
Cephalic Reference Lines Suitable for Neuroimaging    11

Both morphometric and topographic approaches to
analyze brain structures require a careful choice of
reliable anatomic landmarks in order to achieve ap-
propriate imaging and clinical correlations. There-
fore, a precise topographic analysis of brain struc-
tures ought to be performed using definite brain
reference lines, which are based most efficiently on
commissural landmarks. Whenever possible, corre-
lations with cutaneous and cranial anthropologic
points are necessary for multimodal imaging pur-
poses (Broca 1873; Ariens Kappers 1947; Talairach et
al. 1952; Guiot and Brion 1958; Delmas and Pertuiset
1959; Cabanis et al. 1978; Olivier et al. 1985, 1987;
Baulac et al. 1990; Tamraz et al. 1990).

The ability of MRI to visualize tissues in any di-
rection, due to its multiplanar and computerized ca-
pabilities, permits the evaluation of specific anatom-
ic structures from the  most suitable orientation by
direct scanning either parallel or orthogonal to the
long axis of the anatomic structure studied.

In this chapter, the various cranial reference lines
will first be reviewed. Subsequently, the anatomic
and physiologic cephalic orientations widely used in
anatomic imaging will be covered.

Particular attention will be devoted to a new sylvi-
an approach to brain anatomy based on recent onto-
genetic, phylogenetic and anatomic data obtained
using the reference system based on two specific ref-
erence lines, namely the “chiasmatico-commissural
line” (CH-PC line), which is oriented parallel to the
“sylvian fissure” and defines the “chiasmato-mamil-
lo postcommissural plane”; and the “commissural-
obex line” (PC-OB line), which is perpendicular to
the latter and corresponds to the vertical long axis of
the brainstem (Tamraz et al. 1989, 1990, 1991).

These orthogonal reference planes, suitable for
multimodal imaging, can be used routinely in brain
imaging with highly reproducible results. The ana-
tomic landmarks defining these reference lines are
easily seen on a midsagittal MR view, and are present
in all vertebrates. From an anatomic point of view,
both ontogenetically and phylogenetically, the accu-
racy of these midline structures located at the mid-

brain-diencephalic junction need not be demon-
strated.. Constant and statistically proven angular
variations demonstrate the validity of these cephalic
orientations both in vivo and in the cadaver: (1) the
angular relationship between the CH-PC line and the
bicommissural line (AC-PC), called the commissural
angle (CH-PC-AC) is 24±2.3; (2) the angular rela-
tionship between the CH-PC line and the PC-OB
brainstem vertical axis joining the posterior com-
missure to the obex, named the CH-PC-OB truncal
angle, is 93±3.4.

It is worth noting that the bicommissural line (Ta-
lairach et al. 1952), which is very close to the orbito-
meatal or canthomeatal lines used in conventional
radiology, has great validity and continues to be used
in brain imaging fields, despite its great deviations,
due to its neurosurgical stereotactic validation (Ta-
lairach et al. 1957, 1967; Schaltenbrand and Bailey
1959; Schaltenbrand and Wahren 1977) and its neu-
roradiological evaluation (Salamon and Huang 1976;
Szikla et al. 1977; Salamon and Lecaque 1978; Vanier
et al. 1985; Talairach and Tournoux 1988; Bergvall et
al. 1988). Its usefulness is obvious when interest is in
the study of the central region of the brain. This is
also true for the more recently described callosal ref-
erence plane demonstrated and validated for routine
use by Olivier et al. (1985, 1987) and Lehman et al.
(1992).

I Cranial Reference Lines and Planes

A Historical Background and Overview

More than 80 cephalic reference lines based on cra-
nial and anthropological landmarks have been de-
fined and reported. These reference systems were
developed mainly by anatomists and anthropologists
at the end of the eighteenth century.

Within the field of comparative craniology, a
search for a horizontal plane for the skull was per-
formed by Daubenton (Daubenton and Daele 1764),
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by Cuvier (1835) and later by Lucae (1872), along
with many others. In his communication to the
French Academy of Science in 1764, Daubenton de-
scribed the importance of the plane of the foramen
magnum as the horizontal plane tangent at the mid-
dle of its posterior border to the condylar processes
of the skull. He pointed out that this plane is differ-
ently oriented in humans as compared with animals,
passing through the inferior aspect of the orbits in
man and considered by him as horizontal and per-
pendicular to the vertical axis of the body and neck
when an erect position is assumed. This differs in
monkeys, in which the plane passes beneath the
mandible, becoming even more obliquely tilted
downward in lower species such as the dog. Dauben-
ton was convinced that horizontality is closely relat-
ed to the orientation and position of the foramen
magnum located in a central position at the base of
the skull, stating “plus le grand trou occipital est éloi-
gné du fond de l’occiput plus le plan de cette ouver-
ture approche de la direction horizontale” (Dauben-
ton and Daele 1950, p 570). His contribution to
craniology and anatomy differs from previous con-
tributions in this field, which lacked precision in the
choice of anatomic landmarks.

These attempts were used a few decades later for
works on racial morphologic differences which were
extensively pursued at the end of the eighteenth cen-
tury, and are well represented by the important con-
tributions of Camper (1791), Blumenbach (1795),
Doornik (1808) and many others. In 1791, Camper
defined an interesting cephalic plane of orientation
joining the spina nasalis inferior to both external au-
ditory meati. About 20 years earlier, he had reported
many lines and angles in order to show the differenc-
es which may be depicted on a face, reporting his re-
sults at the Academy of Painting in Amsterdam
(1770). Camper’s horizontal plane was slightly modi-
fied by Cuvier (1795)for use in his works on compar-
ative anatomy. At the same time, Blumenbach de-
fined the norma verticalis of the cranium when lying
horizontally, as observed from above.

Cranial reference systems underwent a major ad-
ditional development in the nineteenth century with
the development of phrenologic craniometry as de-
fined in Edinburgh by the Scotsman Combe (1839).
From his research on brain proportions, Combe pro-
posed a frontoparietal line, which was to be defined
later by one of his pupils, Morton (1839), in the Unit-
ed States, as the line joining the frontal to the parietal
ossification centers of the skull.

B The Need for a Consensus

Given the presence of several reference lines, an at-
tempt to find a consensus became obvious and nec-
essary. Following a meeting in Göttingen, German
anthropologists adopted the line advocated by Von
Baer, which corresponds to the superior border of
the zygomatic arch, and named it the horizontal line
of Göttingen (1860). This line modifies to some ex-
tent the line of Lucae (1872) who defined as the
horizontal, the line passing through the axis of the
zygomatic arches.

At the same time in France, Broca (1862), in one of
his major contributions on the natural position of
the head, observed that the horizontal plane corre-
sponds to the alveolar-condylar plane, defined as the
reference plane passing through the inferior aspect
of the occipital condyles and joining the middle of
the alveolar ridge. Broca considered and defended
this plane as the horizontal plane of the cranium
(1873). An alternative was proposed by Hamy, name-
ly, the glabella-lambda plane, which was roughly
parallel to the latter. From 1862 to 1877, Broca evalu-
ated this plane with respect to many others, such as
the masticatory plane, the glabellar-occipital, the na-
sion-opisthion, and the nasion-inion, pointing to
their variability as compared to the alveolar-condy-
lar plane (1862), which he considered as the skull ref-
erence baseline (1873), or the plane of the “vision
horizontale” (1862), also called the “visual plane”
(1873) and later the “bi-orbital” plane (1877) (Fig.
2.1). A century later, this plane was described, using
computerized assisted tomography (CT), as the neu-
ro-ocular plane (Cabanis et al. 1978).

According to Topinard (1882), the English anthro-
pologists accepted Broca’s choice of the visual plane
as the reference plane, while the Germans remained
attached to Merckel’s “orbito-auditory” plane (1882),
also named “auriculo-suborbital” plane by Ihering
(1872), and modified by Virchow and Hoelder to be-
come the “supra-auricular-infra-orbital” plane. The
latter plane was retained during the Munich Con-

Fig. 2.1. The “bi-orbital” plane of Broca (1877)
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gress (1877) and adopted in Frankfurt as the “infra-
orbital-meatal” plane, widely known as the Frank-
furt-Virchow plane, which received the general ac-
ceptance of most of the anthropologists of the time.

C Classification of the Cephalic Reference
Planes

A great number of cranial and cephalic reference
planes and lines have been described, which are of
variable importance based on an anatomic, phyloge-
netic or anthropologic point of view. Saban (1980), in
an attempt to codify the available data in this field,
proposed a classification of these reference lines and
planes based on anatomic grounds. The craniofacial
references reported in his exhaustive review of the
literature are grouped as follows: craniofacial planes
based on external landmarks, including superior
horizontal planes (Table 2.1), inferior horizontal
planes (Table 2.2), base of the skull planes (Table 2.3)
and vertical planes (Table 2.4); and craniofacial
planes based on endocranial landmarks (Table 2.5).

Some of these are of great interest as they are used
in anthropology as well as in radiology and are wide-
ly applied. This includes the Frankfurt-Virchow
plane, the nasion-opisthion, the nasion-basion, and
others. Olivier (1978) pointed out, in view of com-
parative studies on craniofacial planes, that the na-
sion-opisthion and the Frankfurt-Virchow planes
are remarkably constant. Other reference planes
have been rediscovered and reevaluated with respect
to their potential accuracy in regional anatomy and
imaging studies.

D The Choice of a Nomenclature

The development and diversification of increasing-
ly complex radiology procedures made a unified
and pragmatic approach to cephalic orientation a
necessity. The need for a universal consensus was
obvious. In a study meeting of the World Federation
of Neurology, held in Milan in 1961 and oriented
toward problems of projections and nomenclature,
the commission of nomenclature retained as basal
reference lines two so-called horizontal baselines of
radiological importance: (1) the anthropological
basal line, and (2) the orbitomeatal (or canth-
omeatal) basal line (WFN 1962). These lines meet at
an angle of 10° (Fig. 2.2).

II Brain Horizontal Reference Lines
and Planes

A total of six cephalic reference lines and planes are
currently used in neuroimaging fields, which are
suitable for diagnostic, functional or interventional
purposes (Fig. 2.3, Table 2.6). These are:  the bicom-
missural plane (Talairach et al. 1952), and the inter-
commissural plane (Schaltenbrand and Bailey
1959), the cephalic reference plane of Delmas and
Pertuiset (1959), the neuro-ocular plane (Cabanis et
al. 1978), the callosal plane (Olivier et al. 1985), and
the chiasmatico-commissural plane (Tamraz et al.
1989, 1990).

Table 2.1. Superior horizontal cranial reference lines (modified from Saban 1980)

Literature reference Reference line Description

Hamy 1873 Glabella-lambda line Roughly parallel to the alveolar-condylar plane of
Broca

Krogmann 1931 Horizontal line Parallel to Frankfurt plane, proceeding from the nasion

Lucae 1872 Axis of the zygomatic arches

Merkel 1882 Horizontal orbital-auditory line Center of the external auditory meatus; inferior rim of
the orbit

Morton 1839; Combe 1839 Horizontal plane Plane passing through the four prominent points of the
frontal and parietal bones

Perez 1922 Vestibian axis

Virchow-Hoelder 1875 Supra-auricular-suborbital plane Superior border of the external auditory meatus;
(Topinard 1882) Horizontal line of Munich (1877) inferior border of the orbit

Von Baer 1860 Horizontal line of Göttingen Superior border of the zygomatic arch

Tamraz02.p65 14.11.1999, 11:57 Uhr13

Schwarz



14 Chapter 2

A The Bicommissural Reference Plane

The bicommissural plane (AC-PC) of Talairach et al.
(1952), is defined as the plane through the line join-
ing the upper border of the anterior commissure
(AC) to the lower border of the posterior commis-

Table 2.2. Inferior horizontal cranial reference lines (modified from Saban 1980)

Literature reference Reference line Description

Barclay 1803 Inferior facial plane Tangent to inferior border of the mandible

Blumenbach 1795 Cranium in norma verticalis Lying on its base over a horizontal plane

Broca 1862 Plane of mastication Inferior border of the teeth of the maxilla

Broca 1862 Horizontal plane of the head Alveolar point at the inferior border of the alveolar
Alveolar-condylar plane ridge – inferior aspect of both occipital condyles
Cardinal plane of the cranium
(1873)

Broca 1862 Plane of horizontal vision, or The natural attitude of the head is that which permits
visual plane (1873) or the eyes to reach the horizon without muscular
bi-orbital plane (1877) contraction

Daubenton and Daele 1764 Plane of the foramen magnum Center of the posterior edge of the occiput – condylar
facet

Camper 1791 Horizontal plane Spina nasalis anterior – center of the external auditory
meati

Doornik 1808 Horizontal line Incisors – most prominent point of the occiput

His 1860, 1876 Horizontal line Spina nasalis anterior – opisthion (plane perpendicular
to midsagittal)

Lucae 1872 Horizontal line Spina nasalis anterior – basion

Martin 1928 Line of the alveolar ridge or Alveolar border between median incisors and the
horizontal alveolar line molars (study of the mandible)

Martin 1928 Line of the base of the skull Nasion-basion (perpendicular to midsagittal plane)

Spix 1815 Alveolar-condylar plane Tangent to the inferior aspect of the occipital condyles
– median-most declivitous point of the superior
alveolar ridge

Table 2.3. Reference lines from the base of the skull (modified from Saban 1980)

Literature reference Reference line Description

Aeby 1862 Nasion-basilar plane Base of the nose – basion

Barclay 1803 Inion-glabellar line Horizontal of Schwalbe (glabella-inion line)

Broca 1872 Nasion-opisthion line Base of the nose (nasion) – opisthion

Broca 1872 Nasion-inion line Base of the nose (nasion) – inion

Bell 1805 Basion-supraorbital line Basion – superior orbital rim

Keith 1910 Subcerebral plane Median frontomalar symphysis – median
parietomastoid symphysis

Martin 1928 Glabella-opisthion line Glabella – opisthion

sure (PC) (Figs. 2.3, 2.4). It is widely accepted and
used by numerous neurosurgeons and a large com-
munity of neuroradiologists, mainly since the advent
of CT. The intercommissural plane joins the center of
both the anterior and posterior commissures
(Schaltenbrand and Bailey 1954, 1959).
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Table 2.4. Vertical reference lines of the skull (modified from Saban 1980)

Literature reference Reference line Description

Busk 1861 Vertical plane Auriculo-bregmatic line

Bell 1806 Vertical axis of the cranium Cranium maintained in equilibrium over a stick held
through the center of the foramen magnum

Clavelin 1932 Vertical plane of the mandible Glenion – posterior border of the mandible

Klaatsch 1909 Vertical line Bregma – basion

Maly 1924 Vertical plane of the orbital Superior border – inferior border of the orbital
aperture aperture

Table 2.5. Cranial reference lines based on endocranial landmarks (modified from Saban 1980)

Literature reference Reference line Description

Barclay 1803 Palatine plane Passing through the palatine vault

Beauvieux 1934 Plane of the ampullas Passing through the three ampullas of the semicircular
canals

Bjork 1947 Horizontal plane Nasion – center of the sella turcica

Girard 1911 Plane of the horizontal
semicircular canal

Huxley 1863 Basi-cranial axis or basi-occipital Middle of the anterior border of the foramen magnum
line – anterior extremity of the sphenoid

Villemin and Beauvieux 1937 Nasion-opisthion line

Walther 1802 Horizontal line Crista galli-inioning)

Fig. 2.2. Radiologic reference baselines, modified according
to the WFN (1962). CM, canthomeatal baseline; FVP, anthro-
pological baseline

Table 2.6. Major brain reference lines (suitable for neuroimag

Brain horizontal planes / lines:

 1. Bicommissural plane (Talairach et al. 1952, 1957) and
     intercommissural plane (Schaltenbrand and Bailey 1954,
     1959)
 2. Cephalic plane (Delmas and Pertuiset 1959)
 3. Neuro-ocular plane (Cabanis et al. 1978)
 4. Callosal plane (Olivier et al. 1985)
 5. Chiasmato-commissural plane (Tamraz et al. 1989, 1990)

Brain vertical planes / lines:

 1. Commissuro-mamillary plane (Guiot and Brion 1958)
 2. Commissural-obex plane (Tamraz et al. 1989, 1991)
 3. Commissuro-mamillary plane (Baulac et al. 1990)

1 Biometric Data

The interest of a great number of anatomists, anthro-
pologists and neurosurgeons in this reference line
explains the importance of the data available in the
scientific literature based on these bicommissural

landmarks (Talairach et al. 1952, 1957, 1967; Schalt-
enbrand and Bailey 1959; Salamon and Huang 1976;
Szikla et al. 1977; Talairach and Tournoux 1988).

Neuroradiology has provided stereotactic valida-
tion of this reference plane at least for the deep nu-
clear structures of the brain, explaining its frequent
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use in brain imaging mainly since the advent of CT
(Michotey et al. 1974; Salamon and Huang 1976; Sz-
ikla et al. 1977; Habib et al. 1984; Vanier et al. 1985;
Gelbert et al. 1986; Bergvall et al. 1988; Rumeau et al.
1988).

According to Cabanis and Iba-Zizen the canth-
omeatal line (OM), retained as the radiological refer-
ence line (WFN 1962) which joins the outer canthus
of the eye to the center of the auditory meatus, the
latter corresponding cutaneously to the tragion, has
been shown to be very close (1.4±2.7°) to the bicom-
missural line (Szikla et al. 1977) (Fig. 2.5). This ob-
servation has revived interest in external references.
Other similar observations have been reported by
Tokunaga et al. (1977) and Takase et al. (1977), who
tried to demonstrate the approximate parallelism of
the glabella-inion line (GIL), which joins the glabella
to the inion, i.e., the external occipital protuberance
and the fronto-occipital line (FOL) defined as the
longest endocranial fronto-occipital diameter, with
the bicommissural line (Fig. 2.6). Nevertheless, we
agree with Bergvall et al. (1988) that these external
landmarks, although suitable for different imaging
modalities and helping patient positioning in the
routine practice, are much too approximate and un-
reliable for precise anatomical and topometric stud-
ies. The opinion that the reference and the related
target structure ought to pertain to the same ontoge-
netic system is still accepted.

Concerning the landmarks of the AC-PC line, i.e.,
the AC and the PC, significant variations responsible
for potential errors may be observed with variations
in AC diameter ranging from 2 to 5 mm, considering
PC at a fixed position. Such variations may corre-
spond to a difference of up to 7° in angle. To avoid
such variations dependent on the diameter of the AC,
Tokunaga et al. adopted a center-to-center position-
ing of the reference plane. On the other hand, a cen-
ter-to-center orientation of the AC-PC line, called
the intercommissural line (Amador et al. 1959), is
used (Tokunaga et al. 1977) in order to minimize
variation in the determination of the end points at
the landmark levels since the center of AC is easier to
define than its limiting border, which varies with the
resolution of the MR system and slice thickness.
From an imaging point of view such observations
are obvious. Considering AC, we agree with Delmas
and Pertuiset (1959) that the inferior border of AC is
easier to delimit than its superior border, minimiz-
ing errors that could be introduced by the proximity
of the anterior columns of the fornix (Tamraz et al.
1990). For accuracy and preciseness based on ana-
tomic grounds, as presently obtained using midline

Fig. 2.3. Horizontal brain reference lines and planes. AC-PC,
bicommissural plane; CG-CS, callosal plane; CH-PC,
chiasmatico-commissural plane

Fig. 2.4. The bicommissural plane of Talairach et al. (1952).
(From Talairach et al. 1967)
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brain commissures, the choice of landmarks ought
to be  adapted to the imaging system being used.

Reference to stereotactic and topometric atlases is
necessary in order to best achieve  reliable clinical
and anatomical correlations using MR imaging and
accurate coordinates and landmarks (Talairach et al.
1957, 1967; Schaltenbrand and Bailey 1959; Delmas
and Pertuiset 1959).

2 Anatomic and Imaging Correlations

This reference system provides a definite and accu-
rate relationship to the central gray nuclei (Talairach
et al. 1957; Schaltenbrand and Bailey 1959). Anatom-

ically, this reference line roughly follows the direc-
tion of the hypothalamic sulcus, separating the thal-
amus and the hypothalamic region. Thus, it totally
differs from the chiasmatico-commissural line on
anatomic, ontogenetic and phylogenetic grounds,
the latter being situated more caudally at the level of
the diencephalon-mesencephalic junction.

The bicommissural line also maintains to some
extent reliable relationships to telencephalic struc-
tures and helps in the localization of individual gyri
on the brain cortex as demonstrated by numerous
works carried out by Salamon and Talairach. The
major brain sulci seem to maintain relatively con-
stant relationships with respect to the bicommis-
sural line (Szikla and Talairach 1965; Szikla 1967; Ta-
lairach et al. 1967). As pointed out by Rumeau et al.
(1988), Talairach noted the increasing variations ob-
served with respect to cortical topography. These
may show differences in location up to 20 mm from
central to peripheral regions. Moreover, in their neu-
roimaging and anatomic study of 30 brains oriented
according to the bicommissural line, these authors
reported difficulties in the identification of three
major regions: the temporal parieto-occipital, the
pars triangularis of the inferior frontal gyrus, and
the paracentral lobule, due to important individual
variations.

Localization of the central sulcus is one of the
most important applications of the bicommissural
line of Talairach, which is found between the anteri-
or (VCA) and posterior (VCP) vertical lines perpen-
dicular to the AC-PC. These are tangent to the poste-
rior border of the AC and the anterior border of the
PC, respectively. (Fig. 2.7). In axial cuts, as reported
by Talairach et al. (1967), the central sulcus is found

Fig. 2.5. Close parallelism between the canthomeatal line
(OM) and the bicommissural line (ACPC). AC, anterior com-
missure; PC, posterior commissure. (According to Cabanis
and Iba-Zizen; from Szikla et al. 1977)

Fig. 2.6. Approximate parallelism of glabella-inion line (GIL)
and fronto-occipital line (FOL), with the canthomeatal line
(CM). (From Tokunaga et al. 1977, and Takase et al. 1977)

Fig. 2.7. The central sulcus: anatomic correlations using the
bicommissural coordinates. (From Talairach et al. 1967)
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about midway between the anterior to posterior ex-
tension of the supraventricular cuts (Fig. 2.8). It orig-
inates caudally, 0.5 cm behind or in front of the VCA
(Fig. 2.9) and ends cranially at about 1 cm posterior
to the VCP. Its sinuous course is roughly contained
between the VCA and VCP.

Recently, Devaud et al. (1996), proposed a new
method to localize the central sulcus using the “ro-
landic line”. This approach, as proposed, is based on
the callosal line as defined by Olivier et al. (1985),
joining the most inferior points of the genu and the
splenium of the corpus callosum. The long axis of
the central sulcus follows the direction of the rolan-
dic line which seems to be a reliable way to identify

the axis on a lateral image of the brain. In the view of
the authors this is even more accurate for central sul-
cus identification than the vertical planes defined
using the bicommissural system of Talairach (Szikla
and Talairach 1965; Talairach et al. 1967).

The methodology adopted based on the callosal
system (Oliver et al. 1985, 1987) comprises the callos-
al plane and the anterior and posterior vertical cal-
losal planes, to which are added a superior tangential
plane, rising to the highest point of the hemisphere,
and a parallel inferior plane, passing through the
lowest point of the temporal fossa. The rolandic line
is generated by joining the two intersection points
between the callosal planes and the tangential hemi-
spheric extending from the posterior superior to the
anterior inferior points, parallel to  the direction of
the central sulcus (Fig. 2.10). According to the au-
thors, the central sulcus can be identified on any sag-
ittal cut using the rolandic line, which may also be
displayed on the lateral angiograms. The inferior
tangential line is traced from the lateral sagittal im-
age at a distance of 30 mm from the midsagittal cut.
The major anatomic correlations observed by the
authors show that the rolandic line seems to follow
the direction of the central sulcus, beginning at the
sulcal fundus or at the depth of its midextension in
nearly 90% of cases.

Fig. 2.8. The central sulcus: anatomic correlations using the
bicommissural coordinates. (From Talairach et al. 1967)

Fig. 2.9. MR correlations: lateral projections of VCA and VCP
that could help to localize the central sulcus (arrowheads)
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To conclude, despite its deviations, the bicommis-
sural brain reference line is most useful in the local-
ization of the central gray nuclei and the identifica-
tion of the central sulcus. The advent of MRI, with its
direct multiplanar and three-dimensional capabili-
ties, has modified   our approach to brain anatomy
and sectional imaging (Figs. 2.11–2.13).

Fig. 2.10A–C. The rolandic line (R) based on the callosal ori-
entation plane (Olivier et al. 1985). (According to Devaux et
al. 1996)

Fig. 2.11. The bicommissural plane (AC-PC) most suitable for
the study of the central region
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Fig. 2.12A–L. Successive 3 mm axial cuts of a formalin-fixed brain parallel to the AC-PC reference, as compared to the
chiasmatico-commissural plane (CH-PC) most suitable for the study of the perisylvian region and the temporal lobes
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Fig. 2.13A–N. Successive 3 mm horizon-
tal cuts of the same formalin-fixed brain
parallel to the CH-PC reference, due to
its parallelism to the direction of the
parallel sulcus
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B The Delmas and Pertuiset Reference Plane

1 Anatomic and Imaging Correlations

In their atlas “Topométrie crânio-encéphalique chez
l’homme”, Delmas and Pertuiset (1959) defined a
horizontal brain reference plane passing rostrally
through the lower part of the AC and caudally tan-
gent to the highest part of the floor of the third
ventricle (Figs. 2.14, 2.15). Instead of those based on
the AC-PC plane, landmarks used by these authors
better delineated the inferior border of the AC, free-
ing it from the close relation to the anterior columns
of the fornix. This is, in our opinion, even more per-
tinent when a midsagittal MR cut is used to orient
the slab. Partial volume effects, particularly in the
case of thick slices, may introduce a significant posi-
tioning error, as previously reported for the AC-PC.
The other posterior landmark shows a great advan-
tage over PC, because this latter area, situated caudal-
ly to the posterior perforated substance, appears to
be much less topometrically variable. The position of
the PC varies with the degree of dilatation of the
third ventricle and the cerebral aqueduct.

The frontal plane, perpendicular to the reference
and tangent to the anterior border of PC, is called the
posterior commissural plane. The other one, anteri-
orly located and parallel to the previous, as well as
tangent to the posterior border of the AC, is named
the anterior commissural plane. It is a more accurate
reference for the study of adjacent structures, such
as the pallidum, caudate, and amygdaloid nuclei. The
two vertical planes are separated by about 20 mm
according to the authors.

It is interesting to note, as reported by the authors,
that the horizontal cuts included in the atlas of cross-
sectional anatomy correspond to an anatomic posi-
tion in which the brain reference plane is parallel to
the cranial plane on which the head was oriented, the
Frankfurt anthropological baseline. This atlas may
be obviously used as a reference for anatomic imag-
ing correlations when based on the infraorbital
meatal baseline, i.e., the anthropologic baseline
(WFN 1962), where the head is sectioned horizontal-
ly, as shown in the atlas, with a parallelism between
the line of Frankfurt and the brain reference line.

2 Topometric Findings

This work, presented as a  three-dimensional atlas,
provides important topometric data for 21 anatomic
structures studied by the authors which are: the an-
terior, centromedian, dorsomedian, ventral anterior,
ventral posterior, lateral and medial pulvinar tha-
lamic nuclei, the lateral and medial geniculate bod-
ies, the mamillary body, the red nucleus, the subtha-
lamic nucleus, the substantia nigra, the zona incerta,
the amygdala, the pallidum, the caudate nucleus, the
putamen, the superior and inferior colliculi, and the
dentate nucleus of the cerebellum. Interesting data
concerning variations in volume and position of
such deep brain structures with respect to the ceph-
alic index are shown.

The authors classified the 21 structures into three
groups based on their volumes. The first group com-
prises the mamillary body, the lateral and medial
geniculate bodies, and the superior and inferior col-
liculi. This group did not show any variations in vol-
ume or shape. The second group, represented by the

Fig. 2.14. The brain reference plane of Delmas and Pertuiset
(1959)

Fig. 2.15. Topometric variations of brain structures with re-
spect to the cephalic index (IC) according to Delmas and
Pertuiset (1959)
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nucleus subthalamicus, the putamen, the amygdala,
and the dentate nucleus, showed symmetrical varia-
tions in volume. Of the remaining structures, some
presented an asymmetric increase in volume, in-
cluding the dorsomedian, centromedian, ventral
posterior and the medial pulvinar thalamic nuclei,
and the zona incerta, but most of the others failed to
show statistically significant correlations.

Considering variations in position, the authors
emphasized the close relation observed based on the
cephalic index (Fig. 2.15) and separated the varia-
tions observed in individuals in which the cephalic
indices were between 78 and 89 (Figs. 2.16, 2.17)
from those in the 70 to 78 interval (Figs. 2.18, 2.19).
The greatest statistical significance has been ob-
served in the former category, i.e., in cases of meso-
cephaly rather than brachycephaly. On the other
hand, these variations differ also with respect to the
position of the anatomic structure as compared to
the midsagittal plane. The medially located struc-
tures, including the red nucleus, substantia nigra,
subthalamic nucleus, mamillary body, dentate nucle-
us, and the dorsomedian, centromedian and medial
pulvinar thalamic nuclei, are displaced posteriorly
and upward. The paramedial structures are dis-
placed anteriorly in an upward or downward direc-

Fig. 2.16. Topometric variations observed in cephalic indices
comprised between 78 and 89. 1, lateral ventricle; 2, anterior
thalamic nucleus; 3, lateral dorsal nucleus of thalamus; 4,
dorsomedial nucleus of thalamus; 5, medial pulvinar nucleus;
6, centromedian thalamic nucleus; 7, zona incerta; 8, anterior
commissure; 9, tegmental area; 10, subthalamic nucleus; 11,
red nucleus; 12, locus niger; 13, superior colliculus; 14, infe-
rior colliculus; 15, dentate nucleus of cerebellum. (From
Delmas and Pertuiset 1959)

Fig. 2.17. Topometric variations observed in cephalic indices
comprised between 78 and 89. 1, lateral ventricle; 2, ventral
lateral thalamic nucleus; 3, lateral pulvinar nucleus; 4, ventral
anterior thalamic nucleus; 5, ventral posterior thalamic
nucleus; 6, lateral geniculate body; 7, amygdala. (From
Delmas and Pertuiset 1959)

Fig. 2.18. Topometric variations observed in cephalic indices
comprised between 70 and 78. 1, lateral ventricle; 2, anterior
thalamic nucleus; 3, lateral dorsal nucleus of thalamus; 4,
dorsomedial nucleus of thalamus; 5, medial pulvinar nucleus;
6, centromedian thalamic nucleus; 7, zona incerta; 8, anterior
commissure; 9, tegmental area; 10, subthalamic nucleus; 11,
red nucleus; 12, locus niger; 13, superior colliculus; 14, infe-
rior colliculus; 15, dentate nucleus of cerebellum. (From
Delmas and Pertuiset 1959)

tion. This includes the thalamic anterior and ventral
anterior nuclei, the medial geniculate body, and the
amygdala. These two groups behave differently from
the more laterally located structures, such as the len-
tiform and the caudate nuclei, which seem to vary in
relation to the cortex.
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C The Neuro-ocular Plane

The neuro-ocular plane (NOP), originally described
in the CT study of the optic nerve in papilledema
(Cabanis et al. 1978; Salvolini et al. 1978), best defines
the cephalic orientation for scanning of patients with
visual complaints. It is defined as the “plane passing
through the lenses, the optic nerve heads and the
optic canals, with the patient maintaining primary
gaze” as shown on CT, and confirmed anatomically
(Cabanis et al. 1978). It is now routinely used in CT
and MR (Fig. 2.20), particularly in the exploration of
patients presenting neuro-ophthalmological prob-
lems. The anatomic correlation obtained by Cabanis
brought a definite confirmation to the clinical rele-
vance of this cephalic orientation, which is most suit-
able for the exploration of the visual pathways (Fig.
2.21).

1 Anatomic and Imaging Correlations

NOP orientation provides the optimal conditions for
CT or MR exploration of the intraorbital structures.
The partial volume effect on the optic nerves is par-
ticularly reduced to a minimum (Cabanis et al. 1978;
Brégeat et al. 1986). Anatomic, neuroradiologic, and
clinical validations have been obtained (Tamraz
1983; Tamraz et al. 1984, 1985, 1988; Cabanis et al.
1981, 1982, 1988).

External cutaneous landmarks, experimentally
determined and defined by the acanthion-tragion
line (Fig. 2.22 A), are helpful to orient the patient’s
head in routine practice. Bony landmarks, defined by

the prosthion-opisthion line, are also available and
may be used on a sagittal localizer (Cabanis et al.
1982).

The NOP is the most appropriate cephalic orien-
tation for investigations in the axial and coronal

Fig. 2.19. Topometric variations observed in cephalic indices
comprised between 70 and 78. 1, lateral ventricle; 2, ventral
lateral thalamic nucleus; 3, lateral pulvinar nucleus; 4, ventral
anterior thalamic nucleus; 5, ventral posterior thalamic
nucleus; 6, lateral geniculate body; 7, amygdala. (From
Delmas and Pertuiset 1959) Fig. 2.20. The neuro-ocular plane (NOP) in a three-dimen-

sional MR correlation, showing the cephalic landmarks in the
axial plane: the lenses (L), the optic nerve heads (ON) and the
optic canals (OC), as described by Cabanis et al. (1978)

Fig. 2.21. The neuro-ocular plane (NOP), anatomic correla-
tion. (Reprinted from Cabanis 1978)

Tamraz02.p65 14.11.1999, 11:57 Uhr24

Schwarz



Cephalic Reference Lines Suitable for Neuroimaging    25

Fig. 2.22A–C. Cutaneous landmarks of the neuro-ocular
plane (NOP) defined by the canthomeatal line (A) as com-
pared to the CH-PC reference line (B) and the AC-PC refer-
ence line (C)

planes,  for biometric studies, and for follow-up of
eye diseases and examination of the intraorbital op-
tic nerves. In fact, along its orbitocranial route, the
visual pathway maintains a roughly horizontal ori-
entation from the eyes to the calcarine fissure. For
this reason, using the NOP as the cephalic reference
plane appears to be the most accurate choice for the
study of the brain and visual pathways, and the or-
bital optic nerves. This also applies to the screening
and study of diseases involving the face and the skull
base, due to a close parallelism with the Frankfurt-
Virchow anthropologic reference baseline.

Such a reference atlas of cross-sectional anatomy
of the head oriented in the NOP (Fig. 2.23), which in-
cludes the main anatomic correlations observed,

may be used in routine practice for image interpreta-
tion (Tamraz 1983; Tamraz et al. 1984, 1985; Cabanis
et al. 1988). The anatomic cuts in this work are de-
tailed views based on these references. The coronal
cuts used closely apply to the definition of the PC-
OB line in the specimens reported. The perpendicu-
lar to the NOP is, in this case, presumably fortuitous-
ly parallel to PC-OB plane. It is not surprising that
the respective MR correlations generally differ to
some extent, as may also be observed in the pub-
lished atlas (Fig. 2.37 p. 87). Actually, considering the
axial landmarks, the perpendicular to the NOP is dif-
ficult to determine precisely and is angled about 10°
as compared to the PC-OB plane. Similarly, the hori-
zontal cuts reproduced in the atlas of Delmas and

C

A B
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Fig. 2.23A,B. The neuro-ocular plane (NOP). Topometric findings. (From Tamraz 1983; Cabanis et al. 1988)

Fig. 2.24A,B. Axial anatomic cut (C27–HS, 19 mm) passing through the orbital and canalicular optic nerves, with the specimen
oriented according to the Frankfurt-Virchow plane (anthropological baseline), and reported as fortuitously parallel, in the
published case, to the defined brain reference. (From Delmas and Pertuiset 1959)

A B

BA
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Fig. 2.25A,B. The neuro-ocular plane; biometric and topometric findings. (From Cabanis et al. 1982)

Pertuiset (1959) and oriented according to the
Frankfurt-Virchow plane, as previously mentioned,
show a close anatomic similarity as compared to the
NOP (horizontal cut C27–HS 19 mm, Delmas and
Pertuiset 1959 p. 267). In this particular specimen
(Fig. 2.24), a NOP-like orientation cut is shown and
may be considered as being roughly parallel to the
anthropologic line. The topometric results derived
from the work of Delmas may, therefore, be used in
imaging interpretation of the slices oriented accord-
ing to the NOP as defined by Cabanis et al. (1978).

2 Topometric and Biometric Findings

One of the great advantages of the NOP reference
plane is the possibility to perform oculo-orbital to-
pometry (Cabanis et al. 1980, 1982). Numerous dis-
tance measurements have been defined with respect

to an external bicanthal line, joining the lateral orbit-
al rims in the NOP, and these are used in routine
practice. An overview of these biometric data is given
in Chap. 9.

Many authors have proposed reference planes for
visualizing the intraorbital optic nerves with the
least partial volume effect phenomena and with re-
duction of the amount of radiation to the lens during
slice acquisition. Different approaches have been
proposed. Most of the procedures reported are based
on simple calculations of the orbital references with
respect to the reference cranial baselines previously
defined, the OM (–20°) and the anthropologic line
(Van Damme et al. 1977; Hilal and Trokel 1977; Vin-
ing 1977; Cabanis et al. 1978; Unsöld et al. 1980).

Actually, the mean angle between the NOP and
the Frankfurt-Virchow plane (FVP) is about –7° (Fig.
2.25). As a reminder, the orbitomeatal plane, which is

BA
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the classic radiologic reference plane (WFN 1962), is
angled at approximately +10° relative to the FVP.
Moreover, exhaustive work on the relation of the or-
bital axis plane to several craniofacial reference lines
has been reported, including the important contri-
bution from the comparative anatomy laboratory of
Dr. Fenart in Lille (1982) to this field (Fig. 2.26, Table
2.7). Close parallelisms of the NOP with the alveolar-
condylar plane, the hard palate plane and the pros-
thion-opisthion line (Saban 1980; Fenart et al. 1982),
which may be used as external cranial landmarks to
orient the slices on a lateral scout view of the skull by
CT, may be retained and are actually helpful in rou-
tine practice.

In addition, such parallelisms explain the effec-
tiveness of this cephalic orientation as a suitable ref-
erence for screening patients with diseases involving
the orbitomaxillofacial region or the skull base.

The use of the NOP in comparative anatomic
studies in vivo, reported in part in Chap. 9, and its
angulation as compared to the FVP and the OM em-
phasizes its importance as a major anatomic and

physiologic reference plane in hominids (Fig. 2.25).
It is interesting to note also that the angle of the visu-
al pathways with respect to the base of the skull
changes with age due to the well-known occipital
descent (Delattre and Fenart 1960). However, once
maturation is complete, the angle between the visual
pathways and the skull remains constant. Therefore,
the angle between NOP and FVP becomes constant
in the adult. As Delmas once stated: “...the vision of
man rises to encounter the horizon”.

D The Callosal Plane

The callosal plane was defined by Olivier et al. (1985,
1987) as the reference plane “passing by the lowest
point of the genu and splenium of the corpus callo-
sum and extending through the whole brain” (Fig.
2.3). The authors also defined orthogonal planes per-
pendicular to it. The planes tangent to the anterior
border of the genu and to the posterior border of the
splenium were named the anterior callosal  and the

Table 2.7. The orbital axis (OM-To) in relation to other cranial reference planes (from Fenart et al. 1982) (n=52)

Angle variations Mean Standard deviation

OM-To / midorbital axis – center of the sella turcica 6.27 1.47
OM-To / glabella-lambda plane 0.44 4.20
OM-To / prosthion-opisthion plane –0.45 3.31
OM-To / Frankfurt-Virchow plane 7.08 4.12
OM-To / hard palate plane 4.63 3.91
OM-To / prosthion-pterygoalveolar (superior alveolar plane) –2.19 4.23
OM-To / occlusal plane 2.05 4.15
OM-To / Cl-C3 3.32 4.70
OM-To / nasion-auricular plane 32.75 4.68

Fig. 2.26. The neuro-ocular plane, de-
fined by the orbital axis (OM-To), as
compared to various cranial reference
lines. (According to Fenart et al. 1982;
see Table 2.7 and Fig. 2.25). (In Cabanis
et al. 1982)
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posterior callosal planes, respectively. A third per-
pendicular plane is drawn midway between the two
and is called the midcommissural plane. The midcal-
losal plane, as defined, helps to localize the inferior
part of the central sulcus (Fig. 2.27).

These landmarks are seen on midsagittal MR im-
ages and indirectly by digital subtraction angiogra-
phy (DSA). The corpus callosum may be precisely
localized on lateral projections showing both the ar-
terial and venous phases. This permits the integra-
tion of MRI with angiographic data as well as data
provided by positron emission tomography (PET),
demonstrating that this reference is obviously suit-
able for multimodal imaging (Olivier et al. 1987).

The corpus callosum is the major telencephalic
commissure influencing the shape of the adjacent
cortical sulci, as may be demonstrated ontogeneti-
cally, emphasizing the suitability of this reference
system for imaging within the telencephalon. It has
been used for the preoperative identification of the
central sulcus (Lehman et al. 1992). Integration of
functional information with MR gyral data and ster-
eotaxic implantation of depth electrodes for investi-
gation of epilepsy have also been achieved using
such coordinates.

On the other hand, the relationship of this plane
with the basal ganglia seems more tentative, as they
are best analyzed using the AC-PC plane of Talairach.

E The Chiasmatico-Commissural Plane

This horizontal reference line, the CH-PC, runs tan-
gential to the superior border of the CH anteriorly,
and to the inferior border of the PC posteriorly (Figs.
2.3, 2.28). These landmarks, based on brain commis-
sures, are well depicted and easily recognized on an
in vivo midsagittal cut of human, as well as all verte-
brate, brains (Tamraz et al. 1989, 1990, 1991). The
horizontal plane through this line can also be used in
the comparative anatomy of vertebrates if needed.

The consistency of the angle between this line
and the AC-PC, as demonstrated, serves to validate
the choice of this pivotal line, situated as it is at the
midbrain-diencephalic junction corresponding to
the related flexure during ontogenesis. The plane
has been shown to be truly horizontal in that it is
perpendicular to the main axis of the brainstem,
defined as the line tangential to the anterior border
of the PC and joining the lowest extremity of the
calamus in the floor of the fourth ventricle behind
the obex (Fig. 2.29).

If the NOP is accepted as the anatomic and physi-
ologic plane permitting erect posture in humans, the
CH-PC, which is roughly parallel to it as compared to
the direction of the temporal horn of the lateral ven-
tricle, may be considered as the anatomic plane de-
fining the temporalization of the brain. It is parallel
to the direction of the parallel sulcus and, thus, to the
lateral fissure, and orthogonal to the long axis of the
brainstem. It is possible to consider that the CH-PC
is for the brain what the NOP is for the position of
the head, the former being perpendicular to the
brainstem long axis and the latter being anatomical-
ly and physiologically related to the vertical axis of
the body and cervical spine. Both reference planes
present progressive variations throughout phylo-
genesis, as demonstrated by the progressive closure
of the truncal angle.

1 Biometric Findings

To study the anatomic and anthropometric useful-
ness of the CH-PC, in vivo MRI findings in 100 pa-
tients were analyzed, using high field MRI (1.5 T).
The statistical analysis of the in vivo measurements
confirmed the consistency of the angle between the
reference lines CH-PC and AC-PC.

Fig. 2.27. The callosal reference plane. (After Olivier et al.
1985, 1987)
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Fig. 2.28A,B. The chiasmatico-commissural (CH-PC) refer-
ence plane, defined as the plane tangent superiorly to the
chiasmal point (CH) anteriorly, to the inferior border of the
posterior commissure (PC) posteriorly, passing through the
midbrain-diencephalic junction (MDJ) and showing the tem-
poral lobes according to their long axis (TL). PC-OB, commis-
sural-obex reference line. (Tamraz et al. 1990)

Fig. 2.29A–D. The chiasmatico-commissural reference plane. Horizontal contiguous cuts (3 mm thick) of a formalin-treated
specimen showing the anatomic landmarks of the CH-PC reference plane (B), passing through the chiasmal point (1), the
mamillary bodies (3) and the posterior commissure (2), on the midline, and involving laterally the lateral geniculate bodies
(4) at the midbrain-diencephalic junction (5). The upper contiguous cut (A) passes through the habenula (7) and the lower
part of the thalamus; the lower cuts (C, D) are oriented along the long axis of the temporal lobes (10) and temporal horns (9)
and show the amygdala (6) – hippocampus (8) complex

A

A

C D

B

B
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Fig. 2.30. The chiasmatico-commissural (CH-PC) reference
plane: biometric findings. (From Tamraz et al. 1990)

Fig. 2.32. The truncal angle (CH-PC-OB); biometric findings:
average (93.7), median (94), standard deviation (3.42), mini-
mum (83), maximum (102)

The results obtained were the following (Fig. 2.30):
a) The mean value of the angle formed by the lines

CH-PC and AC-PC, called the commissural angle
or CH-PC-AC (Fig. 2.31), averaged 24.26° (range
19–30°, SD 2.3282) in the first group of 50 pa-
tients. This fell to 18.16° (range 13–25°, SD 2.4020)
in the second group of 50 patients, in whom the
tangent to the inferior border of the AC, as advo-
cated by Delmas and Pertuiset (1959), was used.

b) The angle formed by the CH-PC line and the
brainstem long axis is named the truncal angle
(Fig. 2.32). Two angles are measured according to
the definition of the brainstem axis. The first
joins the anterior border of the AC to the inferior
extremity of the floor of the fourth ventricle be-
hind the obex, the CH-PC-OB, and appears to be
at right angles to the main axis of the brainstem,
measuring about 93° (range 83–102°, SD 3.4). The
second joins the superior insertion of the superi-
or medullary velum to the obex (CH-VI-OB) with
CH-PC and is more variable, averaging 85° (range
71–101°, SD 4.4).

Fig. 2.31. The commissural angle (CH-PC-AC); biometric
findings: average (24.26), median (24), standard deviation
(2.32), minimum (19), maximum (30)

A measure of the distance between the chiasmal
notch and the PC was quite uniform and averaged
26.23 mm (SD 1.58). This measure corresponds to
the data reported by Lang (1987).

2 Anatomic and Imaging Correlations

The major anatomic correlations derived from the
comparative analysis of the anatomy in the succes-
sive MR sagittal cuts were the following. First was the
close parallelism of the CH-PC plane and the plane
defined by the posterior branch of the lateral sulcus
excluding its ascending terminal segment. In fact, the
lateral projection of the plane on successive cuts,
oriented parallel to CH-PC, shows close parallelism
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with the superior temporal sulcus (Fig. 2.33). More-
over, the projection onto the insular triangle of the
parallel to the CH-PC line proves to be the same as
the projection of the lateral fissure. The “lateral fis-
sure plane” can thus be projected onto the median
plane (Fig. 2.33).

This parallelism is demonstrated by the observed
correspondence between the value of the angle CH-
PC-AC (24°) and that of the angle formed by AC-PC
and the lateral fissure, which averages 23–25° ac-
cording to Szikla et al. (1977). The inclination of the
central sulcus to the “sylvian plane” averages 58° ac-
cording to these authors. Note that in the CH-PC ori-
entation, the terminal portion of the central sulcus is
approximately found at the junction of the anterior
two-thirds and the posterior third, in the upper hor-
izontal supraventricular cuts, contrary to what is ob-
served in a bicommissural orientation of the axial
cuts (Fig. 2.34).

It is, therefore, possible that this brain reference
line is naturally the orientation of choice for hori-
zontal cuts, particularly in the investigation of the
temporal lobes, the superior temporal sulcus receiv-
ing the lateral projection of the CH-PC line and be-

ing recognized at the level of the carotid bifurcations
on MR angiograms. The lateral temporal sulci are
therefore displayed along their anterior-posterior
long axis (Figs. 2.33, 2.35). The exploration of the
perisylvian areas benefit even more significantly
from such an orientation. Comparative evaluation of
the planum temporale and studies of brain domi-
nance are, therefore, best achieved with respect to
this reference (Fig. 2.36). Moreover, angiographical-
ly, the arterial limits of the planum are depicted
more precisely in the chiasmatico-commissural ori-
entation than in the bicommissural plane (Szikla et
al. 1977). MR angiography confirms such anatomical
variations (Fig. 2.37).

As a corollary, a close parallelism of CH-PC to the
plane of the temporal horns of the lateral ventricles,
and roughly to the choroidal fissure, seems obvious.
It is, therefore, suitable for studying the hippocam-
pus along its long axis (Fig. 2.38). Another interest-
ing parallelism concerns the anterior portion of the
body of the corpus callosum and its adjacent cingu-
late gyrus (Fig. 2.39).

The constant topography of the posterior prolon-
gation of the CH-PC line passing through the ambi-
ent cistern between the inferior border of the spleni-
um and the upper limit of the culmen and
paralleling or intersecting the common stem of the
parieto-occipital with the calcarine sulci also should
be noted (Fig. 2.39). Thus, most of the calcarine fis-
sure may reliably be found on the lower infra-CH-PC
axial cuts in most circumstances. This plane there-
fore separates the cerebellum and the brainstem
from the main mass of the cerebrum, except for the
occipital lobes whose topography is a function of the
cranial index and typology, as shown on this three-
dimensional MR (Fig. 2.40). The CH-PC plane obvi-
ously separates the proencephalon (telencephalon
and diencephalon) above, from the mesencephalon
and rhombencephalon beneath, and is consequently
of real embryologic, as well as phylogenetic, signifi-
cance.

The coronal projection of the CH-PC plane to the
commissural-obex vertical reference plane is con-
stantly tangent to the superior border of the lateral
geniculate bodies (Fig. 2.41), showing a constant to-
pography at the diencephalon-mesencephalic junc-
tional region, which is well displayed in the horizon-
tal reference plane.

The last finding is that the CH-PC plane is almost
perpendicular to the vertical long axis of the brain-
stem (Fig. 2.42). Thus, anatomic and clinical correla-
tions, in the coronal and the axial cuts, of fine struc-
tures in the brainstem are possible and facilitated

Fig. 2.33. The CH-PC plane: anatomic and imaging correla-
tions, showing the close parallelism of the CH-PC, as pro-
jected on the parasagittal cuts, to the parallel sulcus (corre-
sponding to the lateral projection of CH-PC), and to the
sylvian fissure (Ca) with its correlated projection deeply onto
the insular triangle. The CH-PC plane is therefore the ideal
anatomic and angiographic reference for use when imaging
the temporal lobes and the perisylvian regions
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(see Chap. 8). There is, as well, an easier and more
definite reference to the tegmental areas beneath the
floor of the fourth ventricle and, therefore, to the un-
derlying nuclei and related fiber bundles.

On the other hand, in order to develop an in vivo
morphometric approach to the brain, numbers of
parallelisms to the CH-PC and PC-OB lines have
been evaluated in a preliminary study in an attempt
to determine the morphometric peculiarities and
the eventual proportional variations that may help to
differentiate individual brains (Fig. 2.43). All the par-
allel lines defining reference planes are chosen ac-
cording to major anatomic landmarks found on the
midsagittal MR cut and are considered as roughly
parallel to the horizontal CH-PC reference plane.
Three planes are defined dorsoventrally on each side
of the CH-PC line, perpendicular to the PC-OB refer-
ence line.

Fig. 2.34A,B. Topography of the central sulcus: anterior-posterior variations with respect to the axial reference plane used and
considering the supraventricular cuts. A Axial cuts through the anterior and posterior commissures and transcallosal (B).
(From Déjerine 1895)

Fig. 2.35. The CH-PC reference plane as a “sylvian” orienta-
tion plane, most suitable for the study of the perisylvian re-
gion and the temporal lobes

A B
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Among the angles evaluated, one merits particu-
lar attention. It is defined as the basal callosal angle
formed between the CH-PC plane and the tangent to
the base of the corpus callosum. The importance of
the latter in encephalometric studies has been
stressed by Ariens Kappers in his work on racial dif-
ferences in the brain (1947). The in vivo MR value of
this CH-PC-CC angle, as determined statistically on
a series of 86 normal exams (Tamraz 1991), averages
16.2209° (range 8–22°, SD 3.3690). The interesting
anatomic correlation observed concerns its relation
with the major telencephalic reference, defined by

the callosal plane as described by Olivier et al.
(1985). Actually, the mid-callosal plane of Olivier
also shows some relation to the mamillary bodies,
which are known to be very constant topometrically
and are contained in the CH-PC plane (Fig. 2.44).
Note the other interesting anatomic correlations, as
projected on parasagittal cuts involving the hippoc-
ampal formation: the topography of the midcallosal
plane, as pointed out by Olivier between the amygda-
la and the hippocampus; and the projection of the
CH-PC plane approximately tangential superiorly to
the amygdala and the tail of the hippocampus pass-

Fig. 2.36A–C. The planum temporale, imaging according to
the CH-PC reference. A At the CH-PC reference level (case 1):
1, Optic chiasm; 2, mamillary bodies; 3, canalicular and cis-
ternal optic nerve; 4, optic tract; 5, posterior commissure; 6,
pulvinar; 7, amygdala; 8, midbrain-thalamic junction; 9, am-
bient cistern; 10, atrium of lateral ventricle; 11, lateral fissure;
12, parallel sulcus; 13, calcarine sulcus. B At the level of the
anterior commissure (case 1): 1, anterior commissure; 2, an-
terior columns of fornix; 3, third ventricle; 4, thalamus; 5,
gyrus rectus; 6, splenium of corpus callosum; 7, atrium of
lateral ventricle; 8, ambient cistern; 9, insula; 10, posterior
border of circular sulcus; 11, transverse supratemporal sul-
cus; 12, intermediate transverse supratemporal sulcus; 13,
Heschl gyrus (transverse supratemporal gyrus); 14, planum
temporale; 15, supramarginal gyrus; 16, temporal operculum;
17, anterior border of circular sulcus. C At the midthalamus
and basal ganglia level (case 2): 1, caudate nucleus; 2, puta-
men; 3, pallidum, lateral part; 4, thalamus; 5, internal capsule,
posterior limb; 6, atrium of lateral ventricle; 7, insula; 8, lat-
eral fissure; 9, frontal lobe; 10, superior temporal gyri of
Heschl; 11, planum temporale; 12, circular sulcus, posterior
border; 13, transverse supratemporal sulcus; 14, intermediate
sulcus
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ing through the limen insulae. Such interrelations
between the callosal reference and the CH-PC refer-
ence plane seem promising but need further ana-
tomic and functional evaluations.

Finally, it appears that the CH-PC corresponds
well with the anatomic facts, both anthropologically
and phylogenetically. The consistent angulation with
the AC-PC of neurosurgical stereotaxy, the close par-
allelism with the parallel sulcus and the lateral fis-
sure, and the perpendicular relationship with the
vertical long axis of the brainstem will facilitate both
comparative biometric analysis of the living and
the fixed brain, as well as the study of ontogenesis

and phylogenesis of the brain based on a sylvian
orientation.

F Anatomic and Physiologic Reference
Planes

Anatomic and physiologic planes are mainly repre-
sented by the “horizontal vestibular plane”, which is
the plane of equilibration defined by Girard, Perez,
Delattre and Fenart, and the “plane of the orbital
axis”, described by Broca, which corresponds to the
“plane of the horizontal vision”.

Fig. 2.37A–C. MR angiography according to the chiasmatico-
commissural reference plane (CH-PC), suitable for
multimodal imaging and for the investigation of the
perisylvian region and the supratemporal plane (A) as com-
pared to the bicommissural (AC-PC) orientation (C). The MR
result is close to the angiogram obtained in the “sylvian” ori-
entation (B) and shown by Cabanis and Iba-Zizen (in Szikla
et al. 1977)
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Fig. 2.38A,B. Close parallelism of CH-PC plane to the inferior
horn of the lateral ventricle and to the hippocampal long axis,
as shown on the lateral projections of the reference and its
parallel through the hippocampal formation (A). The con-
tiguous 2 mm axial cuts proceeding downward from the up-
per CH-PC level display the amygdala-hippocampal complex
(B). 1, amygdala; 2, head; 3, body; 4, tail

Fig. 2.39. Close parallelism of the CH-PC plane to the anterior
part of the corpus callosum and the anterior cingulate gyrus
(arrowheads). The posterior extension of the reference plane
parallels approximately the common stem of the parieto-oc-
cipital and the calcarine sulci (arrow)

Fig. 2.40A,B. The chiasmatico-commissural plane, situated at
the midbrain-diencephalic junction roughly separates the
brainstem and the cerebellum from the main mass of the
cerebral hemispheres
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Fig. 2.41. The CH-PC reference plane is a pivotal plane at the
midbrain-diencephalic junction; its projection onto the coro-
nal commissural-obex (PC-OB) reference plane is constantly
found tangent to the topometrically stable lateral geniculate
bodies (cgl)

Fig. 2.42A–C. The CH-PC plane is almost perpendicular to
the brainstem vertical long axis as defined by the parallel
anterior to the PC-OB reference line (arrows) showing the
whole brainstem-diencephalic continuum. The corticospinal
tracts are nicely displayed in this orientation of the coronal
cuts, as demonstrated routinely with MR (arrowheads)
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1 The “Plan Vestibulaire Horizontal”

Following the works of Girard (1911) and Perez
(1922) on the relations existing in man between the
labyrinth and erect posture, Girard defined, in 1923,
the “plan vestibulaire horizontal” as the line joining
the centers of both foramina of the lateral semi-cir-
cular canal from one side. In 1952, Saban provided

Fig. 2.44. The callosal angle (16 ), as defined between the
chiasmatico-commissural plane (CH-PC) and the callosal
plane (Cg-Cs)

Fig. 2.43A,B. Brain morphometry based on the orthogonal references: CH-PC and PC-OB planes, as defined in the
encephalometric study of patients presenting with genetic diseases due to chromosomal aberrations (Tamraz 1991). Parallel
planes are traced: the horizontal supra-CH-PC planes, tangent to the inferior border of the rostrum (1), to the superior border
of the callosal body (2), and to the vertex (3); the horizontal infra-CH-PC planes, passing through the tip of the interpedun-
cular space and the lower aspect of the tectal plate (4), at the pontomedullary junction (5), and at the obex level (6); the vertical
planes, anterior to PC-OB, tangent to the genu of the corpus callosum (7) and to the frontal pole (8), and posterior to PC-OB,
tangent to the splenium (9) and passing through the inferior tip of the occipital lobe (10)

another definition of this plane as that passing
through the ampullary portion of the lateral semicir-
cular canal. Methods based on the vestibian axis
were consequently developed and applied more pre-
cisely in the field of comparative craniology (Delat-
tre and Daele 1950; Delattre and Fenart 1960; Fenart
et al. 1966). Numerous applications have been re-
ported using this methodological approach, in
comparative anatomy, orthodontics ontogenesis
and human paleontology. The localization of this
reference system in vivo is, unfortunately, some-
times very difficult.

On the other hand, Caix and Beauvieux (1962)
proposed a vestibulo-visual plane based on the supe-
rior oblique muscle of the eye and the semicircular
canals. In man, this musculoskeletal plane is defined
by the fact that the superior oblique muscle is orient-
ed in the same plane as the lateral semicircular canal,
its reflected tendon being parallel to the posterior
canal.

2 The “Plan des Axes Orbitaires”

In his writings on the projections of the head, Broca
stated: “the direction of gaze is the only characteris-
tic of the living by which it may be determined that
the head is horizontal. When man is standing and his
visual axis is horizontal he is in his natural attitude”
(Broca 1862, 1873 p. 578). He went on, in 1873, to
describe two orbital axes, determined by two needles
fixed in the optic canals and considered by him as
passing through the pupils (Fig. 2.45). This was con-
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Fig. 2.45. The “bi-orbital” plane or the
“plane of vision” of Broca (1873)

sidered by him as a “sufficient approximation of the
horizontal direction of gaze” (Broca 1873). Extend-
ing his research to animals, Broca defined, in 1877, the
horizontal plane as “the plane determined in mam-
mals by the two visual axes in an animal looking in the
horizon direction”, corresponding to the bi-orbital
plane as defined for the cranium in animals, including
man. He also demonstrated that this cephalic orienta-
tion lies close to the alveolar-condylar plane.

One century after his death, Broca’s ideas regard-
ing horizontality of the visual pathways were validat-
ed by CT. The NOP defines this cephalic orientation
and orients the anatomic cuts (Cabanis et al. 1978).

III Brain Vertical Reference Lines and
Planes

Three reference lines based on brain anatomic and
midsagittal landmarks are retained (Fig. 2.46) and
include the PC-OB used as a standard reference for
the coronal investigation of the entire brain, and two
other vertical lines described and proposed for more
restricted anatomic areas, which are based on the AC
and the mamillary bodies (MB).

A The Anterior Commissure-Mamillary
Planes

The anterior commissure-mamillary vertical refer-
ence planes are based on the AC and the MB as the
midsagittal landmarks. The first reference line,
named the commissuro-mamillary (CA-CM) base-
line, was defined by Guiot and Brion (1958), in an
attempt to localize exactly the medial border of the

globus pallidus, as well as its anterior aspect, in order
to complete a stereotaxic pallidotomy for parkinso-
nian syndrome. The other plane, close to the former,
has been described more recently by Baulac et al.
(1990), based on the same anatomic landmarks used
for imaging of the basal forebrain.

These vertical reference lines and planes differ to
some extent (Fig. 2.37) if compared and applied to
imaging. The plane used by Guiot and Brion in their
stereotaxic approach to medial pallidum is defined
as the line tangent to the posterior border of the AC
passing through the premamillary notch (Fig. 2.47).
This plane, close to the PC-OB plane, differs signifi-
cantly from the CA-CM line which is defined as join-
ing the center of the AC to the center of the MB
(Fig. 2.48).

1 The Commissuro-Mamillary Reference Line

In this brain orientation, and according to the impor-
tant work of the authors, which we have routinely
verified using the coronal approach according to the
PC-OB line by MRI, the anterior columns of the
fornix are vertical from the level of the AC to the level
of the premamillary notch, about 1.5 mm behind the
CA-CM line.

According to Guiot and Brion (1958), this refer-
ence line gives the anterior topographic limit of the
medial pallidum and, more precisely, its medial tip.
The distance between the two landmarks averages
9.6 mm (8.5–11.5 mm) measured in 25 cases. This
length appears very constant. The other interesting
anatomic finding concerns the topography of the
optic tract, which seems to follow a roughly parallel
route, as compared to the base of the globus pallidus,
and extends from its origin at the optic chiasm to the
level of the MB. The optic tracts are separated from
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the basal aspect of the pallidum by 2 mm. This rela-
tionship explains, to some extent, the usual “X-
shape” of the chiasm and tracts which are observed
in the CH-PC line close to the perpendicular of the
CA-CM line.

The CA-CM line shows constant topometric rela-
tion to the medial tip of the pallidum, which is diffi-
cult to localize anatomically due to its intrinsic rela-
tion with the pallidofugal bundles and the lenticular
fasciculus. This is also true on MRI when contrast
resolution is poor.

Considering the main anatomic correlations ob-
served using this reference line, as it could be applied
to brain imaging mainly for the basal ganglia, these
results are close to the anatomic findings observed
using the PC-OB reference line (see Sect. 10.IV) and,
therefore, could be used as an alternative for coronal
brain imaging whenever pathological conditions in-
volve one of the brainstem (PC and OB) landmarks.

2 The Commissuro-Mamillary Plane

The obliqueness of the commissuro-mamillary
plane is quite different from the former, even though
it is based on the same anatomic structures, but joins
center-to-center the AC and the MB, as is evident on
the anatomic and MR cuts reported by Baulac et al.
(1990) (Fig. 2.48).

This plane is utilized for the display of the anteri-
or basal forebrain structures, from ventral to dorsal:
the septum lucidum, the septal nuclei, the AC, the
anterior columns of the fornix, and the MB project-

ing into the interpeduncular fossa. Note that this ob-
lique plane is tilted more anteriorly as compared to
the CA-CM line and, obviously, much more with re-
spect to the parallel of the PC-OB plane, tangent to
the posterior border of the AC (Fig. 2.49). It is inter-
esting to note the similarity of these results with
those obtained by Naidich et al. (1986) in their ana-
tomic approach to the AC, which was considered a
major landmark, at least in sagittal sections. Accord-
ing to these authors, the latter structure is nicely dis-
played in an axial oblique cut inclined 20–25° to the
OM line.

Both orientations nicely display, from medial to
lateral, the substantia innominata and the anterior
perforated substance, easily seen beneath the AC.
Note that the lateral temporal limbs of the AC are
displayed in one single cut using the commissuro-
mamillary orientation, its lateral extent being limit-
ed to the lateral aspect of the external pallidum, us-
ing the PC-OB orientation of the coronal cuts.

The anterior commissural plane, parallel to the
PC-OB reference plane, may be considered as verti-
cally limiting the anterior aspect of the ventral stria-
tum and the CA-CM plane, defining more obliquely
its rostrocaudal limit. Volumetric studies oriented to
the study of the innominate substance of Reichert
and, particularly, the basal nucleus of Meynert, in
Alzheimer’s disease or the various dementia syn-
dromes of the Alzheimer type, may benefit from
these landmarks.

A more extensive regional approach to cognitive
and amnestic syndromes that may accompany the
so-called extrapyramidal diseases would be more ef-
ficiently and globally evaluated on contiguous paral-
lel slices oriented according to the vertical PC-OB
reference line. This would cover an anterior-posteri-
or region extending from the AC to the MB, involving
the amygdala, or more largely from the chiasmal
notch plane at least to the PC level (or the posterior
callosal plane), to include the hippocampal forma-
tion as well as the septal-accumbens complex anteri-
or to the AC (see the regional imaging approach to
the septal-innominate and amygdalo-hippocampal
structures, Chap. 6, and the synoptical atlas in the
PC-OB orientation, chapt. 10.III).

Fig. 2.46. Brain vertical reference lines and planes: 1, PC-OB:
commissural-obex plane (Tamraz et al. 1990, 1991); 2, CA-
CM: commissuro-mamillary plane (Guiot and Brion 1958); 3,
AC-MB: commissuro-mamillary plane (Baulac et al. 1990)
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B The Commissural-Obex Reference Plane

The commissural-obex reference line is defined as
the line tangent to the anterior border of the PC,
extending to the lower extremity of the calamus in
the floor of the fourth ventricle behind the OB. This
cephalic orientation describes, in our opinion, the
main vertical axis of the brainstem and appears per-
pendicular to the CH-PC horizontal line, as previ-
ously demonstrated (Tamraz et al. 1990, 1991). With
the sagittal plane, this line forms a coronal plane
involving the brainstem cut along its long vertical
axis (Fig. 2.46).

1 Biometric Findings

Two vertical reference lines are defined which could
represent the vertical axis of the brainstem based on
anatomic structures found in the midsagittal plane.
They are reliable enough to permit reproducible
alignment on follow-up exams if needed. The first
line, called the PC-OB line, is tangent to the anterior
border of the AC, superiorly, and extends to the infe-
rior extremity of the floor of the fourth ventricle
behind the OB, to which it is tangent anteriorly. The
second line, called the VI-OB line, joins the superior
insertion of the superior medullary velum at the

Fig. 2.47A–D. The CA-CM plane of Guiot and Brion (1958), defined as the line tangent to the posterior border of the anterior
commissure and passing through the premamillary notch. This reference, defined to localize the medial tip of the medial
pallidum, appears to be roughly parallel to the PC-OB reference plane and may therefore be used in regional imaging of the
basal ganglia or the optic tracts and even the hippocampus. 1, Anterior columns of fornix; 2, mamillary bodies; 3, pericrural
optic tracts; 4, tip of the medial globus pallidus; 5, pons; 6, medulla oblongata; 7, interpeduncular cistern
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frenulum veli to the OB, to which it is tangent poste-
riorly. These lines intercept the horizontal CH-PC
line with which they form two angles, CH-PC-OB
and CH-VI-OB, respectively.

These two truncal angles were statistically evalu-
ated and measured on a series of 100 in vivo MR ex-
ams. The CH-PC-OB angle appears to be at right an-
gles to the main axis of the brainstem, measuring
93.7° (range 83–102°, SD 3.421). The CH-VI-OB
proved to be more variable, averaging 85.54° (range
71–101°, SD 4.411). These two lines form an angle of
about 8°. The former is retained as the brainstem
vertical axis, approximately perpendicular to the
CH-PC plane and considered as the reference  for the
coronal cuts of the brain.

2 Anatomic and Imaging Correlations

The PC-OB reference line intercepts, with the mid-
sagittal plane, a PC-OB reference plane which laterally
comprises the lateral geniculate bodies (Fig. 2.50). The
lateral geniculate bodies, like the medial,  are topomet-
rically and volumetrically constant and do not show
statistically significant variations between individu-
als, according to Delmas and Pertuiset (1959). They
constitute lateral landmarks to this vertical reference,
the horizontal CH-PC line projecting tangentially to
their superior aspect.

Interestingly, the orientation of this plane is
roughly parallel to the direction of the phylogeneti-
cally preserved, medial longitudinal fasciculi, easily

Fig. 2.48A–D. The commissuro-mamillary plane (Baulac et al. 1990), defined as joining the centers of the anterior commissure
and the mamillary body, is proposed as the reference suitable for imaging of the anterior basal forebrain. The MR slice is 2 mm
thick, T1 weighted, three-dimensional reformation. 1, Anterior commissure; 2, mamillary bodies; 3, anterior basal forebrain;
4, interpeduncular cistern; 5, crus cerebri 6, pons; 7, third ventricle. (The anatomic cross-section provided by Baulac et al.
1990)
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Fig. 2.49A–E. The “commissuro-mamillary” planes. A CA-CM
(see Fig. 2.47), AC-MB (see Fig. 2.48) and the parallel to PC-
OB passing through the interventricular foramen and the
mamillary bodies. B MR correlation in the same subject (4
mm slice thickness). CA-CM plane: 1, anterior columns of
fornix; 2, mamillary bodies; 3, pericrural optic tracts; 4, tip of
the medial globus pallidus; 5, pons; 6, medulla oblongata; 7,
interpeduncular cistern. C  AC-MB plane: 1, anterior commis-
sure; 2, mamillary bodies; 3, anterior basal forebrain; 4, inter-
peduncular cistern; 5, crus cerebri; 6, pons; 7, third ventricle.
D,E Parallels to the PC-OB reference plane, passing through
the anterior commissure and anterior columns of the fornix
(D) and through the interventricular foramen and the
mamillary bodies at their posterior notch (E)
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seen on the midsagittal cut (Fig. 2.51). Note that
these tracts are found under the floor of the fourth
ventricle, extending throughout the entire brain-
stem, and undergo a partial decussation in the PC,
the upper landmark of the reference plane.

Such an orientation of the slices permits the study
of the brainstem according to its vertical long axis,
displaying both corticospinal tracts from the mid-

brain-diencephalic junction to the inferior medulla
at the level of their decussation. This is well shown
on T2 weighted MRI in normal sections, as well as in
degenerative or demyelinating diseased states (Fig.
2.52). Such an orientation differs from the perpen-
dicular to both the AC-PC plane and the callosal
plane, and is closely oriented to the intracerebral
route of the cortico-spinal traets.

Fig. 2.50A–E. The commissural-obex (PC-OB) reference line:
anatomic and MR correlations. The anatomic coronal cuts
are separated by about 1 mm, showing the anatomic land-
marks (arrowheads): the posterior commissure (PC) and the
inferior extremity of the calamus behind the obex (OB). The
lateral geniculate bodies (CGL) are contained in the cut, visu-
alized laterally (arrows). Note that this reference cut limits
the posterior boundary of the putamen and the insula
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This posterior plane passes through the superior
inflection of the cingulate sulcus-marginal ramus on
the mesial aspect of the hemisphere and at approxi-
mately the region of origin of the ascending rami of
the lateral fissure on the lateral aspect of the hemi-
sphere. This latter plane may be considered the pos-

Fig. 2.51. The PC-OB plane follows roughly the direction of
the sagittally oriented medial longitudinal fasciculi (MLF)
(arrowheads)

Fig. 2.52A,B. The PC-OB plane oriented roughly parallel to
the corticospinal pathways displayed from the midbrain-di-
encephalic junction to the level of the medullary decussation,
as shown on the MR coronal cut parallel to PC-OB (A) ob-
tained from a patient presenting a toxic degeneration of
these pathways, as compared to the perpendicular to the
bicommissural plane (B)

Another significant parallelism is represented by
the Monro-mamillary plane or cut, parallel to the
PC-OB and comprising the interventricular forami-
na and the MB, both corresponding to highly con-
stant anatomic structures that could be retained for
imaging purposes as anterior alternative landmarks
(Fig. 2.53). The topometric constancy of the MB is
actually associated with the ontogeny of the inter-
ventricular foramina, as demonstrated by Delmas
and Pertuiset (1959). This plane constitutes the ante-
rior limit of the brainstem slices as well as the transt-
halamic limit (see Chap. 10).

The perpendicular relation of this reference to the
CH-PC plane, as shown, explains its high accuracy
for the study of the temporal lobes. The temporal
pole is, in fact, usually included between the plane
tangent to the genu of the corpus callosum (anterior
callosal plane, CCg) or the “genu” of the cingulate
sulcus (anterior cingulate plane, CSa) to include the
tip of the temporal pole. The posterior extension, the
posterior callosal plane (CCs), is arbitrarily provid-
ed by the plane tangent to the splenium of the corpus
callosum. Both limiting planes are traced parallel to
the PC-OB reference line.
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terior boundary of the temporal lobe with the parie-
to-occipital inferior to the sylvian fissure.

The temporal pole may be arbitrarily limited pos-
teriorly by the plane tangent to the genu of corpus
callosum, passing anteriorly approximately through
the anterior limit of the parallel sulcus.

The coronal slices from the CCg or the CSa anteri-
or limiting plane to the CCs (Fig. 2.54) best evaluate
the temporal gyri and sulci due to their approximate
anterior-posterior parallelism and to the direction
of the lateral fissure, surrounding the temporal
horns of the lateral ventricles, at the lateral and infer-
omesial aspects of the cerebral hemispheres. The op-
tic radiations coursing laterally along the external
aspect of the temporal occipital horn are, conse-
quently, well displayed in the white matter core,
mainly on proton density or STIR sequences. Their
relationship, with respect to the anterior temporal
pole or to a temporal mass, may be evaluated as well
in preoperative planning. The suprasylvian gyri may
also benefit from such an orientation of the slices

Fig. 2.54. Coronal imaging protocol for exploration of the
temporal lobes according to the commissural-obex (PC-OB)
brainstem reference plane

Fig. 2.53A–C. Close parallelism of PC-OB reference line to the
Monro-mamillary plane: anatomic imaging correlation. Ana-
tomic cut (6 mm thick) as compared to contiguous MR slices
(3 mm thick) through the mamillary bodies, successively in-
volving the anterior columns of the fornix (F) and, posteri-
orly, the interventricular foramen (arrow). Interventricular
foramen of Monro (arrow); mamillary bodies (arrowhead)
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Fig. 2.55A–E. The truncal angle (evaluated using MR of for-
malin-treated brains of mammals): suitable for the study of
phylogenesis. Note the progressive closure of this angle dur-
ing the processes of telencephalization and temporalization
in the brain. These anatomic transformations tend to accom-
pany the evolutionary process toward erect posture. A,B
ursus; C lemur; D orangutan; E chimpanzee

due to the parallelism of some of the adjacent sulci,
such as the inferior frontal sulcus.

On clinical and pathological grounds, such a ref-
erence allows the evaluation of degenerative atro-
phic processes, such as those associated with demen-
tia syndromes or mental retardation (Tamraz et al.
1987, 1991, 1993). The accuracy of this plane for the
investigation of temporal lobe epilepsy is obvious, as
it permits the direct evaluation of the mesial tempo-

ral region, as well as the temporal cortex and lobe,
cut perpendicularly to their anterior-posterior axis.
This has been well demonstrated in the successive
cuts presented in the synoptical atlas by Tamraz et al.
(1990, 1991, 1988; Tamraz 1994; Chap. 10). The hip-
pocampal formations are sectioned perpendicular
to their global long axis. To some extent, the results are
close to the anatomic cuts presented by Duvernoy
(1995) in his coronal approach to the hippocampus.
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On comparative anatomic grounds, the PC-OB
and CH-PC references, which are based on commis-
sural landmarks found in all vertebrates, may be eas-
ily used in phylogenetic studies using MR imaging
for primates or other lower mammalian species (Fig.
2.55). Comparative anatomy studies in vivo and in
vitro may be performed as well, using these refer-
ence lines. For example, in order to analyze, the ma-
jor anatomic transformations completed during the
phylogenetic process of telencephalization which ac-
companied evolution toward the erect position, we
applied these references to a qualitative study of
brains of primates and other mammals. We consid-
ered the well known modifications of the “truncal
angle”, as named by Ariens Kappers (1947; Ariens
Kappers et al. 1936, 1967), and replaced it by the pre-
viously defined CH-PC-OB angle (Tamraz 1991).
This angle, which in lower mammals is open superi-
orly, tends to progressively open inferiorly in the pri-
mates to reach 90° in humans. Such transformations,
which correspond to a progressive closure of the
truncal angle, are associated with a rotation of the
cerebral hemispheres, causing a posterior to anterior
displacement of the temporal lobes, rotating around
a transverse axis and a verticalization of the brain-
stem (Delattre and Fenart 1960). This process may
explain the diencephalon-mesencephalic flexure
along which the CH-PC plane passes. All these onto-
genetic and phylogenetic modifications accompany-
ing the temporalization of the cerebral hemispheres
might to be correlated with the erect posture
achieved in humans.

References

Aeby C (1862) Eine neue Methode zur Bestimmung der
Schädelform von Menschen und Saugetieren.
Westermann, Braunschweig

Amador LV, Blundell JE, Wahren W (1959) Description of
coordinates of the deep structures. In: Schaltenbrand G,
Bailey P (eds) Introduction to stereotaxis with an atlas of
the human brain, vol 1. Thieme, Stuttgart pp 16–28

Ariens Kappers CU (1947)Anatomie comparée du système
nerveux. Masson, Paris (with the collaboration of E.H.
Strasburger)

Ariens Kappers CU, Huber GC, Crosby EC (1936) Compara-
tive anatomy of the central nervous system of vertebrates,
including man, vol 1 and 2. Macmillan, New York

Ariens Kappers CU, Huber GC, Grosby EC (1967) The com-
parative anatomy of the nervous system of vertebrates,
including man, vol III. Hafner, New York

Baulac M, Iba Zizen MT, Granat O, Lehericy S, Vitte E,
Signoret JL, Cabanis EA (1990) The commissuro-

mamillary plane in MRI of the brain. Surg Radiol Anat
12:299–301

Barclay J (1803) A new anatomical nomenclature relating to
the terms which are expressive of position and aspect in
the animal system. Ross and Blackwood, Edinburgh

Beauvieux J (1934) Recherces anatomiques sur les canaux
semi-circulaires des vertébrés. Thèse médecine, Bordeaux

Bell C (1805) Essay on the anatomy of expression in painting.
London

Bell C (1806) The anatomy and philosophy of expression as
connected with the fine arts. London

Bergvall U, Rumeau C, Van Bunnen Y, Corbaz JM, Morel M
(1988) External references of the bicommissural plane. In:
Gouaze A, Salamon G (eds) Brain anatomy and magnetic
resonance imaging. Springer, Berlin Heidelberg New York,
pp 2–11

Bjork A (1947) The face and profile. Svensk Tandl Tidskr 40:5
Blumenbach JF (1795) De generis humani varietate natura,

3rd edn. Thesis, Göttingen
Brégeat P, Cabanis EA, Iba-Zizen MT, Tamraz J, Stoffels C,

Alfonso JM, Lopez A, Le Bihan D (1986) Nerf optique et
Résonance magnétique. Bull Soc Ophthalmol France 5:86

Broca P (1862) Sur les projections de la tête, et sur le nouveau
procédé de céphalométrie. Bull Soc Anthropol Paris
3(1):514–544

Broca P (1872) Sur la direction du trou occipital. Description
du niveau occipital et du goniomètre occipital. Bull Soc
Anthropol Paris 7(2):649–668

Broca P (1873) Nouvelles recherches sur le plan horizontal de
la tête et sur le degré d’inclinaison des divers plans
crâniens. Bull Soc Anthropol Paris 8(2):542–563

Broca P (1877) Sur l’angle orbito-occipital. Bull Soc
Anthropol Paris 12(2):325–333

Busk G (1861) Observations on a systematic mode of crani-
ometry. Trans Ethnol Soc London 1:341–348

Cabanis EA, Salvolini U, Radallec A, Menichelli F, Pasquini U,
Bonnin P (1978) Computed tomography of the optic
nerve, part II. Size and shape modifications in papille-
dema. J Comput Assist Tomogr 2:150–155

Cabanis EA, Haut J, Iba-Zizen MT (1980) Exopthtalmométrie
tomodensitométrique et biométrie TDM oculo-orbitaire.
Bull Soc Ophthalmol 80:63–66

Cabanis EA, Pineau H, Iba-Zizen MT, Coin JL, Newman N,
Salvolini U (1981) CT scanning in the ‘neuro-ocular
plane’: the optic pathways as a ‘new’ cephalic plane.
Neuro-ophthalmology, vol 1(4). Aeolus, Amsterdam, pp
237–252

Cabanis EA, Iba-Zizen MT, Pineau H, Tamraz J et al (1982) Le
plan neuro-oculaire (PNO) en tomodensitométrie (TDM
ou scanner RX), détermination d’un “nouveau” plan hori-
zontal de référence céphalique orienté selon les voies
visuelles, the neuro-ocular plane (NOP) A new horizontal
cephalic reference determined with CT by the optic path-
ways. Biometr Hum Paris 17:21–48

Cabanis EA, Tamraz J, Iba-Zizen MT (1988) Corrélations
anatomiques normales dans 3 dimensions selon
l’orientation du plan neuro-oculaire à 0,5 Tesla. In:
Cabanis EA, Doyon D, Tamraz J et al (eds) Atlas d’IRM de
l’encéphale et de la moëlle. Masson, Paris, pp 11–120

Caix M, Beauvieux J (1962) Note préliminaire sur le plan
vestibulo-visuel. CR As Anat 48:396–407

Tamraz02.p65 14.11.1999, 11:59 Uhr48

Schwarz



Cephalic Reference Lines Suitable for Neuroimaging    49

Camper P (1791) Dissertation sur les variétés naturelles qui
caractérisent la physionomie des Hommes des divers
climats et les différents âges. Jansen, Paris

Clavelin P (1932) Sur le plan d’orientation du maxillaire
inférieur. Rev Stomatol 34:705–708

Combe G (1839) Constitution of man considered in relation
to external object. Maclach and Stewart, Edinburgh

Cuvier G (1835) Leçons d’anatomie comparée de Georges
cuvier recueillies et publiées par M. Duméril. Paris,
Crochard et Cie, 1, p 588

Daubenton A, Daele JM (1764) Sur les différences de la situa-
tion du grand trou occipital dans l’homme et dans les
animaux. Mem Acad Sci Paris pp 568–575

Déjerine J (1895) Anatomie des centres nerveux. Rueff, Paris
Delattre A, Daele JM (1950) La méthode vestibulaire en

craniologie. CR Acad Sci 230:1981–1982
Delattre A, Fenart R (1960) L’hominisation du crâne étudiée

par la méthode vestibulaire. CNRS, Paris
Delmas A, Pertuiset B (1959) Topométrie crânio-

encéphalique chez l’homme. Masson, Paris
Devaux B, Meder JF, Missir O, Turak B, Dilouya A, Merienne L,

Chodkiewicz JP, Fredy D (1996) La ligne rolandique: une
ligne de base simple pour le repérage de la région centrale.
Masson, Paris, pp 6–18 (Journal of neuroradiology, vol 23)

Doornik JE (1808) Wysgeerig natuurkundig onderzoek
aangaande den oorspronkelyken mensch en de
oorspkerronglyke stammen van deszelfs gesachts (sur
l’homme primitif et ses races), Amsterdam

Duvernoy H (1995) Brain anatomy. In: Kuzniecky R, Jackson
G (eds) Magnetic resonance in epilepsy. Raven, New York

Fenart R, Empereur-Buissin R, Becart P (1966) Première ap-
plication au vivant de l’orientation vestibulaire du crâne. J
Sci Med Lille 84:189–195

Fenart R, Vincent H, Cabanis EA (1982) Le plan orbitaire chez
l’adulte jeune, sa position relative à d’autres éléments
architecturaux de la tête. Etude vestibulaire. Bull Mem Soc
Anthropol Paris 9(XIII):29–40

Gelbert F, Bergvall U, Salamon G, Sobel D, Jiddane M, Corbaz
JM, Morel M (1986) CT identification of cortical speech
areas in the human brain. J Comput Assist Tomogr 9:140–
153

Girard L (1911) Atlas d’anatomie chirurgicale du labyrinthe.
Maloine, Paris

Girard L (1923) Le plan des canaux semiè-circulaires
horizontaux considéré comme plan horizontal de la tête.
Bull Mem Soc Anthropol Paris 4(7):14–33

Guiot G, Brion S (1958) La destruction stéréotaxique du
pallidum interne dans les syndromes parkinsonniens.
Ann Chir 17:1–20

Habib M, Rennuci RL, Vanier M, Corbaz JM, Salamon G
(1984) CT assessment of right left asymmetries in the
human cerebral cortex. J Comput Assist Tomogr 8:922–
927

Hamy D (1873) Discussion sur le plan horizontal de la tête
par P. Broca. Bull Soc Anthropol Paris 8(2):93

Hilal SK, Trokel SL (1977) Computerized tomography of the
orbit using thin sections. Semin Roentgenol 12:137–147

His W (1876) Über die Horizontalebene des menschlichen
Schädels. Arch Anthropol 9:271

Huxley TH (1863) Evidence as to man’s place in nature. Wil-
liam B (ed), Norgate, London, p 159

Ihering HV (1872) Ueber das Wesen der Prognathie und ihr
Verhaltnisse zur Schädelbasis. Arch Anthropol 5:359–407

International Anatomical Nomenclature Committee (1989)
Nomina Anatomica, 6th edn. Livingstone, Edinburgh

Klaatsch H (1909) Kraniomorphologie und
Kraniotrigonometrie. Arch Anthropol 8:101–123

Krogman WM (1931) Studies in growth changes in the skull
and face of Anthropoids. Am J Anat 47:89–115; 325–365

Lang J (1987) Clinical anatomy of the head: neurocranium,
orbit, cranio-cervical region. Springer, Berlin Heidelberg
New York

Lehman RM, Olivier A, Moreau JJ, Tampieri D, Henri C (1992)
Use of the callosal grid system for the preoperative iden-
tification of the central sulcus. Stereotact Funct
Neurosurg 58:179–188

Lucae JCG (1872) Zur Morphologie des Saugethier-Schädels.
Winter, Frankfurt

Maly J (1924) Sklon vchodu ocnice jako pomocne rovina
orientacni. (L’inclinaison de l’ouverture orbitaire comme
plan d’orientation du crâne). Anthropologie 2:224–230

Martin R (1928) Lehrbuch der Anthropologie in
systematischer Darstellung, vol II. Kraniologie, osteologie,
2nd edn. Fischer, Jena, pp 582–591

Merckel F (1882) Zur Kenntniss der postembryonalen
Entwicklung des menschlichen Schädel. Festschrift.
Henle, Bonn

Michotey P, Grisoli F, Raybaud C, Salamon G (1974) Etude
anatomique et radiologique de l’artère cérébrale
moyenne. Procédé de repérage Ann Radiol 17:721–741

Morton SG (1839) Cranio americana. A comparative view of
the skulls of various aboriginal nations of North and
South America to which is prefixed an essay on the variet-
ies of the human species. Dobson, Philadelphia, p 226

Naidich TP, Daniels DL, Pech P, Haughton VM, Williams A,
Pojunas K (1986) Anterior commissure: anatomic-MR
correlation and use as a landmark in three orthogonal
planes. Radiology 158:421–429

Olivier A, Marchand E, Ethier R, Melanson D, Peters T (1985)
A proposed anatomical methodology for MR scanning
based on the corpus callosum. Proceedings, 4th Annual
Meeting of Society of Magnetic Resonance in Medicine,
19–22 August, London

Olivier A, Peters TM, Clark JA, Marchand E, Mawko G,
Bertrand G, Vanier M, Ethier R, Tyler J, de Lotbinière A
(1987) Intégration de l’angiographie numérique, de la
résonance magnétique, de la tomodensitométrie et de la
tomotroencephalogr. Neurophysiol Clin 17:25–43

Olivier F (1978) Note sur la variabilité des axes basicrâniens.
Bull Ass Anat 62:325–331

Ono M, Kubik S, Abernathey Chad D (1990) Atlas of the cere-
bral sulci. Thieme, Stuttgart

Perez F (1922) Craniologie vestibienne, ethnique et
zoologique. Bull Mem Soc Anthropol Paris 3(7):16–32

Rumeau C, Gouaze A, Salamon G, Laffont J, Gelbert F,
Einseidel H, Jiddane M, Farnarier P, Habib M, Perot S
(1988) Identification of cortical sulci and gyri using mag-
netic resonance imaging: A preliminary study. In: Gouaze
A, Salamon G (eds) Brain anatomy and magnetic reso-
nance imaging. Springer, Berlin Heidelberg New York, pp
11–32

Saban R (1952) Fixité du canal semi-circulaire externe et
variation de l’angle thyroidien. Mammalia 16:77–92

Saban R (1980) Les plans d’orientation de la tête. Cahiers
Anthropol 3-4:285–313

Tamraz02.p65 14.11.1999, 11:59 Uhr49

Schwarz



50 Chapter 2

Salamon G, Huang YP (1976) Radiologic anatomy of the
brain. Springer, Berlin Heidelberg New York

Salamon G, Lecaque G (1978) Choice of the plane of inci-
dence for computed tomography of the cerebral cortex. J
Comput Assist Tomogr 2:937

Salvolini U, Cabanis EA, Rodallec A (1978) Computed tomog-
raphy of the optic nerve, part I: normal results. J Comput
Assist Tomogr 2:141–149

Schaltenbrand G, Bailey P (eds) (1959) Introduction to ster-
eotaxis with an atlas of human brain. vol 2, Thieme,
Stuttgart

Schaltenbrand G, Wahren W (1977) Atlas for stereotaxonomy
of the human brain. 2nd edn. Thieme, Stuttgart

Spix (1815) Cephalogenesis sen capitis ossei structura
formatio et signification per omnes animalium.
Hubschmanni JS, Monachii, typis, p 72

Szikla G (1967) Topographie stéréotaxique de la scissure de
Rolando et des réponse motrices évoquées au niveau du
centre ovale par des stimulations liminaires de basse
fréquence. Thesis, Paris

Szikla G, Talairach J (1965) Coordinates of the Rolandic sul-
cus and topography of cortical and subcortical motor re-
sponses to low frequency stimulation in a proportional
stereotactic system. Confin Neurol (Basel) 26:474–475

Szikla G, Bouvier G, Hori T, Petrov V (1977) Angiography of
the human brain cortex. Springer, Berlin Heidelberg New
York

Takase M, Tokunaga A, Otani K, Horie T (1977) Atlas of the
human brain for computed tomography based on the gla-
bella-inion line. Neuroradiology 14:73–79

Talairach J, Tournoux P (1988) Co-planar stereotaxic atlas of
the human brain. Three-dimensional proportional sys-
tem: an approach to cerebral imaging. Thieme, Stuttgart

Talairach J, De Ajuriaguerra J, David M (1952) Etudes
stéréotaxiques des structures encéphaliques chez
l’homme. Presse Med 28:605–609

Talairach J, David M, Tournoux P, Corredor H, Kvasina T
(1957) Atlas d’anatomie stéréotaxique des noyaux gris
centraux. Masson, Paris

Talairach J, Szikla G, Tournoux P, Prossalentis A, Bordas-
Ferrer M, Covello L, Iacob M, Mempel E (1967) Atlas
d’anatomie stéréotaxique du télencéphale. Masson, Paris

Tamraz J (1983) Atlas d’anatomie céphalique dans le plan
neuro-oculaire (PNO). MD thesis. Schering, Paris (1986)

Tamraz J (1991) Morphometrie de l’encephale par resonance
magnetique: application à la pathologie chromosomique
humaine, à l’anatomie comparée et à la teratologie. Thesis
Doct Sci Paris V

Tamraz J (1994) Neuroradiologic investigation of the visual
system using magnetic resonance imaging. J Clin
Neurophysiol 11:500–518

Tamraz J, Iba-Zizen MT, Cabanis EA (1984) Atlas d’anatomie
céphalique dans le plan neuro-oculaire (PNO). J Fr
Ophtalmol 7(5):371–379

Tamraz J, Iba-Zizen MT, Atiyeh M, Cabanis EA (1985) Atlas
d’anatomie céphalique dans le plan neuro-oculaire
(PNO). Bull Soc Fr Ophtalmol 8-9(85):853–857

Tamraz J, Rethore MO, Iba-Zizen MT, Lejeune J, Cabanis EA
(1987) Contribution of magnetic resonance imaging
knowledge of CNS malformations related to chromo-
somal aberrations. Hum Genet 76:265–273

Tamraz J, Iba-Zizen MT, Cabanis EA (1988) Magnetic reso-
nance imaging of the eyes and the optic pathways. In:
Gouaze A, Salamon G (eds) Brain anatomy and magnetic
resonance imaging. Springer, Berlin Heidelberg New York,
pp 71–83

Tamraz J, Saban R, Reperant J (1989) The chiasmato-commis-
sural plane. Scientific session (poster). Joint meeting of
the European Society of Neuroradiology and the Interna-
tional Congress of Radiology, 6 July, Paris

Tamraz J, Saban R, Reperant J, Cabanis EA (1990) Définition
d’un plan de référence céphalique en imagerie par
résonance magnétique: le plan chiasmato-commissural.
CR Acad Sci Paris 311(III):115–121

Tamraz J, Saban R, Reperant J, Cabanis EA (1991) A new
cephalic reference plane for use with magnetic resonance
imaging: the chiasmato-commissural plane. Surg Radiol
Anat 13:197–201

Tamraz J, Rethore MO, Lejeune J, Outin C, Goepel R,
Stievenart JL, Iba-Zizen MT, Cabanis EA (1993)
Morphometrie encephalique dans la maladie du cri du
chat. Ann Genet 36(2):75–87

Tokunaga A, Takase M, Otani K (1977) The glabella-inion line
as a baseline for CT scanning of the brain. Neuroradiology
14:67–71

Topinard P (1882) Crâniomètre de Hoelder et méthode
géométrique. Bull Mem Soc Anthropol Paris 5(3):402–414

Unsöld R, Newton TH, Hoyt WF (1980) CT examination tech-
nique of the optic nerve. J Comput Assist Tomogr 4:560–
563

Van Damme W, Kosman P, Wackenheim C (1977) A standard
method for computed tomography of orbits.
Neuroradiology 13:139–140

Vanier M, Lecours AR, Ethier R, Habib M, Poncet M, Milette
PC, Salamon G (1985) Proportional localization system
for anatomical interpretation of cerebral computed
tomogragrams. J Comput Assist 9(4):715–724

Villemin F, Beauvieux J (1937) Les relations des limites
inféireures du crâne avec le plan horizontal de la tête chez
les vertébrés. CR Soc Biol, Bordeaux

Vining DQ (1977) Computed tomography in ophthalmology.
In: Smith L, (ed) Neuroophthalmology update. Masson,
New York, pp 271–279

Von Baer (1860) Die Makrophalen in Boden der Kryn und
Oesterreichs. Mem Acad St Petersburg 2:6

Walther FL (1802) Kritische Darstellung der Gallschen
anatomisch-physiologischen Untersuchungen des
Gehirns und Schädelbanes. Zurich

World Federation of Neurology (1962) Problem commission
of neuroradiology: study meeting on projections and no-
menclature. Br J Radiol 35:501–503

Tamraz02.p65 14.11.1999, 11:59 Uhr50

Schwarz




