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ABS TRACT  
 

BACKGROUND 

Magnetic resonance imaging (MRI) provides structural characterization of brain 

lesions, by measuring volume of axial, sagittal and coronal planes through two 

dimensional slices. The purpose of this study was to characterize and identify the 

orthogonal imaging planes to detect non tumour lesions of brain through MRI. 

 

METHODS 

This study included 81 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 and sagittal, axial and 

coronal and coronal and sagittal for non-tumour brain lesions. 

 

RESULTS 

The present study revealed the differences in the measurement of volume in non-

tumour lesions (N = 81) in axial, sagittal and coronal planes. It was found that the 

volume of axial planes (9.2) is more dominant than the sagittal (9.1) and coronal 

planes (8.8) in non-tumour lesions. Statistical analysis was done by Statistical 

Package for Social Sciences (SPSS version 16 software). Two way/Friedman test were 

used for comparing the three groups. 

 

CONCLUSIONS 

This study concluded that, in most of the brain lesions irrespective of the type of 

tumours, axial planes helps more in the detection of tumour volume as compared to 

sagittal and coronal planes for precise diagnosis of brain lesions. 
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BACK GRO UND  
 

 

 

Magnetic resonance imaging provides excellent soft tissue 

delineation of different areas of interest. It is established for 

both diagnosis and research purpose.1 MRI is a sensitive tool 

for the diagnosis of normal, abnormal and surrounding 

structures of brain.2 In modern neuroimaging, MRI permits 

superior structural characterization by diagnosing the cellular, 

vascular, metabolic and functional properties of brain tumors.3 

It uses nonionizing radiation and provides 3-dimensional 

reconstruction of organs from multiple contiguousimage.4 

Surface coils, fat suppression techniques, fast gradient-echo 

pulse sequences are the modern technical developments. 

Excellent spatial and contrast resolution of the soft tissues are 

provided by MR contrast agents with direct multi planar 

imaging.5 Through the human body, MRI can produce thin slice 

image. MRI is based on the absorption and emission of energy 

in the radiofrequency range of the electromagnetic spectrum 

which is an advanced technique.6  

The hydrogen (H) nuclei are used for MR imaging, as the 

MR imaging is based on the electromagnetic activity of atomic 

nuclei.7 The net magnetization produced by the protons of 

human body, will align parallel to the main magnetic field 

which is used to produce MR images.8 TR (repetition time) is 

the time between RF pulses. TE (echo time) is the time 

between initial RF pulse and the acquisition signal. Short TR 

and short TE produce the T1 weight (wt) images, provides the 

anatomical detail, but long TR and long TE produce T2 wt 

images.9 It was found that the evaluation of signal intensity of 

brain lesions of both T1wt images and T2 wt images also have 

a significant role to find out the early diagnosis of tumour as 

well as non-tumour lesions. 10 

The coordinate system of MRI is represented as x, y, z, the 

longitudinal direction is given as Z direction (parallel to the 

main magnetic field). The plane perpendicular to the main 

magnetic field is called x-y plane. A patient, who is headfirst 

and supine, the x direction is chosen to be left –right direction 

and the anterior posterior direction as y direction. The axial 

plane matches the transverse plane.8 MRI is capable of 

producing high resolution thin tomographic images in any 

plane and blocks of 3-dimensional information and has no 

known biological hazard.11  

The three standard anatomical planes are axial, sagittal 

and coronal planes. Any vertical plane parallel to the median 

plane is referred as sagittal plane. A vertical plane 

perpendicular to the sagittal plane is the coronal plane. 

Whereas the axial plane is perpendicular to both sagittal and 

coronal plane.12 The brain can be viewed in three perspectives 

in MRI, they are transverse (axial or x-y ) plane, which slice the 

patient from top to bottom whereas sagittal (y-z) planes slice 

the patient laterally and coronal plane (x-z) slice the patient 

from front to back. In the brain MRI volume, axial, sagittal and 

coronal planes consist of two-dimensional slices.13 MRI also 

provides detailed information which helps in differential 

diagnosis and management of brain lesions.14 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 to detect non-tumour brain lesions through 

MRI. 

 

 
 

 

ME TH OD S  
 

 

This study was an observational study, which was conducted 

in the Radiology Department of one of the major tertiary 

health care centres in South Kerala, India from 2018 

November to 2019 October. Patients suspected of brain lesions 

and who underwent MRI for diagnosis were included. 

Approval was obtained from The Institutional Ethics 

Committee. In this 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 patients with different brain 

lesions including non-tumour lesions (N = 81). With a 1.5-T 

scanner, imaging was performed and studied for their 

differential diagnosis through different planes (axial, coronal 

and sagittal) with a head coil of diameter 30 cm. With the help 

of sophisticated combination of electronics, radiofrequency 

(RF) generators, coils, and gradients, the MR images were 

generated 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 

specialized equipment in MRI like gradient coils, magnets and 

radiofrequency coils generates and receives the MR signal. The 

protons align to the main field (B0) in the z direction, when the 

subject is placed into a magnetic field and the Larmor 

frequency is field dependent (e.g., Larmor frequency ω = γ B0, 

where γ = 42.6 MHz/T and is called the gyromagnetic ratio). 

MR signal is localised by applying a gradient that produces a 

controlled linear spatial variation of the B0magnetic field (z 

direction), which creates small perturbations to the field in 

three directions (x, y, and z). The three functions like slice 

selection (z component), frequency encoding (x component), 

and phase encoding (y component) were performed by the 

gradient coils. The axial plane is referred as the slice 

perpendicular to the z axis. The plane that divides the brain 

into left and right parts is called sagittal or median planes. The 

vertical plane, which divides the brain into posterior and 

anterior parts is called coronal plane.15 

By using spin-echo pulse sequences, gradient echo 

sequences, FLAIR and a two-dimensional Fourier transform 

image reconstruction all images were 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) were obtained from all patients. The 

images were acquired on a 256 x 256 matrix, with a field of 

view of 23 cm. All images had a slice thickness of 5 mm 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 tumour 

diameter anteroposteriorly on the axial view, mediolaterally 

on the coronal view, and superio-inferiorly on the sagittal view 

respectively. Figure 1, Figure 2, Figure 3, shows non tumour 

brain lesion in axial plane, sagittal plane and coronal plane for 

same non tumour. Size of the brain lesions were measured 

including length and width. Volume was also calculated by 

using the formula.16 
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Volume =
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑟𝑎𝑖𝑛 𝑙𝑒𝑠𝑖𝑜𝑛 𝑥 𝑆𝑙𝑖𝑐𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑙𝑖𝑐𝑒𝑠
 

 
 

 

 
Figure 1. Non-Tumour Lesions in Axial Plane 

 

 
Figure 2. Non-Tumour Lesions in Sagittal Plane 

 

 
Figure 3. Non-Tumour Lesions in Coronal Plane 

 

For this study, the non-tumour brain lesions (N = 81) were 

only selected. Depending on the volume dimension, the non-

tumour lesions were categorised as group I, II, III, IV, V, VI, VII, 

VIII and IX. Group 1 (N = 22) indicates the dimensions from 0.1 

mm to 0.9 mm whereas group II (N = 12) gives the dimensions 

from 1 mm to 1.6 mm, group III (N = 7) from 2.0 mm to 3.9 mm 

group IV (N = 5) from 4 mm to 4.9 mm, group V (N = 8) from 

5.8 mm to 8.0 mm, group VI (N = 6) from 9.5 mm to 11.5 mm, 

group VII (N = 6 ) gives 15.5 mm to 16.5 mm, group VIII (N = 

6) 15 mm to 18 mm and group IX (N = 9 ) from 21.4 mm to 23.8 

mm. The variations in the volume of the anatomical structures 

were measured and compared the planes like axial and 

sagittal, axial and coronal and coronal and sagittal planes. 

 

 

S ta ti s ti cal  An aly si s  

Statistical analysis was done by SPSS version 16 software. The 

quantitative variables were expressed in mean and standard 

deviation (SD). Two way/Friedman test was used for 

comparing the three groups. 
 

 

 

RES ULT S  
 

 

 

In this study, the non-tumour lesions (N = 81) like 

neurocysticercosis, meningitis, abscess, subarachnoid 

haemorrhage, subdural haematoma, multiple sclerosis, 

cerebral ischemia, Fazekas grade 1, Fazekas grade 2, Fazekas 

grade 3, cerebral infract, epidermoid cyst, arachnoid cyst, 

mastoiditis, and cystic lesion were included. Table 1 shows the 

volume measurement of non-tumour lesions which are 

grouped as I, II, III, IV, V, VI, VII, VIII and IX. It was found that 

among the 9 groups of non-tumour lesions, the average 

volume of 6 groups (group II, IV, VI, VII, VIII, IX) in axial planes 

was more superior than in sagittal and coronal planes. The 

other non-tumour lesions in group I, group III and group V, the 

coronal plane was determined as superior as other two planes. 

 
Non Tumour Volume Measurements of MRI Orthogonal Planes 

Groups Axial Plane Sagittal Plane Coronal Plane 
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I 0.55 0.357 0.004 1.24 1.82 0.004 1.05 1.43 0.004 

II 1.39 0.194 0.472 1.37 0.262 0.472 1.31 0.23 0.472 

III 2.93 0.905 0.097 2.98 1.019 0.097 2.72 0.84 0.097 

IV 4.47 0.333 0.165 4.4 0.235 0.165 4.06 0.39 0.165 

V 7.80 1.171 0.197 8.3 6.44 0.197 8.33 1.56 0.197 

V I 10.19 1.069 0.019 9.40 1.316 0.019 9.13 1.09 0.019 

V II 16.24 0.517 0.002 15.72 0.507 0.002 15.25 0.92 0.002 

VIII 16.64 1.37 0.115 17.09 0.933 0.115 16.19 1.00 0.115 

I X 22.66 0.816 0.004 22.10 0.987 0.004 21.5 1.56 0.004 

Table 1. Volume Measurement of Non Tumour Lesions 

 

It was found that in non-tumour group I, there was a 

statistically significant difference in volume measured 

depending on the planes. Median (IQR) of volume measured by 

axial, sagittal and coronal planes were 0.64, 0.68, and 0.58 

respectively. The result shows that there was a statistically 

significant difference between the volume measured by 

coronal and sagittal planes (Z = 2.563, P = 0.010) and coronal 

and axial plane (Z = 3.090, P = 0.002). There were no 

significant differences between volumes measured by sagittal 

and coronal planes (Z = 0.528, P = 0.598). Median (IQR) of 

volume measured for group II by axial, sagittal and coronal 

planes were 1.40, 1.40, and 1.26 respectively. But the median 

(IQR) of volume measured for group III by axial, sagittal and 

coronal planes were determined as 3.30, 3.00, and 3.00. The 

median (IQR) of volume measured for group IV were found as 

4.55, 4.45, and 3.90 by axial, sagittal and coronal planes. 

Similarly, the median (IQR) of volume measured for group V 

shows that, axial, sagittal and coronal planes were 8.22, 9.34, 

and 8.80 respectively. In non-tumour group II, III, IV and V it 

was found that there was no significant difference between the 

coronal and sagittal, coronal, and axial and sagittal and axial (P 

= 0.472, 0.097, 0.165, 0.197). The median (IQR) of volume 

measured for group VI were observed by axial, sagittal and 

coronal planes as 10.23, 9.20, and 8.80. But it was found that 

the group VI shows that there was a significant difference 

between coronal and axial (Z = 2.742, P = 0.006). But there was 

no significant difference between coronal and sagittal (Z = 

1.155, P = 0.248) and sagittal and axial (Z = 0.112, P = 0.337). 

The median (IQR) of volume measured for group VII were 

determined as 16.38, 15.67, and 15.25 by axial, sagittal and 

coronal planes. Similarly, the group VII shows that there was a 
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statistically significant difference between coronal and axial (Z 

= 3.464, P = 0.001). There was no significant difference 

between coronal and sagittal and sagittal and axial (Z = 1.732, 

1.731, P = 0.083, 0.082). But in the case of group VIII, there 

were no significant difference between the coronal and 

sagittal, sagittal and axial and coronal and axial planes (P = 

0.115). The median (IQR) of volume measured for group VIII 

by axial, sagittal and coronal planes were 16.92, 16.03, and 

16.62 respectively. But in the case of group IX there was a 

significant difference between coronal and axial (Z = 3.300, P 

= 0.001). It was also found that coronal and sagittal and sagittal 

and axial (Z = 1.650, 1.64, P = 0.099, 0.098). For the group IX 

the median (IQR) volume measured were observed as 22.88, 

22.34, and 21.60 by axial, sagittal and coronal planes. 

 

 
 

 

DI SCU S SI ON  
 

 

In this hospital-based study, we investigated and analyzed the 

different types of non-tumour brain lesions of different 

dimensions in MRI images of patients. Present study revealed 

that, most of the non-tumour lesions like neurocysticercosis, 

abscess, subdural haematoma, subarachnoid haemorrhage, 

multiple sclerosis, cerebral ischemia, Fazekas grade 1, Fazekas 

grade 2, Fazekas grade 3, meningitis, cerebral infract, 

epidermoid cyst, arachnoid cyst, mastoiditis, cystic lesion, the 

axial planes are superior to the sagittal and coronal planes. 

Previous studies also mentioned that in general, lesions were 

more clearly detectable and defined on axial than on sagittal 

scans.15 This study also shows that the neurocysticercosis 

which is included in group II, the volume of MRI planes are 

more superior, than the volume of sagittal and coronal planes.  

In one of the studies it was also well defined that the 

vesicular stage and intraventricular stage of 

neurocysticercosis is clearly given in MRI axial images.17 In 

this study, it was determined that the multiple sclerosis is 

more prominent in the volume of axial groups mentioned in 

group I and group VI. In another study the chronic multiple 

sclerosis is seen in axial images.15 Present study also 

mentioned that the subarachnoid haemorrhage (SAH) is 

observed clearer in axial plane as its volume is higher when 

compared to the sagittal and coronal plane. Similarly, in 

previous study, it was also determined that the subacute 

haemorrhagic infraction is also observed in MRI axial 

images.18 

It was found that from the study, the CNS infection like 

abscess and neurocysticercosis which were diagnosed as clear 

in axial MRI imaging when compared to sagittal and coronal 

imaging. Previous studies also determined that in diagnosing 

CNS infection, MR imaging is one of the main radiological tool 

due to the high anatomical resolution and tissue contrast, 

multiplanar acquisition and high sensitivity to contrast 

enhancement.19 In the present studies it was found that the 

non-tumour brain lesions like Fazekas grade 1 (group II) and 

Fazekas grade 2 (group IV), the volume of lesions are observed 

as mass lesion when compared to sagittal plane. Similarly in 

one of the studies, it was found that the lesion Fazekas grade 1 

and Fazekas grade 2 are observed as mild and moderate lesion 

in axial plane.20 From this study, it was also observed that the 

subdural haematoma are seen as clear massive lesion (group 

IX) in axial plane than other planes (sagittal and coronal). In 

the previous studies also, it was detected that the axial plane 

of subdural haematoma are seen as clear hypointense image in 

MRI.21 Present studies revealed that the arachnoid cyst (group 

IV, VII, VIII) are clearly observed in axial plane as the volume 

is high in axial plane as compared to the sagittal and coronal 

plane. In one of the studies, it was found that the large 

arachnoid cyst were clearly determined in axial plane when 

compared to the coronal and sagittal plane.22 In this study it 

was found that the epidermoid cyst (group VII & VIII) were 

observed as well defined mass, as the volume is high when 

compared to other two planes (coronal and sagittal). Similarly, 

in another study, it was also revealed that the epidermoid cyst 

in MRI findings were reported as a well-defined mass in axial 

plane when compared to coronal and sagittal planes.23 

This study also shows that, the cerebral ischemia (group 

II) were more in volume in axial plane when compared to 

coronal and axial plane. In the previous studies also, it was 

found that the axial MRI imaging shows two well defined small 

lesions.24 Mastoiditis (group VI, VII, VIII) were determined as 

clear mass lesion in axial images as their volume is high in axial 

images compared to coronal and sagittal images. In one of the 

studies shows that the lesion mastoiditis was observed as an 

enhanced image on axial MRI plane than the coronal plane.25 

Present studies revealed that the cystic lesions (group VI & 

VII) were observed as a well-defined mass in axial plane. But 

in one of the studies, it was found that the cystic lesions were 

well defined in both axial and sagittal plane.26 

 

 
 

 

CONC LU S ION S  
 

 

 

The advanced techniques of magnetic resonance imaging used 

in medical investigation has provided a huge forward leap in 

the field of diagnosis, particularly with avoidance of exposure 

to potentially dangerous ionizing radiation. This technique is 

safer, less expensive and moreover has better availability, so 

the use of MRI is becoming ever more pervasive throughout 

clinical practice. MRI imaging modality and its multiple 

applications can be used for the benefits of further informing 

clinical decision-making. In this article, the importance of MRI 

planes in diagnosis were studied and found that, in most of the 

non-tumour brain lesions, the volume in axial planes is more 

superior than sagittal and coronal planes which will help for 

proper diagnosis of brain lesions and further treatment. 
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