
COMMUN I C A T I O N

Preoperative and postoperative high angular resolution
diffusion imaging tractography of cerebellar pathways in
posterior fossa tumors

Alpen Ortug1,2 | Neslihan Yuzbasioglu1 | Nejat Akalan3 | Jacob Levman4 |

Emi Takahashi2

1Department of Anatomy, School of Medicine,

Istanbul Medipol University, Istanbul, Turkey

2Division of Newborn Medicine, Boston

Children's Hospital, Harvard Medical School,

Boston, Massachusetts, USA

3Department of Neurosurgery, School of

Medicine, Istanbul Medipol University,

Istanbul, Turkey

4Department of Computer Science, St. Francis

Xavier University, Antigonish, Nova Scotia,

Canada

Correspondence

Alpen Ortug, Athinoula A. Martinos Center for

Biomedical, Imaging, Massachusetts General

Hospital, Charlestown, Massachusetts, USA.

Email: aortug@mgh.harvard.edu

Present address:

Alpen Ortug and Emi Takahashi, Athinoula

A. Martinos Center for Biomedical Imaging,

Massachusetts General Hospital, Charlestown,

Massachusetts, USA.

Alpen Ortug and Emi Takahashi, Department

of Radiology, Harvard Medical School, Boston,

Massachusetts, USA.

Funding information

National Institutes of Health, Grant/Award

Numbers: R01HD078561, R01NS109475;

Research Fund of Istanbul Medipol University,

Grant/Award Number: 2018/14

Abstract

This study aimed to utilize high angular resolution diffusion magnetic resonance

imaging (HARDI) tractography in the mapping of the pathways of the cerebellum

associated with posterior fossa tumors (infratentorial neoplasms) and to determine

whether it is useful for preoperative and postoperative evaluation. Retrospective

data from 30 patients (age 2–16 yr) with posterior fossa tumor (17 low grade, 13 high

grade) and 30 age-sex-matched healthy controls were used. Structural and diffusion-

weighted images were collected at a 3-tesla scanner. Tractography was performed

using Diffusion Toolkit software, Q-ball model, FACT algorithm, and angle threshold

of 45 degrees. Manually assessed regions of interest were placed to identify

reconstructed fiber pathways passing through the superior, medial, and inferior cere-

bellar peduncles for the preoperative, postoperative, and healthy control groups.

Fractional anisotropy (FA), apparent diffusion coefficient (ADC), and track volume

measures were obtained and analyzed. Statistically significant differences were found

between the preop/postop, preop/control, and postop/control comparisons for the

volume of the tracts in both groups. Displacement and disruption of the pathways

seemed to differ in relation to the severity of the tumor. The loss of pathways after

the operation was associated with selective resection during surgery due to tumor

infiltration. There were no FA differences but significantly higher ADC in low-grade

tumors, and no difference in both FA and ADC in high-grade tumors. The effects of

posterior fossa tumors on cerebellar peduncles and reconstructed pathways were

successfully evaluated by HARDI tractography. The technique appears to be useful

not only for preoperative but also for postoperative evaluation.

K E YWORD S
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1 | INTRODUCTION

The formation and growth of a tumor in the infratentorial region may

result in damage to the structures in this region and are often

associated with hydrocephalus (Packer et al., 2002). The tumors

located in the infratentorial region are called posterior fossa tumors,

which are more common in children compared to adults (Prasad

et al., 2017). Approximately 44%–70% of childhood brain tumors are
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supratentorial, and 30%–56% are infratentorial (Albright, 1992;

Black, 2000). Astrocytomas, medulloblastomas, and ependymomas are

the most common among posterior fossa tumors. However, dermoid

tumors, rhabdoid tumors, teratomas, and rarely high-grade glial

tumors, meningiomas, and metastasis can also be encountered (Packer

et al., 2002). The presence of the tumor may lead to edema, infiltra-

tion, displacement, or disruption in the white matter tracts (Witwer

et al., 2002; Yen et al., 2009).

Diffusion-weighted imaging (DWI) is a magnetic resonance tech-

nique sensitive to the movement of water molecules that allows the

detection of white matter pathways with three-dimensional spatial

localization in normal and/or pathologically interrupted situations

(Lope-Piedrafita, 2018), and can be used in vivo. Conventional struc-

tural MRI (e.g., T2-weighted MRI) can accurately identify the size and

the mass of the tumor, but appear normal in areas with tumor invasion

without detailed information about the integrity of the white matter

and the tumor, while diffusion MRI can provide information about

abnormalities in the white matter and tumor in patients with malignant

tumors (Bulakbasi, 2009). Diffusion tensor imaging (DTI) analyzes the

three-dimensional shape of diffusion (Huisman, 2010). DTI is used to

differentiate high- from low-grade brain tumors, help to plan radiother-

apy target volume, and determine the tumor margins for surgery (Yen

et al., 2009). It has become an important component of a multifaceted

approach to preoperative intraoperative planning and decision making

(Essayed et al., 2017). DTI is important to preoperatively identify the

location and the integrity of the tumor, as well as the condition of

neighboring white matter pathways, in order to accurately plan a surgi-

cal operation (Karimi et al., 2006). Using diffusion MRI tractography, it

has been possible to provide a safer and patient-specific procedure by

imaging important fiber tracts in the brain such as the corticospinal

tract and arcuate fasciculus, around which the neurosurgeon could not

access tumors without direct electrical stimulation previously

(Potgieser et al., 2014; Salama et al., 2017). Diffusion MRI also allows

visualization of changes after the operation that are caused by the

tumor on the tracts during a recovery phase (Dubey et al., 2018).

Many researchers no longer consider DTI as the golden standard

for tractography obtained via DWI (Farquharson et al., 2013; Salama

et al., 2017). A limitation of DTI is that the diffusion tensor model can-

not accurately reveal the complex structure of crossing white matter

fibers. DTI fiber tracking cannot exactly follow the white matter path-

ways passing through the intersections (Jin et al., 2019). For this rea-

son, it is recommended to use the high angular resolution diffusion

imaging (HARDI) / Q-ball method, which is another method for fiber

tracking from diffusion imaging, which provides more accurate results,

especially in regions with crossing fibers (Berman et al., 2013; Jin

et al., 2019; Re et al., 2017; Tuch, 2004). HARDI has the feature of

distinguishing multiple fiber assemblages crossing the same voxel

(Tuch, 2004). While the fiber tracking HARDI method can follow the

white matter pathways through the regions crossing the fibers, the

classical DTI fiber tracking process stops in the same regions or gives

erroneous results (Berman et al., 2013). However, the use of HARDI

in clinical sciences is still less frequently used than that of DTI due to

the relatively new nature of the method (Salama et al., 2017).

DTI has been used to investigate cerebral and/or cerebellar tracts

in healthy individuals (Kamali et al., 2010; Keser et al., 2015) and

those with various neurological diseases (Akhlaghi et al., 2014; Tae

et al., 2018). Additionally, there are a few studies with types of brain

neoplasms (Celtikci et al., 2018; Ibrahim et al., 2013; Ma et al., 2016;

Price et al., 2003; Yen et al., 2009), focusing on the long-term effects

of childhood posterior fossa tumors on survivors (McEvoy

et al., 2016; Oh et al., 2017; Vedantam et al., 2019) or only before the

treatment of posterior fossa tumors (Assis et al., 2015). However, no

study has been reported to examine posterior fossa tumors with their

subtypes, preoperative features, and cortical extensions, and evaluate

tractography preoperatively and postoperatively comparing with

matching healthy controls. Also, no other study was found to deter-

mine any positive or negative change postoperatively. This study aims

to demonstrate the role of HARDI tractography in the mapping of the

cerebellar pathways associated with posterior fossa tumors and deter-

mine whether HARDI is useful for brain surgery planning and postop-

erative evaluation.

2 | PATIENTS AND METHODS

Following approval by Boston Children Hospital's (BCH) Institutional

Review Board (informed consent was waived due to the lack of risk to

participants included in this retrospective analysis), the clinical imaging

electronic database at BCH was reviewed for the present analysis

from January 01, 2008 to February 24, 2016 and collected MRI data

of patients and controls. An analysis was conducted on those patients

who, according to the records, had posterior fossa tumor, underwent

surgery in this hospital and were followed up in this hospital after sur-

gery. All types of infratentorial tumors were included in the study list

regardless of the pathology. A total of 296 patients' medical reports

were examined. According to the available data, a chart was prepared

regarding the patients' age, sex, preoperative diagnosis, postoperative

clinical evaluations, tumor localization, and pathology results. Accord-

ingly, a total of 40 patients were eligible for inclusion in the study. It

was not possible to use all images because of technical reasons such

as extreme movement, low quality, lack of diffusion MRI or postoper-

ative scanning. Up to 3 months post-surgery was used for postopera-

tive control scanning, while any scanning later than that was

excluded.

As a result, 30 patients (18 males and 12 females) with T1w, T2w,

FLAIR scans and a DWI sequence with either 30 or 35 directions

(described below) were included for the study. Also, to increase the

reliability of the study, a healthy age-sex matched control group was

included (30 healthy controls, 18 males, and 12 females). Among the

control subjects, the leading reasons for the MRI examinations were

headaches, to rule out intracranial pathologies, vomiting, and night

awakenings. The table showing the grades and pathology of the

included subjects are given in Table 1. Tumor grade I-II grouped as

'low-grade' (n:17) and grade III-IV grouped as 'high-grade' (n: 13). A list

of the subjects' age-sex, pathology, and site of tumor information is

given in Table 2.
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2.1 | Acquisition parameters of diffusion weighted
images

For dMRI and tractography, sequences were obtained with four clini-

cal 3 T MRI scanners of the same manufacturer, 30 or 35 different dif-

fusion directions (b = 1000–1050 s/mm2), 1 to 10 non-directional

diffusion-weighted volumes (b = 0 s/mm2) (Siemens Medical Systems,

Erlangen, Germany) from both posterior fossa tumor patients and con-

trols at BCH [TR 4500–15,343 ms (mean: 8357.76 ± 3048.33), TE

83–95 ms (mean: 88.57 ± 2.05), FOV = 220–267 (mean: 221.92

± 7.65), matrix 128 � 128 for most except one]. The acquisition

parameters and scanners for each image are summarized in Supple-

mentary Material S1. Spatial resolution varied in the x- and y-

directions from 1.56 to 2.085 mm (mean: 1.74 mm, SD: 0.06 mm).

Through-plane slice thickness varied from 2 to 4 mm (mean: 2.11 mm,

SD: 0.42 mm).

2.2 | Tractography of the patient and healthy
control groups

TrackVis (Version 0.6.1; trackvis.org) and diffusion toolkit were used

to reconstruct and visualize tractography pathways. The FACT algo-

rithm and 45� angle threshold were used in the HARDI (Q-ball) model

to reconstruct tractography pathways. The fractional anisotropy

(FA) threshold was not used for the reconstruction of fibers (Re

et al., 2017). The tracts were delineated as a group with an region-of-

interest (ROI) to be placed on each of the three peduncles of the cere-

bellum (Leitner et al., 2015; Re et al., 2017).

2.3 | Placement of ROIs

2.3.1 | Superior cerebellar peduncles (SCP)
(Right–Left)

A spherical ROI was placed on the dentate nucleus at the midline of

the pons on the axial FA color map. A second spherical ROI was

placed on the ipsilateral superior cerebellar peduncle at the inter-

section of the pontomesencephalic junction with the superior cerebel-

lar peduncle (green on the FA color map) (Figure 1A). The fibers of

this pathway could not be traced towards the dorsal contralateral cor-

tex after the transverse angle by using these tracing methods, but the

fibers going to the ipsilateral cortex were traced and configured using

the method described by Mori et al. (Mori et al., 2005). These fibers

revealed the nondecussating pathway of the dentato-rubro-thalamic

tract passing through the superior cerebellar peduncles (Meola

et al., 2016).

2.3.2 | Middle cerebellar peduncles (MCP)

Pontocerebellar fibers first emerge from the pontine nuclei and

spreads in the anteroposterior direction (green on the FA color map)

traversing the midline (red on the FA color map) before entering the

cerebellum. MCP was monitored by placing two spherical ROIs in the

midsections of the right and left PCM fibers in the cerebellum

(Figure 1B). MCP are configured as a single pathway in healthy indi-

viduals. In the present study, however, right, and left sides were

formed separately due to the presence of tumor in this region or the

operation of the tumor in most of the samples. Both the individual

values and the right–left averages of these data were recorded.

2.3.3 | Inferior cerebellar peduncles (ICP)
(Right–Left)

The first ROI sphere was placed axially to the ICP at the level of the

bulbus below the dentate nucleus (shown in blue on the FA color

map) (Figure 1C). As described by Mori et al. (Mori et al., 2005), the

second spherical ROI was placed at the pontomesencephalic junction

of the ipsilateral ICP (appearing as green voxels on the FA color map).

The fibers were traced from ROI1 to ROI2. The results obtained mat-

ched the data of other researchers (Leitner et al., 2015; Re

et al., 2017). The reconstructed fibers revealed the dorsal spi-

nocerebellar tract.

All three reconstructed tracts are shown in Figure 1D.

2.4 | Statistical analysis

SPSS 22 (I.B.M., Chicago) software was used for statistical analysis

and the bar graphs were created using the Graphpad Prism V8.0 soft-

ware. The results are presented as mean values ± SD (x̄ ± SD). The

normal distribution suitability of the parameters was investigated

using the Shapiro–Wilk test. The independent two-group t-test was

used for intergroup evaluations of normally distributed quantitative

variables, while the Paired Samples t-test was utilized for intragroup

TABLE 1 Included subjects with different grades and pathology.

Glioma's Other

Grade Ependymoma Astrocytoma Medulloblastoma Undefined Ewing sarcoma Ganglioglioma Choroid plexus papilloma

(Grade I-II) 1 14 — — — 1 1

(Grade III) 2 1 — — — — —

(Grade IV) — — 8 1 1 — —
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comparisons. The Mann–Whitney U test was used for intergroup

comparisons of quantitative variables that did not show normal distri-

bution, while the Wilcoxon signed-ranks test was used for intragroup

comparisons. Statistical significance was considered as p < 0.05.

3 | RESULTS

The study was conducted with a total of 60 children, 40% (n = 24)

girls and 60% (n = 36) boys. Thirty cases in the patient group (30 scans

preoperatively and 30 scans postoperatively) and 30 cases in the con-

trol group (30 scans) were included. The groups were divided into two

as low grade tumors (n:17) and high grade tumors (n:13).

After the three-dimensional fiber configuration reconstruction,

the effects of the tumor on the cerebellar tractography pathways were

determined morphologically. To evaluate the findings statistically, the

FA value, apparent diffusion coefficient (ADC) value, fiber volume

were recorded. Tractography examples of displacement, infiltration-

selective resection, disruption with displacement and displacement of

pre and post compared to healthy controls are shown in Figures 2-5.

3.1 | FA evaluation

Figure 6 shows comparisons of mean FA variables between preopera-

tive and postoperative patients and controls in both tumor groups

(Tables S1 and S2). In comparison between preoperative and postop-

erative in the same patient, and between patients and age- and sex-

matched controls, differences in the mean FA values of MCP-R,

MCP-L, MCP mean, SCP-R, SCP-L, ICP-L, ICP-R, and ALL were not

statistically significant (p > 0.05) (Figure 6).

3.2 | ADC evaluation

Figure 7 shows comparisons of mean ADC variables between preop-

erative and postoperative patients and controls in both tumor groups

(Tables S3 and S4).

3.2.1 | Evaluation of low-grade tumors

In the low-grade tumor patients' group, the Mean ADC values of

MCP-R, MCP-L, MCP mean, SCP-R, SCP-L, ICP-L, ICP-R, and ALL

were not statistically significantly different between the preoperative

and postoperative period (p > 0.05).

The MCP-R, MCP-L, MCP mean, SCP-R and SCP-L, and ALL

values measured in the preoperative patient group were significantly

higher than the control group values (p < 0.05), while ICP-L and ICP-R

measurements did not produce a statistically significant difference

between the preoperative patients' values and the control group

values (p > 0.05).

F IGURE 1 The reconstruction of the cerebellar fibers on a healthy control subject. (A) Right and left ROI for SCP (The nondecussating
pathway of the dentato-rubro-thalamic tract). (B) Right and left ROI for MCP (Transverse pontine fibers). (C) Right and left ROI for ICP (Dorsal
spinocerebellar tract). (D) Overall fibers from lateral and superior view with directional color code.
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F IGURE 3 An example of
infiltration-selective resection.
The patient is a 15-years-old
male, with tumor at the right
cerebellopontine angle and
middle cerebellar peduncle. The
tumor was recurrent residual
pilocytic astrocytoma. The tumor
was found by follow-up MRI
showing regrowth of the
previously resected tumor.

F IGURE 2 An example of
displacement. The patient is a
2-years-old female, with a
cerebellar tumor and the
pathology was juvenile pilocytic
astrocytoma. She had a
presurgical developmental delay
with regard to walking but also
evidence of truncal ataxia.
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F IGURE 4 An example of
disruption with displacement. The
patient is a 2-years-old, male,
with a left cerebellar lesion and
the pathology was
medulloblastoma. This tumor was
found incidentally but he suffered
from persistent hydrocephalus
after the surgery.

F IGURE 5 An example of
disruption with displacement. The
patient is a 2-years-old, male with
a midline cerebellar lesion. The
pathology was medulloblastoma.
He had morning vomiting and
irritability before the surgery.
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The MCP-L and ALL values measured in the postoperative

patient group were significantly higher than control group values

(p < 0.05), while MCP-R, MCP mean, SCP-R, SCP-L, ICP-L, and ICP-R

measurements did not show a statistically significant difference

between the postoperative patient group values and the control

group values (p > 0.05).

3.2.2 | Evaluation of high-grade tumors

The mean ADC variables of MCP-R, MCP-L, MCP mean, SCP-R,

SCP-L, ICP-L, ICP-R, and ALL did not produce a statistically significant

difference between the preoperative patient group values and the

postoperative patient group values (p > 0.05).

3.3 | Fiber volume evaluation

Figure 8 shows comparisons of mean fiber volume variables between

preoperative and postoperative patients and controls in both tumor

groups (Tables S5 and S6).

3.3.1 | Evaluation of low-grade tumors

ICP-L values measured in the preoperative patient group were signifi-

cantly higher than the postoperative patients, and control group values

(p < 0.05), while all other regions did not produce a statistically significant

difference between the preoperative patients and the other two groups.

The MCP-L and MCP mean values measured in the control group

were significantly higher than the postoperative patient group values

(p < 0.05), while all other regions did not show a statistically signifi-

cant difference between the postoperative patient group values and

the control group values (p > 0.05).

3.3.2 | Evaluation of high-grade tumors

The MCP-R, MCP-L, MCP mean, and ICP-L values measured in the

preoperative patient group were significantly higher than the preoper-

ative patient group values (p < 0.05). However, SCP-R, SCP-L, and

ICP-R measurements did not show a statistically significant difference

between the preoperative patient group values and the postoperative

patient group values (p > 0.05).

F IGURE 6 The bar graph
showing mean FA values of the three
groups in all regions.
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The MCP-R, MCP-L, MCP mean, ICP-L, and ICP-R values mea-

sured in the preoperative patient group were significantly higher than

control group values (p < 0.05). SCP-R and SCP-L measurements did

not show a statistically significant difference between the preopera-

tive patient group values and the control group values (p > 0.05).

SCP-R values measured in the control group were significantly

higher than the postoperative patient group values (p < 0.05), while

SCP-L measurements did not show a statistically significant difference

between the postoperative patient group values and the control

group values (p > 0.05). The MCP-R, MCP-L, MCP mean, ICP-L, and

ICP-R measurements did not show a statistically significant difference

between the postoperative patient group values and the control

group values (p > 0.05).

4 | DISCUSSION

In this study, cerebellar pathways were studied with HARDI

tractography in a group including toddlers to adolescents (1.5-16 y)

with posterior fossa tumor and compared with age-sex matched

controls. In all tumor types and age groups, the superior cerebellar

peduncle, which connects the cerebellar hemispheres and the mid-

brain, was successfully identified. The MCP was identified as a single

pathway group with two separate ROIs on the right and left. The infe-

rior cerebellar peduncle, which carries fibers related to proprioception

and balance, did not give very consistent results with the current

technique in younger age groups. Fiber volume, FA, and ADC values

were investigated for all three pathways.

4.1 | Diffusion imaging in neurosurgery

In its approach to brain tumors, neurosurgery aims both to provide

maximum surgical resection and establish a balance regarding the

preservation of functions (Dubey et al., 2018). Total resection of a

tumor reduces the risk of recurrence and allows radiotherapy or che-

motherapy to be more effective in the treatment process (Dubey

et al., 2018). It also functionally preserves relevant regions of motor,

visual or language functions, significantly improving the quality of life

of these patients (Mandonnet et al., 2007). To achieve these goals,

F IGURE 7 The bar graph
showing mean ADC values of the
three groups in all regions. Statistical
significances are indicated by
asterisks. *p < 0.05; **p < 0.01;
***p < 0.001.
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many imaging modalities are used to evaluate brain tumors, such as

conventional MRI, positron emission tomography, and functional MRI

(fMRI) (Romano et al., 2007). In intracranial lesions, information about

the structural integrity of some white matter tracts and tumor location

is crucial for neurosurgery planning to identify the surgical access

point and determine the affected areas of the brain and extent of

tumor resection (Dubey et al., 2018). Diffusion tensor imaging is an

important development in the field of diagnostic imaging. In fact, it is

the only method that can demonstrate white matter tracts in vivo. It

has previously been shown that this information can assist neurosur-

geons in preoperative planning and postoperative evaluation (Yu

et al., 2005).

Laundre et al. (Laundre et al., 2005) showed that the presence of

motor deficits and the development of postoperative clinical normali-

zation can be interpreted by identifying the corticospinal tract with

the DTI method before operation. DTI may also contribute to clinical

outcomes by preserving non-infiltrated white matter tracts. In their

prospective study, Yu et al. (Yu et al., 2005) defined the relationship

of the tumor with the white matter pathways as simple displacement,

displacement by infiltration, and simple deterioration. While per-

forming maximum tumor resection in simple displacement, extensive

resection preserved the residual part of the tract in those with simple

disruption and displacement by infiltration (Yu et al., 2005). We have

identified the tumor effects of edema, infiltration, displacement, and

disruption in all subjects.

4.2 | Evaluation of FA and ADC

When examining white matter changes, FA and ADC values are usu-

ally evaluated together (Won et al., 2016). ADC and FA provide infor-

mation regarding the microstructure of the tissue (Assis et al., 2015;

Gauvain et al., 2001).

It is known that the change of FA value is correlated with tumor

cell density (Beppu et al., 2005; Goebell et al., 2006; Price et al., 2003;

Won et al., 2016). Neoplastic cells and peritumoral edema cause

F IGURE 8 The bar graph
showing mean fiber volume values of
the three groups in all regions.
Statistical significances are indicated
by asterisks. *p < 0.05; **p < 0.01.
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changes in brain structure. Typically, measurement of diffusion anisot-

ropy from the normal brain parenchyma near the tumor indicates a

decrease in FA values (Cruz Jr. & Sorensen, 2006). Studies have

reported that FA values of Glioma III/IV decreased compared to con-

trol groups and this can be considered as tumor infiltration, while FA

values were not changed in low grade tumors (Price et al., 2006).

However, our results did not show a statistically significant change in

FA values when all nerve pathways were compared between preoper-

atively, postoperatively, and between patients and control groups,

neither in low-grade nor the high-grade tumor group.

Previous studies indicate an increase in ADC in the early stage

without FA change (Morita et al., 2005; Price et al., 2003; Won

et al., 2016), although another study reported no change in both

parameters for low grade (Nilsson et al., 2007). Although many studies

associate FA change with infiltration of tumor cells as a result of histo-

logical confirmation, there is limited information about ADC change

only (Lee et al., 2008; Price et al., 2003).

Studies revealed a low ADC value with high tumor cellularity,

which suggests a way of identification of low-grade tumors from high-

grade (Pierce et al., 2014). As it is corresponding to the volume of the

extracellular water compartment, ADC is sensitive over the changes

of the cell density, edema, and necrosis (Wang et al., 2018). However,

unfortunately, due to highly variable tissue and cell type of the type

of the primary neoplasm, there is no consistent explanation of these

parameters' changes. Our study revealed significantly higher ADC in

some of the tracts as well as ALL tracts preoperatively, compared to

postoperative ADC or to ADC in control groups in low-grade tumors

but on the contrary not in high-grade tumors. Studies aiming to use

these parameters as a potential clinical diagnostic tool, compared the

preoperative ADC value over tumor grades and types. Recently,

Darbar et al. showed that the mean lowest ADC value of the low-

grade tumors were significantly higher than high-grade gliomas

(Darbar et al., 2018).

Although a negative correlation has been established between gli-

oma grade and ADC values in studies, it has been seen that the wide-

spread application of ADC values to distinguish brain tumor types and

grades results in inappropriate tumor classification (Rumboldt

et al., 2006). ADC also fails to distinguish tumor tissue from peri-

tumoral edema (Pauleit et al., 2004). On the other hand, ADC has

been reported to be reliable for distinguishing specific tumor types

such as dysembryoplastic neuroepithelial tumors and has also been

reported to help characterize some pediatric brain tumors (Gauvain

et al., 2001; Tzika et al., 2002). Additionally, preoperative diffusion

values can predict tumor response to radiation therapy and are impor-

tant in distinguishing radiation-induced brain injury from tumor recur-

rence (Asao et al., 2005; Mardor et al., 2004).

Many studies focused on the various components of the peri-

tumoral regions, and a variety of decreased, increased, constant FA

and ADC values combinations were reported. The variative results

may result from the heterogeneous biology of the neoplasms and the

subjective locations of the placed ROIs (Field et al., 2004). It is also

suggested that, different tracts may be responding differently (Field

et al., 2004). Another aspect is that, in general, studies focusing on

cerebral neoplasm use the contralateral unaffected region as a control.

However, this was not possible in this study because of the heteroge-

neous locations of the tumors around the cerebellum, so we used

age- and sex-matched another subject for comparison.

4.3 | Effects of the tumor in white matter tracts

Low-grade gliomas are characterized by displacement rather than

destruction of surrounding white matter fibers. Low-grade neoplasms

are well-circumscribed lesions that do not cause invasion or disruption

of nerve pathways. These lesions tend to deviate to the surrounding

white matter fibers (Cruz Jr. & Sorensen, 2006). Metastasis and

meningiomas have also been reported to cause displacement rather

than infiltration in adjacent white matter pathways (Cruz Jr. &

Sorensen, 2006).

When our samples were examined morphologically, it was

observed that the ‘displacement’ in the tracts which Yu et al. (Yu

et al., 2005) defined as type 1 was greatly reduced after the operation.

However, cases with a decrease in fiber volume due to tumor re-

section after the operation were thought to be associated with tumor

infiltration. Our study revealed significantly decreased volume of

fibers in some of the regions preoperatively and postoperatively and

controls both in low- and high-grade tumors. In these regions, loss of

fibers can be considered a result of tumor resection.

4.4 | Evaluation of the postoperative results

The posterior fossa tumors are considered very critical because of the

limited space of the posterior cranial fossa and possible effects on

vital nuclei in the brainstem (Prasad et al., 2017). The presence of a

tumor in this area will reveal functional symptoms related to the brain

stem, cerebellum, and hydrocephalus (Sönmez et al., 2012). It is stated

that neurological findings vary according to the location of the tumor

and the age of the patient (Sönmez et al., 2012). However, the symp-

toms and signs are primarily due to increased intracranial pressure,

followed by compression of the cerebellum nuclei and brainstem

structures. In tumors affecting the pontocerebellar angle, clinical find-

ings for cranial nerves (CN V, CN VII, and CN VIII) might be observed

because of their dysfunction (Sönmez et al., 2012). It has been

reported that trunk and gait ataxia is observed in cerebellum tumors

located in the midline, while findings such as dysmetria, extremity

ataxia, nystagmus, hypotonia, and hyporeflexia are observed in those

located in the cerebellar hemispheres (Gilman, 1981; Sönmez

et al., 2012). The most important indicators of pediatric infratentorial

localized tumors are severe headache, vomiting, and blurred vision

because of increased intracranial pressure and associated hydrocepha-

lus (Grondin et al., 2009). Our preoperative diagnostic reports rev-

ealed a variety of symptoms in accordance with the site of the tumor

from mild to severe conditions (Table 2).

Posterior fossa syndrome (PFS) is a collection of neurological

symptoms seen in 8%–32% cases after the tumor resection of the
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posterior fossa (Wahab et al., 2016; Yecies et al., 2019). PFS is also

called cerebellar mutism, cerebellar speech syndrome, cerebellar mut-

ism and subsequent dysarthria, and cerebellar cognitive affective syn-

drome (Yecies et al., 2019). The symptoms of PFS generally recover in

time but speech impairment and ataxia may reside as residual symp-

toms after the surgery (Yecies et al., 2019). According to our patient

reports, only one of the 30 patients (s14) experienced PFS for one

day and could not remember anyone, but the patient later showed

improvement.

Postoperative notes belonging to our patient group stated that

most of them improved in terms of headache and ataxia after the

operation. However, two patients had diplopia (s6 and s17), one had

mild incoordination (s8), one had delayed gross and fine motor and

language responses (s39), three had mild balance problems (s9, s12,

and s21), and one patient had a right-sided motor weakness (s6). It

was reported that one of the children (s40) had low-to-moderate cog-

nitive abilities after the operation, and another had concentration

problems (s28). Only one case with pilocytic astrocytoma at the cer-

vicomedullary junction (s37) was included in the study and this patient

experienced vocal cord weakness after the operation.

5 | LIMITATIONS

There are some limitations due to the retrospective nature of the

study. The most important is that patients cannot be separated

according to the type of pathology, and site of the lesion due to the

limited number of subjects in each group. An additional limitation of

this study is that the age distributions of available participants for the

groups in this experiment vary considerably, because of the availabil-

ity of appropriate participants that met our inclusion criteria from a

large clinical population. This inevitably resulted in imbalanced pools

of participants for further analysis. Thus, we were not also able to

compare among sexes and age groups. In our future study, we are

planning to address these limitations.

We were also able to use the scan 3 months after the surgery as

the postoperative scanning. Even though there were patients followed

up on annually in the current hospital, some of them were not. Further

analysis of follow up scanning is warranted as future work.

6 | CONCLUSIONS

Conventional MR techniques (T2-weighted, T1-weighted, and FLAIR)

are widely used for radiological evaluation and localization of brain

tumors. However, these MRI methods cannot provide precise infor-

mation about the integrity and location of the white matter tracts in

the immediate region surrounding the tumors. Diffusion imaging and

tractography are important in determining tumor spread, in terms of

qualitative and quantitative demonstration of nerve pathways. This

study showed that the effects of tumors on cerebellar peduncles and

the nerve fibers passing through it can be successfully evaluated with

HARDI tractography. The technique has been shown to be useful not

only in neurosurgery planning but also in postoperative evaluation.
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