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Terminal Zones of Myelination: MR Evaluation
of Children Aged 20—40 Months

Cecilia Parazzini, Cristina Baldoli, Giuseppe Scotti, and Fabio Triulzi

BACKGROUND AND PURPOSE: MR imaging is the method of choice for assessment in vivo
of the development of myelination of the human central nervous system. During the first
months of life, the myelination process follows well-defined steps, whereas little information
exists about the later phases of myelination. To improve our understanding of this aspect and
to identify the specific sites involved in the process of myelination in its terminal phase, we
evaluated normal MR brain studies in children aged 20—40 months.

METHODS: We retrospectively evaluated 85 MR brain studies of 81 children aged 20-40
months who were without diseases potentially affecting white matter. The MR studies were
performed with a 1.5-T system, with T2-weighted spin-echo and turbo spin-echo sequences.
Subjective analysis of the signal intensity of the white matter was made in four areas:
subcortical frontal, temporal, and parietal lobes and peritrigonal region. Extension of myeli-
nation was graded on an ordinal scale; 0 indicated the absence of myelin, and the maximum
value indicated complete myelination.

RESULTS: A persistent T2 hyperintensity of the subcortical areas was noted after 20 months
of age. With advancing age, a progressive increase in the grade of myelination was noted in
these regions, and at about 40 months of age myelination was complete. However, in most of our
patients aged 20 months, myelination in the peritrigonal areas appeared complete.

CONCLUSION: The only area that can still exhibit a persistent T2 hyperintensity on MR
images at about 2 years of age is considered to be the peritrigonal region: the so-called terminal
zone. At this age in our patients, however, a persistent T2 hyperintensity was noted in the
frontotemporal subcortical regions. In these areas, the myelination appeared complete at 36—40
months of age. The so-called terminal zones were the subcortical areas rather than the

peritrigonal area, and complete myelination took place by about age 3 years.

MR imaging is the method of choice for in vivo
noninvasive assessment of myelin development in the
human central nervous system. The myelination pro-
cess begins at the level of the cranial nerves during
the fifth month of intrauterine life, and development
continues in postnatal life. During the first months of
life, myelination is very fast and follows well-defined
steps. It proceeds from the caudal to the cephalad
portion of the brain and from the posterior to the
anterior region. Whereas myelination occurs earliest
in the sensorimotor and visual pathways, little infor-
mation is available about the later phases of myelina-
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tion in the so-called terminal zone. At routine MR
imaging examinations of children aged 2-3 years, we
repeatedly observed persistent hyperintensity of the
subcortical white matter on T2-weighted images. To
better identify the specific sites involved in the normal
process of myelination in its terminal phase, we ret-
rospectively evaluated normal MR brain studies of
children aged 20-40-months.

Methods

We retrospectively evaluated 85 MR brain studies of 81
children aged 20—40 months (median age, 28 months), previ-
ously judged to be without diseases potentially affecting white
matter. The patients were born after a gestation period of
34-40 weeks; their age was correct for the slight prematurity.
The patients were referred for various clinical conditions, non-
neurologic problems, or nonspecific neurologic complaints
(macrocephaly, dismorfism, precocious puberty, strabismus,
spinal disease, cutaneous angiomas). Patients with severe pre-
maturity, clinical signs of hypoxic-ischemic injury, or neurologic
or systemic diseases that were suspected of affecting white
matter (ie, hypothyroidism) were excluded. In 81 cases, the MR
examinations were completely normal; in the other four cases,
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Subdivision of marker sites and summary of grading system
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Marker Sites

Frontal Lobe

Temporal Lobe

Parietal Lobe Peritrigonal Area

Grade Pre-R Polar I-11 Lateral Polar Post-R Gyri Posterior Superior

0 — — — — — — — — —

1 + - - + - + - + -

2 + + - + + + + + +

3 + + +

Note.—R indicates rolandic; I-II, first and second convolutions; +, presence of myelination (absence of T2 hyperintensity); —, absence of

myelination (presence of T2 hyperintensity).

Fic 1. Axial T2-weighted MR images.
A, Image in a 21-month-old girl with grade 0 myelination in the frontal lobe. The subcortical white matter is clearly hyperintense, so
not myelinated, in the prerolandic area and along the first and second convolutions bilaterally. Subcortical hyperintensity was also
evident in the frontopolar regions.
B, Example of grade 2 myelination in the frontal area. A T2 hyperintensity is present along the first and second convolutions, while
the prerolandic area is myelinated.
C, Example of grade 3 myelination. T2 hyperintensity is no longer evident, and myelination appears complete.

the MR image revealed an arachnoid cyst plus venous angioma, a
cavernous hemangioma, Chiari I malformation, or mastoiditis.

All patients were routinely sedated before imaging. The MR
studies were performed with a 1.5-T system (Magnetom Vision,
Seimens, Erlangen, Germany). The images evaluated were ob-
tained in the transverse plane with a T2-weighted spin-echo
sequence (2200-3000/80-120 [TR/TE]) in 46 cases and a T2-
weighted turbo spin-echo sequence (2600-5200/85-132) in 39
cases. Subjective analysis of the relative signal intensity of the
white matter was made in four different areas: the subcortical
white matter of the frontal, temporal, and parietal lobes and
the peritrigonal white matter. Each area was further subdivided
into different marker sites (Table).

We assumed persistence of T2 hyperintensity as the expres-
sion of an absence of myelination. The extension of the myeli-
nation was graded on an ordinal scale of 0-3 in the frontal lobe
and 0-2 in the other areas. In particular, for each area, the
grading was assigned as follows: The frontal lobe was subdi-
vided into prerolandic convolution, frontopolar region, first
and second convolutions. Grade 0 corresponded to absence of
myelination in all of these marker sites; grade 1, appearance of
myelination in the prerolandic convolution; grade 2, progres-
sion of myelin in the frontopolar region; grade 3, presence of
myelin in the first and second convolutions and hence a com-
plete myelination in the frontal area (Fig 1). The temporal lobe
was divided into temporolateral and temporopolar regions.
Grade 0 indicated absence of myelination in both of the sub-

cortical areas; grade 1, appearance of myelination in the lateral
region; and grade 2, progression of myelination in the polar
area. The parietal lobe was subdivided into postrolandic con-
volution and parietal gyri. Grade 0 represented absence of
myelin in these sites; grade 1, presence of myelin in the pos-
trolandic convolution; and grade 2, extension of myelination in
the parietal gyri. The peritrigonal white matter was divided into
a posterior and a superior region. Grade 0 indicated absence of
myelin in both of the peritrigonal regions; grade 1, myelination
of the posterior peritrigonal white matter; grade 2, myelination
of the superior peritrigonal white matter.

The grading system is summarized in the Table. We used more
grades for the frontal lobe, because it occupied the largest area in the
axial plane and presented a great variability between the cases. The
MR imaging score was made independently by three experienced
pediatric neuroradiologists (C.P., C.B., F.T.). Interobserver agree-
ment was assessed by calculating Cohen ¢ statistics with use of Stata
software, version 7 (1). We obtained a substantial interobserver
agreement for the frontal, temporal, and peritrigonal regions (k =
0.77, 0.65, and 0.76, respectively) and a moderate agreement for the
parietal area (k = 0.47).

Results

The findings are summarized in Figures 2-5 in
which the distribution of grades of myelination is
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Fic 2. Histogram of frontal lobe myelination. Numbers on x
axis are ages in months.
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Fic 3. Histogram of temporal lobe myelination. Numbers on x
axis are ages in months.
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Fic 4. Histogram of parietal lobe myelination. Numbers on x
axis are ages in months.
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Fic 5. Histogram of peritrigonal area myelination. Numbers on
X axis are ages in months.

shown for each area. Observations in the frontal area
revealed that none of the patients younger than 22
months had grade 3 myelination. Of the patients aged
23-34 months, most (34/48) showed intermediate
grades 1 and 2, and in those older than 34 months,
most (12/19) showed complete myelination (grade 3).
Few cases (n = 5) had different findings: two showed
grade 0 at 26 and 30 months of age, respectively.
However, two 23-month-old boys and one 24-month-
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old girl revealed grade 3. In the temporal lobe, all
patients younger than 22 months had grade 0 or 1
(Fig 6). Of those aged 23-33 months, 21 of 41 patients
were grade 1. Of those older than 34 months of age,
73% (19/26) were grade 2. In the parietal area, the
patients younger than 22 months predominantly
showed grade 1 (10/18). Of those aged 23-33 months,
68% (28/41) were grade two; and of those older than
34 months, all were grade 2. In the peritrigonal zone,
we observed at all ages a clear prevalence of grade 2,
and after 30 months of age all children showed com-
plete myelination. The two patients aged 26 and 30
months who had grade 0 myelination in the frontal
lobe also had grade 0 in the temporal lobe. In the
same way, the three patients who showed grade 3 in
the frontal lobe at ages 23 and 24 months also re-
vealed complete myelination in the temporal lobe.

Discussion

Myelination is a dynamic process that occurs dur-
ing fetal life and goes on after birth in a well-defined,
predetermined manner (2-4). MR imaging is a safe,
noninvasive method for evaluating the development
of myelination in infants (5, 6). The process of myeli-
nation is different in onset and rate in the various
areas of the brain and follows different timetables (7).
Numerous studies performed at autopsy in infants
indicate that the process of myelination follows a
centrifugal, inferior to superior and posterior to an-
terior pattern. In particular, in telencephalic sites,
myelination proceeds from the central sulcus toward
the poles, and from the occipital and parietal lobes to
the frontal and temporal lobes. Sensory fibers myelin-
ate before motor fibers, and projection pathways ear-
lier than association pathways (2, 8-13). Complete
myelination seems to be reached in early adulthood.
As formation of myelin by the oligodendrocytes pro-
ceeds, an increase in brain cholesterol and glycolipids
concentration and a decrease in water content take
place (4, 14-17). This results in a change of white
matter signal intensity on MR images that is charac-
terized by a shortening of T1 and T2 relaxation times.
It is thought that the deposition of cholesterol and
glycolipids is mainly responsible for the high signal
intensity on T1-weighted images, whereas the dimin-
ishing signal intensity on T2-weighted images results
from a decreased number of water molecules (8, 11).

MR assessment of myelination during the first 2
years of life has been widely studied, revealing a high
rate of its progression and confirming the general
rules that govern its topographic sequence (2, 3, 14).
Little information is available about the MR evalua-
tion of the last and slower phase of myelination in the
subcortical areas. According to the literature, T1- and
T2-weighted images have different sensitivity in reveal-
ing the degree of myelination (18). On T1-weighted
images, the pattern of myelination reaches the adult
aspect at 1 year of age; on T2-weighted images, at about
2 years of age (8, 12). The T2-weighted images therefore
are the most suitable for evaluating the terminal phase
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Fic 6. A and B, Axial T2-weighted MR
images show grade 0 myelination in the
temporal lobe. Subcortical T2 hyperinten-
sity is recognizable in both temporopolar
(A) and temporolateral (B) areas.

of myelination because changes related to water atten-
uation predominate (11).

On MR images, the last associative area to mature
is considered to be the peritrigonal zone—a triangu-
lar region posterior and superior to the trigones of the
lateral ventricles characterized by a persistent high
signal intensity on T2-weighted images (19). In most
of our patients, the peritrigonal white matter ap-
peared completely myelinated at the age of 20
months, whereas we observed a persistence of T2
hyperintensity in the subcortical frontotemporopari-
etal white matter. Assuming our patients to be with-
out disease that could potentially affect white matter,
we interpreted the T2 hyperintensity as the expres-
sion of incomplete myelination. Frontal and temporal
lobes presented a similar pattern of progression of
myelination. In these areas, most of the patients
younger than 22 months had grade 0 myelination. We
noted the greatest variability among those patients
aged 23 and 34 months; in this period, the patients
were distributed among all grades with a prevalence
for the middle grades (grades 1 and 2 for the frontal
lobe and grade 1 for the temporal lobe). With advanc-
ing age, we observed a progressive increase in the
percentage of patients with the highest grade of my-
elination; at about 40 months of age, myelination
appeared complete in almost all our children. The
contemporaneity of the progression of myelination in
the frontal and temporal lobes was underlined by the
fact that the patients with findings that differed with
those of others had the same behavior in both of these
regions. The development of myelin in the parietal
lobe was quite different. Only very few patients
younger than 22 months had grade 0 myelination, and
of those patients older than 23 months, most had
already reached complete myelination. In the peri-
trigonal areas, most of our patients had grade 2 my-
elination; very few cases had grade 0 or 1.

Our results confirm the topographical sequence of
the development of myelination described in the
anatomopathologic studies: the parietal lobe myeli-
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Fic 7. Axial T2-weighted MR image shows peritrigonal linear
areas of hyperintensity that can be referred to perivascular
spaces.

nates before the frontal and temporal lobes. In au-
topsy studies, the subcortical association fibers, con-
nected with the highest intellectual functions, seem to
complete their myelination in early adulthood (9-11).
We noted that the subcortical regions are the last
areas to myelinate. On radiologic studies, however,
the terminal area of myelination is still considered to
be the peritrigonal region. One possible explanation
is that the T2 hyperintensity sometimes revealed in
the peritrigonal zones, particularly on the high-spa-
tial-resolution images with a matrix of 512, could be
partially referred to perivascular spaces; images of
linear T2 hyperintensity going from the ventricle walls
toward the periphery were in some cases well visual-
ized (Fig 7). The persistence of this aspect in people
between the first and second decade of life would
confirm this hypothesis even if further studies about
the evolution of perivascular spaces in children and
young people are necessary. Although we do not have
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follow-up studies in our patients, the large number of
children examined and the good distribution among
the different months of age led us to hypothesize that
the process of myelination is not finished at 2 years of
age. Myelination proceeds into the following months
and only at 36—40 months of age does it appear to be
complete. The so-called terminal zones seem to be
the subcortical areas rather than the peritrigonal
area. Finally, identification of subcortical areas as
terminal myelination zones in children aged 2-3 years
is a necessary step to ruling out white matter disease
of developing brain.
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