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Asymmetric Development of the Hippocampal
Region Is Common: A Fetal MR Imaging Study
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BACKGROUND AND PURPOSE: Hippocampal development is poorly understood. This study evaluated
the normal development of the hippocampal region during the fetal period by using MR imaging.

MATERIALS AND METHODS: MR images of 63 fetuses without intracranial pathology were reviewed
independently by 2 radiologists with no knowledge of the fetal GA. Three MR images were performed
postmortem and 60 in vivo. The progress of hippocampal inversion was analyzed in coronal sections,
and the left and right sides of the hippocampal region were compared in every case.

RESULTS: The fetuses in the postmortem examinations were at GWs 17–18 and in the in vivo
examinations, at GWs 19–36. The hippocampal sulcus was open, bi- or unilaterally, in 39 fetuses. The
oldest was at GW 32. The sulcus was closed at GW 21 at the earliest, unilaterally. In 26/63 fetuses
(41%), the deepening or closure of the hippocampal sulcus or hippocampal inversion was asymmetric;
in 23 fetuses, the right side developed faster. A shallow collateral sulcus was found earliest at GW 17.
A deep collateral sulcus was visible earliest at GW 26 unilaterally, but in all fetuses from GW 31
onward, it was seen bilaterally. The orientation of the collateral sulcus was not related to the GA.

CONCLUSIONS: There are wide individual temporal variations in the development and the inversion
process of the hippocampal sulcus as well as in the formation of the collateral sulcus. Asymmetric
development is common, and in most of the asymmetric cases, the right hippocampus develops
faster.

ABBREVIATIONS GA � gestational age, GW � gestation week, IHI � incomplete hippocampal
inversion

It is important to be familiar with normal development, so
that normal developmental changes are not confused with

abnormalities, particularly in fetuses being assessed for possi-
ble termination if an abnormality is found. Knowledge of the
hippocampal development may also help us to understand
some morphologic deviations found even in adult popula-
tions, such as IHI, also called hippocampal malrotation.

There are a growing number of morphologic studies of the
fetal hippocampus, but most are microscopic examinations of
limited numbers of formalin-fixed aborted fetuses, focusing
more on the cellular types and organization than on the gen-
eral shape of the hippocampus and adjacent structures. Three
microscopic studies also included MR images of formalin-
fixed specimens,1-3 but a major weak point of this type of ap-
proach is the fact that anatomic shape and proportions usually
change when the brain is removed from the skull and placed in
the vessels for formalin fixation or on the table for cutting or
imaging. Therefore, examination of the brain inside the skull
should give more reliable information on the shape of the
brain structures.

Hippocampal development begins at GW 8, and the hip-
pocampal sulcus becomes visible at GW 104 as a shallow
groove on the medial side of the temporal lobe. During fetal
development, the hippocampal sulcus, situated between the

dentate nucleus and cornu ammonis, infolds in the temporal
lobe and becomes both deeper and narrower. Thereafter, the
hippocampal rotation begins as a part of the inversion process,
which has been reported to be completed at approximately
GW 21,1,2,4-6 but according to a recent sonographic study of
premature brains, this process seems to take longer.7 The fu-
sion of the walls of the hippocampal sulcus continues until
GW 30,4 but focal open remnants may be found even in adult
brains.8 The orientation of the hippocampal sulcus may also
change during the inversion process.

Cerebral sulcal development has been described in vivo in a
large fetal MR series ranging from GW 22 to GW 38.9 In that
study, the hippocampal sulcus could be seen at GWs 22–23
and the collateral sulcus, at GWs 23–26. There is only 1 in vivo
fetal MR imaging study focusing on the hippocampi,10 and it
demonstrated a progressive change of the hippocampal in-
folding angle (the angle between the line connecting the lateral
margin of the cornu ammonis with the medial superior mar-
gin of the subiculum and the line passing midline structures)
from GW 20 to GW 37.

The general shape of the hippocampus has not been as-
sessed in the above-mentioned studies. The fully inverted hip-
pocampus is oval with a horizontal long axis in coronal sec-
tions. Baker and Barkovich11 have presented a hypothesis that
this oval shape is preceded by a round or pyramidal shape. The
nonoval shape with an indefinite or vertical long axis can be
seen in figures showing microscopic specimens of fetuses.4-6

The long axis in coronal sections of the hippocampus was
never mentioned in the previous studies. The nonoval shape
was revealed more often in younger than older premature ne-
onates in a sonographic study.7 However, the nonoval shape
can be seen throughout life in 19% of the general population,
most often on the left side.12,13

Received May 6, 2011; accepted after revision June 24.

From the Department of Radiology (D.B., N.C.M., J.W., R.R.), Uppsala University, Uppsala,
Sweden; and Neuroradiology Section C (N.C.M.), Clinica Dr Campos Costa, Porto, Portugal.

Please address correspondence to Dragan Bajic, MD, PhD, Department of Radiology,
University Hospital, 751 85 Uppsala, Sweden; e-mail: dragan.bajic@akademiska.se

Indicates open access to non-subscribers at www.ajnr.org

http://dx.doi.org/10.3174/ajnr.A2814

PED
IA

TRICS
ORIGIN

AL
RESEARCH

AJNR Am J Neuroradiol ●:● � ● 2012 � www.ajnr.org 1

 Published November 24, 2011 as 10.3174/ajnr.A2814

 Copyright 2011 by American Society of Neuroradiology.



The aim of this study was to evaluate the development of
the hippocampal region in fetuses by using MR imaging.

Materials and Methods
The brain images from postmortem MR images of 12 nonfixed

aborted fetuses that were examined before autopsy and from 306 in

vivo clinical fetal MR images were assessed. The postmortem exami-

nations were performed in Sweden, and the in vivo examinations, in

Sweden or Portugal. All the fetuses that underwent postmortem ex-

aminations and in which CNS pathology was revealed at autopsy or

MR imaging were excluded. The indications for clinical fetal MR im-

aging were the following: suspected body malformations, CNS abnor-

malities suspected on previous sonography, or abnormal findings on

screening laboratory tests. All subjects were excluded from the study if

repeated sonography or clinical studies revealed brain pathology as

was the case with fetuses showing deviating MR imaging findings. The

most common of such deviating findings was widening of the lateral

ventricles, and fetuses with atrial diameter wider than 10 mm were

excluded.14-17 All examinations in which the hippocampal regions

were not well assessed bilaterally or in which the coronal sections were

not symmetrically positioned were also excluded (180 fetuses, all ex-

amined in vivo). In the end, 3 postmortem examinations and 60 in

vivo examinations were accepted for the final analysis. Two of the 3

postmortem examinations were performed within 5 hours after ter-

mination. The third fetus was kept in a cooler while waiting for an MR

imaging examination 2 days later. The brains were not removed from

the skulls.

The GA at the moment of the MR imaging examination was based

on sonographic data18 and defined as the number of complete GWs.

The hippocampal regions were assessed in �1 coronal section

through the area. In the younger fetuses, the hippocampus could only

be evaluated if it was situated in 1 section and not shared in 2. The

progress of the hippocampal inversion was analyzed, and a compari-

son between the right and left side was made in every case. The side of

the heart was regarded as the left side of the fetus. As additional visual

references, we used the liver and the gastric chamber. Combined, it

was always possible to distinguish the right from the left side on cor-

onal sections. In cases in which the hippocampal sulcus was not yet

closed (Figs 1 and 2A), the angle between the upper and lower lip

of the hippocampal sulcus was assessed. If the hippocampal sulcus

was already closed, the shape of the inverted hippocampus was clas-

sified as nonoval (round, pyramidal, or near-oval with a vertical long

axis) (Fig 2B) or oval with a horizontal long axis (Fig 2C). The nonoval

hippocampal shape was classified as less developed than the oval

shape according to the hypothesis proposed by Baker and Barkov-

ich.11 The presence and orientation of the collateral sulcus was also

recorded. If the angle between the axis of the collateral sulcus and the

horizontal axis of the hippocampus was �70°, the collateral sulcus

was defined as vertical.12

One experienced radiologist evaluated all 318 examinations and

proposed exclusions according to the criteria presented above. The

examinations accepted for the final analysis (63 examinations, 126

hippocampal regions) were then also evaluated by another experi-

enced radiologist independently. Both radiologists were blinded to

GAs. Interobserver agreement in the assessment of the hippocampal

structures was 90%, and in assessment of the collateral sulcus, 97%. In

cases of disagreement, the radiologists reassessed the images and a

consensus was achieved.

The studies were performed with Intera scanners (Philips Health-

care, Best, the Netherlands) operating at 1.5T. The postmortem ex-

aminations were performed by using a birdcage knee-foot coil. T2-

weighted 2D FSE sequences were obtained in the sagittal, coronal, and

transverse planes, with a section thickness of 2 mm and in-plane res-

olution of 0.50 � 0.53 mm (transverse plane) and 0.59 � 0.62 mm

(coronal and sagittal planes). A T1-weighted magnetization-prepared

3D gradient recalled-echo sequence was performed in the sagittal

plane, with a section thickness of 1 mm and an in-plane resolution of

0.59 � 0.91 mm. From the acquired T1-weighted images, reformats

were constructed in the axial and coronal planes. The in vivo studies

were performed by using abdominal phased-array flexible coils. The

imaging protocol included T2-weighted single-shot FSE sequences in

the sagittal, axial, and coronal planes. The section thickness was 3– 4

mm, and the matrix, between 256 � 256 and 364 � 256. FOVs ranged

from 20 � 20 to 30 � 30 cm. No sedation was given to the mothers.

The study protocol was approved by the local ethics committees in

Sweden and in Portugal. In Sweden, all mothers gave written in-

formed consent before the examinations. In Portugal, the ethics com-

mittee allowed retrospective analysis of clinical studies in the project

without the mothers’ consent.

The statistical packages JMP (Version 5.1, http://www.jmp.com)

and StatsDirect 2.5.7 (http://www.statsdirect.com) were used. Differ-

ences in proportions were analyzed by the likelihood ratio �2 method.

P values � .05 were considered significant. All tests were 2-tailed.

Results
The 3 postmortem examinations were performed at GWs 17–
18, and the 60 in vivo examinations, at GWs 19 –36.

All fetuses had an identifiable hippocampal sulcus bilater-
ally. The hippocampal sulcus was open, bilaterally or unilater-
ally, in 39 of the 51 fetuses that were examined from GW 17 to
GW 32 (Fig 3). Of these, 35 had a bilaterally open hippocampal
sulcus, but in 21/35, the angle between the upper and lower lip
was already �90° on both sides. In 5 fetuses, the angle was
�90° on the right side but �90° on the left side, and in 9, �90°
bilaterally.

A closed hippocampal sulcus was found in 28 fetuses (Fig
3). In 4 fetuses, from GW 21 to GW 30, the right sulcus was
closed but the left one was still open. The hippocampal sulcus
was bilaterally closed from GW 33 onward in all cases. Asym-
metry was observed in the closing process in 11 fetuses in
which both hippocampal sulci still were open (Fig 4). The

Fig 1. Postmortem MRI study of a fetus aborted at 17 GW. The arrows indicate widely open
symmetric hippocampal sulci. T2-weighted TSE coronal image.

2 Bajic � AJNR ● � ● 2012 � www.ajnr.org



narrower hippocampal sulcus was found on the right side in 8
fetuses and on the left side in 3 fetuses.

Concerning hippocampal shape, the distribution of the
symmetric and asymmetric findings is shown in Fig 3. The
youngest fetus with an open hippocampal sulcus on 1 side and
a closed one on the other side had an oval shape in the already
inverted hippocampus at GW 21, but in 3 older fetuses at GWs
27–30, the shape was nonoval on the closed side. Nonoval
hippocampal shapes could be found bilaterally at GWs 24 –29
and unilaterally with the oval shape on the contralateral side at
GWs 31–36. In the 12 fetuses of GW 33 or more, when all the
hippocampal sulci were closed, the shape of the hippocampus
was still asymmetric in 4 (33%), being nonoval on the left side
and oval on the right.

A summary of the symmetric and asymmetric findings is
seen in Fig 4. Asymmetric hippocampal development was
found in 26/63 fetuses (41%). The development was faster on
the right in 23 fetuses and on the left only in 3.

The development of the collateral sulcus is shown in Fig 5.
A shallow collateral sulcus was detected at the earliest in 1 fetus
at GW 17, but in 1 subject, this sulcus could not be seen even at
week 29. A deep well-defined collateral sulcus was seen at the

earliest at GW 26 on the right and at GW 27 on the left. All 17
fetuses imaged at GW 31 or later had developed a deep collat-
eral sulcus bilaterally. In fourteen of 24 fetuses that presented
a bilateral deep collateral sulcus, there was a uni- or bilateral
vertical orientation (58%). The collateral sulcus was vertical in
5/26 fetuses (19%) on the right side and in 13/25 fetuses (52%)
on the left side, a difference that was statistically significant
(P � .014). In 9 fetuses, a nonoval hippocampal shape was
associated with a deep collateral sulcus. In 6 of these cases, the
adjacent collateral sulcus was vertical.

Discussion
This is the second prenatal MR imaging study focused on the
hippocampus10 and the first in which gyral development in the
hippocampal region and the shape of the inverted hippocam-
pus have been assessed. We found that there are wide individ-
ual temporal variations in the deepening and closure of the
hippocampal sulcus and in the development of the collateral
sulcus, which also showed different types of orientation. After
the closure of the hippocampal sulcus, the inverted hippocam-
pus could be a nonoval shape (Fig 2B) or alternatively an oval
shape with a near-horizontal long axis (Fig 2C). This last-

Fig 2. In vivo T2-weighted single-shot FSE coronal images. A, Fetus at GW 25. The arrows indicate the hippocampal sulci. The hippocampal sulcus is larger on the left side. B, Fetus at
GW 29. Closed hippocampal sulcus and a nonoval hippocampus with a vertical long axis bilaterally. The arrows indicate the hippocampal region, and the stars, the collateral sulcus. C,
Fetus at GW 29. Closed hippocampal sulcus and an oval hippocampus with a horizontal long axis bilaterally. White arrows indicate the hippocampal region; the black arrows, the closed
hippocampal sulcus; and the star, the collateral sulcus.

Fig 3. Closure of the hippocampal sulcus and the shapes of the hippocampi in fetuses with a closed hippocampal sulcus. Each square pair describes a fetus. R indicates right side; L, left
side; open square, open hippocampal sulcus; shaded square, nonoval shape of the inverted hippocampus; black square, oval shape of the inverted hippocampus, with the long axis horizontal
(complete inversion).
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shape represents complete hippocampal inversion. The devel-
opment of the hippocampus, including the hippocampal sul-
cus and the inverted hippocampal formation, was often asym-
metric (26/63 � 41%), and in a great majority of the
asymmetric cases, the right side (23/26 � 88%) had developed
faster. Also the collateral sulcus developed earlier on the right
side. The orientation of the collateral sulcus can be vertical or
horizontal; horizontal is the more common type in adults. The
vertical orientation was significantly more common on the left
side.

It is not easy to discern small structures such as the hip-
pocampus on fetal MR imaging. Image quality and resolution
were better in the postmortem images (Fig 1), in which there
are no movement artifacts or limitations of examination time.
The hippocampal region was well assessed in all 12 postmor-
tem examinations at GWs 17–19, but in vivo, the image quality
was much lower (Fig 2A-C), and 59% of the examinations

available in the data base were rejected for technical reasons.
The youngest living fetus with a resolution good enough for
hippocampal evaluation was examined at GW 19.

The hippocampal sulcus was identifiable in all of the fetuses
in our series, in good accordance with the formalin-fixed brain
series at the same GAs,1-3 but earlier than that described in a
previously published fetal MR imaging study,9 a feature that
might be related to the more recent imaging techniques that
we used.

Concerning hippocampal shape, studies on the formalin-
fixed brain indicate that the hippocampus should have
reached an adult appearance by GW 21,1,2,4-6 but in our study,
we could detect a closed hippocampal sulcus in only 1 fetus at
that age, and open hippocampal sulci could still be seen at up
to GW 32, thus reflecting a larger time variation for closure
than previously thought.

When a fetus has a closed hippocampal sulcus, the hip-

Fig 5. Collateral sulcus at different GAs. Each square pair describes a fetus. R indicates right side; L, left side. Collateral sulcus: Open square indicates not visible; slashed square, shallow;
shaded square, vertical; black square, oblique or horizontal.

Fig 4. Comparison of the development of the left and right sides of the hippocampus. Open box indicates symmetric development; shaded square, the left side more developed; black square,
the right side more developed.

4 Bajic � AJNR ● � ● 2012 � www.ajnr.org



pocampus is more or less inverted, and we classified its shape
by using the same criteria as in earlier studies on adults,
children, and premature neonates.7,12,13 Most of the popula-
tion has an oval hippocampus with a horizontal long axis, a
shape we classified as “oval.” All other shapes were classified as
“nonoval.”

An oval hippocampus was observed as early as GW 21 in 1
fetus unilaterally, but all the other fetuses with an oval hip-
pocampus were at least 27 GWs. A nonoval hippocampus was
found at GW 24 at the earliest. Bilateral nonoval hippocampi
were not observed after GW 29, and bilateral oval hippocampi
were not observed before the same week. Our cohort is too
small to definitely substantiate the hypothesis that the nonoval
shape precedes the oval shape in the hippocampal develop-
ment, but our data do not contradict that possibility. Further-
more, this pattern could also be seen in our previous sono-
graphic study of preterm neonates,7 with a statistically
significant difference between the frequencies of nonoval hip-
pocampi before and after GW 25. The present study did not
reveal such a threshold. This discrepancy may be due to the
small numbers of the fetuses at that age and to the differences
in methodology. The shape of the hippocampi was assessed in
all cases in the sonographic study, but in the present study, that
assessment was only made if the hippocampal sulcus was
closed, and most the fetuses had open hippocampal sulci. We
believe that hippocampi with nonoval shapes most likely rep-
resent IHI; indeed, some hippocampi never reach the com-
plete inverted shape even in adulthood.12,13 The frequency of
IHI has been shown to be as high as 14%–20% in preterm
neonates at GWs 25–36 in the sonographic study7 and 19% in
MR imaging series of children and adults.12,13 These frequen-
cies are best comparable with the frequency of the uni- or
bilateral nonoval hippocampi in the fetuses in which both hip-
pocampal sulci were closed (from GW 33 onward). That fre-
quency was 33%.

The development of the hippocampus, including the hip-
pocampal sulcus and the inverted hippocampal formation,
was often asymmetric in our series (26/63, 41%), and in a vast
majority of these hippocampi, the right side (23/26, 88%) de-
veloped faster. In a prenatal MR imaging study, in which the
hippocampal infolding angles were measured at GWs 20 –37,
this asymmetry was not observed.10 However, another group
that used the same methodology in infants and children found
a left-right asymmetry and concluded that it may result from
slower development of the left hippocampus.19 Faster gyral
development of the right cerebral hemisphere has been previ-
ously reported by Chi et al,20 who evaluated photographs of
507 formalin-fixed brains from 10 to 44 weeks’ GA and sec-
tioned 207 brains. They did not mention the hippocampal
sulcus in the report. The recent MR imaging study of fetuses in
utero by Habas et al21 also showed faster development of the
right hemisphere, including the right parahippocampal gyrus.
Electrophysiologic development is known to be slower in the
left temporal lobe in healthy infants and children.22

The collateral sulcus was also evaluated in our study, even if
it is not a part of the hippocampal formation itself. This sulcus
also had a tendency to develop earlier on the right side, and it
was identifiable as early as at GW 17, even if not visible in 1
fetus at GW 29. In the materials of Chi et al20 and Garel et al,9

the collateral sulcus was observed at the ages of 23 and 26 GW,

respectively. The most recent MR imaging study by Habas et
al21 has shown that the collateral sulcus is formed around GW
24. The orientation of the collateral sulcus can tend toward a
vertical or a horizontal axis, the latter orientation being the
most common in adults. A vertical orientation was seen uni-
or bilaterally in 58% of the fetuses in our cohort that presented
a well-defined sulcus, a slightly larger number (P � .045) than
the 36% described for children or adult populations.13 Also,
this vertical orientation occurred more commonly on the left
side, thus suggesting the possibility of a transitional phase to-
ward a more mature horizontally oriented axis. However, this
proposed hypothesis could not be confirmed within our own
cohort because we failed to find any significant association
between the GA and the percentage of vertical collateral sulci.
Nevertheless, in children and adults, a nonoval hippocampal
shape was always associated with a vertically oriented collat-
eral sulcus.12 In 3/9 fetuses with a nonoval hippocampus and a
deep collateral sulcus, the collateral sulcus did not have a ver-
tical orientation. This might be a sign that the hippocampus
had not yet reached the oval shape but that the inversion pro-
cess was continuing.

A weakness of the study is the low number of the fetuses,
but the number is much higher than that in the earlier hip-
pocampal studies on formalin-fixed brains. Repeated exami-
nations of healthy fetuses would be the best method to evalu-
ate normal developmental progress, but it is not ethically
acceptable to conduct examinations on living fetuses without
clinical indications.

Conclusions
There are large temporal variations in the development of the
hippocampal sulcus, the hippocampal shape, and the collat-
eral sulcus. The development is frequently asymmetric, with a
faster development more often on the right side. Evaluation of
normality in the fetal hippocampal region should thus be
made with caution. The findings add to the understanding of
the IHI found in the adult population and nearly always on the
left side.
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