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Abstract  

Background:  Posterior fossa tumours is one of the most  
common tumours in pediatrics. The most common tumours  
include juvenile pilocytic astrocytoma. Differential diagnosis  
of pediatric brain tumours begins with accurate localization  

of the site of origin the tumours, which is the most important  
diagnostic features, Conventional MRI with contrast study  
remains the gold standard for evaluation of brain tumours.  

Aim of Study:  Is to assess role of MRI in evaluation of  
space occupying lesions seen at the posterior fossa in pediatric  
age group.  

Patients and Methods:  This retrospective study, including  
40 children with their age ranging between 2 and 10 years.  
All the forty patients were examined by; axial T1 WI, axial  
T2 WI, coronal and axial FLAIR, post contrast T1WI was  
done after injection of Magnevist (0.1ml/Kg); DW images  

and ADC maps were acquired.  

Results:  MRI study revealed 16 cases diagnosed as medul-
loblastoma (40%), 8 cases as Ependymoma (20%), 8 cases  
as juvenile pilocytic astrocytoma (20%), 6 cases as pontine  
Glioma (15%) and 2 cases as Schwannoma (5%).  

Conclusion:  Conventional MRI with DWI & ADC has  
high accuracy in the differentiation of posterior fossa tumours  
in pediatrics.  

Key Words:  Posterior fossa – Pediatric – MRI – Juvenile  
pilocytic astrocytoma – Medulloblastoma –  
Ependymoma – Schwannoma – Brainstem glioma.  

Introduction  

POSTERIOR  fossa tumours account for 45-60%  
of all pediatrics tumours, the most common tumours  
include juvenile pilocytic astrocytoma (JPA) which  
is the most common pediatric benign cerebellar  
neoplasm, medulloblastoma, ependymoma, and  
brain stem glioma are also common tumours [1,2] ,  
oligodendroglioma is a rare pediatric low grade,  
slowly growing cerebral hemispheric tumour and  
account for only about 1% [3] . Medulloblastoma  
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is the most common malignant cerebellar tumours  
in pediatric, these tumours have aggressive course  
with tendency of CSF dissemination and fatal  
outcome [4] . Ependymoma is the third posterior  
fossa tumours and arising from the floor of the  
fourth ventricle with a peak incidence between 3  
to 5 years [5] . Brainstem gliomas comprise approx-
imately 10-20% of all intracranial tumors in chil-
dren with age incidence less than 10 years [6] .  
Differential diagnosis of pediatric brain tumours  
begins with accurate localization of the site of  
origin the tumours, which is the most important  
diagnostic features, Conventional MRI with con-
trast study remains the gold standard for evaluation  
of brain tumours, it helps in the assessment of  
location, and extent of the tumour, recent studies  
evaluated the role of diffusion weighted image in  
differentiating grade and type of pediatric brain  
tumours in the posterior fossa [1,7,8] .  

Patients and Methods  

This retrospective study was conducted accord-
ing to the guidelines of the ethics committee of  
Tanta university and was approved by our institu-
tional review board; all child parents gave us written  
informed consent. This retrospective study was  
done between August 2015 and February 2017  
including 40 children with their age ranging between  
2 and 10 years, (mean 4± 1), 24 males (60%) and  
16 females (40%). Complaining of headache, blur-
ring of vision, squint, ataxia, cranial nerve palsy  
and symptoms of increased intracranial tension.  

Image protocol:  
All examinations were performed using a 1.5  

T MR Unit (SIGNA Horizon, General Electric  
Medical System, Milwaukee, WI) using head coil.  

Abbreviation:  

JPA: Juvenile pilocytic astrocytoma.  
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MRI protocol:  
All the twenty patients were examined by; axial  

T1 WI (TR/TE: 400-600/10-20m/sec.), axial T2  
WI (TR/TE: 2000-4000/ 100-120m/sec.), coronal  
and axial FLAIR (TR/TE/TI: 4000-6000/1 40/  
1200m/sec.),post contrast T1WI was done after  
injection of Magnevist (0.1ml/Kg); slice thickness:  
5mm, the matrix was 256x256 and the field of  
view was 220-240mm.  

%
 

Diffusion weighted imaging with apparent dif-
fusion coefficient calculation:  

DW images were obtained by using an axial  
echo-planar SE sequence, average, 5mm section  
thickness. DW images and ADC maps were ac-
quired by using b values of 0 and 1000s/mm 2 . Post  
processing of ADC maps was performed. Standard  
mean ADC values were calculated automatically  
and expressed in 10-3mm

2
/sec.  

Histopathology is our gold standard.  

Statistical analysis:  
Statistical analysis were undertaken to prove the  

efficacy of MRI & diffusion in the evaluation of  
posterior fossa brain tumors. Statistical analysis  
were performed using the SPSS software package  
version 16.0 (statistical package for social science  
TM) and p<0.05 was considered to be statistically  
significant. The sensitivity, specificity for each  
protocol were compared in order to evaluate the  
reliability of each of them & when they are combined.  

Results  

In this retrospective study, forty patients (24  
(60%) male & 16 ranged (40%) females with their  
age ranges from 2 to 10 years), (Table 1, Figs. 1,2)  
have posterior fossa tumours with the postoperative  
pathological reports, was included in this study. The  
patients’ complaint shown in Table (2) & Fig. (3).  

Table (1): Distribution of age and gender among the studied  
cases.  

Characteristics  No.  % 

Age (years):  
<1  2  5  
1-<5  12  30  
5-<10  14  35  
10-<15  12  30  

Total  40  100  

Gender:  
Male  24  60  
Female  16  40  

Total  40 100  

Age distribution among study patients  

1> 1 to 5 5 to 10 10 to 15  
Age categories  

Fig. (2)  

Table (2): Patients complains in the studied 20 patients.  

Complain  No. of patients  % 

   

Headache and vomiting 30 75  
Visual complains 10 25  
Ataxia 2 5  
Increased head size 2 5  
Hearing loss 2 5  

N.B:  More than one symptom could be present in the same patient.  

Complain among study participants  
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MRI study revealed 16 cases diagnosed as  
medulloblastoma (40%) (Cases 3,4), 8 cases as  
Ependymoma (20%) (Case 6), 8 cases as juvenile  

Table (3): MRI diagnosis of cases.  

Diagnosis  No.  %  

Medulloblastoma  16  40  

Ependymoma  8  20  

JPA  8  20  

Glioma  6  15  

Schwannoma  2  5  

Total  40  100  

Other MRI findings noted in the studied group  
include; Hydrocephalus was the most common  

association especially in cases of medulloblastoma  
followed by cystic changes which were noted in  
all cases of juvenile pilocytic astrocytoma, hemor-
rhage and necrosis were also noted especially in  
cases of medulloblastoma (Table 4).  

pilocytic astrocytoma (20%) (Case 5), 6 cases as  
pontine Glioma (15%) (Cases 1,2) and 2 case as  
Schwannoma (5%) (Case 7), (Table 3, Fig. 4).  

Diagnosis  

The signal intensities on MRI were low SI  
in T1 WI 28 cases (70%), 4 cases (10%) showed  
intermediate SI and 4 cases (10%) showed high  
SI, on T2 WI and FLAIR sequence 36 case  
(90%) showed high SI while only 4 cases  
showed intermediate SI (Table 4 & Fig. 5) &  
(Table 5).  

Table (4): Other MRI findings in the studied group.  

Diagnosis  Medulloblastoma  
(n=16)  

Ependymoma  
(n=8)  

Glioma  
(n=6)  

JPA  
(n=8)  

Schwannoma  
(n=2) Sig. test p  

Necrosis  2 (12.5%)  2 (25%)  2 (33.3%)  – 
х2 

 

10.79  
MC  
0.017*  

Hemorrhage  
Cystic changes  
Hydrocephalus  

6 (37.5%)  
2 (12.5%)  
10 (62.5%)  

2 (25%)  
6 (75%)  

2 33.3%)  
2 (33.3%)  
2 (33.3%)  

8 (100%)  
4 (50%)  

– 
– 
– 

MRI Findings Table (5): MRI signal intensity of the lesions.  

The pattern of enhancement after gadolinium  
injection shown in Table (6), there were, 24 patients  
(60%) had heterogeneous enhancing lesion, 12  
patients (30%) had homogenously enhancing lesion,  

MRI  
sequence  Low SI  Intermediate  High  

T1 WI  28 (70%)  4 (10%)  8 (20%)  

T2 WI  4 (10%)  36  (90%)  

Flair  4 (10%)  36  (90%)  

2 patient (5%) had faint enhancing lesion and 2  
patient (5 %) had non enhancing lesion. Diffusion  
Weighted Image and ADC map in all study patients  
were demonstrated in Table (7) & Fig. (6).  



Diagnosis  Medulloblastoma  
(n=8)  

Ependymoma  
(n=4)  

Heterogeneous  12 (75%)  8 (100%)  2 

Homogenous  4 (25%) 
Faint  – 2 
Non enhancing  – 2 

JPA  
(n=4)  

Sig.  
test p  

Glioma  
(n=3)  Diagnosis  Schwannoma  

(n=1) 

– 10.18  
9  
MC  
0.014*  

(33.3%)  2 (25%)  Heterogeneous  

33.3%)  
(33.3%)  

6 (75%) 
– 
– 

2 (100%) 
– 
– 

Homogenous  
Faint  
Non enhancing  

χ 2 
 

Restricted  Free  

45%  
55%  

Fig. (6)  
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Table (6): Pattern of enhancement in all study patients.  

Table (7): DWI and ADC map in different MRI diagnosis.  

Diagnosis  Medulloblastoma  
(n=16)  

Ependymoma  
(n=8)  

Glioma  
(n=6)  

JPA  
(n=8)  

Schwannoma  
(n=2)  Sig. test p  

DWI:  
Restricted  

Free  

ADC map  
Mean ±  S.D.  

16 (100%)  

– 

0.75±0.46  

8 (100%)  

1.00±0.0  

2 (33.3%)  

4 (66.7%)  

1.33 ±0.58  

8 (100%)  

1.75±0.5  

2 (100%)  

1.0  

χ 2 
 

10.179  
MC  
0.014*  

F 18.73  
p  0.001*  

χ
2

: Chi square test.  MC: Motecarlotest for chi square test.  F: f for ANOVA test. *: Statistically significant.  

DWI was significantly restricted in cases of  
medulloblastoma with ADC value ranging from  
0.5 to 0.8x10

–3 
 mm2/s., in juvenile pilocytic astro-

cytoma the cystic component appeared hypointense  
on DWIs compared to normal appearing brain  
parenchyma, denoting free diffusion. Their ADC  
values ranged from 2.1-2.9x10

–3 
 mm2/s. The solid  

mural nodule of the tumor displays iso-to hypoin-
tense signal on DWI (b1000) and iso to hyperin-
tense signal on ADC map denoting free diffusion,  
the ADC value was between 1.4 and 1.9x10

–3 
 

mm2/s. In cases of ependymoma, the signal inten- 

sity was heterogeneous on both DWI and ADC  

map due to the presence of solid and cystic com-
ponents. The solid enhanced component displayed  
iso-to slightly hyperintense signal on DWI, hypoin-
tense signal on ADC map and had ADC value  
between 1.01 and 1.3x10

–3 
 mm2/s suggesting re-

stricted diffusion more than that seen in JPA cases.  
In brain stem Glioma the signal intensity was  
hypointense on DWI compared to normal brain  

parenchyma denoting free diffusion, one case show  
heterogeneous signal intensity in DWI and ADC  

map denoting high grade of anaplesia with ADC  
value ranging from 1.1 x 10

–3 
 to 1.4x 10

–3
. In  

Schwannoma the signal intensity was hypointense  
on DWI and hyperintense on ADC map with ADC  
value 1 .6x1 0–3 

 denoting free diffusion. It also was  
found that lower ADC values were consistent with  
more malignant lesions as in medulloblastoma  
where higher ADC values were found in benign  
lesions as in Juvenile pilocytic astrocytoma. Table  
(8), Fig. (7) showed the distribution of patient  
characteristics according to MRI diagnosis. Table  
(9) revealed the Histopathological Diagnosis of  
patients: Tables (10,11,12) demonstrated the com-
parison between MRI diagnosis and histopatholog-
ical diagnosis.  



5.17±5.15  
6.7-11  

6.0±3.42  
4-14  

4 (50%)  
4 (50%)  

6 (37.5%)  
10 (62.5%)  

JPA  
(n=8)  

Glioma  
(n=6)  Sig. test p  Diagnosis  Schwannoma  
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Age:  
Mean ±  S.D.  
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– 
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Sample  
median test  
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8.33±0.57 11.5± 1.29  
8-9 10-13  

6 (100%)  
0 (0.0%)  
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Table (8): Distribution of patient characteristics according to MRI diagnosis.  

Table (9): Histopathological diagnosis of patients.  

Diagnosis  No.  %  

Medulloblastoma:  
Classic 6 17.6  
Desmoplastic 8 23.5  
Anaplastic 2 5.8  

Ependymoma 8 23.5  
Juvenile pilocytic astrocytoma 6 17.6  
Schwannoma 2 5.8  
Hemangioblastoma 2 5.8  

Total 34 100  

Histopathology from 6 cases weren’t available due to inoper-
able tumor and death of the patients.  

Table (10): MRI diagnosis versus histopathological diagnosis.  

Table (11): Sensitivity of MRI in detection of posterior fossa  
tumors in comparison to histopathological diagno-
sis “the gold standard”.  

Histopathological diagnosis Sensitivity  

Positive  Negative  Total  % 

MR diagnosis:  
Positive  32  0  32  94.1%  
Negative  2  0  2  

Total  34  0  34  

Table (12): Correlation between MRI diagnosis and histopatho-
logical diagnosis.  

r: Correlation by spearman rank correlation.  
*: Statistically significant.  

Statistically significant positive strong correlation between  
MRI diagnosis and histopathological confirmation  
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A- Axial T 1 WI. B- Axial T2WI.  

C- Axial FLAIR. D- Axial T 1 WI+contrast.  

H-  Diffusion WI. I- ADC image.  

Fig. (7): Male patient aged 9 years old complaining of squint.  

MRI: Large space occupying lesion involving most of pons (mainly to the right side) measures 4x4.5x5.5cm displaying low  

signal intensity in T1WI with small areas of subacute hemorrhage within (A), high signal intensity in T2WI (B) and FLAIR  

(C) sequences with extrinsic cystic parts within, the mass show heterogeneous patchy contrast enhancement after IV contrast  

injection (D), the mass encroaching upon the right cerebello pontine cistern with mild compression and displacement of the  

fourth ventricle to the left side with no significant supra tentorial hydrocephalic changes. Picture is suggestive of pontine glioma  

with hemorrhagic component.  

DWI:  The lesion show small areas of restricted diffusion. (H).  

ADC values:  Lesion measured 0.4 X10
–3 

 mm2/s (I).  
Perilesional edema:  Measured 0.7 X10

–3 
 mm2/s.  



A- Axial T1WI. B- Axial T2WI.  

C- Axial FLAIR. D- Axial T1+C.  
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E- Axial T 1 WI+contrast. F- Axial T2.  

Fig. (8): Female patient 4 years old complaining of persistant headache.  

MRI: Abnormal space occupying lesion is seen at the right cerebellar hemisphere measures 4x4.6cm displaying low signal  

in T1WI (A), high signal in T2WI (B) & FLAIR (C), intense homogenous enhancement after IV contrast injection (D)&(E)  

surrounded by cystic parts displaying low signal in T1 WI and high signal in T2 WI (CSF like signal) (F) exerting mass effect  

in the form of compression of sulci and cistern and fourth ventricle causing supratentorial hydrocephalus in the form of dilated  

third and lateral ventricle  picture is suggestive of medulloblastoma with supratentorial hydrocephalus.  

DWI:  The lesion appeared with restricted diffusion. (I)  

ADC values (J):  0.8X10
–3 

 mm2/s with perilesional area ADC value measured 0.9X10
–3 

 mm2/s  
Histological examination:  Revealed that the lesion is medulloblastoma.  
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A- Axial T1WI. B- Sagittal T2WI.  

C- Axial FLAIR. D- Axial T 1 WI+contrast.  

E- Sagittal T1WI+contrast. F- DWI.  

Fig. (9): Female patient aged 12 years complaining of headache and blurring of vision. Eman (pilocystic astrocytoma).  

MRI: Large cystic mass with superficial solid mural nodule is seen in the posterior fossa centered upon the right cerebellar  

hemisphere, its solid part display isointense signal in T1 WI (A), hyperintense signal in T2 WI (B) and FLAIR (C), with bright  
enhancement after Gd administration (D) and (E), the mass exert mass effect in the form of compression of the fourth ventricle  

as well as pons and effacement of prepontine cistern associated with moderate dilatation of supratentorial ventricular system  

with trans ependymal retrograde CSF permeation.  

DWI:  Free diffusion is seen in DWI.  
ADC values:  1.2X10

–3 
 mm2/s (I).  

The above MRI and DWI & ADC picture:  Are in favor of pilocytic astrocytoma.  
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A- Axial T 1 WI. B- Coronal T2.  

C- Sagittal FLAIR. D- Axial T 1 WI+contrast.  

H- Diffusion WI. I- ADC image.  

Fig. (10): Female patient aged 8 years old known to have cerebral palsy since birth.  

MRI: Large posterior fossa mass is seen arising from the fourth ventricle measures 3x3.5x3.7cm displaying low SI in T1  

WI (A) and high SI in T2 WI (B) and FLAIR with central foci of signal heterogeneity representing necrosis (C), the mass show  

heterogeneous enhancement after IV contrast injection (D) with moderate dilatation of the fourth ventricle around the mass and  

supratentorial hydrocephalus.  

DWI: The lesion showed free diffusion (H).  

ADC values:  1.5X 10
–3 

 mm2/s (I).  
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Discussion  

Conventional MRI is an essential tool for diag-
nosis and evaluation of posterior fossa tumours in  
pediatrics [9] . DW image helped in differentiating  
grades and types of pediatric brain tumours in the  
posterior fossa [10] . This study was encountered  
on forty cases, 24 male and 16 females, their age  

ranged from 2 to 10 years. The most common  
clinical presentation in our group of patients was  

headache and vomiting, which was in agreement  

with the study of LIN & Riva [11] .  

According to conventional MRI findings, the  

most common pediatric posterior fossa tumors  
encountered in our study were medulloblastoma  

(16 cases), pilocytic astrocytoma in (8 cases),  
ependymoma in (8 cases), diffuse pontine glioma  

in (6 cases) and Schwannoma only in (2 cases),  

which disagree with Cascone et al., [2] .  

As regard the site from which the tumour arise,  

all cases of pilocytic astrocytoma were seen located  

near the mid line arising from cerebellum as well-
circumscribed, cystic like masses with a soft tissue  

mural nodule which was in agree with Kelly K. et  
al., [12] , while in medulloblastoma 10 cases were  

located at cerebellar vermis and 6 cases located at  

cerebellar hemisphere which was in agree with  
Fruehwald-Pallamar et al., [13] , in cases of glioma  
all cases were of diffuse pontine glioma which was  
in agree with Donaldson S., et al., [14] .  

The most common other MRI association was  
hydrocephalus which was present in 22 cases, 10  

of them were medulloblastoma (55%), the other  

findings were cystic changes present in 14 cases,  

8 of them were juvenile pilocytic astrocytoma  
cases (35%) and hemorrhage present in 8 cases,  

three of them were medulloblastoma (20%), this  

was in agree with Reddy et al., [15] .  

The pattern of enhancement in our studied  

patients was, heterogeneous enhancement in 12  

cases of medulloblastoma while the other four  

cases showed homogenous enhancement, this was  
in agree with Eran A. et al., [16] . In cases of Epend-
ymoma, the eight cases showed heterogeneous  

enhancement, in JPA all solid nodules showed  
homogenous enhancement and in pontine glioma  

two cases showed heterogeneous enhancement,  

two cases, faint enhancement and the last, no  

enhancement, while in case of Schwannoma ho-
mogenous intense enhancement was seen, this was  
in agreement with Mauffrey [17] .  

As regards DWI & ADC maps, there was a  
difference in ADC value between JPA and medul-
loblastoma. It was higher than 1.3x10

–3 
 mm2/s in  

JPA cases while in medulloblastoma, ranged be-
tween 0.55 and 0.9x10

–3 
 mm2/s, (malignant lesion)  

which was in consistent with the study of Rumboldt  

et al., [18] , as they concluded that significant dif-
ferences in cellularity of pediatric cerebellar neo-
plasms, particularly between JPAs and medullob-
lastoma indicate that these lesions could potentially  

be distinguished by their ADC values, used cut off  
values of more than 1 .4x10

–3 
 mm2/s for JPA and  

less than 0.9x10
–3 

 mm2/s for medulloblastoma.  

In ependymoma, all cases showed heterogene-
ous signal in DWI and ADC map with ADC value  
ranging from 1.01 and 1.3x10

–3 
 mm2/s suggesting  

restricted diffusion more than that seen in JPA  

cases consistent with Yamasaki et al., [19] .  

In cases of pontine Glioma, it was hypointense  
on DWI compared to normal brain parenchyma  

denoting free diffusion, some cases showed heter-
ogeneous signal intensity in DWI and ADC map  

denoting high grade of anaplesia with ADC value  
ranging from 1.1 x 10

–3 
 to 1.5x 10

–3 
 which was  

consistent with the study of Lobel et al., [20].  

In cases of Schwannoma, the signal intensity  
was hypointense on DWI and hyperintense on ADC  

map compared to normal parenchyma denoting  

free diffusion, with ADC value of 1.6 x10
–3 

 which  
was in agreement with the study of with Beaman  

et al., [21] .  

From our results, Conventional MRI had suc-
cessfully diagnosed 32 cases, 10 cases as medul-
loblastoma, 8 cases as juvenile pilocytic astrocy-
toma, 6 cases as glioma, 6 cases as ependymoma  
and 2 cases as Schwannoma. DWI & ADC values  

had correctly diagnosed 16 cases as medulloblas-
toma, 8 cases as juvenile pilocytic astrocytoma, 8  

cases as ependymoma, 6 cases as pontine glioma  

and 2 cases as Schwannoma.  

By comparing MRI findings with histopathol-
ogy it was found that conventional MRI combined  

with DWI and ADC values showed sensitivity of  
94% which is statistically significant positive strong  
correlation between MRI diagnosis and Histopatho-
logical confirmation.  

Conclusion:  
Conventional MRI with DWI & ADC has high  

accuracy in the differentiation of posterior fossa  

tumours in pediatrics.  
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