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Abstract 
 

Magnetic resonance imaging has been a significant 

instrument for both the systematic review of pediatric 

cognitive function as well as neurological conditions. 

Although numerous efforts in recent years have been 

taken to focus on the adult brain disease analysis using 

MR Image segmentation, but very less work is done on 

newborn brain MRI While several attempts were made in 

subsequent decades that concentrate upon this study of 

adulthood brain disorder utilizing MR Image, still very 

little research has been reported on infant brain MR 

images.  The first two years in a child's life are a period 

of accelerated brain growth, and is believed to play a 

significant function in brain development. Throughout 

that time, the neuron expands rapidly in shape 

approaching 80–90% to adolescent volumes around two 

years of age. The amount of information available about 

this time span is presently very small. As a consequence, 

infant magnetic Resonance segmentation is a vast field of 

study. Its latest possible concerns as well as challenges of 

automated stratification for infant brain MR images are 

being reviewed in this article. 
Keywords—Infant, Premature, MRI, Brain, Segmentation, 

Neuroimaging. 

 

1. Introduction 

Mostly during past few years, MR brain exams of 

newborns transferred to emergency department were 

improved significantly. Throughout the research 

assessment of pediatric cognitive development including 

impaired cognitive conditions, magnetic resonance 

(MRI) seems to be an effective instrument [1–3]. 

Accurate segmentation of infant MR Image is noticeably 

quite complex than adolescent MRI Brain stratification. 

The key cause for this is the genetics and quick 

subsequent growth. Neo-natal neuro mRIs effectively 

restrict the medical and biological features of white 

matter myelination including wide liquid volumes, that 

is far less than adolescent brain mRIs, than those of the 

Contrast-Noise Ratio (CNR) [5-6]. 

The pediatric brain seems to be of a narrower scale 

form, including brain regions folding shape relative to 

adult brains. In comparison, time limitations as well as 

subject movement may impose major inhomogeneities, 

imagery including interference. The growth of the 

pediatric brains triggers a variety of unique segmentation 

problems. There are quite complicated distinctions 

among white as well as cortical gray matter including 

even cortical grey as well as CSF. The real concern 

deeply rooted in or stratified in portion concentration 

pixel values just at boundary among certain structures as 

well as regions influenced with these consequences in. 

The CSF / cGM limit was its key trouble region. Figure 1 

represents intensity overlapping if brain tissues [7-8]. 

 

Fig.1. Overlapping intensities of brain tissues 

 

CSF might have the poorest brightness either on T1-w 

image, whereas GM seems to have the maximum 

concentration Thus, the limited pixel intensities were 

frequently incorrectly labelled with WM. Such issues 

have been compounded in pediatric diagnostic practice, 

that are otherwise normally designed for lower inter - 

slice precision clinical observations, including major 

consequences of partial volume. 
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Fig. 2. Head Size increase along with time 

The above is motivated by increased MRI usage to 

research neighbors with in invention of novel 

segmentation techniques with that stage of life. A 

routine, long-term as well as reproductive segmentation 

of infant brain is labor intensive. In contrast to 

automated stratification of adolescent MRI, these 

process is infinitely quite difficult linked to premature 

growth. 

 Autonomous structural magnetic resonance 

segmentation (MR) pictures are classified into three 

major tissue types: white (WM), gray (GM), cerebra-

spinal fluid (CSF)[5]. This article therefore reflects 

mostly on present situation including different 

challenges problems and difficulties problems in the 

characterization of pediatric brain tissues. Below figure 

2 depicts the brain growth from head size point of view 

[9-10]. 

 

2. Formatting Present Scenario 

A sick baby is at a greater risk of brain damage and 

impaired cognitive development. A big concern for 

parents who deal with these infants is giving certain 

parents a very comprehensive diagnosis and treatment for 

their wellbeing. Investigators of preterm infant 

neuroscience face a significant challenging problem in 

designing experimental therapies to treat or prevent brain 

injury in infants. Innovative neuroimaging developments 

are increasingly being made, helping us to have a deeper 

awareness about how preterm infants brain damage 

evolve as well as how individuals affect future brain 

growth.  

Magnetic resonance imaging (MRI) is proving to be 

more and more effective of the current neuroimaging 

methods for such people, despite becoming quite costly 

and difficult to access than head ultrasounds. Since it has 

reasonable temporal accuracy and hence precise 

anatomical information that cannot be provided from any 

other imaging technique, brain MRI is increasingly 

becoming the current standard of treatment for 

determining the exact type and magnitude of brain injury 

in ill newborns. Further research have demonstrate the 

significance of MRI as an accurate indicator of potential 

pathogenesis and the capacity to offer additional 

perspectives through growth and development, disruption 

and repairing mechanisms that develop in an infant brains 

at around the same time.[11-13] 

 In the affluent and emerging economies, birth defects 

are a significant health issue and children afflicted are 

overwhelmingly taken from impoverished people. Child 

injury in emerging nations persists a significant source of 

mortality including premature births amongst these young 

as well as the marginalized, pregnant adolescents and 

under-educated mothers being more prevalent. A recent 

international study showed that uneven income inequality 

and lack of government participation were higher than any 

other health result with reduced infant weight and child 

mortality. Such issues hit a global crisis extent as well as 

certain type of comprehensive prenatal care is needed in 

nations whose contemporary services are provided for 

around 7 percent of all babies. The challenges of perinatal 

illness must be tackled immediately on both political and 

social as well as health grounds [14-16]. 
 

3. Neuroimaging of Infants 

Neuroimaging plays an emerging role in congenital 

diseases. Studies could be contradictory and imperfect, 

and certain diseases can be practiced in various ways. 

This research offers an analysis of the present importance 

of MRI in selected congenital diseases with in brain. 

Existing practise can shift more research and innovation 

therapeutic targets including modern MRI procedures[17-

20]. MRI is a proven tool to assess the presence and 

nature of injury in children and young adults. 

 

Fig. 3. Steps of Neonatal Tissues Classification 

 

4. Challenges and Objectives 

Challenges to be corrected in different stages of image 

processing are discussed below along with that what kind 
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of actions researchers have to take are also discussed 

[21-23]. 

A. Pre-processing- 

1. Intensity Inhomogeneity Correction 

2. Motion Artifects reduction 

3. Noise Reduction 

4. Contrast Enhancement 

5. Partial Volume Correction 

We have to overcome above challenges in pre-

processing stage. For this we have to develop strategies 

with detail mathematical modeling, de-noising 

algorithm. 

B. Segmentation & Classification- 

1. We have to develop fully automatic & robust 

segmentation algorithm, which can be able to 

detect all tissues present in Brain MRI of 

newborn & premature infants. 

2. Special focus must be given for myelinated 

white matter detection as it is very important 

from neurodevelopment point of view. So we 

have to design special strategy for accurate 

segmentation of myelinated white matter. 

 

5. Performance Parameters 

Following validation parameters are to be considered 

for performance investigations of different segmentation 

and classification algorithm developed for infant brain 

MRI [24-27]. 

1. Dice coefficient 

2. 95th percentile of Hausdorff Distance 

3. Mean Surface Distance  

4. Absolute Volume Difference  

5. Computational Speed  

6. Sensitivity 

7. Specificity 

8. Accuracy 

9. Cohen’s Kappa Coefficient 

10. Jaccard Index 

6. Conclusion  

The method of marking perhaps every pixel value 

throughout a biomedical data set to show which tissues 

class as well as structure of the brain is known to 

medical image analysis.  The labeling created as part for 

such method can be used for a multitude of 

functionalities in clinical imaging as well as computer 

vision. The imaging method and anatomy that is being 

visualized are two important features of diagnostic 

imaging making segmentation challenging.  

A medical procedure in community hospital resource 

perspective is linked to recognizing structural features in 

MRI Brain images for better development in clinical use 

in addition to foster automated or semi - supervised 

learning MRI Brain methodological approaches in 

healthcare. In newborns brain MR images, as there are 

several are several possible complications as well as 

challenges. The appropriate way to increase efficiency 

must initiate; boost precision as well as analysis time 

whereas eliminating human encounters. The existence of 

spatiotemporal seamlessly changing intensity in as well 

as superimposing MR levels of intensity in various tissue 

groups complicate automatic and accurate segmentation.  

References 

[1]  Vander  Knaap,  M.,  Valik,  J.:  MR  imaging  of  the  

various  stages  of  normal  myelination  during  the  first  year  

of  life. Neuroradiology 31(6) (1990) 459–70 

[2] Dietrich, R.: Maturation, Myelination, and Dysmyelination. 

In: Magnetic Resonance Imaging. Mosby (1999) 1425–1447 

[3]Barkovich, A.: Magnetic resonance techniques in the 

assessment of myelin and myelination. J Inherit Metab Dis. 

28(3) (2005) 311–43 

[4]  Prastawa, M., Gilmore, J., Lin, W., Gerig, G.: Automatic 

segmentation of MR images of the developing newborn brain. 

Med Image Anal. 9(5) (2005) 457–66. 

[5]  H.N Doan, G. Slabaugh, G. Unal, and T. Fang, “semi-

automatic 3-D segmentation of anatomical structures of brain 

MRI volumes using graph cuts”. Georgia Institute of 

Technology, Princenton. NJ 08540, 2006. 

[6] Xiao Han, Chenyang Xu, Ulisses Braga-Neto, and Jerry L. 

Prince, Topology correction in brain cortex segmentation using 

a multiscale, graph based algorithm”. IEEE Trans. Med. 

Image., vol.21, no. 2. feb. 2002.  

[7]  D. L. Pham, C. Xu, and J. L. Prince, “Current methods in 

medical image segmentation” Ann. Rev. Biomed. Eng., vol. 2, 

pp. 315—337. 2000.  

[8]  W.Wells, R. Kikinis, W. Grimson, and F.  Jolesz. 

'Adaptive segmentation of MRI data” IEEE Trans. Med. Imag., 

vol. 15, no. 4, pp. 429—442, Aug. 1996.  

[9]  Hayit  Greenspan,  Amit  Ruf,  and  Jacob  Goldberger.  

“constrained  Gaussian  Mixture  Model  Framework  for  

Automatic Segmentation of MR Brain Images”. 2006. 

[10] T. Kapur.W. E. Grimson, W. M.WeIls, and R. Kikinis, 

“Segmentation of brain tissue from magnetic resonance 

images,” Med. Image Anal., vol. 1. no. 2, pp. 109—127. 1996.  

[11] W. WeIIs, R. Kikinis, W. Grimson, and F. Jolesz. 

Adaptive segmentation of MRI data” IEEE Trans. Med. Imag., 



Raj Kumar Goel Institute of Technology   NAVACHAR 

Volume 1 / Issue 1 https://doi.org/XXXX/XXXX 

 

 

4 

 

vol. 15, no. 4, pp. 429—442, Aug. 1996. 

[12] Hack, M., Fanaroff, A.A.: Outcomes of children of 

extremely low birth weight and gesta-tional age in the 1990s. 

Seminars Neonatol. 5 (2), 89–106 (2000). 

[13] Marlow, N., Wolke, D., Bracewell, M.A., Samara, M.: 

Neurologic and developmental disa-bility at six years of age 

after extremely preterm birth. N. Engl. J. Med. 352 (1), 9–19 

(2005). 

[14] Makropoulos, A., Gousias, I., Ledig, C., Aljabar, P., 

Serag, A., Hajnal, J., Edwards, A.,Counsell, S., Rueckert, D.: 

Automatic whole brain MRI segmentation of the developing 

neonatal brain. IEEE Trans. Med. Imaging 33 (9), 1818–1831 

(2014). 

[15] Belaroussi, B., Milles, J., Carme, S., Zhu, Y.M., Benoit-

Cattin, H. : Intensity nonuniformity correction in MRI: 

existing methods and their validation. Med. Image Anal. 10 

(2), 234–246 (2006). 

[16] Tofts, P.: Quantitative MRI of the Brain: Measuring 

Changes Caused by Disease.Wiley (2003). 

[17] Weishaupt, D., Froehlich, J.M., Nanz, D., Kochli, V.D., 

Pruessmann, K.P., Marincek, B.: How Does MRI Work ?: an 

Introduction to the Physics and Function of Magnetic Reso-

nance Imaging. Springer (2008). 

[18] Xue, H., Srinivasan, L., Jiang, S., Rutherford, M., 

Edwards, A.D., Rueckert, D., Hajnal, J.V.: Automatic 

segmentation and reconstruction of the cortex from neonatal 

MRI. Neu-roImage 38 (3), 461–477 (2007). 

[19] Rutherford, M.A.: MRI of the Neonatal Brain. W.B. 

Saunders (2002). 

[20] Prastawa, M., Gilmore, J.H., Lin, W., Gerig, G.: 

Automatic segmentation of MR images of the developing 

newborn brain. Med. Image Anal. 9 (5), 457–466 (2005). 

[21] Makropoulos A, Counsell SJ, Rueckert D.: A review on 

automatic fetal and neonatal brain MRI segmentation. 

Neuroimage. 170, 231-248 (2018). 

[22] Gilmore, J.H.: Understanding What Causes 

Schizophrenia: A Developmental Perspective. American 

Journal of Psychiatry, 167(1), 8-10 (2010). 

[23] Wang, Yun, Haghpanah, Fateme, AW, Natalie, Laine, 

Andrew, Posner, Jonathan:  A trans-fer-learning approach for 

first-year developmental infant brain segmentation using deep 

neu-ral networks. 10.1101/2020.05.22.110619 (2020). 

[24] L. Wang et al.: Benchmark on Automatic Six-Month-Old 

Infant Brain Segmentation Algo-rithms: The iSeg-2017 

Challenge, in IEEE Transactions on Medical Imaging, 38(9), 

2219-2230, (2019). 

 

 

 

 

 

[25] Smith, S.M.: Fast robust automated brain extraction. 

Hum. Brain Mapp. 17 (3), 143–155 (2002). 

[26] Shattuck, D.W., Sandor-Leahy, S.R., Schaper, K.A., 

Rottenberg, D.A., Leahy, R.M.:Magnetic resonance image 

tissue classification using a partial volume model. Neu-

roImage 13 (5), 856–876 (2001) 

[27] Magar, V. M., Christy, T.B.: Gabor Filter Based 

Classification of Mammography Images Using LS-SVM and 

Random Forest Classifier. In: 2nd International Conference on 

Recent Trends in Image Processing and Pattern Recognition, 

pp. 69-83. Springer, India (2018). 


