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 Thomas Willis ,1884 -  “Corpus Striatum” 

 

Wilson ,1914 & Vogt, 1911 – Disorders of motor function in humans 

 

Cecile & Oscar Vogt, 1941 – Proposed the term Striatum to describe to describe the 

group of structures consisting of the caudate nucleus, the putamen, and the mass linking 

them ventrally , the nucleus accumbens. 

 

Parent ,1986 – Component OF EPS (extra-pyramidal system) 

 

 The functional anatomy of the basal ganglia circuits was subsequently specified, in 
particular by Garrett Alexander and Michael Crutcher. 

 

Near the beginning of the 20th century, the basal ganglia system was first associated 
with motor functions, as lesions of these areas would often result in disordered 
movement in humans  
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INTRODUCTION TO BASAL GANGLIA 

• The term "basal" comes from the fact that most of its elements are located in the basal 

part of the forebrain, i.e masses of gray matter at base of cerebral hemispheres. 

 

• The term BASAL ganglia is a misnomer, because neural clusters are called "ganglia" only 

in the peripheral nervous system; in the central nervous system they are called "nuclei". 

That’s why it is termed appropriately as BASAL NUCLEI (i.e. collection of neuronal cell 

inside CNS surrounded by white matter). 

 

• Basal ganglia forms the important component of extrapyramidal motor system , and are 

grouped together on the basis of their interconnections. 

 

• Divided further into various classifications as adopted by anatomists and neurologists. 
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CLASSIFICATION  

TRADITIONAL  

 

CAUDATE NUCLEUS 

 

LENTIFORM NUCLEUS (PUTAMEN AND 
GLOBUS PALLIDUS) 

 

AMYGDALOID BODY 

 

CLAUSTRUM 

CLINICAL  

 

CAUDATE NUCLEUS 

 

LENTIFORM NUCLEUS (PUTAMEN AND 
GLOBUS PALLIDUS) 

 

SUBTHALAMUS (DIENCEPHALON) 

 

SUBSTANTIA NIGRA (MIDBRAIN) 
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• Some investigators believe that additional regions of brain have anatomic connections that 

are similar to other components of basal ganglia and should therefore be included in the 

term (REF- KAPLAN AND SADOCK’S COMPREHENSIVE TEXTBOOK OF PSYCHIATRY) 

 

• Additional regions are termed as- 

1. VENTRAL STRIATUM-  includes nucleus accumbens (where putamen and head of caudate 

nucleus fuse) and olfactory tubercle. 
 

2. VENTRAL PALLIDUM- includes group of neurons termed the Substantia Innominata 

(receive afferent from the ventral striatum). 

 

They are phylogenetically derived from telencheplalon separated from diencephalon by 

Internal capsule 
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1. CAUDATE NUCLEUS 

 It is a C shaped structure that is divided into three general regions , anterior HEAD 

posterior TAIL and intervening portion as BODY 

 

The head of the caudate nucleus is continuous with putamen , the tail terminates in 

amygdala of temporal lobe. 

 

The caudate nucleus (a term derived from a Latin word that means "having a tail") is so 

named because it has a long extension or tail.  

 

 caudate nucleus is associated with lateral ventricle ( i.e. head against lateral horn and tail 

against temporal horn respectively). 
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2. LENTIFORM NUCLEUS 

• The lentiform nucleus, or lenticular nucleus, comprises the putamen and the globus 

pallidus within the basal ganglia. 

 

•  It is a large, lens-shaped mass of gray matter just lateral to the internal capsule.  

 

• The name comes from Latin and means lens-shaped, probably referring to the 

appearance of the nucleus from the side. 

 

• PUTAMEN – from Latin meaning “nutshell”  

It is a round structure located at the base of the forebrain. Through various pathways, the 

putamen is connected to the substantia nigra, the globus pallidus, the claustrum, and 

the thalamus, in addition to many regions of the cerebral cortex. 
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• Although bridges of neurons between caudate and putamen shows continuity of the 

nuclei , the two structures are separated by fibres of anterior limb of internal capsule. 

 

• GLOBUS PALLIDUS-  (Latin for "pale globe")  

It constitute inner component of lentiform nucleus. 

 The globus pallidus is a wedge-shaped structure between the putamen and posterior 

limb of the internal capsule.  

The putamen and globus pallidus are separated by the external pallidal lamina.  

The internal pallidal lamina separates a larger (lateral/external) and a smaller 

(medial/internal) segments of globus pallidus. 

In contrast to caudate and putamen origin i.e. telencephalonic , this is diencephalonic in 

origin. 
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NOMENCLATURE 

• Putamen & Globus pallidus- Lentiform/ Lenticular(lens shaped) nucleus 

 

• Globus Pallidus is divided into internal & an external  segment by fibres of internal 

medullary lamina 

 

• Corpus striatum- caudate N, putamen, Globus pallidus OR caudate N + lentiform nucleus. 

 

• Caudate and putamen- Striatum/NEOSTRIATUM. 

 

• Globus pallidus (ext and int segment) - PALEOSTRIATUM 
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SUBTHALAMIC NUCLEUS ( OF LUYS) 

• Also derived from diencephalon. 

 

• As suggested by its name, the subthalamic nucleus is located ventral to the thalamus , 

dorsomedial to post limb of internal capsule and dorsal to substantia nigra. 

 

• the function of the STN is unknown, but current theories place it as a component of 

the basal ganglia control system that may perform action selection. It is thought to 

implement the so-called "hyperdirect pathway" of motor control, contrasting with the 

direct and indirect pathways implemented elsewhere in the basal ganglia. 

 

• also, nevertheless,  the subthalamus is an extrapyramidal center.  
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SUBSTANTIA NIGRA 

PARS COMPACTA PARS RETICULATA 

Dorsal part Ventral part 

Rich in cell  Sparse number of cell 

Rich in neuromelanin, contain NT dopamine Uses the NT ,GABA 

Decrease m-RNA for dopa transport and D2 receptor Increase m-RNA for dopa transport and D2 receptor 

Calbindin positive Calbindin negative 

Send projections to area of striatum that are 

dominated by input from limbic related structures and 

associated regions of cerebral cortex  

Send axonal projections to sensorimotor areas of the 

striatum 

Greater vulnerability in pathophysiology of 

schizophrenia 

More likely to be involved in pathophysiology of 

parkinson’s disease 
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Amygdaloid body( Latin for: almond/tonsil) 

The amygdala is an almond-shaped 
structure that lies in the temporal lobe, lying 
just beneath the uncus. 

 

Amygdalae are considered part of the limbic 
system, shown to perform a primary role in the 
processing of memory, decision-
making and emotional response. 

Claustrum (Latin for: to close or shut) 

The claustrum is a small bilateral gray 
matter structure (comprising roughly 
0.25% of the cerebral cortex) located deep 
to the insular cortex and extreme capsule, 
and superficial to the external capsule and 
basal ganglia. 

 

Claustrum connects cortical (eg prefrontal 
cortex) to subcortical region( eg thalamus) 

19 



INTERNAL ORGANIZATION 

• The neostriatum (caudate and putamen) contains two types of neurons: spiny (projection) 

and aspiny (interneurons).  
 

• Spiny neurons - 90% of neostriatal neurons. Type1 & Type2 
 

• They contain GABA and a number of neuropeptides( Substance P, Enkephalin) 
 

• Aspiny neurons are of two sizes. Large (Acetylcholine)and small(GABA). 
 

• Based on acetylcholinesterase reactivity of its neurons the neostriatum is 

compartmentalized into weakly reactive patches (striosomes, 20 % of the striatum) 

interspersed between strongly reactive patches (matrix, 80% of the striatum).  
 

• The two compartments differ in their input, output, neurotransmitters, and 

neuromodulators. Other mosaic-like compartments have also been identified.  
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• The basal ganglia contains many afferent glutamatergic inputs, with 
predominantly GABAergic efferent fibers, modulatory cholinergic pathways, significant 
dopamine in the pathways originating in the ventral tegmental area and substantia nigra, 
as well as various neuropeptides.  

 

• Neuropeptides found in the basal ganglia include substance P, neurokinin A , 
cholecystokinin, neurotensin, neurokinin B, neuropeptide Y,  somatostatin,  dynorphin, 
and enkephalin 

 

• Other neuromodulators found in the basal ganglia include nitric oxide, carbon monoxide, 
and phenylethylamine. (Reference- Sian, J.; Youdim, M. B. H.; Riederer, P.; Gerlach, 
M. Biochemical Anatomy of the Basal Ganglia and Associated Neural Systems) 
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INPUTS TO THE BASAL GANGLIA 

• A) Inputs   –  The Striatum is the major recipient of afferents to Basal ganglia. 

 

3 MAJOR SYSTEMS : 

   a) Corticostriatal 

   b) Nigrostriatal 

   c) Thalamostriatal 
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CORTICOSTRIATAL PATHWAYS 

• Originates from all regions of neocortex , uses excitatory neurotransmitter Glutamate. 

 

• Afferents from  

• SENSORIMOTOR CORTEX-  Terminate in Putamen. 

• ASSOCIATION AREAS –Terminate in Caudate nucleus. 

• LIMBIC SYSTEM , HIPPOCAMPUS AND AMYGDALA – terminate in ventral striatum. 
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NIGROSTRIATAL PATHWAYS 

Arises from substantia nigra pars compacta and  also from the dorsal and ventral tier 
neurons.  

 

Dorsal Tier – V.Striatum (N.Accumbens) 

 

Ventral Tier – Sensorimotor areas of Striatum ( Putamen) 

 

Uses the neurotransmitter dopamine 
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THALAMOSTRIATAL 

Originate in thalamus. 

 

The thalamic nuclei providing the projections are the intralaminar nuclei, particularly the 
central median nucleus. 
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Internal processing ( DIRECT AND INDIRECT PATHWAYS) 
• Multiple models of basal ganglia circuits and function have been proposed, however there have 

been questions raised about the strict divisions of the direct and indirect pathways, their 

possible overlap and regulation. 
 

DIRECT PATHWAY  

• The direct pathway passes through the caudate nucleus, putamen, and globus pallidus. 

• In a resting individual, the internal globus pallidus (GPi), and substantia nigra, pars 

reticulata (SNpr), send spontaneous inhibitory signals to the ventral lateral nucleus (VL) of 

the thalamus, through the release of GABA, a inhibitory neurotransmitter. Also mediated by 

Substance P. 

• Inhibition of the inhibitory neurons that project to the ventral anterior nucleus (VA), which 

project to the motor regions of the cerebral cortices of the telencephalon, leads to an increase 

in activity in the motor cortices, thereby promoting muscular action. 

• This pathway consist of medium spiny neurons (MSNs) that express dopamine receptor 

D1, muscarinic acetylcholine receptor M4, and adenosine receptor A1. 
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INDIRECT PATHWAY 

•  It traverses the subthalamic nucleus,  a part of the diencephalon, and enters the substantia 
nigra, a part of the midbrain. 

 

• In a resting individual,  globus pallidus internus, and a portion of the substantia nigra, known 
as the pars reticulata, send spontaneous inhibitory signals to the ventrolateral nucleus (VL) of 
the thalamus, through the release of GABA, an inhibitory neurotransmitter. Inhibition of the 
excitatory neurons within VL, which project to the motor regions of the cerebral cortices of 
the telencephalon, leads to a reduction of activity in the motor cortices, and a lack of 
muscular action. 

 

• This pathway involves dopamine receptor D2, muscarinic acetylcholine receptor M1, 
and adenosine receptor A2a 
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HYPERDIRECT PATHWAY 

•  A combination of these indirect pathways resulting in a hyperdirect pathway that results 

in inhibition of basal ganglia inputs besides one specific focus has been proposed as part 

of the center surround theory.  

 

• This hyperdirect pathway is proposed to inhibit premature responses, or globally inhibit 

the basal ganglia to allow for more specific top down control by the cortex.  

 

The interactions of these pathways are currently under debate. Some say that all pathways 

directly antagonize each other in a "push pull" fashion, while others support the center 

surround theory, in which one focused input into the cortex is protected by inhibition of 

competing inputs by the rest of the indirect pathways. (Ref-Computational models of 

basal-ganglia pathway functions: focus on functional neuroanatomy - Henning 

Schroll and Fred H. Hamker) 
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SUMMARY OF PATHWAYS 

CORTEX 

CORTICOSTRIATAL FIBRES                           GLUTAMATE 

PUTAMEN 

     STRIATOPALLIDAL FIBRES                                   GABA , SUB P 

GLOBUS PALLIDUS (INT SEGMENT) 

                                   INHIBITORY NT 

NEURONS INHIBITED 

 

DON’T RELEASE GABA IN THALAMUS ( NORMALLY GABA-ERGIC NEURONS KEEP FIRING AND INHIBIT THALAMOCORTICAL P) 

 

THALAMIC NEURONS NOT INHIBITED---- OVERFIRING 

 

MOVEMENT INITIATED (THROUGH THALAMOCORTICAL PATHWAY) 

 

 
DIRECT PATHWAY 

D1 

Blue- excitatory 

Red- inhibitory 
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CORTEX 

CORTICOSTRIATAL FIBRES                                GLUTAMATE 

PUTAMEN 

                             STRIATOPALLIDAL FIBRES                                               GABA + ENKEPHALIN 

GLOBUS PALLIDUS ( EXT SEGMENT) 

LESS RELEASE OF    GABA                                                                    GABA 

SUBTHALAMUS 

     FIRE AND RELEASE                                   GLUTAMINERGIC 

GLOBUS PALLIDUS ( INT SEGMENT)  

     GLUTAMATE STIMULATE INHIBITORY NT  GABA                            GABA 

THALAMUS 

                                    LOTS OF GABA 

INHIBITION OF THALAMIC NEURONS 

                                                                                     THALAMOCORTICAL CONNECTIONS   

MOVEMENTS INHIBITED 

INDIRECT PATHWAY 

D2 

Blue-excitatory 

Red- inhibitory 
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• DOPAMINERGIC PATHWAY ( from substantia nigra pars compacta) modulates dopamine 
release in direct as well as indirect pathway by having stimulatory effect on direct 
pathway( via D1 receptors) and inhibitory effect on indirect pathway (via D2 receptors) by 
connections in striatum ( NIGROSTRIATAL PATHWAYS) 
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DOPAMINE 

In the striatum, 2 subtypes- D1 & D2 

Activation of D1 receptors – reduces membrane excitability 

Activatn of D2 receptors- cause decrease in release of neurotransmitter substance at 
synaptic terminals 

 

Dopamine terminals ideally positioned to control/ modulate excitatory information from 
cerebral cortex 

Dopamine may influence thru nonjunctional appositions or Ionotropic action mediated 
through axospinous/axodendritic synapses or alteration of neuronal membrane 
properties or exert marked metabotropic & genomic influence on striatal projn neurons. 
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Vasculature of basal ganglia 
• The arterial supply to the basal ganglia comes mainly 

from the middle cerebral artery, a continuation of the 
internal carotid artery. 

• The main artery is named lenticulostriate artery and, as 
the name implies, provides most of the circulation to the 
striatum and the lenticular nucleus. 

• There is also a small amount of supply from the anterior 
cerebral artery and the anterior choroidal artery, both of 
which are also branches of the internal carotid artery, 
supplying the more anterior aspect of the ganglia, (i.e. 
the head of the caudate nucleus and the nucleus 
accumbens). This particularly large artery is referred to 
as medial striate artery (of Heubner). 

• The substania nigra and the subthalamic nucleus are 
more posterior and thus receive its vasculature from 
branches of the posterior cerebral and posterior 
communicating arteries.. 
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Output of basal ganglia 

• 2 Major Sources of Output –   

Globus Pallidus, Internal  

 Substantia Nigra, Pars Reticulata 

 

Both project to thalamic nuclei ( ventro anterior and ventral lateral thalamic nuclei) 
which in turn project to prefrontal and premotor cortices. 

As a result of these projections finally to Primary motor cortex, the basal ganglia are able 
to influence indirectly the output of primary motor cortex. 

Exhibits convergence(i.e. eventhough striatum receives afferent from all regions of 
neocortex, the eventual output of GP and pars reticulata is largely conveyed through 
thalamus to a much smaller portion of neocortex to premotor and prefrontal region) 
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Neurotransmitter organization 

Afferents use Glutamate (Excitatory) 

 

Most processing pathways use  GABA (Inhibitory) 

 

The output pathways use GABA 

 

Excitation from Cortical afferents eventually disinhibits target structures of BG because of 
back to back inhibition pathways of basal ganglia. 
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• Dopamine +: From SN to Putamen and Caudate nucleus, 

• GABA -: From these nuclei to globus pallidus and SN 

• Acetylcholine: From cortex to caudate nucleus and putamen 

• ACh inhibits striatal cells that project into the Direct 

Pathway 

• ACh cells are excitatory on striatal cells projecting into the 

Indirect Pathway 

• Other neurotransmitters such as Serotonin & Enkephalin are 

also present and may act as co-transmitters  

• Several NTs (NA, Serotonin or 5-hydroxytryptamine (5-HT), Enk) 

from the brain stem  

• Multiple excitatory glutamate pathways (not shown) that 

balance the inhibitory effects of GABA, Dopamine and 5HT 
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FUNCTIONS OF BASAL GANGLIA 

1) MOTOR FUNCTIONS 

• Modulation of motor activities through neuronal circuits. 

• Maintain purposeful motor activity while Suppressing unwanted or useless movement. 

• Change the Timing and Scale the Intensity of Movements 

• Basal ganglia function in association with the corticospinal system to determine & 

control complex patterns of motor activity.  

• Regulate muscle tone - Inhibit muscle tone throughout the body  

• Monitor and coordinate slow, sustained contractions related to posture and support.  

• Prevent abnormal involuntary movements. 
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2) EYE MOVEMENTS 

• The SUPERIOR COLLICULUS receives a strong inhibitory projection from the basal ganglia, 

originating in the substantia nigra pars reticulata . Thus, eye movements begin with 

activation in the caudate nucleus, which inhibits the SNr via the direct GABAergic 

projections, which in turn disinhibits the Superior colliculus. 

 

3) ROLE IN MOTIVATION 

• The limbic basal ganglia circuits are influenced heavily by extracellular dopamine 

• Extracellular dopamine in the basal ganglia has been linked to motivational states in rodents 

• There is also evidence from non-human primate and human electrophysiology studies that 

other basal ganglia structures including the globus pallidus internus and subthalamic 

nucleus are involved in reward processing. 

 

4) Role in procedural learning, routine behavior, memory, emotion, Reward Learning and 

other cognitive functions. 
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CLINICAL SIGNIFICANCE OF BASAL GANGLIA 
• Disease occurs when the basal ganglia fail to properly suppress unwanted movements or to 

properly prime upper motor neuron circuits to initiate motor function. Broadly divided into 
2 categories : 

 

HYPOKINESIA HYPERKINESIA / DYSKINESIA 

Reduced motor function due to  higher than 

normal basal ganglia output.  

characterized by increased 

uncontrollable motor function. They are 

caused by reduced basal ganglia output 

It causes inhibition of thalamocortical motor 

neurons leading to impaired movement along 

an action 

It causes increased thalamocortical 

function which lead to the inability to 

stop unwanted movement. 

EXAMPLE-  1. PARKINSONISM 

     2. DRUG INDUCED PARKINSONISM 

3. PARKINSON PLUS SYNDROMES/ ATYPICAL 

PARKINSONISM. 

4. MISCELLANEOUS. 

                    

EXAMPLE- 1.CHOREA  

(HUNTINGTON,SYDENHAM, WILSON’S 
AND CHOREA GRAVIDARUM) 

 2. ATHETOSIS 

3.DYSTONIA 

4. HEMIBALLISMUS 

5. TARDIVE DYSKINESIA 

6. MISCELLANEOUS. 
41 



A. PARKINSONISM 

MR M , 77Y, CAME FOR A NEUROLOGICAL EXAMINATION 
BECAUSE HE NOTICED HIS MEMORY WAS SLIPPING AND WAS 
HAVING DIIFICULTY CONCENTRATING, WHICH INTERFERED IN 
HIS WORK. HE COMPLAINED OF SLOWNESS AND LOOSING 
HIS TRAIN OF THOUGHT.HIS WIFE STATED THAT HE WAS 
BECOMING WITHDRAWN AND WAS MORE RELUCTANT TO 
PARTICIPATE IN ACTIVITIES HE USUALLY ENJOYED. HE DENIED 
SYMPTOMS OF DEPRESSION OTHER THAN FEELING MILDLY 
DEPRESSED ABOUT HIS DISABILITIES. TWO YEARS PRIOR, MR 
M DEVELOPED AN INTERMITTENT RESTING TREMOR IN HIS 
RIGHT HAND AND A SHUFFLING GAIT. ALTHOUGH A 
PSYCHIATRIST CONSIDERED A DIAGNOSIS OF PARKINSON’S 
DISEASE , IT WAS NOT CONFIRMED BY A NEUROLOGIST AND 
WAS NEVER TREATED. 

DURING AN INITIAL NEUROLOGICAL EXAMINATION, MR M 
SPONTANEOUS SPEECH WAS HESITANT AND UNCLEAR 
(DYSARTHRIC). CRANIAL NERVE EXAMINATION WAS 
NORMAL. MOTOR TONE WAS INCREASED SLIGHTLY IN NECK 
AND ALL LIMBS. HE PERFORMED ALTERNATING MOVEMENTS 
IN HANDS SLOWLY. HE HAD A SLIGHT INTERMITTENT 
TYREMOR OF HIS RIGHT ARM AT REST. REFLEXES WERE 
SYMMETRICAL. A NEUROPSYCHOLOGICAL EXAMINATION 
WAS PERFORMED THREE WEEKS LATER. IT WAS FOUND THAT 
MR M SHOWED IMPAIRMENT OF MEMORY , NAMING AND 
CONSTRUCTIONAL ACTIVITIES. 

MUHAMMAD ALI POPE JOHN PAUL II 
MICHAEL J.FOX 

PATHOPHYSIOLOGY 

DEGENERATION OF NEURONS IN 

SUBSTANTIA NIGRA PARS COMPACTA 

DECREASE RELEASE OF DOPAMINE FROM 

NIGROSTRIATAL PATHWAY LEADING TO 

EXCESSIVE INHIBITION OF THALAMUS 
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CLINICAL FEATURES 

CARDINAL FEATURES OTHER MOTOR FEATURES NON MOTOR FEATURES 

Bradykinesia micrographia Anosmia 

Rest tremor Masked facies Sensory disturbances 

Rigidity  

(LEAD PIPE / COGWHEEL) 

Reduced eye blink Mood disorders (eg 

depression, anxiety , 

mania/hypomania , 

apathy, psychosis ) and 

Sleep disturbances. 

Gait disturbances/postural 

instability 

FESTINATING GAIT 

KINESIA PARADOXA 

Soft voice (hypophonia) Autonomic disturbances 

(orthostatic hypotension, 

genitourinary disturbance 

etc) 

Dysphagia 

Freezing 

 

Cognitive impairment/ 

Dementia 
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B.  DRUG INDUCED             
 PARKINSONISM 

Q) A 43 yr old woman with schizophrenia is 
being followed in an outpatient community 
mental health clinic after being discharged from 
the hospital. While hospitalized, her 
medications were increased to Risperidone 3mg 
in morning and 4mg in evening. She has some 
paranoia and ideas of reference, but denies 
auditory or visual hallucinations. Her MSE is 
significant for moderate psychomotor slowing, 
with little spontaneous speech , but with coarse 
tremors of her hand bilaterally. Her stated mood 
is “fine” although affect appears blunted , with 
little expression. Her gait is wide based and 
shuffling.  
a) Most likely diagnosis ? 
b) Next step in treatment ? 

Answer- 

The patient is a middle aged woman with chronic 

psychotic symptoms , just released from the hospital with 

an increase in her risperidone dose. She now 

demonstrates bradykinesia, shuffling gait , masked facies 

and coarse tremors, all consistent with antipsychotic 

induced parkinsonism. Risk factors for development 

included female gender and old age 

NEXT STEP IN TREATMENT – 

DIP is generally treated by cessation of the offending drugs. 

Patients who cannot stop taking antipsychotic drugs because of 

their psychiatric diseases, such as those with schizophrenia or 

major depressive disorders, may be switched to atypical 

antipsychotics that have a lower risk of EPS 45 



C.  ATYPICAL 
 PARKINSONISM 

1. PROGRESSIVE SUPRANUCLEAR PALSY 

Extended posture 

Defective downward gaze 

History of fall present 

Dementia 

Tremors absent 

 

2. MULTIPLE SYSTEM ATROPHY 

Parkinsonism + autonomic instability 

 

3. LEWY BODY DEMENTIA 

Parkinsonism + visual hallucination 

SIGNS/SYMPTOMS ALTERNATE DIAGNOSIS TO 

CONSIDER 

Early speech and gait 

impairment 

Atypical parkinsonism 

Exposure to neuroleptics Drug induced parkinsonism 

Onset <40 yrs age Genetic form of parkinsonism 

Liver disease Wilson disease, non Wilsonian 

hepatolenticular degeneration 

Early hallucination Dementia with lewy body 

diplopia Progressive supranuclear palsy 

Poor or no response to an 

adequate trial of levodopa 

Atypical/ secondary 

parkinsonism 

Dementia as first 

symptom 

Lewy body dementia 

Prominent orthostatic 

hypotension 

MSA-p (multi system 

atrophy) 

Prominent cerebellar sign MSA- c 
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D. MISCELLANEOUS 

• Parkinsonism due to other etiology 

1.INFECTIONS - Example Creutzfeldt–Jakob disease ,HIV infection and AIDS 

2.TOXINS-  Example CO, CS2, Mn , MPTP (impurity in heroin addicts), cyanide, ethanol, etc 

3.TRAUMA- example Chronic traumatic encephalopathy (boxer's dementia or pugilistic 
encephalopathy) 

4. VASCULAR – example BINSWANGER DEMENTIA AND VASCULAR DEMENTIA (Multi – 
infarct) 

5. Others – example damage to brain stem , paraneoplastic syndrome etc. 

47 



HYPERKINETIC DISORDERS 

Are as follows 

1. Chorea 

2. Athetosis 

3. Hemiballismus 

4. Dystonia 

5. Tardive dyskinesia 
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CHOREA 
 • Rapid, semipurposeful , graceful , dance like nonpatterned 
involuntary movements involving distal or proximal muscle 
groups. Abrupt jerking movements occur that resemble 
fragments of expressive or reactive movements. 

• A 40 year old man presents to psychiatry emergency room 
for inappropriate behaviour and confusion. He works as a 
janitor and had reasonably good work attendance. His 
coworkers said that he had aappeared “fidgety” for several 
years. They specifically mention jerky movements that 
seem to affect his entire body most recently. His mother is 
alive and well, although his father died at 28yrs in an auto 
accident. On examination, he is alert but easily distracted . 
His speech is fluent without paraphilias but is noted to be 
tangential. He has trouble with spelling the word “world” 
backwards and serial 7’s but recall three objects at 3 min. 
When he walks , there are a lot of distal hand movements , 
and the balance is precarious, although he can walk with 
both feets together. His reflexes are increased B/L and B/L 
ankle clonus. A urine drug screen negative 

Q) most likely diagnosis 

Q) next diagnostic step 

Q) molecular or genetic basis of this disease? 
 

Summary: A 40-year-old man is seen in the 

emergency room for inappropriate 

behavior and confusion. He has appeared “fidgety” 
for several years and, more 

recently, has choreiform movements. He is alert, but 

easily distracted, and tangential. 

With ambulation, distal chorea is present, and his 

balance is altered. 

He also has evidence of pyramidal tract involvement 

with symmetrically 

increased reflexes. ◆ Most likely diagnosis: Huntington disease. ◆ Next diagnostic step: Genetic counseling and 

genetic testing for 

Huntington disease. Review the history very 

carefully with patient and 

his relatives and assess medications—either illicit or 

licit that could be 

responsible. ◆ Molecular or genetic basis: Repeat CAG triplets 

present in a gene 

called huntingtin located on chromosome 4p16.3. 

Repeat lengths greater 

than 40 are nearly always associated with clinical 

Huntington disease 
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TYPES 
HUNTINGTON’S CHOREA: Rapid non patterned semipurposeful involuntary choreiform 

movements, which in early stages tends to be focal or segmental, but over the time 
progresses to involve multiple body regions. the face, upper trunk and the arms are most 
affected by the coarse, jerky movements. Snorting and sniffing are often also present. 

   PATHOPHYSIOLOGY- DESTRUCTION OF GABA-ERGIC NEURONS IN BASAL GANGLIA 

 

SYDENHAM’S CHOREA: characterized by acute onset of choreiform movements, behavioural 
disturbances and occasionally other motor dysfunctions. In comparison, the movements are 
less jerky and somewhat slower than in Huntington’s chorea. There is usually widespread 
hypotonia, sometimes hyporeflexia, and not infrequently a prolongation of the muscular 
contraction evoked during a tendon reflex (Gordon’s phenomenon). 

      PATHOPHYSIOLOGY- INFECTION BY GROUP A Β-HEMOLYTIC STREPTOCOCCI THAT    
DESTROYS CELLS IN THE CORPUS STRIATUM OF BASAL GANGLIA 

 

 

CHOREA-ACANTHOCYTOSIS:  characterized by chorea coupled with red cell abnormalities on 
PBS (acanthocytes). Chorea can be severe and associated with self mutilating behavior, 
dystonia, tics, seizures and polyneuropathy. AR 
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• MCLEOD SYNDROME- A phenotypically similar X-linked form has 
been described in older individuals who have reactivity with Kell 
blood group antigen 

 PATHOPHYSIOLOGY- Loss of neurons and gliosis in the 
 caudate and GP 

• NBIA- neurodegenerative diseases with brain iron accumulation 
also manifests with chorea and dystonia. Example–HALLEVORDEN–
SPATZ DISEASE and ACERULOPLASMINEMIA. Eye of tiger 
appearance in GP 

 

• Chorea may be seen with hyperthyroidism, autoimmune conditions 
including Sjogren’s syndrome, infectious including HIV, metabolic 
alterations , PCV, and in association with many medications( 
especially anticonvulsant, cocaine, CNS stimulants, estrogen, 
lithium). 

 

IRON DEPOSITS IN BASAL 

GANGLIA ON T2 WEIGHTED 

IMAGE 

(EYE OF THE TIGER SIGN) 

HALLEVORDAN-SPATZ 

DISEASE 
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ATHETOSIS 

• Slow , distal , writhing , involuntary movements with a 
propensity to affect the arms and legs. 

 PATHOPHYSIOLOGY-  

  Lesions to the brain are most often the direct cause of the 
symptoms, particularly to the corpus striatum 

 

• Considering the etiology of both disorders are fairly similar, 
it comes as no surprise that chorea and athetosis can and 
usually do occur together in a condition 
called choreoathetosis 
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DYSTONIA 
A 22 yr old  man presents to emergency room with chief complaint of “ 
they are making me look towards heaven “ . The patient admits to a 
past diagnosis of Schizophrenia , “ but God cured me” . Review of the 

medical records reveal that he was, in fact , just discharged from the 
hospital the previous week on Risperidone 4mg at bedtime. His dose 
was subsequently increased to 6 mg by his outpatient psychiatrist 2 days 

prior to visit. The patient believes that angels are forcing him to look up 
to heaven as, since this morning , he has been unable to look “ down to 

the devil in hell “. His MSE demonstrates a cooperative and 
appropriately dressed young man , alert and oriented three times. His 
speech is not spontaneous. His mood is worried but affect is flat. His 

thoughts are logical without looseness. He denies suicidal/ homicidal 
ideation but has delusions. His insight is poor but his judgement and 
impulse control are not currently impaired. His physical examination is 

notable for continued upward gaze of his eyes bilaterally 

Q) What is the most likely diagnosis? 

Q) What is the next step in treatment? 

Answer- 

The patient is a young man with 

history of schizophrenia. He has been 

released from the hospital on 

risperidone , the dose of which was 

increased 2 days prior to emergency 

room visit. He now presents with 

acute onset of bilateral upward gaze of 

his eyes. While his explanation is 

delusional , his history (acute onset, 

recent medications increased) and 

physical examination (contraction of 

superior rectus muscles B/L) are 

consistent with an oculogyric crisis , an 

Acute dystonic reaction caused by 

patients antipsychotic medication. 

most likely diagnosis 

Medications induced acute dystonia 

Next step- Benztropine 2mg (or 

diphenhydramine 50mg i.m. with 

repeated dose in 30 min if no 

improvement 
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Involuntary patterned sustained or repeated muscle contractions often associated with 
twisting movements and abnormal posture, ranging from minor contractions in an individual 
muscle group to severe and disabiling involvement of multiple muscle groups. 

Divided into 

PRIMARY DYSTONIA- Example OPPENHEIM’S DYSTONIA, DOPA RESPONSIVE DYSTONIA , 
MYOCLONIC DYSTONIA 

 

FOCAL DYSTONIA- types: Blepharospasm, Oromandibular dystonia , Spasmotic Dystonia, 
Cervial dystonia, Limb dystonia eg Writers cramp and musician cramp. 

 

Dystonic tremor can be distinguished from essential tremors that it tends to occur in 
conjunction with dystonia and disappears when dystonia is relieved  

SECONDARY DYSTONIA- As a consequence of drug or other neurological disorders. Most 
commonly with neuroleptic drugs or after chronic levodopa treatment in PD patient. 

DYSTONIA PLUS SYNDROME- as a part of neurodegenerative conditions such as HD, PD, 
Wilsons disease, PSP and mitochondrial encephalopathy. 
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HEMIBALLISMUS 
 

• A 52-year-old Korean woman with a history of poorly controlled Type 1 

diabetes presented for evaluation of abnormal movements of her right arm 
and leg. The movements began insidiously in her right hand and arm, 
progressing over several months to involve the right foot as well. She was 

unaware of the movements until her husband noticed them. Over time the 
movements became more violent, eventually leading to severe flinging 

movements in the right arm. The movements interfered with activity. They 
were neither suppressible nor associated with any unpleasant internal 
sensation. In retrospect, her husband felt that the onset had been heralded 

by several months of subtle personality change: he described her as more 
quiet, and no longer “the life of the party.” She was known to the clinic, 
having presented the year prior with several years of progressive numbness 

and paraesthesias in the feet, lower legs, and hands. An EMG at that time 
revealed severe sensorimotor polyneuropathy, attributed to her long-
standing diabetes. She had no other known medical illnesses. Her only 

medication was insulin and she was never treated with antipsychotic, 
antiemetic, or hormone replacement therapies. She denied the use of herbal 
or over-the-counter medications. There was no history of any toxic 

exposures. She was married without children and was a homemaker. She was 
adopted 

This patient presents with excess 

writhing movements on one side of the 

body, with occasional superimposed 

sudden large-amplitude excursions, most 

consistent with hemichorea, 

hemiathetosis, and hemiballismus. 

Any recent medications are of critical 

importance given the common 

occurrence of medication-induced 

hyperkinetic disorders, such as those 

associated with levodopa or with 

estrogen replacement therapy. 

Concurrent medical conditions must also 

be noted as the movement disorder may 

be secondary to  a systemic medical 

illness. The unilaterality of the 

movements suggests either a structural 

lesion (such as a tumor, vascular 

malformation, or ischemic insult) or an 

asymmetric presentation of a process 

affecting both basal ganglia. The 

subacute nature of her presentation 

would make an insidious process more 

likely and argue against a vascular event 

such as a haemorrhage or infarct. 
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HEMIBALLISMUS is a violent form of chorea composing of wild, flinging , 
large amplitude movements on one side of body. Proximal limb muscles 
commonly affected.  

M/C/C- infarct/haemorrhage in subthalamic nucleus due to  

A. STROKE 

B. TBI (TRAUMATIC BRAIN INJURY) 

C. AMYLOTROPIC LATERAL SCLEROSIS 

D. NON KETOTIC HYPERGLYCEMIA 

 

 

(A) CT of head showing hyperintensity in left putamen, (B) T1-weighted MRI 

of brain showing Increased signal in left putamen, and (C) T2-weighted MRI 

of brain showing decreased signal in left putamen 

BP= 200/120 

PR= 120/ MIN 

Her cranial nerves, strength, and 

coordination were intact, and the 

movements did not interfere with 

walking. Sensation of pain,temp and 

vibration was symmetrically diminished 

to the mid-thighs and the wrists. 

Reflexes were absent at the ankles, 1 at 

the knees, and 2 in the arms. Plantar 

responses were flexor. She had frequent 

writhing, twisting movements of the 

right shoulder, arm, and hand, as well as 

the right foot. She would occasionally 

incorporate the writhing movements 

into semi-purposeful movement; for 

example, after twisting her arm into the 

air,she would run her hand over her hair 

or wave at the people in the room. 

Initial laboratory results revealed serum 

glucose of 575 mg/dL. Her anion gap 

was normal and measured serum 

osmolarity was 310 mosm/kg. 

A CT scan of the head revealed a 

hyperintensity in the left putamen. 

Diagnosis- nonketotic 

hyperglycemia-induced chorea-ballism 
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TARDIVE DYSKINESIA 
 

• A 50 yr old woman with schizoaffective disorder , 
complains of “ nervous tics”. She is currently being 
treated with haloperidol deconate 100mg i.m. every 4 
weeks. She denies significant affective symptoms but 
complaints of chronic auditory hallucination of 
“whispers” without commands. No suicidal/ homicidal 
ideation present. On examination, she is noted to be 
sticking her tongue in and out of her mouth and to have 
repeatitive , rhythmic movements of her hands and 
feet. 

• Q) most likely diagnosis? 

• Q) next step in treatment? 

Ans 

This female patient with chronic  

Schizoaffective disorder now  

Demonstrate choreo-athetoid  

Movements of her tongue and  

Extremities , consistent with 

TARDIVE DYSKINESIA. Risk factors  

Include likely long term treatment 

With a high potency typical  

antipsychotic 
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• Tardive Dyskinesia is an involuntary, repetitive body movements as a result of long-term 
use of dopamine receptor blockers ( anti psychotics) and metochlopramide. 

 

• This condition takes around years to develop because of the underlying mechanism. 

 

• Due to blockade of D2 receptors in indirect pathway , there is upregulation of dopamine 
receptors in Striatum. Because of excessive receptors of dopamine in indirect pathway, 
there is excessive inhibition leading to worsening of Indirect pathway progressively and 
finally damage after long term intake of anti- psychotics , leading to relatively aberrant 
discharges from the direct(excitatory) pathway. 

The Abnormal Involuntary 

Movement Scale (AIMS) examination 

is a test used to identify the 

symptoms of tardive dyskinesia 

(TD)  to measure involuntary facial, 

trunk, and limb movements. 
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Circuits of basal ganglia 

• These are  Cortico-basal ganglia-thalamo-cortical loop. 

• There are specific anatomical location for each circuit within the brain structures. 

• Different circuits helps in parallel processing. 

• 4 main circuits- 

1. MOTOR LOOP (PUTAMEN CIRCUIT)- Concerned with execution of learned movements 
subconsciously. 

2. COGNITIVE LOOP (CAUDATE CIRCUIT)- Concerned with cognitive control of sequence of 
motor pattern. 

3. LIMBIC LOOP- involved in giving motor expression to emotions like smiling ,aggression 
or submissive posture. 

4. OCULOMOTOR LOOP- concerned with voluntary eye movements. 
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1. PUTAMEN CIRCUIT 

Executes Learned Patterns of Motor Activity 

• Basal ganglia function in association with the cortico-spinal system to control complex 

patterns of motor activity. For example- 

• cutting paper with scissors,  

• hammering nails,  

• throwing a baseball,  

• most aspects of vocalization,  

• virtually any other of our skilled movements, most of them performed subconsciously. 
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2. CAUDATE CIRCUIT 

• Cognition means the thinking processes of the brain, using both sensory 

input to the brain plus information already stored in memory. 

 Example: A person seeing a lion approach and then responding 

instantaneously and automatically by (1) turning away from the lion, (2) 

beginning to run, and (3) even attempting to climb a tree. 

• Cognitive control of motor activity determines subconsciously, and 

within seconds, which patterns of movement will be used together to 

achieve a complex goal 

 

Cognitive Control of Sequences of Motor Activities 
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LIST OF MISCELLANEOUS  DISORDERS THAT 
HAVE BEEN LINKED TO THE BASAL GANGLIA 
1. ADDICTION 

The binge/intoxication stage of the addiction cycle is the stage at 
which an individual consumes the substance of choice. This stage 
heavily involves the basal ganglia and its two key brain sub-regions, 
the nucleus accumbens and the dorsal striatum. 

Many studies have shown that neurons that release dopamine are 
activated, either directly or indirectly, by all addictive substances, 
but particularly by stimulants such as cocaine, amphetamines, and 
nicotine .Activation of the opioid system by these substances 
stimulates the nucleus accumbens directly or indirectly through the 
dopamine system.  

• the “reward circuitry” of the basal ganglia (i.e., the nucleus 
accumbens), along with dopamine and naturally occurring opioids, 
play a key role in the rewarding effects of alcohol and other 
substances and the ability of stimuli, or cues, associated with that 
substance use to trigger craving, substance seeking, and use. 

• As alcohol or substance use progresses, repeated activation of the 
“habit circuitry” of the basal ganglia (i.e., the dorsal striatum) 
contributes to the compulsive substance seeking and taking that 
are associated with addiction. 
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2. PAP SYNDROME 

 PAP syndrome is a rare psychopathological 

and neurological syndrome characterized 

by extreme passivity, apathy, blunted 

affect, and a profound generalized loss of 

self-motivation. 

 

  The syndrome is believed to be due to 

damage to areas of the basal ganglia 

or frontal cortex, specifically 

the striatum and globus pallidus, 

responsible for motivation and executive 

functions 
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 3. OBSESSIVE–COMPULSIVE DISORDER/TOURETTE 
 
Since the realization that 

syndromes such as 

Tourette syndrome and 

OCD are caused by 

dysfunction of the non-

motor loops of basal 

ganglia circuits, new 

treatments for these 

disorders, based on 

treatments originally 

designed to treat 

movement disorders are 

being developed. 
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4. PANDAS 

PANDAS is a hypothesis that there exists a 

subset of children with rapid onset 

of obsessive–compulsive disorder (OCD) or tic 

disorders and that these symptoms are 

caused by group A β-hemolytic streptococcal 

(GABHS) infections. The proposed link 

between infection and these disorders is that 

an initial autoimmune reaction to a GABHS 

infection produces antibodies that interfere 

with basal ganglia function, causing symptom 

exacerbations. It has been proposed that this 

autoimmune response can result in a broad 

range of neuropsychiatric symptoms. 
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5. BLEPHAROSPASM 

Blepharospasm may come 

from abnormal functioning 

of the brain's basal ganglia 
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6. LESCH–NYHAN syndrome 

Lesch–Nyhan syndrome is a rare X-linked 

recessive disorder caused by a deficiency    

of the enzyme hypoxanthine-guanine 

phosphoribosyltransferase (HGPRT), leading 

to uric acid build-up and a deficiency in 

dopamine production. Within the first few 

years of life,  extrapyramidal involvement 

causes abnormal involuntary muscle 

contractions such as loss of motor control 

(dystonia), writhing motions 

(choreoathetosis) and arching of the spine 

(opisthotonus) 

69 



7. FAHR DISEASE 

Fahr's disease is a rare, genetically 

dominant, inherited neurological disorder 

characterized by abnormal deposits 

of calcium, primarily in the basal 

ganglia. About 0.3–1.5% of people have 

asymptomatic basal ganglia calcifications 
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8. ATHETOID CEREBRAL PALSY 

Athetoid cerebral palsy, or dyskinetic 

cerebral palsy, is a type of cerebral 

palsy primarily associated with damage to 

the basal ganglia in the form of lesions that 

occur during brain development due 

to bilirubin encephalopathy and hypoxic-

ischemic brain injury. Symptoms include 

slow, uncontrolled movements of the 

extremities and trunk and small, rapid, 

random and repetitive, uncontrolled 

movements known as chorea 
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9. KERNICTERUS 

Kernicterus is a bilirubin-

induced brain dysfunction 

Bilirubin encephalopathy is 

associated with lesions in the basal 

ganglia, auditory nuclei of the brain 

stem, and oculomotor nuclei of the 

brain stem 
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10. MAJOR DEPRESSIVE DISORDER 

The basal ganglia form a part of the brain 

neuroanatomic circuits that may be involved 

in mood regulation. Decreases in basal 

ganglia volumes have been previously 

reported in major depressive 

disorder patients in comparison to healthy 

controls. 
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OTHER DISORDERS AFFECTING BASAL GANGLIA 
INDIRECTLY 
 Conditions that cause injury to the brain can damage the basal ganglia. Includes- 

Carbon monoxide poisoning 

Drug overdose 

Head injury 

Infection 

Liver disease 

Metabolic problems 

Multiple sclerosis (MS) 

Poisoning with copper, manganese, or other heavy metals 

Stroke 

Tumors 

Rare conditions such as HYPOMYELINATION WITH ATROPHY OF BASAL GANGLIA AND 
CEREBELLUM (type of Leukodystrophy) 
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