LECTURE 16
What is the right hemisphere assymetrically responsible for?
· Visual – spatial analysis and spatial attention 
· Left side is weaker when attending things in space 
Lesions in right parietal cortex or frontal association cortex leads to what?
· Damage to the contralateral side 
What happens if you have a lesion on the right side in terms of hemi spatial neglect?
· Only the left hemisphere can attend and it is only able to on the contralateral (right) side 
· Huge GAP left in attending on left side 
· Lose ability to attend to things in the environment 
Left side?
· Little deficit because right is still okay
· Minor deficit on the right side 
· Right will be able to handle everything 
Bilateral?
· Severe rightside neglect 
What are the 4 types of hemi-neglect? Explain?
· Sensory neglect: inability to attend to visual information, tactile information, sound information, basic function intact 
· Motor intentional neglect: tasks that require both sides of a movement, will neglect, basic function intact (primary areas)
· Combination of sensory and motor neglect 
· Conceptual neglect (ideas) 
What kinds of extinction tests can you do for sensory hemi neglect? (Double simultaneous stimulation) 
· Tactile extinction 
· Tactile example: 
· Touch each side of them one by one with their eyes closed. Then vary it up and test bilaterally or unilaterally to determine. 
· Visual neglect: 
· When patient is given a complex picture scene, they will only talk about the right side and ignore the left 
· HOWEVER if asked to focus on the left side and explain, they can 
Motor intentional neglect?
· Motor extinction tests 
· Ask to raise both arms: neglect to raise the left side, only raise right arm
· When presented with overall task, they fail and neglect to do all of the movement 
Combined motor and sensory:
· Bisect a horizontal line on a paper --- patients will often not bisect in the middle but more towards the right side of the picture 
Conceptual?
Higher level concepts 
· Recollect something: greater level of detail on right than left 
· Reported buildings on right side when told to walk through 
· Speaks to attentional component, not memory or anything else 
What is anosognosia? Why does it happen?
· When a patient has hemi neglect but no awareness of it 
· This is conceptual neglect caused by right side lesions 
What is Hemiasomatognosia? Why does it happen?
· When a patient disowns their limbs 
· Conceptual neglect 
Why would dressing apraxia occur? What is it?
· Difficulty getting dressed
· Right parietal lesion
What is alien hand? Why does it happen?
· Hand is out of control, acts on it’s own, mischevious 
· Happens due to damage to the corpus callosum and other supplementary motor areas in the non dominant hemisphere 
LECTURE 17
What does the tentorium cerebelli do?
· Separates occipital and temporal lobes 
What are the three lobes of the cerebellum?
· Anterior, Posterior, Flocculo-nodular  
What does the primary fissure do? Postero-lateral fissure?
· Separates anterior and posterior lobe
· Separates flocculo-nodular lobe from posterior lobe  
Nodulus is medial or lateral to flocculus? 
· Medial 
Flucculonodular lobe is made up of what?i
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· Nodulus in center, two floculi on either side 
What are the 4 functional regions of the cerebellum?
· Vermis, intermediate, lateral, flocculo-nodular
What are the 4 deep cerebellum nuclei? Name them lateral to medial 
· DON’T EAT GREASY FOODS 
· Dentate, Emboliform, Globulus, Fastigial 
· Emboliform + globulus = form the interposed nuclei 
· Fastigial = vermis + flocculo-nodular zone 
How is information brought to and taken away from the cerebellum? 
· Cerebellar peduncles (white matter tracts going from cerebellum to deep cerebrum)  
· Wrap around the pons (which give pons its bulge) 
· **differs from cerebral peduncles 
Where does the information from these cerebellar peduncles go?
· Superior: out from cerebellum and back into the system 
· Inferior & Middle: inputs to cerebellum 
What are the cerebellar input pathways? What is their site of origin?
· Cortex   pontocerebellar fibers 
· Leg proprioceptors  dorsal spinocerebellar tract 
· Arm proprioceptors  cuneocerebellar tract 
· Vestibular system  vestibular system 
Describe the pontocerebellar pathway – copy of descending motor commands 
· Motor cortex/pre-motor/supplementary motor 
· Primary neurons will project to ipsilateral pons and synapse onto pontine nuclei (cortical pontine fibers) 
· Synapse onto other neurons in pons which cross the midline and enter contralateral cerebellum (ponto cerebellar fibers) 
· Enters cerebellum via the middle cerebellar peduncles 
Describe the spinocerebellar tracts
· Dorsal spinocerebellar tract; primary neuron - dorsal root ganglion, 2 order - stops at clarke’s column (C8-L3), goes laterally within posterior/dorsal white column and then ascends to inferior cerebellar peduncle, 3 order – nuclei in cerebellar cortex  (touch, pressure, proprioception) 
· Cuneocerebellar tract (C1-C7): ganglion, posterior grey horn, enters cunate fasiculus, ascends ipsilaterally, comes to cunate nucleus or external cunate nucleus, project to inferior cerebellar peduncles and then ipsilateral side 
Describe the vestibular tract 
· Primary vestibular afferents (from otoliths & semicircular canals) go directly into the cerebellum 
· Enters via the inferior cerebellar peduncle VIA particular area called juxtarestiform body 

LECTURE 18 
How does output processing work? Why does the cerebellum have outputs?
· Begins at the cerebellar cortex, projects to deep nuclei, projects out via superior cerebellar peduncle, goes throughout brain via the thalamus 
· Constantly updating the brain
How does lateral hemisphere processing work for cerebellar ouputs? What is done here?
· Motor planning and learning
· Cortical level to dentate nucleus, then through superior cerebellar peduncle, decussation at level of the midbrain, continues to contralateral thalamus 
· Coordinate movements on ipsilateral side of cerebellum 
  BECAUSE ex. Left cerebellar projects to right hemisphere which controls the left limbs – (why it becomes ipsilateral control & why receive INPUTS ipsilaterally)  
Describe the output path from the dentate nucleus. What is influenced by this output?
· Dentate nucleus to superior cerebellar peduncle, decussation at midbrain, synapse in neurons in contralateral thalamus 
· Thalamus will project to pre-motor cortex, SMA, motor cortex, parietal cortex 
· NOTE: interposed nuclei & fastigial have the same path
· Influences motor planning by LATERAL CORTICAL SPINAL TRACT 
What is the interposed nucleus responsible for?
· Coordinating and processing ONGOING movements
What are the two projections of the interposed nuclei? What tracts do they influence?
· Outputs to thalamus on contralateral side: LCST for distal limbs (ipsilateral) 
· Outputs to red nucleus on contralateral side: RUBROSPINAL TRACT for arms (ipsilateral)
What is true of cerebellar lesion symptoms? Why?
· Deficits in coordination always occur IPSILATERAL to the lesion 
· Pathway from cerebellum to lateral motor systems to periphery are DOUBLE CROSSED 
· 1st crossing: cerebellar outputs exiting superior peduncles cross in midbrain
· 2nd crossing: descending tracts (corticospinal and rubrospinal) decussate in pyramidial and tegmental regions, respectively 
· Note: midline lesions in vermis affect medial motor system (usually not unilateral but bilateral) 
What are the two projections of the fastigial nuclei?  What tracts do they influence?
· 1. Fastigial nuclei to contralateral thalamus: ANTERIOR CORTICAL SPINAL TRACT (bilateral muscles in trunk/neck motor areas) 
· 2. Fastigial nuclei to vestibular nuclei or reticular formation: (influences balance and tone respectively) 
What is the projection of the inferior vermis + flocculonodular lobe? Purpose?
· Project to vestibular nuclei on the IPSILATERAL side 
· Influences balance and eye movement 
· Project from vermis + FN lobe via inferior cerebellar peduncle to vestibular nuclei 
· Pathways involved: ACST, RST, VST, TS 
Explain somatotopic organization in the anterior lobe of the cerebellum 
· Trunk region and proximal muscles are located along the vermis
· Appendages extend into the intermediate region 
Explain organization in the posterior lobe 
· Representation primarily in intermediate zone (head, arms, legs) 
What will damage in the intermediate zone cause? Vermis region damage?
· Intermediate: deficits in limb movement
· Vermis: deficits in trunk control 
· NOTE: not much somatotopic organization in the lateral regions (more involved in motor planning/learning) +
How is the cerebellum a comparator? What happens if the cerebellum is injured?
· Compares intended goal of movement to actual motor response and sends back information for correction 
· Unable to correct, leads to over/under shooting, uncoordinated movements 
What does the cerebellum receive in order to do this?
· 1. Copy of efferent information (corollary discharge) 
· 2. Ascending information (external feedback) 
What happens with lesions to the intermediate hemisphere of the cerebellum?
· Symptoms will appear ipsilaterally 
· Ataxia involving dysrhythmia (abnormal timing), dysmetria (abnormal amplitude), intention (action) tremor, dysdiadochokinesia (difficulty with alternating movements) and dysarthria (abnormal flow and rhythm of speech) 
· Pendular reflexes (unable to stop) 
Identify tests for different forms of ataxia 
· Dysrhythmia: tap foot to beat 
· Dysmetria: finger to nose test 
· Intention tremor: finger to nose test (NOTE: no tremor at rest but can have tremor if asked to hold a postural position) 
· Dysdiadochokinesia: have person slap hand with alternating movement of palm / back  with other hand 
What happens with lesions to the midline/vermis region? Identify tests 
· Trunk/leg ataxia 
· Trunk ataxia: ask patient to sit from standing position  deficits seen; ask them to stand: balance issues 
· Ataxic gait: wide stance, look drunk 
· Poor standing balance
What causes lesions in the midline/vermis region?
· Anterior lobe syndrome: CHRONIC alcoholism
· Cerebellum gets damaged in anterior lobekj
What happens with flocculo-nodular lobe damage? Tests?
· Unstable while standing and walking (normal while sitting)
· Difficulty with visual tracking of movements : saccadic dysmetria 
· Inability to suppress VOR : don’t always want VOR 
· TEST: have person hold hands out with thumbs up, move up and down but keep eyes on the target thumb  nystagmus in both eyes = BILATERAL DAMAGE and nystagmus in one eye = nystagmus in one direction and normal on other side 
LECTURE 19 
What are the main components of the basal ganglia?
· Caudate nucleus, putamen, globus pallidus, subthalamic nucleus and substantia nigra 
The striatum is made up of what?
· Caudate + putamen 
What lies medial to the internal capsule? Lateral?
· Caudate + thalamus 
· Globus pallidus + putamen 
Describe elf’s hat in relation to caudate nucleus
· “head” portion = wide part of caudate, tapers off into tail of caudate
· Pom pom = amygdala 
· Caudate is C shaped, follows pattern of lateral ventricles 
What are the two globus pallidus parts and where do they lie 
· Globus pallidus internus and externus, internus = medial, externus = lateral 
What connects the putamen to caudate to form the striatum?
· Cellular bridges 
Where is the putamen positioned?
· Most lateral, LARGEST 
Where is the sub thalamic nucleus 
· Below thalamus (duh) 
· At junction with the midbrain 
Describe the substantia nigra
· Located below the sub thalamic nucleus in the midbrain 
· Dorsal to cerebral peduncles 
· Dark pigment because of dopaminergic neurons 
· Two segments: ventral – pars reticulata and dorsal – pars compacta 
What happens to substantia nigra with Parkinsons disease?
· Degeneration of dopaminergic neurons 
What is the lenticular nucleus?
· Putamen and globus pallidus together 
What is the order of basal ganglia?
· Caudate, (Thalamus = below), subthalamic nuclei, substantia nigra (red nucleus), Internal capsule, globus pallidus internus, externus, putamen
Inputs to basal ganglia come from which side? Cerebellum?
· IPSILATERAL 
· CONTRALATERAL 
LECTURE 20 
Inputs to the basal ganglia come from which areas of the brain?
· Motor control
· Eye control
· Cognition
· Limbic channel 
Where do motor and somatosensory areas project to?
· Putamen (all others = caudate) 
Inputs to basal ganglia come from which specific parts?
· Entire cortex (+) 
· Thalamus
· Substantia nigra pars compacta (+/-)
Outputs come from where? Targets?
· Globus pallidus internus & substantia nigra 
· Thalamus, superior coliiculi, reticular formation 
What are the neurotransmitters for inhibitory and excitatory pathways?
· Inhibitory: Gabba, Excitatory: Glutamate 
Cortex sends excitatory inputs to where?
· Striatum 
Describe the direct pathway
· Acts to increase thalamus output to cerebral cortex = ACCELERATOR 
· Thalamus sends excitatory inputs to the cerebral cortex 
· Cortex sends excitatory inputs to striatum
· Striatum sends inhibitory to Globus pallidus internus
· Globus pallidus internus has its own inhibitory projections to thalamus 
· (-) from striatum and (-) from gpi creates a excitatory input (-)(-) = + 
Explain what happens at rest or during movement
· At rest: Gpi and Snr (substantia nigra reticulata) have high inhibitory discharge, thalamus is kept low 
· During movement: Gpi and Snr will be inhibited which will in turn disinhibit the thalamus (excitation) 
Describe the indirect pathway 
· Acts to decrease thalamic output to cerebral cortex = BRAKE 
· Striatum receives excitatory input from cerebral cortex
· Striatum sends inhibitory to GPE 
· GPE projects inhibitory to subthalamic nucleus 
· Subthalamic nucleus projects excitatory to GPI (b/c received 2 –s) 
· Ultimately GPI sends inhibitory to thalamus because it also has it’s own inhibitory (+)(-) = - 
With indirect/direct constantly counteracting each other, what tips the balance?
· DOPAMINE: substantia nigra compacta projects to striatum with this 
· Dopamine will further excite direct pathway and inhibit indirect pathway 
Basal ganglia’s ipsilateral outputs to cortex result in what type of control?
· Contralateral 
Cerebellum’s contralateral outputs to cortex result in what type of control?
· Ipsilateral 
What are the functions of the basal ganglia?
· Provides ‘go’ signal for internally triggered movements
· Fine tuning for amplitude and timing of movements
· Coordinates trunk movements with limb movements 
What is parkinsons disease?
· Affects basal ganglia, PROGRESSIVE 
· Symptoms appear contralateral to the lesion, begin unilateral but may become bilateral 
· Appears 40-70 years of age 
· Degeneration of substantia nigra pars compacta (>85% to see symptoms) 
· Less dopamine to control movements 
· Can be idiopathic or genetic 
What are the symptoms of PD?
1) Bradykinesia (slow, small movements) TEST: open and close palms quickly 
2) Resting tremor (involuntary shaking, shows up in any limbs) 
3) Rigidity (stiffness caused by increased muscle tone) – jerky cog wheel, INDEPENDENT of rate and force 
4) Postural instability (in stance and gait) TEST: retropulsion, patient is pulled back by the shoulders, can’t correct balance, will take steps or will fall 
5) Stooped posture, expressionless face, shuffling gait, diminished arm swing during gait, difficulty turning, freezing (parts may be preserved, like freezing occurring during walking but not while riding a bike), micrographia 
Explain the Hahn and Yahr Scale
· I = unilateral symptoms, no postural instability 
· II = bilateral symptoms, no postural instability
· III = bilateral with postural/gait deficit
· IV = considerably impaired walking or balance
· V = wheelchair bound, or walking only with assistance 
LECTURE 21
What is levadopa?
· Treatment for PD 
· Drug replacement for dopamine – is a precursor, creates dopamine 
· Overmedication = dyskinesia = too much movement 
· Problems: 1) neurons are constantly degenerating, need to continue upping dosage to make up for it 2) receptors become hypersensitive after using for a long time – bandwith of optimal dosage decreases (lower threshold increased, upper decreased) 
· Doesn’t help postural balance 
What are the problems with surgical removal of the basal ganglia to treat parkinsons?
· Collateral damage (probe from above) 
· Irreversible damage 
· Do thalamotomy (treat tremor) or pallidotomy (bradykinesia, lesion gpi for less inhibitory)
What is deep brain stimulation?
· Stereotactic surgery, go deep into brain and plant electrode in GP or sub thalamic nucleus
· Can be turned on/off , power pack in body 
· Effectively “lesions” the area to block signals  
What is the last possible treatment for PD in the future?
· Replace degenerated cells in SNpc with stem cells or fetal cell transplants 
What is huntingtons disease
· Degeneration of striatal cells, affects indirect pathway
· TOO MUCH GAS 
· Onset 30-50 yrs, progressive, leads to death 
· **genetic disorder, if both parents have it offspring has 100% chance to get it 
What are the symptoms?
· Dyskinesias: CHOREA (jerky, constant non rhythmic involuntary movements), dystonia (abnormal tone of limbs, face, etc)
· Abnormal eye movement 
· Emotion (depression, anxiety, OCD) 
What are the treatments for huntingtons disease?
· Anti dopaminergic medications
· Deep brain stimulation
· Lesions – thalamotomy 
What is athetosis?
· Continuation of basal ganglia symptoms
· Unwanted involuntary movements but SLOW 
What is hemiballismus?
· Flinging/flying movements, rapid, non patterned
· Occurs with damage in sub thalamic nuclei 
What is dystonia?
· Continuation of basal ganglia symptoms as well 
· Abnormal sustained posture, pulls joints into extreme and painful postures
· Can be focal (single joint), multifocal (single joint in different limbs), segmental (multiple joints in single limb) or generalized (everywhere) 
· Influences basal ganglia dysfunction and GABA production
· Can be primary (genetic) or secondary (due to other diseases like PD) 
What are the treatments for dystonia?
· Botox, GABA agonists, Surgery (lesions or DBS) 
LECTURE 22 
What is Tourette syndrome?
· Affects striatal cells
· Onset early childhood, reduces with age, affects males 4:1 
· Genetic disorder, excessive dopamine or hypersensitivity to dopamine
· Comes with ADHD or OCD 
What are the symptoms?
· Involuntary motor/vocal tics 
· Can be simple or complex; simple: brief, limited muscle groups. Complex: multiple joints, blurt sentences or words 
· Copralalia = complex vocal form blurting out inappropriate/swear words
· Echolalia = when hear a phrase, they immediately blurt it out (another complex vocal form)
What is the treatment for Tourette syndrome?
· No cure, usually dissipates with age
· Use dopamine blockers 
· Psychotherapy, DBS, self coping mechanisms 
What is the purpose of the reticular formation?
· Output target from cortex 
· Receives information from cerebellum, basal ganglia 
· Rostral parts communicate to thalamus – alertness/wakefulness 
· Caudal parts = spinal cord 
· Modulates tone via the Reticulospinal tracts 
· Startle reflexes – caudal pontine reticular nucleus 
What is the startle reflex?
· Reflex evoked by sudden stimulus (tactile, auditory, visual) 
· Eyes close, body contracts, arms raise in protection – ready to fight or flight 
Describe startle response to auditory stimulus
· Stimulus  hearing receptors in cochlea  vestibular cochlear nerve  cochlear neurons project to midbrain at level of caudal pons (cochlear nuclei in brain stem processes)  cross midline  contralateral caudal pontine reticular nuclei  project down to reticulospinal tracts  activate reflex!
· Happens 30-40ms after stimulus 
· Will habituate over time 
What are the two types of startle disorders?
1) Startle reflex is exaggerated – hyperekplexia 
· Two forms: major (genetic) and minor; no habituation 
2) Absence of startle – palsy, dementia 
LECTURE 23
What does the internal carotid artery feed into?
· Anterior and middle carotid arteries (ACA, MCA)
What does the vertebral artery feed into?
· Posterior cerebral arteries and basilar 
External carotid artery is responsible for? Internal? Basilar?
· External: face 
· Internal: internal parts of head (through carotid foramen)
· Cerebellum 
Where is the ACA located?
· Interhemispheric fissure
Where is the vertebral artery located? Basilar?
· Ventral part of medulla
· Ventral part of pons
What connects the anterior arteries? What connects the internal carotid and PCA?
· Anterior communicating artery
· Posterior communicating artery 
**These arteries create the circle of willis and travel through subarachnoid space
What does the ACA feed?
· Superior and medial cortex
· From frontal lobe to anterior parietal lobe 
What does PCA feed?
· Inferior and medial temporal lobe and occipital lobe 
MCA? 
· Large area on lateral aspect of cortex
·  frontal lobe to anterior parietal lobe: superior branch
· Superior medial aspect of temporal lobe and part of posterior parietal lobe: inferior branch 
· Superior and inferior branch split at the sylvian fissure 
What does the deep branch of the MCA feed? PCA?
· MCA: caudate and lentiform 
· PCA: thalamus 
Where are the sagittal, transverse and inferior sinuses?
· Sinuses created by separation of dura
· Transverse sinus in transverse plane, tentorium cerebelli 
· Inferior wraps around corpus callosum 
· All drain out to internal jugular vein 
How might an artery get occluded?
· Clots build up via a thrombus (platelets build against walls) or atherosclerosis (fat build up) 
· Embolism (blood clot travels from somewhere else, like the leg to the brain) 
How does a hemorrhage happen?
· Wall of artery becomes weak, bulges and bursts = aneurysm  blood flow cut off downstream
LMN 
· Muscle Weakness – loss of strength
· Fasciculations – uncontrolled muscle twitch
· Atrophy - loss of muscle mass
· Reflexes Decreased – “hyporeflexia”
· Tone Decreased – lack of passive resistance

Muscle Strength Scale:
0 – no movement
1 – Slight contraction, no movement
2 – movement possible, without gravity
3 -  movement possible, with gravity
4 – movement possible, some resistance
5 – movement possible, full resistance
Deep Tendon Reflex Scale:
0 – absent reflex
1 – decreased but present
2 – normal
3 -  Brisk but excessive
4 – Non-sustained Clonus
5 – Sustained Clonus
Clonus = repetive vibratory contraction 
of the muscle in response to stretch
lmn lesion caused by
Injury or disease that effects any of the:
Motor Nuclei in anterior horn of gray matter
Ventral nerve roots (“Radiculopathy”)
Spinal Nerves
Lateral corticospinal tract
· Primarily controls distal muscles of hands and feet
· Terminates: cervical & lumbro-sacral enlargements
· Controls muscles on the contra-lateral side
· sometimes called “pyramidal tract”
lateral corticospinal tract path: 
· cortex (primary motor, frontal, etc), travels down through basis pedunculi, basis pontis, pyramid, decussation at cervicomedullary junction, enters lateral zones in spinal cord
· terminations predominantly cervical/lumbar enlargements 
anterior corticospinal tract: 
· Primarily controls axial muscles (neck and trunk)
· May divide and cross at spinal level
· Controls muscles bilaterally
Anterior corticospinal tract: 
· Travels ipsilaterally til the end
· Cortex, basis pedunculi, pons, medulla, splits at level of innervation (spinal cord) to innervate both sides 
· Terminates cervical / upper thoracic 
Corticobulbar – head and neck 
CN VII innervates ipsilaterally to facial muscles 
 UMN above eyes = bilateral     UMN below eyes = contralateral to facial nerve 
Rubrospinal tract:
· Originates in red nucleus, comes down, ventral tegmental decussation, travels through pons medulla, hits lateral column of spinal cord
· Responsible for extensor tone and flexor tone, terminates cervical cord 
Vestibulospinal tract:
· Lateral and medial 
· Medial: bilateral to cervical and thoracic levels – neck and axial muscles (originates in medial vestibular nucleus in rostral medulla) 
· Lateral: ipsilateral to all spinal cord – balance: extensor tone  (originates in pons, lateral vestibular nucleus) 
Reticulospinal tract:
· Modulates reflexes and tone
· Ventral column to spinal levels 
UMN lesions:
· Muscle Weakness
· Increased Muscle Reflexes (Hyper-reflexia)
· Increased Muscle Tone (Hypertonicity) – rigidity – force and rate dependent = faster = more resistance 
· Positive Babinski Sign
Decerebrate posture = vestibulospinal ; arms up ; above midbrain lesion
Decorticate posture = rubrospinal ; arms down, below 
UMN lesion causes:
· Injury to Motor Cortex 
· Damage to internal capsule/cerebral peduncles
· *** corticospinal tract tightly packed so usually will affect axons for all regions (legs, arms and face) ***
· Spinal Cord lesion or compression
· Diseases attacking upper motor neurons
· Primary Lateral Sclerosis, Amyotrophic Lateral Sclerosis
· Knee=L3 
· Medial calf=L4
· Lateral calf=L5
· Shoulder region = C5 
· C6 = front aspect of forearm 
· C1 = runs along posterior aspect of the arm / triceps 
· T4 = runs across the nipples
· T10 = runs around level of the belly button 
· S1 = achilles 
· Posterior Column-Medial Lemniscus Pathway
· Vibration, Proprioception, Light Touch Information
· Antero-lateral Pathway
· Pain, Temperature, Crude Touch Information
PCML pathway
Lower body = fasiculus gracilis = medial = T6 dermatome and below 
Upper body = fasiculus cuneatus = lateral = above T6 
· Fasiculus gracilis will synapse onto nucleus gracilis, same w/ cuneatus 
PCML: starts in ^^, comes up, 2nd order neuron crosses in medulla and synapses in thalamus, 3rd order goes to somato cortex 
AL pathway 
· 3 branches: spinothalamic, spinoreticular, spinomesencephalic 
· Found in anterolateral portion of spinal cord, 3 tracts project up to various places 
· Primary neuron synapses with secondary in dorsal horn. Secondary crosses midline through anterior commissure, over 2-3 segments, get to thalamus, third order to somatosensory cortex 
PC-ML pathway damage
· loss of position and vibration sense
· loss of discriminatory touch (2-point discrimination) *
·  astereognosis – inability to recognize objects by touch **
·  sensory “ataxia” – unsteady balance and gait, poorly co-ordinated movements, worse without vision – tabetic gait 
· Paresthesia (abnormal feels)
Spinothalamic – AL pathway 
· Reduced touch, loss of pain/temperature
· Hyperpathia – excessive pain to normal pain stimulus
· Allodynia – pain with no pain stimulus 
Primary sensory neuron = radicular pain 
3 regions of face project via trigeminal nerve to trigeminal ganglion 
Project to brainstem at pons on ipsilateral side, synapse to 2nd order sensory neurons
Chief trigeminal sensory nucleus (lateral part of pons) - receives fine/discriminatory touch from face, pressure sensation from teeth
· Similar to PCML pathway
· Projects to thalamus via trigeminal lemniscus
Spinal trigeminal nuclei– receives crude touch, pain, temperature
· Found in ipsilateral pons, medulla, all the way down to SC
Go to anterolateral pathway (similar for face compared to rest of body)
Chief sensory nucleus: project to level of pons, secondary neurons cross midline and go to contralateral thalamus , then somato facial region 
Spinal: synapse to 2nd in elongated spine, 2nd crosses midline, travels up contralateral side to thalamus, attaches to third, third goes to facial region
Sensory inputs to face
· Damage to primary neurons – loss of sensation on ipsilateral side
· Damage to secondary neurons (level of nucleus/just before cross over = ipsilateral side. Above this = contralateral side)
· Damage to cell bodies in thalamus/somatosensory cortex (third order) = damage to contralateral side




