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correlated with tumor types (p <0.05). Astrocytoma was 
distinguished from ependymoma with sensitivity 85.7% 
and specificity 90% using an ADC ratio ≥1.7 and medul-
loblastoma was distinguished from ependymoma with sen-
sitivity 100% and specificity 88.89% using an ADC ratio 
≤1.18.
Conclusion Preoperative ADC values could differentiate 
the main histological subtypes of pediatric posterior fossa 
tumors with high sensitivity and specificity.

Keywords Pediatric · Posterior fossa · Diffusion weighted 
magnetic resonance imaging · Apparent diffusion 
coefficient

Introduction

Central nervous system (CNS) tumors constitute the sec-
ond most frequent tumor group in childhood [1, 2]. Fifty 
percent of pediatric intracranial tumors occur at the poste-
rior fossa and more than 90% comprise three tumor groups: 
juvenile pilocytic astrocytoma (JPA), ependymoma, medul-
loblastoma, and atypical teratoid rhabdoid tumor (AT/RT) 
[3].

Definitive diagnosis for pediatric brain tumors are his-
topathologically often made by postoperative biopsy, and 
rarely by preoperative biopsy. If the correlation between 
the diagnosis based on medical imaging and the diagno-
sis based on histopathology is increased, medical imag-
ing could contribute to better treatment choice and possi-
bly a better survival rate [4]. Conventional brain magnetic 
resonance imaging (MRI) is the most important diagnos-
tic imaging methodology in evaluation of posterior fossa 
tumors and exhibits some special radiological findings 
which can be used in the differential diagnosis. These are 

Abstract 
Purpose To investigate the contribution of preoperative 
apparent diffusion coefficient (ADC) values in the differen-
tial diagnosis of pediatric posterior fossa tumors.
Methods Forty-two pediatric patients (mean age 7.76 ±  
4.58 years) with intra-axial tumors in the infra-tentorial 
region underwent magnetic resonance imaging. ADC meas-
urement was performed using regions of interest, obtained 
from the solid component of the mass lesions. ADC ratios 
were calculated by dividing the ADC values from the mass 
lesions by the ADC values from normal cerebellar paren-
chyma. Lesions were categorized as juvenile pilocytic 
astrocytoma (JPA), ependymoma and medulloblastoma 
based on histopathological diagnosis. ADC values of the 
lesions and histopathological diagnoses were statistically 
correlated.
Results Histopathological diagnosis showed that 14 lesions 
were JPA, 10 were ependymoma; 18 were medulloblas-
toma. Both ADC values and ADC ratios were significantly 
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typical inferior vermis localization of medulloblastomas; 
hypointense or isointense signal characteristics of tumors 
with respect to gray matter signal on T2-weighted images; 
pilocytic astrocytoma having cystic and mural nodules, and 
its high signal on T2-weighted images; extent of epend-
ymoma to foramen magnum and out of fourth ventricle; 
and lastly a more heterogeneous form of AT/RT compared 
to other tumors. However, these radiological findings are 
not always available and thus may not allow the differentia-
tion of all tumoral lesions and their true diagnoses [4–8].

Diffusion weighted (DW)-MRI and apparent diffusion 
coefficient (ADC) could contribute to the diagnosis of 
pediatric cerebellar tumors, based on cellularity [5–8]. In 
this single-centered and retrospective study, ADC values 
of cerebellar tumors in a pediatric age group were quan-
titatively evaluated and their contribution to preoperative 
definitive diagnosis was investigated.

Materials and methods

Patient selection

A total of 90 pediatric patients who underwent MRI 
between January 2007 and May 2015 and were diagnosed 
with mass lesions at infratentorial and intra-axial locations 
were included in this study. The study was approved by 
the local ethics committee and is compliant with the Hel-
sinki Declaration. The mean age of the patients (23 male, 
19 female) was 7.76 ± 4.58 years and the age ranged from 
1 to 18 years. Histopathological diagnoses of posterior 
fossa tumors were performed based on pathology reports 
by a pediatric oncologist who was blinded to radiologi-
cal images. The tumors were classified into three groups: 
JPA, ependymoma and medulloblastoma. The same doctor 
recorded the age and gender of the patients.

Magnetic resonance imaging

MR imaging of all patients was acquired on 1.5-T clinical 
MR scanners (Magnetom Aera, Siemens, Erlangen, Ger-
many and Philips Intera, the Netherlands) using a standard 
head coil. Conventional MRI protocol included pre- and 
post-contrast T1-weighted, T2-weighted, fluid attenuated 
inversion recovery and DW-MRI sequences. Diffusion-
weighted MR images were acquired using single-shot spin-
echo echo-planar-imaging sequences with parameters: echo 
time (TE) = 83 ms and repetition time (TR) = 3500 ms, 
slice thickness (ST) = 5 mm, slice gap = 0.5 mm, 
field-of-view (FOV) = 230 × 230 mm, acquisition 
matrix = 128 × 99, b = 0–1000 s/mm2. ADC maps were 
automatically generated by the MR scanner, and DW-MR 

images and ADC maps were transferred to a workstation 
(Syngo MR D13, Siemens, Healthcare) for further analysis.

Analysis of MR images

MR images and ADC maps of the patients were evalu-
ated by two radiologists in consensus who were blinded to 
histopathological diagnoses. One radiologist had 9 years 
of experience after radiology residency and the other was 
in his last year of radiology residency. Region of interest 
(ROI) measurements were obtained from the solid compo-
nent of the tumoral lesions with the lowest signal on ADC 
maps, excluding necrotic and hemorrhagic areas. ROIs 
were ~1 cm2 and obtained from three consecutive slices, 
and the average of the measured values was calculated. The 
calculated mean was divided by the measurement value 
obtained from normal appearing cerebellar parenchyma.

Statistical analysis

The data were evaluated using IBM Statistics 22.0 (IBM 
Corp., Armonk, New York, USA) software. A Shapiro–
Wilk test and Q–Q graphics were used to test the normal-
ity of the data. Homogeneity of the variances was studied 
using a Levene test. Descriptive statistics were reported as 
mean ± standard deviation (x̄ ± sd), minimum–maximum 
values. Group comparisons were made using one-way vari-
ance analysis and multiple comparisons were made using 
the Tukey test. ROC analysis was performed to determine 
the ADC ratios to differentiate cerebellar tumors. The rela-
tionship among categorical variables was studied using 
the chi-square test and a value of p < 0.05 was considered 
significant.

Results

The following cases were excluded from the study: 4 cases 
with infratentorial extra-axial mass, 14 cases with brain 
stem glioma, 14 cases with no access to histopathological 
diagnosis due to the fact that their surgery was not done in 
our hospital, 2 cases with artifacts on MR images, 3 cases 
with no ADC maps, and 1 case with AT/RT. A total of 42 
cases with cerebellar mass lesions were included in the 
study.

Histopathological diagnosis of 42 lesions showed that 
14 lesions (32.6%) were JPA, 10 (23.3%) were epend-
ymoma; and 18 (41.9%) were medulloblastoma. The 
mean age of all patients was 7.69 ± 4.66 years (19 female, 
range 1–18 years). The mean ages for JPA, ependymoma 
and medulloblastoma were 8.35 ± 5.31, 8 ± 4.74 and 
7.38 ± 4.14, respectively. We did not determine any 
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statistically significant relationship between age and tumor 
types (p > 0.05).

Mean ADC values for JPA, ependymoma, and 
medulloblastoma were 1427.5 ± 274.62 × 10−6, 
1035 ± 217.07 × 10−6, and 707.16 ± 213.47 × 10−6 mm2/s, 
respectively (Fig. 1a–d). Statistically significant correla-
tion between ADC values and tumor types were obtained 
(p < 0.05) (Table 1). Group comparisons indicated that there 
were statistically significant differences obtained among all 
tumor types (p < 0.005).

ADC ratios were obtained by dividing mean ADC 
values of lesions by ADC values of normal cerebellum 
parenchyma (Fig. 2a–d). The mean ADC ratios for JPA, 
ependymoma, and medulloblastoma were 1.95 ± 0.30, 
1.50 ± 0.20, and 1.02 ± 0.30, respectively (Fig. 3a–d). The 
correlation between mean ADC ratio and tumor types were 
statistically significant (p < 0.05) (Table 2).  

Astrocytoma was distinguished from ependymoma with 
sensitivity 85.7% and specificity 90% using an ADC ratio 

≥1.7 and medulloblastoma was distinguished from epend-
ymoma with sensitivity 100% and specificity 88.89% using 
an ADC ratio ≤1.18 (Table 3).

Discussion

In this study, we investigated the contribution of ADC 
ratio of cerebellar-located pediatric tumors to normal 
appearing cerebellar parenchyma in preoperative diag-
nosis. ADC ratio thresholds of ≤1.18, 1.18–1.7, ≥1.7 

Fig. 1  A 3-year-old girl with 
juvenile pilocytic astrocytoma 
(JPA). a Axial T2-weighted 
image shows a marked hyper-
intense regular outer-edged 
infratentorial mass lesion which 
extends from cerebellar vermis 
to fourth ventricle and com-
presses the fourth ventricle from 
posterior. b Axial T1-weighted 
image shows that the lesion is 
hypointense. c Post-contrast 
axial T1-weighted image shows 
a solid, homogenously enhanc-
ing mass lesion. d ADC image 
shows the ROI of lesion and 
cerebellum (ADC ratio: 2.12)

Table 1  Mean ADC values for tumor types (N: number of patients)

Tumor types N ADC (×10−6 mm2/s) Min. Max. p value

Astrocytoma 14 1427.5 ± 274.62 1025 1840 <0.001

Ependymoma 10 1035 ± 217.07 760 1407 <0.001

Medulloblastoma 18 707.16 ± 213.47 510 1250 <0.001
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allowed preoperative diagnosis of medulloblastoma, 
ependymoma, and JPA with high specificity and sensi-
tivity. DWI is an MRI technique with contrast based on 
microscopic translational (Brownian) motion. It allows 
tissue characterization and tumor grastudied 140 patients-
ding when conventional sequences (T1- and T2-weighted) 
cannot [9, 10]. ADC values show the absolute value of the 
measured diffusion amount. On an ADC map, a low ADC 
value indicated restricted diffusion while a high ADC 
value indicated increased diffusion. JPA consists of low 
density cells and Rosenthal fibrils; the extracellular space 
is wider and the cellularity is less than in other posterior 
fossa tumors. Thus, they cause less restricted diffusion 
compared to extracellular compartments [11]. Medul-
loblastomas are composed of high density cells having 
high nucleus/cytoplasm ratio, thus having less extracel-
lular matrix. As a result, increased diffusion restriction is 
observed [12, 13]. On the other hand, ependymoma has 
intermediate cellularity [14, 15].

There are studies in the literature that used ADC val-
ues in diagnosis and differentiation of all tumor types. 
Yamasaki et al. [16] studied all brain tumor types in 275 
adult patients and showed that ependymomas have ADC 
>1.0 × 10−3 mm2/s and primitive neuroectodermal tumors 
have ADC <1.0 × 10−3 mm2/s. Guvain et al. [17] studied 
low-grade gliomas, embryonal tumors (medulloblastoma, 
AT/RT) and non-embryonal high-grade tumors (glioma, 
germ cell tumor, ependymoma) in 12 pediatric patients 
and showed that mean ADC values were 1.33 ± 0.21 
 10−3 mm2/s, 0.72 ± 0.20  10−3  mm2/s, and 1.22 ± 0.09 
 10−3 mm2/s, respectively.

Thus, low-grade glial tumors and embryonal tumors 
were differentiated from each other; however, non-embry-
onal tumors were shown to have similar ADC values as the 
other two groups. Rumboldts et al. [7] studied posterior 
fossa tumors (17 astrocytoma, 5 ependymoma, 8 medullo-
blastoma, and 2 AT/RT) in 32 patients and measured ADC 
values for astrocytoma and medulloblastoma (>1.4 × 10−3 

Fig. 2  An 11-year-old boy 
with ependymoma. a Axial 
T2-weighted image shows a het-
erogeneous hyperintense regular 
outer edged infratentorial mass 
lesion that is filling the fourth 
ventricle. b Axial T1-weighted 
image shows the lesion is 
hypointense with respect to gray 
matter. c Post-contrast axial 
T1-weighted image shows the 
lesion is homogenously enhanc-
ing. e ADC image shows the 
ROI of lesion and cerebellum 
(ADC ratio: 1.45)
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and <0.9 × 10−3  mm2/s, respectively), and diagnosed their 
cases with 100% sensitivity.

Jaremko et al. [6] studied JPA, ependymoma, medullo-
blastoma, and AT/RT in a group of 40 patients and reported 

that a threshold ADC value of 0.8 × 10−3  mm2/s can be used 
to differentiate 88% of JPA from medulloblastoma, whereas 
the ADC values obtained for ependymoma and medullo-
blastoma coincided. However, we report in our study that 
(Table 3) although ADC values for JPA, ependymoma and 
embryonal tumors sometimes coincided when maximum 
and minimum values are considered, they differed signifi-
cantly when mean ADC values were considered.

There are studies in the literature that tried to differentiate 
cerebellar tumors using the ratio of ADC values of cerebel-
lar-located tumors to normal cerebellar parenchyma. Rum-
boldt et al. [7] determined the ADC ratios for JPA, epend-
ymoma, and medulloblastoma as 2.11 ± 0.36, 1.39 ± 0.18, 
and 0.84 ± 0.14, respectively, and did not observe overlap 
in ADC ratios. Gimi et al. [5] studied 79 patients (31 JPA, 
27 medulloblastoma, 14 ependymoma, 7 AT/RT) and meas-
ured the ADC ratios as 2.30, 1.58, 0.97, and 0.83 for astro-
cytoma, ependymoma, medulloblastoma, and AT/RT. They 
differentiated astrocytoma from ependymoma with 92% 
sensitivity and 79% specificity using an ADC ratio ≥ 1.7, 

Fig. 3  A 17-year-old girl with 
medulloblastoma. a Axial 
T2-weighted image shows a 
slightly hyperintense infratento-
rial mass lesion that is filling 
the fourth ventricle. b Axial 
T1-weighted image shows 
that the lesion is hypointense 
with respect to gray matter. c 
Post-contrast axial T1-weighted 
image shows the heterogene-
ously enhancing mass lesion. d 
ADC image shows the ROI of 
lesion and cerebellum (ADC 
ratio: 0.79)

Table 2  Mean ADC ratios for tumor types (N: number of patients)

Tumor types N ADC ratio Min. Max. p value

Astrocytoma 14 1.95 ± 0.30 1.29 2.31 <0.001

Ependymoma 10 1.50 ± 0.20 1.25 1.91 <0.001

Medulloblastoma 18 1.02 ± 0.30 0.72 2.02 <0.001

Table 3  Sensitivity and specificity values based on ADC ratios

Tumor types N Sensitivity (%) Specificity (%) ADC ratio

Astrocytoma 14 85.7 90 ≥1.7

Ependymoma 10 100 89.47 1.2–1.6

Medulloblastoma 18 88.9 100.0 ≤1.18
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and differentiated embryonal tumors (medulloblastoma and 
AT/RT) from ependymoma with 93% sensitivity and 88% 
specificity using an ADC ratio ≤1.2.

Koral et al. [8] studied 140 patients (68 embryonal 
tumors; 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. They diagnosed 92% of embryo-
nal tumors, 84% of astrocytomas, and 71.42% of epend-
ymomas. In our study, the mean ADC ratios were found 
to be 1.95 ± 0.30, 1.50 ± 0.20, and 1.02 ± 0.30 for JPA, 
ependymoma, and medulloblastoma. Thus, we 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% specificity using an ADC ratio ≤1.18.

There are some limitations in this study. First, this is 
a retrospective study. Two MR scanners with the same 
field strength were used to acquire the images. However, 
we used the same optimized protocol, so ADC maps were 
considered standard. Second, we had only one patient with 
an AT/RT diagnosis: for this reason the case was excluded 
from the study. Finally, the patient cohort was relatively 
small: further studies with larger patient populations are 
needed in the future.

In conclusion, ADC ratios can be used in the differen-
tial diagnosis of JPA, ependymoma and medulloblastoma, 
which are the most frequent pediatric posterior fossa 
tumors in pediatric patients, with high specificity and 
sensitivity.
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