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BACKGROUND AND PURPOSE: In the brains of newborns, changes in signal intensity in most structures
can be explained by the development of myelination. However, there are some structures for which
signal intensity changes cannot be accounted for by myelination alone. We examined the STN and
globus pallidus signal intensities and tried to determine whether a relationship exists between the
signal intensity and the postnatal age or the gestational age at the examination.

MATERIALS AND METHODS: We examined T1WI and T2WI obtained from 79 neonates who showed
normal development at their 2-year follow-up examinations. We performed both qualitative and
quantitative (signal intensity ratio to the thalamus) evaluation of the STN and globus pallidus signals,
and we examined the correlation between signal intensity changes and the age of neonates.

RESULTS: With increasing postnatal age at examination, the high signal intensity on the T1WI for both
STN and globus pallidus diminished. Although the disappearance of this hyperintensity was well
correlated with the postnatal age at examination for both the qualitative and quantitative studies, there
was no correlation with gestational age at examination. For the T2WI, there was no correlation with
either the postnatal age or the gestational age at examination.

CONCLUSIONS: Signal intensity on T1WI in the STN and globus pallidus is not related to the gestational
age at examination; instead, signal intensities on T1WI seem to be more dependent upon the postnatal
age at examination.

ABBREVIATIONS: ANOVA � analysis of variance; ROI � region of interest; STN � subthalamic
nucleus; T1WI � T1-weighted imaging; T2WI � T2-weighted imaging

The mechanism of myelination in adult and fetal white mat-
ter has been studied intensively. The time course for

changes in cerebral signal intensity associated with the pro-
gression of myelination in the developing brain also has been
described in detail.1-7 Compared with unmyelinated areas,
myelinated regions of the brain exhibit high signal intensity on
T1WI and low signal intensity on T2WI. Although changes in
signal intensity in most cerebral structures can be explained by
the development of myelination, there are some structures for
which signal intensity changes cannot be accounted for by
myelination alone.5

Patients in our neonate intensive care unit are routinely
screened for central nervous system abnormalities by using
MR imaging. Certain cases among these have displayed un-
usual signal intensities with respect to cerebral development.
In one case, initial examination revealed an extremely high
signal intensity in the STN on T1WI, which resembled the
thalamic hyperintensity observed in profound asphyxia.8

However, the patient showed normal development and no
clinical symptoms and the high signal intensity had disap-
peared on follow-up examinations conducted 2 months after
birth (Fig 1A-D). In another instance, although high signal

intensity was observed in the STN and globus pallidus in one
patient, no difference in signal intensity compared with sur-
rounding structures was observed in another patient of similar
gestational age at the time of MR imaging examination (40
weeks 6 days versus 40 weeks 5 days) (Fig 1E, -F). Based on
these observations, we hypothesized that gestational age at ex-
amination may not always play a major role in the signal in-
tensity changes noted in structures such as the STN and the
globus pallidus in neonates. It is also possible that the high
signal intensities sometimes observed in the STN and globus
pallidus might be dependent on postnatal age at the time of
MR imaging examination. To evaluate these hypotheses, we
retrospectively reviewed MR images of patients who had been
initially admitted to our neonate intensive care unit but who
showed normal development at their 2-year follow-up exam-
inations. STN and globus pallidus signal intensities were qual-
itatively and quantitatively assessed to determine whether a
correlation existed between signal intensity and gestational
age and postnatal age at the time of MR imaging examination.

Materials and Methods

Subjects
Subjects comprised neonates with no known developmental abnor-

malities who were enrolled anonymously in accordance with the ex-

perimental protocol approved by our institutional review board.

Written informed consent was received from all parents before the

start of this retrospective MR imaging study. Image data and clinical

data were reviewed from 110 neonates who had undergone brain MR

imaging studies in our institute’s neonate intensive care unit between

January 1 and December 31, 2007. Of these, 13 cases in total with
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documented pathologic status within the central nervous system were

excluded from analysis. These cases included congenital cytomegalo-

virus infection, hydrocephalus (n � 2), intracranial hematoma, chro-

mosomal abnormality (n � 2), Langerhans cell histiocytosis,

myotonic dystrophy, periventricular leukomalacia (n � 2), hyperin-

sulinemia, epilepsy of unknown cause, and congenital ichthyosis. We

also excluded 9 cases that were lost to follow-up 2 years after birth due

to change of address and 9 cases that exhibited development outside

the normal range. Criteria for normal development were based on the

Enjoji Infantile Developmental Test.9 After exclusions, the remaining

79 subjects were divided into 3 groups based on their clinical status at

birth. The “normal” group had neither neonate jaundice nor asphyxia

Fig 2. Qualitative evaluation of STN and globus
pallidus. T1WI qualitatively evaluated by grad-
ing the signal intensities of the STN (arrows)
and globus pallidus (arrowheads) as follows:
grade A�, signal intensity higher than that of
the cortex and close to that of the fat (A ); grade
A, signal intensity higher than but close to that
of the cortex (B ); grade B, signal intensity lower
than that of the cortex and higher than that of
the adjacent white matter (C ); and grade C,
signal intensity indistinguishable from the sur-
rounding structures (D ). T2WI qualitatively eval-
uated by grading the signal intensities of the
STN (arrows) and globus pallidus (arrow-
heads) as follows: grade A, signal

intensity lower than that of the cortex (E ); grade B, signal intensity higher than that of the cortex and lower than that of the adjacent white matter (F ); and grade C, signal intensity indistinguishable
from surrounding structure. There are no cases with globus pallidus grade C; therefore, G shows a case with STN grade C and globus pallidus grade B.

Fig 1. Original cases showing transient hyperintensities in STN on T1-weighted image. A-D
show the brain of a female infant born at 42 weeks 4 days gestational age at examination.
At postnatal age at examination 5 days, the STN (arrow) shows extremely high signal
intensity (A ). This high signal intensity has diminished at follow-up examinations at
postnatal 12 days (B ), 23 days (C ), and 2 months (D ). The patient showed no clinical
abnormalities at any stage. E and F show the brains of 2 patients of similar gestational age
at MR imaging examination (40 weeks 6 days versus 40 weeks 5 days) but with differing
signal intensities. E, High signal intensity can be seen in the STN (arrow) (gestational age
at birth, 39 weeks 0 day; postnatal age at time of MR imaging examination, 13 days). F,
No significant difference in signal intensity between the STN (arrow) and surrounding
structures can be seen (gestational age at birth, 25 weeks 5 days; postnatal age at time
of MR imaging examination, 105 days).

PED
IA

TRICS
ORIGIN

AL
RESEARCH

AJNR Am J Neuroradiol 32:1130 –37 � Jun-Jul 2011 � www.ajnr.org 1131



(n � 30); the “jaundice” group exhibited jaundice and required pho-

totherapy but did not develop kernicterus (n � 35); and the “as-

phyxia” group exhibited birth asphyxia, with an Apgar score �7 at 1

minute after birth (n � 14). One subject with both birth asphyxia and

jaundice was placed into the asphyxia group. The subjects were fed by

maternal or artificial milk via bottle or tube.

Imaging and Data Analysis
MR imaging was performed with a 1.5T clinical MR unit (Magnetom

Sonata; Siemens, Erlangen, Germany), with a standard infant head

coil. All examinations included axial sections of conventional spin-

echo T1-weighted (TR � 500 ms, TE � 12 ms) and spin-echo T2-

weighted (TR � 4000 ms, TE � 120 ms) sequences and sagittal T1-

weighted and coronal T2-weighted sequences. Section thickness was 6

mm, with a 2-mm gap. Images were obtained by using a 256 � 256

displayed matrix and a 230-mm FOV.

We made qualitative and quantitative analyses of the signal inten-

sities in the STN and globus pallidus. Qualitative analyses of the signal

intensities in the STN and globus pallidus were performed by 2 neu-

roradiologists based on MR images. For qualitative analysis of T1WI,

STN and globus pallidus signals were classified as follows (Fig 2A-D):

grade A�, signal intensity higher than that of the cortex and close to

that of the fat; grade A, signal intensity higher than but close to that of

the cortex; grade B, signal intensity lower than that of the cortex and

higher than that of the adjacent white matter; and grade C, signal

intensity indistinguishable from the adjacent white matter or thala-

mus. For qualitative analysis of T2WI, STN and globus pallidus sig-

nals were classified as follows (Fig 2E-G): grade A, signal intensity

lower than that of the cortex; grade B, signal intensity higher than that

of the cortex and lower than that of the adjacent white matter; and

grade C, signal intensity indistinguishable from the surrounding

structures. For quantitative analysis, ROIs were set in the STN, globus

pallidus, and thalamus, and STN/thalamus and globus pallidus/thal-

amus ratios were calculated. Each ROI cursor was circular, with a

5-mm diameter for the STN and a 1-cm diameter for the globus

pallidus and thalamus.

We defined the terms concerning chronologic age of the neonate

in the current study as follows: “postnatal age at examination” refers

to the period from birth to the day of the MR imaging examination;

gestational age at birth refers to the age of the neonate at birth based

on the number of weeks gestation, ie, from the first day of the last

menstrual period to the day of delivery, and “gestational age at exam-

ination” refers to the age of the neonate at the day of the MR imaging

examination based on the number of weeks gestation, ie, from the

first day of the last menstrual period to the day of the MR

examination.

Fig 3. Qualitative evaluation of STN and globus pallidus signal intensities on T1-weighted images. Relationships between age and quantitative grade of signal intensity are shown. A,
Gestational age at examination and STN. B, Gestational age at examination and globus pallidus. C, Postnatal age at examination and STN. D, Postnatal age at examination and globus
pallidus. A and B show considerable overlap in gestational ages at examination among the grades. The grades for the STN and globus pallidus tend to be lower in subjects whose gestational
age at examination was �44 weeks; however, no other marked trends are observed among the 3 groups. C and D show a distinct tendency for the signal intensities of both STN and
globus pallidus to decrease among the 3 groups as postnatal age increases. Normal, jaundice, and asphyxia subjects are plotted separately.
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Regarding gestational age at examination, results were categorized

into 3 groups: �37, 38 –39, and �40 weeks at the time of MR imaging

examination. Regarding postnatal age at examination, results were

grouped as follows: �19, 20 –39, and �40 days at the time of MR

imaging examination (Figs 3 and 4). An ANOVA was used to compare

the ratios (STN/thalamus, globus pallidus/thalamus) for the gesta-

tional age at examination and postnatal age at examination groups

(Fig 5). The ratios (STN/thalamus, globus pallidus/thalamus) also

were evaluated among the normal, jaundice, and asphyxia groups. A

separate ANOVA for these 3 groups also was performed among sub-

jects whose postnatal age at examination was �40 days (Fig 6A, -B).

The ratios (STN/thalamus, globus pallidus/thalamus) also were eval-

uated for the gestational age at birth groups of �33, 34 –36, and �37

weeks. An ANOVA also was performed for these groups among sub-

jects in whom the postnatal age at examination was �40 days (Fig 6C,

-D) Qualitative and quantitative analysis were also performed for

T2W1 (Figs 7 and 8).

Results
Results of qualitative grading (Fig 3) and quantitative mea-
surements (Fig 4) on T1WI were arranged in order of gesta-
tional age at examination and postnatal age at the time of MR

imaging examination. Figure 3 shows the relation between
qualitative grading and chronologic ages on T1WI. There was
considerable overlap of corrected gestational age at examina-
tion among the grades. Conversely, there were certain tenden-
cies observed between the grades and the postnatal age at ex-
amination as follows. For the STN, grade A� was only seen in
subjects �40 days after birth, whereas grade C was only seen
�40 days after birth. For the globus pallidus, grade A� was
only seen in subjects �20 days after birth, whereas grade C was
only seen �20 days after birth.

The relationship between quantitative grading on T1WI
and gestational age at examination is summarized in Fig 4,
showing the correlation between the STN/thalamus and glo-
bus pallidus/thalamus ratios, and the gestational age at exam-
ination and postnatal age at the time of MR imaging examina-
tion. As with the qualitative evaluation, there were no distinct
tendencies noted with regard to gestational age at examina-
tion, especially within 43 weeks. Conversely, there was a neg-
ative correlation between the ratios and postnatal age at the
time of MR imaging examination for both STN/thalamus (r �
�0.55, P � .001) and globus pallidus/thalamus (r � �0.61,
P � .001).

Fig 4. Quantitative evaluation of STN and globus pallidus signal intensities compared with the thalamus on T1-weighted images. Relationships between age and signal intensity ratio to
the thalamus are shown. A, Gestational age at examination and STN/thalamus. B, Gestational age at examination and globus pallidus/thalamus. C, Postnatal age at examination and
STN/thalamus. D, Postnatal age at examination and globus pallidus/thalamus. The ratios of STN/thalamus and globus pallidus/thalamus tend to be lower in subjects whose gestational
age at examination was �44 weeks; however, no other marked trends are observed among the 3 groups (A and B). C and D show a distinct tendency among the 3 groups for the signal
intensity ratio of both STN/thalamus and globus pallidus/thalamus to decrease as postnatal age at examination increases. Normal, jaundice, and asphyxia groups are plotted separately.
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Statistical evaluation of the quantitative measurement and
the ages is shown in Fig 5. There was no statistically significant
difference observed between the 3 gestational age at examina-
tion groups. However, statistically significant differences (P �
.01) were noted among the 3 postnatal age at examination
groups for both STN/thalamus and globus pallidus/thalamus.

Evaluations of the difference in the STN/thalamus and glo-
bus pallidus/thalamus ratios among the normal, jaundice, and
asphyxia group subjects are shown in Fig 6A,-B. There were no
statistically significant differences found among the 3 groups
for either STN/thalamus or globus pallidus/thalamus. Figure
6C, -D provides an evaluation of the difference in the ratios
among the groups whose gestational age at birth were �33,
34 –36, and �37 weeks. There were no statistically significant
differences among the 3 groups.

On T2WI, changes in signal intensity according to neonate
age were not observed for either gestational age or postnatal age at
the time of MR imaging examination. In the qualitative evalua-
tion, 62.0% (49/79) of the subjects received grade A for the STN,
whereas 87.3% (69/79) of the subjects were grade B for the globus
pallidus, regardless of gestational age at examination or postnatal
age at examination (Fig 7). Quantitative evaluation also found no
statistically significant differences for these groups (Fig 8).

Discussion
Signal intensities of structures in the infant brain undergo dy-
namic changes in accordance with cerebral development.1-7,10

These changes are believed to be mainly due to myelination
and a decrease in cerebral water content.11 There are several
studies reporting the time course of this signal intensity
change in the term or preterm infant or fetus in terms of ges-
tational age at examination, and those studies successfully
proved the signal intensity change in most of the structure in
the brain.3,6 In general, compared with unmyelinated white
matter, myelinated white matter of the brain shows high signal
intensity on T1WI and low signal intensity on T2WI.

The present study found high-intensity signals on T1WI in the
STN and globus pallidus of neonate brains as in previous re-
ports.3,12 However, these areas of hyperintensity diminished in
older subjects and thus seem to be a transient phenomenon. Dis-
appearance of this hyperintensity was well correlated with post-
natal age at examination on both qualitative and quantitative
evaluation, whereas gestational age at examination, history of
jaundice or transient asphyxia, and gestational age at birth
showed no correlation to T1WI hyperintensity. Although hy-
pointensities were observed on T2WI in both the STN and globus
pallidus in most subjects, there was no significant correlation to
postnatal age or gestational age at examination.

Fig 5. Statistical analysis of STN/thalamus and globus pallidus/thalamus ratios on T1-weighted images. A and B, Mean STN/thalamus and globus pallidus/thalamus ratios according to gestational
age at examination (�37, 38–39, and �40 weeks). There is no statistically significant difference among the 3 age groups. C and D, Mean STN/thalamus and globus pallidus/thalamus ratios
according to postnatal age at examination (�19, 20–39, and �40 days). ANOVA shows a statistically significant difference (P � .01) between �19 and �40 days and 20–39 and �40 days.
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Hyperintensity on T1WI is caused by various factors, mainly
paramagnetic effect and immobilization of water molecules. The
former includes metal ions, melanin, or free radicals, and the
latter includes concentrated solutions of proteins, calcified tissue,
and lipids. Myelination is another important cause of hyperinten-
sity on T1WI2; however, it is not involved in all cases. Korogi et al5

evaluated perinatal MR imaging signal intensity of the perirolan-
dic gyri and compared the images with histologic findings. They
found that though the pre- and postcentral gyri of infants aged
postnatal 41–44 weeks showed high-intensity signals on T1WI,
histologic examination revealed very little myelination of the re-
spective nerve fibers. They speculate that the changes in signal
intensity in the perirolandic gyri may reflect not only the degree of
myelination but also the more advanced neuronal development
associated with rapid proliferation and formation of oligoden-
droglial cells, synapses, and dendrites. Similarly, glial activation or
glial reaction may be another cause of T1 hyperintensity. Fujioka
et al13 reported hyperintensity in the putamen of rats with tran-
sient ischemia and obtained MR imaging findings with a similar
time course to that of the accumulation of tissue manganese ac-
companied by manganese-superoxide dismutase induction in re-
active astrocytes. Hemicholea-hemiballism is known to be asso-
ciated with T1 hyperintensity in the unilateral basal ganglia. Shan

et al14 reported that biopsy of a T1WI high-signal intensity lesion
in a case of hemiballism indicated the role of reactive microglia,
and they suggested that manganese accumulation in reactive as-
trocytes is the most likely cause. Therefore, these conditions could
be classified as “glia-related hyperintensity.”

The mechanism for the phenomenon seen in the present
study might be development-associated myelination of the
white matter surrounding the areas of high signal intensity,
resulting in a decrease in the relative signal intensities between
the structures over time. However, if myelination is responsi-
ble for the signal intensity changes, there should be a close
correlation with the gestational age at examinations. There-
fore, we speculate that this is an intrinsic phenomenon within
the neonate STN and globus pallidus. Various processes other
than myelination take place within the developing cerebral
tissue, including neuronal development, which is associated
with the rapid proliferation and formation of oligodendroglial
cells, synapses, and dendrites as mentioned above.5 It also has
been suggested that a glutamatergic pathway transiently in-
nervates the globus pallidus during the mammalian perinatal
period.15 This kind of transient innervation may cause synap-
tic and dendritic formation, resulting in T1 hyperintensity in
this region. A stressful environment at delivery may be one

Fig 6. Statistical analysis on T1-weighted images based on clinical status groups and gestational ages at birth. Statistical analysis of STN/thalamus (A) and globus pallidus/thalamus (B)
ratios on T1-weighted images among the 3 clinical status groups (normal, jaundice, and asphyxia). There are no statistically significant differences among the 3 groups. Statistical analysis
of the differences in STN/thalamus (C) and globus pallidus/thalamus (D) ratios on T1WI among the groups whose gestational age at birth are �33, 34 –36, and �37 weeks. There are
no statistically significant differences among the 3 groups.
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cause of cerebral glial reaction, and this may lead to hyperin-
tensity on T1WI. Thus, mechanisms related to glia formation
or glial reaction may play a role in neonate STN and globus
pallidus hyperintensity. Therefore, the signal intensity
changes seen in the current study on T1WI may be due to the
glia-related hyperintensity that was mentioned above.

Maternal or fetal hormones also play role in neonate cere-
bral development. For example, thyroid gland function devel-
ops and matures during the fetal stage and is essential for brain
maturation. Maternal thyroid hormone plays an important
role in early cerebral development and is required for normal
fetal corticogenesis during early pregnancy.16 Thyroid func-
tion also changes dynamically before and after delivery, and
preterm infants have low thyroxine and free thyroxine values
in the first weeks after birth. This transient hypothyroxinemia
may influence certain brain structures, and the degree of post-
natal thyroid hormone surge is influenced by gestational
age.17,18 Although the precise relationship with the STN and
globus pallidus remains to be established, these maternal and
fetal/infant hormones might play some role in the develop-
ment of these structures and result in the signal intensity
changes observed on MR imaging in the present study. Nor-
mal signal intensity changes also are seen in other parts of the
brain such as anterior pituitary lobe that also depends on post-
natal age. Kitamura et al19 reported that signal intensity pat-
tern changes in the anterior lobe of the pituitary gland depend
on postnatal age at examination rather than gestational age. In
their report, the anterior lobe of the pituitary gland showed a
high signal intensity immediately after birth that gradually de-

creased as postnatal age increased. Gestational age at exami-
nation did not seem to influence this change. They proposed
that this phenomenon was due to hyperactivity of the pituitary
anterior lobe. This report indicates that gestational age at ex-
amination is not the only factor that determines signal inten-
sity changes within the developing brain.

There are several limitations to the present study. Although
we assumed the subject population to be normal and con-
ducted a follow-up clinical study at postnatal 2 years to con-
firm normal development, all subjects had been admitted to
our neonate intensive care unit for observation of any perina-
tal problems leading to potential bias. Furthermore, because
this was a retrospective study of normal subjects, no histologic
data could be obtained and the relationship between T1-signal
intensity and STN and globus pallidus histology was not veri-
fied. This prevented further elucidation of the mechanism in-
volved in signal intensity changes. With regard to the quanti-
tative study, the quantification was simply the ratio between
STN/globus pallidus and the thalamus and may itself reflect
signal intensity changes according to the degree of myelina-
tion within the thalamus.

Conclusions
We examined the STN and globus pallidus signal intensities in
the brains of neonates and tried to determine whether a rela-
tionship existed between the signal intensity and the postnatal
age or the gestational age at examination. Hyperintensities on
T1WI in the STN and globus pallidus were observed. These

Fig 7. Qualitative evaluation of STN and globus pallidus signal intensities on T2-weighted images. Relationships between age and quantitative grade of signal intensity are shown. A,
Gestational age at examination and STN. B, Gestational age at examination and globus pallidus. C, Postnatal age at examination and STN. D, Postnatal age at examination and globus
pallidus. Trends in signal intensity changes are not observed among the 3 groups for either gestational age at examination or postnatal age at examination. Most subjects show grade
A for the STN (62.0%; 49/79) and grade B for the globus pallidus (87.3%; 69/79) regardless of the gestational age at examination or postnatal age at examination. Normal, jaundice, and
asphyxia subjects are plotted separately.
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hyperintensities diminished in older subjects and thus seem to
be a transient phenomenon. Disappearance of this hyperin-
tensity was well correlated with postnatal age at examination
but was not related to gestational age at examination, history
of jaundice, transient asphyxia, or gestational age at birth. It is
important to be aware of this transient high signal intensity on
STN and globus pallidus in the neonate brain so that we do not
misinterpret high signal intensity as being due to tissue dam-
age by profound asphyxia.
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Fig 8. Quantitative evaluation of STN and globus pallidus signal intensities compared with the thalamus on T2-weighted images. Relationships between age and signal intensity ratio to
the thalamus are shown. A, Gestational age at examination and STN/thalamus. B, Gestational age at examination and globus pallidus/thalamus. C, Postnatal age at examination and
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