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Abstract

Intact development of cerebellar connectivity is essential for healthy neuromotor and 

neurocognitive development. To date, limited knowledge about the microstructural properties of 

cerebellar peduncles, the major white matter tracts of the cerebellum, is available for children and 

adolescents. Such information would be useful as a comparison for studies of normal 

development, clinical conditions, or associations of cerebellar structures with cognitive and motor 

functions. The goal of the present study was to evaluate the variability in diffusion measures of the 

cerebellar peduncles within individuals and within a normative sample of healthy children. 

Participants were 19 healthy children and adolescents, aged 9-17 years, mean age 13.0 +/−2.3. We 

analyzed diffusion magnetic resonance imaging (dMRI) data with deterministic tractography. We 

generated tract profiles for each of the cerebellar peduncles by extracting four diffusion properties 

(fractional anisotropy (FA), mean-, radial-, and axial-diffusivity) at 30 equidistant points along 

each tract. We were able to identify the middle cerebellar peduncle and the bilateral inferior and 

superior cerebellar peduncles in all participants. The results showed that within each of the 

peduncles, the diffusion properties varied along the trajectory of the tracts. However, the tracts 

showed consistent patterns of variation across individuals; the coefficient of variation for FA 

across individual profiles was low (≤ 20%) for each tract. We observed no systematic variation of 

the diffusion properties with age. These cerebellar tract profiles of the cerebellar peduncles can 

serve as a reference for future studies of children across the age range and for children and 

adolescents with clinical conditions that affect the cerebellum.
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Introduction

The cerebellum plays an important role in motor functions, coordination, cognition and 

emotion (1-4). It is important to understand cerebellar anatomy in children because several 

disease processes injure or disrupt the cerebellum specifically in children (5, 6). For 

example, posterior fossa brain tumors account for a high proportion of pediatric brain 

tumors (7, 8). Abnormal cerebellar development is a complication of extreme prematurity 

(9-11) and has been associated with poor developmental outcomes (12). Cerebellar injury or 

dysmaturity has been implicated in developmental disabilities, such as autism (13). Studies 

to date of cerebellar anatomy in children and adolescents tend to evaluate the size or volume 

of the entire cerebellum (14-16), selected compartments (14), or lobular structures (17). Few 

studies in children and adolescents have evaluated cerebellar white matter tracts (18). The 

present study examined the structural characteristics of the three major pathways of the 

cerebellar peduncles in a healthy pediatric sample. Examining structural properties of the 

peduncles in children has important theoretical implications for understanding the pathways 

of neural signals in motor, cognitive, and emotional processes (19, 20). Quantifying 

individual differences in healthy and typically developing children is a necessary 

prerequisite to understanding variations in clinical conditions that affect the cerebellum.

The three major white matter pathways of the cerebellar peduncles link the cerebellum to the 

cerebral hemispheres and to the spinal column. The right and left inferior cerebellar 

peduncles (ICP) are a major afferent pathway, feeding signals from the spine and the olivary 

nucleus into the cerebellum. The ICP also contains efferent connections from the cerebellum 

towards the vestibular nuclei along the border of the pons and medulla (21). The middle 

cerebellar peduncle (MCP), the largest of the structures, is a prominent tract with a “horse 

shoe” appearance. It is a major afferent pathway that carries input fibers from the 

contralateral cerebral cortex via pontine nuclei across the midline of the cerebellum to the 

cerebellar cortex. In anatomical cross-sections, fibers comprising the MCP can be observed 

to diverge around the pontine nuclei (21). The right and left superior cerebellar peduncles 

(SCP) are primarily cerebellar efferent pathways. The SCP emerges from the deep cerebellar 

nuclei, including the dentate of the cerebellum, and travels through the ipsilateral superior 

cerebellar peduncle into the dorsal pons, decussates at the level of the inferior colliculus, and 

travels to the contralateral cerebral cortex via the thalamus.

Diffusion magnetic resonance imaging (dMRI) can be used to visualize and characterize the 

white matter microstructure. Pathways of the cerebellum have been described within healthy 

adults (22) and adults with clinical conditions including ataxia (23), degenerative 

spinocerebellar disease (24) and schizophrenia (25). Diffusion MRI has documented 

reductions in fiber tract volume and signal intensities at the level of the superior cerebellar 

peduncle and midline cerebellar structures after posterior fossa tumor treatments (26). The 
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predominant dMRI measure used to index white matter microstructure is fractional 

anisotropy (FA), a scalar value that indexes the degree of directional preference in the 

pattern of water diffusion (27, 28). It can be decomposed into axial diffusivity (AD) and 

radial diffusivity (RD), measures for the speed of water diffusion along the principal and 

perpendicular diffusion directions, respectively. Mean diffusivity (MD) assesses the overall 

rate of water diffusion across the three principal axes. Mean tract FA of the cerebellar tracts 

have been found to correlate with the severity of cerebral palsy in children born preterm 

with and without periventricular leukomalacia (29) and with motor functioning in children 

with autism spectrum disorders (30).

Quantifying diffusion measures along the trajectories of fiber bundles has been proven 

extremely useful in the analysis of cerebral pathways (31-33). Such methods generate tract 

profiles, vectors of diffusion properties along the trajectory of white matter tracts. The tract 

profiles provide a high degree of specificity about the underlying tissue properties that 

cannot otherwise be distinguished with mean tract measures. In addition, tract profiles can 

be used to compare the white matter characteristics of a single subject to standardized tract 

profiles from a healthy sample to elucidate characteristics of the individual (31). Reliable 

identification of cerebellar white matter tract profiles may improve prediction of abnormal 

outcomes of various health conditions, particularly in conditions that have minimal findings 

on conventional studies, and may prove clinically relevant to guide surgical interventions 

that avoid unnecessary injury, particularly in resections of cerebellar tumors.

This study characterizes the microstructure of the major white matter tracts of the 

cerebellum in a sample of healthy children and adolescents using dMRI, deterministic 

tractography, and an analytic strategy that generates tract profiles. The first goal was to 

assess the variability in FA and other diffusion properties (MD, RD, and AD) along the 

extent of each cerebellar peduncle within individuals. The second goal was to establish the 

variability of tract profiles across individuals and specifically to assess whether the diffusion 

properties would vary systematically as a function of age. Based on the use of similar 

methods to characterize cerebral tracts (31), we predicted that diffusion properties would 

vary along the trajectory of each of the cerebellar peduncles and that profiles would be 

similar across individuals. We further predicted that the diffusion properties would not differ 

on the basis of age given evidence demonstrating rapid cerebellar white matter maturation in 

the first 3 years of life (18).

Materials and methods

Subjects

This healthy normative sample was comprised of 19 children and adolescents, aged 9-17 

years, 9 of whom were male, with a mean age of 13.0 +/− 2.3 years. The participants 

represented the entire sample of healthy children who enrolled in the Palo Alto, CA site of a 

multi-site larger imaging study (34, 35) with the exception of one child from that sample 

was excluded because of an incidental finding of a subarachnoid cyst. All of the participants 

were free of neurological, learning, behavioral, or emotional disorders because such 

conditions may be associated with altered brain structure. The Stanford University 

institutional review board approved this study and consent procedures. A parent or legal 
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guardian provided informed written consent and children provided written assent. 

Participants were compensated for participation.

MRI acquisition and processing

MRI data were acquired on a 3T Signa Excite (GE Medical Systems, Milwaukee, WI) at 

Stanford University. T1 images included one high resolution inversion recovery (IR)-prep 

3D fast spoiled gradient (FSPGR) scan collected in the axial plane and a second set of T1 

images were co-registered to the first FSPGR using a mutual information maximization 

algorithm (SPM5, http://www.fil.ion.ucl.ac.uk/spm/). Review of T1 scans by an experienced 

pediatric neuroradiologist (KWY) confirmed that all participants had no cortical or 

cerebellar abnormalities on the T1-weighted images.

For dMRI and tractography, a diffusion-weighted, single-shot, spin-echo, echo-planar 

imaging sequence (TE = 80 ms, TR = 6700 ms, FOV = 24 cm, matrix size = 128 × 128) was 

used to acquire 60 slices, 2 mm thick, in 30 different diffusion directions (b = 900). The 

sequence was repeated 4 times, and 10 non-diffusion weighted (b = 0) volumes were 

collected. Total diffusion scan time with 4 repetitions lasted approximately 14.5 minutes. 

Total scan time for all diffusion and structural scans was approximately 30 minutes.

dMRI images were pre-processed with open-source software, mrDiffusion (http://

white.stanford.edu/software/). Eddy current distortions and subject motion in the diffusion 

weighted images were removed by a 14-parameter constrained non-linear co-registration 

algorithm based on the expected pattern of eddy current distortions, given the phase-

encoding direction of the acquired data (36). Diffusion tensors were fit using a robust least-

squares algorithm designed to remove outliers at the tensor estimation step (37). We 

computed the eigenvalue decomposition of the diffusion tensor and the resulting eigenvalues 

were used to compute the fractional anisotropy (FA), mean diffusivity (MD), radial 

diffusivity (RD) and axial diffusivity (AD) of each voxel in the diffusion MR images (38).

Fiber tract identification

dMRI fiber tractography and tract quantification were performed using mrDiffusion. For 

each white matter cerebellar tract, tracking was initiated by seeding a manually placed 

region of interest (ROI) on the principal diffusion direction map (red-green-blue (RGB) 

map). Spherically shaped ROIs, 5 mm in diameter, were placed by a child-neurologist (YL) 

based on annotated RGB maps in a diffusion MRI atlas (39)(see below for a detailed 

description). This procedure is comparable to ROI placement methods previously used to 

identify the ICP, MCP, and SCP in adults (22). A pediatric neuroradiologist (KWY) 

confirmed proper ROI placement in each subject. Only minimal changes were necessary 

because the ROI placement was in close agreement for all tracts. Fibers were tracked from 8 

seed points per voxel within the ROIs using a deterministic streamlines tracking algorithm 

(37, 40, 41) with a fourth-order Runge-Kutta path integration method (42). For tracking 

purposes, a continuous tensor field was estimated using trilinear interpolation of the tensor 

elements. Tracking proceeded in all directions at a step size of 1mm; tracking was stopped 

when FA dropped below a minimum threshold of .15 or when the angle between two 

adjacent steps was greater than 30°. These tracking parameters are comparable to those used 
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to identify both cerebral and cerebellar tracts in adults (43). We chose a restrictive angle 

because of the high proportion of crossing fibers within the cerebellum (44, 45). Each fiber 

group was then restricted by a second manually placed ROI (Figure 1) in order to constrain 

the detected tracts according to established neuroanatomical knowledge of the cerebellar 

peduncles. The fiber tract trajectory was verified and tracts were cleaned of any 

anatomically incompatible streamlines (e.g., pontine crossing fibers, fibers that cross 

through the corpus callosum, fibers between cortex and cerebellum not crossing the midline 

at the level of the pons or thalamus). Tract editing was performed manually and individually 

using a 3D visualization tool (QUENCH, http://white.stanford.edu/newlm/index.php/

QUENCH) guided by a neuroanatomy atlas (39) and by published cerebellar tracking results 

in adults (22, 44).

ROI placement

Inferior Cerebellar Peduncle tracts, Right and Left (ICP)—The first spherical ROI 

was placed on the ICP (blue voxels on the red-green-blue map) defined on the axial plane at 

the level of the medulla, inferior to the dentate nucleus (Figure 1a). The second spherical 

ROI was placed on the ipsilateral ICP (green voxels on the RGB map) defined on the axial 

plane at the level of the ponto-mesencephalic junction, as described by Mori et al. 2005 (39) 

(Figure 1b). Fibers were tracked from ROI1, and the resulting fiber group was intersected 

with ROI2 to keep only streamlines passing through both ROIs (Figure 1c). The trajectory of 

the ICP matched the configuration described by other researchers (22).

Middle Cerebellar Peduncle Tract (MCP)—The MCP was consistently identified on 

the axial red-green-blue (RGB) map at the level of the medial pons, in the most caudal slice 

in which the dentate nucleus was visible (Figure 1d). Pontine fibers of the MCP first exit the 

pontine nuclei and decussate across the midline (red on RGB map) before entering the 

cerebellum, where fibers are predominantly oriented in the anterior-posterior direction 

(green on RGB map). The MCP was captured by placing two spherical ROIs in central 

portions of the right and left MCP within the cerebellum, (39) (Figure 1d). Tracking was 

initiated from the left ROI. The resulting streamlines were intersected (via an “AND” 

operation) with the right ROI to include only those streamlines passing through both ROIs. 

This approach produces streamlines that bifurcate into two separate branches (39), reflecting 

the passage of ponto-cerebellar fibers around the pontine nuclei (21). Since calculations of 

tract profiles are assumed to be coherent and non-branching, streamlines passing posterior to 

the pontine nuclei as the pontine crossing tract, were removed manually using QUENCH for 

each subject (Figure 1e) (31). One subject was excluded from quantitative analyses of the 

MCP because only the pontine crossing tract could be identified for this participant.

Superior Cerebellar Peduncle tracts, Left and Right (SCP)—One spherical ROI 

was placed on the dentate nucleus in the axial plane of the RGB map at the level of the 

medial pons (Figure 1f). The second spherical ROI was placed on the ipsilateral superior 

cerebellar peduncle, (green voxels on the RGB map) at the level of the decussation of the 

superior cerebellar peduncles, at the ponto-mesencephalic junction (Figure 1g). Using 

deterministic tracking methods, we could not follow this tract dorsally through the 

decussation towards the contralateral cortex, but rather identified fibers continuing on the 
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ipsilateral side to the cortex, as described by Mori et al. (39). We therefore clipped the tract 

at the level of the decussation, and analyzed its diffusivity properties below that point 

(Figure 1h).

Fiber tract quantification

For each cerebellar peduncle, we used the two waypoint ROIs (described above) to restrict 

the central portion of the tract. The central portion bounded by the two ROIs is generally 

consistent across individuals, whereas the extreme ends of a fascicle typically vary across 

subjects and are more likely to be affected by partial volume-averaging with adjacent gray 

matter. Therefore, diffusion properties of each cerebellar peduncle were quantified along 

this central portion of the tract (Figure 1) by resampling each tract to 30 equidistant nodes. 

Diffusion measurements (fractional anisotropy (FA), mean diffusivity (MD), radial 

diffusivity (RD), and axial diffusivity (AD)) were calculated at each node of each fiber using 

a spline interpolation of the diffusion properties. Diffusion measures are summarized at each 

node by taking a weighted average of the diffusion measure at that node on each fiber. Each 

fiber’s contribution to the average was weighted by the probability that a fiber was a 

member of the fascicle, computed as the Mahalanobis distance from the fiber tract core (31). 

This procedure minimizes the contribution of fibers located further from the fiber tract core 

that are more likely to reflect a mixture of gray and white matter, and so minimizes the 

effect of partial volume-averaging on diffusion property estimates. This approach is 

particularly important in quantifying the relatively thin cerebellar pathways that pass 

adjacent to gray matter.

Statistical Analyses

Tract profiles were generated using open source software (https://github.com/jyeatman/

AFQ.git) integrated within mrDiffusion (white.stanford.edu/software/). Tract profiles were 

created by calculating the mean and standard deviation of each diffusion property (e.g., FA, 

MD, RD, AD) at each node (30 total) of the tract. To assess the consistency of individual 

tract profiles, we performed a one-way repeated measures ANOVA, using 3 tract locations 

as the within subject independent variable and mean FA as the dependent variable. 

Individual subjects served as a fixed factor in this model. The three locations of each tract 

corresponded to the average FA in nodes 1-10, 11-20 and 21-30. We reasoned that if FA 

varied consistently and significantly along the tract then we would expect a main effect of 

Location on FA. We also used the means and standard deviations from this study to 

calculate the coefficient of variation (CV) for each location to assess the relative amount of 

individual variability for each tract. The coefficient of variation is calculated as the mean 

divided by the standard deviation. We compared these calculated CV values of FA to 

comparable CV values that we computed using mean FA and standard deviation measures 

from previously reported data for the ICP, MCP and SCP within study of younger typically 

developing neonates and children (18). We did not calculate CV for AD and RD because 

these diffusion properties comprise FA and thus the assessments would not be independent.

To assess whether FA along the trajectory of each tract varied by age, we first calculated 

Spearman correlation coefficients between age and FA along the tract profile. To achieve 

greater power, we also performed independent Student’s t-tests along the average FA tract 
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profile of younger (ages 9-13 years; mean age = 11.2 years; n = 10) as compared to older 

children (13-17; mean age = 14.8 years; n = 9) based on a median split of the sample. A 

family-wise error corrected cluster size was computed using a nonparametric permutation 

method to correct for multiple comparisons (46).

Results

We successfully identified the inferior, middle, and superior cerebellar peduncles in all 

participants in the normative group. Figure 2 shows the cerebellar pathways for a 

representative subject. In one subject, the MCP was limited to ponto-cerebellar fibers 

comprising the pontine crossing tract. For this reason, the data from this individual were not 

included in the group analysis of the MCP.

FA tract profiles for the ICP, MCP and SCP are presented in Figures 3 and 4. Systematic 

variations in FA are seen along the trajectory of each tract. In both left and right ICP, FA 

initially increases, corresponding to the narrowing of the tract as it enters the cerebellum, 

followed by a more gradual decrease within the cerebellum, possibly related to 

intracerebellar crossing fibers (Figure 3a, b). Conversely, in the MCP, FA decreases as the 

tract passes medially through the pontine nuclei (Figure 3c). In both left and right SCP, FA 

increases gradually as the tracts exit the cerebellum and enter the brainstem (Figure 4a,b). In 

both the ICP and MCP, reductions in FA are associated with increasing MD and RD but no 

change in AD (Figure 5). In the ICP, increased FA is primarily associated with increased 

MD and AD, with only minimal change in RD (Figure 5).

Repeated-measures ANOVA analyses calculated for each tract confirmed that FA differed 

significantly between the tract segments in each tract in a highly consistent manner: left 

inferior cerebellar peduncle F(2, 36) = 12.5 p < 0.001, right inferior cerebellar peduncle 

F(2,36) = 13.9 p < 0.001, middle cerebellar peduncle F(2, 34) = 38.4 p < 0.001, left superior 

cerebellar peduncle F(2,36) = 61.3 p < 0.001 and right superior cerebellar peduncle F(2,36) 

= 23.1 p < 0.001. These analyses demonstrate that FA changes significantly along the 

trajectory of the each of the separate cerebellar tracts. A visual presentation of the repeated 

measures analysis is shown in Figure 6; variations in the mean FA for the 3 locations 

demonstrates that FA changes along the trajectory of the each of the tracts; the standard 

deviations demonstrate that inter-individual variation is minimal.

For all tracts, the CV of FA was calculated to be < 20% (Table 1). This degree of relative 

individual variability appears consistent with CV values that we calculated based on the 

mean FA and standard deviation values of the ICP, MCP and SCP reported in a previous 

study of younger children (18). In that study, CV values for FA were as follows: ICP 17.6%, 

MCP 13.3%, SCP 17.1% (left and right not differentiated).

FA did not correlate significantly with age for any of the five cerebellar tracts (p > 0.05 for 

all tracts). We found no significant group differences in FA values between the younger and 

older age groups for any location along the trajectory of each cerebellar tract (p > 0.05).
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Discussion

We identified the cerebellar peduncles using dMRI and tractography in a normative sample 

of healthy, typically developing children and adolescents. We generated tract profiles for 

each of the cerebellar peduncles by calculating four diffusion properties (FA, MD, RD, and 

AD) at 30 equidistant points along the tracts. We found significant and consistent variations 

in the four diffusion parameters along the trajectory of each of the five cerebellar peduncles. 

The patterns of variation were highly consistent across the sample. Age was not associated 

with differences in tract profiles. These results can provide important baseline information 

for future studies of the development of the cerebellum in healthy children and in clinical 

pediatric populations.

In all of the healthy children and adolescents in this sample, dMRI and tractography were 

capable of identifying and characterizing the cerebellar tracts. The observed variations in FA 

along tract trajectories are highly consistent with established patterns in adults (22). We 

interpret variations in diffusion properties along tract trajectories as likely related to 

underlying neuroanatomical features, including restriction in anatomical space and the 

presence of kissing and crossing fibers (31). This explanation of the variations is supported 

by the observation that MD, RD and AD differentially contributed to changes in FA in the 

ICP, MCP and SCP. Follow-up studies would be able to explore the contribution of crossing 

fibers to diffusion properties of cerebellar pathways through the use of complex diffusion 

models (47, 48). In addition, future studies can correlate FA or other diffusion properties of 

the peduncles with motor, cognitive or emotional functions in which the cerebellum has 

been implicated (1, 2, 4, 6, 49).

We found that individual variation in tract profiles was minimal. The degree of relative 

individual variability in FA appears consistent with CV values that we derived from mean 

FA values reported by Saksena and colleagues (18) for the ICP, MCP, and SCP. Moreover, 

the FA values we found were similar to those reported by Saksena and colleagues (18) with 

the exception of the ICP, where the FA in our study was higher. We attribute the differences 

in FA to differences in methodology. Saksena and colleagues (18) used a one ROI method to 

generate diffusion properties, whereas we used a two-ROI method to generate a tract and 

calculated the CV from 30 points along the tract.

In our sample, FA within each of the five cerebellar tracts was not significantly associated 

with age in the normative group. Rapid development of cerebellar white matter occurs 

within the first three years of life (18) and then slows. This developmental pattern may 

account for the lack of significant age-associations in children 9 to 17 years of age. 

However, we recognize that in a small sample age differences may not achieve statistical 

significance.

One limitation of the study is that the sample size is modest and the age range large. 

However, the consistency of the tract profiles across individuals within this age range is 

encouraging that larger studies will find similar patterns. Another limitation of the study is 

that the methods did not resolve crossing fibers. Given the acquisition parameters including 

the b-value and number of diffusion gradients applied, we were not able to use methods to 
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identify intravoxel fiber crossing. However, given that the cerebellum has many intersecting 

fibers, alternative methods of diffusion data collection should be used for analyzing the 

cerebellar peduncles (50, 51). A minor limitation is that we did not calculate inter-rater 

reliability on the placement of the ROIs, but rather used two observers who came to 

consensus.

In summary, we identified variations of diffusion properties within each of the cerebellar 

peduncles but similar profiles for each of the peduncles across healthy children and 

adolescents. We think that the methods described may prove useful for other studies of 

cerebellar structure and function. The methods we used quantified the diffusion properties 

along the trajectory of the fiber tracts, creating tract profiles or vectors of the diffusion 

properties. These tract profiles can be used to compare the white matter characteristics of a 

single subject to standardized tract profiles from healthy samples to elucidate characteristics 

of the individual (31). At each point along the tract, the white matter diffusion measure, such 

as FA can be assigned a percentile or z-score based on the individual’s distance from the 

samples median or mean. The method can locate regions within the cerebellar peduncles, 

where the individual falls outside the range of normal for the sample or where functions 

correlate with white matter microstructure. Though it is difficult to compare absolute FA 

values across scanners and different protocols, the z-score of individuals from the clinical 

population in relation to a normative sample from the same scanner may be comparable 

across study sites. These methods may prove useful for documenting subtle cerebellar 

abnormalities in clinical conditions in which conventional neuroimaging or mean values of 

diffusion properties may not reveal any differences from normal. These methods may also 

increase the ability to detect correlations between cerebellar white matter anatomy and 

functional capabilities. Such methods have been used in adults to identify white matter 

differences in individuals with Asperger syndrome (52) and temporal lobe epilepsy (53). We 

have found statistically significant associations of cerebellar white matter properties and 

reading skills (54). Future studies should replicate the anatomical findings in larger cohorts 

at various ages to document developmental change. Then these methods can be used to 

characterize clinical populations and to evaluate cerebellar white matter structure in relation 

to functions attributed to the cerebellum.
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Figure 1. 
Location of anatomical reference ROIs used for tractography. Left hand columns display 

axial dMRI red-green-blue (RGB) color maps used to identify the ICP (A,B), MCP (D) and 

SCP (F,G) tracts. Right hand column displays results of the tracking approach in a 

representative subject for the left ICP (C-yellow), MCP (E-red) and left SCP (H-blue). The 

two way point ROIs used to identify the ICP (A,B), MCP (D) SCP (F,G) are indicated by 

white circles. Only left hemisphere ROIs are displayed for the ICP and SCP. Single pink 

arrow refers to first ROI (ROI1, white circle) used to initiate tracking. Single orange arrow 

indicates second ROI (ROI2) used to constrain tracts and interest tracking initiated from 

ROI1. (ICP = inferior cerebellar peduncle; MCP = middle cerebellar peduncle; SCP = 

superior cerebellar peduncle. L = left; R = right).
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Figure 2. 
Tractography of the cerebellar peduncles. Two-dimensional rendering of the inferior 

(yellow), middle (red) and superior (blue) cerebellar peduncles displayed on a left sagittal 

section of a representative subject (A-B). Coronal view of all cerebellar peduncles in the 

same representative subject (C-D). White dashed lines represent location of each of two 

ROIs used to define individual cerebellar tracts. (ICP = inferior cerebellar peduncle; MCP = 

middle cerebellar peduncle; SCP = superior cerebellar peduncle. L = left; R = right).
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Figure 3. 
FA tract profiles of the inferior and middle cerebellar peduncles in the sample of children 

and adolescents (N=19 ICP; N=18 MCP). Left hand column (A-C) shows renderings of 3 

individual cerebellar tracts on sagittal (A,B) or axial (C) T1 images in the same 

representative subject shown in Figure 2. Right hand columns show FA tract profiles that are 

color-coded to match tract renderings in adjacent T1 images for the left (A) and right (B) 

ICP and MCP (C). FA values are plotted for 30 equidistant locations between two defining 

ROIs as indicated by dashed white lines. Location of ROIs correspond to pink and orange 

arrows in tract profiles. Boundaries of the 25th and 75th percentiles are indicated by dark 

gray shading. Boundaries of the 10th and 90th percentiles are indicated by light gray 

shading. (ICP = inferior cerebellar peduncle; MCP = middle cerebellar peduncle; L = left; R 

= right).
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Figure 4. 
FA tract profiles of superior cerebellar peduncles in the sample of children and adolescents 

(N=19). Left hand column (A,B) shows renderings of 2 individual cerebellar tracts on 

sagittal T1 images in the same representative subject shown in Figure 2. Right hand columns 

show FA tract profiles that are color-coded to match tract renderings in adjacent T1 images 

for the left (A) and right (B) SCP. FA values are plotted for 30 equidistant locations between 

two defining ROIs as indicated by dashed white lines. Locations of ROIs correspond to pink 

and orange arrows in tract profiles. Boundaries of the 25th and 75th percentiles are indicated 

by dark gray shading. Boundaries of the 10th and 90th percentiles are indicated by light gray 

shading. (SCP = superior cerebellar peduncle; L = left; R = right).
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Figure 5. 
Tract Mean Diffusivity (MD), Radial Diffusivity (RD) and Axial Diffusivity (AD) profiles 

of inferior, middle and superior cerebellar peduncles in the sample of children and 

adolescents. Columns show tract MD, RD and AD profiles that are color-coded to match 

tract renderings in T1 images presented in Figures 2-4. MD, RD and AD values are plotted 

for 30 equidistant locations between two defining ROIs. Locations of ROIs correspond to 

pink and orange arrows in tract profiles in Figures 2-4. Boundaries of the 25th and 75th 

percentiles are indicated by dark gray shading. Boundaries of the 10th and 90th percentiles 

are indicated by light gray shading. (ICP = inferior cerebellar peduncle; MCP = middle 

cerebellar peduncle; SCP = superior cerebellar peduncle; L = left; R = right).
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Figure 6. 
Group and individual variance in Tract FA profiles. Group mean FA for the normative group 

is plotted for each tract for 3 locations corresponding to the average FA from nodes 1-10, 

11-20, and 21-30 respectively (a-e). Error bars represent ±1 standard deviation of the 

normative group mean. (ICP = inferior cerebellar peduncle; MCP = middle cerebellar 

peduncle; SCP = superior cerebellar peduncle; L = left; R = right).
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Table 1

Variance in Tract Fractional Anisotropy profiles for the normative group

Subdivision 1
(nodes 1-10)

Subdivision 2
(nodes 11-20)

Subdivision 3
(nodes 21-30)

Tract Mean (std) CV Mean (std) CV Mean (std) CV

ICP-L 0.47 (0.07) 14.15 0.48 (0.05) 11.43 0.42 (0.05) 13.01

ICP-R 0.47 (0.06) 13.00 0.50 (0.06) 12.96 0.42 (0.06) 13.69

MCP 0.54 (0.06) 11.71 0.37 (0.06) 15.46 0.51 (0.06) 12.89

SCP-L 0.26 (0.03) 10.05 0.33 (0.06) 19.30 0.41 (0.08) 20.47

SCP-R 0.27 (0.05) 19.40 0.31 (0.04) 12.87 0.37 (0.06) 15.82

CV = coefficient of variance; std = standard deviation; ICP = Inferior Cerebellar Peduncle, MCP = Middle Cerebellar Peduncle, SCP = Superior 
Cerebellar Peduncle; L= left; R= right
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Table 2

Variance in Tract Mean Diffusivity profiles for the normative group

Subdivision 1
(nodes 1-10)

Subdivision 2
(nodes 11-20)

Subdivision 3
(nodes 21-30)

Tract Mean (std) CV Mean (std) CV Mean (std) CV

ICP-L 0.87 (0.09) 9.98 0.83 (0.02) 35.88 0.84 (0.02) 42.26

ICP-R 0.86 (0.09) 10.08 0.83 (0.03) 29.30 0.83 (0.03) 30.89

MCP 0.86 (0.12) 7.28 1.01 (0.11) 8.88 0.94 (0.16) 5.83

SCP-L 0.86 (0.06) 14.20 1.05 (0.08) 13.84 1.17 (0.06) 20.46

SCP-R 0.87 (0.05) 19.40 1.06 (0.08) 12.65 1.24 (0.07) 18.13

CV = coefficient of variance; std = standard deviation; ICP = Inferior Cerebellar Peduncle, MCP = Middle Cerebellar Peduncle, SCP = Superior 
Cerebellar Peduncle; L= left; R= right
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