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Abstract

Magnetic Resonance Imaging (MRI) is a sensitive tool, for differential diagnosis of normal as well as
abnormal structures of internal organs. MRI provides superior structural characterization
by capturing the cellular, vascular, metabolic and functional properties for differential diagnosis
of brain tumors by measuring volume, axial, sagittal and coronal planes through two dimensional
slices. The aim of the study is to characterize and identify the orthogonal imaging planes to detect
brain tumor lesions through MRI. This study included 69 patients, both males and females, suspected
of brain lesions and underwent MRI for diagnosis. The variations in the volume of the anatomical
structures were measured and compared the planes as axial/sagittal, axial/coronal and
coronal/sagittal for tumor brain lesions. The present study revealed that there is difference in the
measurement of volume in tumor lesions in orthogonal planes (axial, sagital and coronal). It was
found that the volume of axial planes is measured as larger volume than the sagittal and coronal
planes in tumor lesions. Statistical Analysis was done by SPSS version 16 software. The quantitative
variables were expressed in mean and standard deviation (SD). Two way/Friedman Test were used
for comparing the three groups. Statistically there was a significant diiference between coronal and
axial planes. From this study it is concluded that, in most of the brain lesions irrespective of the type
of tumors, axial planes helps more in the detection of tumor volume as compared to sagittal and
coronal planes for precise diagnosis of brain lesions.
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Introduction

A Magnetic resonance imaging (MRI) has been well
established for both diagnosis and research to
provide excellent soft-tissue delineation of different
areas of interest (Jacobs et al., 2007). MRI is also
act as a sensitive tool for the diagnosis of normal as
well as abnormal structures of brain (Zivadinov
et al., 2008). In modern neuroimaging, MRI permits

superior structural characterization by capturing
the cellular, vascular, metabolic and functional
properties of brain tumors (Javier et al., 2017). It is
a non invasive method that uses non ionising
radiation and provides 3-dimensional reconstruction
of organs from multiple contiguous images (Gates
et al., 1994). Modern technical developments,
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including surface coils, fat suppression techniques,
fast gradient-echo pulse sequences, and MR contrast
agents provide excellent spatial and contrast
resolution of the soft tissues with direct multi planar
imaging. It allows diagnosing the lesion itself and
the effect it has on the surrounding structures
(Nayak et al., 2013). MRI produces an image of
thin slice through the human body. (Onwu
et al., 2014) As already established, for detecting
tissue pathology for tumors, multiple MRI
contrasts via sequential acquisition of images
with different weighting including T1 weighted
(T1lw), T2 weighted (T2w) and proton density
(PD) images can be used. (Misaki et al., 2015) It
is evident that evaluation of signal intensity for the
Tiwt and T2 wt images have a significant role in
tumor detection (Smitha et al., 2020). The magnetic
resonance image (MRI) and its inherent contrast
are controlled by a various anatomical
structures and sequence-dependent parameters
(McMahon et al., 2011). Various imaging
modalities are used for mapping tumor induced
tissue changes like T2 and FLAIR MRI which
highlight the difference in tissue water relaxation
properties, post gadolinium T1 MRI that shows
pathological intratumoral take up of contrast agents,
perfusion and diffusion MRI which localise the
water diffusion and blood flow. These modalities
provide different types of information and possess
different processing tasks (Menze et al., 2015). MRI
has no known biological hazard and also it is
capable of producing high resolution thin
tomographic images in any plane and blocks of 3-
dimensional information (Longmore, 1989). The
three standard anatomical planes are axial, sagittal
and coronal planes. Sagittal plane is any vertical
plane parallel to the median plane. Coronal plane
is a vertical plane perpendicular to the sagittal plane.
Axial plane is perpendicular to both sagittal and
coronal plane (Park et al., 2010). The brain can be
viewed in three perspectives, they are transverse
(axial or x-y) planes, which slice the patient

from top to bottom where as sagittal (y-z)
planes slice the patient laterally and coronal plane
(x-2) slice the patient from front to back. In the brain
MRI volume, axial, sagittal and coronal planes
consist of two dimensional slices (Mahmoudzadeh
and Kashou, 2014). MRI also provides detailed
information which helps in differential diagnosis
and management of brain lesions (Karpagam and
Vadanika, 2015). Since MRI planes play an
important role in imaging of brain lesions, the aim
of the study is to characterize and identify the
orthogonal imaging planes through comparison
to detect brain tumor lesions.

Materials and Methods

This descriptive study was conducted in the
Radiology Department of one of the major tertiary
health care centres in South Kerala, India. Patients
suspected of brain lesions and who underwent MRI
for diagnosis was included in the study. Both males
and females were included. Patients with the proven
MRI diagnosis were only included as study subjects.
Those with implants, aneurysm clips, pacemakers,
heart valves and those who are not willing
to participate in the study and patients with age
below 20 years were excluded from this study.

MR imaging was done for 69 (n = 69) patients
with different types of tumor lesions. Imaging was
performed with a 1.5-T scanner and studied for their
differential diagnosis through different planes
(axial, coronal and sagittal) with a head coil of
30 cm diameter. The MR images were generated
with the help of sophisticated combination of
electronics, radiofrequency (RF) generators, coils,
and gradients that interface with a computer for
communication between the different electronics.
This combination of equipment allows localization,
excitation, and acquisition of a specific tissue
of interest and formation of a digital image. The
gradients perform three functions: slice selection
(z component), frequency encoding (x component),
and phase encoding (y component). The slice
perpendicular to the z axis is called axial plane. The
sagittal or median plane is the plane that divides the
brain into left and right parts. The coronal plane
is the vertical plane which divides the brain into
posterior and anterior parts (Rajasekaran and
Gounder, 2018).

All images were obtained by using spin-echo
pulse sequences, gradient echo sequences; FLAIR
and a two-dimensional Fourier transform image
reconstruction. From all patients we obtained T1-wt
spin-echo images (500-600/20-30/2-4 repetition
time/echo time/excitations) and T2-wt spin-echo,
FLAIR, gradient echo (2500-3000/30, 80/1), post
gadolinium T1 MR, perfusion and diffusion MRI.
The images were acquired on a 256x256 matrix,
with a field of view of 23 cm. All images had a slice
thickness of 5mm and the number of slices taken
was 20. The MRI studies were evaluated for the
volume of brain lesions on three different planes.
A reference line was drawn as the longest tumor
diameter anteroposteriorly on the axial view,
mediolaterally on the coronal view, and superio
inferiorly on the sagittal view respectively. Figure 1,
2 and 3 show brain lesion in axial plane, in sagittal
plane and in coronal plane respectively for the same
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tumor. Size of the brain lesions were measured
including length and width. Nowadays tumor
measurements can be assessed with highly accurate
and reproducible measurements. Brain tumor scans
can be automatically analyzed, providing enormous
potential value for the improved diagnosis. The
automated brain tumor segmentation techniques are

Figure 1. Brain Tumor in axial plane.

Figure 3. Brain Tumor in coronal plane.

technically challenging, as the lesion areas are only
defined through intensity changes. Even manual
segmentations shows variations when intensity
gradients between adjacent structures are smooth or
obscured by partial voluming or bias field artifacts.
Moreover the tumor structures vary across patients
in terms of size, extension and localization. (Menze
et al., 2015). Similarly another technique for
Radiologist, to maintain a high level of detection,
sensitivity as well as reducing image reading time,
is computer-aided detection (CAD) (Amboina et al.,
2010). However within the limitations of the
available facilities mentioned above (automatically
analyzed technique), in our setup, the volume is
calculated manually. Volume was calculated
by using the formula (Kanazawa et al., 2017),

Volume = Area of the brain lesion X slice thickness
Number of slice

Brain tumor lesions (n = 69) were categorized
as 9 groups (group I, 11, 11, 1V, V, VI, VII, VIl and
IX) depending on the volume dimension of the
tumor lesion. Group 1 (n = 10) indicates the
dimensions from 0.5 mm to 2 mm where as group 11
(n=17) gives the dimensions from 2.5 mm to 4 mm.
Group I (n = 4) from 4.5 mm to 6 mm, group IV
(n=12) from 7 mm to 9.5 mm, group V (n = 6) from
10.5 mmto 11.75 mm, group VI (n=5) from 14 mm
to 16.5 mm, group VII (n = 3) gives 16.6 mm to 20
mm, group VIII (n=5) 19 mm to 22 mm and group
IX (n=7) from 33 mm to 35 mm respectively. The
variations in the volume of the anatomical structures
were measured and compared the planes as
axial/sagittal, axial/coronal and coronal/sagittal.

Statistical Analysis was done by SPSS version
16 software. The quantitative variables were
expressed in mean and standard deviation (SD).
Two way/Friedman Test were used for comparing
the three groups.

Table 1. Age Distribution of Brain tumor lesion patients.

sl No Age Distribution Age
Types of Lesions <40 years 40-60 years >60 years

1 Meningioma 0 7 12
2 cerebellopontine 0 5 4
3 Metastatis 0 5 3
4 Lymphoma 0 2 4
5 Glioblastoma 0 2 4
6 Adenoma 0 2 4
7 Glioma 0 1 3
8 Oligodendroglioma 0 3 1
9 Subependymoma 0 1 3
10 Tuberculoma 1 1 1

Total 1 29 39
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Ethics Approval

The study was approved by the Institutional
Ethics Committee of Sree Gokulam Medical
College and Research Foundation (SGMC-IEC No:
31/383/11/2018). Written informed consent was
obtained from each participant.

Results and Discussions

MRI images of 69 brain tumor lesions were studied
and compared for three planes (axial, sagittal and
coronal). In this study the brain tumors (n = 69)
like lymphoma, meningioma, cerbellopontine
angle tumor, subependymoma, tuberculoma,
macroadenoma, microadenoma, metastatis, glioma,
oligodendroglioma and glioblastoma were included.
Table 1 and Table 2 shows the demographic datas of
bain tumor lesion patients including age distribution
and gender distribution. The age varied from
younger age group (<40), middle age group (40 to
60years) and old age group (>60 years). The result
shows that among 69 cases, the brain tumor lesions
was higher (39) in older age group than middle age
(29) and younger age group (1). Table 2 gives the
gender distribution. Among these 69 cases, present
study indicates that brain tumor lesions were more
common in males (37) than females (32). Table 3
shows the average volume measurement of tumors

Table 2. Gender Distribution of Brain tumor lesion

patients.
Gender Distribution Gender

SL No Types of Lesions F M
1 Meningioma 12 7
2 cerebellopontine tumor 4 5
3 Metastatis 3 5
4 Lymphoma 2 4
5 Glioblastoma 2 4
6 Adenoma 3 3
7 Glioma 3 1
8 Oligodendroglioma 1 3
9 Subependymoma 1 3
10 Tuberculoma 1 2
Total 32 37

Table 3. Tumor- average volume measurements of
MRI orthogonal planes.

Tumor-average volume measurements of MRI orthogonal

planes

Sl No Groups  Axial Sagittal Coronal
1 | 1.4982 1.2232 1.1975
2 1 3.656 3.379 3.618
3 n 5.368 5.143 4.862
4 1\ 8.037 7.8 8.044
5 \Y 11.166 10.952 10.52
6 VI 15.279 14.879 15.169
7 Vi 19.65 18.36 16.95
8 Vil 21.167 20.516 20.327
9 IX 35.63 35.32 35.217

which are grouped into I to IX. The results show that
among the different groups of tumors, the volume of
axial planes is measured as larger volume than the
sagittal and coronal planes.

It was found that in group I, there was
a statistically significant difference in measured
volume depending on the plane, ¥? (2) = 7.800, p =
0.02. Post hoc analysis with Wilcoxon signed-rank
tests was conducted with a Bonferroni correction
applied, resulting in a significance level set
at p<0.017. Median (IQR) of volume measured
by axial, sagittal and coronal planes were 1.71
(0.98), 1.4 (0.76) and 1.3 (0.55), respectively. There
were no significant differences between volumes
measured by sagittal and coronal planes (Z =-0.067,
p = 0.502) or between sagittal and axial (Z=-2.012,
p = 0.044) planes. However, there was a statistically
significant difference between the volume measured
by coronal and axial planes (Z = -2.683, p = 0.007).
Tumor group 11 shows that Median (IQR) of volume
measured by axial, sagittal and coronal planes were
3.57, 3.42, and 3.69 respectively. There were no
significant differences between volumes measured
by sagittal and coronal planes (Z = -1.972, p =
0.049) or between coronal and axial (Z=0.686, p =
0.493) planes. However, there was a statistically
significant difference between the volume measured
by sagittal and axial planes (Z = 2.658, p = 0.008).
In Group I, Median (IQR) of volume measured
by axial, sagittal and coronal planes were 5.32, 5.23
and 4.80 respectively. There were no significant
differences between volumes measured by axial,
sagittal and coronal planes and there is no
significant difference between the planes (p =0.368)
Group IV shows that Median (IQR) of volume
measured by axial, sagittal and coronal planes were
7.73, 8.50 and 7.20 respectively. There were no
significant differences between volumes measured
by sagittal and coronal planes (Z=2.041, p =0.041)
or between sagittal and axial (Z = 0.816, p=0.414)
planes. But there was a statistically significant
difference between the volume measured by coronal
and axial planes (Z = 2.858, p = 0.004). Tumor
group V shows that Median (IQR) of volume
measured by axial, sagittal and coronal planes were
11.12, 10.86 and 10.43 respectively. There were no
significant differences between volumes measured
by sagittal and coronal planes or between sagittal
and axial or between coronal and axial planes (p =
0.119). Group VI shows that Median (IQR) of
volume measured by axial, sagittal and coronal planes
were 15.0, 14.81 and 14.87 respectively. There were
no significant differences between volumes
measured by sagittal and coronal planes or between
sagittal and axial planes and between the volume
measured by coronal and axial planes (p = 0.119).
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Tumor group VII shows that Median (IQR) of
volume measured by axial, sagittal and coronal
planes were 19.95, 18.05 and 16.65 respectively.
There were no significant differences between
volumes measured by sagittal and coronal planes,
between sagittal and axial planes and (p = 0.05)
between the volume measured by coronal and axial
planes. Tumor group VIII and IX shows that there
were no significant differences between volumes
measured by sagittal and coronal planes, between
sagittal and axial planes and between coronal and
axial planes (p = 0.165) and (p = 0.066).

Discussion

Through this study we investigated and analyzed
the different types of tumor lesions having
different dimensions in MRI images of patients. Our
data shows that in MRI images, the tumor lesions
like lymphoma, tuberculoma, meningioma,
cerbellopontine angle tumor, subependymoma,
adenoma, metastatis, glioma, oligodendroglioma
and glioblastoma were more superior in axial planes
than in sagittal or coronal planes. Present study
revealed that in macroadenoma, the morphology
shows as suprasellar mass and was diagnosed as
superior in axial MRI planes (Table 3, group 1, 3, 6,
5) than the sagittal and coronal planes. In one of
the study, it was found that macroadenoma was
appeared as a large mass in MRI axial images,
where as the coronal and sagittal images gave only
a moderate enhancement (Chaudhary and Bano,
2011). Present study also revealed that the tumor
lesion like glioblastoma was seen as aggrasive mass
was observed very clearly as their volume
diamensions were more in axial (Table 3 group 1, 4,
9) when compared to sagittal and coronal images.
Similarly another study also clarified that the mass
lesion of glioblastoma is well defined in axial image
(Mabray et al., 2015). This study also shows that
both large and small tumors are easily diagnosed in
MRI images. The previous studies also found that
MRI is a very good modality to detected small
tumors, and also large tumors. In addition to that it
was also found that the tumors<5 mm in diameter
can be reliably identified and the intratumoral
degenerative changes in large tumors may result in
an increase in heterogeneity of signal. It was also
found that on axial images, the tumors were seen as
homogeneous contrast enhancement (Yadav et al.,
2015).

Studies also mentioned that the accurate
assessment of brain tumors were difficult in clinical
trials because of the usage of different methods
(Shah et al., 2006). In this study it was found that
the size of the tumor can be measured through MRI

planes and is useful for both in diagnosis as well
as prognosis. Previous studies show that, the
measurement of tumor size on images is very
important both clinically and therapeutically as the
brain tumors are not palpable or otherwise amenable
to physical examination and also the change in size
cannot be estimated from neurologic examinations
or assessments of function (Provenzale et al., 2009).
The present study gives a better diagnostic image in
the case of mengioma in axial plane (Table 3 group
1 to 9) of MRI than in sagittal and coronal planes
and it was morphologically viewed as intracranial
neoplasm. In one of the study it was reported that in
case of meningioma, the axial image showed
intraoral mass with smooth dural thickening
and enhancements. Similarly they also found that
another axial image diagnosed as homogeneously
enhancing mass within the right lateral ventricle was
also observed as meningioma (Watts et al., 2014).
In another study also, it was found that MRI image
shows a well circumscribed meningioma in axial T2
wt image (Lyndon et al., 2019).

It was found from the study that the axial
images of oligodendroglioma (Table 3 group 2, 9)
can be diagnosed more easily than the sagittal and
coronal images as their volume is more compared to
other planes and was composed of neoplastic
oligodendrocytes. Studies also revealed that the
MRI axial image of oligodendroglioma gave a high
signal and mass effect when compared to CT image
(McKean et al., 2015). It was found that the
matastatis as neoplasm and the volume of brain
metastatis in axial plane (Table 3 group 2, 3, 4) is
better than sagittal and coronal planes. In another
study it was found that the axial planes showed clear
images on both pre and post contrast MRI images of
both 1.5T and 7T of MRI images of metastatic brain
tumor (Paek et al., 2013). It is also reported that
a contrast enhanced axial image was diagnosed
clearly in the tumour subependymoma, size ranged
from 1.5 cm to 7.3 cm (Hou et al., 2012). Present
study also revealed a clear mass of cerebellopontine
angle tumor observed in axial (Table 3 group 1, 2,
3, 4, 5 6, 7, 9) imaging plane than sagittal
and coronal planes. Similarly in one of the
studies it was found that the preoperative axial
image demonstrates a clear mass in the left
cerebellopontine angle tumor (Gao et al., 2015) and
itwas viewed at the margin of cerebellum and pons.
In this study it was found that the glioma (Table 3
group 1, 2) is observed as a clear image on axial
plane of MRI than in sagittal and coronal planes and
viewed as necrosis. In another study it was reported
that the high grade glioma in MRI axial image
demonstrated intracranial mass with edema (Lavra
et al., 2017), again supporting our findings.
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Conclusion

The development of magnetic resonance imaging
(MRI) used in medical investigation has provided
a huge forward leap in the field of diagnosis
particularly with avoidance of exposure to
potentially dangerous ionizing radiations. With
decreasing costs and better availability, the use of
MRI is becoming ever more pervasive throughout
clinical practice. MRI imaging modality and its
multiple applications can be used to appreciate the
benefits for further informing clinical decision-
making. In this article, the importance of MRI
planes in diagnosis of tumor lesions were studied
and found that the volume of brain lesions
diagnosed in axial planes are more superior than
sagittal and coronal planes which will help in the
proper diagnosis of brain lesions and subsequent
treatment.

Aknowledgement

The authors express their appreciation and gratitude
to Dr, Manju. L, Associate Professor, Department of
Community Medicine, Sree Gokulam Medical
College and Research Foundation for her learned
assistance in the statistical analysis and
interpretation.

References

Amboina, R.D., Wang P., and O'Dell WG. (2010). Computer-
aided detection of metastatic brain tumors using automated
three-dimensional template matching. J. Magn Reson
Imaging., 31(1):85-93.

Chaudhary, V. and Bano, S. (2011). Imaging of the pituitary:
Recent Advances. Indian J Endocrinol Metab., 15
(3):5216-S223.

Gao, K., Ma, H., Cui, Y., Chen, X., Ma, J., Dai, J., and Herholz,
K. (2015). Meningiomas of the cerebellopontine angle:
radiological differences in tumors with internal auditory

canal Involvement and their influence on surgical
outcome. PLoS ONE., 10(4):1-11.
Gates, A.R., Huang, C.L., Crowle, JJ., Gresham. A,

Shapiro.L.M., Carpenter, T.A., and Hall, L.D. (1994).
Magnetic resonance imaging planes for the 3-dimensional
characterisation of human coronary arteries. J. Anat.,
185:335-346.

Hou, Z., Wu, Z., Zhang, J., Zhang, L., Tian,R., and Liu,B. (2012).
Lateralventricular subependymomas: An analysis of the
clinical features of 27 adult cases at a single institute
Neurology India., 60(4):379-384.

Jacobs, M.A., lbrahim, T.S., and Ouwerkerk, R., (2007). MR
imaging: brief overview and emerging applications
AAPM/RSNA physics tutorials. RadioGraphics.,
27(4):1213-1229.

Javier, E., Marc Mabray, V.M.C., and Cha, S. (2017). Current
clinical brain tumor imaging. Neurosurgery., 81(3):397-
415.

Kanazawa, T., Ohkubo, M., Kondo, T., and Niigata, J.P. (2017)
Measurement of thin slice thickness in MRI using an
improved wedge method. Euroepean Society of
Radiology., 10:446-453.

Karpagam, B., and Vadanika, V. (2015). Brain space occupying
lesions by magnetic resonance imaging: a prospective
study. Int. J. Scien. Study., 3(8):123-127.

Lavra, F., Scartozzi, M., Zaccagn, F., Cartocci, G., and Luca
Saba. (2017). Advanced magnetic resonance imaging in
the study of primary intracranial brain tumorsin adults:
a state of art review. J. Xiangya Medicine:1-21.

Longmore, D.B. (1989). The principles of magnetic resonance.
British Medical Bulletin., 45(4):848-880.

Lyndon, D., Lansley, J.A., Evanson, J., Krishnan, A.S. (2019).
Dural masses: meningiomas and their mimics. Insights
Imaging., 10(1):1-22.

Mabray, M.C., Barajas, R.F., and Cha,S. (2015). Modern brain
tumor imaging. Brain Tumor Research and Treatment.,
3(1):8-23.

Mahmoudzadeh, A.P. and Kashou, N.H. (2014). Interpolation-
based super-resolution reconstruction: effects of slice
thickness. J Medical Imaging., 1(3):1-9.

McKean, D., Yoong, P., and Mc Carthy, M.C.L. (2015). A guide
to magnetic resonance imaging in clinical practice british.
J. hospital medicine., 76(4):C55-C59.

McMahon, K.L., Cowin, G, and Galloway G. (2011). Magnetic
resonance imaging: the underlying principles. J. Orthop
Sports Phys Ther., 41(11):806-19.

Menze, B.H., Jakab A., Bauer S., Kalpathy-Cramer J., Farahani
K., Kirby J., Burren Y., Porz N., Slotboom J., Wiest R.,
Lanczi L., Gerstner E., Weber MA., Arbel T., Avants BB.,
Ayache N., Buendia P., Collins DL., Cordier N., Corso JJ.,
Criminisi A., Das T., Delingette H., DemiralpC., Durst
CR., Dojat M., Doyle S., Festa J., Forbes F., Geremia E.,
Glocker B., Golland P., Guo X., Hamamci A,
Iftekharuddin KM., Jena R., John NM., Konukoglu E.,
Lashkari D., Mariz JA., Meier R., Pereira S., Precup D.,
Price SJ., Raviv TR., Reza SM., Ryan M., Sarikaya D.,
Schwartz L., Shin HC., Shotton J., Silva CA., Sousa N.,
Subbanna NK., Szekely G., Taylor TJ., Thomas OM.,
Tustison NJ., Unal G., Vasseur F., Wintermark M., Ye
DH., Zhao L., Zhao B., Zikic D., Prastawa M., Reyes M.,
and Van Leemput K. (2015). The multimodal brain tumor
image segmentation benchmark (BRATS). IEEE Trans
Med Imaging., 34(10):1993-2024.

Misaki M., Savitz J., Zotev V., Phillips R., Yuan H., Young KD.,
and Drevets WC. (2015) Bodurka J. Contrast enhancement
by combining T1-and T2-weighted structural brain MR
Images. Magn Reson Med., 74(6):1,609-20.

Nayak, B.K., Desai, S., and Maheshwari, S. (2013).
Interpretation of magnetic resonance imaging of orbit:
simplified for ophthalmologists (Part [). J. Clinical
Ophthalmology and Research., 1(1): 29-35.

Onwu, O.S., Dada O.M., and Awojoyogbe, O.B. (2014). Physics
and mathematics of magnetic resonance imaging for
nanomedicine: An overview. World J. Transl Med.,
3(1):17-30.

Paek, S.L., Chung, Y.S., Paek, S.H., Hwang, J.H., Chul-Ho
Sohn, C.H., Son, Y.D., Kim, Y.B., Kim, D.G., Lee, K.H.,
and Cho, Z.H. (2013). Early Experience of Pre-and Post-
Contrast 7.0T MRI in Brain Tumors. The Korean
Academy of Medical Sciences. J. Korean Med Sci.,
28(9):1362-1372.

Park, J.S., Chung, M.S., Park, H.S., Shin, D.S., Har, D.H., Cho,
ZH., Kin, Y.B., Han, J.Y., and Chi, J.G. (2010). A
proposal of new reference system for the standard axial,
sagittal, coronal planes of brain based on the serially-
sectioned images. J. Korean Med Sci., 25(1):135-141.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudhary%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22029027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22029027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3183511/
http://www.neurologyindia.com/searchresult.asp?search=&author=Zonggang+Hou&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Zhen+Wu&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Junting+Zhang&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Liwei+Zhang&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.neurologyindia.com/searchresult.asp?search=&author=Runfa+Tian&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://pubs.rsna.org/author/Jacobs%2C+Michael+A
https://pubs.rsna.org/author/Ibrahim%2C+Tamer+S
https://pubs.rsna.org/author/Ouwerkerk%2C+Ronald
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villanueva-Meyer%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=28486641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mabray%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=28486641
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28486641
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5581219/
http://jxym.amegroups.com/issue/view/247
javascript:;
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barajas%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=25977902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25977902
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4426283/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmoudzadeh%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=26158065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kashou%20NH%5BAuthor%5D&cauthor=true&cauthor_uid=26158065
https://www.researchgate.net/scientific-contributions/2071135613_C_L_McCarthy
http://www.jcor.in/searchresult.asp?search=&author=Barun+Kumar+Nayak&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jcor.in/searchresult.asp?search=&author=Savari+Desai&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jcor.in/searchresult.asp?search=&author=Shailendra+Maheshwari&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=20052359
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20052359
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=20052359
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=20052359
https://www.ncbi.nlm.nih.gov/pubmed/?term=Har%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=20052359
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2800020/

Suranaree J. Sci. Technol. Vol. 29 No. 2; March - April 2022

070038-7

Provenzale, J.M., Ison, C.,, and De Long, D. (2009).
Bidimensional ~Measurements in  Brain  Tumors:
Assessment of Interobserver Variability.

Neuroradiology/Head and Neck Imaging American J.
Roentgenology., 193(6):W515-W522.

Rajasekaran, K.A. and Gounder, C.C. (2018). Advanced Brain
Tumor Segmentation from Tumor Segmentation from
MRI Images. High Resolution Neuroimaging-Basic
Physical principles and Clinical Applications. Intech Open

Shah, G.D., Kesari, S., Xu, R., Batchelor, T.T., O’Neill, AM,,
Hochberg, F.H., Levy, B., Bradshaw, J., Wen, P.Y. (2006).
Comparison of linear and volumetric criteria in assessing
tumor response in adult high grade gliomas. Neuro-oncol.,
8(1):38-46.

Smitha, H., Devi, M.V.N., Jacob, V., and Sivaraman, S.K.
(2020). Evaluation of signal intensity for differential
diagnosis of brain lesions in MRI. Int. J. Scien. and
Technol. Research., 9(4):2,840-2,844.

Watts, J., Box, G., Galvin, A., Brotchie, P., Trost, N., and
Sutherland, T. (2014). Magnetic resonance imaging of
meningiomas: a pictorial review. Insights Imaging.,
5(1):113-122.

Yadav, P., Jantre, M., and Thakkar, D. (2015). Magnetic
resonance imaging of cerebellopontine angle lesions.,
8(6):751-759.

Zivadinov, R., Banas, A.C., Yella, V., Abdelrahman, N.,
Guttman, W.B., and Dwyer, M.G. (2008). Comparison of
three different methods for measurement of cervical cord
atrophy in multiple sclerosis. Am J. Neuroradiol.,
29(2):319-325.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kesari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Batchelor%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%26%23x02019%3BNeill%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%26%23x02019%3BNeill%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%26%23x02019%3BNeill%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%26%23x02019%3BNeill%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16443946
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1871928/
http://www.mjdrdypu.org/searchresult.asp?search=&author=Pratiksha+Yadav&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.mjdrdypu.org/searchresult.asp?search=&author=Mansi+Jantre&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.mjdrdypu.org/searchresult.asp?search=&author=Dhaval+Thakkar&journal=Y&but_search=Search&entries=10&pg=1&s=0

