
  
 
 
 
 
 
 
 
 
 
 
 



Premotor cortex 
and additional 
zones of cortex 

Motor cortex (area 
4, 6) 

brainstem 

spinal  cord 

Basal  ganglions 

cerebellum 



                CONTROL  OF  MOTOR  FUNCTION 

  premotor cortex 

 motor cortex 
Upper motoneurons 

 Thalamus  Basal  ganglia 

 Cerebellum 

        Brain  stem 
           circuits 

        Spinal  cord 
       Reflex  circits 

 Lower  motoneurons 

 Muscle  fibers 

 Muscle / tendon 
Joint  afferents 

 INITIATION 

 SKILL 

 GRACE 

TEMPORAL 
 SMOOTHNESS 

RESPONSE 
REPERTOIRE 

 REFLEXES 

MOVEMENT 



Spinal cord 

pons 

brainstem 

Decusation 
of the 

piramids 

Motor area 

Visual 
area 

Corticospinal 
pathway 

Auditory 
area 

midbrain 

Premotor area 

Internal 
capsule 



 Hyperreflexia 

 Hypertonia, specifically spasticity 

 Abnormal reflexes (pathologic) 

 Slight muscle atrophy 

LOWER  MOTOR  NEURON  SYNDROMES 
(flaccid  paralysis) 

 Loss  of  voluntary movements 

 Hypotonia,  flaccidity,  hyporeflexia 

 Atrophy of muscle  

 Fasciculation, fibrillation    

 Lower  MOTOR  NEURON  SYNDROME  

(flaccid  paralysis)    



 PATHOLOGICAL  REFLEX  -   BABINSKY’S  REFLEX 

 SYMPTOM  OF  DAMAGED   
CORTICOSPINAL  TRACT 



       

     The  main  features  of motor  unit  diseases:  
 

         - Muscular  weakness, - Hyporeflexia ,          - Hypotonia 
        -  Impaired  voluntary  and involuntary  movements 
         -  Muscular atrophy  (without muscular disease) 
          - Fasciculation (muscle rippling or quivering under the skin, 
                                                                                           ( is visible) 
           - Fibrillation  (contraction  of a single muscle  fiber, 
                                                                                           ( is not  visible) 

              MOTOR  UNIT 



 Poliomyelitis -  motor  unit  disease 

 virus  of poliomyelitis 
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Entry  via  serosus 
Or  injestion 

       POLIO –ENTEROVIRUS   PATHOGENESIS 
 

Replication  
of  
polioproteins 

 SECONDARY  VIREMIA 
 TARGET  TISSUE 

 PRIMARY VIREMIA 
CIRCULATION 

        
        CENTRAL  NERVOUS   SYSTEM :  
            BRAIN, 
            MOTONEURONS  in  anterior horn  of 
            spinal  cord      

CLINICAL  MANIFESTATIONS:    Meningitis, 
Rapid  degenerative  atrophy  of  muscle, 
Decreased  muscle tonus, 
Fibrillation 
Flaccid  paralysis  are usually asymmetric  
and  affect the leg more  then  arm 
  

 virus  in  feces 

              
 
 



 POLIOMYELITIS 
Poliomyelitis  is an acute disorder,  caused by  enteroviruses. 
The  children could  be infected  through  dirty  hands  and  fecal 
dirty  food. Latent  period – 7-14  days.  Virus  reaches CNS  
moving  along axons  of  peripheral nerves  and  keep  in  
motoneurons,  irreversibly  damaged  them     

The  virus encodes all the proteins  as  a single giant  protein 
 ( 2200  aminoacids)  called  a  POLYPROTEIN,  that  is  later cut  
into  about  20  different  proteins.  The virus  also  encodes  for  
the  protease  that  can cleave the POLYPROTEIN. 
 
Replication  takes  place  into  cytoplasm. 
 
With  destruction  of  motor  cell  body,  the motor  axons  undergo   
Wallerian  degeneration. This  will lead  to rapid  degenerative  
atrophy of  muscle,  decrease  muscle  tonus,  fibrillation. 
 
FLACCID  PARALYSIS  are usually  asymmetric  and  affect  the leg   
more  then  arm. 

 
 
 
 



 AMYOTROPHIC  LATERAL  SCLEROSIS 



             
 

                          AMYOTROPHIC   LATERAL  SCLEROSIS   
 

 
 
 
 



 AMYOTROPHIC  LATERAL  SCLEROSIS 



Degeneration  of 
motoneurons  in 

spinal  cord 

Dorsal  root 

Ventral  root 

Skeletal  muscle 

Normal 
fiber 

Atrophic  fiber 

lymphocyte 

Hypertrophic 
fiber 





normal 

Distal  axonopathy 

Neuroaxonal degeneration 

Interruption of axon 

Wallerian degeneration 

Proximal  degeneration 

sprouting 

The  most 
common 
disorders  of 
peripheral 
nerve  are  
affect  primarily  
the axon  itself 



 1.  Iscemia, proliferation  of 
connective tissue 
 2.  Metabolic products in 
Schwan’s  cells  
  3. Demyelination 
 4. Swelling  of axon, 
↑ osmotic  pressure  
 5. Blockade  of axonal  
  transport 
    6. Lymphocyte  invasion  
 between  Schwann’s cells  
  and myeline  
 

    PATHOGENESIS  OF  AXONOPATHIES 



 WALLERIAN  DEGENERATION  AND  REGENERATION 



Severe scoliosis 

After  interruption  
of upper  
motoneuron’s  axon 
in  brain 
 olinigodendroglial  
cells  work  as 
phagocytes , and  
form the  glial  scar,  
which prevents  the  
growing  axon  to  
restore.  
  
ASTROCYTE   
    in  BRAIN 
 

  



Botullinum  toxin 
  



CLOSTRIDIUM   BOTULINUM  TOXIN 

 CL.Botullinum  
toxin  irreversibly  
binds  to  
presynaptic 
membrane, 
Blocking  the  Ca-
dependent  
exocytosis  of  
acetylcholine 
 



BOTULISM 
Heavy chain of  botullinum   toxin  binds  to  
Gungliosides of  presynaptic  membrane 

 snap-25 –protein of presynaptic  
membrane , which makes complex  
with synaptobrevin  and syntaxin   



         LAMBERT  - EATON  MYASTHENIC  
                          SYNDROME 

 Autoanibodies  
React with  
protein 
Of  nerve  
terminal   
Voltage-
dependent  Ca 
channels  and  
damage  them. 
Ca  influx  is  
required  for  
transmitter-
containing  
vesicle  
exocytosis  and  
acetylcholine  
release. 



Presynaptic 
terminal of axon 

Receptor for  Ach 

acetylcaholinesterase 

Termina l  of 
axon 

organophosphates 

Piridostigmin – reversible inhibitor of cholinesterase 

Pralidoxine – brakes  down  connection 
between  cholinesterase  and   poison  

 

    poison 



ORGANOPHOSPHATES  BLOCK  CHOLINESTERASE 

organophosphates 

cholinesterase 



MYASTHENIA  GRAVIS 
normal 

ptosis 

After 
anticholinesterase 

injection  

Postsynaptic 
folds 

Ach-
receptor 

r 

r 

Autoimmune    
disease 

Antibodies  
against  Ach-

receptors 



 MYASTHENIA   GRAVIS 



 MYASTHENIA  GRAVIS 



Neuromuscular  junction  in  normal  and  in 
   Myasthenia Gravis  

In a normal  junction  
the terminal  
contains  
mitochondria  and  
numerous 
 presynaptic   
vesicles. 
 

       

MYASTHENIA  GRAVIS:  
synaptic  terminal  vesicles 
are  numerous, but  the 
synaptic  cleft  is  widened . 
The  postsynaptic   folds  
are sparse  with  few  
secondary folds.              



Muscle fiber loss in Duchenn’s muscular dystrophy 

Fiber 
necrosis 



Severe 
scoliosis 

DUCHENNE’S 
MUSCULAR 
DYSTROPHY 

 
 

PATHOGENESIS: 
Hereditary  disorder  of  

gene  protein – 
dystrophin -   

which  is  lacking  or  
abnormal 



DUCHENNE’S  MUSCULAR  DYSTROPHY 

When  the 
patient 
                                 

arises      from 
the  floor,  he 
“walks” his  hand 
up  his  legs  
thereby  utilizing  
his   uppe r body  
strength   to 
stabilize  lower 
extremities.  



 DERMATOMYOSITIS 



                                    DERMATOMYOSITIS 

 INFLAMMATORY  
CHANGES  in  the  skin 



     DISORDERS  OF  SPINAL  CORD 
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Motor areas of 
cortex 

midbrain 

Cerebellum 
Dentate 
nucleus 

 

olive 

To spinal cord 

Frontal lobe 

Globus pallidus 
 

Thalamus 
Subthalamic n. 

Subst. nigra 

caudate 

 BASAL  GANGLIA  and  THEIR  CONNECTIONS 

Extra pyramidal  tract   

  
 



            PARKINSON’S  DISEASE 
 

   Degenerations  of  dopaminergic  neurons   in  substantia  nigra  lead  
to  decrease  inhibitory  effects  on  cholinergic  neurons  of  corpus  
striatum. 



                                                      

                           Glu                            glutamate 

                                                     

 

 

 

 

                         subst.P               GABA     

               Do 

                  Subst.P                             

            Enkephaline                                    glutamate 

Corpus striatum 

Thalamus 

Globus 
pallidus 

Substantia nigra 

Spinal cord 

Ach 

DA 

Ach 

GABA 

GABA 

Enk 

dopamine 



Disease Pathophysiology Pathochemistry Clinical 
manifestations 

Treatment 

 
 

Parkinson  
disease  
  
Causes: 
Toxins,  
Infections, 
Trauma, 
idiopathic 

 
Degeneration of:    
dopaminergic 
neurons in  
substantia nigra, 
locus cereleus, 
nuclei of  n. 
vagus,  nigra-
striatum 
pathways.   

 
           DP 
 
        5-HT 
 
    norepinephrine  

  
Degenerative  
disease, tremor 
at rest,  
akinesia, 
bradykinesia, 
rigidity, postural 
abnormal 

 
 
L-DOPA, 
Antiacetil -
choline drugs,  
implants  of fetal  
DP-ergic  cells 

PARKINSON   DISEASE 





PARKINSON   DISEASE 

rigidity 

Both  an  increase 
in  muscle  tone 
and  an  inability  to 
relax  contribute  to  
postural 
abnormalities  in 
patient  with 
Parkinson  disease  





 TREATMENT 

  PARKINSON’S  DISEASE 



 

Disease 
 
Pathophysiology 

 
Pathochemistry 

  Clinical 
manifestation 

 
Treatment 

 

Huntington 
disease 

 
Degeneration of 
the basal  
ganglia,  caudate 
and putamen  
nuclei, frontal 
cerebral cortex 
Degeneration of  
cholinergic  and 
GABA-ergic 
neurons. 

 
 
     Ach,  GABA   
    
   Ach-transferase 
 
 
   Dihidrophenil- 
alanine 

 
Progressive 
dementia, 
chorea,  
autosomal-
dominant 
genetic defect  
locates on the 
short arm of 
chromosome  4 

 
No 
effective 
treatment 
 
Antidopa
minergic  
drugs 

HUNTINGTON   DISEASE 
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                    Disorders  of  central  motor  control 
             Abnormal  muscle  tone   

    A                         B                           C                          D 

 
 
 
 
 
 





                   HUNTINGTON’S   DISEASE 







 MOTOR  
EXECUTION 

 MOTOR  
PLANNING 

BALANCE  and  
EYE  MOVEMENTS 



Assocation cortex 

Cerebro-
Cetebellum 

Basal ganglion 

Premotor & motor 
Cortex 

Motor Neurons 

MOVEMENT 

Spinocerebellum 

                    MOTOR  

PLANNING   and           
Programming  

execution 

               initial motor sequence                     somatosensory  feedback 
               corrective motor adjustments 

Role of cerebellum  in the planning and execution 



Typical  defects  in  cerebellum  diseases 

Signal to go 

normal 

abnormal 
delay   

normal 

dysmetria 

finish start 

dysdiadochokinesia normal 

abnormal 

abnormal 



Dysmetria –absent in  mesure  of  
movement 

Abasia –impaired of  
Rhythmic  walking, 
dyscoordination 

 Dysdiadochokinesia –  impaired of rapidly  
   alternative  muvements  such  as  rapid 
supination  and pronation  of the forearm 
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