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Development of the Temporal Lobe in Infants and
Children: Analysis by MR-Based Volumetry

Hidetsuna Utsunomiya, Koichi Takano, Masatoshi Okazaki, and Akihisa Mitsudome

BACKGROUND AND PURPOSE: Recent advances in data-processing techniques have al-
lowed more accurate MR-based volumetric measurement than was possible in the past. The
purpose of this study was to use this technique to evaluate the development of the temporal
lobes in childhood.

METHODS: The study group consisted of 42 subjects aged 3 weeks to 14 years (mean age,
5 years), all with normal findings on a routine MR study and none with a history of epilepsy.
MR images were acquired on a 1.0-T system using a T1-weighted 3D ultrafast gradient-echo
sequence. The volumes of the hippocampal formations and temporal lobes were measured by
using a workstation, and the percentage of hippocampal formations in the temporal lobes was
calculated. Myelination in the limbic system and related structures was also evaluated.

RESULTS: The volume of the hippocampal formations increased sharply until the age of 2
years, and continued to increase slowly thereafter. However, the percentage of hippocampal
formations in the temporal lobes showed a negative correlation with age. The hippocampal
formations on the right side were larger than those on the left in 38 cases (91%), and the
anterior temporal lobes on the right were larger than those on the left in 32 cases (76%). This
right-left asymmetry of the hippocampal formations and anterior temporal lobes was observed
from early infancy, and these differences were statistically significant. A longitudinal fasciculus
of high signal intensity was seen in the white matter beneath the subiculum by about 3 months
of age.

CONCLUSION: MR-based volumetry established developmental characteristics of the tem-
poral lobe, such as a hippocampal growth spurt, a growth difference between the hippocampal
formation and the rest of the temporal lobe, and right-left asymmetry. Knowledge of these
characteristics may aid in the understanding of hippocampal and temporal lobe abnormalities
in children.

The temporal lobe and its components play a func-
tional and/or etiologic role in language production,
memory, and complex partial seizure disorders (1–
3). The hippocampal formation, which is a com-
ponent of the medial temporal lobe, has received
particular attention owing to its role in seizure dis-
order and memory (4–8).

MR imaging has been used in biometric studies
of the hippocampal formation and anterior tempo-
ral lobe for several years (9–19). To investigate the
relationship between MR-based volumetric mea-
surements of the temporal lobe and pathologic
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states involving the temporal lobes, Jack et al (9)
established normative volumetric values of the
right and left hippocampal formations and anterior
temporal lobes in young adults aged 20 to 40 years.
However, to our knowledge, no attempt has been
made to describe the appearance and growth of the
temporal lobes in infants and children.

Recently, abnormal hippocampal formations
have been described in congenital brain anomalies
in children, such as agenesis of the corpus callos-
um, lissencephaly, and holoprosencephaly, and
these abnormalities have been thought to show in-
complete development of the limbic system, in-
cluding the hippocampal formations (20–22). Be-
cause knowledge of the normal developmental
changes of the temporal lobe may help us under-
stand the pathologic origins of the maldevelopment
of the limbic system or other temporal lobe abnor-
malities, we decided to study the normal volumetric
development of the temporal lobe, including the
hippocampal formation, in childhood. In addition,
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FIG 1. Outlines of the hippocampal for-
mation on coronal reconstructed images
(perpendicular to the AC-PC line) in a 1-
month-old girl.

A, Rostral part of the hippocampal head:
the low intensity of the unmyelinated al-
veus demarcates the boundary between
the hippocampal head and overlying
amygdala.

B, Hippocampal head at the level of the
posterior uncus: the dorsal boundary is
outlined by the floor of the inferior horn.

C, Hippocampal body: The medial land-
mark is the arbitrary line in the middle of
the subiculum.

D, Hippocampal tail: the medial bound-
ary is cut through the middle between the
most lateral part of the hippocampus and
the most medial part of the isthmus.

we assessed myelination of the white matter fas-
ciculus in the limbic system and its related
structures.

Methods

Subjects

The study group consisted of 42 Japanese children, includ-
ing 19 boys and 23 girls, ranging in age from 3 weeks to 14
years (mean age, 5 years). Clinical indications for MR imaging
were suspected perinatal hypoxia (n 5 12), migraine (n 5 9),
short stature (n 5 6), cyanotic or syncope attack (n 5 3),
suspected seizure disorders (n 5 3), macrocephaly (n 5 3),
dizziness attack (n 5 2), suspected speech delay (n 5 2), trau-
ma (n 5 1), and unilateral meatal atresia (n 5 1). All subjects
had normal neurologic development, and in all cases the rou-
tine MR findings were normal. Information about handedness
was not available.

MR Acquisition

MR examinations were performed using a 1.0-T system with
a quadrature head coil. Volumetric studies were performed us-
ing a T1-weighted 3D ultrafast gradient-echo sequence with
preparation inversion pulse and the following parameters: 13–
17/6–8/2 (TR/TE/excitations), flip angle, 258; inversion time,
600; field of view, 180 to 230 mm; matrix, 256 3 205; slab
thickness, 60 to 75 mm, and 40 to 50 partitions with an in-
plane resolution of 0.9 3 1.1 mm. All data acquisition was
performed in the coronal plane, which was perpendicular to
the anterior commissure--posterior commissure (AC-PC) line,
since this line is used as a stereotactic coordinate of neuro-
anatomy (23).

Volumetric Measurement

Each acquisition was transferred to a Sparc station 5 (Sun
Microsystems, Mountain View, CA) and analyzed using Easy
Vision CT/MR software (Release 2; Philips Medical Systems,
Eindhoven, the Netherlands). From each set of volumetric data,
coronal multiplanar reconstruction (MPR) images, which were
perpendicular to the AC-PC line, were created with section
intervals of 2 mm and a magnification factor of 34. On these
MPR images, one experienced neuroradiologist determined the
area of interest by combining a thresholding technique, seg-
mentation with a region-growing algorithm (24, 25) and man-
ual tracing with a 3D mouse-guided cursor, which appeared
simultaneously at the same location in all the active visualized
planes; this device permits the operator to know the exact an-
atomic location of the cursor (19). The volumes of the right
and left hippocampal formations and anterior temporal lobes
were then calculated by counting voxels.

Boundaries of the Hippocampal Formation and
Temporal Lobe

The boundaries of the hippocampal formation were outlined
manually (19) (Fig 1). The ventral boundary was delineated
by the white matter of the parahippocampal gyrus. Dorsally
and laterally, the alveus or floor of the inferior horn provided
a landmark for the hippocampal head. It almost always allows
the observer to differentiate the hippocampal head from the
overlying amygdala using a 3D cursor. However, in some of
the neonates or young infants, in whom myelination of the
alveus was incomplete, it was difficult to distinguish between
these structures, and the observer had to make some arbitrary
judgments regarding the boundaries between the most rostral
part of the hippocampal head and amygdala. The amygdalo-
hippocampal area was cut by a horizontal line to the alveus.
At the level of the hippocampal body, we included the alveus
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FIG 2. Outlines of the anterior temporal lobe using seed-point
and region-growing algorithms on a coronal reconstructed image
in an 8-year-old girl. The temporal stem was separated from the
overlying hemisphere by tracing a line that extended horizontally
from medial to lateral through the choroidal fissure, vertically
through the temporal stem from the temporal horn to the inferior
aspect of the vertical portion of the sylvian fissure, and horizon-
tally between the frontal and temporal opercula.

overlying the cornu ammonis, fimbria, and dentate gyrus in the
measurement. The dorsal and lateral boundary was also out-
lined by the alveus or floor of the inferior horn. Medially, we
chose an arbitrary landmark located in the middle of the sub-
iculum. To delineate a more caudal portion of the hippocampal
formation, the origin of the crus fornices was cut along the
extent of the alveus. The medial landmark was defined by a
middle portion between the most lateral part of the hippocam-
pus and the most medial part of the isthmus. The section that
showed the entire length of the crus fornices was considered
the posterior limit of the hippocampal tail.

The right and left posterior boundaries of the temporal lobes
were cut by coronal planes, which were perpendicular to the
AC-PC line, that passed through the posterior limits of the
hippocampal tails. On the anterior aspects, we outlined this
structure using a thresholding technique, since the circumfer-
ence of the temporal lobe is completely delineated by the sub-
arachnoid space. More posteriorly, according to the protocol
described by Jack et al (9), the temporal stem was manually
separated from the overlying hemisphere by tracing a line that
extended horizontally from medial to lateral through the cho-
roidal fissure, vertically through the temporal stem from the
temporal horn to the inferior aspect of the vertical potion of
the sylvian fissure, and horizontally between the frontal and
temporal opercula (Fig 2).

On the basis of the numerical values of volume obtained by
the 3D software, we calculated the relative percentages of the
right and left hippocampal formations within the whole ante-
rior temporal lobes for each subject.

Myelination in the Limbic System and Related Structures

On the basis of the intensity of white matter relative to that
of gray matter (intensity of the neocortex in the temporal lobe),
we categorized myelination into three grades and scored each
grade as follows: 1 5 lower intensity than gray matter or isoin-
tensity (intensity equal to that of gray matter), 2 5 higher
intensity than gray matter, 3 5 much higher intensity than gray
matter (equal to the intensity of the posterior limb of the in-
ternal capsule or optic tract); higher scores indicated more
complete myelination. Using this scoring system, we evaluated
the major white matter in the limbic system and related struc-
tures, including the alveus, the fimbria, the fornix (body of
fornix), and the white matter of the parahippocampal gyrus on
coronal MPR images; the alveus, fimbria, and white matter of

the parahippocampal gyrus were evaluated on sections that
showed the hippocampal body. The anterior commissure was
evaluated on a midsagittal MPR image. The mammillothalamic
tract was not analyzed, since it could not be clearly delineated
in some subjects.

Statistical Analysis

Pearson’s correlation coefficient was used to evaluate the
relationship between age and the relative percentages of the
right and left hippocampal formations within the whole ante-
rior temporal lobes. Wilcoxon’s signed rank test was used to
evaluate the right-left differences in volume of the hippocam-
pal formations and anterior temporal lobes.

Results

Volumetric Measurements
MR images showed that the hippocampal forma-

tion was infolded deeper into the temporal lobe and
that the hippocampal sulcus was nearly obliterated in
all of the subjects. Thus, from early infancy, the basic
morphology of the hippocampal formation is the
same as that in the adult (22). However, the volumes
of the hippocampal formations and temporal lobes
increased sharply until the age of 2 years, continuing
to increase slowly thereafter (Fig 3). The percentages
of both the right and left hippocampal formations in
each temporal lobe were inversely related to age; this
relationship was statistically significant on the left
(r 5 2.308; P , .05) but not on the right (r 5
2.232; P 5 .13) (Fig 4).

The hippocampal formations on the right side
were larger than those on the left in 38 subjects
(91%). In addition, the anterior temporal lobes on
the right were larger than those on the left in 32
cases (76%). In all age groups, the mean volumes
of the hippocampal formation and anterior tempo-
ral lobe on the right were larger than those on the
left, and these differences were statistically signif-
icant (P , .05) in all age groups, except for the
volumes of the anterior temporal lobes from 1 to 2
years of age (Table).

Myelination
The myelination of white matter progressed until

the age of 2 years. The anterior commissure and
fornix reached the maximum score (ie, 3) before 2
years of age, while the other three fasciculi reached
the maximum score after 5 years of age (Fig 5).
We also observed the myelinated longitudinal fas-
ciculus in the parahippocampal gyrus, which runs
just beneath the subiculum, by about 3 months of
age (Fig 6).

Discussion

Development
The hippocampal formation refers to the func-

tional unit consisting of the hippocampus (cornu
ammonis), dentate gyrus, associated white matter
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FIG 3. A and B, Plots of volumes of hippocampal formations (A) and anterior temporal lobes (B) by age. The volumes increased sharply
until the age of 2 years, and continued to increase slowly thereafter. HF indicates hippocampal formation; ATL signifies anterior temporal
lobe.

FIG 4. A and B, Correlation between the percentage of hippocampal formation in the temporal lobe and age. The percentage of both
the right (A) and left (B) hippocampal formations in each temporal lobe showed a negative correlation with age.

Volumetric measurements of the hippocampal formations and anterior temporal lobes in all age groups

Age
(y)

Mean Volume (SE) of HF and Asymmetry

Right HF Left HF P value

Mean Volume (SE) of ATL and Asymmetry

Right ATL Left ATL P value

,1
1–2
3–4
5–9
10–14

1.0 cm3 (0.06)
2.0 cm3 (0.17)
2.2 cm3 (0.15)
2.4 cm3 (0.11)
3.0 cm3 (0.12)

0.9 cm3 (0.65)
1.9 cm3 (0.13)
1.9 cm3 (0.17)
2.2 cm3 (0.08)
2.7 cm3 (0.08)

P , .01
P , .05
P , .05
P , .05
P , .01

24.9 cm3 (1.99)
55.6 cm3 (6.41)
67.8 cm3 (3.90)
72.2 cm3 (1.54)
79.7 cm3 (2.94)

23.3 cm3 (2.15)
54.0 cm3 (5.83)
64.0 cm3 (3.94)
69.8 cm3 (1.51)
76.4 cm3 (2.64)

P , .02
NS

P , .05
P , .05
P , .02

Note.—HF indicates hippocampal formation; ATL, anterior temporal lobe; SE, standard error.

(including the alveus, fimbria, and fornix), and sub-
iculum (which comprises the medial and superior
margins of the parahippocampal gyrus to the level
of the hippocampus) (26, 27). Embryologically, the
hippocampus belongs to the archicortex, which is
part of the phylogenetically primitive cerebral al-
locortex and undergoes organization and matura-
tion slower than the cerebral neocortex (21, 28–31).

This differential growth of the neocortex relative to
the allocortex results in rotation of the telence-
phalic cavity, and most of the hippocampus is car-
ried ventrally to lie in the inferomedial aspect of
the temporal lobe (21).

Kretschmann et al (32) reported that the volume
of the human hippocampal formation increases dra-
matically in the second half of pregnancy, while a
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FIG 5. A–E, Myelination of the white matter in the limbic system
and related structures. The anterior commissure (A) and fornix
(B) reached the maximum score before 2 years of age, while the
other three fasciculi–the alveus (C), parahippocampal gyrus (D),
and fimbria (E)—reached the maximum score after 5 years of
age.

still larger increase occurs in the first to second
postnatal year; the largest increase in the hippo-
campal volume occurs in the postnatal period. They
also emphasized that this growth spurt reaches its
maximum in the second postnatal month of normal
development. Our results showed that the volume
of the hippocampal formations increased sharply
until the age of 2 years and continued to increase
slowly thereafter (Fig 3). Therefore, the hippocam-
pal formations undergo a growth spurt in early in-
fancy. The volumetric development of the anterior
temporal lobes was similar to that of the hippocam-

pal formations. However, the percentages of the
hippocampal formations in the temporal lobes
showed a negative correlation with age; a signifi-
cant correlation was seen in the left temporal lobe
but not in the right (Fig 4). This finding also in-
dicates that differential growth with developmental
gradients between the archicortex of the hippocam-
pus and temporal neocortex continues after the
postnatal period, especially in the left temporal
lobe.

Dobbing and Sands (33–35) identified a specific
phase of rapid brain growth that coincides with vul-
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FIG 6. Longitudinal fasciculus in the parahippocampal gyrus in
a 3-month-old boy. Coronal image shows the myelinated fascic-
ulus beneath the subiculum (arrows).

nerability to nutritional and other growth restric-
tions. They also suggested that a normal brain
growth spurt under good conditions may be a pre-
requisite for subsequent satisfactory bodily growth.
Regarding their hypothesis, our finding that hip-
pocampal and temporal growth spurts occur in ear-
ly infancy may indicate that this period is not only
important for neurological development related to
functions of the limbic system but is also vulner-
able to damage that may cause temporal lobe
seizures.

Asymmetry
Recently, Jack et al (9) evaluated the right-left

asymmetry of the temporal lobes in an adult pop-
ulation by MR volumetry and reported that the
right anterior temporal lobe and hippocampal for-
mation were significantly larger than those on the
left in right- but not left-handed subjects. In the
past, gross anatomic asymmetry has been reported
in the temporal lobe. Since Geschwind and Levit-
sky (36) confirmed the presence of a larger left
temporal planum, which is the area in the supra-
temporal plane behind Heschl’s gyrus, in an autop-
sy study of 100 adult brains, such asymmetry has
been associated with the presence of speech func-
tion lateralized to the left hemisphere. In 1975,
Wada et al (37) found that the left temporal planum
was larger than that on the right in most infants as
well as adults. Although the relationship between
the temporal planum and temporal lobe volume is
unclear, we also found that the volumes of the hip-
pocampal formations and anterior temporal lobes
are asymmetric even in neonates and infants (pre-
language population) (see Table). This finding may
support the notion that the presence of temporal
lobe asymmetry exists before the development of
speech and language function.

Since information about handedness was not es-
tablished in this study, we did not address the re-
lationship between asymmetry of the temporal lobe
and lateralization of the speech function. However,

MR-based volumetry in the immature temporal
lobe should allow a more advanced investigation of
the anatomic and functional relationships in the
temporal lobe.

Myelination
Myelination is a continuously changing and ac-

cessible marker of maturation in the developing in-
fant brain. Several authors (38–42) have docu-
mented the changes in MR corresponding to
myelination of the white matter in the neonate and
infant; a relatively normal adult appearance can be
seen at age 2 years, and all major fiber tracts can
be identified by age 3 years. Although our evalu-
ation was limited to T1-weighted images, our MR
findings were consistent with previous investiga-
tions. Myelination of the fornix and anterior com-
missure developed rapidly compared with other
fasciculi, such as the alveus, fimbria, and white
matter in the parahippocampal gyrus (Fig 5). This
finding may reflect the fact that the fibers in the
fornix and anterior commissure are more compact
than those in other white matter tracts (43, 44).
Meanwhile, the longitudinal fasciculus in the para-
hippocampal gyrus was clearly myelinated by
about 3 months of age (Fig 6). This fasciculus runs
just beneath the subiculum and seems to reach the
entorhinal area of the temporal lobe; it therefore
may be related to the circuit of Papez, in which
fibers that extend from the anterior thalamic nucle-
us in turn project to the cingulum to reach the tem-
poral lobe entorhinal area (45, 46). In the parahip-
pocampal gyrus, there are many limbic fiber tracts
other than the circuit of Papez, such as the poly-
synaptic intrahippocampal pathway, which involves
the perforant path and Schaffer collaterals, the di-
rect intrahippocampal pathway, and efferent fibers
from the hippocampus, which can reach many cor-
tical areas via the entorhinal and perirhinal cortices.
In addition, the hippocampus receives afferent fi-
bers from many areas that it projects to; one of
these fibers is part of the circuit of Papez. Thus, it
may be important to assess the myelination of the
hippocampal formation and parahippocampal gy-
rus, since these limbic connections are believed to
participate in the regulation of emotional behavior
and to be integral to learning and memory pro-
cesses (26, 46).

Conclusion
Using MR-based volumetry, we established de-

velopmental characteristics of the temporal lobe,
such as a hippocampal growth spurt during early
infancy, a growth difference between the hippo-
campal formation and the rest of the temporal lobe,
and right-left asymmetry of the hippocampal for-
mations and temporal lobes. We also found a fas-
ciculus in the parahippocampal gyrus that myelin-
ated early, which may be part of the circuit of
Papez. Awareness of these normal developmental
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events in the temporal lobe is important for under-
standing neurologic development related to the lim-
bic system and its impairment.

References
1. Naidich TP, Daniels DL, Haughton VM, et al. Hippocampal for-

mation and related structures of the limbic lobe: anatomic-
MR correlation, I: surface features and coronal sections. Ra-
diology 1987;162:747–754

2. Naidich TP, Daniels DL, Haughton VM, et al. Hippocampal
formation and related structures of the limbic lobe: anatom-
ic-MR correlation, II: sagittal sections. Radiology 1987;162:
755–761

3. Jack CR Jr, Sharbrough FW, Marsh WR. Use of MR imaging for
quantitative evaluation of resection for temporal lobe epilepsy.
Radiology 1988;169:463–468

4. Petersen RC, Lack CR Jr, Smith G. MRI temporal lobe volume
measurements and memory function in normal aging. Neurol-
ogy 1991;41:–341

5. Achten E, Boon P, Poorter JD, et al. An MR protocol for pre-
surgical evaluation of patients with complex partial seizures
of temporal lobe origin. AJNR Am J Neuroradiol 1995;16:
1201–1213

6. Bronen RA, Fulbright RK, Kim JH, Spencer SS, Spencer DD, Al-
Rodhan NRF. Regional distribution of MR findings in hippo-
campal sclerosis. AJNR Am J Neuroradiol 1995;16:1193–1200

7. Baulac M, Saint-Hilaire JM, Adams C, Martinez M, Fontine S,
Laplane D. Correlations between magnetic resonance imag-
ing-based hippocampal sclerosis and depth electrode inves-
tigation in epilepsy of the mesiotemporal lobe. Epilepsia 1994;
35:1045–1053

8. Press GA, Amaral DG, Squire LR. Hippocampal abnormalities
in amnesic patients revealed by high-resolution magnetic res-
onance imaging. Nature 1989;341:54–57

9. Jack CR Jr, Twomey CK, Zinsmeister AR, Sharbrough FW, Pe-
tersen RC, Cascino GD. Anterior temporal lobes and hippocam-
pal formations: normative volumetric measurements from MR
imaging in young adults. Radiology 1989;172:549–554

10. Bhatia S, Bookheimer SY, Gaillard WD, Theodore WH. Mea-
surement of whole temporal lobe and hippocampus for MR
volumetry: normative data. Neurology 1993;43:2006–2010

11. Kaye JA, Swihart T, Howieson D, et al. Volume loss of the hip-
pocampus and temporal lobe in healthy elderly persons des-
tined to develop dementia. Neurology 1997;48:1297–1304

12. Jack CR Jr, Sharbrough FW, Twomey CK, et al. Temporal lobe
seizure: lateralization with MR volume measurements of the
hippocampal formation. Radiology 1990;175:423–429

13. Jack CR Jr, Petersen RC, O’Brien PC, Tangalos EG. MR-based
hippocampal volumetry in the diagnosis of Alzheimer’s dis-
ease. Neurology 1992;42:183–188

14. Watson C, Andermann F, Gloor P, et al. Anatomic basis of amyg-
daloid and hippocampal volume measurement by magnetic
resonance imaging. Neurology 1992;42:1743–1750

15. Jack CR Jr, Sharbrough FW, Cascino GD, Hirschorn KA, O’Brien
PC, Marsh WR. Magnetic resonance image-based hippocampal
volumetry: correlation with outcome after temporal lobecto-
my. Ann Neurol 1992;31:138–146

16. Cendes F, Andemann F, Dubeau F, et al. Early childhood pro-
longed febrile convulsions, atrophy and sclerosis of mesial
structures, and temporal lobe epilepsy: an MRI volumetric
study. Neurology 1993;43:1083–1087

17. Trenerry MR, Jack CR, Sharbrough FW, et al. Quantitative MRI
hippocampal volumes: association with onset and duration of
epilepsy, and febrile convulsions in temporal lobectomy pa-
tients. Epilepsy Res 1993;15:247–252

18. Lehericy S, Baulac M, Chiras J, et al. Amygdalohippocampal
MR volume measurements in the early stages of Alzheimer
disease. AJNR Am J Neuroradiol 1994;15:927–937

19. Hasboun D, Chantome M, Zouaoui A, et al. MR determination
of hippocampal volume: comparison of three methods. AJNR
Am J Neuroradiol 1996;17:1091–1098

20. Atlas SW, Zimmerman RA, Bilaniuk Lt, et al. Corpus callosum
and limbic system: neuroanatomic MR evaluation of devel-
opmental anomalies. Radiology 1987;162:755–761

21. Baker LL, Barkovich AJ. The large temporal horn: MR analysis
in developmental brain anomalies versus hydrocephalus. AJNR
Am J Neuroradiol 1992;13:115–122

22. Kier EL, Kim JH, Fulbright RK, et al. Embryology of the human
fetal hippocampus: MR imaging, anatomy, and histology.
AJNR Am J Neuroradiol 1997;18:525–532

23. Talairach J, Tournoux P. Co-planar Stereotaxic Atlas of the Human
Brain. New York: Thieme; 1988

24. Luft AR, Skalej M, Welte D, et al. Reliability and exactness of
MRI-based volumetry: a phantom study. J Magn Reson Im-
aging 1996;6:700–704

25. Choi SM, Lee JE, Kim J, et al. Volumetric object reconstruction
using the 3D-MRF model-based segmentation. IEEE Trans Med
Imaging 1997;16:887–892

26. Duvernoy HM. The Human Hippocampus: Functional Anatomy,
Vascularization and Serial Sections with MRI. New York: Spring-
er; 1998

27. Bronen RA. Hippocampal and limbic terminology. AJNR Am J
Neuroradiol 1992;13:943–945

28. Stanfield BB, Cowan WM. The development of the hippocam-
pal region. In: Peters A, Jones EG, eds. Cerebral Cortex: Devel-
opment and Maturation of the Cerebral Cortex. New York: Ple-
num; 1988:7:91–131

29. Barr ML. The Human Nervous System. Hargerstown, MD: Harper
& Row; 1979:216–221

30. Green JD. The hippocampus. Physiol Rev 1964;44:561–608
31. Hines M. Studies in the growth and differentiation of the tel-

encephalon in man: the fissura hippocampi. J Comp Neurol
1922;34:73–171

32. Kretschmann HJ, Kammradt G, Krauthausen I, Sauer B, Wingert
F. Growth of the hippocampal formation in man. Bibl Anat
1986;28:27–52

33. Dobbing J, Sands J. Vulnerability of developing brain, IX: the
effect of nutritional growth retardation on the timing of the
brain growth spurt. Biol Neonate 1971;19:363–378

34. Dobbing J, Sands J. Quantitative growth and development of
human brain. Arch Dis Child 1973;48:757–767

35. Dobbing J, Sands J. Comparative aspects of the brain growth
spurt. Early Hum Dev 1979;3:79–83

36. Geschwind N, Levitsky W. Left/right asymmetries in temporal
speech region. Science 1968;161:186–187

37. Wada JA, Cleak R, Hamma A. Cerebral hemispheric asymmetry
in humans: cortical speech zone in 100 adult and 100 infant
brains. Arch Neurol 1975;32:239–246

38. Holland BA, Haas DK, Norman D, et al. MRI of normal brain
maturation. AJNR Am J Neuroradiol 1986;7:201–208

39. Lee BCP, Lipper E, Nass R, et al. MRI of the central nervus
system in neonates and young children. AJNR Am J Neuroradiol
1986;7:605–616

40. McArdle CB, Richardson CJ, Nicholas DA, et al. Developmental
features of the neonatal brain: MR imaging, I: gray-white
matter differentiation and myelination. Radiology 1987;162:
223–229

41. Barkovich AJ, Kjos BO, Jackson DE Jr, et al. Normal maturation
of the neonatal and infant brain: MR imaging at 1.5 T. Radi-
ology 1988;166:173–180

42. Curnes JT, Burger PC, Djang WT, Boyko OB. MR imaging of
compact white matter pathway. AJNR Am J Neuroradiol 1988;
9:1061–1068

43. Binkov SM, Glezer II. The Human Brain in Figures and Tables:
A Quantitative Handbook. New York: Plenum; 1968

44. Tomasch J. A quantitative analysis of the human anterior com-
missure. Acta Anat (Basel) 1957;30:902–906

45. Papez J. A proposed mechanism of emotion. Arch Neurol Psy-
chiatry 1937;38:725–743

46. Mark LP, Daniels DL, Naidich TP, Hendrix LE. Limbic connec-
tions. AJNR Am J Neuroradiol 1995;16:1303–1306


	Main Menu
	Help
	Volumes 18-20 Table Contents
	April 1999, Vol. 20, No. 4 Table of Contents

