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Abstract
Brain tissue changes accompany multiple neurodegenerative and developmental conditions in
adolescents. Complex processes that occur in the developing brain with disease can be evaluated
accurately only against normal aging processes. Normal developmental changes in different brain
areas alter tissue water content, which can be assessed by magnetic resonance (MR) T2-
relaxometery. We acquired proton-density and T2-weighted images from 31 subjects (mean age ±
SD, 17.4 ± 4.9 years; 18 male), using a 3.0-Tesla MR imaging scanner. Voxel-by-voxel T2-
relaxation values were calculated, and whole-brain T2-relaxation maps constructed and
normalized to a common space template. We created a set of regions-of-interest (ROIs) over
cortical gray and white matter, basal ganglia, amygdala, thalamic, hypothalamic, pontine and
cerebellar sites, with sizes of ROIs varying from 12 to 243 mm3; regional T2-relaxation values
were determined from these ROIs and normalized T2-relaxation maps. Correlations between R2
(1/T2) values in these sites and age were assessed with Pearson’s correlation procedures, and
gender differences in regional T2-relaxation values were evaluated with independent-samples t-
tests. Several brain regions, but not all, showed principally positive correlations between R2
values and age; negative correlations emerged in the cerebellar peduncles. No significant
differences in T2-relaxation values emerged between males and females for those areas, except for
the mid pons and left occipital white matter; males showed higher T2-relaxation values over
females. The findings indicate that T2-relaxation values vary with development between brain
structures, and emphasize the need to correct for such age-related effects during any determination
of potential changes from control values.
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INTRODUCTION
Several neurological, neuropsychological, and neuropsychiatric conditions are associated
with brain changes in pediatric subjects [1–4], other than those accompanying normal aging
[5]. Normal aging processes include rapid myelination and neuronal generation that reduce
free tissue water content [6]. Neurodegenerative processes often show myelin and neuronal
loss [7,8], which emerge with increased free water content. Disease-related tissue changes
can be identified accurately only after partitioning age-related changes, and thus, normative
description of developmental trends in different pediatric brain sites is required.

Magnetic resonance (MR) T2-relaxometry, the oldest MR procedure that has been used
routinely in clinical evaluation [9,10], measures free tissue water content [11]. T2-relaxation
values increase with increase in free water content [11], and free water content changes with
disease and normal aging processes [5,12]. The procedure has been used to evaluate age-
related brain myelin changes in pediatrics [13], and in several pediatric and adult medical
conditions, demonstrating abnormalities not-readily-visible on conventional MRI, including
traumatic brain injury [14], neurodegenerative conditions [4,7,15], cerebral neoplasia [16],
ischemia [17], and symptomatic lesional epilepsy [18]. However, current T2-relaxometry
data have primarily evaluated very young infants or adult subjects, and those studies
principally examined only limited brain areas. The T2-relaxometry technique may be helpful
in assessing developmental brain changes in gray and white matter of adolescent subjects.

The aim was to evaluate developmental changes in T2-relaxation values in regional brain
sites, and sex differences in the T2-relaxation values for those sites in adolescents over the
age range of 7 to 24 years.

MATERIALS AND METHODS
Subjects

Thirty one subjects (mean age ± SD: 17.4 ± 4.9 years; age range: 7–24 years; body-mass-
index ± SD: 21.8 ± 4.7 kg/m2; 18 male) participated. All subjects were without any
diagnosed medical condition, such as neurological or other central nervous system-related
disorders that could introduce brain tissue injury. All subjects were part of another brain
imaging study, and were recruited through advertisements at the university campus and
neighboring areas. We excluded subjects with conditions inappropriate for a high-magnetic
field environment or that could introduce artifacts on brain images, as suggested by the web-
site of the Institute for Magnetic Resonance Safety, Education, and Research
(http://www.mrisafety.com/).

The University of California at Los Angeles Institutional Review Board approved the study,
and all children and their parents/guardians provided informed written consent/assent prior
to the study. We removed personal identifiable information of all subjects from the data
evaluation records once analyses were completed.

Magnetic Resonance Imaging
Brain imaging studies were performed with a 3.0-Tesla MR imaging scanner (Magnetom
Tim-Trio; Siemens, Erlangen, Germany), using a receive-only 8-channel phased-array head-
coil, and a whole-body transmitter coil. We used foam pads on both sides of the head to
reduce head motion. High-resolution T1-weighted images were acquired using a
magnetization prepared rapid acquisition gradient-echo (MPRAGE) pulse sequence
[repetition-time (TR) = 2200 ms; echo-time (TE) = 2.34 ms; inversion time = 900 ms; flip
angle (FA) = 9°; matrix size = 320 × 320; field-of-view (FOV) = 230 × 230 mm; slice
thickness = 0.9 mm; slices = 192]. Proton-density (PD) and T2-weighted images were
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collected, covering the whole-brain, using a dual-echo turbo spin-echo pulse sequence (TR =
10,000 ms; TE1, 2 = 12, 119 ms; FA = 130°; matrix size = 256 × 256; FOV = 230 × 230
mm; slice thickness = 3.5 mm; turbo factor = 5). We used the generalized autocalibrating
partially parallel acquisition (GRAPPA) parallel imaging technique with an acceleration
factor of two for both scans.

Data Processing
We visually examined high-resolution T1-weighted, PD and T2-weighted images of all
subjects for any major pathology, such as cystic lesions, tumors, or any other mass lesions to
ensure that all brain images were acceptable to include for subsequent data processing. PD-
and T2-weighted images were also evaluated for head motion-related or other imaging
artifacts before T2-relaxation calculation.

We used the statistical parametric mapping package SPM8
(http://www.fil.ion.ucl.ac.uk/spm/), MRIcroN [19], and MATLAB-based (The MathWorks
Inc., Natick, MA) custom software for data processing and analyses.

T2-relaxation calculation—We used PD and T2-weighted images for calculation of T2-
relaxation values. The average noise level outside the brain parenchyma was calculated from
PD and T2-weighted images, and was used as a masking threshold to exclude non-brain
regions; we used the same masking threshold for the PD and T2-weighted images for all
subjects. A ceiling threshold of 500 ms was applied to all T2-relaxtaion maps to limit
cerebrospinal fluid (CSF) values. The following equation was used to calculate voxel-by-
voxel T2-relaxation values using PD and T2-weighted images [18,20]:

where TE1 and TE2 are the echo-times for PD and T2-weighted images, and SI1, SI2
represent PD and T2-weighted images signal intensities, respectively. We constructed
whole-brain T2-relaxation maps using T2-relaxation values calculated for each voxel.

Normalization of T2-relaxation maps—T2-relaxation maps of all subjects were
normalized to Montreal Neurological Institute (MNI) template space. We used T2-weighted
images of each subject to determine normalization parameters, using a priori-defined
distributions of different tissue types, including gray, white, and CSF [21], and the resulting
normalization parameters were applied to corresponding T2-relaxation maps and T2-
weighted images. The normalized T2-weighted images from all subjects were averaged to
create mean background images.

Region of interest (ROI) analyses—Using mean background images, derived from
normalized T2-weighted images, we created a set of rectangular regions of interest (ROIs)
from different brain sites with MRIcroN. These brain areas were chosen from rostral
(telencephalic), thalamic and hypothalamic (diencephalic), and pontine and cerebellar
(metencephalic) regions (Fig. 1). We did not include medullary structures, since the
proximity of CSF and minor misregistration of T2-relaxation maps to MNI common space
might contaminate T2-relaxation values in those areas. Within each region, several sites
were assessed using ROI. For smaller brain structures, the size of the ROI was chosen to fit
within the structure, and all ROIs were extended to three slices of the brain for each
structure.
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Rostral brain: Regions of interest within the rostral brain were selected from the cortical
gray and white matter, basal ganglia, hippocampus, and amygdala. Regions of interest were
created for bilateral structures, including the anterior, mid, and posterior cingulate cortices,
anterior, mid, and posterior insular cortices, caudate nuclei, putamen, globus pallidus, frontal
white and gray matter, inferior, mid, and superior hippocampus, amygdala, inferior, mid,
and superior temporal white matter, midline occipital gray matter, and occipital white
matter. Unilaterally, structures included the anterior, mid, and posterior portions of the
corpus callosum. The size of ROI samples varied from 27 to 243 mm3, depending upon the
brain structure.

Thalamus and hypothalamus: Regions of interest were selected from both thalamic and
hypothalamic structures. We created ROI for both left and right structures, including the
anterior, mid, and posterior thalamus, and hypothalamus. The size of ROIs varied from 12 to
75 mm3 for these structures.

Pons and cerebellum: Regions of interest from the pons and cerebellum were outlined from
the inferior, mid, and superior pons, cerebellar deep nuclei, and bilateral structures,
including the caudal and rostral cerebellar cortices, and inferior, mid, and superior cerebellar
peduncles. The size of the ROIs varied from structure to structure (27 to 147 mm3).

Mean ROI T2-relaxation and R2 calculation: Using ROI brain masks created for different
brain sites and normalized T2-relaxation maps, T2-relaxation values were extracted from
those areas, and mean T2-relaxation values were calculated for each ROI. Using T2-
relaxation values, R2 (1/T2) values of different brain regions were calculated and correlated
with age to evaluate developmental trends.

Statistical Analyses
We used the Statistical Package for the Social Sciences (SPSS, V 18.0, Chicago, IL)
software package for data analyses. Pearson’s correlation procedures were used to assess the
development of R2 values of different brain areas with age. Mean T2-relaxation value
differences between males and females of those regions were also assessed with
independent-samples t-tests. We considered a p value less than 0.05 statistically significant.

RESULTS
Rostral Brain

Brain regions within the rostral brain with positive correlations between R2 values and age
are shown in scatter plots (Fig. 2, 3). These regions included the bilateral amygdalae (left, r
= 0.76, p < 0.001; right, r = 0.56, p = 0.001), caudate nuclei (left, r = 0.62, p < 0.001; right, r
= 0.65, p < 0.001), putamen (left, r = 0.85, p < 0.001; right, r = 0.79, p < 0.001), globus
pallidus (left, r = 0.70, p < 0.001; right, r = 0.71, p < 0.001), mid hippocampus (left, r =
0.56, p = 0.001; right, r = 0.37, p = 0.04), inferior temporal white matter (left, r = 0.60, p <
0.001; right, r = 0.46, p = 0.01), anterior cingulate cortex (left, r = 0.40, p = 0.028; right, r =
0.54, p = 0.002), and left anterior (r = 0.41, p = 0.021) and posterior insula (r = 0.43, p =
0.015), mid cingulate (r = 0.43, p = 0.015), and inferior hippocampus (r = 0.44, p = 0.013).
No regional negative correlations emerged between R2 values and age within the rostral
brain.

Thalamus and Hypothalamus
Thalamic and hypothalamic brain sites with significant relationships between R2 values and
age are shown in Fig. 4 scatter plots. Significant positive correlations appeared between R2
values of bilateral anterior (left, r = 0.48, p = 0.007; right, r = 0.42, p = 0.018), mid (left, r =
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0.54, p = 0.002; right, r = 0.60, p < 0.001), and posterior thalamus (left, r = 0.39, p = 0.029;
right, r = 0.53, p = 0.002) and age. No significant changes in R2 values appeared in the
hypothalamus with age.

Pons and Cerebellum
Significant negative and positive correlations emerged between R2 values of brain regions
within the cerebellum and age; these correlations are displayed on scatter plots (Fig. 5).
Brain sites that showed negative correlations included the right mid (r = − 0.41, p = 0.021)
and inferior cerebellar peduncles (r = − 0.43, p = 0.015), and a positive correlation emerged
in the cerebellar deep nuclei (r = 0.37, p = 0.043).

Although all areas outlined in the scatter plots showed significant correlations between R2
values and age, multiple structures, often contralateral to, or in different subregions of
structures showing correlations, showed no relationship of R2 values with age. These
structures included the right anterior and posterior insula, mid cingulate, inferior
hippocampus, left inferior and mid cerebellar peduncles, bilateral mid insula, superior
hippocampus, frontal, occipital, and mid and superior temporal white matter, frontal and
occipital gray matter, pons, corpus callosum, hypothalamus, and rostral and caudal
cerebellar cortices.

Male Female Differences
No significant differences in age and body-mass-index appeared between male and female
subjects (age, p = 0.13; body-mass-index, p = 0.59). Areas within the mid pons (p = 0.04),
and left occipital white matter (p = 0.02) showed significant differences between males and
females, with higher T2-relaxation values in males over females (Table 1, 3). No other brain
sites showed significant T2-relaxation value differences between sexes (Tables 1–3).

DISCUSSION
Overview

R2 values largely increase (T2-relaxation values decline) with increasing age in adolescents
in most brain sites, except for the cerebellar peduncles, where values decrease as the
children mature. Significant male-female differences appear in T2-relaxation values in the
mid pons and left occipital white matter, although no changes with age appear in those
structures. The developmental trends in T2-relaxation values offer baseline values against
which disease-related tissue changes can be assessed, and indicate the need for age- and sex-
related correction of T2-relaxation values during such evaluation.

Positive Correlations Between R2 Values and Age
T2-relaxation values are highly sensitive to neuronal and myelin changes that are not
obvious on visual evaluation, and are influenced by total amount and distribution of water
and its interaction with the surrounding microstructural environment [22]. Increased T2-
values appear in several medical conditions that increase tissue free water content, including
vasogenic edema [11], demyelination [7], neuronal loss [8], infarction, and gliosis [18].
However, T2-values decline with development, as brain neurons and white matter mature
[23]. Most regions within the brain showed positive correlations with R2 values (or inverse
correlations with T2-relaxation values) and age. T2-relaxation values are higher at birth, and
values decline rapidly with age in early infancy [23]. As the brain develops, neuronal
structures become more densely packed [24], and myelination increases [25]; these
conditions restrict free water content, and result in reduced T2-relaxation values or increased
R2 values, a phenomenon that apparently continues through adolescence, as we show here.
Iron deposition can also contribute to declining T2-relaxation values with age. Iron, which is
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paramagnetic in nature, shortens T2-relaxation values [26]. However, iron deposition is less
likely to contribute to the decline in T2-relaxation values with age here, since values
declined over all of the brain (cortex, white matter, and deep brain areas), but iron is
preferentially taken up in localized sites, such as the basal ganglia with age in adults [27]; it
is unclear, however if similar deposition occurs in adolescence.

Negative Correlations Between R2 Values and Age
Regions within the cerebellar peduncles showed negative correlations of R2 values (or
positive correlations of T2-relaxation values) with age. For most white matter structures, T2-
relaxation values initially decline rapidly within the early pediatric period with brain
maturation [23], and then show a slower increase with normal aging processes to certain
brain areas in adulthood [28,29]. These findings of a negative correlation with R2 values and
age found here suggest that myelination in these sites completes early, as opposed to other
brain structures, consistent with traditional neuroanatomic studies [28,29].

Differences in T2-relaxation Values between Males and Females
The mid-pons and left occipital white matter showed higher T2-relaxation values in males
over females. The pons is apparently more densely packed in females, relative to males,
which results in reduced T2-relaxation values in females. Although no reports of T2-
relaxation value differences in the pons between males and females exist, volumetric
procedures in adults show that females have smaller pontine volumes over males [30],
supporting the assumption of a more densely-packed structure. Since the mid-pons contains
structures critical to breathing, pain, autonomic regulation, and motor function [31–35], sex-
related differences in T2-relaxation values are of substantial importance for a number of
disorders that appear in adolescence [36–38].

Left occipital white matter in males showed significantly increased T2-relaxation values
over females. The total cerebral volume peaks earlier in females, compared to males [39]
and certain brain regions, including occipital white matter, may mature earlier than other
brain sites. Delayed white matter development within male occipital areas may result in the
increased T2-relaxation values over females.

T2-relaxation Calculations with Two TEs
We used the two-point method for T2-relaxation calculations, which requires two TEs and
assumes a single exponential decay [20]. Brain tissue, especially white matter, may have a
multi-exponential decay [40], and many TEs are required to obtain more-accurate T2-
relaxation values for precise evaluation of underlying microscopic tissue changes. However,
procedures with multi-echo (e.g., 16 echos) do not cover the entire brain within a reasonable
scan time, restricting use in clinical settings [41]. Dual-echo conventional spin-echo
sequences provide reproducible T2-relaxation values that highly correlate to T2 values
derived from multi-echo procedures [20]. Fluid attenuated inversion recovery (FLAIR)-
based dual echo sequences may provide more appropriate findings than other sequences,
including dual-echo conventional spin-echo (CSE) sequences [42], from suppression of
cerebrospinal fluid (CSF), especially in areas where CSF is close to the tissue. However, in
mesial temporal lobe pathology, both FLAIR and CSE procedures produce similar findings
[43]. We used a fast spin-echo (FSE) sequence, which is routinely used in clinical practice,
and acquires data rapidly with two TEs, including PD and T2-weighted images, and cover
the entire brain [44]. T2-relaxation values derived for FSE-based sequences are highly stable
and reproducible, and show high correlations with T2-values obtained from multi-echo
methods [44]. Also, we used a ceiling threshold to limit CSF values during T2-relaxation
calculations to reduce contamination from CSF values. Although FSE-based sequences may
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not provide precise T2-relaxation values, the procedure has several advantages over the
others in diagnostic and research-related imaging.

Conclusions
Significant positive or negative correlations appeared between age and R2 values of multiple
brain sites, indicating that water content can vary substantially between brain regions during
adolescence. No significant differences emerged in T2-relaxation values between males and
females for most brain sites, except for the mid-pons and left occipital white matter, in
which males showed higher values over females. The present description of developmental
trends in T2-relaxation values in different brain sites provides a baseline against which
disease processes can be evaluated. The findings also emphasize the necessity for correction
of T2-relaxation values for age and sex during any assessment of potential changes from
normal values.
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Figure 1.
Brain regions showing regions of interest (ROIs) on mean background images, with ROIs
represented by rectangles proportional to volumes collected and used for T2-relaxation
calculations. ROIs are overlaid onto mean background images, derived from normalized T2-
weighted images; for clarity, only left-sided ROIs are displayed. 1, frontal white matter; 2,
caudate nucleus; 3, putamen; 4, globus pallidus; 5, anterior insula; 6, mid insula; 7, posterior
insula; 8, superior temporal white matter; 9, midline occipital gray matter; 10, anterior
cingulate; 11, anterior thalamus; 12, mid thalamus; 13, posterior thalamus; 14, occipital
white matter; 15, frontal cortex; 16, inferior hippocampus; 17, mid hippocampus; 18,
superior hippocampus; 19, amygdala; 20, inferior temporal white matter; 21, mid temporal
white matter; 22, anterior corpus callosum; 23, mid corpus callosum; 24, posterior corpus
callosum; 25, superior pons; 26, mid pons; 27, inferior pons; 28, mid cingulate; 29, posterior
cingulate; 30, hypothalamus; 31, superior cerebellar peduncle; 32, mid cerebellar peduncle;
33, inferior cerebellar peduncle; 34 cerebellar deep nuclei; 35, rostral cerebellar cortex; 36,
caudal cerebellar cortex.
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Figure 2.
Brain regions within the rostral brain (telencephalon), including the amygdala, caudate,
putamen, globus pallidus, hippocampus, and temporal white matter showing significant
correlations between R2 values and age. Solid lines show best fit lines for the data, and
dotted lines above and below the best fit line show 95% mean confidence intervals.
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Figure 3.
Brain areas within the cingulate, insula, and hippocampus showing significant correlations
between R2 values and age. Figure conventions are the same as in Figure 2.
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Figure 4.
Brain sites within the thalamus showing significant correlations between regional R2 values
and age. Figure conventions are the same as in Figure 2.
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Figure 5.
Multiple brain areas in the cerebellar peduncles and deep nuclei that show significant
correlations between R2 values and age. Figure conventions are the same as in Figure 2.
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Table 1

T2-relaxation values of brain sites within the rostral brain (telencephalon), including cortical, basal ganglia,
amygdala, and hippocampal structures, and male-female differences.

Brain Structures
(ROI size, 27–243 mm3)

T2 values (ms)
(n = 31)

T2 values (ms)
(male, n = 18)

T2 values (ms)
(female, n = 13)

L Amygdala 112.3±4.4 111.2±4.4 113.7±4.2

R Amygdala 109.9±3.9 109.2±3.7 110.8±4.1

L Anterior Cingulate 115.2±8.5 114.2±9.4 116.5±7.1

R Anterior Cingulate 112.7±7.0 112.0±6.7 113.6±7.6

L Mid Cingulate 105.0±8.0 103.4±9.0 107.3±6.1

R Mid Cingulate 103.8±9.0 103.4±10.3 104.2±7.4

L Posterior Cingulate 105.5±14.5 103.8±12.2 108.0±17.4

R Posterior Cingulate 106.7±18.9 104.2±11.1 110.3±26.3

Anterior Corpus Callosum 81.0±4.4 81.2±4.3 80.9±4.7

Mid Corpus Callosum 109.4±15.1 109.6±14.8 109.2±16.1

Posterior Corpus Callosum 87.5±6.8 86.8±7.5 88.5±5.8

L Anterior Insula 115.7±10.4 115.1±12.1 116.7±8.0

R Anterior Insula 111.9±20.3 116.0±25.4 106.2±7.7

L Mid Insula 123.0±10.4 123.6±10.1 122.2±11.3

R Mid Insula 111.0±8.6 110.4±7.8 111.8±9.9

L Posterior Insula 114.0±6.3 113.4±7.5 114.7±4.4

R Posterior Insula 108.1±6.2 108.8±7.0 107.1±5.1

L Caudate Nuclei 93.3±4.7 92.5±5.3 94.5±3.6

R Caudate Nuclei 92.5±4.3 91.8±4.6 93.5±3.7

L Frontal Gray Matter 131.6±16.4 128.5±15.9 135.9±16.8

R Frontal Gray Matter 120.1±13.6 119.8±14.9 120.4±12.2

L Frontal White Matter 88.5±4.1 88.8±4.0 88.1±4.5

R Frontal White Matter 85.3±3.8 85.9±3.0 84.6±4.8

L Globus Pallidus 64.8±4.9 64.5±4.0 65.3±6.1

R Globus Pallidus 64.5±4.0 63.8±3.3 65.6±4.8

L Putamen 86.6±5.0 85.8±4.9 87.7±5.1

R Putamen 85.0±5.1 84.2±5.1 86.0±5.0

L Inf Hippocampus 120.7±10.2 117.9±6.8 124.6±13.0

R Inf Hippocampus 116.7±6.1 115.2±6.1 118.9±5.8

L Mid Hippocampus 109.7±5.3 108.5±4.9 111.4±5.4

R Mid Hippocampus 106.5±4.8 105.3±4.0 108.2±5.4

L Sup Hippocampus 114.3±5.4 114.3±6.8 114.3±3.0

R Sup Hippocampus 114.9±14.6 113.1±10.7 117.4±19.0

L Inf Temp White Matter 94.5±5.5 94.0±5.2 95.3±6.1

R Inf Temp White Matter 92.9±5.8 93.3±4.4 92.2±7.4
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Brain Structures
(ROI size, 27–243 mm3)

T2 values (ms)
(n = 31)

T2 values (ms)
(male, n = 18)

T2 values (ms)
(female, n = 13)

L Mid Temp White Matter 91.3±3.9 90.8±4.6 91.9±2.6

R Mid Temp White Matter 88.8±3.7 88.5±3.0 89.2±4.5

L Sup Temp White Matter 96.2±3.1 96.4±3.2 96.0±3.1

R Sup Temp White Matter 92.3±2.9 92.6±3.2 91.8±2.6

L Midl Occi Gray Matter 111.0±12.1 109.7±10.3 112.8±14.4

R Midl Occi Gray matter 105.4±9.1 105.8±10.3 105.0±7.3

L Occi White Matter* 99.5±3.4 100.6±3.6 97.9±2.4

R Occi White Matter 96.1±3.3 96.8±3.7 95.2±2.6

ROI = Region of interest; L = Left; R = Right; Inf = Inferior; Sup = Superior; Temp = Temporal; Midl = Midline; Occi = Occipital;

*
= p < 0.05 between males and females.
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Table 2

T2-relaxation values of selected brain sites within the thalamus and hypothalamus, and male female
differences.

Brain Structures
(ROI size, 12–75 mm3)

T2 values (ms)
(n = 31)

T2 values (ms)
(male, n = 18)

T2 values (ms)
(female, n = 13)

L Anterior Thalamus 90.1±2.7 90.1±3.1 90.0±2.3

R Anterior Thalamus 89.4±3.1 89.0±3.5 90.0±2.6

L Mid Thalamus 87.8±3.8 87.3±4.3 88.5±3.0

R Mid Thalamus 88.4±4.1 88.2±4.4 88.7±3.9

L Posterior Thalamus 91.0±3.9 91.2±4.3 90.7±3.3

R Posterior Thalamus 91.0±3.5 90.8±3.8 91.3±3.3

L Hypothalamus 107.0±5.0 106.5±5.6 107.6±4.3

R Hypothalamus 111.2±15.0 111.0±14.3 111.4±16.5

ROI = Region of interest; L = Left; R = Right.
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Table 3

T2-relaxation values of selected brain sites within the cerebellum and pons, and male-female differences.

Brain Structures
(ROI size, 27–147 mm3)

T2 values (ms)
(n = 31)

T2 values (ms)
(male, n = 18)

T2 values (ms)
(female, n = 13)

Sup Pons 91.0±10.6 92.3±10.9 89.2±10.4

Mid Pons* 93.9±8.4 96.5±8.1 90.4±7.7

Inf Pons 97.1±8.1 98.1±8.9 95.7±6.9

L Cau Cereb Cortex 114.9±5.4 116.0±4.8 113.5±6.0

R Cau Cereb Cortex 111.0±5.0 111.0±4.5 110.8±5.7

L Ros Cereb Cortex 110.9±4.7 110.2±4.5 111.8±5.0

R Ros Cereb Cortex 103.7±5.7 103.9±3.4 103.4±8.1

Cereb Deep Nuclei 106.0±8.7 104.6±5.2 107.9±12.1

L Inf Cereb Peduncle 121.8±6.2 121.9±6.2 121.6±6.4

R Inf Cereb Peduncle 122.8±6.0 122.1±6.1 123.7±5.9

L Mid Cereb Peduncle 105.4±6.5 106.4±6.6 104.0±6.3

R Mid Cereb Peduncle 105.3±7.1 107.2±8.2 102.6±4.2

L Sup Cereb Peduncle 110.1±6.7 110.7±5.2 109.4±8.6

R Sup Cereb Peduncle 108.2±6.2 108.6±6.0 107.5±6.6

ROI = Region of interest; Sup = Superior; Inf = Inferior; L = Left; Cau = Caudal; Cereb = Cerebellar; R = Right; Ros = Rostral;

*
= p <0.05 between males and females.
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