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Abstract

Background: Pilocytic astrocytoma, medulloblastoma, and ependymoma are the most common pediatric CNS
tumors seen at posterior cranial fossa and final diagnosis obtained by histopathology after surgical excision. Routine
MRI study gives an idea about site and extension of the tumors but provide a little information about type and
grade of tumors. ADC ratio had high sensitivity and specificity in differentiation between these tumors as regard
type and grade according to tumor cellularity.

Patients and methods: Prospective study conducted on thirty pediatric patients (11 males and 19 females) with
CNS posterior fossa masses, their ages ranged from 2 to 17 years (mean age of 8.7 years), conventional MRI, DWI,
ADC value, and ADC ratio were done for all patients.

Results: ADC values were significantly different between pilocytic astrocytomas (1.43 ± 0.28 × 10−3) and
medulloblastomas (0.71 ± 0. 21 × 10−3) with a P value < 0.001, also there was a significant difference when
comparing medulloblastomas (0.71 ± 0.21 × 10−3) with ependymomas (1.04 × 10−3 ± 0.21) with a P value < 0.001.
ADC ratio at a cutoff > 1.7 showed significant good power of discrimination of astrocytoma (AUC = 0.85) from
ependymoma with 87.5% sensitivity and 93.3% specificity. Similarly, at cutoff ≤ 1.6-> 1.2 was a significant good
predictor of ependymoma (AUC = 0.85) with 87.8% sensitivity and 99.5% specificity. While, ADC ratio ≤ 1.2 was
significant excellent discriminator of medulloblastoma (AUC = 0.99) with 100% sensitivity and 90% specificity.

Conclusion: ADC ratio is a simple way used in distinguishing juvenile pilocytic astrocytoma, ependymoma, and
medulloblastoma, which are the most frequent pediatric posterior fossa tumors. Cutoff ADC ratio of more than 1.7
characteristic of JPA with 87.5% sensitivity and 93.3% specificity, ADC ratio less than 1.1 characteristic of
medulloblastoma with 100% sensitivity and 90% specificity. ADC ratios more than 1.1 and less than 1.7
characteristic of ependymoma with 87.8% sensitivity and 99.5% specificity. We recommended ADC ratio as a
routine study in evaluation of pediatric CNS posterior fossa tumors.
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Introduction
Pediatric central nervous system tumors accounting for
approximately 20 to 25% of all primary pediatric tumors
and representing the second most common cancer after
hematological malignancies [1]. Cranial posterior fossa
tumors accounting for 54-70% of all brain tumors in
pediatrics [2].
Ependymomas, pilocytic astrocytomas (PAs), and me-

dulloblastomas (MBs) are the most important key
players in the first 2 years of life [3]. Definitive diagnosis
for pediatric brain tumors proved mainly after surgical
excision by histopathology and uncommonly by pre-
operative biopsy [4].
MRI is the imaging modality of choice for the

evaluation of pediatric intracranial tumors. Conven-
tional T1, T2, and contrast-enhanced T1-weighted
imaging (WI) provide information about site, morph-
ology, extension, and mass effect of the tumor as well
as the presence of hemorrhage or ectatic vessels
within the tumor and a little information about its
nature as benign or malignant [5].
Magnetic resonance imaging provides limited informa-

tion as regard type and grading of the tumors. Diffusion-
weighted (DW) MR imaging provided additional infor-
mation derived from a microscopic motion of the water
proton, which not obtained by using conventional MRI.
DW imaging has been applied for the assignment of
tumor grades or differentiation of tumor types, as well
as for the diagnosis of other brain SOLs [6].
Visual inspection of diffusion-weighted images has

been reported as less accurate in differentiating types
and grades of tumors, whereas an important trend has
appeared toward the use of quantitative diffusion im-
aging technique [7].
Measurements of the ADC values of the brain tu-

mors were very useful in tumor assessment. Variation
in water content and diffusivity which was found in
tumors for various reasons (e.g., vasogenic edema)
likely provide information that is not readily available
from conventional MR imaging [8]. ADC values could
accurately distinguish pediatric cranial posterior fossa
tumors especially pilocytic astrocytoma and medullo-
blastomas due to significant differences in tumor cel-
lularity. Higher grade tumors have more restricted
diffusion due to their higher cellularity, resulting in a
good correlation between ADC values and tumor
grade [9].
Apparent diffusion coefficient (ADC) values are sig-

nificantly lower in MBs due to its high cell density (P <
0.001). JPA consists of low cell density with wider extra-
cellular space. Thus, they exert less restricted diffusion.
Most ependymomas in the posterior fossa are classic
(grade II) ependymomas present with no or mild re-
stricted diffusion [10].

ADC values were significantly higher in pilocytic astro-
cytomas than in ependymomas and medulloblastomas
[11]. ADC of ependymomas was higher than that of
PNETs, and there was no overlapping that makes pre-
operative differentiation between ependymomas and me-
dulloblastomas possible [8].
Some cleavage between the brain stem and the tumor

can be perceived on MRI T2 sequences; however, the
cleavage may be imperceptible. The cleft appears more
distinct on ADC map sequences. The diffusion restric-
tion seen on the ADC map sequence along the interface
between a posterior fossa medulloblastoma and the brain
stem and/or cerebellar peduncles can predict infiltration
of these structures [12].
Apparent diffusion coefficient ratio of pediatric cranial

posterior fossa tumors to normal-appearing cerebellar
parenchyma allowed preoperative diagnosis of JPA, me-
dulloblastoma, and ependymoma with high sensitivity
and specificity [13].
Mean ADC values for juvenile pilocytic astrocytoma,

ependymoma, and medulloblastoma were 1.42 ± 0.27 ×
10−3, 1.03 ± 0.21 × 10−3, and 0.707 ± 0.21 × 10−3 mm2/s
respectively (P ≤ 0.001). ADC ratios were found to be
1.95 ± 0.30, 1.50 ± 0.20, and 1.02 ± 0.30 for juvenile
pilocytic astrocytoma, ependymoma, and medulloblas-
toma respectively [14].
The present study aimed to evaluate diagnostic accur-

acy of ADC ratio in differentiation between pilocytic as-
trocytoma, medulloblastoma, and ependymoma which
were the most common pediatric CNS tumors as cMRI
provide limited information about types and grades of
the tumors.

Patients and methods
Patients population
This prospective study was carried out on 30
pediatric patients (11 male and 19 female), their ages
ranged from 2 to 17 years (mean age of 8.7 years),
throughout period extending from May 2018 to Au-
gust 2019 who underwent routine cMRI study and
proved to have one of the three common pediatric
posterior fossa tumors based on our inclusion criteria.
Approval of the Research Ethics Committee (REC)
and written consent were obtained from all partici-
pants in the study. Privacy of all patient data was
guaranteed.
Inclusion criteria include pediatric patients with brain

posterior fossa mass, both sexes were included. Exclu-
sion criteria include patients with post-operative recur-
rent or residual tumors or with contraindication to MRI
as (non-compatible metallic implants, aneurysmal clips,
cardiac pacemaker, cochlear implants).
All patients were subjected to the following:
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Data collection and clinical examination
MR imaging
Routine MRI sequences, diffusion-weighted MRI, ADC
value, and ADC ratio between tumor area and normal
cerebellar tissue were done for all patients. Magnetic res-
onance imaging was performed on a 1.5 Tesla MRI sys-
tem (GE sigma explorer). Total study time ranged from
15 to 20min. Fasting 4 h before the scan was required
for patients needed sedation\anesthesia (16 patients).

Routine MRI sequences
All cases were examined in supine position using the fol-
lowing routine sequences: Axial T1-WI (TR/TE = 520/
15ms), axial T2-weighted images (TR/TE = 3900/100
ms), axial fluid-attenuated inversion recovery images
(TR/TE = 8000/90 ms, inversion time = 2000ms), sagit-
tal T1WI (TR/TE = 430/10ms), post-contrast MRI was
also performed after injecting (Gd-DTPA) intravenously
at a dose of 0.2 ml/kg (0.1 mmol/kg body weight). Post-
contrast T1WI in axial, sagittal, and coronal planes were
obtained.

Diffusion-weighted imaging with apparent diffusion
coefficient ratio calculation

� An axial echo-planar spin-echo sequence with an
average 5 mm slice thickness, b values of 0 and 1000
s/mm2 were done to obtain DW images.

� Mean ADC values are the mean for multiple
measures of ADC values. Region of interest (ROI)
measurements were acquired in 3 consecutive slices
from the solid component of the lesions avoiding
hemorrhagic and necrotic areas to obtain average
ADC value.

� Average ADC value was divided by the
measurement ADC value obtained from normal
cerebellar white matter to obtain ADC ratio.

� Standard mean ADC values were calculated
automatically and expressed in 10−3 mm2/s.

Image interpretation

� Interpretation of MR images and ADC maps of the
patients were evaluated by two experienced
radiologists without any histopathological data.

Histopathological examination
The final diagnosis either juvenile pilocytic astrocytoma
(JPA), ependymoma, or medulloblastoma was obtained
by histopathological examination after surgical excision.

Statistical analysis
The data were collected, tabulated, and statistically ana-
lyzed. Data were analyzed using the IBM SPSS software

package version 20.0. Descriptive statistic was performed
in a form of percentage and number for qualitative data.
Specificity, sensitivity, and diagnostic accuracy of ADC
ratio were calculated for diagnostic evaluation in distin-
guishing between pilocytic astrocytoma, ependymoma,
and medulloblastoma.
The used tests were as follows:

� Chi-square test: for categorical variables, to compare
between different groups

� Monte Carlo correction: correction for chi-square
when more than 20% of the cells have expected
count less than 5

� Kruskal-Wallis test: for abnormally distributed
quantitative variables, to compare between more
than two studied groups, and post hoc (Dunn’s
multiple comparisons test) for pairwise comparisons.

Results
Thirty pediatric patients (11 males and 19 females) with
CNS posterior fossa masses proved to be juvenile pilocy-
tic astrocytoma, ependymoma, and medulloblastoma by
cMRI study. Their ages ranged from 2 to 17 years with a
mean of 8.7 years, most of them were in age group 5-≤
10 years representing 46.66% as listed in Table 1.
Histopathological examination of all lesions was done

after excisional biopsy; 12 (40%) lesions were ependy-
moma (WHO grade IV), 8 (26.7%) lesions were pilocytic
astrocytoma (WHO grade I), and 10 (33.3%) were me-
dulloblastoma (WHO grade III). According to their
histopathological examination, the astrocytoma group
included 3 male and 5 female their ages ranged from 5
to 11 years with a mean age of 8 ± 2.3. The ependy-
moma group included 6 male and 6 female their ages
ranged from 6 to 16 years with a mean age of 9.5 ± 4.5.
The medulloblastoma group included 2 male and 8 fe-
male their ages ranged from 3 to 13 years with a mean
age of 8.4 ± 3.7; the above findings were listed in Fig. 1
and Table 2.
Many pediatric patients suffering from more than

one complains, 66.6% of them presented with head-
ache, 70% presented with vomiting, 76.6% presented
with visual symptoms, 10% presented with increase

Table 1 Demographic data of the studied cases (N = 30
patients)

Age in years Sex

M F Total

11 (36.65%) 19 (63.32 %) N = 30

Less than 5 years 1 (3.33%) 3 (10%) 4 (13.33%)

5-≤ 10 6 (20%) 8 (26.66%) 14 (46.66%)

10-≤ 15 2 (6.66%) 6 (20%) 8 (26.66%)

More than 15 years 2 (6.66%) 2 (6.66%) 4 (13.33%)

Esa et al. Egyptian Journal of Radiology and Nuclear Medicine           (2020) 51:76 Page 3 of 11



head circumference, 23.3% presented with brain
stem symptoms, and 83.3% with cerebellar
symptoms.
MRI findings in all patients revealed 30 posterior fossa

SOL were detected in 30 patients. Four lesions at left
cerebellar hemisphere (pilocytic astrocytoma by histo-
pathology), 4 lesions at right cerebellar hemisphere (2
pilocytic astrocytoma and 2 medulloblastoma by histo-
pathology), 2 lesions at right cerebellopontine angle
(pilocytic astrocytoma by histopathology), and 20 lesions
seen intraventricular within fourth ventricle (12 ependy-
moma and 8 medulloblastoma by histopathology).
Eighteen lesions were solid by histopathology (8 me-
dulloblastoma and 10 ependymoma). Twelve lesions
were mixed cystic and solid by histopathology (8
pilocystic astrocytoma, 2 medulloblastoma, and 2
ependymoma).

MRI diffusion-weighted image was done for all the
studied cases; 13 lesions showed free diffusion (8 pilocy-
tic astrocytoma and 5 ependymoma by histopathology)
and 17 lesions showed restricted diffusion (7 ependy-
moma and 10 medulloblastoma by histopathology). Re-
stricted diffusion was significantly more frequent in
ependymoma and medulloblastoma, while free diffusion
was more significantly frequent in pilocytic astrocytoma.
All studied patients were divided into 3 groups accord-

ing to mean ADC value, (group 1) with mean ADC value
> (1.43 ± 0.28 × 10−3) that predict pilocytic astrocytoma,
(group 2) with mean ADC value > (0.71 ± 0. 21 × 10−3)-
≤ (1.40 ± 0.12 × 10−3) that predict ependymoma, (group
3) mean ADC value ≤ (0.71 ± 0. 21 × 10−3) that predict
medulloblastoma.
Group (1) mean ADC value > (1.43 ± 0.28 × 10−3) was

detected in 6 lesions proved to be pilocytic astrocytoma

Fig. 1 Distribution of posterior fossa tumors among the studied cases (n = 30)

Table 2 Demographic data of the studied cases according to histopathological data (N = 30)

Tissue pathology diagnosis

Astrocytoma Ependymoma Medulloblastoma Total

N = 8 (26.7%) N = 12 (40.0%) N = 10 (33.3%) N = 30

Sex

Female N 5 6 8 20

% 75.0 50.0 80 66.7

Male N 3 6 2 10

% 25.0 50.0 20 33.3

Age

Range 5.0-11.0 5.0-16.0 3.0-13.0 3.0-16.0

Mean 8.0 9.5 8.4 8.7

SD 2.3 4.5 3.7 3.7
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by histopathology. Group (2) mean ADC value from >
(0.71 ± 0. 21 × 10−3) - ≤ (1.43 ± 0.28 × 10−3) were de-
tected in 14 lesions; 12 of them were ependymoma and
2 lesions were pilocytic astrocytoma by histopathology.
Group (3) mean ADC value ≤ (0.71 ± 0.21 × 10−3) were
detected in 10 lesions proved to be medulloblastoma by
histopathologically. These results were statistically sig-
nificant with a P value < 0.001 as showed in Fig. 2 and
Table 3.
Mean ADC values were significantly different between

pilocytic astrocytomas (1.43 ± 0.28 × 10−3) (mean ± SD)
and medulloblastomas (0.71 ± 0. 21 × 10−3) with a P
value < 0.001. We found a significant difference when
comparing medulloblastomas (0.71 ± 0. 21 × 10−3) with
ependymomas (1.04 × 10−3 ± 0.21) with a P value <
0.001 (Figs. 3, 4, 5, and 6).
ADC ratio in the studied lesions was ranged from

0.7 to 2.20. the studied patients divided into three
groups. Group (1) ADC ratio > (1.95 ± 0.30) that pre-
dict pilocytic astrocytoma. Group (2) ADC ratio >
(0.93 ± 0.17)-≤ (1.95 ± 0.30) that predict ependy-
moma. Group (3) ADC ratio ≤ (0.93 ± 0.17) that pre-
dict medulloblastoma.
Group (1) ADC ratio > (1.95 ± 0.30) was detected in 7

lesions, all of them proved to be pilocytic astrocytoma
by histopathology. Group (2) ADC ratio > (0.93 ± 0.17)-
≤ (1.95 ± 0.30) was detected in 13 lesions; 12 lesions
were ependymoma and 1 lesion was pilocystic astrocy-
toma by histopathology (Fig. 7). Group (3) ADC ratio ≤
(0.93 ± 0.17) was detected in 10 lesions all of them were
medulloblastoma by histopathology (Figs. 3, 4, 5, and 6).

These results were statistically significant with a P value
< 0.001 as shown in Fig. 8 and Table 4.
ROC analysis for the diagnostic accuracy of ADC ratio

of posterior fossa tumors. ADC ratio at a cutoff > 1.7
showed significant good power of discrimination of as-
trocytoma (AUC = 0.85) from ependymoma with 87.5%
sensitivity and 93.3% specificity. Similarly, at cutoff ≤
1.6-> 1.2 was a significant good predictor of ependy-
moma (AUC = 0.85) with 87.8% sensitivity and 99.5%
specificity. While, ADC ratio ≤ 1.2 was significant excel-
lent discriminator of medulloblastoma (AUC = 0.99)
with 100% sensitivity and 90.0% specificity (Table 5) and
(Figs. 9, 10, and 11).

Discussion
Diffusion-weighted (DW)-MRI, ADC, and ADC ratio
based on tumor cellularity could contribute to the as-
sessment of cerebellar tumors with promising results as
regard type and grade [15]. High-grade tumors appear
hyperintense on DW images with low ADC values. High
tumor cellularity is probably the major factor of the

Fig. 2 Mean ADC value in the studied cases

Table 3 Comparison of mean ADC value between the studied
groups, the values are expressed in 10−3 mm2/s

ADC
value

Group (1) Group (2) Group (3) P value

N = 6 (20%) N = 14 (46.7%) N = 10 (33.3%)

Minimum 1.44 0.81 0.52 < 0.001*

Maximum 2.84 1.40 0.71

Mean 1.63 1.04 0.64

SD 0.28 0.21 0.21
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decreased ADC values in high-grade brain tumors [16].
Also, ADC values correlate with total nuclear area and
tumor grade with high-grade tumors having high cellular
density and decreased ADC [17].

In the current study, we reported that the pediatric
posterior fossa tumor more common in females repre-
senting 63.32%, their ages ranged from 2 to 17 years with
a mean of 8.7 years, which agreed with Ahmed et al.
[18], they included 24 pediatric patients (15 females, 9

Fig. 3 A 6-year-old female patient complaining of headache. Axial
T1 (a), axial T2 (b), axial FLAIR (c), coronal T1 post-contrast (d),
sagittal T1 post-contrast (e)—a mixed cystic and solid SOL seen at
posterior fossa involving cerebellar vermis and left cerebellar
hemisphere measured 55 × 58 × 53 mm at its AP, width, and CC
dimensions exerting mass effect inform of compressing 4th
ventricle, the lesion mainly cystic displayed CSF signal intensity, solid
nodule displayed low signal intensity at T1WI (a), high signal
intensity at T2 (b), and FLAIR sequence (c) with mild contrast uptake
(d), (e) seen only in the solid mural component. Axial DWI (f), axial
ADC map (g)—the lesion showed free diffusion, ADC value of the
lesion (1.490, 1.500, 1.570) × 10−3 mm2/s, average (1.500 × 10−3),
ADC value of the normal cerebellum—(0.742, 0.743, 0.749) × 10−3

mm2/s, average 0.743 × 10−3 mm2/s, ADC ratio—2.3 that are
consistent with cerebellar pilocytic astrocytoma confirmed
by histopathology

Fig. 4 A 4-year-old male patient complaining of vomiting. Axial T1
(a), axial T2 (b), axial FLAIR (c), coronal T1 (d), sagittal T1
(e)—posterior fossa midline SOL measured 45 × 40 × 40 mm at its
AP, width, and CC diameters originating from the superior medullary
valum and encroaching upon the 4th ventricular cavity with
subsequent supratentorial hydrocephalic changes, hypointense to
CSF on FLAIR, and exhibits inhomogeneous enhancement. Axial DWI
(f), Axial ADC (g)—the lesion showed restricted diffusion, ADC
ratio—0.9, ADC values of the lesion (0.693, 0.702, 0.709) × mm2/s,
average 0.702 × 103 mm2/s, ADC value of the normal
cerebellum—(0.742, 0.743, 0.749) × 103 mm2/s, average 0.743 × 103

mm2/s that are consistent with medulloblastoma confirmed
by histopathology
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males) with CNS tumors, they reported that the
pediatric posterior fossa tumor more common in fe-
males with a mean age of 6 years (range 1 to 15 years).
While Zitouni et al. [14] included 42 patients (23
males, 19 females), they reported that the pediatric

posterior fossa tumor more common in males with
CNS tumors with a mean age of 7.7 years (range 1 to
18 years).
Among studied patients in the current study, epen-

dymoma was the most common pediatric CNS

Fig. 5 A 7-year-old female patient complaining of headache and
vomiting. Axial T1 (a), axial T2 (b), axial FLAIR (c), coronal T1 post
contrast (d), sagittal T1 post-contrast (e)—posterior fossa SOL seen
within fourth ventricle, extending to the right cerebellar hemisphere
and right cerebellopontine angle. The mass measured 47 × 35 × 36
mm at its maximum AP, width, and CC diameters, it showed
heterogeneous predominantly low SI at T1WI (a), high SI at T2 (b),
and FLAIR sequence (c) with central breakdown, avid, and
heterogenous enhancement after IV contrast injection (d), (e). Axial
DWI (f), axial ADC (g)—the lesion showed restricted diffusion, ADC
ratio—1.3, ADC values of the lesion—(1.006, 1.081, 1.087) × 103

mm2/s × 103mm2/s, average 1.081 × 103, ADC value of the normal
cerebellum—(0.789, 0.793, 0.797) × 103, average 0.793 × 103mm2/s
consistent with ependymoma confirmed by histopathology

Fig. 6 An 8-year-old female patient complaining of vomiting. Axial
T1 (a), axial T2 (b), axial FLAIR (c), coronal T1 post-contrast (d),
sagittal T1 post-contrast (e)—posterior fossa intraventricular SOL
seen filling the fourth ventricle and extending to the right
cerebellum and left occipital lobe, measured 36 × 60 × 34 mm at its
AP, width, and CC diameters. It showed heterogeneous
predominantly low T1 SI (a), high SI at T2 WI (b), and FLAIR
sequence (c) with cystic component, avid, and heterogenous
enhancement after IV contrast injection (d), (e). Axial DWI (f), Axial
ADC (g)—the lesion showed restricted diffusion, ADC ratio—0.7,
ADC values of the lesion (0.597, 0.594, 0.543) × 103 mm2/s, average
0.597 × 103 mm2/s, ADC value of the normal cerebellum—(0.860,
0.863, 0.869) × 103, average 0.863 × 103mm2/s consistent with
medulloblastoma confirmed by histopathology

Esa et al. Egyptian Journal of Radiology and Nuclear Medicine           (2020) 51:76 Page 7 of 11



posterior fossa tumor proved by histopathology repre-
senting (40%) of the patients followed by medulloblas-
toma (33.3%) then pilocytic astrocytoma (26.7%). In
contrast to the study done by Zitouni et al. [14], it
reported that medulloblastoma was the most common
pediatric CNS posterior fossa tumor proved by

histopathology representing 42.8% followed by JPA
then ependymoma. Also, Rumboldt et al. [11] re-
ported that pilocytic astrocytoma was the most com-
mon pediatric CNS posterior fossa tumor proved by
histopathology representing 48.5% followed by epen-
dymoma then medulloblastoma.
In the current study, ADC values and ratios were sig-

nificantly different between the commonest three CNS
posterior fossa tumors in children: pilocytic astrocyto-
mas, ependymomas, and medulloblastomas (P < 0.001).
We reported ADC values were significantly different be-
tween pilocytic astrocytomas (1.43 ± 0.28 × 10−3) (mean
± SD) and medulloblastomas (0.71 ± 0. 21 × 10−3) with
a P value < 0.001. Also, there was a significant difference
when comparing medulloblastomas (0.71 ± 0. 21 × 10−3)
with ependymomas (1.04 × 10−3 ± 0.21) with a P value <
0.001.
These results matched with the study done by

Zitouni et al. [14], they found a mean ADC values
for JPA, ependymoma and medulloblastoma were
1.42 ± 0.27 × 10−3, 1.03 ± 0.21 × 10−3, and 0.707 ±
0.21 × 10−3 mm2/s respectively (P ≤ 0.001). Also
agreed with Ahmed et al. [18], they reported ADC
values were significantly different between WHO I
(low-grade tumors) (1.49056 ± 0.15 × 10−3mm2/s)
(mean ± SD) and WHO IV (high-grade tumors)
(0.70352 ± 0.23 × 10−3mm2/s), (P ≤ 0.001). Also,
Rumboldt et al. [11] reported that ADC values were
significantly different between WHO I (low-grade tu-
mors) (1.24 ± 2.09 × 10−3mm2/s) (mean ± SD),
ependymoma (0.97 ± 1.29 × 10−3mm2/s), and WHO
IV (high-grade tumors) (0.55 ± 0.63 × 10−3mm2/s),
(P ≤ 0.001).
In contrast to the study done by Mohamed et al. [19],

they reported significant differences in the ADC values
between JPA and medulloblastoma also between ependy-
moma and medulloblastoma (P = 0.000), but no statisti-
cally significant differences between JPA and
ependymoma (P > 0.05) were detected. There was no
overlap in individual tumor ADC values or ratios be-
tween JPA and medulloblastoma.
Among the studied patients, ADC ratio was signifi-

cantly different between pilocytic astrocytomas (1.95 ±
0.30) (mean ± SD) and medulloblastomas (1.01 ± 0.30)
with a P value < 0.001, we also demonstrated a signifi-
cant difference between pilocytic astrocytoma (1.95 ±
0.30) (mean ± SD) and ependymomas (1.50 ± 0.20)
(mean ± SD) with a P value <0.001. Also, we found a sig-
nificant difference when comparing medulloblastomas
(1.01 ± 0.30) with ependymomas (1.50 ± 0.20) with a P
value < 0.001.
These findings in JPAs and medulloblastomas are

probably secondary to the low cellularity and rela-
tively small nuclear area typically seen in the former

Fig. 7 A 5-year-old male patient complaining from headache and
vomiting. Axial T1 (a), axial T2 (b), axial FLAIR (c), coronal T1 post-
contrast (d), sagittal T1 post contrast (e)—posterior fossa SOL seen
filling 4th ventricle and extending through right exit foramina to
right cerebellopontine cistern, mass measured 23 × 19 × 44 mm at
its maximum AP, width, and CC dimensions showed heterogeneous
contrast enhancement (d), (e). Axial DWI (f), axial ADC (g)—the
lesion showed restricted diffusion, ADC ratio—1.5, ADC values of the
lesion—(1.221, 1.225, 1.226) × 103 mm2/s, average 1.225 × 103 mm2/
s, ADC value of the normal cerebellum (0.775, 0.781, 0.785) × 103,
average 0.781 × 103mm2/s consistent with ependymoma but by
histopathological examination after surgical excision
revealed astrocytoma
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tumor types in contradistinction to the densely
packed cells and large nuclei characteristic for the lat-
ter [11].
These results were agreed with Zitouni et al. [14], they

found the mean ADC ratios were 1.95 ± 0.30, 1.50 ±
0.20, and 1.02 ± 0.30 for JPA, ependymoma, and medul-
loblastoma. While Rumboldt et al. [11] found the mean
ADC ratios to be 2.11 ± 0.36, 1.39 ± 0.18, and 0.84 ±
0.14 for JPA, ependymoma, and medulloblastoma.
Yamasaki et al. [20] reported that there was a

slight overlap in the result between ependymoma
and pilocytic astrocytoma. In the present study, we
diagnosed two lesions as ependymoma by ADC
value but pathologically proved pilocytic astrocy-
toma. Also, we diagnosed one lesion as ependy-
moma by ADC ratio but pathologically proved
pilocytic astrocytoma.
Finding in ependymoma could be explained by an

overlap between ADC values of the classic type
(WHO grade 2, one-half of tumors demonstrating re-
stricted diffusion) and anaplastic type (WHO grade 3,
two-thirds of tumors demonstrating restricted diffu-
sion), given the wide histologic and prognostic
spectrum of ependymoma, diffusion characteristics of
ependymoma also have a wide range overlapping
other tumor types [21].

We reported the cutoff ADC ratio of > 1.7 for dif-
ferentiation of pilocytic astrocytomas from medullo-
blastoma and ependymomas with sensitivity 87.5%
and specificity 93.3%. The cutoff ADC ratio of ≤ 1.2
for differentiation of medulloblastomas from PAs and
ependymomas is with sensitivity 100% and specificity
90%. The cutoff ADC value of ≤ 1.6, > 1.2 for differ-
entiation of ependymomas from PAs, and medullo-
blastomas were 100% with sensitivity 87.8% and
specificity 99.5%.
These results agreed with Koral et al. [22], they

studied 140 patients (58 medulloblastomas, 10 AT/
RT, 51 astrocytomas, 21 ependymomas) and could
differentiate astrocytoma from ependymoma with 78%
sensitivity and 78% specificity using an ADC ratio ≥
1.8 and could differentiate embryonal tumors from
ependymoma with 87% sensitivity and 83% specificity
using an ADC ratio ≤ 1.2. Also, Zitouni et al. [14]
differentiated astrocytoma from ependymoma with
85.7% sensitivity and 90% specificity using an ADC
ratio ≥ 1.7 and differentiated medulloblastoma from
ependymoma with 100% sensitivity and 88.89% speci-
ficity using an ADC ratio ≤ 1.18, which agreed with
our results. Gimi et al. [15] studied 79 patients (31

Fig. 8 Mean ADC ratio in the studied cases

Table 4 Comparison of ADC ratio between the studied groups

ADC ratio Groups P value

Group (1) Group (2) Group (3) Total

N = 7 (23.3%) N = 13
(43.4 %)

N = 10 (33.3%) N = 30

Minimum 1.95 0.94 0.70 0.70 < 0.001*

Maximum 2.30 1.94 0.92 2.3

Mean 1.95 1.50 0.75 1.44

SD 0.30 0.20 0.30 0.48

*Significant at P < 0.05

Table 5 ROC curve analysis for prediction of tumor type by
ADC ratio

ADC ratio Cutoff Sensitivity
(%)

Specificity
(%)

AUC 95%
CI

P
value

Astrocytoma > 1.7 87.5 93.3 0.85 0.61
to
0.97

0.002*

Ependymoma ≤ 1.6 87.8 99.5 0.85 0.61
to
0.97

0.002*

Medulloblastoma ≤ 1.2 100 90.0 0.99 0.83
to 1.0

<
0.001*

AUC area under the curve
*Significant at P < 0.05
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JPA, 27 medulloblastoma, 14 ependymoma, 7 AT/RT)
and measured the ADC ratios as 2.30, 1.58, 0.97, and
0.83 for astrocytoma, ependymoma, medulloblastoma,
and AT/RT. They differentiated astrocytoma from
ependymoma with 92% sensitivity and 79% specificity
using an ADC ratio ≥ 1.7, and differentiated

embryonal tumors (medulloblastoma and AT/RT)
from ependymoma with 93% sensitivity and 88% spe-
cificity using an ADC ratio ≤ 1.2.

Conclusion
ADC ratio is a simple way used in distinguishing juvenile
pilocytic astrocytoma, ependymoma, and medulloblas-
toma, which are the most frequent pediatric posterior
fossa tumors. Cutoff ADC ratio of more than 1.7 charac-
teristic of JPA with 87.5% sensitivity and 93.3% specifi-
city, ADC ratio less than 1.1 characteristic of
medulloblastoma with 100% sensitivity and 90% specifi-
city. ADC ratios more than 1.1 and less than 1.7 charac-
teristic of ependymoma with 87.8% sensitivity and 99.5%
specificity. We recommended ADC ratio as a routine
study in the evaluation of pediatric CNS posterior fossa
tumors.
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