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	 Background:	 This research aimed to investigate the value of apparent diffusion coefficient (ADC) histogram in differentiat-
ing between medulloblastoma and pilocytic astrocytoma in children.

	 Material/Methods:	 Thirty-three children with posterior cranial fossa tumor confirmed by operation and pathology participated in 
this retrospective study, including 18 children with medulloblastoma and 15 children with pilocytic astrocyto-
ma. ADC images of the maximum lay of tumors were selected, and the region of interest was delineated by 
Mazda software and analyzed by histogram. Histogram characteristic parameters of the 2 tumors were statis-
tically analyzed to determine the significantly different characteristic parameters between the 2 tumor types.

	 Results:	 There were significant differences in the mean value, variance, skewness, kurtosis, and 1th, 10th, 50th, and 90th 
percentiles of 9 characteristic parameters extracted by histogram (P<0.05). The corresponding receiver oper-
ating characteristic (ROC) curves were drawn, in which the mean value and 50th percentile were best identi-
fied. When the maximum area under the ROC curve was 1 and the optimal threshold was 137.7 and 125.5, 
the specificity and sensitivity were both 100%.

	 Conclusions:	 ADC histograms can be used to differentiate between medulloblastoma and pilocytic astrocytoma in children 
and provide reliable and objective evidence for the differentiation.
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Background

Central nervous system (CNS) tumors are the second most 
common tumor in children; 50% of pediatric intracranial tu-
mor occur in the posterior cranial fossa. Pilocytic astrocyto-
ma and medulloblastoma are the 2 most common tumors [1]. 
Pilocytic astrocytoma is a WHO I-level tumor [2] with low mi-
totic activity and very low malignant transformation potential. 
Medulloblastoma, a WHO IV-level tumor, is a common inva-
sive embryonic tumor in the cerebellum of children. The 2 tu-
mors often have an onset before the age of 15. It is difficult 
to some extent to evaluate posterior cranial fossa tumors by 
conventional brain magnetic resonance imaging (MRI), and 
apparent diffusion coefficient (ADC) is considered to be an 
important auxiliary method [3–5] because it is significantly 
more sensitive to partial solid tumor cells characteristics [6]. 
Thus, ADC histograms are used to differentiate different types 
of tumors. The method includes the measurement of aver-
age ADC value [7] and the minimum ADC value [8] of the tu-
mor. ADC value is usually measured in the solid portion of the 
tumor [9]. Because both pilocytic astrocytoma and medullo-
blastoma have obvious cystic parts, ADC values cannot fully 
reflect the tumor condition, and it is unreliable to identify tu-
mor types or grades by ADC value alone. The histogram can 
be used to analyze the whole tumor volume and is less depen-
dent on the tumor microstructure and small sample of the re-
gion of interest (ROI) [10]. ADC histogram shows the frequen-
cy of ADC values and provides more descriptive information 
outside the average ADC value. ADC histograms have been ap-
plied to distinguish adult brain tumors, especially low-grade 
gliomas, pilocytic astrocytoma, and oligodendroglioma [11]. 
Thirty-three children with posterior cranial fossa medulloblas-
toma and pilocytic astrocytoma confirmed by operation and 
pathology were enrolled in this retrospective study. ADC his-
togram characteristics of the 2 tumors were analyzed based 
on the magnetic resonance ADC image data. The identifica-
tion value of ADC histograms to the 2 tumors was evaluat-
ed by extracting the image information, which was not visi-
ble to the naked eye.

Material and Methods

Basic data

This retrospective study was approved by the Institutional 
Ethics Review Committee of our hospital. The data of 33 chil-
dren with posterior cranial fossa tumors confirmed by opera-
tion and pathology from June 2011 to June 2016 in our hos-
pital were analyzed. The main clinical manifestations were 
headache, dizziness, emesis, and standing instability. The in-
clusion criteria were: (1) medulloblastoma and pilocytic astro-
cytoma confirmed by operation and pathology; (2) preoperative 

conventional MRI examination in our hospital, including axi-
al surface T1WI, T2WI, FLAIR (fluid attenuated inversion recov-
ery), DWI (diffusion weighted imaging), ADC, and enhanced 
T1WI; and (3) no obvious artifacts affecting further image anal-
ysis on MRI images.

Magnetic resonance imaging methods

We used the Siemens Trio TIM 3.0T magnetic resonance im-
aging system (Germany) and standard head coil. The patient 
was relaxed naturally in supine position and maintained the 
forehead and face in horizontal position and the nose root in 
the central line of the coil. Plain scan in sagittal and axial po-
sition T1WI, T2WI, FLAIR sequence, and b value of axial DWI 
(0, 800 s/mm2) were performed. Enhanced scan in sagittal, axial, 
and coronal positions T1WI were performed with 0.1 mmol/kg 
of Gd-DTPA as a contrast medium. Scanning parameters were: 
T1WI: TR 260.0 ms, TE 2.46 ms; T2WI: TR 3800 ms, TE 93.0 ms; 
FLAIR: TR 4500 ms, and TE 93.0 ms. DWI scanning was carried 
out by SE-EPI sequence, with b=0 and 1000 s/mm2, TR 3500 ms, 
TE 119 ms; 23×23cm field of vision, 5-mm-layer thick, 0.3-mm-
layer spacing, and 20 layers.

ROI selection

Image selection

MRI images of all patients were exported from PACS worksta-
tion in.BMP format. The window width and window position 
were adjusted when exported, so that all images had consis-
tent window width and window position and were saved on 
the hard disk. ROI on ADC image was selected for further anal-
ysis by reference to T1WI, T2WI, and T1WI enhanced images.

Histogram analysis

MaZda software was used to analyze the image of the largest 
lay of selected lesions. ROI was delineated manually to cal-
culate histogram parameters including mean value, variance, 
skewness, kurtosis, and percentile values. It was easier for the 
experimenter to learn how to use the software, and the soft-
ware package ran stably in Windows 7. The process of texture 
features calculation and evaluation was as follows: 1 physician 
delineated ROI manually along the edge of the lesion, and the 
tumor region was delineated on one of the samples and filled 
with red. The corresponding images before and after marking 
are shown in Figure 1.

Statistical analysis

SPSS 21.0 statistical software was applied to analyze the data. 
If the data conformed to normal distribution, the 2 indepen-
dent-samples t test was used to compare the difference in 
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each parameter between the 2 kinds of histograms. If the 
data did not conform to normal distribution, the non-para-
metric test was used. There was a significant difference at 
P<0.05. Receiver operating characteristic (ROC) curves were 
drawn, and the area under the curve was calculated. The op-
timal threshold value of medulloblastoma and pilocytic astro-
cytoma in central line of the cerebellum was predicted, which 
was determined by the maximum value.

Results

Basic data

In this research, there were 18 patients with medulloblasto-
ma, including 15 males and 3 females, ages 3–15 years with 
an average age of 8.8±3.3, and 15 patients with pilocytic as-
trocytoma, including 8 males and 7 females, ages 3–13 years 
with an average age of 6.8±3.0. There were no differences in 
age, sex, or tumor size between the 2 tumor types (Table 1).

ADC histogram results

The results of ADC histograms are shown in Table 2. The skew-
ness and kurtosis of medulloblastoma were higher than those 
of pilocytic astrocytoma (P=0.000, P=0.001), with a significant 

difference. The mean value, variance, and 1th, 10th, 50th, and 
90th percentiles of medulloblastoma were lower than those of 
pilocytic astrocytoma, with a significant difference, and there 
was no significant difference in the 99th percentile (P=0.055). 
The mean value and the 50th percentile were best identified. 
When the maximum area under the ROC curve was 1, and the 
optimal threshold was 137.7 and 125.5, the specificity and sen-
sitivity were both 100%.

Discussion

The cystic part of a cerebellar pilocytic astrocytoma contains 
many protein components, so the T1WI signal is often equal to 
or higher than the cerebrospinal fluid signal. “There is a tumor 
in the sac and a sac in the tumor” is its characteristic image 
manifestation. Medulloblastomas had a homogeneous low T1WI 
signal and equal high T2WI signal. Multiple small cystic lesions 
were seen on the edge of tumors, and enhancement scan was 
enhanced unevenly. Pierce et al. [12] confirmed that ADC val-
ue of pilocytic astrocytoma was higher than that of medullo-
blastoma, and that the 2 tumors could be differentiated and 
diagnosed by ADC difference and DWI. Moreno-Torres et al., 
in a study of 14 patients [13], found that the peak of taurine 
of medulloblastomas was higher than that of pilocytic astrocy-
tomas as shown by magnetic resonance spectroscopy (MRS), 
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Figure 1. �ROI and histogram of pilocytic astrocytoma (A–C) and medulloblastoma (D–F). ROI – region of interest.
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and that DWI combined with MRS could also differentiate the 
2 tumors [14]. However, not all hospitals have the equipment 
needed to carry out these sequences, and the cost is high.

DWI provides image contrast based on differences in water 
molecular diffusion characteristics in the brain [15]. Diffusion 
displays the random motions of water molecules, and the in-
fluencing factors include molecular type, tissue temperature, 
and diffusion-occurring micro-environment [16]. ADC value 
shows the absolute value of the measured diffusion amount. 
On ADC histograms, low ADC values indicate limited diffu-
sion, while high ADC values indicate increased diffusion. DWI 
and ADC are widely used in brain tumor detection, including: 
(1) grading and histological subtype determination, (2) evalua-
tion of tumor edema and tumor infiltration pathway, (3) quan-
titative measurement and monitoring of treatment responses, 
and (4) identification of necrotic tissue and tumor recurrence 
(e.g., radiotherapy and chemotherapy) [17–20]. Because ADC 
excludes cystic components in sampling ROI, it cannot reflect 
the entire tumor information. In addition, ADC values are widely 

overlapped, so it is unreliable to identify tumor types or grades 
by ADC value alone. Therefore, we used ADC histograms to an-
alyze the characteristics of the whole tumor.

In this research, the histogram was used to analyze and eval-
uate the mean value, variance, skewness, kurtosis, and 1th, 
10th, 50th, 90th, and 99th percentiles to reflect the distribution 
of ADC values. The histogram skewness described the distri-
bution symmetry of variable values, indicating the distribution 
asymmetry degree relative to the mean value [21]. The pos-
itive skewness indicated that the asymmetric tail of the dis-
tribution tended to larger values, and the distribution’s body 
was centered on the right side, while the vast majority of val-
ues (including the median) were on the left side of the mean 
value. The negative skewness indicated that the asymmet-
ric tail of the distribution tended to smaller values. The larg-
er the absolute value of skewness, the greater the skewing 
of distribution form. The kurtosis of histograms was the sta-
tistic describing the distribution steep degree of all values in 
the whole, which reflected the relative sharpness or flatness 

Term Pilocytic astrocytoma Medulloblastoma P

Number of patients 15 18

Age, yr 6.8±3.0 8.8±3.3 0.073

Gender 
Male 8 15

0.074
Female 7 3

Number of tumor 15 18

Solitary 15 18

Tumor size, mm 41.8±14.6 37.0±9.3 0.268

Location 
Fourth ventricle 7 13

0.143
cerebellum 8 5

Table 1. Characteristics of patients with medulloblastoma and pilocytic astrocytoma in children.

Pilocytic astrocytoma Medulloblastoma P AUC (95% CI)

Mean 200.9±31.4 106.5±15.8 <0.001 	 1.000	 (1.000–1.000)

Variance 2632.5±1029.2 1670.6±1112.6 0.027 	 0.726	 (0.549–0.903)

Skewness –0.9±1.1 2.2±0.8 <0.001 	 0.974	 (0.921–1.00)

Kurtosis 1.0±2.1 6.5±5.6 0.001 	 0.822	 (0.682–0.963)

1% 76.7±21.9 62.6±8.7 0.031 	 0.754	 (0.569–0.939)

10% 120.1±28.2 75.5±8.5 <0.001 	 0.983	 (0.949–1.000)

50% 219.0±41.2 94.1±11.6 <0.001 	 1.000	 (1.000–1.000)

90% 243.2±25.6 160±53.9 <0.001 	 0.893	 (0.780–1.000)

99% 254.9±4.1 237.9±31.2 0.055 	 0.641	 (0.452–0.830)

Table 2. Histogram data of pilocytic astrocytoma and medulloblastoma.

AUC – the area under the receiver operating characteristic curve; CI – confidence intervals.
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of a distribution compared with normal distribution. A pos-
itive peak indicated a sharper distribution than normal dis-
tribution and a negative peak indicated a flatter distribution 
than normal distribution. In this research, the skewness and 
kurtosis of medulloblastoma were higher than those of pilo-
cytic astrocytoma. The skewness and kurtosis of ADC histo-
grams significantly distinguished between pilocytic astrocy-
toma and medulloblastoma, which was consistent with the 
research results of Wagner et al. [10]. Medulloblastomas were 
more heterogeneous.

The histogram technique reflected different tissue composi-
tions in the tumor body by measuring all voxels of the tumor. 
The corresponding data of percentiles were less than or equal 
to this percentile, indicating that there were differences in all 
voxels of the tumor between medulloblastomas and pilocytic 
astrocytomas, which reflected the different tissue composi-
tions of these 2 tumor types. It was reported that the voxels 
of low ADC value had a good correlation with high cell com-
positions in the tumor. The higher the ADC value, the higher 
the voxel frequency, which reflected mucoprotein or necro-
sis [22–24]. Medulloblastomas were composed of highly dense 
small cells, with less extracellular matrix, increased diffusion 
restriction, and lower ADC value. Pilocytic astrocytoma was 
composed of dense bipolar tumor cells, containing Rosenthal 
fibers and acidophilic body, with larger intercellular space, 
less diffusion restriction, and higher ADC value. Therefore, 

pilocytic astrocytoma had high voxel frequency. The mean val-
ue and percentiles of pilocytic astrocytoma were higher than 
those of medulloblastoma. ADC histogram parameters could 
reflect the pathological characteristics of medulloblastoma and 
pilocytic astrocytoma. In this research, all ADC histogram 
parameters had significance for differentiation, except for the 
99th percentile.

There are some limitations in our research. First, it is a small-
scale retrospective study in which the number of patients with 
each tumor type was unbalanced. In this research, we focused 
on the 2 most common tumors in the posterior cranial fossa 
of children. We did not investigate other tumors, such as ep-
endymomas, hemangioblastomas, and atypical teratoid/rhab-
doid tumors. Second, the sample size was small, and further 
research is needed to enlarge the sample size. There is no 
further classification of medulloblastoma, which needs fur-
ther study. The correlation between ADC histogram parame-
ters and histopathological characteristics needs further study.

Conclusions

To sum up, our research shows that use of ADC histograms is 
a non-invasive method that synthesizes all voxels of the entire 
tumor volume to obtain histogram data. The results are more 
objective and accurate and can better differentiate between 
medulloblastomas and pilocytic astrocytomas in the posteri-
or cranial fossa of children.
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