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'The Anatomy of the Posterior Commissure

Posterior Komissiir’iin Anatomisi
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ABSTRACT

AIM: The connections of posterior commissure are defined. Its fibers mediate the consensual light reflex by interconnecting the pretectal
nuclei. The fiber connections from the thalamic, pretectal, superior colliculus and the habenular nuclei are known, but they have not been
shown anatomically. The present study is a fiber dissection study to define the anatomy of the posterior commissure.

MATERIAL and METHODS: Twenty formalin-fixed sheep heads were used in the study. The specimens were fixed in 10% formalin solution for
3 weeks. The arachnoidal and vascular structures were removed by using a surgical microscope magnification (x6-x40) and brains were again
fixed for 4 weeks at -20°C. The fiber dissections were performed at Marmara University, Rhoton Laboratory. Also, a radiological tractographic
study was carried on five healthy volunteers to see the posterior commissure cortical connections.

RESULTS: In fifteen sheep brains, the dimensions of the posterior commissure were measured as 1.36 mm (range 0.5-2.5 mm) width, and as 4.6
mm (range 3-6 mm) length. In the dissection study, a frontotemporooccipital fascicle was observed to connect with the fibers of the posterior
commissure. Diffusion tensor imaging scans showed the frontotemporooccipital tract to extend to posterior commissural region.
CONCLUSION: To our knowledge, this is the first anatomical and tractographic study regarding the posterior commissure. However, further
human cadaveric studies are necessary.

KEYWORDS: Diffusion tensor imaging, Fiber dissection, Posterior commissure
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AMAC: Posterior komisstir'tin lifleri, pretektal nlkleuslar baglayarak konsensual isik refleksine araci olur. Talamik, pretektal, tektal, superior

kolikulus lifleri ve habenular ¢ekirdeklerin liflerinin posterior komissir'de caprazlastigi bilinmektedir. Ancak anatomik olarak gosterilmemistir.
Posterior komissiir anatomisini tanimlamak icin yapilan lif diseksiyon ¢alismasi sunulmustur.

YONTEM ve GERECLER: Yirmi koyun beyninde Marmara Universitesi Rhoton Laboratuvari'nda diseksiyon yapildi. Spesimenler %10 formalin
solisyonunda 3 hafta bekletildi. Cerrahi mikroskop (x6-x40) altinda araknoid-vaskdler yapilar ¢ikartilarak beyinler -20°C'de bekletildi. Bes
beyin, posterior fiksasyon-diseksiyon yetersiz oldugu icin calismadan cikartildi. Bes beyinde anterior, lateral, posterior ve medial diseksiyon
yapilarak her asamada fotograflandi. On beyinde posterior komissiir ortaya konacak sekilde hipokampal komissiir diizeyinden diseksiyon
yapildi. Radyolojik calismada 5 gondilli hastaya, diflizyon tensor goriintiileme yapilarak posterior komissir'tin lif baglantisi incelendi.

BULGULAR: On bes koyun beyninde posterior komissir'tin ortalama kalinligi 1,36 mm (0,5-2,5 mm), uzunlugu 4,6 mm (3-6 mm) olarak bulundu.
Posterior komisstir'tin her iki tarafta superior ve inferior kolikuluslari bagladigi; habenula, pretektal, tektal ve periakuaduktal bélgeden kisa
liflerle baglanti kurdugu goruldi. Bazi spesimenlerde hipokampal komissiir liflerinin splenial bélgede bu liflere eslik ettigi izlendi. Talamik
diseksiyondan sonra gozlenen frontotemporooksipital fasikiiliin posterior komissiir'’e uzandigi saptand.

SONUG: Calismada diseksiyonla posterior komissiir'tin frontotemporooksipitopontin baglantisi gdsterilmistir. Arastirma posterior komissir'in
lif baglantilarini ortaya koyacak insan kadavra ¢alismalariyla desteklenmelidir.

ANAHTAR SOZCUKLER: Difiizyon tensor goriintiileme, Lif diseksiyonu, Posterior komissiir

INTRODUCTION be important in the pupillary light reflex. Its fibers acquire
their medullary sheath early. Various nuclei are associated
with the posterior commissure. The best known of them is
the interstitial nucleus of the posterior commissure, nucleus
of Darkschewitsch; another one is the interstitial nucleus of
Cajal. The first one is located in the central grey substance
of the upper end of the cerebral aqueduct, in front of the
nucleus of the oculomotor nerve. The second one is near

the upper end of the oculomotor fasciculus (5, 6, 14, 22). The

Cerebral white matter is composed of myelinated fibers
classified into three types of fasciculi; association, commissural
and projection fibers. Association fibers interconnect different
cortical regions of the same hemisphere, commissural fibers
interconnect the two hemispheres across the median plane,
and projection fibers connect the cortex with caudal parts of
the brain and the spinal cord (2, 7).

Commissural fibers are corpus callosum, anterior commissure,
hippocampal commissure and the posterior commissure. The
posterior commissure is located in the inferior pineal lamina
and it is one of the commissural fibers of the brain known to
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posterior commissure is detected and defined early in the
human embryo but the connections of this structure except
for the nucleus of Darkschewitsch are unknown. Its fibers
interconnect the pretectal nuclei and mediate the consensual
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pupillary light reflex. Some fibers are believed to be derived
from the posterior part of the thalamus and from the superior
colliculus and to continue directly to the medial longitudinal
fasciculus. Fibers from the thalamic, pretectal, tectal region,
fibers from the superior colliculus and the habenular nuclei
are known to connect with the posterior commissure, but
they have not been shown anatomically (3-5,12).

Although recent reports about other commissural fibers
of the brain, such as corpus callosum, anterior commissure
and hippocampal commissure are present in the literature,
the anatomy and connections of the posterior commissure
have not been studied except for an early report (2, 5,10, 21).
The aim of this study was to evaluate the connections of the
posterior commissure and especially to show the cortical fiber
relationship anatomically and tractographically.

MATERIAL and METHODS

Twenty formalin-fixed sheep heads were used in the
study. The dissection was performed using the operating
microscope at the Rhoton Anatomy Laboratory of Marmara
University, Faculty of Medicine. Craniectomy to evacuate
the brains for the first 5 heads and craniotomy for the latter
15 heads was performed with the help of a craniotome. The
specimens were fixed in 10% formalin solution for 3 weeks.
The arachnoidal and vascular structures were removed by
using the magnification of the surgical microscope (x6-x40)
and brains were again fixed for 4 weeks at -20°C, after which
the dissection began. Five specimens were excluded from
the study since the fixations was not sufficient to dissect the
posterior structures. Gross anatomical dissection was done to
define the posterior structures of the brain. In 5 brains, the
dissections were done as dorsal, ventral, lateral, and medially

using Klingler’s method. Digital photographs were taken at
each step (Figures 1A-D). Dissection was made on all sides
to understand the anatomic relationship of the posterior
commissure and then, only posteriorly to see the posterior
commissure anatomy (Figures 2A-D). In ten specimens,
the posterior commissure together with the tectum and
tegmentum were dissected, removing the upper part of the
telencephalon.

As a radiological study, five healthy subjects with no history of
neurologic pathology were recruited for the study. All patients
provided written consent for the study, which was approved
by the institutional review board at the Marmara Neurologi-
cal Sciences Institute. Five volunteer patients underwent trac-
tographic investigation to understand the upper and lower
fiber tract pathway of the posterior commissure. A radiologi-
cal tractographic study was carried on five healthy volunteers
to see the posterior commissure cortical connections. Brain
magnetic resonance imaging (MRI) was performed using a
whole-body scanner (1.5- T, Siemens Magnetom, Espree, Ger-
many) with an eight-channel head coil. Diffusion tensor im-
aging (DTI) tractography was performed using a single-shot
multislice spin echo-echo planar sequence. Slice thickness
was 3 to 5 mm.

RESULTS

In 15 sheep brains, the dimensions of the posterior
commissure were measured as 1.36 mm (range 0.5-2.5 mm)
width and 4.6 mm (range 3-6 mm) length.

The posterior commissure was observed to join both superior
and inferior colliculi on both sides (Figures 3A, B; 4). Short
fibers coming from the habenula, pretectal, and tectal regions

Figure 1: A-D) Gross anatomical dissection: Dorsal, ventral, lateral and medial dissection views respectively.
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and from periaqueductal grey matter nuclei were identified.
Some hippocampal commissural fibers were seen to join
these fibers at the splenial region but this was not shown
in all the specimens (Figures 2A-D). After removal of the
upper part of the telencephalon and posterior dissection, a
frontotemporoparietooccipital fascicle was observed. This
tract was followed to the tectal region and seen to end in the
superior collicular region. This tract was observed in all the
specimens. However, a tract towards the cerebellar region
could not be dissected (Figures 5A, B).

DTl scans showed the frontotemporooccipital tract to
extend to the posterior commissural region (Figures 7A, B).
As in anatomical dissection, an inferior tract towards the
cerebellum could not be observed (Figures 6A, B).

DISCUSSION

The commissures of the telencephalon are the anterior com-
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missure, the hippocampal commissure, corpus callosum and
posterior commissure. Anterior and hippocampal commis-
sures are present in all vertebrates, whereas corpus callosum
is phylogenetically new and found in placental mammals
only. Corpus callosum is the most prominent commissure,
connecting most of the frontoparietal fibers of both hemi-
spheres, limited anteriorly by the anterior commissure and
posteriorly by the hippocampal commissure (12).

In humans, the anterior commissure carries olfactory and
neocortical fibers from the temporooccipital region, and the
hippocampal commissure carries fibers from the hippocampal
formations together with neocortical fibers (the splenium)
from the posteromedial aspect of the hemispheres (12).

The posterior commissure is not well defined in the literature.
The subcommissural organ, a specialized neuroepithelium
located at the dorsal midline underneath the posterior

Figure 2: A-D) Dissection showing the hippocampal commissural fibers and removal of it to see the frontotemporoparietal connections

of the posterior commissure.

_‘

Figure 3: A, B) Sagittal setions of the sheep brain showing the posterior commissure under the pineal gland (red arrows).
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commissure, releases the subcommissural organ spondin,
a large glycoprotein belonging to the thrombospondin
superfamily that shares molecular domains with axonal
path-finding molecules. The subcommissural organ is
thought to be involved in the development of the posterior
commissure (3,12). In our anatomical study, we observed the
posterior commissure but we could not distinctly identify the
subcommissural organ.

The posterior commissure is located in the posterior third
ventricle, composed of the roof, floor, posterior wall and
both lateral walls. The posterior wall within the third ventricle
extends from the suprapineal recess above to the cerebral
aqueduct below and consists of the suprapineal recess, the
habenular commissure, the pineal body and its recess, the
posterior commissure and the cerebral aqueduct. The only
structure in the posterior wall in the quadrigeminal cistern
is a pineal body and is concealed by the splenium above,
thalamus laterally and the quadrigeminal plate and the
vermis below (20). In this study, the posterior commissure was

Figure 4: Sagittal section showing the posterior commissure (red
arrow).

Figure 5: A) Pineal gland is seen in close-up view with the fiber tract extending to the frontotemporal region on the left side (red and
blue arrows respectively). B) Pineal gland and after removal of the pineal gland, the posterior commissure (red arrow) and the fiber
tract is seen after a horizontal dissection.

Figure 6: A, B) Pineal gland and after removal of the pineal gland; the frontotemporooccipitopontine tract connecting with the
posterior commissure and superior colliculus in close-up views (white and red arrow respectively).
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Figure 7: A, B) DTl showing the frontotemporal fiber connections of the posterior commissure.

found to be located in the posterior wall of the third ventricle
by dissecting 15 brains of sheep and there was no variation.

The posterior commissure connects the fibers of the pretectal
area. There are myelinated and non-myelinated fibers
connecting the pineal gland and the pretectal area. Recently,
a new paired tract has been found distinct from the posterior
commissure. These tracts form a structural component of the
wall of the pineal recess. These fibers are myelinated, invade
the pineal gland, and can be traced a short distance into the
lateral pre-tectal area (15). Also, a quantitative analysis of
the myelinated axons of commissural fibers in the rat brain
demonstrated a heterogeneous distribution of myelinated
axons in the posterior and habenular commissures (13).

Functionally, the posterior commissure serves as a pathway
for impulses related to eye-movements, and there is a close
association between the posterior commissure and the
medial longitudinal bundle. However, a relationship was
observed between the development of the cerebellum
and the posterior commissure that suggests that the more
important functions of the commissure might be associated
with posture and the integration of body movement rather
than with movement of the eyes and visual influences (5, 15,
17).

Experimental studies are present showing the association of
the periaqueductal neurons with the posterior commissure
and functional and anatomical fiber analysis of the posterior
commissure has been performed to study the pupillary reflex

(6).

A study showing the posterior commissural connections
of area pretectalis and neighboring structures with special

Turk Neurosurg 2015, Vol: 25, No: 6, 837-843

reference to the pupilloconstrictory pathway via the posterior
commissure was also reported (14). All these studies
were related to the light reflex function of the posterior
commissure which was already known. We also observed the
posterior commissure to connect the right and left pretectal
regions in accordance with the literature reports and classical
anatomical knowledge.

Besides being a connective area between the tectal areas, the
posterior commissure may have a relationship with the optic
pathways. We know that visual pathways originate from the
temporal half of the ipsilateral retina as nerve fibers of the
optic tract. The optic tract begins at the posterolateral corner
of the optic chiasma and passes posterolaterally between
the anterior perforated substance and tuber cinereum. Their
fibers lie superior to medial aspect of the crus cerebri. The
optic tract enters the lateral geniculate body and divides into
two roots, the medial of which passes to the medial geniculate
body. The optic radiation starts at the lateral geniculate
body. The minority of optic tract fibers bypass the lateral
geniculate nucleus entirely, traveling to the midbrain. These
fibers mediate the pupillary light reflex in the pretectal area
as described. The posterior commissure connects the left and
right pretectal area and contains fibers from cell bodies in the
pretectal and neighboring regions, including the dendrite of
Miiller cell M1. However, the studies showed that interaction
between neurons in the left and right pretectal regions is not
crucial for the responses (11, 19).

Two patterns of visual pathways were found. The optic ra-
diation ran more commonly deep in the whole superior and
middle temporal gyri and superior temporal sulcus. The op-
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tic radiation was closely surrounded in all cases by an inferior
longitudinal fascicle (ILF) and a parietooccipitotemporopon-
tine fascicle. The anatomy of the inferior longitudinal fascicu-
lus and its function are not totally understood. It connects the
occipital lobe with the anterior temporal lobe and is reported
to subserve the language semantics in parallel with the infe-
rior occipital fasciculus. It joins the posterior occipitotemporal
regions to the temporal pole and is relayed by the uncinate
fasciculus connecting the anterior temporal pole to the fron-
tobasal areas (11, 16, 19).

The inferior longitudinal bundle was originally thought
to consist of long tracts connecting the visual areas of the
occipital lobe with the anterior lobe, possibly playing a
role in visual memory. We also observed in our study that
the frontotemporooccipitopontine fibers connect with the
posterior commissure. However, the anatomical differences
between sheep and human brain stop us from declaring
that this is the parietooccipitotemporopontine fascicle
accompanying the inferior longitudinal fascicle together
which surround the optic tract, since animal studies have
shown that animals do not have an inferior longitudinal
fascicle. The fascicle we identified may be the tract playing
a role in visual formation, and this information from the
opposite hemisphere is thought to be carried by the posterior
commissure (8,9, 11,16).

The occipitopontine projection originates in cortical areas
that respond to visual stimulation. The occipitopontine tract
is reported to be associated with eye pursuit movements
and may also be associated with visual perception (16).
Each occipital hemisphere receives information from the
opposite half of the visual world. The visual information is
transferred to a visual word form system located in the inferior
occipitotemporal white matter. Information from the left side
of the visual field is received by the right visual cortex and is
transferred to the word form system in the left hemisphere.
This transfer occurs through the posterior commissure
and splenium of the corpus callosum and is disrupted in
alexia without agraphia (9). We could not show the inferior
longitudinal projection system, since it is absent in animals.
In this anatomical study, a distinct fascicle was shown
anatomically from the frontotemporooccipitopontine region
to the superior and inferior collicular area (tectal region) and
crossing at the posterior commissure in all the specimens
after removal of the upper part of the telencephalon and
posterior dissection.

Another function of the posterior commissure is related
to the vestibular pathway. Vestibular tracts as vestibular
mesencephalic, and the lateral vestibular tegmental cross in
the posterior commissure before connecting with the nucleus
of the posterior commissure, and the interstitial nucleus. The
efferent connection is the commissuro-medullaris, and the
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interstitio-spinalis tracts in a downward direction towards
the medial part of the medial longitudinal bundle, forming
the most cephalic portion of the medial longitudinal bundle.
This anatomy may explain how the posterior commissure
may have a cerebellar role, rather than a functional role in
the light reflex in some animals. It has been suggested that
there are fibers passing from the commissural nuclei to the
ipsilateral globus pallidus, and also to the rubral area (5, 14).
Knowing that there is a pathway between the cerebellum and
the rubral area via the cerebellar peduncles, the commissural
fibers might have a connection to the cerebellar area. We
could not show the fiber relationship between the posterior
commissural fibers and the cerebellum, and the vestibular
tracts crossing at the posterior commissure. In sheep, the
cerebellum has a major role in balance and coordination and
it is reasonable not to be able to demonstrate the vestibular
fibers crossing at the posterior commissure. This is also true
for the human brain.

The importance of anterior and posterior commissure and
individual variations and tractographic anatomical study of
the insular region have been reported in the literature (1, 18),
but there is no tractographic study related to the posterior
commissure. We used DTI for identification of the fibers of
the posterior commissure in the human brain, but the patient
number was limited and a distinct tract could not be shown
in all the patients.

In this anatomical and radiological study, we showed the
tract connection of the posterior commissure with the
thalomocortex anatomically and tractographically with DTl as
a preliminary work, but we could not demonstrate the inferior
relationship.

CONCLUSION

The posterior commissure connects the superior colliculi
which is involved in the bilateral pupillary light reflex. We
observed a frontotemporooccipitopontine tract that may
play a role visual information. To our knowledge, this is
the first anatomical study showing the fibers with the fiber
dissection technique using the Klingler's method and
tractographic study regarding the posterior commissure.
However, there are limitations of this study, as the study was
done on sheep brains and there are anatomical differences.
Further human cadaveric and anatomical studies, and also
further tractographic studies with a larger patient group,
are necessary to understand the fiber connections of the
posterior commissure.
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