pictures of the 
brain.  
b) Brain function: To study the brain function, EEG( 
electro encephalography) is used. It is done by 
placing electrodes on scalp. Another variation is 
MEG (Magneto encephalography), which records 
magnetic fields generated by electrical signals in 
the brain. Here magnetic fields are measured using 
superconductive quantum interface devices, also 
known as SQUIDs. This gives better resolution than 
EEG, but this is rare due to high cost.  
c) Structure and function both: fMRI (functional 
magnetic resonance imaging) tells which regions 
are active based on oxygenated blood and non 
oxygenated blood. Regions which are active 
consume more oxygen. PET produces three-
dimensional image of functional processes in the 
brain, (not just the structure). They are not very 
good at giving structural picture but can be 
combined with previous ones. A type of radioactive 
glucose is injected into the person, and active cells 
use more glucose naturally and thus the region 
which are active are seen. fMRI are more popular 
than PETs as in PETs  it is  compulsory  to inject 
something into the person. PET has proven to be 
especially beneficial for tracking metabolic 
processes, tumors, and visual issues. 
Some of the other uncommonly used methods for 
capturing brain images are, Diffuse optical 
tomography (DOT), single photo emission 
computed tomography (SPECT), Diffusion tensor 
imaging DTI. SPECT records the signals from 
gamma rays. A SPECT scanner costs less than a PET 
scanner. Like MRI, here also a A 
radiopharmaceutical (tracer) is injected into the 
arm through a catheter. Diffusion tensor imaging is 
a type of diffusion MRI that is used to observe brain 
functions as they occur (in vivo). A DTI scanner can 
detect white matter lesions that other MRI 
techniques cannot. DTI is used to identify tumors, 
regions of abnormality (example is in relation to 

epilepsy). DTI is also used to investigate how 
information is processed in order to control 
muscles and development during childhood. DOT 
uses near-infrared light to investigate the interior 
of the brain so as to record oxygenation and other 
physiological changes which might have occurred 
due to a stroke, seizure, or haemorrhage. DOT is 
non invasive, equipment is small and portable. Also   
measurements are simple and fast. 
Common Challenges faced with the brain images 
are: 
1) Lack of suitable and sufficient datasets: creating 
a standard data is a costly affair as it requires lot of 
time, domain experts, and high standard 
equipments. 
2) Domain-specific knowledge required for 
preprocessing: Even after acquiring the data, 
domain expertise is required to analyse, interpret , 
correct and to carry out the research. 
3) Challenges on real-world data: At times, a good 
performing model can give bad results with the real 
world data. This occurs when the developed model 
gets data which is different from what it is trained 
on. This is also because of various permutations 
and combinations of the parameters selected 
during the generation of MRI images which may not 
match with the actual real images. 
 
Literature Review  
The examination of human brain lesions opens up a 
wealth of new possibilities for analysis. The three 
famous brain lesions in history of all times are 
1)Phineas gage: A blast in 1840 caused an iron rod 
to be placed in the frontal cortex of phineas gage 
brain. His behaviour changed from , mild , 
responsible to violent, rude and  irresponsible 
person. 2)Tan: French patient with epilepsy Tan 
was given the nickname Tan because he could only 
say the word tan. He had this abnormality because 
of a lesion on the frontal lobe of his left cerebral 
hemisphere. 3) Henry molaison HM:  as a boy 
suffered severe epilepsy and with age it kept on 
increasing. He had surgery at age 26. After surgery, 
he wouldn’t remember new (recent) events. 
Doctors thus became aware of the hippocampus 
and amygdale's function in memory development.  
Research has shown that many deaths occurred 
worldwide due to brain cancer in 2019, which is 
likely to increase to a higher value by 2025. So 
timely detection of brain lesions can help in 
predicting and circumventing the problem by 
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suggesting suitable course of action. 
Here review is conducted to study different 
approaches and algorithms used in detecting brain 
lesions. The most common procedure adopted in 
the brain lesion detection is a) Data collection: The 
data in the form of images is collected b) 
Preprocessing: The brain images like MRI or CT 
images  are filtered during preprocessing to reduce 
noise and boost contrast. c) Data augmentation: 
methods for boosting data volume by incorporating 
a few changed copies of already-existing data d) 
lesion segmentation: The process of separating 
lesions from other objects in medical pictures is 
known as lesion segmentation. e) feature 
extraction: raw data is converted to numerical 
quantity which out changing the original data set. f) 
feature selection: reduction in the number of input 
variables. g) classification: systematic arrangement 
in groups or categories according to established 
criteria. Studies have shown that among various 
brain lesion detection techniques available, MRI is 
the best technique . 
Studies have shown that , at subacute and chronic 
stages larger datasets would give better 
performance. Also it may help in identifying 
Biomarkers for rehabilitation which are robust and 
applicable at large. 
 
Datasets 
Dataset play a major role in the research field. Not 
everyone has the access to a wide range of 
resources needed to gather data. Hence Standard 
datasets encourage researchers to develop new 
computational domains, which in turn expand the 
breadth, strengthen the results, and increases their 
credibility. Different datasets are available in 
various repositories for analysis. Few examples 
related to brain are,  brain MRI images for brain 
tumor detection in kaggle, ATLAS (Anatomical 
Tracings of Lesions After Stroke), an open-source 
dataset of 304 T1-weighted MRIs with manually 
segmented lesions and metadata, MICCAI MSSEG 
2016 dataset pertaining to multiple sclerosis, 
Whole Brain Atlas Database, brain tumor dataset-
figshare, multi-template MRI mouse brain atlas, 
brain US, fastMRI, TCIS Brain-Tumor-Progression, 
lesion boundary segmentation dataset, cerebrum-
7T fast and fully volumetric brain segmentation of 7 
tesla MR volumes, BRATS21, BraTS2017, 
IBC(Individual Brain Charting), IXI (IXI Brain 
development dataset), Mindboggle, Algonauts2021, 
brain tumor dataset-IEEE DataPort, Medical 
segmentation Decathalon,  Brain tumor MRI data 

set, ISLES 2018 dataset etc.  
 
Related Works 
Few works related to brain lesions are presented 
here. By recognising false negatives and including 
them in the training labels, authors of a study [1] on 
the detection of brain lesions presented a technique 
for training a convolutional neural network (CNN) 
to segment lesions and improve the quality of the 
training labels. They conducted the experiment 
which showed improvement in performance of 
deep CNN in brain lesion detection.  For brain MR 
images, a new, quick region-of-interest retrieval 
approach is presented in [2]. Local binary patterns 
(LBPs) and Kanade –Lucas-Tomasi(KLT) feature 
points, which are intensity invariant structure 
features, were employed to address the intensity-
related issues in MR. Including spatial information 
in the LBPs significantly improved accuracy while 
avoiding matching of KLT feature points 
significantly worsened performance. In [3] A novel 
4D intensity normalization framework for T1-
weighted magnetic resonance images is proposed. 
While maintaining the lesion information 
unchanged it generates the stable longitudinal 
segmentations of normal tissues. In [4] a case of 
severe acalculia derived from right hemisphere is 
studied. Here the patient did not display the signs 
of right hemisphere lesion like general inability to 
cope with spatial information or from other 
deficiencies like neglect. He was unable to perform 
simple addition, multiplication while maintaining 
the overall verbal competence. In [5] authors have 
shown the usage of new technique of Dense-Gated 
UNet (DGNet), which is a hybrid of dense gated 
blocks and U-Net for lesion segmentation. DGNet 
can suppress pointless features and do weighted 
concatenation. In [6] on the basis of T1-weighted 
and T2-weighted MR images of same anatomic 
structure, a hybrid approach is provided to 
discriminate between normal brain tissues and 
lesion regions. The objects are extracted in the first 
stage by using Otsu's thresholding method and 
classification is done in the second stage using 
MRF-MAP framework. They measurement of Dice’s 
coefficient (DCC),  false positive rate (FPR) and true 
positive rate (TPR), were used for result analysis. 
Authors in [7] have used a simplified, lighter 
version of U-Net that provides improved accuracy, 
better training time and less complex, which is 
achieved by reducing the number of convolutional 
layers in each block. Also number concatenations of 
high resolution from the encoder to decoder is 
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decreased. The issue of overfitting is solved by 
batch normalization.  
In [8] The authors suggested a framework for 
segmenting MS lesions based on DNN that used a 
new method called sequence dropout. Also The 3D 
U-Net network when combined with non-uniform 
patch extraction gave a very good competitive 
performance across all approaches on the 
investigated data set.  
It is a challenging undertaking to quantify white 
matter (WM), grey matter (GM), cerebrospinal fluid 
(CSF), and white matter lesions (WMLs). Recently 
,TRIO algorithm (TRIOA) is offered which 
integrates three algorithms, namely,  Independent 
Component Analysis (ICA), Support Vector Machine 
(SVM) and Fisher’s Linear Discriminant Analysis 
(FLDA) (ICA+SVM+IFLDA). This is very effective in 
classifying GM, WM and CSF by considering MR 
images as multispectral images. [9] Extended 
TRIOA (ETRIOA), which is an extension of TRIOA 
along with Band Expansion Process (BEP), 
simultaneously classifies brain tissues and WMLs. 
The outcomes of the investigation show how 
ETRIOA can simultaneously classify GM, WM, CSF, 
and WMLs in a clinical setting. Also, experiments 
revealed that ETRIOA considerably improves the 
classification accuracy of data for brain WM lesions. 
Unusual asymmetries in brain imaging have a 
number of illnesses attached to them. Automatically 
detecting asymmetries can help with aberrant 
brain tissue(eg. lesions) identification, 
segmentation, and analysis. In [10] an 
unsupervised approach for abnormal asymmetry 
detection based on supervoxel segmentation is 
presented. Also a new method called SymmISF for 
symmetrical supervoxel extraction is discussed. 
The suggested method, Supervoxel-based 
Abnormal Asymmetry Detection (SAAD), was 
verified using 3T MR-T1 images of healthy subjects 
and patients with lesions, and it significantly 
outperformed an autoencoder method in terms of 
detection rate and false positive rate. [11] 
introduces a new semisupervised method for 
segmenting and detecting abnormalities in images. 
A vector is considered anomalous in abnormality 
detection if it deviates from the probability 
distribution derived from normal data. The 
probability function is written as a quadratic 
programming problem and consists of a model and 
a data term. The technique is used for 
autonomously segmenting genuine lesions in 

diabetes patients as well as simulated brain 
infarction and dysplasia. ROC analysis was used to 
evaluate the approach, which showed segmentation 
improvement over univariate statistics and two-
group analysis done with SPM. 
Brain MRI segmentation is primarily influenced by 
image noise, bias field or intensity heterogeneity, 
and partial volume effect. In [12], for denoising and 
feature extraction, a new transform known as the 
Symmetric Discrete Orthonormal Stockwell 
Transform (SDOST) is used. The extracted features 
are then used to train Grammatical Bee Colony, an 
improved binary classifier (GBC). The efficiency 
was demonstrated through experimental 
simulation on the datasets. Computer-aided 
diagnosis is important for rapid, accurate diagnosis 
and disease progression monitoring. In [14] author 
proposed an automated process for segmenting 
stroke lesions in brain MRI's diffusion weighted 
imaging (DWI) modality. Expectation maximization 
(EM) algorithm was used for   segmenteing the 
lesion area of brain images. Random Forest (RF) 
classifier was used to extract the statistical features 
and thus classified according to the type of stroke . 
Following this, resulted in an improvement in 
performance parameters. [15] To examine the 
Brain Stroke from the MRI of Diffused Weight (DW) 
and Flair, a soft computing approach was adopted. 
To extract the stroke section, a combination of 
thresholding (based on the BFO algorithm and 
Tsallis entropy) and Localized Active Contour 
(LAC) segmentation is used. Performance 
comparison evaluation of DW and Flair images 
were shown in which Flair images performed 
better. 
 
Common Methodologies 
Below are given few commonly used approaches 
and algorithms in brain lesion detection. 
Histogram Equalization Technique: help to enhance 
the MR images (generally which are of low 
contrast) so that it gives an improved visual quality 
and a well-defined problem. The variations 
available wih this are Typical Histogram 
Equalization (HE), Global Histogram Equalization 
(GHE), Local Histogram Equalization (LHE), 
Dualistic Sub-Image Histogram Equalization 
(DSIHE), Brightness Preserving Bi-Histogram 
Equalization (BBHE), and Recursive SubImage 
Histogram Equalization (RSIHE). 
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Fig1: Histogram equalizer for brain tumor 

 
Support Vector Machine (SVM): is based on the 
concept of supervised machine learning and 
performs better when the number of training 
samples is very small and the dimension of feature 
space is very high. 
Hidden Markov Model (HMM): is based on concept 
of reinforcement machine learning. HMM is a type 
of probabilistic graphical model which predict a 
series of unknown (hidden) variables given a 
collection of observed variables. The advantage of 
HMM is complex model can be built-in small 
dataset without noise.  
Pretrained Transfer Learning Technique: Resnet18, 
Resnet50, Resnet101, Shufflenet, Densenet201 
,Mobilenetv2 are some of the pretrained TL 
classfiers  used in the detection of brain related 
disorders more quickly by using fine grained 
classification approach. A residual neural network 
(ResNet) is an artificial neural network (ANN) of a 
kind that stacks residual blocks on top of each 
other to form a network.  
Convolutional Neural Network (CNN): Performs 
better in deep feature extraction as it is not manual 
but automated. CNN performs better on large 
datasets compared to small datasets due to 
overfitting problem. To improve performance, CNN 
classifier hyperparameters must be changed or 
adjusted, which requires domain knowledge. To 

deal with small data sets, U-Net which is CNN can 
be used. 
Fuzzy c-means algorithm (FCM): is a conventional 
clustering algorithm which gives results quickly but 
the parameters of number of cluster and the initial 
member ship  matrix is to be given.  
T1-weighted contrast-enhanced: (with gadolinium-
enhanced) MRI images (T1c) are used because 
tumors are considerably better visualized. 
Expectation maximization clustering approach: The 
expectation-maximization algorithm is a method 
for calculating maximum likelihood in the presence 
of latent variables. (which are not observable 
directly). This is accomplished by first estimating 
the values of the latent variables, then optimising 
the model, and then repeating these two steps until 
convergence is achieved. 
Bayesian classification: is a supervised 
classification method. Bayesian classifiers are 
Statistical classifiers in which the Class 
membership probabilities, such as the likelihood 
that a given tuple belongs to a specific class, can be 
predicted by this classifier. 
CT and MRI images are acquired in a special digital 
format, called the DICOM format. DICOM ensures 
that the high quality of the images is retained. 
Mostly the algorithms to be implemented are 
simulated using MATLAB, python. 
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The performance parameters used in comparsison 
of brain lesion techniques can be accuracy, 
precision, recall, F-measure, specificity, sensitivity, 
Dice coefficient (DCC), false positive rate (FPR) and 
true positive rate (TPR),  Jaccard Index. 
The files are  in NiFTI format (.nii.gz). A single data 
point is as shown below. 
 
Conclusion 
Brain lesion is a life threatening issue. To detect in 
its early stages it needs thorough analysis through 
image processing, pattern recognition, machine 
learning and deep learning techniques. Some of the 
commonly and uncommonly used techniques and 
algorithms are presented here. The diagnosis of 
likely diseases in their early stages has been 
significantly enhanced by the use of algorithms like 
convolutional neural networks and their variations 
, Dense neural networks, and other deep learning 
techniques in neural network. Deep transfer 
learning (TL) techniques are now one of the most 
frequently employed algorithms to identify and 
categorise the diseases caused by brain lesions like, 
glioma, meningioma, and pituitary. In this paper an 
overview on the advanced techniques proposed for 
detection of brain lesion and the datasets available 
were discussed.  
 

References 
Davood Karimi , Jurriaan M. Peters , Abdelhakim Ouaalam , 

Sanjay P. Prabhu , Mustafa Sahin Darcy A. Krueger , 
Alexander Kolevzon , Charis Eng , Simon K. Warfield , Ali 
Gholipour “LEARNING TO DETECT BRAIN LESIONS FROM 
NOISY ANNOTATIONS” 2020 IEEE 17th International 
Symposium on Biomedical Imaging (ISBI) April 3-7, 2020,  
USA. 

Devrim Unay, Ahmet Ekin, and Radu S. Jasinschi “Local 
Structure-Based Region-of-Interest Retrieval in Brain MR 
Images” IEEE TRANSACTIONS ON INFORMATION 
TECHNOLOGY IN BIOMEDICINE, VOL. 14, NO. 4, JULY 
2010. 

Snehashis Roy, Aaron Carass, Navid Shiee, Dzung L. Pham, 
Peter Calabresi, Daniel Reich, and Jerry L. Prince 
“LONGITUDINAL INTENSITY NORMALIZATION IN THE 
PRESENCE OF MULTIPLE SCLEROSIS LESIONS” 2013 IEEE 
10th International Symposium on Biomedical Imaging. 

Xin Liu Wengang Yin, Luping Song “A case of severe acalculia 
derived from a righthemisphere lesion” 2012 8th 
International Conference on Natural Computation (ICNC 
2012). 

Zhongyi Ji1, Xiao Han, Tong Lin, and Wenmin Wang “A Dense-
Gated U-Net for Brain Lesion Segmentation” Proceedings 
of the 2020 IEEE International Conference on Visual 
Communications and Image Processing (VCIP) 

 
 
 
 

 
 
 
Siyu Lu, Ling Lei, Hui Huang, Liang Xiao “A Hybrid Extraction-

Classification Method For Brain Segmentation In MR 
Image” 2016 9th International Congress on Image and 
Signal Processing, BioMedical Engineering and 
Informatics(CISP-BMEI 2016). 

Palash Ghosal, Pindi Krishna Chandra Prasad, Debashis Nandi 
“A Light Weighted Deep Learning Framework for Multiple 
Sclerosis Lesion Segmentation” 2019 Fifth International 
Conference on Image Information Processing (ICIIP). 

Yushan Feng , Huitong Pan, Craig Meyer, Xue Feng “A SELF-
ADAPTIVE NETWORK FOR MULTIPLE SCLEROSIS LESION 
SEGMENTATION FROM MULTI-CONTRAST MRI WITH 
VARIOUS IMAGING SEQUENCES” 2019 IEEE 16th 
International Symposium on Biomedical Imaging (ISBI 
2019) Venice, Italy, April 8-11, 2019 

Hsian-Min Chen, Hsin Che Wang, Chein-I Chang, Yung-Chieh 
Chang, Jyh-Wen Chai, Clayton ChiChang Chen, Che-Lun 
Hung,” A supervised hybrid classifier for brain tissues and 
white matter lesions on multispectral MRI” 2017 14th 
International Symposium on Pervasive Systems, 
Algorithms and Networks  

Samuel B. Martins , Guilherme Ruppert , Fabiano Reis , Clarissa 
L. Yasuda , Alexandre X. Falcao “A SUPERVOXEL-BASED 
APPROACH FOR UNSUPERVISED ABNORMAL 
ASYMMETRY DETECTION IN MR IMAGES OF THE BRAIN” 
2019 IEEE 16th International Symposium on Biomedical 
Imaging (ISBI 2019) Venice, Italy 2019. 

Evangelia I. Zacharaki and Anastasios Bezerianos,” 
Abnormality Segmentation in Brain Images Via 
Distributed Estimation” IEEE TRANSACTIONS ON 
INFORMATION TECHNOLOGY IN BIOMEDICINE, VOL. 16, 
NO. 3, MAY 2012. 

Abhilash Panda, Tusar Kanti Mishra, Vishnu Ganesh 
Phaniharam “Classification of Brain Tissues Using 
Enhanced GBC And SDOST for Brain lesion detection” 
2018 4th International Conference for Convergence in 
Technology (I2CT) SDMIT Ujire,  India.  2018 

Tharani, S.; Yamini, C. Classification using convolutional neural 
network for heart and diabetics datasets. Int. J. Adv. Res. 
Comp. Commun. Eng. 2016, 5, 417–422. 

A.K. Subudhi, S. S. Jena, M. Mohanty, S. K. Sabut “Computational 
Intelligence Approach for Predicting Ischemic Stroke using 
Brain MRI” Proceedings of the 2nd International 
Conference on Inventive Communication and 
Computational Technologies (ICICCT 2018) IEEE Xplore 
Compliant - Part Number: CFP18BAC-ART; ISBN:978-1-
5386-1974-2 

K. Revanth, T.D. Varsha shree, N. Sri Madhava Raja, V. 
Rajinikanth “Computational Investigation of Stroke Lesion 
Segmentation from Flair/DW Modality MRI” 2018 4th 
International Conference on Biosignals, Images and 
Instrumentation (ICBSII), 22-24 March 2018, India. 

Juang LH and Wu MN. “MRI brain lesion image detection based 
on color-converted k-means clustering segmentation”. 
Measurement 43:941–949, 2010 

Ranjita Chowdhury, Samarpan Dutta, Pinaki Saha, Diptak 
Banerjee “Detection and Extraction of Abnormality from 
Brain MRI Image Using Extended Fuzzy-C-Means 
Clustering Algorithm” International Conference on Recent 
Innovations in Electrical, Electronics & Communication 
Engineering - (ICRIEECE) 2018. 

 



NeuroQuantology | April 2021 | Volume 19| Issue 4 | Page 92-98 | doi: 10.14704/nq. 2021.19.4.NQ21042 

Kavita Goura et al / A Survey on Brain Lesions and the Techniques Used to Detect Them. 

eISSN 1303-5150  www.neuroquantology.com 
 

98 

 
 
 


