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Normal Myelination of the Pediatric Brain Imaged with
Fluid-Attenuated Inversion-Recovery (FLAIR)

MR Imaging

James W. Murakami, Ed Weinberger, and Dennis W. W. Shaw

BACKGROUND AND PURPOSE: As in adult imaging, FLAIR can be applied to pediatric brain
imaging, and this requires an appreciation of the normal pediatric brain appearance by FLAIR
imaging. The purpose of this study was to describe the MR appearance of the brain in normal
infants and young children as demonstrated by fluid-attenuated inversion-recovery (FLAIR) MR
imaging.

METHODS: We retrospectively examined MR brain studies, interpreted as normal by pediatric
radiologists, from 29 patients (aged 1 to 42 months) to catalog the appearance of myelination in
multiple brain areas.

RESULTS: On T2-weighted images, white matter progressed from hyperintense to hypoin-
tense relative to adjacent gray matter over the first 2 years of life. An analogous, although
slightly delayed sequence was observed on FLAIR images with the exception of the deep ce-
rebral hemispheric white matter, which followed a triphasic sequence of development. On
FLAIR images, the deep cerebral white matter was heterogeneously hypointense relative to
gray matter in the young infant, became hyperintense early in the first few months of life, and
then reverted to hypointense during the second year of life.

CONCLUSION: The normal appearance and development of brain white matter must be
taken into account when interpreting FLAIR images of infants and young children.

Fluid-attenuated inversion-recovery (FLAIR) im-
aging has become an important part of clinical MR
examinations of the adult brain (1, 2). The FLAIR
pulse sequence produces heavily T2-weighted im-
ages with CSF signal nulled by an appropriately
chosen inversion time (TI). Because the CSF signal
is suppressed, FLAIR enhances the conspicuity of
lesions adjacent to the ventricles and makes the se-
quence especially useful in the evaluation of cere-
bral white matter (3).

Not much has been written about FLAIR imag-
ing of infants and young children (4, 5). Although
the role of FLAIR in the study of infants and young
children is yet to be fully determined, given the
lack of published data on the appearance of normal
myelination on FLAIR images, we thought it im-
portant to document the normal FLAIR appearance
of brain white matter in this population. In addi-
tion, because any interpretation of MR studies of
infants and young children must take into account
the changing appearance of white matter caused by
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the progression of myelination (6–14), we chose to
focus this study on the FLAIR appearance of dif-
ferent areas of normal brain as they undergo
myelination.

Methods
We retrospectively evaluated brain MR studies from 29 de-

velopmentally normal infants and young children, comparing
the appearance of the brain on T1-weighted, T2-weighted, and
FLAIR MR images.

A review of our radiologic records over the last 3 years,
since FLAIR imaging became available on our scanner, re-
vealed 36 infants and young children with normal brain MR
studies. After review of all the patients’ medical records, seven
were eliminated from our study because the patients were
thought to be developmentally delayed. The remaining 29 pa-
tients, born at term and between the ages of 1 and 42 months
at the time of the MR examination, made up the study popu-
lation. All patients were judged to have normal neurologic de-
velopment at the time of the MR study on the basis of clinical
evaluation by the patients’ pediatricians and/or pediatric neu-
rologists. The majority of the 29 patients were scanned as part
of a work-up for seizures. Table 1 outlines the study popula-
tion, the reasons for the MR examination, and the follow-up
intervals available for all patients. Follow-up clinical data were
obtained by chart review and direct communication with the
patients’ physicians, when necessary. All the brain studies
were clinically interpreted as normal. One of the patients has
returned for a repeat MR examination.
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TABLE 1: Patient clinical history and follow-up

Age (mo)/Sex Clinical History* Follow-up Interval (mo)†

1/M
1/F
1/F
2/M
3/F
3/M
4/M
5/F
5/F
5/M
6/F
7/F
8/M
8/M
8/M
8/M

11/M
12/F
13/M
14/M
14/M
21/M
22/M
23/M

Right arm myoclonus
Neonatal seizures
One generalized seizure
Infantile spasms
Apnea
Hairy nevus over upper back and neck
Hypoglycemic convulsions
Complex partial seizures
Possible complex partial seizures
One generalized seizure
Two febrile seizures
Complex partial seizures
One febrile seizure
Myoclonic seizures
Possible complex partial seizures
Extremity jerking with confusion (?seizures)
Inconsolable at night (?seizures)
One generalized seizure after a fall
Loss of consciousness (?seizure)
Partial complex seizures
Atypical febrile seizures
One generalized seizure
Febrile seizure followed by absence spells
Myoclonic seizures after loud sounds

5
5
1
7 (repeat MR)‡
6
3

13
Lost to F/U
5
3

15
1

16
11
10
6
1

12
1
1
7
1

10
11

25/M
25/M
33/F
34/M
42/F

Staring spells and confusion
Febrile seizures
Headache
Febrile seizure followed by absence spells
Febrile seizures

1
1
5

13
Lost to F/U

* All patients considered by pediatrician and/or pediatric neurologist to have normal development at time of MR examination.
† All patients considered by pediatrician and/or pediatric neurologist to have normal development at time of follow-up appointment after MR

examination.
‡ Repeat MR examination for persistent spasms showed normal interval development.

Patients were scanned on a 1.5-T system (General Electric,
version 5.4–5.5) using either an adult bird cage head coil or a
pediatric phased-array combination head and spine coil. T2-
weighted, T1-weighted, and FLAIR images were obtained in
matching axial planes using a field of view of 16 to 20 cm
and a section thickness of 4 to 5 mm. T2-weighted images
were acquired using a fast spin-echo (FSE) technique with pa-
rameters of 3000–5500/80–126 (TR/TEeff) acquired as a dual-
echo sequence with an echo train length (ETL) of 8. T1-
weighted images were acquired either with a spin-echo (SE)
technique with parameters of 400–600/11–16 (TR/TE) or an
inversion recovery (IR) technique with parameters of 2000/11–
13 (TR/TE) and TI 5 800. FLAIR images were acquired with
an FSE technique with parameters of 10,002/136–149 (TR/
TEeff), TI 5 2200–2300, and ETL 5 8. The TI was chosen
on the basis of the vendor’s recommended FLAIR imaging
protocol to suppress maximally the signal from CSF. Depend-
ing on the clinical circumstance, the patients were either se-
dated by a radiology nurse using chloral hydrate (50 to 75 mg/
kg) orally or by a pediatric anesthesiologist.

Subjective analysis of the intensity of different white matter
areas relative to adjacent gray matter was performed by two
of the authors after consensual review of representative cases
by all three authors to determine appropriate criteria for inten-
sity grading. The grading system was based on a prior report
(8). The white matter on T1-weighted, T2-weighted, and
FLAIR images was judged to be hypointense, isointense, or
hyperintense relative to adjacent gray matter in the following
areas: middle cerebellar peduncle, anterior and posterior limbs
of the internal capsule, genu and splenium of the corpus cal-

losum, and deep cerebral hemispheric white matter in the oc-
cipital, frontal, and temporal lobes. The two authors’ indepen-
dent data sets were compared and scoring discrepancies were
resolved by consensus. Since we do not use proton density–
weighted imaging for the evaluation of myelination, these im-
ages were not compared with the T1-weighted, T2-weighted,
and FLAIR images.

The progression of signal changes related to myelination as
a function of age was compared among the T1-weighted, T2-
weighted, and FLAIR images. For each of the brain areas stud-
ied, we determined the approximate age at which the white
matter in that area changed in signal intensity relative to its
adjacent gray matter. Specifically, we determined the age at
which the white matter underwent a transition from being
darker than adjacent gray matter to being lighter than adjacent
gray matter or vice versa for the three pulse sequences. This
age was designated as the point midway between the age at
which the signal change was apparent in the first patient and
that at which it was observed in all the patients.

Results
On T2-weighted images, the white matter inten-

sity progressed from hyperintense to hypointense
relative to adjacent gray matter over the first 2
years of life. With the exception of the deep cere-
bral white matter, which will be discussed sepa-
rately, FLAIR images showed the same signal tran-
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TABLE 2: Approximate ages at which signal changes related to myelination are visible

Brain Region T1-Weighted Images T2-Weighted Images FLAIR Images

Middle cerebellar peduncle
Posterior limb internal
Capsule
Anterior limb internal
Capsule
Splenium of corpus callosum
Genu of corpus callosum
Deep occipital white matter
Deep frontal white matter
Deep temporal white matter

Birth

Birth

3 mo
5 mo
5 mo
4 mo
5 mo
8 mo

2 mo

1 mo

5 mo
Birth
Birth
8 mo

11 mo
22 mo

3 mo

3 mo

8 mo
5 mo
5 mo
1 mo and 12 mo*
2 mo and 14 mo*
2 mo and 25 mo*

* Myelination of deep cerebral hemisphere white matter follows a triphasic sequence with two signal transitions: the first is from hypointense to
hyperintense relative to adjacent gray matter and the second is from hyperintense to hypointense with respect to adjacent gray matter.

sition slightly later than seen on T2-weighted
images (Table 2). On FLAIR images, the white
matter changed from hyperintense to hypointense
relative to adjacent gray matter first in the middle
cerebellar peduncle and the posterior limb of the
internal capsule, then in the splenium and genu of
the corpus callosum, followed by the anterior limb
of the internal capsule (Table 2).

Unlike T1- and T2-weighted images, which
show a biphasic sequence of cerebral hemispheric
white matter signal, FLAIR images show a tri-
phasic sequence of relative white matter signal
change. In our patients, T1-weighted images
showed the deep cerebral hemispheric white matter
progressing from hypointense to hyperintense rel-
ative to adjacent gray matter during the first year
of life. T2-weighted images showed the same areas
of cerebral hemispheric white matter progressing
from hyperintense to hypointense relative to adja-
cent gray matter between 8 and 14 months of life.
FLAIR images initially showed the deep cerebral
hemispheric white matter to be heterogeneously hy-
pointense, becoming hyperintense early in the first
several months of life, and finally reconverting to
hypointense relative to adjacent gray matter during
the second year of life (Fig 1). Cerebral deep white
matter myelination appears first in the occipital
lobes, then in the frontal lobes, and last in the tem-
poral lobes.

As with T1- and T2-weighted imaging, FLAIR
imaging displays signal changes in the peripheral
white matter of the cerebral hemispheres after that
seen in the deep white matter. As a result, the pe-
ripheral white matter in the temporal lobes is one
of the last areas to undergo myelination. It re-
mained hyperintense relative to adjacent gray mat-
ter beyond 24 months of age in our series.

A comparison of the scores from the two ob-
servers revealed discordant grades in 7% of the
measures (50 discrepancies out of 696 scores by
each reviewer). The discrepancies were never off
by more than one step in the grading system; for
example, white matter was graded as hyperintense
rather than isointense or as hypointense rather than
isointense.

Discussion

The signal changes on T1- and T2-weighted im-
ages caused by myelination have been studied by
previous investigators (6–14). Because we have re-
cently added FLAIR imaging to our routine clinical
pediatric brain MR evaluation, and because FLAIR
imaging relies on both T2 and T1 relaxation times
for image contrast, we thought it important to doc-
ument the normal signal changes of myelination as
seen on FLAIR images.

We retrospectively examined matching axial T1-
weighted, T2-weighted, and FLAIR brain studies
interpreted as normal in 29 developmentally nor-
mal infants and young children who were scanned
primarily because of seizures (Table 1). Although
no brain abnormalities were detected in any of our
patients, and all the patients were judged clinically
to be developmentally normal, some of the patients
may have had alterations in brain maturation that
could have affected our analysis of myelination.
The most likely resultant artifact would be a delay
in myelination that would result in an overestima-
tion of the age when signal changes of myelination
ought to appear. Arguing against this type of bias
in our data is the fact that we saw changes of my-
elination on our T1-weighted images at ages sim-
ilar to those reported in prior studies and on our
T2-weighted images usually earlier than those re-
ported previously (12, 13). In our sample, the cor-
pus callosum (genu and splenium) was visible as a
hypointense structure on T2-weighted images at
birth, as compared with prior reports, in which it
was not visible until 4 to 8 months of age (12, 13).
In addition, in our sample, the anterior limb of the
internal capsule and the deep occipital and frontal
white matter were visible as hypointense structures
on T2-weighted images several months earlier than
expected, given prior reports (12, 13).

Older studies used conventional spin-echo tech-
niques to acquire T2-weighted images (6, 7, 9, 11,
12). In contrast, we used FSE technology employ-
ing ETLs of 8 and longer TRs and TEeffs. These
technical differences most likely explain the earlier
visibility of myelination on our T2-weighted im-
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FIG 1. A–I, Matching T1-weighted, T2-weighted, and FLAIR images from three patients ages 5 weeks (A–C), 8 months (D–F), and 3
years (G–I). Note the triphasic signal progression in the deep frontal white matter on the FLAIR images, and that the FLAIR image of
the 8 month old (F) looks deceivingly like a T1-weighted image (D, G) except for the internal capsule, which is hypointense rather than
hyperintense relative to adjacent gray matter.

A, T1-weighted image, 600/11 (TR/TE); B, T2-weighted image, 4000/119 (TR/TEeff), split echo train with ETL 5 8; C, FLAIR image,
10,002/149 (TR/TEeff) TI 5 2200, ETL 5 8; D, T1-weighted image, 2000/11 (TR/TE), TI 5 800; E, T2-weighted image, 3000/119 (TR/
TEeff), split echo train with ETL 5 8; F, FLAIR image, 10,002/149 (TR/TEeff), TI 5 2200, ETL 5 8; G, T1-weighted image, 500/11 (TR/
TE); H, T2-weighted image, 3000/80 (TR/TEeff), split echo train with ETL 5 8; I, FLAIR image, 10,002/149 (TR/TEeff), TI 5 2200, ETL
5 8.
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ages relative to prior reports (12, 13). Myelination
has been noted to be visible sooner on FSE-ac-
quired T2-weighted images than on conventional
SE T2-weighted images (15). The increased mag-
netization transfer that occurs on multisection FSE
acquisitions can increase the relative conspicuity of
myelination (15). In addition, the longer TRs and
TEeffs we used in relation to those older studies
would also be expected to enhance the conspicuity
of myelinated areas because of increased T2
weighting.

FLAIR imaging relies primarily on differences
in T2 relaxation for image contrast, because in
most FLAIR protocols the TEeff is chosen to be
relatively long (136–149 in this study). Because
there is an inversion pulse with a long TI (2200 in
this study), the signal from tissues with very long
T1 relaxation times can be nulled. In adult brain
imaging, the only area that normally has a suffi-
ciently long T1 relaxation time for this phenome-
non is CSF. In infants, as discussed below, certain
brain areas can have sufficiently long T1 relaxation
times for them also to appear hypointense.

Except for the deep white matter in the cerebral
hemispheres, which will be discussed separately,
the white matter on FLAIR images converts from
hyperintense to hypointense relative to adjacent
gray matter during the first 24 months of life. This
finding is not unexpected given that most of the
contrast on FLAIR images stems from T2 relax-
ation effects. Previous authors have attributed this
decrease in relative signal of the white matter on
T2-weighted images to ‘‘tightening of the spiral of
myelin around the axon’’ (7), to ‘‘laying down of
myelin’’ (6), or to ‘‘maturation’’ of the myelin (11).

The white matter signal change from hyperin-
tense to hypointense relative to adjacent gray mat-
ter on FLAIR images occurs slightly later than the
analogous change seen on T2-weighted images.
This delay most likely reflects the T1 sensitivity of
FLAIR imaging. The inversion pulse before the ex-
citation pulse in the FLAIR experiment imparts a
T1 weighting to the images. At the age when the
white matter is becoming hypointense relative to
gray matter on both T2-weighted and FLAIR im-
ages, it is already hyperintense on T1-weighted im-
ages. Therefore, the propensity of white matter to
become hypointense on FLAIR images because of
T2 relaxation effects is partially offset by its pro-
pensity to remain hyperintense as a result of T1
relaxation effects. The net effect of these opposing
forces on image contrast is likely to be the slight
delay in white matter signal progression from hy-
perintense to hypointense on the FLAIR images
relative to the T2-weighted images. Because of the
T1 and T2 dependence of FLAIR, it is possible that
cerebral lesions could become more or less con-
spicuous when imaged against the background
white matter relative to standard T1- and T2-
weighted images, depending on the exact devel-
opmental stage of the child and the origin of the

lesions. This is beyond the scope of this article and
will need to be addressed in future work.

In the deep cerebral hemispheric white matter,
FLAIR images show a triphasic sequence of signal
change relative to adjacent gray matter not seen on
T1- or T2-weighted images (Fig 1). In infants, the
deep cerebral hemispheric white matter was hy-
pointense relative to adjacent gray matter on
FLAIR images. On matching T1-weighted images,
these deep white matter areas were subtly more hy-
pointense than the surrounding white matter. On
matching T2-weighted images, these deep white
matter areas were subtly more hyperintense than
the surrounding white matter. The deep white mat-
ter areas are difficult to pick out as distinct areas
on T1- and T2-weighted images because they re-
side within background white matter, which is also
hypointense on T1-weighted images and hyperin-
tense on T2-weighted images. These areas are
thought to contain a relatively large amount of free
water at this time (7, 11). We postulate that the
amount of free water increases the T1 value suffi-
ciently to cause the signal to be suppressed and
therefore hypointense on FLAIR images in a man-
ner similar to CSF.

The second phase of the triphasic FLAIR se-
quence occurs between 1 and 2 months of life,
when the deep cerebral hemispheric white matter
progresses from hypointense to hyperintense with
respect to adjacent gray matter. This reflects the
decrease in brain free water, with a resultant de-
crease in T1 relaxation time, that occurs during this
time and contributes to the concurrent rise in white
matter signal seen with T1-weighted imaging (6, 9,
11). The decreased T1 relaxation time prevents the
deep cerebral white matter from being suppressed
along with the CSF by the inversion pulse. As the
T1 relaxation time decreases, T2 relaxation effects
begin to dominate image contrast, resulting in the
deep cerebral white matter appearing hyperintense
relative to adjacent gray matter on the FLAIR
images.

The third phase of the triphasic FLAIR sequence
follows during the ensuing 2 years. This final phase
of signal change is when the white matter becomes
briefly isointense with and then finally hypointense
to adjacent gray matter in an analogous though
slightly delayed manner relative to the T2-weighted
images.

A triphasic sequence of FLAIR signal change
was not seen in the other areas of the white matter.
An initial hypointense phase was never seen in the
middle cerebellar peduncle, the internal capsule, or
the corpus callosum. Some of the areas, such as the
middle cerebellar peduncle, most likely have ma-
tured beyond this point prior to imaging. Alterna-
tively, these areas may never have had a sufficient
quantity of free water to cause them to be hypoin-
tense with respect to adjacent gray matter. Some of
these areas, such as the internal capsule and, to a
lesser extent, the corpus callosum, are also small,
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and subtle decreased signal may be obscured by
volume-averaging effects.

Because the temporal lobes are nearly the last
areas to undergo myelination, maturing after the
frontal lobes (16, 17), the deep white matter in the
temporal lobes remained hyperintense on FLAIR
images beyond 24 months of age in our series.
More peripheral white matter in the temporal lobes
can remain hyperintense on FLAIR images beyond
24 months of age. This relatively increased signal
in the temporal lobe white matter on FLAIR images
is normal in children of this age and should not be
confused with a pathologic process.

Thin linear increased signal is almost always
seen around the lateral and third ventricles on
FLAIR images of adults (5). Its origin is not en-
tirely clear, but it is thought to be related to alter-
ations in axon packing density adjacent to the
ependyma (5). This thin line of periventricular in-
creased signal on FLAIR images is not visible in
young children until the adjacent deep white mat-
ter tracts begin to undergo myelination, around the
age of 7 to 8 months. At this time, the deep white
matter in FLAIR images is changing from isoin-
tense to hypointense relative to adjacent gray mat-
ter. It is not clear whether the periventricular
bright line appears because of some change in the
structure of the periventricular tissues at this time
or because the increased signal is not conspicuous
enough to appreciate until it is placed between the
dark CSF and the darkening periventricular white
matter. An analogous periventricular bright line
appears around the fourth ventricle at 3 to 4
months of life, when the adjacent middle cerebel-
lar peduncle begins to change on FLAIR images
from isointense to hypointense relative to adjacent
gray matter.

The utility of FLAIR imaging in children has yet
to be proved. At least one author has stated that
the FLAIR sequence is not useful in neonates (5).
We use the FLAIR sequence in imaging evaluations
of infants and children at our institution. Although
we have not made a formal study of its utility in
this population, it has proved useful to us. Given
that FLAIR imaging is in clinical use by us, and
most likely by others, we pursued this investigation
of the appearance of normal myelination as seen on
FLAIR sequences. Only further work will deter-
mine whether FLAIR imaging has utility in the
study of the different pathologic states encountered
in infants and young children.

Conclusion
We have documented the FLAIR appearance of

the brain in radiologically normal infants and small
children. With the exception of the deep cerebral
white matter, myelination follows an orderly pro-
gression on FLAIR images, analogous, although
slightly delayed, to that seen on T2-weighted im-

ages. The FLAIR signal intensity of the deep ce-
rebral hemispheric white matter follows a triphasic
sequence of signal change, in which it is initially
hypointense, becomes hyperintense in the first few
months of life, and then reverts to hypointense in
the second year of life. The temporal lobe under-
goes myelination last, resulting in normal increased
FLAIR signal in the peripheral white matter of the
temporal lobe beyond 24 months of age. Interpre-
tation of pediatric FLAIR images should be made
with an understanding of the expected signal inten-
sity changes that occur during the first few years
of life.
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