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Introduction: 
 
Extending between the foramen of Monro and the posterior commissure, the thalamus is 
first visualized on MRI slightly posterior to the anterior commissure.  Visualization 
terminates just beyond the level of the corpora quadrigemina.  
 
 

 
 

This schematic taken from Martin’s Neuroanatomy: Text and Atlas, displays the gross 
anatomy of the thalamus, as well as its location within the brain (Martin 70).  Note how 

the internal medullary lamina divides the thalamus into its various nuclear groups. 
 
 

In his discussion on the gross anatomy of the diencephalon, Carpenter provides a superb 
description of the thalamus: 
 

The largest diencephalic subdivision is an obliquely oriented, egg-
shaped nuclear mass at the rostral end of the brain stem.  This nuclear 
complex lies between the interventricular foramen and the posterior 
commissure and extends from the third ventricle to the medial border of 
the posterior limb of the internal capsule.  The thalamus lies dorsal to 
the hypothalamic sulcus, a shallow groove on the lateral wall of the 
third ventricle.  The lateral and caudal parts of the thalamus are 
enlarged and overlie midbrain structures (Carpenter 49). 
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These diagrams, 
taken from Kahle’s 
Color Atlas of 
Human Anatomy, 
illustrate the 
changing thalamic 
shape as seen on 
frontal section.  

Diagram A is an example of a frontal section 
at the level of the amygdala A4, while 
diagram B demonstrates a frontal section at 
the level of the hippocampus B18 (Kahle 
203).   

 
Diagram A 

 
Note the area occupied by the caudate 
nucleus AB10 in diagram A as compared to 
that of diagram B.  With the retreat of the 
caudate nucleus, the thalamus AB6 becomes 
more apparent in the coronal plane. 
 
Diagram B depicts the thalamus at the level 
of the subthalamic nucleus B20 and the 
midbrain’s substantia nigra B22.  Note the 
presence of the bilateral mamillary bodies 
B21. 
 
 

 
Diagram B 

 
 
 
Boundaries: 
 
i. Using the anterior commissure as a starting point, the thalamus can be identified just 
posterior to the commissure’s clearest coronal view (Figures 1-2).  The anterior portion of 
the thalamus is narrow, resulting in an oblong shape in the coronal plane (Figures 3-5).  It 
is this anterior section of the thalamus that forms the posterior boundary of the 
interventricular foramen. 
 
ii. Throughout its course in the brain, the thalamus maintains its relationship with the 
internal capsule until the most posterior slices (Figures 30-32).  The medial border of 
both the genu and the posterior limb of the internal capsule serve as the lateral border to 
the thalamus itself, thus separating the thalamus from the adjacent lentiform nucleus. 
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iii. The CSF of the third ventricle serves as the medial border of the thalamus.  Where 
applicable, portions of the fornix may also serve as a medial border (Figures 6-11).  It is 
important to note that left and right portions of the thalamus were traced individually, 
excluding the massa intermedia when present. 
  
iv. Projecting beyond both the superior and inferior colliculi, the thalamus protrudes 
posteriorly until coming into contact with either the atrium of the lateral ventricle, the tail 
of the hippocampus, or both structures.  This is best seen in the sagittal plane (Figure 36). 
 
v. Superiorly, the lateral ventricles bound the thalamus.  As one moves from anterior 
(Figures 24-26) to posterior (Figures 27-29), the thalamus loses its magnitude in the Y 
plane.  This causes the coronal height of the thalamus to decrease, thus allowing the 
fornix to serve as the superior boundary in more posterior slices.  
 
vi. The zona incerta and its junction with the internal capsule serve as the inferior border 
of the thalamus, thus excluding the subthalamic nucleus, the substantia nigra and the 
nucleus rubor (Figures 9-11). 
 
vii. The overall goal of the project being to create a method to trace the thalamus itself, 
care was taken to exclude the other three major subdivisions of the diencephalon: the 
epithalamus, the hypothalamus and the subthalamus.   
 
viii. Being extensions of the thalamus itself, the lateral (LG) and medial (MG) geniculate 
bodies were included.  Coronally, the CSF superior to the hippocampus and the ambient 
cistern serve as the inferior boundaries for both the LG and the MG (Figures 18-23).  
Their superior boundaries are demarcated by extensions of the internal capsule. 
 
 
Imaging Modalities: 
 
In tracing the thalamus, the “trimodal” or “superimage” was employed, allowing the user 
the option of displaying the image in the RGB (red, green and blue) mode. Using the 
RGB mode, the images are displayed using red to depict information from the T1 image, 
while green and blue are used to represent information from the T2 and PD images, 
respectively. 
 
In RGB mode all three modalities are displayed simultaneously by assigning a different 
color gun of the computer monitor to each of the image sets. This brings a substantial 
amount of information to the user in two ways. Through the use of color, the visual 
system is able to expand its perceptive range from shades of grey to include hue, 
saturation and intensity.  Secondly, more information is provided to the user because 
information from all three image modalities is displayed simultaneously. 
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This simultaneous display of information from the T1, T2 and PD imaging modalities 
allows for the distinction of neuroanatomical structures that may have not otherwise been 
apparent using any single image modality.   
       

 
Figures: 
 
The figures that follow appear in groups of three.  Of these figures, one figure represents 
a frontal section taken from Duvernoy’s The Human Brain Surface, Three-Dimensional 
Sectional Anatomy and MRI.  The second and third figures represent a similar slice as 
seen on the trimodal image—one figure representing examples of important anatomical 
landmarks and the other figure illustrating the boundaries of the thalamus as it was traced 
in the coronal plane.  When a set includes only two figures, it is illustrating a slice on 
which the thalamus is not present. 
   

 
Figure 1 

 
Figure 2 

 
Figure 1 illustrates the clearest view of the 
anterior commissure (ac) as seen when a 
designated color palette is applied to a trimodal 
image.  Figure 2 is a frontal section created at a 
similar level taken from Duvernoy’s The Human 
Brain Surface, Three-Dimensional Sectional 
Anatomy and MRI.  Note the relative location of 
the caudate nucleus (c), the putamen (p), and the 
globus pallidus (pl) prior to the emergence of 
the thalamus on coronal section (Duvernoy 
109). 

      
     a    amygdala 
     ac   anterior commissure 
     c     caudate nucleus 
     h     hypothalmus 
     ia    internal capsule (anterior limb) 
     p     putamen 
     pl    globus pallidus, pars lateralis 
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Figure 3 is an example of the rostral portion 
of the thalamus on frontal section as 
illustrated in the Duvernoy atlas.  At this 
level the thalamus is represented by its 
thalamic reticular nucleus (tr) (Duvernoy 
115).    Note the thickening of the internal 
capsule (ic) as compared to the previous 
anterior section illustrated in Figure 2. 
 
Figures 4 & 5 represent a similar coronal 
section as seen using the trimodal image.  
Notice the location of the rostral portion of 
the thalamus in relation to neighboring 
basal structures.  
  

Figure 3 

 

Figure 4 
 

Figure 5 
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Figure 6 

 

 
Figure 7 

 
Figure 6, taken from the Duvernoy atlas, 
represents a frontal section corresponding 
to that of Figures 7 & 8.  Note the presence 
of the fornix (24) serving as the superior 
border on the medial aspect of the 
thalamus.  At this level, the thalamus is 
represented by its ventral lateral (vl), 
anterior (an) and emerging mediodorsal 
(m) nuclei (Duvernoy 121).   
 
Figures 7 & 8 illustrate the crus cerebri 
(cc) and its spatial relationship to the 
bilateral mamillary bodies (mb).  Note the 
relative location of these structures to that 
of the thalamus.  
 

 
Figure 8 
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Figure 9 
 

Figure 10 

 
 
Figures 9 & 10 illustrate the use of the zona 
incerta (zi) as the inferior border of the 
thalamus.  Being a white matter tract, the 
zona incerta is visualized as a pink structure 
on the trimodal image.   
 
 
Figure 11 is a similar frontal section taken 
from the Duvernoy atlas.  Note the location 
of the subthalamic nucleus (s) and the 
substantia nigra (sn) as they reside inferior 
to the zona incerta (zi) and superior to the 
crus cerebri (cc) on frontal section 
(Duvernoy 123). 

 

 

 
Figure 11 
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Figure 12 

 

 
Figure 13 

 
Figure 12, taken from the Duvernoy atlas, 
depicts the emergence of the nucleus rubor 
(r) on frontal section (Duvernoy 127).  
Note the continuity of the posterior limb of 
the internal capsule (ip) with the crus 
cerebri (cc).   
 
Figures 13 & 14 demonstrate a similar 
coronal section as seen using the trimodal 
image.  Note the use of the internal 
capsule’s medial border to delineate the 
lateral border of the thalamus. 

 
Figure 14 
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Figure 15 

 

 
Figure 16 

 

 
Figure 17 

 
Figures 15 & 16 illustrate the emergence of 
the lateral geniculate bodies in the coronal 
plane.  It should be noted that because 
BRAINS only allows one ROI (region of 
interest) segment per slice, a line is used to 
connect each lateral geniculate body with 
its ipsilateral side of the thalamus.  Having 
no area of its own, this line in no way 
affects the volumetric measurements of the 
ROI. 
 
Figure 17 is the corresponding frontal 
section as seen in Duvernoy’s atlas.  At this 
level the thalamus is represented by its 
ventral lateral (vl), ventroposteromedial 
(vpm), lateral dorsal (ld) and centromedian 
(cm) nuclei (Duvernoy 133).   
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Figure 18 

 
Figures 18 & 19 illustrate the emergence of 
the medial geniculate bodies as one moves 
posteriorly through the brain.  Note their 
connectivity to the rest of the thalamus, as 
well as to the lateral geniculate bodies. 
 
 
Figure 20 shows the corresponding section 
from Duvernoy’s The Human Brain 
Surface, Three-Dimensional Sectional 
Anatomy and MRI.  Note that the thin layer 
of fibers seen between the lateral (lg) and 
medial (mg) geniculate bodies is visible 
only on sectioning (Duvernoy 139).   

 

Figure 19 

 

 
Figure 20 
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Figure 21 represents a frontal section taken 
from the Duvernoy atlas just anterior to the 
emergence of the posterior commissure.  
Note the presence of the habenular nucleus 
(ha) medial to the thalamus. (Duvernoy 
141).   
 
 
Figures 22 & 23 are similar coronal planes 
as seen on the trimodal image.  Note the 
persistence of the medial (mg) and lateral 
(lg) geniculate bodies as one moves 
posteriorly though the body of the bilateral 
hippocampi (hi).     

 
Figure 21 

 

Figure 22 
 

Figure 23 
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Figure 24 
 

Figure 25 

 

Figure 26 

Figures 24 & 26 illustrate thalamic 
anatomy at the level of the posterior 
commissure as seen using the trimodal 
image in the coronal plane.  Note the 
diminishing height of the thalamus, 
allowing the fornix to serve as the superior 
border to the thalamus in more posterior 
slices. 
 
Figure 25 represents the corresponding 
frontal section as depicted by Duvernoy’s 
The Human Brain Surface, Three-
Dimensional Sectional Anatomy and MRI.  
Note the emergence of the pulvinar nucleus 
(pu) at the level of the posterior 
commissure’s (pc) coronal bridge 
(Duvernoy 143). 
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Figure 27 
 

Figure 28 

 
Figures 27 & 28 illustrate how the pulvinar 
nucleus (pu) begins to decrease in height as 
one moves posteriorly through the brain.  
Note the superior and lateral boundaries of 
the thalamus in relation to the 
corresponding fornix (23). 
 
Figure 29 displays a similar frontal section 
as depicted in the Duvernoy atlas.  Note the 
presence of the superior colliculus (sc) 
lying inferior to the medial surface of the 
pulvinar nucleus (pu) of the thalamus 
(Duvernnoy 145). 

 

 
Figure 29 
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Figure 30 

Figures 30 & 31 illustrate the final slice on 
which the thalamus is present in the 
coronal plane.  Note its spatial relationship 
to the fornix. 
 
Figure 32 represents a similar frontal 
section taken from the Duvernoy atlas.  
This section, however, is slightly anterior 
to what is depicted by the trimodal images 
(Duvernoy 147).  This is evident due to the 
relative size of the pulvinar nucleus (pu).   
 
Note the fact that the superior colliculus 
(sc) appears to be retreating while the 
pulvinar nucleus (pu) is still quite apparent.
 
 

 

Figure 31 

 

 
Figure 32 
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Figure 33 
 

Figure 34 

 
Figure 33 illustrates a coronal plane on the 
trimodal image in which the thalamus is no 
longer present.  Note the color 
representation of the CSF (cerebrospinal 
fluid) in the lateral ventricle, as well as that 
of the crus fornicis (cf) on the trimodal 
image.  

        
       Figure 34 represents a similar 
       frontal section as shown in the 
       Duvernoy atlas.  
 
       at   atrium of the lateral ventricle 
       cf   crus fornicis 
       hi   hippocampus 

 
 
Comments: 
 
It should be noted that while the Duvernoy atlas does not provide frontal sections in 
perfect correspondence to the coronal slices seen on the trimodal image, it does serve as a 
useful tool in delineating neighboring neuroanatomical structures.  In his methods 
section, Duvernoy notes: 
 

Horizontal (or axial) serial sections are obtained according to 
Talairach’s bicommissural plane (CA-CP plane); coronal sections are at 
a right angle with this plane, while sagittal sections follow the 
interhemispheric sagittal plane.  The sections are 2 to 4 mm thick 
(Duvernoy 2).  

 
It is this use of 2 to 4 mm sections, as compared to the 1 mm slices of the trimodal 
images that may account for slight differences observed in compared sections. 
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Figure 35 
 

Figure 36 

 
Figures 35 & 37 illustrate the capability of 
BRAINS2 to telegraph coronal traces into 
the axial plane.  These telegraphed crosses 
are useful in understanding the spatial 
relationships between the thalamus and 
surrounding basal structures. 
 

 
Figures 36 & 38 utilize telegraphed crosses 
to allow for visualization of the thalamus in 
the sagittal plane.  Figure 38 provides an 
excellent visualization of the lateral 
geniculate body in the sagittal plane.  Note 
the relationship of the LG to the 
hippocampus. 
 

Figure 37 
 

Figure 38 
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