
INTRODUCTION
The meningiomas are the most common primary intracranial 

tumours and represents 36% of central nervous system (CNS) tumour 
(Ostrom et al., 2018). The gliomas are intra-axial brain tumour located 
frequently in the supratentorial region and accounts for 3.4% of all 
intracranial tumours (Grossman, Ram, 2015). The pituitary adenomas 
are mainly benign slow growing tumour arising from the pituitary 
gland. They are intensifying accompanies with disorder of hormones 
(Benitez-rosario, Mcdarby, Doyle, Fabby, 2009). These tumours are fre-
quently identified by histopathological examination. However, an 
improper selection of area for biopsy sample from brain tumours leads 
to error in microscopic diagnosis. Magnetic resonance imaging (MRI) is 
the noninvasive procedure suitable in resolving, management and fore-
casting prognosis of brain tumours. The Diffusion weighted imaging 
(DWI) is a technique in magnetic resonance imaging which has bought 
distinctive change in imaging. It catches small motions of water mole-
cules augmenting expression of intrinsic directionality in the brain. Our 
body spaces contain water which provides a considerable element in 
body weight. The diffusion of water molecules in tissues follows a defi-
nite pattern that captures the physiology by and reflects the difference in 
rate of diffusion in between tissues. The DWI is advised to trace the dis-
tinction between a benign and malignant brain tumour. The Apparent 
diffusion coefficient (ADC) is the quantification of proportions of water 
molecules in the tissue analysed with DWI. The malignant tumour 
exhibit lower ADC value compared to benign tumours (Subhawong, 
Durand, Thawait, Jacobs, Fayad, 2013). The values of ADC lower than 
1 X 10-3 mm2s-1 considered to be a malignant tumour (Wang et al., 
2001.). However, some benign tumours demonstrate low ADC values 

and identified as malignant tumour. The value of ADC is considerably 
inversely proportional to cellularity of the brain tumour (Driessen et al, 
2014). An improper selection of area for biopsy sample leads to error in 
microscopic diagnosis. The ADC values are utilized as a guide to fore-
cast the outcome of the treatment in malignant tumours. It is necessary 
to identify the grade of the brain tumour and its expression possibilities 
with the aid of diffusion weighted imaging (DWI). The objective of this 
study is to analyse the apparent diffusion coefficient (ADC) value in 
distinguishing three common tumours that includes Meningioma, 
Gliomas and Pituitary adenomas.

METHOD
The study is retrospective in nature. The brain tumour patient with 

meningioma, glioma and pituitary adenoma are selected for the study. 
The patients were age between 5 years to 70 years that includes both 
genders and all the races of Malaysian population. The norm for exclu-
sion includes patients with head trauma, meningitis, demyelinating dis-
ease and inflammation of brain tissue. The ethical approval for the study 
is obtained from University ethical committee (JEPeM) with code 
USM/JEPeM/20080420. The information of the patients is gathered 
from their case files (ARCHIVE) of Neuroscience Department and the 
radiological images were retrieved from picture archiving and commu-
nication system (PAC) system of University Sains Malaysia (USM) hos-
pital, Kelantan, Malaysia. A total of 33 patients (n = 33) were selected 
for the study. These patients were diagnosed with brain tumour. Out of 
these 33 patients, 12 (n = 12) meningiomas, 8 (n = 8) glioma and 4 (n = 
4) pituitary adenoma patients underwent DWI. A Philips ACHEVA 3.0 
Tesla MRI machine was used in Radiology Department of Hospital 
University Sains Malaysia (HUSM), Kelantan, Malaysia to conduct the 
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ABSTRACT
Objective: The meningiomas, glioma and pituitary adenoma are primary intracranial tumours. The identification and grad-

ing of these tumours are inexplicable with conventional magnetic resonance imaging. Diffusion weighted imaging (DWI) is a 
technique in magnetic resonance imaging which has bought distinctive change in recognizing tumours. The aim of this study is 
to estimate the apparent diffusion coefficient (ADC) value and its significance in differentiating three intracranial tumours that 
includes Meningioma, Gliomas and Pituitary adenomas. 

Design: It is retrospective study containing 24 patients with DWI which includes patients with meningiomas (n = 12), glioma 
(n = 8) and pituitary adenoma (n = 4).

Method: The ADC values from the healthy and tumour core are recorded from the region of interest (ROI) and are analysed 
with Stejskal-Tanner equation. 

Result: There is low ADC value detected in the tumour core of meningioma, glioma and pituitary adenoma than the healthy 
brain tissue. A significance difference of ADC values is recorded between meningiomas and gliomas during their comparison. In 
this study a ADC value of 0.87 ± 0.18 X 10-3 mm2/s in pituitary adenomas indicates a soft consistency of the tumour. 

Conclusion: The ADC and their cutoff values provide essential information on characterization, grading and consistency of 
the tumour facilitating proper identification and treatment.
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procedure. A selection of axial plane with spin echo pulse sequence 
[TR/TE] of 3433/93.8, slice thickness of 5mm and flip angle of 90o was 
done. A space of 6 ms is maintained in between the slices and magni-
tude of diffusion gradient (b value) of b = 0 s/mm2 and b-value of 1000 
s/mm2 is applied in X, Y and Z axis. The DWI images were interpreted 
retrospectively by a trained radiographer and an experienced radiologist. 
The apparent diffusion coefficient (ADC) value from the healthy and 
tumour core are recorded from the region of interest (ROI) and is anal-
ysed with Stejskal-Tanner equation (Sener, 2001): 

ADC = -(1/b)In(S/S0) where 

S0 is intensity of the signal with gradient factor b = 0 
S is intensity of the signal with gradient factor b = 1000 mm2/s
1n is natural algorithm and b in 1/b is 1000
The Values of ADC were expressed were illustrated with 10-3 mm2/s

The statistical analysis was performed with SPSS version 23.The 
accumulated information of ADC values were estimated by descriptive 
analysis. Further, box plot analysis was performed to compare the 
tumour core ADC values of meningioma, glioma and pituitary adenoma. 
The 2-tailed t test and one-way analysis of variance (ANOVA) are 
applied on the values of ADC of Meningiomas, Gliomas and Pituitary 
adenomas. The recorded variability were considered statistically signifi-
cant if P < 0.05.

RESULT
The frequent brain tumours detected in structural Magnetic reso-

nance imaging are Meningioma, Gliomas and Pituitary adenoma. The 
brain tumours are divided into three groups. The Group I contains 12 
Meningioma patients (n = 12), Group II have 8 Glioma patients (n = 8) 
and Group III has 4 pituitary adenoma patients (n = 4). 

In Figure 1. The Meningiomas in Group I (n = 12) appeared iso-
intense to hypointense at b0 in DWI images and hypointense in b1000 in 
contrast to contralateral normal appearing tissue of the brain. In Table 1, 
The mean ADC value of Meningiomas is 0.73 ± 0.51 X 10-3 mm2/s 
which ranges between 0.10 to 1.2 X 10-3 mm2/s. Their contralateral 
healthy brain tissue recorded a mean ADC value of 1.48 ± 0.65 X 10-3 
mm2/s. which ranges from 0.70 to 2.57 X 10-3 mm2/s. This illustrates a 

restricted diffusion in the tumour core of meningioma depicting low 
mean ADC value compared to contralateral normal white matter.

In Group II, out of 8 gliomas (n = 8), in 4 patients (n = 4), In figure 
2, the solid part of the tumour appeared hyperintense in b0 signal inten-
sity of DWI whereas in b1000 it is noticed as hypointense. From table 1, 
The ADC values of gliomas were recorded as 0.48 ± 0.58 X 10-3 mm2/s 
which ranges from 0.10 to 1.8 X 10-3 mm2/s. The contralateral healthy 
brain tissue in glioma patients recorded a ADC value of 1.76 ± 0.56 X 
10-3 mm2/s with mean ADC value ranging from 0.70 to 2.51 X 10-3 mm2/
s. The findings highlights a low mean ADC value in tumour core of gli-
omas compared to meningiomas.

The Group III consists of patients with pituitary adenomas (n = 4). 
In one patient the tumour shows solid and cystic part which is hyperin-
tense in b0 and hypointense in b1000. In figure 3, pituitary adenoma exhib-
its heterogeneously mixed isointense to hypointense lesion in b0 and het-
erogeneously mixed isointense to hyperintense mass in b1000 in DWI. The 
ADC mean value of pituitary adenoma is noted as 0.87 ± 0.18 X 10-3 
mm2/s which ranges from 0.60 to 1.00 X 10-3 mm2/s (table 1). The Non 
tumour healthy brain parenchyma exhibits a mean ADC value of 1.20 ± 
0.25 X 10-3 mm2/s that ranges from 0.90 to 1.5 X 10-3 mm2/s. The evalua-
tion of ADC value from the three brain tumour discovers a higher ADC 
value in pituitary adenomas compared to meningiomas and gliomas.

The estimation of the data from ADC value (table 1) confirms sta-
tistically significant result for Meningioma and Gliomas as P value is 
less than 0.05. This signifies that there is a difference in cellularity 
between the tumour core and normal brain parenchyma of these two 
tumours. However, for pituitary adenomas, no significant difference is 
seen as P > 0.05.

The Table 2, findings demonstrated a strong statistical significance 
between group I (meningioma) and Group II (Glioma). There is no sig-
nificant difference noted between Glioma (Group II) and Pituitary ade-
noma (Group III). The same findings is also recorded between 
Meningioma (Group I) and pituitary adenoma (Group III) as P > 0.05.

Table 1: Showing ADC values of brain tumours in relation to 
regions of the brain

Brain  Region of  ADC value Range 
P value

Tumour the brain (10---3 mm2/s) (10-3 mm2/s)

  Tumour core 0.73 ± 0.51    0.15 - 1.20

Meningioma Contralateral/  1.48 ± 0.65    0.70 - 2.57 0.14
(Group I) normal brain 
 tissue

 Tumour core 0.48 ± 0.58    0.10 - 1.80 

Glioma Contralateral/    0.05
(Group II) normal brain  1.76 ± 0.56   0.70 - 2.51 
 tissue

 Tumour core 0.87 ± 0.18    0.60 - 1.00 

Pituitary Contralateral/    0.108
adenoma normal brain  1.20 ± 0.25   0.90 - 1.50
(Group III) tissue

Figure 1: A 53-year-old female with features of meningioma A) 
DWI at b0 showing a isointense to hypointense mass in the left frontal 
region B) DWI at b1000 showing hypointense mass in left frontal region.

Figure 2: A 18-year-old male with features of Glioma A) DWI at b0 
showing a hyperintense midline mass in the midline of the cerebellum 
B) DWI at b1000 with hypointense mass in the midline of the cerebel-
lum. Figure 3: A 40-year-old female with features of pituitary adeno-

ma. A) DWI showing heterogeneously mixed isointense to 
hypointense in b0. signal intensity B) DWI at b1000 illustrating heteroge-
neously mixed isointense to hyperintense mass sellar region extending 
to suprasellar area.
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DISCUSSION
The conventional Magnetic resonance imaging (MRI) assist in rec-

ognizing the position of the brain tumour further providing information 
on size, structure and association with surrounding brain parenchyma. 
However, MRI findings alone will not be able to provide a strong 
impact in management of these tumours. Further, utilization of other 
modalities of MRI is necessary for tumour intervention (Stadnik et al, 
2003). The diffusion weighted imaging (DWI) is indispensible in pro-
viding keys to understand cellularity of a brain tumour by visualizing 
the motion of water molecules in area of brain selected for study. It has 
the capacity of understanding tumour organization opening a door for 
tumour recognition and discrimination (Moritani, Ekholm, Westesson, 
2009). The DWI findings also contributes in making protocols for pre-
operative treatments and guides in postoperative follow up (Farid, 
Elkharbotly, 2014). In this study brain tumours are divided into three 
groups which are characterize by DWI. These tumours are Meningioma 
(Group I), Glioma (Group II) and Pituitary adenoma (Group III). The 
ADC values are inversely proportional to cellularity of a tumour. The 
high grade primary tumours of the brain usually have lower ADC values 
in contrast to normal brain parenchyma. The DWI illustrates low signal 
intensity in the region of necrosis within a tumour proportional to ADC 
value and motion of water molecules. This technique visualizes a hyper-
intense region of infraction in an area of brain tumour and post-opera-
tive changes. Whereas the remaining areas appear isointense in DWI 
(Holodny, Ollenschlager, 2002). 

Meningioma (Group I)
The Meningiomas are the extra-axial brain tumours arising from the 

layers of meninges. Based on the grading, grade I meningiomas are dif-
ferentiated as benign, grade II as atypical and grade III declared as 
malignant. The grade III meningiomas are highly invasive. There are 
indicators determine by World health Organization (WHO) to classify 
various grading of meningiomas. This includes the microscopic picture 
that depends on their mitotic cell division, increase number of cells, 
ratio between nucleus and cytoplasm. The prevalence of intracranial 
Meningiomas stands in third place compared to gliomas and brain 
tumour metastasis (Kleihues & Cavenee 2000). The studies on meningi-
oma with DWI reported a high mean ADC values in benign tumours 
compared to their atypical or malignant variety with significance. 
(Hakyemez, Gokalp, Erdogan, Parlak, 2006). In this study, the differ-
ence between Meningiomas and Gliomas is easily noticeable from their 
ADC values without any overlapping of their f indings. The 
Meningiomas exhibits a higher ADC value of 0.73 ± 0.18 X 10-3 mm2/s 
compared to Gliomas (0.48 ± 0.58 X 10-3 mm2/s) which ranges from 
0.10 --- 1.80 X 10-3 mm2/s showing statistically significant result 
between this two tumours as P < 0.05. The acceptance of mean ADC 
value lower than 0.85 X 10-3 mm2/s is useful in distinguishing grade I 
meningiomas from grade II and grade III meningiomas (Whisenant, 
Sorace, Mcintyre, Kang, 2014). Whereas, other studies have determine a 
cut off value of 0.70 X 10-3 mm2/s for differentiation the various grades 
of meningioma. But they have concluded in their studies by suggesting 
a cut off value greater than 0.85 X 10-3 mm2/s to identify low grade 
meningiomas(Tang, Flood, Moser, Smith, Cauley, 2014). The atypical 
meningiomas are hard to distinguish from high grade gliomas. However, 

the studies have proven that DWI assists in correct recognition of the 
tumours facilitating in their management. Observations of ADC value in 
solid part of the meningioma are high in contrast to high grade meningi-
oma (Tropine et al., 2004).

Gliomas (Group II)
The gliomas are one of the frequent intra-axial tumours with 

depressing forecast of management. The gliomas emerge from glial 
cells of the brain parenchyma and the cell of origin represents its type 
(Omuro, DeAngelis, 2013). The WHO has classified glioma into two 
categories which include low grade and high grade. The low grade glio-
mas are represented by grade I and grade II. The high grade are deter-
mine by grade III and grade IV (Louis et al., 2007). The gliomas arising 
from oligodendrocytes are oligodendromas and those originating from 
astrocytes are astrocytoma. The high grade type, grade III gliomas 
exhibit increase mitotic cell division with loss of cell differentiation 
whereas the grade IV have increase number of constituent cells with 
necrosis and rich blood supply(Liu et al., 2011; Fan, 2006). The differ-
entiation of low grade glioma and high grade glioma by utilizing DWI is 
debatable. The diversity between Meningiomas and low grade Gliomas 
has been demonstrated with DWI in previous studies. An indisguisable 
attributes between these two tumours had been described in earlier stud-
ies. But in a similar research high mean diffusivity has been noticed in 
tumour core of low grade glioma compared to meningiomas (Lu et al., 
2004). Because of the cellularity of low grade glioma, they demonstrate 
a higher ADC value than High Grade glioma. The evidences from earli-
er research exhibited malignant gliomas with lower ADC values and 
high ADC values for low grade astrocytomas (Kono et al., 2001). An 
earlier research performed for comparing grades of glioma suggested a 
cut off ADC value of 1119.48 X 10-6 mm2/s to discriminate low and high 
grade gliomas (Phuttharak, Thammaroj, Wara-Asawapati, Panpeng, 
2020). In this study the ADC of the glioma recorded a value of 0.48 ± 
0.58 X 10-3 mm2/s ranging from 0.10 to 1.8 X 10-3 mm2/s. The value 
depicts an increase cellularity in the tumour core compared to normal 
brain parenchyma.

Pituitary adenoma (Group III)
Pituitary adenoma is an extra-axial brain tumour arises from anteri-

or lobe of the pituitary gland. They are primarily benign in nature stimu-
lating headache in patients. The DWI has the capacity to identify the 
blood supply to the pituitary gland and distinguish their mass lesions. It 
has the power to determine the density of pituitary adenomas and anal-
yse the diffusion of water molecules through normal pituitary tissue 
assisting in framing protocols for their management (Lomban et al, 
2006; Boxerman et al, 2010; Hiwatashi et al, 2014). The cellular density 
of pituitary adenoma can be revealed by diffusion weighted imaging 
(DWI) with ADC mapping. In this study the tumour core illustrates 
ADC value of 0.87 ± 0.18 X 10-3 mm2/s which is lower than the ADC 
value of healthy brain parenchyma. The ADC value depicts a soft con-
sistency of the tumour. The finding goes line with a study where the 
ADC value of 0.66 ± 0.10 x 10-3 mm2/s depicts soft consistency of the 
pituitary adenoma and 1.36 ± 0.259x 10-3 mm2/s reveals hard consisten-
cy of the tumour. A low ADC value represents a pituitary adenoma that 
is soft in consistency or high cellularity (Pierallini et al., 2006). 
Similarly, another study also demonstrates a lower mean ADC values of 
0.48 x 10-3 mm2/s highlighting a soft consistency of the tumour and 
high ADC value of 0.99 x 10-3 mm2/s depicting hard consistency 
tumour (Mohamed, 2013). The morbid transpositions of tumour cells in 
the pituitary gland alter solidarity of tissue that generates barrier 
increasing the ADC value (Castillo, Mukherji, & Company, 2000). In 
this study a comparison of pituitary adenoma is performed with menin-
gioma and glioma. However, no significant difference is recorded 
between pituitary adenoma and glioma as P value is greater than 0.05.

The box plot comparative analysis presented in figure.4 highlights 
the ADC values of three groups of tumour that includes meningioma 
(group I), glioma (group II) and pituitary adenoma (group III). In 
meningiomas the ADC values are more spread out compared to gliomas. 
The median values of these two tumours are far apart. This suggests that 
the ADC values are significantly different for meningioma and glioma. 
In comparing meningioma (group I) and pituitary adenoma (group III), 
there is no major differences seen between the midpoints of this two 
tumours. The ADC values in gliomas (Group II) are positively skewed 
whereas the ADC values in pituitary adenoma (group III) are negatively 
skewed illustrating a wide contrast between these two tumours. 
Additionally, there are no outliers in group I and III tumours, whereas 
the outliers are seen in group II tumours towards the maximum values. 

Table 2: showing correlation of three tumour groups with 
their ADC values.

(I) Brain tumour (J) Brain tumour
 Mean Difference  

Sig.
  (I-J)

 Glioma (Group II) 0.1042 0.020
Meningioma 

 Pituitary adenoma  
-0.2833 0.515(Group I)

 (Group III)

 Meningioma

Glioma (Group I)
 -0.1042 0.020

(Group II) Pituitary adenoma  
-0.3875 0.515

 (Group III)

 Glioma (Group II) 0.3875 0.340
Pituitary adenoma 

 Meningioma  
0.2833 0.515(Group III)

 (Group I)
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So, in conclusion the box blot analysis reveals low grade gliomas under 
group II tumours. There are limitations of this study as it is retrospec-
tive. It is a single centre study with small sample size of the brain 
tumours. Further study is recommended with bigger sample of tumour 
with multicenter approach.

CONCLUSION
The diffusion weighted imaging (DWI) is a noninvasive technique 

extensively performed to identify the intracranial tumours. As one of the 
modalities of magnetic resonance imaging (MRI), its findings are 
applied in proper diagnosis and treatment of brain tumours. The out-
come of the study can forecast utilization of DWI in discriminating dif-
ferent grades of meningioma based upon the cutoff values. The ADC 
value furnishes valuable record for identifying various grades of glioma 
and consistency of the pituitary adenomas contributing proper planning 
and organization of their management. The DWI is a formidable and 
crucial guide for prognosis of brain tumours pointing towards incorpo-
ration of formal treatment response in Neuro-oncology.
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