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September 2017 

Chair: Norafida Bahari, PhD 
Faculty: Medicine and Health Sciences 

Three-dimensional ultrasound (3DUS) examination was available in clinical setting 
for more than 20 years but 3DUS examination remained underutilized and not 
widely used in clinical practice. Routinely, in infant brain imaging, following two-
dimensional ultrasound (2DUS) examination, Magnetic Resonance Imaging (MRI) 
examination would be performed for further evaluation of brain pathology if it was 
indicated. MRI examination had several limitations. 3DUS technique was 
developed to improve the existing of 2DUS technique. 3DUS had potential to be 
used broadly in clinical practice. Thus, dependency on MRI examination can be 
reduced. 

 

This study was conducted to determine the potential of 3DUS scanning in 
evaluating the 25 midline cerebral structures of infant. 

 

A total of 20 subjects with mean age of 9.40 ± 5.43 months participated in this 
study. The subjects underwent 2DUS and 3DUS examination after completed the 
MRI examination. The images of 25 midline cerebral structures obtained by MRI, 
3DUS and 2DUS examination were evaluated by two (2) raters. The data was 
analyzed using Chi-square test, Cohen’s Kappa test, Intra-class Correlation 
Coefficient (ICC), Wilcoxon Signed Rank test, Passing-Bablok Regression and 
Bland Altman Analysis. 
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The raters evaluated most of the midline cerebral structures as excellent in MRI 
examination as compared to good visualization on 3DUS and non-visualization of 
image visualization in 2DUS examination respectively. There was no significance 
difference in disease diagnosis evaluated by raters in MRI examination. The 
visualization rate was moderate, fair and slight agreement with K < 0.36 at 95% 
CI and the overall agreement was 20% in 3DUS examination. The ICC was 
between 0.61 and 0.97 at 95% CI demonstrated good and very good agreement 
in 3DUS examination. There was no significance difference and no significance 
bias at 95% CI in measurement of the most of the midline cerebral structures 
between 3DUS and the both examinations demonstrated that 3DUS was 
interchangeable and acceptable technique. 3DUS was a reliable technique and 
can be used as alternative technique for MRI and 2DUS examination. The mean 
scanning times for 3DUS and 2DUS examination was 5.62 ± 1.92 minutes and 
7.07 ± 1.74 minutes respectively, demonstrated that 3DUS was slightly faster than 
2DUS examination. 

 

3DUS examination was a reliable, feasible and reproducible technique in 
measuring the 25 midline cerebral structures. 3DUS examination can be used in 
clinical setting as alternative examination to MRI and 2DUS examination.  
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Oleh 

NORHAFIDZAH BINTI MOHAMED SHARIF 

September 2017 

Pengerusi: Norafida Bahari, PhD 

Fakulti: Perubatan dan Sains Kesihatan 

Pemeriksaan Three Dimensional Ultrasound (3DUS) telah berada dalam amalan 
klinikal selama lebih daripada 20 tahun tetapi pemeriksaan 3DUS masih kurang 
dimanfaatkan dan tidak digunakan secara meluas dalam amalan klinikal. Secara 
rutin, dalam pengimejan otak bayi, selepas peperiksaan Two Dimensional 
Ultrasound (2DUS), pemeriksaan Magnetic Resonance Imaging (MRI) akan 
didahului untuk penilaian selanjutnya jika diperlukan. Pemeriksaan MRI 
mempunyai beberapa batasan. Teknik 3DUS telah dibangunkan untuk 
memperbaiki teknik 2DUS sedia ada. 3DUS mempunyai potensi untuk digunakan 
secara meluas dalam amalan klinikal. Oleh itu, pergantungan pada pemeriksaan 
MRI dapat dikurangkan.

Kajian ini telah dijalankan untuk menilai potensi pengimbasan 3DUS untuk 
menggambarkan dan mengukur 25 struktur-struktur tengah serebrum bayi.

Sejumlah 20 subjek dengan min umur 9.40 ± 5.43 bulan telah mengambil 
bahagian dalam kajian ini. Subjek menjalani pemeriksaan 2DUS dan 3DUS 
selepas selesai pemeriksaan MRI. Imej 25 struktur-struktur tengah serebrum bayi 
yang diperolehi daripada pemeriksaan MRI, 3DUS dan 2DUS dinilai oleh dua (2) 
penilai. Data dianalisis menggunakan ujian Chi-square, ujian Cohen Kappa, 
Intraclass Correlation Coefficient (ICC), ujian Wilcoxon Signed Rank, Regresi 
Passing-Bablok dan Analisis Bland Altman. 
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Dalam pemeriksaan MRI, penilai menilai kebanyakan struktur serebrum tengah 
bayi sebagai cemerlang. Visualisasi imej pemeriksaan 3DUS dan 2DUS masing-
masing menunjukkan visualisasi yang baik dan tidak visualisasi. Dalam 
pemeriksaan MRI, tiada perbezaan yang signifikan dalam mendiagnosis penyakit. 
Persetujuan kadar visualisasi adalah sederhana, kurang dan sedikit dengan K < 
0.36 pada 95% selang keyakinan dan kesepakatan keseluruhan adalah 20% 
dalam peperiksaan 3DUS. ICC adalah antara 0.61 dan 0.97 pada 95% selang 
keyakinan menunjukkan persetujuan yang baik dan sangat baik dalam 
pemeriksaan 3DUS. Tidak terdapat perbezaan yang signifikan dan tiada berat 
sebelah yang signifikan pada 95% selang keyakinan dalam pengukuran 
kebanyakan struktur serebrum tengah antara 3DUS dan kedua-dua pemeriksaan 
menunjukkan bahawa 3DUS adalah teknik yang boleh ditukar ganti dan diterima. 
3DUS adalah teknik yang boleh dipercayai dan boleh digunakan sebagai teknik 
alternatif kepada pemeriksaan MRI dan 2DUS. Min tempoh pengimbasan untuk 
pemeriksaan 3DUS dan 2DUS masing-masing adalah 5.62 ± 1.92 minit dan 7.07 
± 1.74 minit, menunjukkan bahawa 3DUS adalah lebih cepat daripada 
pemeriksaan 2DUS.

Pemeriksaan 3DUS adalah teknik yang boleh dipercayai, boleh dilaksanakan dan 
boleh diulang dalam mengukur 25 struktur serebrum tengah. Pemeriksaan 3DUS 
boleh digunakan dalam amalan klinikal sebagai pemeriksaan alternatif kepada 
pemeriksaan MRI dan 2DUS.
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CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

In clinical setting, Magnetic Resonance Imaging (MRI) and ultrasound scanning 
were used to produce images of human body, purposely for disease diagnosis. 
Due to their advantage as non-ionizing radiation modalities, MRI and ultrasound 
scanning were recommended for infant imaging. MRI scanning became a 
preferred modality because ability to provide superior diagnostic information. 
Ultrasound scanning that was used before was two-dimensional ultrasound 
(2DUS) and ultrasound scanning was always the initial radiological examination 
as it was easily available.3DUS scanning was one of the advanced techniques 
in ultrasound technology but, unfortunately, it was not broadly used in 
radiological examination compared to in obstetric field. 2DUS scanning was a 
conventional method but it was widely used for several decades until now 
because the availability in clinical setting and the technician are more familiar 
with it. However, the 2DUS scanning was frequently upgraded with the latest 
technology in order to acquire optimum ultrasound images. 

Ultrasound imaging became the first choice imaging examination for infant due 
to availability, user-friendly and can be used for bedside scanning. The infant 
who was diagnosed or suspected with any abnormalities by ultrasound 
examination would be evaluated further by using either Computed Tomography 
(CT) scan or MRI examination. However, in CT scan, radiation was involved. On 
the other hand, the infant with non-compatible MRI foreign body was 
contraindicated for MRI examination. 

MRI scanning was not easily available and it was also an expensive procedure. 
MRI examination also take a long duration. Thus, the infant should be kept in 
same position throughout MRI examination in order to obtain good image quality. 
Routinely, single or multiple sedations was needed. Some of infant were required 
general anesthesia due to poor response to sedations. Hence, close monitoring 
by the anesthetic team was required until the infant was fully awake. If the infant 
failed to be sedated, the examination would be re-scheduled. 

On the other hand, for ultrasound examination, there was no special setup of 
equipment was needed and no sedation required, therefore there was no 
involvement of other clinical team. The cost of ultrasound examination was much 
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cheaper than MRI examination. There were many ultrasound units available in a 
hospital. So it was easier to schedule for ultrasound examination compared to 
MRI examination. There was continuous advancement in ultrasound technology 
introduced more features and provided useful diagnostic information. 

American Institute of Ultrasound in Medicine (AIUM) underlined the excessive 
temperature as known risk factors can contribute to the biological effect. 
According to (Fowlkes, 2011), there were no significance adverse biological 
effects were observed for the temperature between 35 to 39˚C and duration of 
heating was up to 50 hours. According to Benacerraf, Shipp, & Bromley, 2006; 
Junewick, Martin, & Woolpert, 2007; Romero et al., 2014, 2DUS and 3DUS 
examinations were performed in less than 20 minutes and less than 2 minutes, 
respectively. To our knowledge, there were no absolute ethical issues as 2DUS 
and 3DUS examinations were conducted within the limit (body temperature is 
37˚C and the duration of scanning took about 10 to 20 minutes). 

Study on 3DUS technology was still ongoing to broaden the potentials and 
capabilities of this technique. The comparison study between 2DUS, 3DUS 
and/or MRI of the neonatal brain disease, found that ultrasound examination able 
to define the certain diagnosis but MRI examination failed to determine it in few 
cases (Epelman et al., 2010; Leijser, Steggerda, et al., 2009; Petropoulou et al., 
2012). Most of the infant who underwent the diagnostic imaging scanning 
associated with the investigation of brain disorders. Commonly the brain 
disorders involved midline area consisted of the lateral ventricle, third ventricle, 
fourth ventricle, corpus callosum, cerebellum, cisterna magna, pons, basal 
ganglia, caudate nucleus, inter-hemispheric fissure, extra-cerebral space and 
cortical depth of cingulate gyrus.  

1.2 Problem Statement 

In infant brain imaging, ultrasound was the initial radiological examination for 
evaluation of intracranial pathology. Routinely, after 2DUS examination, MRI 
examination would be preceded for further evaluation if indicated. 3DUS 
scanning had limited availability in our country including equipment, experiences 
and experts. MRI examination had several limitations. 

MRI scanning was not easily available and it was also an expensive procedure. 
MRI scanning was a longer procedure. Thus, the infant should be kept in same 
position throughout MRI examination in order to obtain good image quality. 
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Routinely, single or multiple sedations was needed. Some of infant were required 
general anesthesia due to poor response to sedations. Hence, close monitoring 
by the anesthetic team was required until the infant was fully awake. If the infant 
failed to be sedated, the infant would be given a new appointment date. 
Sometimes, there was contrast medium reaction occurred, thus further patient 
management was required. Only MRI-safe suit and the patient who was free 
from MRI-unsafe materials are allowed to enter the MRI room. There was limited 
size of coil thus the radiographer required to fit the small size of the infant’s head 
with available coil in order to produce a good image resolution.

On the other hand, ultrasound scanning was broadly available in clinical setting. 
Ultrasound scanning was friendly user, quick examination and no sedation 
required. The price for ultrasound scanning was obviously cheaper than MRI 
examination. In addition the conventional 2DUS scanning technique was always 
updated with new technology. 3DUS scanning technique was introduced after 
2DUS technique and already available in clinical setting for more than 20 years. 
However, the 3DUS scanning remained underutilized and only few examiners 
applied 3DUS in their clinical practice. We believed that the advanced technology 
in 3DUS scanning can provide adequate image resolution for disease diagnosis. 

1.3 Significance of Study 

The study of potential and capabilities of 3DUS on infant brain was conducted to 
provide awareness among healthcare providers such as clinicians, 
sonographers and radiologists to perform or request the 3DUS scanning. 
Therefore the dependency on MRI examination can be reduced. 

1.4 Objectives 

General Objective: 

Assessing the potentials and capabilities of 3DUS examination in visualizing and 
measuring the 25 midline cerebral structures of the infant brain. 
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Specific Objectives: 

 

This study was conducted to: 

1) Compare the visualization of 25 midline cerebral structures of infant 
obtained by MRI, 3DUS and 2DUS examination.  

2) Determine the measurement difference between two examinations 
consisted of MRI and 3DUS examination, MRI and 2DUS examination 
and 3DUS and 2DUS examination in measuring the 25 midline cerebral 
structures of infant.  

3) Quantify the difference in scanning time for 3DUS and 2DUS 
examination of infant brain.  

4) Identify the difference in size between left and right sides of infant 
midline cerebral structures obtained by MRI, 3DUS and 2DUS 
examination. 

5) Identify the difference between male and female in measuring the 25 
midline cerebral structures obtained by MRI, 3DUS and 2DUS 
examination. 

 
 
1.5 Hypothesis 

There was significance difference among the three (3) examinations. MRI 
examination provided superior diagnostic quality in evaluating 25 midline 
cerebral structures of infant brain followed by 3DUS and 2DUS examination. 
3DUS examination of infant brain was a comparable technique with MRI 
examination of infant brain.  
 
 
1.6 Expected Outcome 

Based on the study design that has been conducted, we assumed that 3DUS is 
comparable to MRI in visualization and measuring the multiple midline cerebral 
structures. We were expecting also that the 3DUS is better than 2DUS in 
visualizing and measuring the multiple midline cerebral structures. 

 



© C
OPYRIG

HT U
PM

REFERENCES 

 
Anderson, N. G., Warfield, S. K., Wells, S., Spencer, C., Balasingham, A., Volpe, 

J. J., & Inder, T. E. (2004). A limited range of measures of 2-d ultrasound 
correlate with 3-d mri cerebral volumes in the premature infant at term. 
Ultrasound in Medicine and Biology, 30(1), 11–18. 

Araujo Júnior, E., Guimarães Filho, H. A., Pires, C. R., Nardozza, L. M. M., & 
Moron, A. F. (2007). Three-dimensional ultrasonography in the evaluation 
of the fetal cerebelum. Radiologia Brasileira, 40(3), 201–206. 

Araujo Júnior, E., Martins, W. P., Rolo, L. C., Pires, C. R., & Zanforlin Filho, S. 
M. (2014). Normative data for fetal cisterna magna length measurement 
between 18 and 24 weeks of pregnancy. Child’s Nervous System : ChNS : 
Official Journal of the International Society for Pediatric Neurosurgery, 
30(1), 9–12. 

Araujo Júnior, E., Visentainer, M., Simioni, C., Ruano, R., Nardozza, L. M., & 
Moron, A. F. (2012). Reference values for the length and area of the fetal 
corpus callosum on 3-dimensional sonography using the transfrontal view. 
Journal of Ultrasound in Medicine : Official Journal of the American Institute 
of Ultrasound in Medicine, 31(2), 205–212. 

Armstrong, R. K., Fox, L. M., Cheong, J. L. Y., Davis, P. G., & Rogerson, S. K. 
(2012). Postnatal ultrasound reliability in cerebellar vermis assessment. 
Archives of Disease in Childhood. Fetal and Neonatal Edition, 97(4), 307–
309. 

Arthurs, O. J., Edwards, A. D., Austin, T., Graves, M. J., & Lomas, D. J. (2012). 
The challenges of neonatal magnetic resonance imaging. Pediatric 
Radiology, 42(10), 1183–1194. 

Bartalena, L., Giampietri, M., Bernardini, M., Biver, P., De Cesaris, F., Fiorentini, 
E., … Boldrini, A. (2013). Cerebral ultrasound in full term neonates: why 
and when? Early Human Development, 89, S99–S101. 

Behairy, N. H., Talaat, S., Saleem, S. N., & El-Raouf, M. A. (2010). Magnetic 
resonance imaging in fetal anomalies: What does it add to 3D and 4D US? 
European Journal of Radiology, 74(1), 250–255. 

Benacerraf, B. R., Shipp, T. D., & Bromley, B. (2006). Three-dimensional US of 
the fetus: Volume imaging. Radiology, 238(3), 988–996. 

Bornstein, E., Monteagudo, A., Santos, R., Keeler, S. M., & Timor-Tritsch, I. E. 
(2010). A systematic technique using 3-dimensional ultrasound provides a 
simple and reproducible mode to evaluate the corpus callosum. American 
Journal of Obstetrics and Gynecology, 202(2), 201.e1–5. 

Bornstein, E., Monteagudo, A., Santos, R., Strock, I., Tsymbal, T., Lenchner, E., 
& Timor-Tritsch, I. E. (2010). Basic as well as detailed neurosonograms 
can be performed by offline analysis of three-dimensional fetal brain 
volumes. Ultrasound in Obstetrics & Gynecology : The Official Journal of 



© C
OPYRIG

HT U
PM

 79  
 

the International Society of Ultrasound in Obstetrics and Gynecology, 
36(1), 20–25. 

Brouwer, M. J., de Vries, L. S., Groenendaal, F., Koopman, C., Pistorius, L. R., 
Mulder, E. J. H., & Benders, M. J. N. L. (2012). New reference values for 
the neonatal cerebral ventricles. Radiology, 262(1), 224–233. 

Brouwer, M. J., de Vries, L. S., Pistorius, L. R., Rademaker, K. J., Groenendaal, 
F., & Benders, M. J. (2010). Ultrasound measurements of the lateral 
ventricles in neonates: Why, how and when? A systematic review. Acta 
Paediatrica, International Journal of Paediatrics, 99(9), 1298–1306. 

Correa, F. F., Lara, C., Bellver, J., Remohí, J., Pellicer, A., & Serra, V. (2006). 
Examination of the fetal brain by transabdominal three-dimensional 
ultrasound: potential for routine neurosonographic studies. Ultrasound in 
Obstetrics & Gynecology : The Official Journal of the International Society 
of Ultrasound in Obstetrics and Gynecology, 27(5), 503–508. 

D’Addario, V., Pinto, V., Cagno, L. Di, & Pintucci, A. (2007). Three-dimensional 
Ultrasound of the Fetal Brain. Donald School Journal of Ultrasound in 
Obstetrics & Gynecology, 1(3), 17–25. 

de Barros, F. S. B., Bussamra, L. C., Araujo Júnior, E., de Freitas, L. D. S. V., 
Nardozza, L. M., Moron, A. F., & Aldrighi, J. M. (2012). Comparison of Fetal 
Cerebellum and Cisterna Magna Length by 2D and 3D Ultrasonography 
between 18 and 24 Weeks of Pregnancy. ISRN Obstetrics and 
Gynecology, 12(286141), 1–8. 

Ebruke, B., Tongo, O., Sofoluwe, A., Orimadegun, B., Obajimi, M., & Akinyinka, 
O. (2008). Intracranial ventricular sizes and correlates in term Nigerian 
infants at birth and six weeks. Internet Journal of Pediatrics and 
Neonatology, 11(1), 1–7. 

Epelman, M., Daneman, A., Kellenberger, C. J., Aziz, A., Konen, O., Moineddin, 
R., … Blaser, S. (2010). Neonatal encephalopathy: A prospective 
comparison of head US and MRI. Pediatric Radiology, 40(10), 1640–1650. 

Fowlkes, J. B. (2011). American Institute of Ultrasound in Medicine Consensus 
Report on Potential Bioeffects of Diagnostic Ultrasound: Executive 
Summary. Journal of Diagnostic Medical Sonography, 27(1), 3–13. 

Fox, T. B. (2009). Sonography of the Neonatal Brain. Journal of Diagnostic 
Medical Sonography, 25(6), 331–348. 

Franco, A., & Lewis, K. N. (2013). Neonatal cranial ultrasound: Current 
perspectives. Reports in Medical Imaging, 6(1), 93–103. 

Gilmore, J. H., Gerig, G., Specter, B., Charles, H. C., Wilber, J. S., Hertzberg, B. 
S., & Kliewer, M. A. (2001). Infant cerebral ventricle volume: a comparison 
of 3-D ultrasound and magnetic resonance imaging. Ultrasound in 
Medicine & Biology, 27(8), 1143–1146. 



© C
OPYRIG

HT U
PM

 80  
 

Glass, H. C., Bonifacio, S. L., Sullivan, J., Rogers, E., Ferriero, D. M., Goldstein, 
R., & Barkovich, A. J. (2009). Magnetic resonance imaging and ultrasound 
injury in preterm infants with seizures. Journal of Child Neurology, 24(9), 
1105–1111. 

Graca, A. M., Cardoso, K. R. V, da Costa, J. M. F. P., & Cowan, F. M. (2013a). 
Cerebral volume at term age: Comparison between preterm and term-born 
infants using cranial ultrasound. Early Human Development, 89(9), 643–
648. 

Graca, A. M., Cardoso, K., da Costa, J. M. F. P., & Cowan, F. M. (2013b). 
Assessment of gestational age using cerebellar measurements at cranial 
ultrasound: What is the best approach? Early Human Development, 89(1), 
1–5. 

Graca, A. M., Geraldo, A. F., Cardoso, K., & Cowan, F. M. (2013). Preterm 
cerebellum at term age: Ultrasound measurements are not different from 
infants born at term. Pediatric Research, 74(6), 698–704. 

Gravendeel, J., & Rosendahl, K. (2010). Cerebral biometry at birth and at 4 and 
8 months of age. A prospective study using US. Pediatric Radiology, 
40(10), 1651–1656. 

Hagmann, C. F., Robertson, N. J., Acolet, D., Nyombi, N., Onda, S., Nakakeeto, 
M., & Cowan, F. M. (2011). Cerebral measurements made using cranial 
ultrasound in term Ugandan newborns. Early Human Development, 87(5), 
341–347. 

Haiden, N., Klebermass, K., Rücklinger, E., Berger, A., Prusa, A. R., 
Rohrmeister, K., … Kohlhauser-Vollmuth, C. (2005). 3-D ultrasonographic 
imaging of the cerebral ventricular system in very low birth weight infants. 
Ultrasound in Medicine & Biology, 31(1), 7–14. 

Hamisa, M., Dabees, N., Ataalla, W. M., & Ziada, D. H. (2013). Magnetic 
resonance imaging versus Ultrasound examination in detection of prenatal 
fetal brain anomalies. The Egyptian Journal of Radiology and Nuclear 
Medicine, 44(3), 665–672. 

Hayat, M. J. (2013). Understanding sample size determination in nursing 
research. Western Journal of Nursing Research, 35(7), 943–56. 
doi:10.1177/0193945913482052 

Hillenbrand, C. M., & Reykowski, A. (2012). MR Imaging of the Newborn: a 
technical perspective. Magnetic Resonance Imaging Clinics of North 
America, 20(1), 63–79. 

Holanda-Filho, J. A., Souza, A. I., Souza, A. S. R., Figueroa, J. N., Ferreira, A. 
L. C. G., & Cabral-Filho, J. E. (2011). Fetal transverse cerebellar diameter 
measured by ultrasound does not differ between genders. Archives of 
Gynecology and Obstetrics, 284(2), 299–302. 

Horsch, S., Bengtsson, J., Nordell, A., Lagercrantz, H., Adén, U., & Blennow, M. 



© C
OPYRIG

HT U
PM

 81  
 

(2009). Lateral ventricular size in extremely premature infants: 3D MRI 
confirms 2D ultrasound measurements. Ultrasound in Medicine & Biology, 
35(3), 360–366. 

Ichihashi, K., Takahashi, N., Honma, Y., & Momoi, M. (2005). Cerebral 
ventricular volume assessment by three-dimensional ultrasonography. 
Journal of Perinatal Medicine, 33(4), 332–335. 

Imamoglu, E. Y., Gursoy, T., Ovali, F., Hayran, M., & Karatekin, G. (2013). 
Nomograms of cerebellar vermis height and transverse cerebellar diameter 
in appropriate-for-gestational-age neonates. Early Human Development, 
89(12), 919–923. 

Junewick, J. J., Martin, J., & Woolpert, L. (2007). Time Impact of 3D 
Tomographic Ultrasound Imaging in Neonatal Neurosonography. Journal 
of Diagnostic Medical Sonography, 23(6), 339–342. 

Lam, W. M., Ai, V. H. G., Wong, V., & Leong, L. L. Y. (2001). Ultrasonographic 
measurement of subarachnoid space in normal infants and children. 
Pediatric Neurology, 25(5), 380–384. 

Lee, S. H., Lee, J. Y., Sohn, J. A., Lee, J.-A., Choi, C. W., Kim, E.-K., … Kim, B. 
Il. (2012). Neuroimaging in Preterm Infants: Comparison between Magnetic 
Resonance Imaging and Ultrasonography. Journal of the Korean Society 
of Neonatology, 19(1), 41–45. 

Leijser, L. M., de Bruïne, F. T., Steggerda, S. J., van der Grond, J., Walther, F. 
J., & van Wezel-Meijler, G. (2009). Brain imaging findings in very preterm 
infants throughout the neonatal period: part I. Incidences and evolution of 
lesions, comparison between ultrasound and MRI. Early Human 
Development, 85(2), 101–109. 

Leijser, L. M., Liauw, L., Veen, S., De Boer, I. P., Walther, F. J., & Van Wezel-
Meijler, G. (2008). Comparing brain white matter on sequential cranial 
ultrasound and MRI in very preterm infants. Neuroradiology, 50(9), 799–
811. 

Leijser, L. M., Srinivasan, L., Rutherford, M. A., Counsell, S. J., Allsop, J., & 
Cowan, F. M. (2007). Structural linear measurements in the newborn brain: 
accuracy of cranial ultrasound compared to MRI. Pediatric Radiology, 
37(7), 640–648. 

Leijser, L. M., Steggerda, S. J., de Bruïne, F. T., van der Grond, J., Walther, F. 
J., & van Wezel-Meijler, G. (2009). Brain imaging findings in very preterm 
infants throughout the neonatal period: Part II. Relation with perinatal 
clinical data. Early Human Development, 85(2), 111–115. 

Libicher, M., & Tröger, J. (1992). US measurement of the subarachnoid space in 
infants: normal values. Radiology, 184(3), 749–51. 

Liu, F., Cao, S. K., Liu, J. R., Du, Z. F., Guo, Z. M., & Ren, C. J. (2013). 
Ultrasound measurement of the corpus callosum and neural development 



© C
OPYRIG

HT U
PM

 82  
 

of premature infants. Neural Regeneration Research, 8(26), 2432–2440. 

McLean, G., Coombs, P., Sehgal, A., Paul, E., Zamani, L., Gilbertson, T., & 
Ptasznik, R. (2012). Measurement of the lateral ventricles in the neonatal 
head: comparison of 2-D and 3-D techniques. Ultrasound in Medicine & 
Biology, 38(12), 2051–2057. 

Miguelote, R. F., Vides, B., Santos, R. F., Matias, A., & Sousa, N. (2012). 
Feasibility and reproducibility of transvaginal, transabdominal, and 3D 
volume reconstruction sonography for measurement of the corpus 
callosum at different gestational ages. Fetal Diagnosis and Therapy, 31(1), 
19–25. 

Narli, N., Soyupak, S., Yildizdaş, H. Y., Tutak, E., Ozcan, K., Sertdemir, Y., & 
Satar, M. (2006). Ultrasonographic measurement of subarachnoid space in 
normal term newborns. European Journal of Radiology, 58(1), 110–2. 

Negm, R. A. (2012). Comparison between transfrontal and axial three-
dimensional ultrasound acquisition in the visualization of midline structures 
of the fetal brain. Evidence Based Women’s Health Journal, 2(4), 133–137. 

Okur, A., Küçük, Ö., Karaçavuş, S., Yıldırım, A., Erkoç, M. F., Erdoğan, Y., & 
Serin, H. İ. (2013). A novel index in healthy infants and children — 
subarachnoid space: ventricle ratio. Folia Morphologica, 72(2), 142–146. 

Paladini, D., Quarantelli, M., Sglavo, G., Pastore, G., Cavallaro, A., D’Armiento, 
M. R., … Nappi, C. (2014). Accuracy of neurosonography and MRI in 
clinical management of fetuses referred with central nervous system 
abnormalities. Ultrasound in Obstetrics & Gynecology : The Official Journal 
of the International Society of Ultrasound in Obstetrics and Gynecology, 
44(2), 188–196. 

Pashaj, S., Merz, E., & Wellek, S. (2013). Biometry of the fetal corpus callosum 
by three-dimensional ultrasound. Ultrasound in Obstetrics & Gynecology, 
42(6), 691–698. 

Passos, A. P., Araujo Júnior, E., Bruns, R. F., Nardozza, L. M., & Moron, A. F. 
(2014). Reference ranges of fetal cisterna magna length and area 
measurements by 3-dimensional ultrasonography using the multiplanar 
mode. Journal of Child Neurology, 30(2), 209–215. 

Pekcevik, Y., Ozer, E. A., & Guleryuz, H. (2014). Cranial sonography in 
extremely preterm infants. Journal of Clinical Ultrasound, 42(5), 283–290. 

Peruzzi, P., Corbitt, R. J., & Raffel, C. (2010). Magnetic resonance imaging 
versus ultrasonography for the in utero evaluation of central nervous 
system anomalies. Journal of Neurosurgery. Pediatrics, 6(4), 340–345. 

Petropoulou, C., Bouza, H., Nikas, I., Chrousos, G., Anagnostakou, M., 
Gouliamos, A., & Alexopoulou, E. (2012). Magnetic resonance imaging 
versus ultrasound at early post-term age in brain imaging of preterm 
infants. Journal of Neonatal-Perinatal Medicine, 5(4), 363–371. 



© C
OPYRIG

HT U
PM

 83  
 

Pilu, G., Segata, M., Ghi, T., Carletti, A., Perolo, A., Santini, D., … Rizzo, N. 
(2006). Diagnosis of midline anomalies of the fetal brain with the three-
dimensional median view. Ultrasound in Obstetrics & Gynecology : The 
Official Journal of the International Society of Ultrasound in Obstetrics and 
Gynecology, 27(5), 522–529. 

Pogliani, L., Radaelli, G., Manfredini, V., Lista, G., & Zuccotti, G. V. (2008). 
Height of the cerebellar vermis and gestational age at birth. Ultrasound in 
Obstetrics & Gynecology : The Official Journal of the International Society 
of Ultrasound in Obstetrics and Gynecology, 31(4), 401–405. 

Pooh, R. K., & Pooh, K. H. (2011). Fetal neuroimaging by transvaginal 3D 
ultrasound and MRI. Donald School Journal of Ultrasound in Obstetrics and 
Gynecology, 5(1), 23–32. 

Riccabona, M. (2011). Potential role of 3DUS in infants and children. Pediatric 
Radiology, 41(SUPPL. 1), S228–S237. 

Riccabona, M. (2014). Diagnostic ultrasonography in neonates, infants and 
children-Why, when and how. European Journal of Radiology, 83(9), 1485–
1486. 

Rizzo, G., Pietrolucci, M. E., Capponi, A., & Arduini, D. (2011). Assessment of 
corpus callosum biometric measurements at 18 to 32 weeks’ gestation by 
3-dimensional sonography. Journal of Ultrasound in Medicine, 30(1), 47–
53. 

Rizzo, G., Pietrolucci, M. E., Mammarella, S., Dijmeli, E., Bosi, C., & Arduini, D. 
(2012). Assessment of cerebellar vermis biometry at 18-32 weeks of 
gestation by three-dimensional ultrasound examination. Journal of 
Maternal-Fetal and Neonatal Medicine, 25(5), 519–522. 

Romero, J. M., Madan, N., Betancur, I., Ciobanu, A., Murphy, E., McCullough, 
D., & Grant, P. E. (2014). Time efficiency and diagnostic agreement of 2-D 
versus 3-D ultrasound acquisition of the neonatal brain. Ultrasound in 
Medicine & Biology, 40(8), 1804–1809. 

Sabouri, S., Khatami, A., Shanazi, M., Tonekaboni, S. H., Momeni, A., & 
Mehrafarin, M. (2011). Ultrasonographic measurement of subarachnoid 
space and frontal horn width in healthy iranian infants. Iranian Journal of 
Child Neurology, 5(1), 9–14. 

Sepulveda, W., Wong, A. E., Sepulveda, F., Martinez-Ten, P., & Ximenes, R. 
(2012). Fetal magnetic resonance imaging and three-dimensional 
ultrasound in clinical practice: General aspects. Best Practice and 
Research: Clinical Obstetrics and Gynaecology, 26(5), 575–591. 

Serhatlioglu, S., Kocakoc, E., Kiris, A., Sapmaz, E., Boztosun, Y., & Bozgeyik, 
Z. (2003). Sonographic measurement of the fetal cerebellum, cisterna 
magna, and cavum septum pellucidum in normal fetuses in the second and 
third trimesters of pregnancy. Journal of Clinical Ultrasound, 31(4), 194–
200. 



© C
OPYRIG

HT U
PM

 84  
 

Simbrunner, J., & Riccabona, M. (2006). Imaging of the neonatal CNS. European 
Journal of Radiology, 60(2), 133–151. 

Sondhi, V., Gupta, G., Gupta, P. K., Patnaik, S. K., & Tshering, K. (2008). 
Establishment of nomograms and reference ranges for intra-cranial 
ventricular dimensions and ventriculo-hemispheric ratio in newborns by 
ultrasonography. Acta Paediatrica (Oslo, Norway : 1992), 97(6), 738–744. 

Soudack, M., Jacobson, J., Raviv-Zilka, L., Ben-Shlush, A., & Kuint, J. (2013). 
Cerebellar hemorrhage in very low birth weight premature infants: the 
advantage of the posterolateral fontanelle view. Journal of Clinical 
Ultrasound : JCU, 41(7), 395–401. 

Srinivasan, L., & Rutherford, M. A. (2008). MRI of the newborn brain. Paediatrics 
and Child Health, 18(4), 183–195. 

Steggerda, S. J., Leijser, L. M., Walther, F. J., & van Wezel-Meijler, G. (2009). 
Neonatal cranial ultrasonography: How to optimize its performance. Early 
Human Development, 85(2), 93–99. 

Tonni, G., Grisolia, G., & Sepulveda, W. (2014). Second trimester fetal 
neurosonography: Reconstructing cerebral midline anatomy and 
anomalies using a novel three-dimensional ultrasound technique. Prenatal 
Diagnosis, 34(1), 75–83. 

van Wezel-Meijler, G. (2007). Neonatal cranial ultrasonography: Guidelines for 
the procedure and atlas of normal ultrasound anatomy. In Neonatal Cranial 
Ultrasonography: Guidelines for the Procedure and Atlas of Normal 
Ultrasound Anatomy (pp. 1–167). 

van Wezel-Meijler, G., Leijser, L. M., de Bruïne, F. T., Steggerda, S. J., van der 
Grond, J., & Walther, F. J. (2009). Magnetic resonance imaging of the brain 
in newborn infants: Practical aspects. Early Human Development, 85(2), 
85–92. 

van Wezel-Meijler, G., Steggerda, S. J., & Leijser, L. M. (2010). Cranial 
Ultrasonography in Neonates: Role and Limitations. Seminars in 
Perinatology, 34(1), 28–38. 

Vinals, F., Muñoz, M., Naveas, R., & Giuliano, A. (2007). Transfrontal three-
dimensional visualization of midline cerebral structures. Ultrasound in 
Obstetrics and Gynecology, 30(2), 162–168. 

Visentainer, M., Araujo Júnior, E., Rolo, L. C., Nardozza, L. M., & Moron, A. F. 
(2010). Assessment of length and area of corpus callosum by three-
dimensional ultrasonography. Revista Brasileira de Ginecologia E 
Obstetrícia : Revista Da Federação Brasileira Das Sociedades de 
Ginecologia E Obstetrícia, 32(12), 573–578. 

Wintermark, P. (2012). The role of brain MRI scanning in the newborn. 
Paediatrics and Child Health, 22(4), 155–159. 



© C
OPYRIG

HT U
PM

 85  
 

Youssef, A., Ghi, T., & Pilu, G. (2013). How to image the fetal corpus callosum. 
Ultrasound in Obstetrics and Gynecology, 42(6), 718–720. 

Zalel, Y., Yagel, S., Achiron, R., Kivilevich, Z., & Gindes, L. (2009). Three-
dimensional ultrasonography of the fetal vermis at 18 to 26 weeks’ 
gestation: Time of appearance of the primary fissure. Journal of Ultrasound 
in Medicine, 28(1), 1–8. 

Zidan, M. A., Thomas, R. L., & Slovis, T. L. (2015). What you need to know about 
statistics, part II: reliability of diagnostic and screening tests. Pediatric 
Radiology, 45(3), 317–328. 

Zuccotti, G. V, Pogliani, L., Dilillo, D., Lista, G., & Radaelli, G. (2008). Nomogram 
of the cerebellar vermis height at birth in small-for-gestational-age 
neonates. Acta Paediatrica (Oslo, Norway : 1992), 97(6), 745–750.


