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Abstract
Background: Diffusion-Weighted Imaging (DWI) is one of the fast developing techniques in the field of MRI. This
method uses the random diffusion motion of water molecule depending on physiological and anatomical
characteristics of living organisms.
Aim: To calculate the apparent diffusion coefficient and diffusion values in order to determine the degree in the
glial tumors.
Patients and methods: In the study, cases were selected among those who presented with a diagnosis of
intracranial mass to Neurosurgery Department of Erciyes University, Medicine School. Overall, 20 patients were
included to the study: 7 patients with Glioblastoma Multiforme (GBM), 4 patients with anaplastic astrocytoma (AA), 4
patients with diffuse astrocytoma, 3 patients with ependymoma and 2 patients with low-grade astrocytoma. The
apparent diffusion coefficient (ADC) images were acquired from echo-planar diffusion-weighted images (DWIs). For
each tumor, the mean ADC values and the mean diffusion value were measured at a large region of interest (ROI)
defined within tumor and at symmetrical normal brain tissue. Statistical analyses were performed by using SPSS
15.0 Statistical Package Program.
Results: We calculated mean ADC values (2.91 × 10-3 mm2/s, 0.69 × 10-3 mm2/s, 3.13 × 10-3 mm2/s, 2.41 × 10-3
mm2/s and 0.70 × 10-3 mm2/s) and mean diffusion values (0.11 × 10-3 mm2/s, 1.6 × 10-3 mm2/s, 0.10 × 10-3 mm2/s,
1.58 × 10-3 mm2/s, 0.90 × 10-3 mm2/s) for GBM, AA, diffuse astrocytoma, low degree astrocytoma and
ependymoma, respectively. The diffusion value of normal brain was calculated to be 0.85 × 10-3 mm2/s. A P-value
<0.05 was considered statistically significant. We estimated a significant difference between GBM and AA (p=0.001).
Although there were marked differences among diffuse astrocytomas, low degree astrocytoma and ependymoma,
the difference did not reach statistical significance.
Conclusion: The mean ADC value, the mean diffusion value and intensity region may provide additional
information in determining tumor degree in malignant glial tumors.

Keywords: Brain tumor; Apparent Diffusion Coefficient (ADC);
Diffusion Weighted Imaging (DWI); Region of Interest (ROI)

Introduction
The primary malignant central nervous system tumors account for
about 2% of all cancers. In United States, 43.800 new cases are
diagnosed as benign and malignant brain tumors annually. Of these,
3410 cases are children and adolescents while about 12,760 deaths
occur among these patients. The malignant central nervous system
tumors in children are leading cause of deaths from solid tumors
whereas it is third leading cause of death among adolescents and adults
aged 15-34 years [1]. Glial tumors are the largest group among central
nervous system tumors. The average incidence is 4/100.000 [2]. Highgrade glial tumors are the most common and most infiltrative ones
among primary brain tumors. They arise from astrocytes and
oligodendrocytes and display varying malignancy degree in the
spectrum. Astrocytic tumors are classified as astrocytoma, anaplastic
astrocytoma and glioblastoma multiforme according to triple grade
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system. The grading is performed based on pathological characteristics
(endothelial proliferation, cellular pleomorphism and mitosis). The
presence of necrosis is diagnostic for glioblastoma multiforme.
In 1953, The World Health Organization (WHO) suggested that
grade I CNS tumors are less aggressive and that grade IV CNS tumors
are more aggressive. If it is failed to grade a tumor by a pathologist, the
WHO grading system is used for prognosis and grading purposes [3].
According to current WHO classification, anaplastic (malignant)
astrocytoma (AA), a high-grade glial tumor, is classified as grade III
whereas Glioblastoma Multiforme (GBM) is classified as grade IV.
GBMs are seen four-folds more common than AAs. These are highly
malignant and infiltrate pathways along white matter; thus, they may
reach large sizes before onset of symptoms [4]. High-grade gliomas
include glioblastoma, anaplastic astrocytoma and anaplastic
oligodendroglioma. These are highly invasive tumors. Tumor cells can
be found 4 cm away from primary tumor mass. In the low grade glial
tumors, the factors indicating good prognosis are as follows: Younger
age, large resection performed, high Karnofsky performance score,
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contrast enhancement on Computed Tomography (CT) and magnetic
resonance imaging (MRI), prolonged symptoms before surgery. In low
grade glial tumors, mean survival is 7.5 years whereas 5-years and 10years survival rates are 60% and 40%, respectively [5,6].
Diffusion-Weighted Imaging (DWI) is one of the fast developing
techniques in the field of MRI. This method uses the random diffusion
motion of water molecule depending on physiological and anatomical
characteristics of living organisms. This technique is based on
measurement of the Brownian motion of molecules. The Brownian
motion is defined as heat-dependent free motion of molecules on
three-dimensional media. It was first identified by Scottish Naturalist
Robert Brown in 1827 [7] and it was measured by Einstein in 1905.
DWI was firstly discovered in 1986 [8]. However, DWI was available
for clinical routine in the mid-1980s [8]. In recent years, development
of high-performance gradient has accelerated the use of DWI.

Materials and Methods
The study cases were selected among those who presented with a
diagnosis of intracranial mass to Neurosurgery Department of Erciyes
University, Medicine School. The study was approved by Local Ethics
Committee of Erciyes University (Kayseri, Turkey) and exempted from
informed consent. The cases underwent surgery previously or any kind
of treatment was excluded. In all cases, glial tumors were confirmed by
histopathological examination. Overall, 20 patients were included to
the study: 7 patients with glioblastoma multiforme (GBM), 4 patients
with Anaplastic Astrocytoma (AA), 4 patients with diffuse
astrocytoma, 3 patients with ependymoma and 2 patients with lowgrade astrocytoma.

MR imaging protocol
The imaging studies were performed by using a quadrature head
coil by 1.5 Tesla MRI (Philips Intera Achieva Nova, Netherland) at
Radiology Department of Erciyes University, Medicine School. In all
patients, T1W-SE, T2W-TSE and DWI-EPI images were obtained
according to following protocols:
T1W-SE: TR/TE, 623/15; 23 slice; slice thickness, 5 mm; FOV, 260 ×
80; matrix, 256 × 256; flip angle, 70 degrees; gap, 1 mm; total time 1
min 40 s.
T2W-TSE: TR/TE, 4618/100; 23 slice; slice thickness, 5 mm; FOV,
260 × 80; matrix, 256 × 256; flip angle, 90 degrees; gap, 1 mm; total
time 1 min 55 s.
The multi-slice, single-shot, axial echo planar spin echo sequences
were for DWI. In this sequence, the technical parameters used were:
DWI-EPI: TR/TE, 2609/89; 18 slice; slice thickness, 2.5 mm; FOV,
230 × 230; matrix 256 × 256; gap, 1 mm; total time 2 min 4 s.
Diffusion gradients were sequentially applied throughout 3 main
vectorial axes (slice selection, readout, and phase) with a b value of
1000. Then, apparent diffusion coefficient (ADC) was calculated from
DWI. ADC map images were transferred to DTI studio for postprocessing.

Post-processing
The mathematical ADC values are measured according to two main
methods in the echo-planar DWI. The first method is Stejskal-Tanner
formula while second method is direct measurement from ADC map.
In both, primary ROIs (Regions of Interest) or pixel lens measurements
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were taken in desired region or regions. ROI can be large as well as
desired and it can be applied as circular, rectangular or irregular. The
pixel lens can compass 1 to16 pixels. Following measurements, ADC
value are calculated from Stejskal-Tanner formula or pixel value on the
ADC map.
Stejskal–Taner formula: ADC=-1/b In (S/So)
Here: So is the pixel value T (T=Trace) in b=0 or b=50. S is the pixel
value in b=1000 s/mm2. In is the natural logarithm and its value is
b=1000 at 1/b. This calculation can be made by using scientific
calculator in any computer. The second method involving the direct
calculation from pixel value on the ADC map is much easier and more
reliable. The reliability is provided by automatic ADC maps.
The image post-processing was achieved by using pixel-by-pixel
calculations produced on DWI and ADC maps via freeware
(www.mristudio.org/DTIstudio). On DTI studio, the mean diffusion
value of ADC maps were measured manually with elliptically placed
wide-ROIs for tumoral areas and normal brain tissue symmetrical
and/or neighbour to tumor at b=1000 value

Data analysis and statistical calculations
The mean diffusion value of ADC maps were calculated for both
tumor area and normal brain tissue from DWI. The statistical analysis
was performed by using SPSS 15.0 Statistical Package Program.
Normal distribution was tested by using Kolmogorov Smirnov test.
Independent two samples t-test was used to compare groups. A P-value
<0.05 was considered statistically significant.

Results
We calculated that mean ADC value was 2.91 (± 0.04 SD) × 10-3
mm2/s for GMB, 0. 69 (± 0.03 SD) × 10-3 mm2/s for AA, 3.13 (± 0.07
SD) × 10-3 mm2/s for diffuse astrocytoma, 2.41 × 10-3 mm2/s for lowgrade astrocytoma and 0.70 (± 0.03 SD) × 10-3 mm2/s for
ependymoma. A P-value <0.05 was considered statistically significant
(Table 1).
DWI (mm2/ ADC
s)
s)

(mm2/ NWMNT (mm2/
s)

GBM

0.11 × 10-3

2.91 × 10-3

1.3 × 10-3

AA

1.16 × 10-3

0.69 × 10-3

1.29 × 10-3

Diffuse astrocytoma

0.10 × 10-3

3.13 × 10-3

1.36 × 10-3

Low-degree astrocytoma

1.58 × 10-3

2.41 × 10-3

1.37 × 10-3

Ependymoma

0.90 × 10-3

0.70 × 10-3

1.10 × 10-3

Normal brain

-

0.85 × 10-3

-

Table 1: The mean diffusion value of glial tumors. GBM: Glia Blastome
Multiforme, AA: Anaplastic Astrocytoma; DWI: Diffusion Weighted
Image; ADC: Apparent Diffusion Coefficient; NWMNT: Normal
White Matter Neighbour to Tumor.
We found a significant difference in mean ADC values between
GBM and AA (p=0.001). Although there were marked differences
among diffuse astrocytomas, low degree astrocytoma and
ependymoma, the difference didn't reach statistical significance.
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ADC value of normal brain to tumor
symmetry (mm2/s)
GBM

0.87 × 10-3

AA

0.87 × 10-3

Diffuse astrocytoma

0.84 × 10-3

Intensity characteristics for normal brain parenchyma and tumoral
regions were evaluated in each case due to TIW-SE, T2W-TSE, DWI ve
ADC maps imaging’s (Table 3 and Figure 1).
In GBM cases imaging studies revealed normal brain parenchyma
T1W-SE, T2W-TSE and ADC maps hypointense and tumoral regions
hyperintense, while DWI studies revealed normal brain parenchyma
hyperintense and tumoral regions hypointense.

10-3

Low-degree astrocytoma

0.85 ×

Ependymoma

0.85 × 10-3

The diffusion values were calculated from the normal brain areas
symmetrical to tumor on ADC map (Table 2).

Table 2: The diffusion values were calculated from the normal brain to
tumor symmetry on ADC map. GBM: Glia Blastome Multiforme; AA:
Anaplastic Astrocytoma.

Imaging studies of AA cases revealed normal brain parenchyma
T1W-SE, T2W-TSE and ADC maps hyperintense and tumoral regions
were hypointense.

Brain Parenchyma

Tumor Area

T1W-SE

T2W-TSE

DWI

ADC map

T1W-SE

T2W-TSE

DWI

ADC map

GBM

Hipointense

Hipointense

Hiperintense

Hipointense

Hiperintense

Hiperintense

Hipointense

Hiperintense

AA

Hiperintense

Hipointense

Hiperintense

Hipointense

Hipointense

Hiperintense

Hipointense

Hipointense

Diffuse A

Hiperintense

Hipointense

Hipointense

Hipointense

Hipointense

Hiperintense

Hiperintense

Hiperintense

Low-degree A

Hipointense

Hipointense

Hipointense

Hipointense

Hiperintense

Hiperintense

Hiperintense

Hiperintense

Ependymoma

Hipointense

Hipointense

Hipointense

Hipointense

Hiperintense

Hiperintense

Hiperintense

Hipointense

Table 3: Comparison of brain parenchyma and tumor area. GBM: Glia Blastome Multiforme; AA: Anaplastic Astrocytoma; Diffuse A: Diffuse
Astrocytoma.
T2W-TSE and ADC maps imaging of normal brain parenchyma
revealed hypointense while tumoral regions were T2W-TSE
hyperintense and hypointense in ADC maps.
In diffuse astrocytoma cases imaging studies resulted normal brain
parenchyma as T1W-SE hyperintense, tumoral regios as hypointense
while in T2W-TSE, DWI ve ADC maps imaging studies revealed as
normal brain parenchyma as hypointense and tumoral regions were
hyperintense.
Imaging studies of ependymoma cases revealed normal brain
parenchyma as hypointense in T1W-SE, T2W-TSE, DWI and ADC
maps. Tumoral regions were hyperintense in T1W-SE, T2W-TSE and
DWI imaging’s and hypointense in ADC maps.
In low-grade astrocytomas T1W-SE, T2W-TSE, DWI and ADC
maps imaging studies revealed as hyperintense and hypointense for
normal parenchyma differently.

Discussion and Conclusion

Figure 1: This case is four years old who has low-grade astrocytoma
in the left temporoparietal region. A) T1W-SE, B) T2W-TSE, C)
DWI, and D) ADC map image.
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Nowadays, other MRI methods as well as conventional MRI have
entered into routine use. One of these applications is Diffusion
Weighted Imaging (DWI). Although a large part of using of DWI is
restricted with brain, it is a powerful technique for the evaluation of
different diseases. This method uses the random diffusion motion of
water molecule depending on physiological and anatomical
characteristics of living organisms. DWI can disclose pathology of
non-attention cases in the conventional MRI.
DWI can reveal pathologies in cases where conventional MRI is
failed to establish abnormality. DWI has high sensitivity in the early
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detection of acute cerebral ischemia, and seems promising in the
evaluation of traumatic brain injury. DWI can discriminate lesions by
increased and decreased diffusion. In addition, full-tensor DWI can
evaluate microscopic architecture of the brain and partially white
matter pathways by measuring spatial distribution and degree of
anisotropic diffusion in the brain. In addition to acute ischemic stroke,
it is used to discriminate arachnoid cyst of dermoid/epidermoid cysts
from brain abscesses and brain tumors, to demonstrate normal brain
myelination in new-borns and to identify ischemic-non ischemic
central nervous system disorder. It is also used to detect and
characterize multiple sclerosis-related tissue changes in the Multiple
Sclerosis (MS) patients. Moreover, it was reported that it can be used
for spinal cord injuries, bone marrow changes in vertebras and
differential diagnosis of malignant vertebral fractures from acute
benign osteoporotic vertebral compression.
The ADC map is another parameter that eliminates T2 effect in the
mathematical calculation and provides important data for quantitative
measurement. The small lesions could not be readily seen on the DWI
because of low spatial resolution but they are easily recognized on the
ADC maps since ADC map provides a marked difference between
parenchyma and signal lesion [9]. The DWI together with the ADC
value measurements is a functional imaging method that can provide a
significant contribution to the diagnosis and differential diagnosis.
Lack of need for contrast material and fast and simple imaging
capturing within seconds are major advantages [9]. Illustration of
water diffusion values in a tissue in a mathematical manner by
measuring directly on the ADC maps is another great advantage
compared to other functional imaging methods [9]. The tissue with
restricted diffusion appears as low signal on ADC while tissue with fast
as high signal with high ADC value [10].
The DWI is useful in the assessment traumatic brain injury,
demyelinating diseases, and Creutzfeld-Jakob disease as well as
differential diagnosis of necrotic tumors and abscesses [11-13].
Necrotic or cystic tumors display signal intensity similar to CSF
with calculated ADC values ranging from (0.3-2.7) (1.69 ± 0.9) × 10-3
mm2/s and (1.7-3.8) (2.2 ± 0.9) × 10-3 mm2/s [14]. However, abscesses
display different findings and are hyperintense with calculated ADC
value of (0.21-0.34) × 10-3 mm2/s [11]. Cystic or necrotic tumors differ
from acute ischemic lesions as being hyperintense on the DWI (similar
to an abscess) with ADC value of (0.29-0.33) × 10-3 mm2/s.
Ischemic lesions are evaluated within 8 h after onset of lesion and
ADC value is 0.48 (± 0.05) × 10-3 mm2/s. It is difficult to recognize
small lesions on DWI due to low spatial resolution; however, these
lesions are easily recognized on the ADC maps since ADC map
provides a detectable difference between parenchyma and lesion signal.
These lesions appear to be hyperintense on the DWI [15]. In the
intracranial epidermoid tumors, DWI confirms total removal of the
contents, but postoperative DWI always showed bright signal in
patients [16].
In this study, mean ADC value was found as 2.91 (± 0.04 SD) × 10-3
mm2/s for GBM, 0. 69 (± 0.03 SD) × 10-3 mm2/s for AA, 3.13 (± 0.07
SD) × 10-3 mm2/s for diffuse astrocytoma, 2.41 × 10-3 mm2/s for lowgrade astrocytoma and 0.70 (± 0.03 SD) × 10-3 mm2/s for
ependymoma. A p-value <0.05 was considered statistically significant.
We found a significant difference in mean ADC values between GBM
and AA (p=0.001). Although there were marked differences among
diffuse astrocytoma, low degree astrocytoma and ependymoma, the
difference didn't reach statistical significance.
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The mean ADC value was greater in GBM (2.91 × 10-3 mm2/s) than
AA (0.69 × 10-3 mm2/s). The mean ADC value was greater in diffuse
astrocytoma (3.13 × 10-3 mm2/s) than GBM (2.91 × 10-3 mm2/s). The
mean ADC value of low- degree astrocytoma (2.41 × 10-3 mm2/s) was
greater than mean ADC value of ependymoma (0.70 × 10-3 mm2/s).
The ADC value of symmetrical normal brain area was calculated 0.85
× 10-3 mm2/s. The ADC value of normal white matter was 0.84 × 10-3
mm2/s [17].
Functionally, values <0.60 × 10-3 mm2/s indicate restricted of
movement of water molecule such as cytotoxic edema (acute ischemia
and acute infarction).
The values >1.05 × 10-3 mm2/s means increased movement of water
molecule compared to normal brain parenchyma, indicating tissue
distortion or loosening such as vasogenic edema. On the other hand,
water molecules freely move in the cerebrospinal fluid and ADC value
varies from 2.40 to 4.40 × 10-3 mm2/s [18]. The GBM has ADC value of
2.71 (± 0.24) × 10-3 mm2/s [19]. The movement of water molecules has
increased compared to normal brain parenchyma in the GBM, diffuse
astrocytoma, and low-grade astrocytoma. This indicates that there is
loosening or distortion in tissue integration. Restricted diffusion was
seen in the ependymoma and AA. The calculated ADC value >1.05 ×
10-3 mm2/s indicates restricted of movement of water molecule [4].
Although there were marked differences among diffuse astrocytomas,
low degree astrocytoma and ependymoma, the difference did not reach
statistical significance.
The DWI with ADC value measurements is a functional imaging
modality that can provide a significant contribution to the diagnosis
and differential diagnosis. It doesn't require contrast agent or ionizing
radiation, and is a non-invasive technique. It can be performed quickly
within seconds.
As a result, the mean ADC value, the mean diffusion value and
intensity is a simple technique that could be used to determine tumor
degree in the glial tumors.
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