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Localized Proton MR Spectroscopy of the Allocortex and
Isocortex in Healthy Children

Choong-Gon Choi, Tae-Sung Ko, Ho Kyu Lee, Jung Hee Lee, and Dae Chul Suh

BACKGROUND AND PURPOSE: The human allocortex is different from the isocortex in
neuroglial cytoarchitecture. The purpose of this study was to compare metabolic data of the
allocortex with those of the isocortex by using localized proton MR spectroscopy.

METHODS: Short-TE stimulated-echo acquisition mode proton MR spectroscopy (TR/TE
5 3000/30) was applied to the allocortex of the temporal lobe and isocortex of the parietal or
frontal lobe in 30 healthy children (19 boys and 11 girls, 3–14 years old). Peak intensities of
N-acetylaspartate (NAA), choline-containing compounds (Cho), and myo-inositol (mI) relative
to creatine and phosphocreatine (Cr) were calculated. Metabolic data from the investigated
regions were compared.

RESULTS: NAA/Cr was significantly lower in the allocortex than in the isocortex of the
parietal or frontal lobe: 1.05 6 0.12 (n 5 33) vs. 1.36 6 0.10 (n 5 28) or 1.32 6 0.10 (n 5
12), respectively. Cho/Cr and mI/Cr were significantly higher in the allocortex than in the
isocortex: 0.84 6 0.11 vs. 0.56 6 0.06 or 0.75 6 0.10; 0.78 6 0.15 vs. 0.54 6 0.08 or 0.66 6
0.09, respectively. In the isocortex, NAA/Cr was not different but Cho/Cr and mI/Cr were
significantly higher in the frontal cortex than in the parietal cortex.

CONCLUSION: Clear metabolic differences were observed between the allocortex and
isocortex.

The human cerebral cortex is composed of multiple
neuronal cell layers mixed with glial cell compo-
nents. For over a century, it has been well recog-
nized that cortical neurons are arranged in certain
laminar patterns and that the cerebral cortex dis-
plays regional differences in these patterns. The ce-
rebral cortex can be divided into the allocortex and
the isocortex according to histologic characteristics.
The allocortex is so named because it displays a
wide variation of histologic patterns in different re-
gions (1). In contrast, the isocortex has a more uni-
form histologic pattern in different regions. The al-
locortex is characterized by three neuronal layers—
molecular, pyramidal or granular, and polymor-
phic—and includes the cornu ammonis, dentate gy-
rus, and parahippocampal gyrus. Most of the par-
ahippocampal gyrus is a transitional zone between
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the allocortex and isocortex. The isocortex, which
comprises most of the cerebral cortex, is also
known as the neocortex and is characterized pri-
marily by six neuronal layers (1).

The normal human allocortex, or hippocampal
area, has been studied extensively with the use of
proton MR spectroscopy, especially in studies of
temporal lobe epilepsy, but just to serve as control
data (2–5). The characteristics of the normal allo-
cortex, despite its importance, have rarely been
studied (6–8) and have not been compared directly
with the isocortex. This study was designed to
compare metabolic data of the allocortex with those
of the isocortex.

Methods

Subjects

During a period of 2 years, 34 children with nonspecific
symptoms such as severe headache or dizziness were referred
for brain MR imaging/MR spectroscopy from the pediatric
neurology department. All patients were examined and deter-
mined to be neurologically normal by a pediatric neurologist.
Four children with a history of frequent febrile convulsions or
difficult delivery were excluded from the pool of subjects ow-
ing to the possibility of brain damage. Thus, a total of 30
subjects (19 boys and 11 girls, 3–14 years old; mean age, 9
years) were included in this study. Most of the children were
cooperative during the examination, except for a few young
children who were sedated with a small amount of oral chloral
hydrate (10% syrup, 100 mg/mL) before the examination.
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FIG 1. A and B, Coronal (A) and axial (B)
T2-weighted MR images show typical lo-
cations selected for proton MR spectros-
copy of the allocortex (A), parietal cortex,
and frontal cortex (B).

Proton MR Spectroscopy

Proton MR spectroscopy was performed on a 1.5-T system
using a standard imaging head coil. Patients were positioned
using soft pads such that the neck was slightly hyperextended.
Thereafter, orthogonal axial and sagittal T1-weighted images
and axial and coronal T2-weighted images were obtained ac-
cording to the following MR imaging protocol: for T1-weight-
ed images, spin-echo sequences were obtained with TR/TE 5
500/11, field of view 5 200–240 mm, slice thickness 5 5 mm
with no gap, and matrix 5 256 3 192; for T2-weighted im-
ages, fast spin-echo sequences were obtained with TR/TE 5
3500/102, echo train length 5 8, field of view 5 200 mm,
slice thickness 5 5 with no gap, and matrix 5 256 3 192.

Automated short-TE proton MR spectra were recorded in the
allocortex and isocortex of the frontal or parietal lobe with the
use of a single-voxel stimulated-echo acquisition mode sequence
(TR/TE/excitations 5 3000/30/96, mixing time 5 13.7 milli-
seconds, spectral width 5 2500 Hz, number of points 5 2048).
The voxel size for the allocortex was fitted into the rectangular
box shape (14 3 18 3 20 mm, 5 mL), taking both the anatomy
of the hippocampus and parahippocampal gyrus and the signal-
to-noise ratio into consideration. Special attention was paid to
selecting the location of the voxel on coronal T2-weighted lo-
calizer images to ensure coverage of the hippocampus and par-
ahippocampal gyrus as much as possible within the volume of
interest (Fig 1A). The spectra from the isocortex were obtained
with our routine voxel size (18 3 20 3 20 mm, 7.2 mL) (Fig
1B).

Acquired spectroscopic raw data were transferred to a work-
station (SPARC 10, Sun Computer, Mountain View, CA) and
processed using postprocessing software (SA/GE, Milwaukee,
WI). The processing consisted of water-referenced correction of
the eddy current effect (9), lorentzian to gaussian transformation,
gaussian line broadening of 0.5 Hz, zero-filling of 8K, Fourier
transformation, and zero-order phasing of the transformed spec-
trum. Major peaks at 2.01, 3.03, 3.22, and 3.56 ppm were as-
signed to N-acetylaspartate (NAA), creatine and phosphocreatine
(Cr), choline-containing compounds (Cho), and myo-inositol
(mI), respectively (10). After the measurement of peak areas by
lorentzian-gaussian fitting, metabolic ratios (NAA/Cr, Cho/Cr,
and mI/Cr) were calculated using Cr as an internal reference,
because the reported concentrations of Cr were similar in the
various regions of the normal cerebral cortex, including the al-
locortex (11–13).

In all, 81 spectra were acquired in the 30 subjects, consisting
of 40 spectra from bilateral studies of the allocortex in 20
subjects, 29 spectra from the parietal cortex in 29 subjects, and
12 spectra from the frontal cortex in 12 subjects, resulting in
2.7 spectra per subject, on average. All MR imaging and MR
spectroscopy studies were usually finished within 1 hour. Eight
spectra that contained features of distorted baseline, prominent

motion artifacts, or insufficient water suppression were regard-
ed as poor quality. Most of the poor-quality spectra (seven of
eight) were obtained from the allocortex, which was expected
owing to the large susceptibility differences in this anatomic
location. One poor-quality spectrum obtained from the parietal
cortex was caused by patient motion during the examination.
Seventy-three spectra were included in the final data set, con-
sisting of 33 spectra from the allocortex, 28 from the parietal
cortex, and 12 from the frontal cortex.

Statistics

Spectroscopic data were reported as mean 6 1 SD. A one-
way ANOVA test was used to examine the difference in mean
values among three groups. A two-sided unpaired t-test assum-
ing equal variances was used to examine the difference in
mean values between two groups (SPSS for Windows, release
7.5). Also, age-dependent changes of metabolic ratios were
tested by correlation and linear regression analysis. P values
less than .05 were considered significant.

Results

The allocortex showed no significant hemispher-
ic asymmetry in metabolic ratios in comparisons of
the mean values from the right and left side in 17
subjects (for NAA/Cr: 1.05 6 0.11 vs. 1.04 6 0.14,
P 5 .41; for Cho/Cr: 0.85 6 0.10 vs. 0.83 6 0.13,
P 5 .24; for mI/Cr: 0.75 6 0.12 vs. 0.80 6 0.18,
P 5 .24). Therefore, the average value of both
sides of the allocortex is used in the following dis-
cussion. Spectroscopic data are summarized in the
Table. Figure 2 shows representative short-TE pro-
ton MR spectra obtained from the allocortex and
isocortex. The allocortex had a lower NAA/Cr ratio
and higher Cho/Cr and mI/Cr ratios than did the
isocortex. Within the isocortex, NAA/Cr was not
different, but Cho/Cr and mI/Cr were significantly
higher in the frontal cortex than in the parietal cor-
tex. Spectroscopic data are plotted against age of
the children (Fig 3); however, we found no observ-
able tendency for age-dependent changes in meta-
bolic ratios. Similarly, there was no significant cor-
relation between age and metabolic ratios in either
the allocortex or isocortex (P . .05).
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Spectroscopic data from the allocortex and isocortex

Allocortex
(n 5 33)

Isocortex

Parietal
(n 5 28)

Frontal
(n 5 12) P

NAA/Cr 1.05 6 0.12 1.36 6 0.10 1.32 6 0.10 ,.001†
P ,.001 ,.001

.352*
Cho/Cr 0.84 6 0.11 0.56 6 0.06 0.75 6 0.10 ,.001†
P ,.001 .017

,.001*
mI/Cr 0.78 6 0.15 0.54 6 0.08 0.66 6 0.09 ,.001†
P ,.001 .020

,.001*

Note.—Mean values 6 1 SD are given. P values are for a two-
sided unpaired t-test comparison between the allocortex and isocortex.

*Values are for a two-sided unpaired t-test comparison within the
isocortex.

†Values are for one-way ANOVA test.

FIG 2. A–C, Typical proton MR spectra obtained from the allocortex (A), parietal cortex (B), and frontal cortex (C). Acquisition and
processing parameters used for all spectra are the same as described in the text, except for voxel sizes, which are 5.0 mL for the
allocortex and 7.2 mL for the isocortex. All spectra are scaled individually and cannot be used for direct comparison. NAA, 2.01 ppm;
Cr, 3.03 ppm; Cho, 3.22 ppm; mI, 3.56 ppm.

Discussion
Because the T1 and T2 relaxation times of major

brain metabolites do not show significant regional
differences in the cerebral cortex of healthy sub-
jects (8, 14) and because NAA is generally ac-
cepted as a neuronal marker (15), the observed
lower NAA/Cr in the allocortex may be the result
of relatively low NAA concentration in this region.
Previous quantitative proton MR spectroscopy
studies have also reported relatively low NAA con-
centrations in the allocortex (2, 8). Compared with
the six-layered isocortex, the neuronal component
of the allocortex is composed primarily of scattered
large pyramidal neurons in the middle layer of the
cornu ammonis, small granular neurons in the den-
tate gyrus, and the neurons within the parahippo-
campal gyrus, which is a transitional zone between
the three-layered allocortex and the six-layered iso-
cortex. A cytoarchitectural study reported lower
neuronal density in the allocortex than in the iso-
cortex (16), supporting spectroscopic results.

The relatively high Cho/Cr and mI/Cr ratios in the
allocortex may be caused by higher concentrations of
Cho and mI than in the isocortex, in agreement with
previous quantitative proton MR spectroscopy studies
(8, 11). The major Cho metabolites detected by pro-
ton MR spectroscopy—phosphorylcholine, glycero-
phosphorylcholine, and Cho plasmalogen—are in-
volved in the metabolism of membrane Cho
phospholipid. Once the active myelination process is
completed within 2 years after birth, regional differ-
ences in Cho concentrations in the normal brain may
depend mainly on the cell density and cell types of
the anatomic regions. A proton MR spectroscopy
study of cell type-specific cultures revealed Cho con-
centration to be two or three times higher in glial
cells (astrocyte or oligodendrocyte) than in neurons
(17). Therefore, we speculate that the higher Cho
concentration in the allocortex may be due to rela-
tively high glial density as compared with the iso-
cortex. The allocortex may have relatively larger
amounts of glial components, especially in the thick
molecular and polymorphic layer of the dentate gyrus
and cornu ammonis, which have very low neuronal
cell densities.

mI seems to be involved in the osmoregulatory
system in astrocytes (18). A multinuclear MR spec-
troscopy study of cell type-specific cultures sug-
gested that mI is located mainly in astrocytes (19).
We therefore speculate that mI concentration may
depend on the astrocytic density of the anatomic
region in healthy subjects. The relatively high mI/
Cr ratio in the allocortex may be the result of its
higher astrocytic density than in the isocortex. Our
speculation is supported by a study showing the
greatest intensity of cortical astrocyte marker (glu-
tamine synthetase) in the allocortex as compared
with other regions of the brain in rats (20). How-
ever, cytoarchitectural data from the human brain
may be necessary to verify this theory.

As far as the isocortex is concerned, there was
no significant difference in NAA/Cr between the
frontal and parietal cortices. This finding may be
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FIG 3. Spectroscopic data plotted against age of the children.
A, NAA/Cr vs. age.
B, Cho/Cr vs. age.
C, mI/Cr vs. age.

due to similar neuronal densities in both regions.
von Economo (16) classified the isocortex into five
basic types—agranular, frontal, parietal, polar, and
atypical granular—on the basis of the cytoarchitec-
tural patterns of the granular and pyramidal neu-
rons. The parietal and frontal isocortex investigated
in this study belongs to the same frontal type;
therefore, it may have a similar neuronal cytoar-
chitecture or density, which may account for the
observed similar NAA/Cr ratios in both regions.
On the other hand, the higher Cho/Cr and mI/Cr
seem to be caused by the higher glial density in the
frontal cortex. A quantitative proton MR spectros-
copy study (11) also detected a higher Cho con-
centration in the frontal cortex than in the parietal
or occipital cortex. Previous cytoarchitectural stud-
ies have usually focused on the neuronal compo-
sition of the cerebral cortex and have paid little
attention to the glial counterpart (1, 16). However,
more recently, it has become well recognized that
the glial counterpart plays an essential role in the
proper functioning of the cortex (21, 22). Neuro-
glial composition may be different in various re-
gions to adapt to the functions of the cerebral cor-
tices (20, 23, 24).

Because the subjects in our study were all chil-
dren, age-dependent changes in metabolites should
be taken into consideration. A previous quantitative
MR spectroscopy study found that Cr and mI con-
centrations in children’s brains become similar to
those of adults within 2 years after birth, and that
NAA and Cho concentrations continue to change
slowly until age 7 years (25). In this study of 3- to

14-year-olds, we detected no age-dependent chang-
es in the various metabolic ratios. It seems that
children’s brains maintain a stable cellular com-
position and metabolism once active myelination is
completed.

Conclusion
Clear metabolic differences were found between

the allocortex and isocortex in the brains of healthy
children. As compared with the isocortex, the al-
locortex is characterized by a relatively low NAA/
Cr ratio and high Cho/Cr and mI/Cr ratios. We
speculate that these spectroscopic differences may
correlate with the regional differences in cortical
neuroglial composition; however, further histolog-
ic–spectroscopic correlation is needed to support
our speculation.
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