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Abstract Oblique magnetic
resonance imaging of the temporal
lobe (tilted orientation) requires a
stable reference line with minimum
variability. In the clinical setting,
where several observers carry out
examination of the patients, there is
a need to assure minimum
inter-observer variability, in order to
obtain comparable tilted anatomical
planes. This is particularly relevant
when performing quantitative
imaging (qMRI) of the
hippocampus, amygdala and
para-hippocampal cortices. In this
study, eight experienced observers
tested the stability of four sagittal
reference lines by manually tracing
the posterior commissure-obex
(PC-OB) line, the line tangential to
the anterior surface of the pons at its
most convex point and the lines
orthogonal to the main axis of both
hippocampi, in ten exams of healthy
subjects. The stability of the tracing
was assessed by comparing the
inter-observer variability expressed
by the variances of the
measurements. The observers’
performance was assessed by
comparing the precision of the
tracing for each line. We tested the
results statistically using Bartlett’s
test (analysis of the variances of the
four lines) followed by
Fischer–Snedecor (in order to
compare the two lines that had the
smallest variance). The PC-OB line

and the line tangential to the
anterior surface of the pons had
smaller inter-observer variances than
the orthogonal lines (p <0.01). In
addition, the variance of the PC-OB
line was smaller than that of the line
tangential to the pons (p <0.01).
There were no significant
intra-observer differences in the
precision of tracing of any of the
lines. We show quantitatively that the
PC-OB line is the scout reference
that yields the smallest
inter-observer variance. Thus, this
line should be preferred to improve
the reproducibility of temporal lobe
imaging while performing tilted
coronal and axial sequences, to make
quantitative assessments of the
hippocampus, amygdala and
para-hippocampal cortices.
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Introduction

The temporal lobe is the main target structure of tempo-
ral lobe epilepsy (TLE) [1], Alzheimer-type dementia [2],
memory disturbances [3], including mild cognitive deficits
[4], schizophrenia [5] and brain trauma [6]. In neurodegen-
erative disorders and epilepsy, the core limbic structures of
the temporal lobe, that is, the hippocampus, the amygdala
and the para-hippocampal cortex (see [7] for a review) are
particularly affected.

Magnetic resonance imaging (MRI) is an essential tool
to evaluate the abnormalities of even the smallest brain
structures, due to its non-invasive multi-planar capabili-
ties. Currently, qualitative and quantitative MRI is often
used to study mesial temporal areas. Qualitative assess-
ments are based on morphological and signal intensity
appearances and depend heavily on the expertise of the
radiologist. Quantitative imaging (qMRI) yields numeri-
cal information (for example: volumes, relaxation times,
water diffusibility, metabolite concentration, blood per-
fusion measurements) that can be compared with norma-
tive values, but it depends on the identification of exact
anatomical landmarks in order to be reproducible (see [8]
for a review). Therefore, to be able to compare different
MRIs and to perform serial or longitudinal studies, using
either visual inspection or qMRI, it is essential that the
landmarks of cross-sectional images are unambiguously
defined.

Selective hippocampal atrophy can be found in pa-
tients with intractable partial seizures [9], Alzheimer-type
dementia [10], amnesic syndromes [11] or schizophrenia
[12]. In the pathophysiology of TLE, it is assumed that
the degree of hippocampal, amygdala and para-hippo-
campal atrophy associates with the magnitude of neuronal
loss [9], as the amount of reactive hippocampal astrocytes
correlates with the measured T2-relaxometry times [13].
Hippocampal damage can also be detected by spectros-
copy [14]. Morphological criteria, including indirect signs
are also important to detect hippocampal or amygdala
sclerosis. Subtle loss of the digitations of the hippocam-
pal head [15], disruption of the internal architecture [16]
and fornix and mamillary bodies’ atrophy [17] are reli-
able indicators of hippocampal damage. Signal changes
are also common in the hippocampus and amygdala of
TLE patients [16,18]. Thus, early and accurate diagnosis
depends on the ability to identify small variations in the
structures’ volume, morphology and signal intensity.

The orientation of the acquired images, along with the
criteria used for MR analysis and the knowledge of nor-
mal and abnormal mesial temporal lobe anatomy are key
factors for the interpretation of MR images. Moreover,
in qMRI one should assure reproducibility of the mea-
surements by taking a constant tilted orientation to the
temporal lobe in successive exams, minimizing in this way,
partial volume effects.

Different MR sequences, including several anatom-
ical planes have been used to evaluate the mesial tem-
poral lobe [19]. One preferential anatomical orientation
is the tilted coronal plane obtained at right angles to
the main hippocampal axis [19–21]. For volumetric and
relaxometric studies of the hippocampus and amygdala
this is the plane mostly used, while multi-voxel spectros-
copy benefits most if performed on a tilted axial orien-
tation perpendicular to this angled coronal view [14,20,
22].

In order to define a suitable and stable anatomi-
cal guideline for temporal lobe MRI studies, and to
find out which reference line corresponds to the smallest
inter-observer variation, we examined how eight different
observers performed with respect to four different sagittal
reference lines in ten MR exams of healthy persons. Two of
the lines tested are commonly used as scouts of MR stud-
ies of the temporal lobe, that is, the lines perpendicular to
the main axes of both hippocampi [19,20] (either the right
or left hippocampal body). The other two, the posterior
commissure-obex (PC-OB) line and the line tangential to
the anterior surface of the pons at its most convex point,
have been also proposed as appropriate references in some
studies [23,24].

Materials and methods

Test subjects

The test group included ten subjects (five women) with a mean
age [± 1 standard deviation (SD)] of 31.6 ± 3.2 (range: 27–
36) years. All the volunteers were interviewed to exclude those
with neurologic diseases and were submitted to detailed neuro-
logical examination and a “mini-mental state” test [25] [obtained
mean score ± 1 SD and range was: 28.4 ± 1.3 (27–30)].

Test observers

Eight different observers with a mean number of years of expe-
rience of MRI work of 10.6 ± 6.5 (range: 2–17), volunteered
to trace manually the chosen reference lines on a set of sagit-
tal images, since this is the scout plane which is mostly used to
define the coronal and axial sequences.

MR image acquisition and processing

All imaging studies were obtained on the same 1.5-T scanner
(GE CV/i–NV/i. General Electric, Milwaukee, WI).

A standard sagittal spin-echo T1-weighted sequence, cover-
ing the whole brain was obtained with TR = 600 ms, TE = 15 ms,
NEX = 2, FOV = 24 cm, section thickness = 5 mm, gap = 1 mm
and acquisition matrix = 512×192 pixels.

Standard whole-brain coronal T1 and T2 images and axial
T2 were acquired to exclude any structural abnormality.
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Fig. 1 Sagittal MR images demonstrate the location of three of the
four lines tested. (a) mid-sagittal level showing the posterior com-
missure-obex line [1] and the line tangential to the anterior surface
of the pons [2] (b) para-sagittal image showing the line orthogonal
to the long axis of the right hippocampus [3]. The fourth line was
orthogonally placed on the opposite hippocampus

Imaging processing was performed with the manufacturer’s
software GE Advantage Windows 3.1 (Viewer module), run-
ning on a workstation (SPARC 4.1, Sun Microsystems, Moun-
tain View, Calif.). The software uses a graphical interface that
allows to perform measurements (areas, lengths and angles). The
measurements are displayed directly in absolute values (mm2,
mm or degrees), benefiting from the automatic calibration per-
formed at the MR scanner during the acquisition of the images.
For every graphic element introduced on top of an image, the
software calculates automatically the measured values, which
are shown on the workstation with the correspondent spatial
coordinates.

Reference lines and coordinate system

Four anatomical lines (Fig. 1) were chosen to test the inter-
observer variability. These lines represent standard references
and anatomical axes used in daily practice [23].

Line 1 (k1), connects the posterior commissure to the obex
of the IV ventricle (PC-OB), joining two well-recognizable ana-
tomical structures.

Line 2 (k2), was marked tangentially to the anterior surface
of the pons, at the point where the surface has maximal convex-
ity.

Lines 3 (k3) and 4 (k4) were marked at right angles to the
main axis of the hippocampal bodies, respectively in the right
and the left hippocampus, as indicated by Watson et al. [20].

After tracing each anatomical line, the value of the angle
(α- in degrees) between k and the vertical axis (set at zero degrees
– see Fig. 2) was displayed directly on the workstation. The an-
gles are calculated in relation to the vertical axis on the work-
station screen and the value that is obtained measures the tilt
of the line draw relatively to zero degrees (0◦). The origin of the
coordinate system (the center, where the three main axes cross

zero) and the directions of these axes are defined with respect
to the magnet’s geometry. The center is defined as the geometric
center of the magnetic field. The axes are defined as superior-
inferior, anterior-posterior and left-right. The superior-inferior
axis is defined as the line passing through the center and par-
allel to the main axis of the magnetic field, which is parallel
to the basis of the magnet (and longitudinal to the scanner).
The anterior-posterior axis is perpendicular to the superior-
inferior axis, passing through the center, and perpendicular to
the basis of the magnet. The left-right axis is perpendicular to
the superior-inferior axis, passing through the center, and par-
allel to the basis of the magnet. The directions of the axes are
characterized by the position of the subject in the scanner. In
our case, the subjects were introduced head first and supine
(and centered with the aid of the scanner’s laser-cross beam).
Therefore, superior-inferior is directed anatomically from head
to feet, anterior-posterior from the back of the head to the nose
and left-right is directed to the left-right of the subject.

The mean and the standard deviation of the angles for each
anatomical line obtained in each test-subject MRI were further
calculated.

Since each test subject underwent only one examination and
the observers used the same sagittal image sets from each vol-
unteer to mark the lines k1 − k4, the tilt of the head of the test
subjects does not influence the results. We were specifically inter-
ested in studying the relative variances of these anatomical lines,
not their absolute αvalues.

Statistical analysis

For the four lines, the mean and standard deviation of the angles
as defined above (Fig. 2) were computed for each test subject and
by each observer as indicated by Eq. 1 and 2:

S2
kj =

ni∑

i=1

(
αkij − ᾱkj

ni −1

)2

(1)

S2
k =

nj∑

j=1

S2
kj

nj

(2)
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Fig. 2 Schematic drawing illustrates the angle α obtained from line
1 – posterior commissure-obex – in a sample case. Two of the axes
of the coordinate system are depicted on the left side of the figure;
a –p, on the horizontal line, represent the anterior–posterior axis and
s-i, on the vertical line, corresponds to the superior-inferior axis. The
value of α is calculated in regard to the anterior-posterior axis (zero
degrees)

where

S2
kj - inter-observer variance of the angle for line k for a given

test-subject j
ni - number of observers
αkij - value of the angle (relative to the vertical axis) mea-
sured by observer i for the test-subject j with respect to the
line k
ᾱkj - mean of the values of the angle with respect to line k
for all observers for a given test-subject j
S2

k - mean of the variances for all test subjects with respect
to line k (inter-subject variance for line k)
nj - number of test subjects

The line with the smallest inter-observer variance S2
k of the angle

α was considered the most stable. Differences in stability of the
four lines were tested using Bartlett’s test comparing S2

k with the
mean total variance S2 for all lines obtained by equation (3):

S2 =
nk∑

k=1

S2
k

nk

(3)

where

nk - number of lines

The two lines with the smallest variance were further com-
pared with each other using the Fischer–Snedecor test.

An intra-observer test for the precision of the measurements
was performed in order to verify if the observers were equally
consistent. In this step, we were interested in analysing whether

there was any variability on each observer’s execution regarding
the measurements performed on all the test subjects for each line.
First, we calculated the variance of each observer i obtained for
all the test subjects, for every line k (S2

ki); then, the variances S2
ki

of the angles corresponding to line k were compared using the
Bartlett test Eq. 4:

B = 2.30259
C




(n−ni) . ln
(
S2

)
−

ni∑

j=1

(
nj −1

)
. ln

(
S2

ki

)




•∩ χ2

(ni−1) (4)

where

C =1+ 1
3(i +1)






i∑

j=1

(
1

nj −1
− 1

n−1
)






n - total number of observations for each k (our case: 80)
S2

ki - intra-observer variance of the angle for line k for a given
observer i
χ2

(ni−1)
- theoretical value of χ2 statistics with (ni −1)df .

Results

The results regarding the variance of the four lines for
each test subject (ᾱkj ; mean ± 1 SD) as performed by the
observers are presented on Table 1.

The mean variances S2
k corresponding to each line are

shown in Table 2.
Table 3 shows the mean values corresponding to the

angles measured in all subjects by every observer (ᾱki ;
mean ± 1 SD).

Of the four lines, the line k1 (PC-OB - Fig. 3) yield
the least inter-observer variance. According to Bartlett’
test, significant differences between the mean variances of
the four reference lines were obtained (χ2: χ2 (3) = 82.54,

Table 1 Inter-observer study for the stability of the lines. ᾱkj ± 1SD
for αkij in each reference line in every test subject j obtained by the
eight observers

Test Line k1 Line k2 Line k3 Line k4
subject n◦

j1 8.4 ± 0.9 18.6 ± 2.9 18.4 ± 5.0 21.3 ± 7.6
j2 3.4 ± 1.2 12.0 ± 2.1 24.0 ± 1.2 17.3 ± 2.3
j3 3.8 ± 0.7 14.8 ± 2.5 18.6 ± 4.6 18.4 ± 2.9
j4 6.9 ± 1.0 14.4 ± 2.4 14.6 ± 3.6 17.6 ± 3.5
j5 16.1 ± 1.2 17.1 ± 3.8 27.1 ± 3.6 25.6 ± 4.3
j6 7.5 ± 0.5 11.6 ± 1.2 18.1 ± 1.9 15.4 ± 2.8
j7 6.9 ± 0.6 11.8 ± 1.7 17.6 ± 3.7 13.6 ± 2.5
j8 20.1 ± 0.8 26.8 ± 1.7 27.8 ± 4.8 25.6 ± 3.4
j9 12.3 ± 1.0 18.4 ± 1.7 24.8 ± 3.6 24.6 ± 5.0
j10 9.3 ± 0.5 24.3 ± 5.6 32.8 ± 3.4 14.1 ± 7.8

ᾱkj in degrees, measured with respect to the x-axis (set to zero)
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Table 2 Variability for each line assessed. Mean of the variances S2
k

in the eight observers

Line n◦ S2
k

k1 0.8
k2 8.1*
k3 13.9
k4 21.3

*significantly different from line 1 with the Fischer–Snedecor
test (p < 0.01); Bartlett’s test has shown that the variances of the
groups were not equal

Table 3 Intra-observer study for the technical precision of the observ-
ers. ᾱki ± 1SD for αkij in each reference line for all test subjects ob-
tained by the eight observers i

Observer n◦ Line k1 Line k2 Line k3 Line k4

I1 9.1 ± 5.4 16.8 ± 5.7 23.2 ± 5.4 21.8 ± 6.2
i2 9.4 ± 5.2 18.2 ± 4.9 24.6 ± 5.2 22.9 ± 5.6
I3 9.4 ± 5.5 16.2 ± 5.6 27.0 ± 6.2 23.9 ± 6.3
I4 9.4 ± 5.8 16.9 ± 5.7 21.0 ± 7.5 16.8 ± 4.8
i5 9.3 ± 5.8 16.6 ± 6.5 20.2 ± 8.1 17.3 ± 6.1
i6 9.4 ± 5.0 17.4 ± 5.6 21.0 ± 6.1 16.5 ± 5.3
i7 9.8 ± 4.9 16.5 ± 5.9 20.3 ± 7.3 17.9 ± 4.8
i8 9.8 ± 5.3 17.1 ± 5.9 21.7 ± 4.6 17.7 ± 6.8

ᾱki in degrees, measured with respect to the x-axis (set to zero)

p < 0.0001). To further verify which line had the smallest
variability, we tested the lines with the smallest variance
(k1 and k2) using the Fischer–Snedecor test. There were
significant differences between k1 and k2 [F (9,9) = 103.2,
p < 0.01), indicating that k1, the posterior commissure-
obex line (PC-OB), has the smallest variance.

There were no significant intra-observer differences
(Table 3) in the precision of the tracing for each line (Bart-
lett’s test: p > 0.05 for lines k1 −k4: χ2 for k1: χ2(7) = 0.47,
p = 0.99; χ2 for k2: χ2(7) = 1.28, p = 0.98; χ2 for k3:
χ2(7) = 5.49, p = 0.60; χ2 for k4: χ2(7) = 2.49, p = 0.93).

Discussion

Topographic imaging provides information about individ-
ual brain structures. MRI, due to its multi-planar capa-
bilities and high contrast resolution is a preferred method
to analyse the morphometry of the core limbic structures
of the temporal lobe.

In qMRI, the validity of hippocampal and amygdala
quantification using volumetry, relaxometry or spectros-
copy (and of para-hippocampal cortices volumetrics),
depends on the quality of the images from which mea-
surements are made.

Fig. 3 Highlight of a mid-sagittal MR image showing the PC-OB
anatomical details

In this study we sought to determine the stability of
four sagittal reference lines, by assessing the variability of
the manual tracing performed by a group of eight experi-
enced observers in the evaluation of MR images using ten
healthy controls.

Among all observers in this study, the PC-OB line
showed the smallest variation while the orthogonal lines
to both the right and left hippocampal axis had the larg-
est standard deviations. These results are not surprising.
In principle it is simpler to trace a line that joins two well-
recognized anatomical structures, such as the poster-
ior commissure and the obex of the IV ventricle, than
an arbitrary line perpendicular to the main axis of the
hippocampus, whose normal structure encompasses sev-
eral cortical infoldings [26]. Further, on para-sagittal im-
ages the axis of the hippocampal head is frequently dispa-
rate to that of the body (see figures 96E and 97C in [26]).
This angulation can be a source of error with respect to
the choice of the appropriate orthogonal plane.

The lines tested are currently used in radiological prac-
tice as anatomical landmarks for the tilted orientation of
the temporal lobe. In particular the line referred by sev-
eral authors as “perpendicular to the main (or long) hip-
pocampal axis” [10,19,20,27,28] is widely used. Also, for
axial imaging the line “parallel to the longitudinal axis of
the hippocampus” (obtained at right angles from the pre-
vious) is considered [14,29]. Recently [23], the posterior
commissure-obex line has been proposed as an accurate
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reference to obtain angulated coronal and axial images to
the main axes of the temporal lobes.

In the clinical setting it is likely that different radiolo-
gists and radiographers are responsible for the examina-
tions of different patients. Thus, the importance of using a
stable sagittal reference line as a scout for angulated planes
to the temporal lobes cannot be overestimated. A simple,
reproducible and well-defined anatomical landmark can
contribute to the accurate comparisons of the MRI exams
and increase the consistency of qMRI measurements.

Hippocampal and amygdala lesions include struc-
tural changes that disrupt their normal morphology and
appearance. Moreover, the highly variable sulcal pattern
of the basal and para-hippocampal temporal lobe can be
an additional adverse source of variation to the imaging
analysis of the subdivisions of the mesio-temporal region
[30,31]. Thus, when planning the appropriate imaging axis
for the temporal lobes of a patient, it is advisable to rely
on references other than the structure of interest, which
may be damaged. The PC-OB line provides a stable choice
since it is simple to identify and to trace. Moreover, to
date, the involvement of both the posterior commissure
and the obex of the IV ventricle has never been reported

in the pathology of neurodegenerative disorders and TLE,
which may alter their morphometry.

Conclusion

The stability and reproducibility of temporal lobe MRI
can be improved by using the posterior commissure-obex
line as an anatomical scout for the tilted coronal and axial
sequences. Quantitative assessment of the hippocampus
and amygdala, but also of the para-hippocampal cortices
can benefit most from this improved stability since it pre-
dicts higher inter-observer reproducibility.
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