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Spinal	
  Cord	
  Circuitry	
  
Dec	
  ’14	
  

Lower	
  motor	
  neuron	
  

Skeletal	
  muscle	
  

Muscle	
  spindle	
  

Monosynap<c	
  stretch	
  reflex	
   Myelinated	
  afferent	
  

•  Stretch	
  reflex	
  is	
  only	
  monosynap<c	
  
reflex	
  in	
  the	
  whole	
  CNS	
  

•  All	
  other	
  reflexes	
  are	
  polysynap<c	
  
	
  

Spinal	
  cord	
   Stretch	
  Reflex	
  

Image	
  adapted	
  from	
  Felton	
  2003	
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Unmyelinated	
  afferent	
   Free	
  ending	
  Polysynap<c	
  flexor	
  reflex	
  

Interneuron	
  

Interneuron	
  

Lower	
  motor	
  neuron	
  
Skeletal	
  
muscle	
  

•  Unconscious	
  withdrawal	
  reflex	
  in	
  response	
  
to	
  a	
  sensory	
  input	
  

•  Can	
  be	
  elicited	
  in	
  a	
  spinal	
  cord	
  completely	
  
disconnected	
  from	
  the	
  brain	
  

•  Can	
  spread	
  ipsilaterally	
  or	
  contralaterally	
  
through	
  many	
  segments	
  

Spinal	
  cord	
   Withdrawal	
  Reflex	
  

Image	
  adapted	
  from	
  Felton	
  2003	
  

Propriocep:on	
  (cerebellum)	
  

Skin	
  receptors	
  
Muscle	
  spindle	
  
Golgi	
  tendon	
  organ	
  

Myelinated	
  primary	
  sensory	
  
neuron	
  supplying:	
  

Central	
  nervous	
  
system	
  

Ascending	
  secondary	
  
sensory	
  neuron	
  
•  In	
  spinal	
  cord	
  (e.g.,	
  

Clarke’s	
  nucleus)	
  
•  Brainstem	
  (e.g.,	
  lateral	
  

cuneate	
  nucleus)	
  

Granular	
  cell	
  in	
  
cerebellum	
  

Spinocerebellar	
  tract	
  

•  Unconscious	
  sensory	
  input	
  from	
  muscles,	
  
joints,	
  tendons,	
  ligaments	
  and	
  skin	
  

•  Informa<on	
  reaches	
  ipsilateral	
  cerebellum	
  
via	
  
•  Dorsal	
  and	
  ventral	
  spinocerebellar	
  tracts	
  (T6	
  and	
  

below)	
  
•  Rostral	
  and	
  cuneo-­‐cerebellar	
  tract	
  (T6	
  and	
  above)	
  

Image	
  adapted	
  from	
  Felton	
  2003	
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Sensa:on	
  (Lemniscal)	
  

Myelinated	
  primary	
  
sensory	
  neuron	
  

Central	
  nervous	
  
system	
  

2°sensory	
  neuron	
  
in	
  spinothalamic	
  

tract	
  

•  Epicri<c	
  informa<on:	
  consciously	
  perceived,	
  
subjected	
  to	
  fine-­‐grained	
  analysis	
  by	
  the	
  
sensory	
  cortex	
  

•  Consists	
  of	
  	
  
•  Fine	
  discrimina<ve	
  sensa<on	
  
•  Vibratory	
  sensa<on	
  
•  Joint	
  posi<on	
  sense	
  

Unmyelinated	
  
primary	
  sensory	
  

neuron	
  

Crosses	
  
midline	
  inside	
  
anterior	
  white	
  
commissure	
  of	
  
spinal	
  cord	
  

Lemniscal	
  neuron	
  
crosses	
  midline	
  in	
  
caudal	
  medulla	
  

1.	
  Dorsal	
  
horn	
  

1.	
  Nucleus	
  
gracilis	
  and	
  
cuneatus	
  in	
  
medulla	
  

2.	
  Thalamus	
  

3.	
  Sensory	
  
cortex	
  

Sensa:on	
  (Spinothalamic)	
  
•  Protopathic	
  informa<on:	
  much	
  older	
  system,	
  

much	
  slower	
  to	
  arrive	
  to	
  brain	
  	
  
•  Consists	
  of	
  	
  

•  Nocicep<on	
  
•  Temperature	
  
•  Light	
  moving	
  touch	
  

Also	
  2°	
  area	
  of	
  
somatosensory	
  
cortex	
  

Takes	
  dorsal	
  column,	
  medial	
  
lemniscal	
  pathway	
  

Takes	
  old	
  spinothalamic	
  pathway	
  

Exterocep<ve	
  or	
  
interocep<ve	
  

Image	
  adapted	
  from	
  Felton	
  2003	
  

Central	
  nervous	
  
system	
  

Cor<cal	
  
upper	
  
motor	
  
neuron	
  

Brainstem	
  
upper	
  motor	
  
neuron	
  from	
  
•  Ves<bular	
  

nuclei	
  
•  Superior	
  

colliculus	
  
•  Re<cular	
  

nuclei	
  
•  Red	
  nucleus	
  

Interneurons	
  

Lower	
  motor	
  neurons	
   Skeletal	
  
muscle	
  

•  Cell	
  bodies	
  of	
  lower	
  motor	
  neurons	
  are	
  in	
  
•  anterior	
  horn	
  of	
  spinal	
  cord	
  	
  
•  motor	
  cranial	
  nerve	
  nuclei	
  in	
  brainstem	
  

•  Axons	
  act	
  on	
  nico<nic	
  receptors	
  of	
  striate	
  
muscle	
  at	
  neuromuscular	
  junc<ons,	
  using	
  ACh	
  

•  Motor	
  unit:	
  
•  LMN	
  and	
  its	
  axon	
  
•  The	
  muscle	
  fibres	
  it	
  innervates	
  

•  Motor	
  units	
  are	
  	
  coordinated/regulated	
  by	
  
groups	
  of	
  upper	
  motor	
  neurons	
  in	
  brain	
  
•  Brain	
  stem	
  UMNs	
  regulate	
  basic	
  tone	
  and	
  posture	
  
•  Cor<cal	
  UMNs	
  (cor<cospinal,	
  cor<cobulbar	
  tracts)	
  regulate	
  

consciously	
  directed	
  voli<onal	
  movements	
  

•  Cerebellum	
  and	
  basal	
  ganglia	
  aid	
  UMNs	
  in	
  
pa_ern	
  selec<on	
  and	
  coordina<on,	
  do	
  not	
  
connect	
  directly	
  with	
  LMNs	
  

Motor	
  ouJlow	
  

Image	
  adapted	
  from	
  Felton	
  2003	
  



14-­‐12-­‐26	
  

4	
  

Image	
  adapted	
  from	
  Felton	
  2003	
  

Central	
  nervous	
  
system	
  

Limbic	
  forebrain,	
  
e.g.,	
  amgydala	
  

Brainstem	
  
nuclei	
  and	
  
centers	
  

POST	
  ganglionic	
  sympathe<c	
  ganglion	
  cell	
  

Targets:	
  
•  Smooth	
  muscle	
  
•  Cardiac	
  muscle	
  
•  Secretory	
  glands	
  
•  Metabolic	
  cells	
  
•  Immune	
  cells	
  
	
  

PRE	
  ganglionic	
  sympathe<c	
  neuron	
  

Autonomic	
  ouJlow	
  

Myelinated	
  sensory	
  neuron	
  Reflex	
  connec<ons	
  Cell	
  
body	
  in	
  
lateral	
  
horn	
  

Hypothalamus	
  

Hypophyseal	
  
portal	
  system	
  	
  

SNS	
  	
  
•  cell	
  bodies	
  are	
  in	
  lateral	
  horn,	
  T1-­‐L2	
  
•  Preganglionic	
  axons	
  synapse	
  close	
  to	
  spinal	
  cord	
  in	
  

chain	
  ganglia	
  or	
  prevertebral	
  ganglia	
  
•  Post	
  ganglionic	
  axons	
  travel	
  long	
  distance	
  to	
  target	
  
•  Fight	
  or	
  flight,	
  responds	
  to	
  emergency	
  demands	
  

	
  
PsNS	
  	
  
•  cell	
  bodies	
  are	
  in	
  nuclei	
  of	
  CNs	
  III,	
  VII,	
  IX,	
  X,	
  and	
  S2-­‐4	
  

intermediate	
  grey	
  ma_er	
  in	
  spinal	
  cord	
  
•  Preganglionic	
  axons	
  travel	
  long	
  distance,	
  synapse	
  in	
  

intramural	
  ganglia	
  in	
  or	
  near	
  target	
  organ	
  
•  Homeosta<c	
  repara<ve	
  system	
  

	
  

Muscle	
  or	
  
skin	
  

Interneuron	
  


