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•Cerebral cortex -6 cell layers.  

•  Two basic cell types: pyramidal and non-pyramidal. 

•  Pyramidal cells are large, pyramid shaped cells that 
are involved in motor function. 

•  Non-pyramidal cells are small and stellate (star-
shaped) and are involved in sensory function or 
intercommunication between brain regions.  

•Non-pyramidal cells connect local regions  

•  Pyramidal cells project to more distal regions. 
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•   outermost layer -glial cells and axons from neurons of succeeding 
layers.  

•  second and third layers-  small and large pyramidal cells respectively 
and  thus highly involved in motor function.  

•  fourth layer- receives sensory input from the thalamus and consists of 
non-pyramidal cells 

•  fifth layer-large pyramidal cells that project to motor centres beyond 
the cerebrum (basal ganglia, brain stem, spinal cord).  

• sixth layer also consists of pyramidal cells which project to thalamus. 

08/31/2016 3 



Cerebral Lobes 

•FRONTAL LOBE  
• long gyrus immediately anterior to the central sulcus-

called the precentral gyrus-makes up- primary motor 
cortex or motor strip (area 4).   

•The cells on this area are responsible for voluntary 
control of the skeletal muscles on the contralateral 
side of the body. 

•primary motor cortex is the cortical focal point –only 
1/3 of the direct system originates in it.   

•Rest - premotor cortex -anterior to the primary motor 
area in the frontal lobe. Just in front of the precentral 
gyrus, in the dorsolateral portion of the frontal lobe 
and not extending to the lateral fissure, is the 
premotor cortex, Brodmann’s area 6.  
08/31/2016 4 



• The primary motor area –control of  individual muscles - the primary 
output source from cerebral cortex for voluntary motor activities 

•  premotor area functions in the control of coordinated, skilled 
movements involving the contraction of many muscles 
simultaneously. 
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•  secondary motor area - dorsal wall of the lateral 
fissure, immediately below the precentral gyrus.  

•The supplementary motor area, a portion of the 
premotor area, also important for speech is located on 
the medial aspect .  

•The connections between - motor strip and the 
voluntary muscles are arranged  

•  it is possible to draw a map of motor control on the 
cerebral cortex and show how the muscles are 
innervated from the cortex.   

•This map is referred to as a ‘homunculus’ or ‘little 
man’.  The areas are represented in an almost upside 
down or inverted fashion. 

•  The area of cortical representation –not  size of that 
part of the body, as the leg and arm rather precision in 
motor control . 
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•  important area -Broca’s area or motor speech area 
(Brodmann’s areas 44 and 45) located in the inferior 
(third) frontal gyrus of the lobe.  

•Function- production of fluent, well-articulated 
speech. 

•  frontal lobe in front of the Broca’s area and the 
premotor cortex is called prefrontal gyrus. 

•            On the inferior surface of the frontal lobe is a 
distinct tract, the olfactory tract; at its rostral end is 
a swelling of gray matter, the olfactory bulb. The 
olfactory nerve (cranial nerve I) enters directly into 
the olfactory bulb. These structures carry and 
process olfactory (smell) information. 
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•PARIETAL LOBE:  
•   between frontal and occipital lobes and above 

temporal lobe.   
• It’s bounded anteriorly by central sulcus, inferiorly 

by posterior end of lateral sulcus, and posteriorly by 
an imaginary border line. 

•  This imaginary border is a deep sulcus named the 
parieto-occipital sulcus, and separates the parietal 
and occipital lobes dorsally, and the occipital and 
temporal lobes ventrally. 
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•A large gyrus borders the central sulcus in the 
parietal lobe. It is called the postcentral gyrus and it 
is the primary somesthetic cortex. This postcentral 
gyrus comprises Brodmann’s areas 1, 2 and 3.  

•Somesthetic sensations (pain, temperature, touch, 
etc.) are sent to the sensory cortex from opposite 
side of the body.  This arrangement is a mirror 
image of the motor strip and is sometimes called 
sensory strip. 
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•  parietal lobe is divided by a sulcus - posterior to the postcentral 
gyrus and is called the intraparietal sulcus.  

• Above this sulcus lies the superior parietal lobule; below it, the 
inferior parietal lobule. 
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•  inferior parietal lobule :two prominent and 
functionally significant gyri:  

•  Supramarginal gyrus (Brodmann’s area 40), which 
curves around the posterior end of the lateral sylvian 
fissure 

•Angular gyrus (Brodmann’s area 39), which lies 
posterior to supramarginal gyrus and curves around 
the end of the prominent sulcus in the temporal lobe, 
the superior temporal sulcus.  

•These two gyri contain important association cortices 
that facilitate the integration of various sensory 
modalities including vision, touch and hearing. 

•          Just above the corpus callosum, partly in the 
frontal lobe and partly in the parietal, is the large 
cingulate gyrus. 
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•TEMPORAL LOBE 
•   seat of auditory processing  
•  It’s bounded superiorly by lateral fissure and 

posteriorly by an imaginery line that forms the 
anterior border of the occipital lobe.  

•On the lateral surface, the temporal lobe consists of 3 
prominent gyri- the superior temporal gyrus, the 
middle temporal gyrus and the inferior temporal 
gyrus.   

•The primary auditory cortex (areas 41 and 42) is 
situated in the superior temporal gyrus, in the inferior 
wall of lateral fissure.  Heschl’s gyrus represents the 
cortical centre for hearing.  The posterior part of the 
superior temporal gyrus is auditory association area 
known as Wernicke’s area (area 22) which is important 
to development and use of language. 
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•OCCIPITAL LOBE 

•  The occipital lobe occupies the small area behind 
parietal lobe  

•  marked by imaginary lines rather than prominent 
sulci. It’s concerned with vision.  

•Two sulci that can be found on the medial surface of 
the brain and can help locate the occipital lobe are  

•parietal-occipital sulcus and calcarine sulcus .  

•The gyri just above and just below the calcarine 
fissure together form the primary visual cortex 
(Brodmann’s area 17). The remainder of the occipital 
lobe (both medially and laterally) is made up of 
association visual cortices (Brodmann’s areas 18 and 
19). 
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•  INSULA 

•  The insular cortex or island of Reil  

•  located deep to a region of the cerebrum,that is the operculum.  

• The operculum consists of regions of the temporal (medial areas 38, 41, 
42), parietal lobe (inferior areas 1, 2, 3 and 40), and frontal lobes (areas 
44, 45 and inferior 6) along the lateral sulcus.  

• These regions, which overlie the insular cortex, are known as the 
temporal operculum, the fronto-parietal operculum and frontal 
operculum  
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• LIMBIC LOBE 

•   It includes structures that form a ring around the 
most medial margins of the frontal, partial and 
temporal lobes. 

•The limbic lobe consists of the cingulate gyrus, 
hippocampal formation, para hippocampal gyrus, 
uncus and sub callosal gyrus.  All these structures 
through their connections with the diencephalic 
and brainstem nuclei provide emotional drive to 
many visceral behavioral and vegetative functions. 
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2. Localization of Motor Speech 
Control in Frontal Lobe for Speech 

• cortical structures -motor functions-levels of functional complexity -
analogous to that seen in the somatosensory system. 

•   The pre-motor area (area 6) and supplementary cortex are related 
to movements of a general nature  

•  motor cortex (area 4) is related to specific movements. 
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• The primary motor cortex (area 
4) - anterior to central sulcus.   

It receives inputs from the  

• sensory cortex 

• thalamus  

• pre-motor cortex and 

• supplementary motor cortex.   
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• Study of area 4 neurons have revealed findings analogous to those of 
primary sensory cortex, i.e., a topographical and columnar organization.  

• By using microelectrodes and either recording from single cells or 
stimulating them with very small electrical currents, it has been 
demonstrated that many area for neurons project directly to small 
groups of motoneurons of synergetic muscles (muscles that contract as 
a group to perform a single movement). 
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• For control of precise movements, cells in individual columns of the 
motor cortex excite synergetic groups of muscles 

•  the sensory activation of the same cortical cells by stimulation of the 
body parts being controlled aids in the precise execution of the 
movement. 

•  sensory inputs to the motor cortex are projected from the sensory 
cortex, whereas in other cases, thalamic inputs relayed from some 
muscle spindle afferent fibers project directly to area 4. 
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• Several discharge patterns may be observed within the motor cortex.  

•  Some neurons- quiet and then active prior to a movement.  

•   such cells may be involved in causing muscular contractions 

•  activity of neurons- correlated with the steady state level of force of 
muscle contraction, the rate of change of force and the timing of 
muscular contractions.  

•   cortical neurons-active with jaw movements may be involved in the 
indirect control of jaw muscles  
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•Control of movement- contractions of muscles .   
•when one muscle contracts, its antagonist must 

relax to accomplish the task.   
•  many cortical cells -active during a movement may 

inhibit the contraction of muscles that are 
antagonistic to others muscles being excited.  

•Other cells - active and  inactive prior to a 
movement 

• they also may be involved in maintaining 
contraction of muscles antagonistic to a particular 
movement.   
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• An important point about cortical function is that much of the activity is 
important for the inhibition of muscular contraction.  

•  For e.g. when lesions of motor cortex controlling jaw muscles were 
made in monkeys, the jaw closing muscles were toxically active and the 
monkeys were not able to open their jaws to eat. 
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• Philips, 1968 hypothesized -higher mammals and humans - “transcortical 
and servo loop”.   

•  mediated by proprioceptors (e.g. muscle spindles) and 
mechanoreceptors that project through their relays to the 
somatosensory and motor cortex.   

• At the cortex, the influence of the sensory input is strong enough to 
excite groups of neurons, which in turn project to motoneurons and lead 
to muscle contractions. 
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•   McGuiness et al. 1980 studied the facial area of the motor cortex in 
monkeys using micro stimulation.  

•   stimulation of discrete areas with low electrical currents, within a 
single column would elicit a discrete movement of the face.   

• These movements resulted from contraction of single facial muscles 
or parts of facial muscles.  
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•Stimulation over a wide area of the facial motor 
cortex elicited a variety of movements.  

•  This research suggests that the facial cortex is also 
comprised of columns and that each column has a 
slightly different function.  

•  Excitation of several columns would lead to 
contractions of several muscles.  

•  particular facial expression or posturing of the lips 
for a specific speech sound - caused by activation of 
cells in several columns of the lateral motor cortex. 
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•  cells in the motor cortex may be the most important for the direct 
voluntary control of movements.  

• Damage –profound effects.  

•  In the control of jaw muscles- ablations of the face area of motor cortex 
result in monkeys being unable to regulate the force of muscle 
contraction (Luschei & Goodwin, 1975). 
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• In humans, the effects of motor cortex ablations are greater. 

• when area 4 is damaged, the individual loses the ability to make 
skilled purposeful movements with the affected limb.  

 

• same mechanisms  for limb control are involved in the control of 
speech musculature. 
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Structures involved in “higher order” 
motor control 
 

Supplementary motor cortex 
(SMA): 

•  lies on the medial surface of the 
frontal lobe and is contiguous 
with area 6 of the dorsolateral 
cortical surface. 

• receives projections from area 5 
and 7 and ventral-lateral nucleus 
of the thalamus 
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• projects to areas 4 and 6 and 
brainstem and spinal cord 
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•Tanji (1985) compared potentials- showed that SMA 
neurons are less related temporally to specific 
movements than are motor cortex neurons.   

• specific sensory cue (visual or auditory) stimulus -
the SMA neurons were highly active. 

•  SMA is involved in the decision making process of 
movement execution in response to triggering 
stimuli.   
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• In a study mapping, regional cerebral blood flow, it has been shown 
that when people make repetitive movements, there is increased 
activity in SMA, suggesting that this area is involved in programming 
repetitive motor sequences. 
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Premotor Cortex (area 6): 

• lies anterior to motor cortex  

• it receives inputs from sensory 
areas of parietal cortex and 
ventral lateral nucleus of the 
thalamus  
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• projects directly to the motor 
cortex. 
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•The lesions of premotor cortex in monkeys lead to 
deficits in execution of skilled movements involving 
eye-hand coordination.   

•The involvement of sensation and movement 
execution seems to be a predominant sign when 
the pre-motor cortex is damaged. 

•  SMA and pre-motor cortex are related to motor 
behavior in abstract ways, i.e., motor acts requiring 
preparation – attention to relevant stimuli for 
particular behaviors  
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• SMA 

 

• The putamen receives much of its input from the caudate, the SMA, the 
secondary and primary motor cortex, and areas 5 and 7 of the parietal 
lobe. 

• Presumably, the putamen, in conjunction with the caudate, transmits 
this information to the medial and lateral GP, which in turn projects to 
the motor areas, motor thalamus, and brainstem.  
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•  putamen and GP  project back to the motor 
neocortex, thus creating a very elaborate feedback 
loop, whose origin may begin in the SMA (Alexander 
and Crutcher,1990;Crutcher and Alexander,1990)or 
perhaps the limbic system. 

•For example, when anticipating or preparing to 
make a movement, but prior to the actual 
movement, neuronal activity will first begin and 
then dramatically increase in the SMA; this is 
followed by activity in the secondary and then the 
primary motor area, and then the caudate and, last 
of all, the putamen-GP. 
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• Ignoring for the moment the role of the limbic system, this indicates that 
impulses to move first appear in the SMA and that other motor regions 
are temporally sequentially recruited in a step-wise fashion: 

•  i.e., SMA-premotor-primary motor-caudate-putamen-GP-motor 
thalamus/frontal motor areas-brainstem… 
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• caudate nucleus -also contains neurons that become active prior to, and in 
anticipation of, making body movements, and in response to associated 
auditory and visual environmental cues.  

• This caudate neuronal activity precedes, or occurs simultaneously with, 
excitation in the lenticular nucleus, which also results in SMA activation.  

• This is because the GP and the putamen not only receive caudate and 
neocortical afferents, but they project back to the frontal motor areas(as well 
as to the motor thalamus).  

• Hence, parallel processing also occurs. 
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•That is, activity in these regions quickly begins to 
overlap such that neurons in the motor neocortex and 
basal ganglia often remain activated simultaneously.  

•Moreover, the motor areas all independently send 
axons to the brainstem, with axons from different 
areas converging on the same motor neuron. 

•Therefore, activity in the motor areas is characterized 
by both temporal-sequential and parallel processing 
that, in turn, is made possible via feedback neural 
circuitry.  

•Because these different networks are intimately linked 
and mutually interactive, they make co ordinated and 
goal-directed movements possible. 
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• The SMA appears to be concerned with the general problem of 
guiding and moving the extremities through space.  

 

• Electrical stimulation has produced : 

• complex semipurposeful movements 

• vocalization 

•  postural synergies involving the trunk and extremities 
bilaterally.  

 

• Moreover, single cell recordings and studies of blood flow and 
movement related evoked potentials indicate increased activity 
in this area while a subject performs and even imagines 
complex movements of the fingers and hands.  

• This region also becomes highly active during the modification, 
learning, and establishment of new movement programes 
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3. Role of Sensory Cortex in Motor 
Speech Control 

 

•  Primary sensory cortex (somatosensory cortex) is made up of 
neurons, arranged in modality specific, vertical columns (Mount 
Castle, 1957).  

•  Experiments on humans and animals showed a consistent 
topographic relation between areas of body stimulated and 
responsive areas in the sensory cortex. e.g. homunculus. 
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•  studies done on the activity of single neuron -
several organizational principles of the sensory (& 
motor) cortices were learned.   

•One of the first things - sensory cortex may be 
divided into primary (SI) and secondary (SII) 
cortices.  

•  SII lies lateral to SI on the upper bank of the sylvian 
fissure; 

•  SII - bilateral inputs 

•  SI-contralateral inputs.   
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• Within each of the sensory areas 1, 2, 3a and 3b, there are receptive 
fields of various sizes representing all the surfaces of the body.  

•  Those parts of the body surface having the greatest degree of sensory 
acuity have the largest number of receptive fields, and each receptive 
field is relatively small.   

• The smallest and most numerous receptive fields are located on the 
finger tips, tongue and lips, areas with a high degree of sensitivity  
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•Within the different sensory areas, there is a complete 
somatotopic map of the body, i.e., a set of receptive 
fields covering the entire body surface can be found in 
each of the areas 1, 2, 3a and 3b (Kaas et al. 1979). 

•  nature of the receptive fields differ.  

•3a - inputs from deep tissues and muscle spindles.   

•3b - slowly and rapidly adapting receptors located 
superficially in the skin.  

•2-  deep pressure 

•1-  rapidly adapting cutaneous receptors.  

•Areas 3a and 3b also project to areas 1 and 2.   
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• About 6% of the cells in areas 1 and 2 respond to more complex 
stimuli such as movement in one direction over a patch of skin.  

•  experiments in animals-some cells of the sensory cortex are 
responsive to position and torque and are probably intimately 
involved in the precise control of movements (Fromn et al. 1982, 
1983). 
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•  sensory cortex-organized functionally into columns that extend 
through all 6 layers of the cortex.   

•  cells in a column - closely related receptive fields and respond to the 
same sensory modality.   

• Adjacent cortical columns may have receptive fields that overlap one 
another to some extent. 
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• From sensory areas 1, 2, 3a and 
3b cells project bilaterally to 
sensory areas 5 and 7 of the 
parietal lobe as well as to motor 
cortex.   
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• Areas 5 and 7 represent a higher 
order of sensory processing in 
which information from the 
somatic sensory cortex is 
integrated with sensory 
information from other 
modalities.   

• From areas 5 and 7, cells project 
to motor cortex (area 4), 
premotor cortex (area 6), 
supplementary motor cortex. 

 

 

08/31/2016 54 

SMA 



•  important feature - cells in sensory cortex  respond to peripheral 
stimulation in the same way as receptors themselves.  

•  For e.g. a rapidly adapting receptor synaptically projects through relay  
nuclei to cells in SI that also rapidly adapt to stimuli.  

•  This shows that the information transduced by the receptor is 
accurately relayed to the cortex, where sensory perception occurs  
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•The thalamus is one of the major relays to the 
somatosensory cortex.   

•There is lesser thalamic inputs to 1 and 2 compared 
with area 3b (correlated with a relatively thin, internal 
granular layer in these areas (Jones, 1975).) 

•The work of Vogt & Pandya, (1978) et al. shows that 
there is an inverse relation between strength of 
thalamo cortical inputs to sub sectors of SI and input 
of cortico cortical projections to these sub sectors.  

•  Area 3b is dominated by primary afferent input from 
the thalamus with relatively little input from other 
cortical areas. 

 

08/31/2016 56 



• Somatotopy of Orofacial / Laryngeal 
Structures –  

 

• Examples of body structures mapped to 
relatively large areas of the sensory motor 
cortex include the fingers and hand for 
manipulation and the lips, tongue, jaw, 
velopharynx, larynx and chest wall for speech 
production.  
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• In primates, the neural representation of facial muscles is clustered 
together in the posterior and anterior portions of pre-central gyrus, 
with tongue movements represented in the intervening regions and 
along the lateral extent.   

• Within each cluster, there are multiple representations of individual 
muscle movements. 
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•The neural representation of the tongue occupies the 
centre of the pre-central gyrus and extends from 
above inferiorly into the ovoid region of the laryngeal 
representation.   

•The tongue and the laryngeal regions are flanked by 
an anterior and posterior face field, which are bridged 
in the middle.   

•The more exterior or lateral aspect of each face field 
represented the more lateralized muscles of the face 
such as the zygomaticus and the central bridge area 
represents the more midline face muscles, such as 
orbicularis oris and mentalis (Zealear et al. 1983). 
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Motor Control for Speech  
•Movement for speech is initiated at the motor strip.  
• Input - motor strip  
•  premotor regions -involved in the preparation of the 

motor act.  

•premotor gyrus and supplementary motor area SMA - 
input concerning state of the musculature from the 
post central gyrus, and it appears that knowledge of 
articulator position in space is established here.  

•  Broca’s area is involved in articulatory planning.  
• supramarginal gyrus of the parietal lobe is involved in 

early, linguistically based planning of the articulatory 
gesture.  

•  prefrontal association area receives input from diffuse 
sensory integration regions of the cerebrum, and this 
information is used to make decisions concerning 
execution of motor act.  
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•The primary motor cortex (MI) receives information 
concerning the state of muscles, tendons and tissue 
from several means. 

•  The sensory cortex (SI) receives this information in a 
well organized fashion.  

•Area 3 receives muscle afferent information from 
fibres terminating in the thalamus and from 
mechanoreceptors of the skin that are important for 
speech muscles of the face. Area 1 receives 
mechanoreceptor input as well and area 2 receives 
joint sense.  

•This information is all directed to the MI, either 
directly or via other SI areas. 
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•  The premotor region (lateral area 6) is involved in 
organization of the motor act for skilled, voluntary 
movement and its output is directly routed to MI in 
both hemispheres. It receives somatic and visual 
information and integrates this into its motor plan.  

•The SMA appears to be involved in programming of 
speech and other sequential movements and control 
of some reflexes.It receives information concerning 
tactile, auditory and visual senses. 

•  Information from cerebellum and basal ganglia is 
exchanged with the MI, SMA and premotor region.  

•Thus the execution of speech involves extensive 
interaction of the areas of brain in a rapidly 
coordinated fashion.  
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•Cerebral connections 

3 types of fibers   

•Projection fibres – Tracts running to and from the 
cortex to the brainstem and spinal cord are made up 
of projection fibres.  

•Association fibers - They connect areas within the 
hemisphere.  These fibers form association tracts 
between areas.  Short association tracts are within 
lobes and long ones are between lobes.  

•Commisural fibers - They connect an area is one 
hemisphere with an area in opposite hemisphere. 

•The anterior and posterioir commissures are small 
bundles of interhemispheric fibres located anteriorly 
and posteriorly to the corpus callosum.  
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Sub cortical Structures within the 
Cerebral Hemispheres 

 

• Basal Ganglia: The basal ganglia consist of four subcortical gray 
matter structures that vary in size and shape.  These structures 
include the lenticular nucleus (also referred to as the lentiform 
nucleus), the caudate nucleus, the amygdaloid nucleus, and the 
claustrum. 
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•The motor  components of the basal ganglia together 
with the substantia niagra and the subthalamiac 
nucleus effectively make a subcortical loop that links 
most areas of the cortex with upper motor neurons in 
the primary motor and premotor cortex and in the 
brainstem. 

•  The neurons in this loop respond in anticipation of 
and during movements and their effects on upper 
motor neuron are required for normal course of 
voluntary movements  
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Projections to the basal ganglia  
•The largest  motor nuclei :corpus striatum {caudate 

and putamen} 
•These 2 comprise the input zone of the basal 

ganglia.The destinations of incoming axons from the 
cortex are the dendrites of a class of cells called 
medium spiny neurons in the corpus striatum . 

•The axons  that arise from the medium spiny neurons 
converge on neurons in the globus pallidus and 
substantia niagra pars reticulate  

•globus pallidus and substantia niagra pars reticulate 
are the main sources of output from the basal ganglia 
complex. 

•Nearly all regions of the neocortex project directly to 
the corpus striatum,making the cerebral cortex the 
source of the largest input to the basal ganglia by far.  
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• The cortical input to the caudate and putamen are not equivalent, 
however and the differences in the input reflect functional differences 
between these two nuclei.  

• caudate nucleus -receives cortical projections primarily from multimodal 
association cortices, and from motor areas in the frontal lobe that 
control the eye movement. 

•  putamen -receives input from the primary and secondary somatic 
sensory cortices in the parietal lobe,the secondary visual cortices in the 
occipital and temporal lobes,the premotor and motor cortices in the 
frontal lobe,and the auditory association area in the temporal lobe. 
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Projection from basal ganglia to other 
brain regions  

• The medium spiny neurons from 
the caudate and the putamen 
give rise to inhibitory GABAergic 
projections that terminate in 
another pair of nuclei in the basal 
ganglia complex: the internal 
divisions of the globus pallidus 
and a specific region of the 
substantia niagra called pars 
reticulate.  
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•  globus pallidus and  substantia niagra pars reticulate -major output 
from the basal ganglia. 

• The globus pallidus and substantia niagra pars reticulate have similar 
output functions.  

• A striking feature of the projections from the medium spiny neurons 
to the globus pallidus and substantia niagra is the degree of their 
convergence onto the pallidail and reticular cell. 
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•The efferent neurons of the internal globus pallidus 
and substantia niagra -major pathways that link the 
basal ganglia- upper motor neuron located in the 
cortex and in the brainstem. 

•The pathway to the cortex arises primarily in the 
internal globus palidus and reaches the motor cortex 
after a relay in the ventral anterior and ventral lateral 
nuclei of the (VA/VL complex) dorsal thalamus. 

•These thalamic nuclei project directly to motor areas 
of the cortex thus completing a vast loop that 
originates in the multiple cortical areas and 
terminates back in the motor area of the frontal lobe. 
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• Axons from the substantia niagra pars reticulate synapse on upper 
motor neurons in the superior colliculus that command eye 
movement without an intervening relay in the thalamus.  

• Because the efferent cells of both the globus pallidus and substantia 
niagra pars reticulate are GABAergic, the main output of the basal 
ganglia is inhibitory. 
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• Since the medium spiny neurons are also GABAergic and inhibitory,the 
net effect of the excitatory input that reach the striatum from the cortex 
is to inhibit the tonically active inhibitory cells of the globus pallidus and 
substantia niagra pars reticulate. 
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•When the pallidial cells are inhibited by activity of the 
medium spiny neurons ,thalamic neurons are 
disinhibited and can relay signals from other sources 
to the upper motor neurons in the cortex.  

•This disinhibitions is what normally allows the 
uppermotor neurons to send commands to the local 
circuits and lower motor neurons which initiate 
movements.  

•An abnormal reduction in the tonic inhibitions as a 
consequence of basal ganglia dysfunction leads to 
excessive excitability of the uppermotor neurons and 
thus to involuntary movement syndromes that are 
characteristic of the basal ganglia disorder such as 
Huntingtons disease. 
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Circuits within the basal ganglia 
system 
 

• The projections from the medium spiny neurons of the caudate and 
putamen to the internal segment of the globus pallidus and substantia 
niagra pars reticulate are part of direct pathway and serve to release the 
upper motor neurons from tonic inhibitions.  

• A second pathway serves to increase the level of tonic inhibition and is 
called the indirect pathway  linking the corpus striatum with the internal 
globus pallidus and substantia niagra pars reticulata.  
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• In the indirect pathway a population of medium spiny 
neurons project to the lateral or external segment of 
globus pallidus. 

•external division -sends projections to both  internal 
segment of the globus pallidus and to subthalamic 
nucleus of ventral thalamus. 

• subthalamic nucleus projects back to internal segment 
of globus pallidus and to substantia niagra pars 
reticulata. 

•These two lateral nuclei project out of the basal 
ganglia,which thus allows the indirect pathway to 
influence the activity of the uppermotor neurons. 
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• The indirect pathway through the basal ganglia apparently serves to 
modulate the disinhibitory actions of the direct pathway. 

• The subthalamic nucleus neurons that project to the internal globus 
pallidus and substantia niagra pars reticulata are excitatory. 

• Normally ,the indirect pathway is activated by signals from the cortex, 
the medium spiny neurons discharge and inhibit the tonically  active 
GABAergic neurons of the external globus pallidus. 
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•As a result subthalamic cells become more active 
and by virtue of their excitatory synapses, with cells 
of the internal globus pallidus and reticulata, they 
increase the inhibitory outflow of the basal ganglia. 

•  Thus in contrast to the direct pathway, which when 
activated reduces tonic inhibitions, the net effect of 
activity in the indirect pathway is to increase 
inhibitory influences on the uppermotor neurons. 

•The consequence of imbalances in fine motor 
control mechanism are apparent in the diseases 
that affect the subthalamic nucleus eg;hemiballism. 
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•Another circuit within the basal ganglia system entails 
the dopaminergic cells is pars compacta subdivision of 
the substantia niagra and modulates the output of the 
corpus striatum. 

•The medium spiny neurons of the  corpus stratum 
project directly to substantia niagra pars compacta 
,which in turn sends widespread dopaminergic 
projections back to the spiny neurons. 

•These dopaminergic influeces on the spiny neurons 
are complex:the same nigral neurons can provide 
excitatory inputs mediated by D1 type dopaminergic 
receptors  on the spiny cells that project in the 
internal globus pallidus(direct pathway),and inhibitory 
input mediated by D2type receptors on the spiny cells 
that project to the external globus pallidus(indirect 
pathway). 
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• Since the actions of the direct and indirect pathways on the output of 
the basal ganglia are antagonistic,these different influences of the 
nigrostriatal axons produce the same effect,namely a decrease in the 
inhibitory outflow of basal ganglia. 

 

• The modulatory influences of this second internal circuit help explain 
many of the manifestation of basalganglia disorders eg;parkinsons 
disease. 
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• Internal Capsule:  

•  gray matter - the basal ganglia consists primarily 
of the bodies of nerve cells. 

•   The surrounding white matter is formed largely 
by processes or fibers of the nerve cells.   

• This subcortical white matter can be collectively 
referred to as the internal capsule.   

• The white appearance of the internal capsule is the 
result of a myelin covering of the nerve fibers.  
Both efferent (motor) and afferent (sensory) fibers 
are found within the internal capsule and all 
impulses going away from (efferent) or toward 
(afferent) the cortex rely on the internal capsule 
for their transmission. 
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•Rhinencephalic Structures: The rhinencephalon is 
composed of a series of subcortical structures lying 
within each cerebral hemisphere that have been 
traditionally associated with the sense of olfaction. 

•Hippocampus: The hippocampus is composed of a 
band of a very special type of gray matter which is 
rolled into the middle of the temporal lobe.  The 
hippocampus fills the central-longitudinal aspects of 
the temporal lobe  

• contains three distinct layers: the molecular, 
pyramidal, and polymorphic (Ciba, 1962).   

•Functionally, the hippocampus is somewhat of a 
mystery in that it has something to do with all types of 
human emotional behavior in general. It also has 
some relationship to short-term memory. 
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• Fornix:  

• The fornix is a massive harp-shaped, 
bilateral structure formed from fibers 
arising from large pyramidal cells of the 
hippocampus (Ciba, 1962).  These 
fibers run posteriorly and upward to 
form the crus (a leglike projection) of 
the fornix, which then passes forward, 
becoming attached to the undersurface 
of the corpus callosum. 
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•Corpus Callosum:  
•The corpus callosum consists of a series of white 

myelinated fiber tracts running between the 
cerebral hemispheres.  These afferent and efferent 
fibers begin posteriorly just in front of the medial 
aspects of the occipital lobe, and they begin 
anteriorly along the medial aspects of the frontal 
lobe.  The corpus callosum is the major 
interconnecting link between the two cerebral 
hemispheres, thus permitting the brain to work as a 
functional whole . 
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Diencephalon 
 

• four parts: 
thalamus,epithalamus,subthalamus,hypothalamus. 
 

•a.Thalamus:  large ovoid masses lying on either side of the 
third ventricle .  They are connected through the third 
ventricle by a small bridge of tissue. 

•  All aspects of the brain-cortex, subcortex, mid-brain, and 
brain stem structures – have connections with the thalami, 
and all sensory input and motor output is relayed through it 
. 
 

• consists of three tiers of nuclei:medial,lateral and 
ventral.Each tier contains various nuclei 

•  internal medullary laminae=.it is a y-shaped sheath of 
myelinated fibres runs in rostrocaudal fasion dividing the 
thalamus into mediodorsal and lateral tiers. 
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•Functional classification of thalamic nuclei: Thalamic 
nuclei can be functionally classified as specific and 
nonspecific. 

•Specific thalamic nuclei :Based on the source and 
nature of  information,it is further divided into 
primary sensory,secondary sensory and association 
sensory nuclei. 

•Primary     sensory nuclei receives specific sensory 
information as follows: 

• Lateral geniculate body -receives visual information 
from both eyes and projects it into the visual cortex. 

•Medial geniculate body -receives tonotopic 
information from contralateral ear and transmits it to 
the primary auditory cortex. 

•Ventral posterior lateral nucleus- receives sensations 
of pain,touch and temperature from the face and 
projects them to the somatosensory cortex. 08/31/2016 104 



•Secondary sensory nuclei- receive information from 
specific subcortical structures and project to well 
defined  cortical zones 

•Ventral anterior nucleus -receives from globus 
pallidus,substantia niagra ,and intralaminar nuclei and 
projects it to the premotor cortex and intralaminar 
nuclei. 

•Ventrolateral nucleus- receives motor specific 
information from cerebellum and globus pallidus and 
projects it to the primary motor cortex. 

•Anterior nucleus- receives information from mamillary 
bodies of hypothalamus and sends it to cingulated 
gyrus. 
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•Association sensory nuclei- receive input from other 
thalamic nuclei and project to associational areas of 
the cortex.They include the following : 

•pulvinar –projections to the inferior parietal lobule,the 
area important for integration of crossed 
sensorimotor information 

•  lateral posterior -with projections to the superior 
parietal lobule. 

•Nonspecific thalamic nuclei:receive general –diffuse 
information from cortical areas,basal ganglia,and 
specific thalamic nuclei. 
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•b.Epithalamus: 

• It consists of  

•Trigonum Habenulae: Contains nuclei that receive 
olfactory fibers and have extensive projections into 
the brainstem.It is instrumental in olfactory reflexes. 

•Pineal Body: Small, midline, cone shaped structure 
located in a depression between the superior 
colliculi.It helps in gonad development 

•Posterior Commisure: Rounded band of white fibers 
that connect the two superior colliculi.It is 
instrumental in optic reflexes (eye blinking). 
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• c.Sub thalamus: Located on the ventrolateral aspect of the thalamus 
and separates it from the internal capsule. 

• Principal Nucleus :Sub thalamic nucleus.It is located on the dorsal 
surface of the transition between the internal capsule and crus 
cerebri.It receives fibers from the globus pallidus, motor and 
premotor cortex.It is important in regulation and coordination of 
motor function. 
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• d.Hypothalamus: 

• Consists of the mamillary bodies, tuber cinereum, 
infundibulum, neurohypophysis and the optic 
chiasma. 

• Functions include-metabolism and water 
balance,ANS control, sleep and wake mechanisms 
,regulation of body temperature,food intake 
regulation,development of secondary sex 
characteristics. 
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CEREBELLEUM 
  modify the activity patterns of the upper motor neuron. 

 sends prominent projections to virtually all upper motor 
neurons.  

Structurally cerebellum has 2 parts: 
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1)Cerebellar cortex 

 2) Sub cortical structures  

                  called as Deep Cerebellar Nuclei. 

 

 

 



 
 Afferent branches project to both these components. 

 

Efferent branches  project from deep cerebellar nuclei, 
in turn regulate upper motor neurons in cerebral 
cortex and brain stem. 

 

 

Thus like basal ganglia, cerebellum is a part of vast loop 
that receives projections from and sends projections 
back to cerebral cortex and brain stem 
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Functions of cerebellum 

 

- To detect the difference or ‘motor error’ between an intended 
movement and actual movement 

 

- To reduce the error through its projections to upper motor neuron  
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   Cerebellar diseases are the result of damage to the 
feedback loop wherein the affected individuals make 
persistent movement errors with specific 
characteristics depending upon the location of 
damage. 
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      Major components of cerebellum 
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Cerebellar cortex 

 

(i)Cerebrocerebellum 

 

(ii)Spinocerebellum 

 

(iii)Vestibulocerebellum 

a)  Flocculus 

b)  Nodulus 

Deep cerebellar nuclei 

 

(i)Dentate nuclei 

 

(ii)Interposed nuclei  

 

(iii)Fastigial nuclei 

 

 

Cerebellar 

peduncles 

 

(i)Superior                                                                                                      

peduncle 

 

(ii)Middle 

peduncle 

 

(iii)Inferior 

peduncle 



Cerebrocerebellum - It is the largest subdivision in humans 
and especially well developed in humans.  

- It is concerned with the regulation of highly skilled 
movements especially the planning and execution of 
complex spatial and temporal sequences including 
SPEECH. 
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Spinocerebellum - The lateral part of spinocerebellum 
is primarily concerned with movements of distal 
muscles such as relatively gross movements of the 
limbs in walking. 



 

Vestibulocerebellum - It occupies the median and                                                                                                   
paramedian zone of cerebellar hemisphere and is the only 
part that receives input directly from spinal cord.  

It includes the subdivisions: 

Flocculus                        and               Nodulus 

 

Vermis - This is the central part and is primarily concerned 
with movement of proximal muscles and also regulates eye 
movements in response to vestibular inputs. 
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Connections in between cerebellum and other parts of the 
nervous system occur by 3 large pathways called  
cerebellar peduncles.  
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The three types of cerebellar peduncles are as follows :- 

1)Superior peduncle or Brachium Conjuctivum  

It is an Efferent pathway. 

 Neurons that give rise to this pathway are in the deep cerebellar nuclei. 

 Their axons project to upper motor neurons in the  

- Red nucleus 

- The deep layers of the superior colliculus  

                  and after a relay in the dorsal thalamus,  

- The primary motor and  

- the pre motor areas of cortex. 
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2) Middle peduncle or Brachium Pontis- 
 

This in an Afferent pathway.  
The cell bodies of this pathway arise from the base of the 

pons, where they form the Pontine Nucleus.  
It receives input from  
cerebral cortex and  
superior colliculus.  

 
Axons of Pontine Nucleus called Transverse Pontine 

fibres cross the middle and enter cerebellum via Middle 
Cerebellar Peduncle. 
 



3) Inferior peduncle or Restiform body-  

 

This is the smallest but the most complex of cerebellar 
peduncles, both afferent and efferent pathways.  

 

Efferent pathway projects to vestibular nuclei and 
reticular formation                 

 

 Afferent pathway includes axons from vestibular nuclei, 
spinal cord and several regions of brain stem tegmentum. 
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Projections to cerebellum 
Cerebral cortex provides major input to cerebellum mainly 

to cerebrocerebellum. 

The pathways originate in 

1) Primary motor and pre motor cortex in the frontal lobe 

2) Primary and secondary somatic sensory cortices of 
anterior parietal lobe  

3) Secondary visual regions or association areas of posterior 
parietal lobe concerned with processing the moving visual 
stimuli. 

  

Most of the cortical pathway relay in pontine nuclei before 
entering cerebellum.  
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Sensory pathways to cerebellum 

1) Vestibular axons from 8th cranial nerve 

 

2) Axons from vestibular nuclei in medulla project to 
vestibulocerebellum 

 

3) Relay neurons in dorsal nuclei of Clarke in the  

      spinal cord which is a group of relay neurons innervated 
by proprioceptive axons from the periphery; send axons 
to spinocerebellum. 

 

4) Olivocerebellar fibres that arise from inferior olivary 
nucleus located in the medulla oblongata and sends 
axons to cerebrocerebellum. 
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Vestibular and spinal inputs provide information from  

- labyrinth in the ear,  

- muscle spindles and  

- other mechanoreceptors that monitor position and motion of the body.  
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Somatic input is mapped in spinocerebellum such that there 
is an orderly representation of body surface within 
cerebellum.  

 

Small area of body is represented multiple times by spatially 
separated clusters of cells rather than by a specific site. 
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Entire cerebellum receives modulatory inputs from 
inferior olive and locus ceruleus in the brain stem which 
participate in  

- learning and  

- memory functions  

which are served by cerebellum. 
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Projections from cerebellum 
 

Cerebellar cortex projects fibres to  

- the deep cerebellar nuclei  

- which in turn projects fibres to upper motor neuron in 
cortex  

- via a relay in thalamus and in brain stem. 

 

 

There are 4 nuclei in cerebellum: 

        - Dentate nucleus                       

        - 2 Interposed nuclei  

        - Fastigial nucleus 
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- Cerebrocerebellum projects fibres mainly to dentate 
nucleus. 

 

- Spinocerebellum projects fibres mainly to interposed nuclei. 

 

- Vestibulocerebellum projects fibres mainly to fastigial 
nucleus. 

 

Dentate axons exit cerebellum via the superior cerebellar 
peduncle, cross at the decussation of superior peduncle in 
the caudal mid brain and then ascend to thalamus. 
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The axons form a relay in ventral lateral nucleus of the 
thalamus. 

Ventral lateral nucleus complex has 2 subdivisions- 

1) The oral or anterior part of posterolateral segment         

2) Area X 
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Both these structures have access to primary motor 

and pre motor association cortices. Thus cerebellum 

also helps to organize the sequence of underlying 

complex voluntary movements.  

 

- Deep cerebellar nucleus also projects fibres to red 

nucleus, superior colliculus, vestibular nucleus and 

reticular formation. 



08/31/2016 134 



08/31/2016 135 



08/31/2016 136 



 

 

Cerebrocerebellum sends information to non-motor 
areas of the cortex to form closed loops. 

 

 It means that region of cerebellum projects back to 
same area that in turn projects to it.  

 

The closed loop runs parallel to open loops that receive 
input from multiple cortical areas and funnel output 
back to upper motor neuron in the pre motor and 
primary motor cortices.  
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Circuits within cerebellum 
- The afferent pathway ends in a distinctive cell called 

the Purkinje cell.  

- It follows an indirect pathway.  

- Neurons in pontine nuclei receive projections from 
cerebral cortex and then relay information to 
contralateral cerebellar cortex.  
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- The axons from pontine nucleus and other sources are called Mossy fibres. 

 

 

 

- They synapse on Granule cell in granule cell layer of cerebellar cortex. 
Granule cells are the most abundant cells in cerebellar cortex as well as in 
the human brain. 

 

 

08/31/2016 141 



  

- Granule cells give rise to parallel fibres that ascend to 
molecular layer of cerebellar cortex where they bifurcate 
to form T-shaped branches that relay information via 
excitatory synapses onto the dendrites of Purkinje cells. 

 

 

- Elaborate dendrites extend into the molecular layer from 
single purkinje layer, where they branch extensively in a 
plane at right angle to the parallel fibres.  

 

 

- Thus the Purkinje cell receives input from a number of 
parallel fibres. 
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- Purkinje cell also receives direct modulatory input from 
climbing fibres which arise in the inferior olive.  

- They receive input on their dendrites. 
  
- Each Purkinje cell receives numerous synaptic contacts 

from a single climbing fibre. 
 
- Climbing fibres regulate movement by modulating the 

effectiveness of mossy- parallel fibre connection with 
purkinje cells. 
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- Purkinje cells are the only output cells. They project to 
the deep cerebellar nuclei.  

 

- They are GABAergic i.e. inhibitory in nature.  

 

- But the deep cerebellar nuclei receive excitatory input 
from the mossy and climbing fibres.  

 

- Thus the Purkinje cell inhibition serves to modulate the 
level of the excitation. 
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- Basket cells are also present in the cerebellar cortex 
which modulates the inhibitory activity of Purkinje cell 
and occurs on both dendrites and cell body. 

 

 

 

- Another cell called stellate cell receives input from 
parallel fibres and provides inhibitory input to Purkinje 
cell dendrites. 
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- Molecular layer – dendrites of Golgi cells.  

-  input  -parallel fibres  

- Provide- inhibitory feedback to the granule cells. 

 

 

 

   This circuit is repeated over and over again throughout 
every subdivision of cerebellum.  

 

Modulation of signal flow provides the basis for regulation 
of movement and long-term changes in regulation that 
underlie motor learning. 
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- Excitatory input is provided from climbing fibres which is 
the direct input and through  

- granule cells which is indirect i.e. through parallel fibres. 
  
- Golgi cell forms an inhibitory feedback that limits the 

duration of granule cell input whereas 
-  basket cells provide lateral inhibition.  
 
- The purkinje cells modulate the activity of deep 

cerebellar nuclei which are driven by direct excitatory 
input which they receive from the collaterals of mossy 
and climbing fibres. 
 

- Modulation of cerebellar output also occurs at the level 
of purkinje cells which are responsible for motor learning.  
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- The climbing fibres relay the message of motor error to 
the purkinje cells which produce long term reduction in 
the Purkinje cell responses to mossy-parallel fibre inputs.  

 

- This inhibitory effect disinhibits deep cerebellar nuclei. 

 

- As a result, output of the cerebellum to various sources 
of upper motor neuron is enhanced. 

08/31/2016 149 



Cerebellar circuitry and co-ordination of 
ongoing movement 

- Neuronal activity changes continuously during the course of a movement.  

- A dynamic pattern of activity is elicited in purkinje cells and deep cerebellar 
nuclear cells that closely follow the ongoing movement.  

- Both cells are tonically active at rest and change their frequency of firing as 
movements occur. The neurons respond selectively to various aspects of 
movement like extension or contraction of specific muscles, position of 
joints and direction of next movement that will occur. 
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- Cerebellar lesions and diseases tend to disrupt the 
modulation and co-ordination of ongoing movements.  

 

- Thus movements tend to be jerky and imprecise and the 
condition is called as cerebellar ataxia. 
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Explanation- Disruption of cerebellum’s role in correcting 
errors in ongoing movements in which the cerebellar 
error correction mechanism ensures that movements are 
modified to cope with changing circumstances.  

 

Purkinje cells and deep cerebellar nuclear cells recognize 
potential errors by comparing the patterns of convergent 
activity that are concurrently available in both the cells 
types.  
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The deep nuclear cells then send the corrective 
signals to upper motor neurons in order to maintain 
and improve the accuracy of movement. 

 



- Cerebellar circuitry also provides real time error 
correction during ongoing movements.  

 

- This is accomplished by changes in the tonically inhibitory 
activity of purkinje cells which in turn influence the 
tonically excitatory deep cerebellar nuclear cells.  

 

- The resulting effects on ongoing activity of deep 
cerebellar nuclear cells adjust the cerebellar output 
signals to upper motor neurons in cortex and basal 
ganglia. 
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Ventricles 
 

function of the ventricular cavity : circulate the CSF -produced by the 
choroid plexus.   

There are 4 inter connected ventricles within the brain: 2 lateral 
ventricles, one 3rd ventricle and one 4th ventricle. 

•  Both lateral ventricles are connected by way of the interventricular 
foramen to a midline 3rd ventricle.  The 3rd ventricle, by way of a small 
opening of the cerebral aqueduct is connected to the 4th ventricle in the 
brain stem.   
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• Lateral ventricles  

•  C-shaped structures that form an arch.  

•  The body of lateral ventricle is formed by fibres of  corpus callosum.  

•  Superior surface of thalamus constitute the floor of lateral ventricle.   

• The body of lateral ventricle extends from the interventricular foramen 
(of Monro) to an imprecisely defined point near the splenium of corpus 
callosum. 
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•Third ventricle 

•  is a narrow vertical space located between the 2 
thalami and is rostrally connected to the lateral 
ventricle through Monro’s foramen.  

•  The hypothalamic nuclei form the floor of 3rd 
ventricle.  

•  Caudally in the mid brain the 3rd ventricular cavity 
narrows to become the cerebral aqueduct that 
connects the 3rd ventricle with 4th ventricle of 
brain stem. 
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•Fourth ventricle:  
•The triangular floor of 4th ventricle is located in brain 

stem.   
•The tegmentum of pons and medulla constitute the 

floor of 4th ventricle and the cerebellum forms its 
roof.   

•The floor of the ventricle contains many cranial nerve 
nuclei.  

•  At the widest portion of the 4th ventricle, there are 3 
openings:  

•2 laterally located apertures (formina of Luschka) and 
one  

•medially located aperture (foramen of Magendie). 
•Through these 3 openings, the CSF accesses into the 

sub arachnoid space surrounding the CNS. 
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Brain Stem 
 
•  The brain stem is usually considered to be 

composed of the midbrain, pons and medulla 
oblongata. 

•   Some experts will also include the cerebellum in this 
category because it is located behind and below the 
midbrain.   

•The pons is in many ways a downward extension of 
the midbrain just as the medulla can be viewed as a 
downward extension of the pons.   

•The cerebellum, on the other hand, is situated behind 
the pons and medulla, and it has major connections 
with the midbrain, pons, and medulla through very 
large myelinated fiber tracts (Williams & Warwick, 
1975). 
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• a. Midbrain:  

• located below and posterior to the thalamus  

•  posterior aspects of the floor of the third ventricle.   

• It is a system of pathways responsible for connecting all cortical, 
subcortical, thalamic, and hypothalamic elements (fore-brain 
structures) with the brain stem and spinal cord. 
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•The ventral portion of the midbrain is that section 
lying in front of the aqueduct of Sylvius.   

• It is composed mainly of the primary motor pathways 
coming from the precentral gyrus of the frontal lobe 
and the primary sensory pathways going to the post 
central gyrus of the parietal lobe.   

•The cerebellum, a structure responsible for voluntary 
motor coordination, connects into the primary motor 
pathways at the midbrain level.  

•  The exact connection occurs through the red nuclei, 
which are two small, highly vascularized bundles of 
nerve cells embedded in the ventral portion of the 
midbrain (Sidman & Sidman, 1965).   

•There is a darkened band of motor neurons situated in 
front of the red nuclei, and this series of nerve cells is 
referred to as the substantia nigra. 
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• Throughout the total midbrain structure there is a series of thousands of 
reticulated (loosely connected) nerve cells known as the reticular 
formation.  

•  The reticular formation extends downward into the brain stem, and is 
responsible for overall consciousness or wakefulness. 

• Two cranial nerves have their origins in the midbrain  

• :cranial nerve III, the oculomotor nerve 

• cranial nerve IV, the trochlear nerve. 
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• . Pons:  
•The pons is bounded posteriorly by the fourth 

ventricle and cerebellum, and it connects the 
midbrain to the medulla.  

•  The pons acts as a conduit for the major ascending 
and descending tracts.   

• It also possesses several important cranial nerve 
nuclei 

•  cranial nerve V, the trigeminal;  
• cranial nerve VI, the abducent; 
•  cranial nerve VII, the facial; and  
• cranial nerve VIII, the vestibulocochlear (Ciba, 1962).  

The reticular formation, already discussed in 
connection with the midbrain, has its heaviest 
concentration throughout the pons (Williams & 
Warwick, 1975). 
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• c. Medulla Oblongata: The medulla oblongata is a 
cone-shaped structure with its wider extremity being 
directed superiorly.  It connects the pons above with 
the spinal cord below.  

•  The primary motor and sensory tracts compose the 
major bulk of the medulla, and they are continuous 
with those passing in either direction through the 
pons and midbrain structures (Snell, 1980).   

•Although the medulla is considered to be the lowest 
part of the entire brain, it is critical to the 
maintenance of life because it houses the regulatory 
centers for respiration and circulation (Crosby et al. 
1962). 

• It is at the medullary level that the major amount of 
decussation (crossover of fiber tracts) occurs within 
the brain  
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• The nucleus gracilis and nucleus cuneatus :large nuclei in the posterior 
regions of the medulla, and they mediate all body sensations having to 
do with touch, kinesthesia, and temperature (Sidman & Sidman, 1965).   

• The olives are an anterior nuclear group having to do with cerebellar 
coordination of voluntary motor activity (Sidman & Sidman, 1965).   

• The cranial nerve nuclei located  

• cranial nerve IX, the glossopharyngeal;  

• cranial nerve X, the vagus; 

•  cranial nerve XI, the spinal accessory; and  

• cranial nerve XII, the hypoglossal (Ciba, 1962). 
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Spinal Cord 
 

• transmission link - brain and the body.  

• motor impulses  

• sensory information.  

• locally digests sensory information via collaterals and -generates its 
own sensory motor reflex,   
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•begins -caudal continuation of the medulla oblongata.  

• cylindrical 

•42-45cm long  

•wrapped within 3 meningeal layers of pia, arachnoid 
and dura;  

•housed in the bony vertebral column.   

• composed of the gray and white matters.   

•gray matter butterfly shaped-contains all spinal nerve 
cells  

• it is surrounded by white matter, which is made up of 
the ascending and descending fibre(divided into 3 
myelinated fasciculi; dorsal, lateral, ventral.   
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•nerve roots attached to it.  
•  One spinal nerve -each segment of a spinal cord.   
•The dorsal and ventral nerve roots from the same side 

join to form the peripheral nerve, which innervates 
that side of the body.  

•  The cell bodies of dorsal root fibres form the dorsal 
root ganglion.   

•The region of spinal cord which gives rise to the fibres 
that make up a spinal nerve is called spinal cord 
segment. 

•  The cell bodies of LMNs in the spinal nerves are 
located in the ventral horn of the spinal nerves are 
located in the ventral horn of the spinal gray matter.  
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•There are 31 segments in the spinal cord, and 31 
spinal nerves on each side.  

•  These segments are grouped in 5 divisions of spinal 
cord  

• cervical (N=8),  
• thoracic (N=12),  
• lumbar (N=5),  
• sacral (N=5) and 
•  coccygeal (N=1) (fig.11.2).   
•motor innervation- muscles of respiration (e.g. 

phrenic nerve which provides motor innervation of 
diaphragm). 
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• There are numerous fiber tracts composing the spinal cord white 
matter, and they can best be discussed by being divided into those 
that are sensory and those that are motor. 
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a.Sensory Tracts of the Spinal Cord 
(Ascending Tracts):  

1.Fasciculi gracilis and cuneatus:  very large tracts 
separated by thin septum.   

•posterior aspects  
•proprioception (movement sense), vibration sense, and 

tactile discrimination (Snell, 1980). 
2.Posterior spinocerebellar tract:  
•  flat grouping of fibers 
•periphery of the lateral aspects.   
•proprioceptive information, touch and pressure.  
•  This combined feedback enables the cerebellum to 

function in the control of voluntary movements (Snell, 
1980). 
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3.Anterior spinocerebellar tract:  

• flat grouping of fibers  

•periphery of the cord just anterior to the posterior 
spinocerebellar tract.  

•  Like the posterior spinocerebellar tract, it provides 
proprioceptive ,touch and pressure receptors to the 
cerebellum for coordination of voluntary motor 
activity (Snell, 1980). 

4.Lateral spinothalamic tract:  

•medially to the anterior spinocerebellar tract  

• lateral aspects of the spinal cord.  

•  It transmits all of the primary information providing 
pain and temperature sensitivity (Snell, 1980). 
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•5.Anterior spinothalamic tract: 

• foremost portion of the spinal cord. 

• separated from the lateral spinothalamic tract by the 
small spinotectal tract.  

•mediates the sense of touch in conjunction with the 
fasciculi gracilis and cuneatus (Ciba, 1962). 

•6.Spinotectal tract:  

•medial to the anterior spinocerebellar tract  

•anterior to the lateral spinothalamic tract. 

• terminates in the tectum of the midbrain  

• is concerned with providing an afferent (sensory) 
pathway for spinovisual reflexes (Snell, 1980). 
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Motor Tracts of the Spinal Cord 
(Descending Tracts). 
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1.Lateral corticospinal tract:  

•giant Betz cells of the precentral frontal gyrus.  

•descent to the lateral aspects of the spinal cord.  

•decussation (crossover) of this tract at the level of the 
medulla, and consequently the right precentral gyrus 
controls voluntary movement to the left side of the 
body and the left precentral gyrus controls voluntary 
movement of the right side of the body (Croby, 
Humphrey & Lauer, 1973).  

•posterolateral  aspects of the spinal cord, just lateral 
to the posterior horn of the centralized gray matter 
(Ciba, 1962). 

 

08/31/2016 189 



2.Anterior corticospinal tract:  

• located next to the anterior median fissure of the spinal cord  

• found only in the upper half of the spinal cord 

• function is unclear.  

•  Like the lateral corticospinal tract, it does seem to be somewhat 
involved in voluntary motor activity (Snell, 1980). 
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•3.Rubrospinal tract:  

•anterior to the lateral corticospinal tract.   

•arises in the red nuclei of the midbrain 

• carries impulses for certain cerebellar reflexes to the 
trunk and leg areas (Williams & Warwick, 1975). 

•4.Tectospinal tract:  

• small and is located in front of the anterior 
corticospinal tract. 

•  It runs from the tectum of the midbrain to the spinal 
cord 

•  carry motor impulses associated with rotation of the 
head and movement of the arms in response to visual 
and auditory stimuli (Snell, 1980). 
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•5.Vestibulospinal tract:  

•most anterior part of the spinal cord just lateral to 
the tectospinal tract.  

•  It constitutes a flat grouping of fibers that begins in 
the cerebellum. 

•   This tract also has connections to the eighth 
cranial nerve (vestibulocochlear) and is very critical 
to the sense of balance.  It exerts equilibratory 
control through manipulation of muscle tone (Snell, 
1980). 
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4.  Role of mechanoreceptors and their 
distribution in the speech mechanism 
Receptors 

 

• Sensory systems -aware of the world -exposed to a variety of stimuli 
(sight, sound, smell, temperature, pressure etc).  

• equipped with specialized nerve endings called receptors,that are 
sensitive to one or more of these stimuli.  

•  Each receptors sends action potential to the CNS along its own 
sensory afferent fibre. 
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Somatic sensory system 

Mechanical stimuli 
Painful stimuli and  

temperature 
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Together these two subsystems -capacity to  

• identify the shapes and textures of object  

• to monitor the internal and external forces acting on the body at any 
moment  

• detect potentially harmful circumstances.  
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• cutaneous and subcutaneous receptors -Mechanosensory processing 

•  receptors in the muscles, joints and other deep structures -monitor the 
mechanical forces generated by the musculoskeletal system and are 
called proprioceptors. 

•  Mechanosensory information --primary somatic sensory cortex --higher 
order association cortices --the subcortical structures involved in 
sensory processing. 
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• Traditionally, sensory receptors have been classified into three groups : 
extroceptors, proprioceptors, interoceptors. 

• Exteroceptors – are those that receive stimili from the external world 
such as vision and audition, they also include contact receptors – 
mechanoreceptors, which are sensitive to touch and pressure of the skin 
and mucous membrane. 

• Proprioceptors – provides sensation relating to body position and 
awareness. 

• Interoceptors provide sensation about internal bodily events such as 
blood pressure. 
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TRADITIONALLY 

EXTEROCEPTORS INTEROCEPTORS PROPRIOCEPTORS 
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FUNCTIONALLY  

MECHANORECEPTORS NOCICEPOTORS THERMOCEPTORS 
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MORPHOLOGY 

FREE ENCAPSUALTED 
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•Quality of STIMULUS --- properties of receptors  
 --- location of their central targets. 
Quantity or strength --- rate of action potential 

discharge triggered by the receptor potential(although 
the relation is nonlinear and quite complex). 

Some receptors fire rapidly when a stimulus is 
presented and then fall silent in the presence of 
continued stimulation(adapt to the stimulus)  

others generate a sustained discharge in the presence 
of an ongoing stimulus. 

The usefulness of having some receptors that adapt 
quickly and that which do not are to provide 
information about the dynamic and static qualities of 
the stimulus.  

Accordingly somatosensory receptors and the neurons 
that give rise to them are usually calssified into rapidly 
or slowly adapting types. 
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Sensory receptors involved in speech  
• Most obvious form of sensation used for speech control is 

audition.  
• Various other types of mechanoreceptors and proprioceptors 

provide the brain with information concerning the mechanical 
properties of tissues as well as the positions and movements of 
articulators during speech. 

•   This type of information is important in: 
• learning how to speak,  
• making adjustments of articulatory inaccuracies,  
• planning sequential movement patterns of the articulators during 

speech.  
•  For e.g. if a given articulator such as the tongue is to be moved to 

a new position within the oral cavity, the brain needs to know the 
present position to plan the move.  If such sensation is deprived 
through anesthetics, articulatory inaccuracies develop and the 
speech becomes dysarthric. 
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Mechanoreceptors 
 

• Mechanoreceptors found in other tissues may be important for 
speech production as well.   

• no muscle spindles in the lips, and yet the lips comprise one of 
the most highly innervated areas of the body and one that is 
important for speech.   

• Information on sensory receptors in human labial tissue is 
scarce, 

• more is known about sensory receptors in monkey labial tissue. 

•   Monkey lips are endowed with a variety of mechanoreceptors 

• free nerve endings,  

• corpuscular type endings, 

•  Meissner corpuscles,  

• Merkel discs,  

• Ruffini endings (Halata and Munger, 1983; Munger and Halata, 
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•Mechanoreceptors of similar types also have been 
found in the epithelium of the tongue, palate and 
laryngeal tissues 

•Some of these endings are sensitive to light touch, 
some to temperature, some to the movement of skin, 
and some to vibratory stimuli.   

• likely that humans posses many of the same types of 
mechanoreceptors in their labial tissues as do 
monkeys.   

•These receptors, which are capable of transducing 
various types of mechanical stimuli, probably also 
respond to stimulation resulting from contraction of 
labial muscles, stretching and deformation of the 
labial tissue and contact between the lips and other 
structures such as teeth, tongue and the opposing lip.   
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• In the tongue, palate and larynx, mechanoreceptors would also be 
sensitive to tissue deformation, contact with other structures and 
movement.   

• Therefore, these mechanoreceptors are likely important in many of 
the reflexes associated with the speech mechanism, as well as for 
motor control of these structures during speech. 
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Mechanoreceptors specialized to 
receive tactile information 
 

•Four major types of encapsulated receptor  
• touch, pressure, vibration, cutaneous sensation 

Meissners corpuscles , Pacinian corpuscles, Merkel’s 
disk, Ruffini’s corpuscles. 

•  These are low threshold mechanoreceptors .All low 
threshold mechanoreceptors are innervated by 
relatively large myelinated axons ensuring rapid 
central transmission of tactile information. 

•There are two kinds of mechanoreceptors 
•Rapidly adapting mechanoceptors (RAM) 
•Slowly adapting mechanoreceptors (SAM) 
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1)RAM :-  

• 12-17 zones of maximal sensitivity  

• distinct borders and distributed over an approximately circular or oval 
area.  

•   The end organs of the RAM units are thought to be the Meissner 
corpuscles (Munger, 1971).  

• spatial discrimination and the accurate localization of stimuli.  

• lie between the dermal pappilae just beneath the epidermis of the 
fingers,palms and soles.  
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•The center of the capsule contain one or more 
afferent nerve fibres that generate rapidly adapting 
action potentials following the minimal skin 
depression. 

•most common mechanoreceptors of the glabrous 
skin and their afferent fibres account for about 40% 
of the sensory innervation of the human hand.  

•These are particularly efficient in transducing the 
information about the relatively low frequency 
vibration(30-50 hz) that occur when texture  objects 
are moved across the skin. 
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•Pacinian corpuscles 
•The pacinian nerve terminal is encapsulated by a 

multilamellated accessory structure of the non-neural 
tissue. 

•  Pacinian corpuscles are large encapsulated endings 
that occur in the subcutaneous tissue. 

• It is different from the Meissners corpuscles in the 
morphology,distribution and response threshold. 

•This has an onion like capsule in which the inner core 
of the membrane lamellae is separated from the outer 
lamellae by fluid filled space. 

• transient disturbances at the high frequencies  
activate the nerve endings (250-350 Hz).  
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• These have a lower response threshold. 

• 10-15% of the cutaneous receptors in hand.. These are primarily 
responsible for providing information about the dynamic qualities o f 
the mechanical stimuli. 
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2) SAM 

• Type I slowly adapting (SAI) units have small receptive fields with distinct 
borders and are found in both hairy and glabrous skin.  Their afferents 
nerve fibres have conduction velocities ranging from 55-75 m/sec.  
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•The Merkel cell - neurite complexes have been 
identified as SAI units. 

• located in the epidermis. 
•They account for about 25% of mechanoreceptors in 

the hand  
•major role in the static discrimination of shapes, edges 

and rough textures.  
•These receptors appear to be suited for spatial 

discrimination and accurate localization of stimuli. 
•Both velocity and position associated with low level 

stimulation (5-15micrometre) are encoded by the 
discharge pattern in the afferent  nerve serving the 
Merkel cell. 
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•Type II slow adapting (SAII) units are associated with 
Ruffini corpuscle (Chambers Von During and Iggo, 
1972)  

•Ruffini’s corpuscles are elongated, spindle shaped 
capsular specialisations and are located deep in the 
skin,ligaments and tendons.  

•Their afferent nerve fibres have conduction velocities 
ranging from 45-65 m /sec.   

•They are most common in hairy skin.. 

•These are sensitive to the cutaneous stretching 
produced by the digit or limb movement. 

•They account for 20%of the receptors in human hand . 

•They respond primarily to the internally generated 
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•  MRS with SA II properties are logical candidates to mediate 
kinesthetic information from the interleaved network of skin and 
muscle comprising structures of the orofacial complex  
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• In summary, 

• The RA and the SAI units are particularly well suited for spatial 
discrimination and accurate localization of skin perturbation.   

• PC units, on the other hand, are sensitive to mechanical vibrations 
traveling through the skin.   

• Of the all the cutaneous  MRS, SA II units are best suited to encode 
kinesthetic information. 
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Differences in mechanosensory 
discrimination across body surface. 
2 point discrimination 

 

• This technique measures the minimal inter stimulus distance 
required to perceive 2 simultaneously applied stimuli as distinct. 

• 2 point discrimination discretely perceives if they are only 2mm apart 
for finger tips and 40mm apart for fore arm to distinctively perceive 
it. 

• This explains the fact that the encapsulated mechanoreceptors that 
respond to the stimuli are 3 to 4 times more numerous in the finger 
tips than in other areas of the hand and many times denser than in 
the forearm. 

• Receptive fields have an equal importance for this phenomenon. 

• Receptive fields of mechanosensory neurons are 1-2 mm in diameter 
on the finger tips but 5-10 mm on the palms. Receptive fields on the 
arm are larger still. 
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Mechanoreceptors specialized for 
proprioreception 
 

• Cutaneous Mechanoreceptors provide information derived from 
external stimuli 

• Proprioreceptors meaning receptors for self. provides information about 
mechanical forces arising from body it self The purpose of this is to give 
detailed and continuous information about position of limbs and other 
body parts in space.   
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• Low threshold mechano receptors including muscle spindles, Golgi 
tendon organs and joint receptors, provide this kind of sensory 
information which is essential to the accurate performance of complex 
movements.  

• Most detailed knowledge are derived from the study of muscle spindles 
. 

• These are found in everything but few skeletal muscles.  
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• Muscle spindles consists of 4 to 8 specialized intrafusal muscles 
surrounded by a capsule of connective tissue .Myelinated sensory 
axon belonging to group Ia innervate muscle spindle by encircling 
middle portion of both types of intrafusal fibers the Ia axon terminal 
is known as the primary sensory ending of the spindle .Secondary 
information provided by group II axons that innervate the nuclear 
chain fibers and give off a minor branch to the nuclear bag fibers  
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• .The intrafusal fibers contract when commanded to do so 
by motor axons derived from a pool of specialised neuron 
in a spinal cord (called gamma motor neurons ). 

•The major function of spindle fibers is to provide 
information about muscle strength( the degree to which 
they are being stretched)  . 

•  Muscle spindles are specialized to signal changes in the 
muscle length  

• low threshold mechanoreceptors in tendons inform the 
central nervous system about changes in the muscle 
tension . 

•These mechanoreceptors called golgi tendon organs are 
innervated by branches of group 1b afferents and are 
distributed among the collagen fibres that form the tendon 

• .Rapidly adapting mechanoreceptors in and around joints 
gather dynamic information about limb position and joint 
movement. 
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4. Role of feedback and feed forward loop / tracts in 
the motor speech control 
 

•  On this basis, four major divisions of the motor system can be 
delineated (based on Daube and others, 1986). 

• The final common pathway 

• The direct activation pathway 

• The indirect activation pathway 

• The control circuit system 

• Both efferent and afferent pathways -(sensorimotor) integration-
important 

08/31/2016 222 



 

08/31/2016 223 



The Final Common Pathway (FCP) 

 

• lower motor neuron (LMN) system.  

• The FCPs involved in speech generate activity in skeletal or somatic 
muscles which are muscles that can be subjected to voluntary control 
with relative ease.   

08/31/2016 224 



The motor unit, alpha moto neurons, 
and extrafusal muscle fibres: 

• The contractile elements of skeletal muscles are known as 
extrafusal muscle fibres.  

•  They are under the direct control of LMNs or alpha 
motoneurons, whose origin are in the brainstem or the anterior 
horns of the spinal cord.   

• LMNs control the activities of groups of muscle fibres.  
•  An LMN and the muscle fibres innervated by it are known as a 

motor unit.  
•  The axon of an alpha motoneuron leaves the brainstem or the 

spinal cord within a cranial or spinal nerve, and travels to a 
specific muscle.  There it subdivides into a number of terminal 
branches that make contact with muscle fibres.  

•  Because they branch, each axon in a nerve may innervate 
several muscle fibres. 

•   At the same time, each muscle fibre may receive input from 
branches of several different alpha motoneurons.   
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•This redundancy permits flexibility in the amplitude 
and frequency at which muscles are stimulated to 
contract in spite of the fact that individual neural 
impulses are stereotyped in amplitude and duration.  

•  The size of a motor unit is determined by the number 
of extrafusal muscle fibres innervated by a single 
motor neuron.   

•The number of muscle fibres per axon is known as the 
innervation ratio.   

• fine, discrete movements --smaller innervation ratio 
than those that perform crude movements.  

• limb muscles --500:1  
• facial muscles –25:1. 
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• Alpha motoneurons also innervate interneurons or the Renshaw 
cells.  

•  These are capable of inhibiting alphamotoneurons in effect 
producing a negative feedback response which can immediately turn 
off the alpha motoneuron after it fires and prepares it to fire again. 
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Gamma motoneurons, intrafusal muscle fibres, the 
gamma motor system, and the stretch reflex:  
 

•  Motor nerves contain gamma motoneurons.   

• Unlike alpha motoneurons, gamma motoneurons innervate 
muscle spindle or intrafusal muscle fibres which are located 
parallel to extrafusal muscle fibres.   

• Gamma motoneurons are smaller in diameter and slower 
conducting than alpha motoneurons.  

•  Their activity is strongly influenced by the cerebellum, basal 
ganglia and indirect activation pathways of the CNS.  

•  The activities of alpha motoneurons are more strongly tied 
to the direct activation pathways.  

•   
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•Gamma motoneurons, their role in a functional 
unit, known as the gamma loop and their 
relationship to alpha motoneuron and the activities 
of the direct and indirect activation pathways of the 
CNS are important to movement control.  

 

 

•  They are crucial to muscle tone.  

•   
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• The gamma motoneuron is the efferent component of the 
gamma motor system.  

•  Its firing causes muscle spindles to contract (shorten) 

•   This shortening is detected by sensory receptors (annulospiral 
endings).   

• trigger impulses through sensory neurons back to the spinal 
cord or brainstem where they synapse with alpha 
motoneurons.  

•  The alpha motoneuron in turn directs impulses back to 
extrafusal muscle fibres, stimulating them to contract until they 
are the same length as the muscle spindles.  

•  Once this equalization has taken place, the sensory receptor 
no longer detects shortening and the ‘loop’ is inactivated.  

•  During movement, this process is continuous.   

• The gamma loop therefore consists of the gamma motoneuron, 
muscle spindle, stretch receptor and sensory neuron, the LMN 
and the extrafusal muscle fibres. 
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• The LMN integrates activity from several sources, including the  

• peripheral sensory system 

•  the direct activation pathway (DAP)  

•  the indirect activation pathway (IAP).  

 

•  The integrated activity of the LMNs result in movements. 

08/31/2016 231 



 

08/31/2016 232 



The final common pathway and 
speech 

 

•  The FCP for speech includes the paired cranial nerves that 
supply muscles involved in phonation, resonance, articulation and 
prosody, and the paired spinal nerves involved in respiratory 
activities. 
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• Trigeminal nerve 

• Facial nerve 

• Glossopharyngeal nerve 

• Vagus nerve  

• Acessory nerve  

• Hypoglossal nerve 

• Spinal nerve 
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Descending Motor Tracts 
 •  These are the neural pathways carrying motor 
impulses that travel from the cortex to the speech 
brainstem and spinal cord.   

•They are divided into 2 categories – pyramidal and 
extra-pyramidal systems.  

•  The functions  

•pyramidal system --voluntary, fine motor movements,  

•extra pyramidal system --postural support needed by 
those five motor movements.  

•  Pyramidal system --conscious level  

•EPS --unconscious and automatic in its function.  
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Pyramidal System – The Direct Activation Pathway and 
Speech 
  
 
• major activating influence on the FCP.   

• It is also known as the pyramidal tract or direct motor system. 

• It can be divided into the corticobulbar tract and the 
corticospinal tract.   

• Together they form part of the UMN system.  

•  The corticobulbar tract (CBT)  is composed of axons descending 
from the cortex, but its axons terminates in the brain stem, 
where they synapse eventually with the cranial nerves (it 
influences activities of cranial nerve). 

• The corticospinal tract (CST)  is made up of axons that descend 
down from the cortex through the internal capsule, the BS and 
into the spinal cord (SC).  It influences the activities of the 
spinal nerves, as they synapse with the spinal nerves. 
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•Most axons of the PS have cell bodies that are located 
in the primary motor cortex. 

•  Some fibres of the system, however also originate 
from the  pre-motor cortex, the supplementary motor 
cortex and the primary sensory cortex.  

•  In the medulla, most CST fibres cross the midline at a 
point called the pyramidal decussation and continue 
down in the opposite side in the spinal cord.  

•Unlike the corticospinal fibres, the CBT fibres all do 
not cross the midline.   

•They are distributed in a complex bilateral pattern 
before they synapse with the cranial nerve which 
results in bilateral cortical innervation for most cranial 
nerves. 
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•The DAP for speech --a major influence on cranial and 
spinal nerves that form the FCP for speech production.  

•  The effect of the DAS on the FCP is primarily facilitatory.. 

•Cortical Components: The DAP, including its components 
that are related to speech production, originates in the 
cortex of each cerebral hemisphere.  

•  The main launching platform for the direct motor system 
--primary motor cortex, (Broadmann’s area 4)--one-third.  
Its fibres also arise from pre-motor cortex and 
supplementary motor area.  Finally, UMN fibres also 
originate in the post central gyrus in the parietal lobes 
which overlaps with the primary sensory area.  

•  These cortical motor areas also contribute to EPS.  
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•Three characteristics of motor cortex organization 
further define the cortical, anatomic and physiological 
organization of the DAP. 
 

•Striated muscles are represented in an upside-down 
fashion along with the length of the motor strip. 
 

•The number of motor neurons devoted to striated 
muscle is allocated to degree to which fine control of 
voluntary control is required and not according to 
muscle size.   

•The motor cortex is organized in columns of neurons 
extending vertically from the surface to deeper layers of 
the cortex.  These columns seem to represent 
functional entities that direct groups of muscle that act 
on a joint.  It, therefore, seems that movements rather 
than muscles are represented in the cerebral cortex. 
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• Tracts: 

•  Fibres with direct connections to the BS nuclei of cranial 
nerves V, VII, IX, X, XI, XII travel in the corticobulbar tracts.  

•  Fibres with direct connections to the spinal nerves in the 
anterior horns of the spinal cord that serve respiratory muscles 
travel in the CSTs. 

• The corticobulbar and corticospinal tracts are arranged in a 
fanlike mass of fibres that converges from the cortex toward 
the BS.   

• They are collectively known as the corona radiata.   

• In the vicinity of the basal ganglia and thalamus, the corona 
radiata converges into a compact band known as the internal 
capsules.  

•  The internal capsule is an important region because it contains 
all afferent and efferent fibres that project to and from the 
cortex.  

•  Afferent fibres in the internal capsule arise mainly from the 
thalamus and project as thalamocortical radiations to nearly all 
regions of the cerebral cortex. 08/31/2016 241 



•A horizontal section – 
•3 major divisions:  
• the anterior limb,  located between the caudate 

nucleus and putamen, contains anterior thalamic 
radiations, prefrontal corticopontine fibres and fibres 
from the orbital cortex that project to the 
hypothalamus; 

•  the posterior limb, flanked by the thalamus and 
globus pallidus, contains corticospinal fibres, 
frontopontine fibres, the superior thalamic radiations 
(which projects general somatosensory information to 
the post central gyrus), and some corticotectal, 
corticorubral and corticoreticular fibres;  

•genu, which lies between the anterior and posterior 
limbs, contains corticobulbar and corticoreticular 
fibres. 
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•Because  

• thalamocortical,  

• corticobulbar 

• corticospinal fibres  

•occupy such a compact area in the internal capsule, 
even small capsular lesions can produce widespread 
motor deficits.   

• Lesions in the genu and posterior limb produce 
greater effects on speech than lesions elsewhere in 
the internal capsule. 
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Extra pyramidal System (EPS) – The Indirect Activation Pathway 
(IAP) and Speech  
  

 
• EPS is composed of a number of different interconnected descending 

motor pathways.  

•  It is also called as the indirect activation system (IAS).   

• The IAP is complex and its functions for speech are poorly understood.  

•  Its anatomy and activities are difficult to separate completely from those 
of the basal ganglia and cerebellar cortical circuits.   

• The IAP --input to LMNs  

• control circuits --not.   
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•Mainly 4 descending pathways are significant – 

•  the rubrospinal tract,  

• reticulospinal,  

•vestibulospinal tract and  

• tectospinal tract.  

•  They originate in the BS and not in the cortex and 
they have many connections with other regions of 
the brain as they proceed to the peripheral nerves. 

•   

08/31/2016 245 



 

08/31/2016 246 



• rubrospinal tract ---red nucleus.   

• fibres cross the midline shortly after leaving the red 
nucleus and continue down to the spinal cord.   

•Because many rubrospinal tract (RST) fibres are mixed 
with pyramidal fibres and have synaptic connections in 
many of the same areas, it is thought that this tract may 
assist the pyramidal system in controlling voluntary 
movements.   

•Fibres in these tracts terminates mainly in the gamma 
motoneurons (the role of the gamma motoneuron and the 
gamma loop is in the stretch reflex and maintenance of 
normal muscle tone).  

•  Responses of the reticular formation (in the medulla and 
pons) to stimulation help identify the influence it may 
have on the motor activities that are relevant to speech.   
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• Stimulation can: facilitate and inhibit reflex activity and cortically 
induced voluntary movements; influence muscle tone; affect phasic 
respiratory activities; facilitate and inhibit ascending sensory 
information (Carpenter, 1978). 

• The reticulospinal tract originates in the reticular formation. 

•   The reticular formation forms part of the EPS and it has controlling 
effects on an individual’s level of consciousness, BP, respiration and 
attention.  

•  The fibres of the reticulospinal tract receive afferent input from 
many sources including the motor and sensory cortex, the basal 
ganglia, the substantia nigra and the red nucleus.  

• This tract important in maintaining upright posture and the body’s 
ability to turn toward external stimuli.   

• It also may allow for some voluntary, gross motor movements, such 
as raising an arm or leg.  

•  Furthermore, the reticular formation and the reticulospinal tract 
contain ‘build in’ reflexive motor patterns that can operate without 
higher nervous system input. 08/31/2016 248 



• The final 2 extra pyramidal tracts have little to do with speech 
production.  

•  The vestibulospinal tract originates in the vestibular 
apparatus of the inner ear, courses through the pons and medulla 
and terminates in the spinal cord.   

• It helps the body maintain the posture and balance.  

•  It terminates on both alpha and gamma motoneurons.  

•  This tract is thought to facilitate reflex activities and spinal 
mechanism that control muscle tones. 

•  The last tract is the tectospinal tract.  

•  Its fibres originate in the mid brain and end in the cervical 
portion of the spinal cord.   

• This tract receives many afferent inputs from the eyes and the 
visual cortex and consequently plays an important role in keeping 
the eyes and head oriented to external stimuli. 08/31/2016 249 



Cortical Circuits 
 • integrate  diverse activities of the many structures and pathways 
involved in motor performance. 

•  Unlike the DAP and IAP, the control circuits do not have direct contacts 
with LMNs.   

• These are mechanisms within the CNS that coordinate or integrate the 
activities of direct and indirect activation pathways.   

• This integration and coordination are accomplished through the 
activities of the basal ganglia control circuits and the cerebellar control 
circuits. 
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The basal ganglia control circuit and 
speech  
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•The substantia niagra and the sub thalamic nucleus 
are anatomically and functionally related to the basal 
ganglia and its activities as a control circuit.   

•The basal ganglia (BG) are often considered part of the 
EPS.   

•The striatum receives major projections from the 
frontal cortex as well as input from certain thalamic 
nuclei and substantia niagra.   

•The cortical-putamen pathway may be especially 
important to motor control because its fibres originate 
in the premotor cortex.   

•The caudate nucleus receives fibres from the more 
anterior portions of the frontal lobe (McClean, 1988). 

•   The striatum sends efferent fibres to the substantia 
niagra and is the major source of input to the globus 
pallidus. 
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•The major efferent pathways of the BG originate in the 
globus pallidus.  

•  Most of these efferent fibres go to the ventrolateral 
nucleus of the thalamus for relay back to the cortex.  

•  They also go to the sub thalamic nucleus, the nearby 
red nucleus and the reticular formation in the BS. 

•The basal ganglion pathways are thus made up of 
several loops: striatum to globus pallidus to thalamus 
to cortex to striatum; striatum to substantia niagra to 
striatum; globus pallidus to sub thalamus to globus 
pallidus.  

• they seem important for maintaining normal posture 
and static muscle contraction upon which voluntary 
skilled movements are superimposed.   
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The Cerebellar Control Circuit and 
Speech  

• controls movements on the ipsilateral side of the body. 

• The flocculonodular lobe has primary connections to the vestibular 
mechanism for modulating equilibrium and the orientation of the head and 
eyes.   

• The anterior lobe is a projection area for proprioceptive information (spino-
cerebellar) and posture, gait and truncal tone.   

• The posterior lobe  is important as a servo mechanism for coordinating 
skilled, voluntary muscle activity and muscle tone.  

•  Fibre tracts enter or leave the cerebellum through 3 structures: the inferior, 
middle and superior cerebellar peduncles.   

• The inferior cerebellar peduncle or restiform body, contains mostly afferent 
fibres, but also has efferent flow to vestibular mechanism and to the 
reticular formation.  

•  The middle cerebellar peduncle or brachium pontis is an afferent pathway 
whose fibres decussate in the pons.   

• The superior cerebellar peduncle or brachium conjunctivum is mostly 
efferent. 
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•The sole output neurons of the cerebellar cortex are 
purkinje cells.  It includes nuclei like the dentate, 
globose, emboli form and fastigial nuclei. 

•   The dentate nucleus may be particularly important 
for speech control because it may be active in 
initiating movement, executing pre-planned motor 
task and regulating posture (Gilman, Gloedel & 
Lichtenberg, 1981).   

•The areas of the cerebellum that appears most 
involved in speech control are the vermis and the 
cerebellar hemisphere.   

• .  
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• Two corticocerebellar pathways appear important for speech 
control.  

•  One is form primary motor and pre-motor regions of the 
cortex to the lateral cerebellar hemispheres via pontine nuclei 
with a return pathway to the same cortical areas through deep 
cerebellar nuclei and ventral thalamic nuclei.  

•  This loop seems important to planning and programming 
learned movements.  

•  The second pathway is from descending corticospinal and 
corticobulbar fibres to the intermediate aspects of the 
cerebellar hemisphere with a return pathway to the primary 
motor cortex through deep cerebellar nuclei and ventral 
thalamic nuclei.  This loop provides the cerebellum with 
immediate (relatively direct) information about cortical output 
(McClean, 1988) presumably about cortical intentions for 
skilled movement.  

•  The intermediate portions of the cerebellar hemisphere also 
project to BS and spinal motor centres via the red nucleus.  The 
existence of these pathways suggest that the intermediate 
cerebellum uses sensory input to influence cortical motor 
output during movement including speech. 
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• The cerebellum’s functional role in speech can be conceptualized in the 
following way: 

 

• This role is mostly anticipatory in character and is based on learning and 
experience and on preliminary sensory information.   

• Input from the cortex also prepares the cerebellum to check the adequacy of 
speech output as feedback from muscles, tendons and joints arise from the 
periphery. 

• Initial cortical and motor speech commands are probably provisional, imprecise 
and in excess of those necessary to accomplish movement goals.   

• The exclusive inhibitory output of the cerebellum’s purkinje cells subsequently 
results in smooth, coordinated speech movements. 

• The cerebellum can bias or tune muscle spindles to optimize sensory feedback 
about the state of speech muscles.  

•  This interprets the sensory information and integrates it with the ongoing input 
from the cortex about upcoming movement goals. 

•   This updating function can influence subsequent cortical motor output and 
ultimately smooth the actions of agonist and antagonist muscles within and 
among different speech systems (phonation, articulation etc.). 
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Sensory motor pathways  

Programming  execution 
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•There are multiple sensorimotor actions underlying the 
generation of movements for speech production. 

   

Transcortical Pathways 



 

 

•Programming of an action - involves reactive or 
corrective actions utilizing afferent-dependent 
refinement of a generalized motor program.   

 

•Autogenic (or corrective) and non-autogenic (or 
predictive) sensorimotor actions are two processes 
that reflect two different nervous system control 
operations.   
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• Motor execution of the program- involves predictive actions utilizing 
afferent information to shape or fine-tune the previously programmed 
response through pre-set transfer functions included as part of the 
program  
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  Sensorimotor Control of Speech Movement 
Execution 

  
• sensory input gains most direct (and short latency) 

access to motor neurons should be examined- 
because motor execution for speech is a time-critical 
process. 

 
  Brainstem Pathways 

 
•For lips, the shortest and the most direct route by 

which afferents affect motor output is through the 
trigeminal afferent-to-facial motoneuron 
connections in the lower brainstem i.e. the perioral 
reflex pathway.  
 

•But, this most direct route (via brainstem 
connections)- not operative during orofacial speech 
motor behaviors. 08/31/2016 262 



   Cortical Sensorimotor Pathways 

 

• Recent neuroanatomical finding suggest several alternative 
supranuclear routes over which perioral afferents might influence 
coordination and control of speech movements during motor 
execution  

 

• For almost all voluntary movement, the major motor outputs of 
CNS are directed through the primary motor cortex (MI). 

 

• For orofacial cortical regions, the pyramidal cells of layers V and VI 
of the primary motor cortex make monosynaptic connections to 
cranial motor nuclei (lips, tongue and jaw).  

 

• These direct connections suggest that the motor cortex output 
directly underlies execution of speech movements; i.e. the motor 
cortex is the final stage of supranuclear control. 

08/31/2016 263 



•Direct route from sensory receptors located in the 
periphery to the primary motor cortex pyramidal cells 
- the transcortical pathway. (Hammond, 1960; Phillips, 
1969)  

 

•This input to motor cortex from muscle afferent and 
cutaneous stimuli appears largely to be 
somatotopically organized.   

 

•This pathway- traverse two different routes  - via SI 
and directly, the latter through either the nucleus 
ventralis postero-lateralis pars oralis (VPLo) 
subdivision of the thalamus or the nucleus ventralis 
postero lateralis caudalis (VPLc). 
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• The transcortical pathway - most direct, but there are sensory 
projections to other areas of the cortex that also may underlie the 
moment-to-moment adjustments necessary for motor execution.   

 

• The transcortical pathway underlie autogenic or corrective adjustments; 
other pathways may be involved in the prominent non-autogenic 
adjustments (i.e. upper lip responses to lower lip perturbations). 
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    Sensorimotor Processes in Speech Motor Programming 

 

 

•The two sub cortical structures in movement 
programming - the basal ganglion and the cerebellum 
(Allen & Tsukahara, 1974; Paillard, 1983).   
 

•Schell & Strick, 1984, suggests that the orofacial 
representations of the basal ganglia and cerebellum 
project in a topographic and segregated fashion to 2 
different non-primary motor cortical regions – the 
supplementary motor area and pre-motor area, 
respectively.   
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•Primary motor cortex receives strong somatotopically 
segregated projections from premotor and 
supplementary motor cortices 

 

•  Thus, afferents from the basal ganglia and the 
cerebellum influence the primary motor cortex via 
these non-primary motor areas.   

 

•Collectively, these data thus provide a basis for 
considering how orofacial sensory input may influence 
the process of speech motor programming. 
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   Basal Ganglia /Supplementary Motor Contributions 
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•One sensorimotor pathway underlying speech motor 
programming involves the basal ganglia. 
 

•Damage to the BG - result in numerous muscle tone 
and movement problems.   
 

•The BG composed of 2 functional subsystems- caudate 
and putamen.   
 

•The putamen receives sensory information from 3 
major sources: (a) the substantia niagra pars 
compacta (SNpc); (b) the intralaminar nuclei of the 
thalamus  

• (c) multiple cortical sites including the somatosensory, 
motor and pre-motor areas.  
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• Major output from the putamen is directed through the inner 
segment of the GP and the pars reticulata portion of the 
substantia niagra (SNpr) (Nauta & Mehler, 1966).  

 

•  Neurons related to orofacial movements- found in the lateral 
portion of the SNpr and the ventro caudal segment of the GPi 
(DeLong et al. 1981). 

 

• Portions of the BG associated with orofacial movements (SNpr) 
have a major efferent projection to a subdivision of the ventro 
lateral thalamus, ventrolateralis medialis (VLm) (Carpenter et 
al. 1976).  

 

• Schell & Strick, 1984- there are inputs from VLm to the face 
area of the supplementary motor area (SMA).  

 

• Muakkassa & Strick, 1979 - reciprocal connections between the 
face subregion of SMA and primary motor cortex.  
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•Anatomic and electrophysiological studies indicated 
an absence of direct projections from SMA to facial, 
motor trigeminal or hypoglossal nuclei.   
 

•SMA influences on orofacial actions are exerted via 
primary motor cortex.   
 

•Hence, face area projections from the BG exert their 
motor control influence on MI via SMA.   
 

•Thus, somatosensory inputs to BG can influence the 
control of orofacial movements for speech via 
ascending projections to SMA and in turn, to primary 
motor cortex. 
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• In addition to the BG inputs, the SMA also receives projections from 
numerous cortical sites including premotor, primary motor, somatic 
sensory and parietal cortices (areas 1, 2 and 5).   

 

• Tanji & Kurata, 1982 - SMA neurons are selectively active dependent on 
the modality of stimulus, i.e. visual, auditory or somatosensory.  This is in 
contrast to MI, which has no modality specificity. 
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•Observations in normal and impaired humans- BG-
SMA pathway is important for speech motor control 
and motor control in general.  

 

•For e.g. BG dysfunction leads to speech and limb 
movement aberrations (Wilson, 1925)- in individuals 
with Parkinson’s disease - perceptually observed 
deficits (e.g. imprecise consonants, monopitch, 
monoloudness), & reductions in amplitude and 
velocity of movements, and apparent inability to 
utilize sensory information normally in scaling 
movement, amplitude and force. 
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•Motor contributions of SMA less clearly documented.   
 

•Changes in cerebral blood flow (CBF) have been used 
to identify cortical layers active during certain complex 
motor gestures, including speech.   
 

•Subjects instructed to count or recite days of the week 
displayed increased blood flow in the primary motor 
and supplemental motor cortex of both cerebral 
hemispheres.  

 
•Motor aberrations in patients with SMA damage may 

be similar to aberrations associated with BG damage. 
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Cerebellar/Premotor Contributions 
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•The second pathway by which sensory input may 
influence motor programming is via the cerebellum, a 
structure classically considered to be involved in 
coordination of complex movements (Holmes, 1922). 

 
• the cerebellum receives orofacial sensory information 

from the periphery via direct trigeminal routes and 
more indirect cortical projections (Allen, Gilbert & Yin, 
1978).  
 

•Afferent input to the cerebellum terminates on the 
cerebellar cortex and on the deep cerebellar nuclei.  
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•The lateral nuclei are known to contain a facial 
representation primarily located in caudal and 
posterior regions (Thach et al. 1982).   
 

• the caudal portion of the dentate nucleus, which 
includes this facial representation, projects primarily 
to the ventro-lateral thalamus area.  

 
•Schell & Strick, 1984 - the caudal dentate nuclei (the 

orofacial representation) project to the premotor 
cortex via thalamic area X.   
 

•Thus, the caudal dentate does not project directly to 
motor cortex, but rather to the premotor area   
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•Muakkassa & Strick, 1979- demonstrated direct inputs 
from the face area of premotor cortex to MI.   
 

•Thus, sensory inputs to the cerebellum appear to 
influence motor cortex output to orofacial 
motoneurons indirectly via the premotor cortex. 
 

•The influence of cerebellar-premotor pathway in 
orofacial control and speech is apparent from several 
sets of data. 
 

•For e.g. damage to the cerebellum results in an ataxic 
dysarthria (Netsell et al. 1979) characterized by a 
breakdown in normal speech movement generation. 
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   Summary 
 

•Cerebellar-premotor system- involved early in the 
programming process with little influence once 
execution has been initiated.   
 

•BG-SMA system - predominantly involved late in the 
programming process and its influence appears to 
span both programming and execution.  
 

•  The remaining pathways - preferentially involved in 
the execution of the motor program providing on-line 
sensorimotor adjustments.   
 

•Together, these distributed sensorimotor systems 
interact dynamically to produce the coordinated 
movements of human speech.  
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