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CLASSIFYING CNS INJURIES



Classification

According to position @

A Brain 1L S
i Subdivisions of the brain

SPINAL CORD

A Spinal Cord

I Subdivisions of the
spinal cord

LUMBAR ENLARGEMENT

CONUS MEDULLARIS

Figure: http://www.freeed.net/sweethaven/MedTech/Physiology/HumPhys02.asp?iNum=1202



Brain Injury

A Brain Injury is caused by the shearing of
nerve fibers due to trauma or by cell deat
related to swelling, bleeding, disease, or
of oxygen to the brain (anoxia/hypoxia).

A Whether mild, moderate or severe, it can
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cause physical, cognitive, speech/language

and behavioral dysfunction.



Brain Injury

A Traumatic: closed or open
(penetrating/fracture)

i Motor Vehicle Accidents

I Falls

I Assaults

I Sports / Recreational
Injuries

I Work-Related Accidents

Figure: http://www.sfn.org/index.cfm?pagename=DbrainBriefings_traumaticBraininjury




Brain Injury

A Non-Traumatic

I Disease, e.g., tumors, meningitis,
encephalitis, diabetes

| Stroke or CVA (Cerebrovascular Accidents)

I Anoxic events, e.g., hear drowning, drug
overdose, kidney / heart failure, industrial
chemical exposure, electric shock

The Glasgow Coma Scale (GCS) rating:
mild, moderate, severe



Spinal Cord Injury

A Spinal cord injury (SCI) affects % §
spinal cord's ability to send and receive
messages to and from the brain.

A A person with SCI typically has some paralysi:
and decreased or loss of sensation below the
level of injury.

A A spinal cord injury can result from trauma,
such as a motor vehicle accident, violence, or
a fall: or a disease or disorder, such as a tumc
polio virus,spinabifida.

Figure: http://caosblog.com/4982



Spinal Cord Injury

A Spinal cord injuries usually begin
with a blow that fractures or '<
RA&f20F0Sa 2ySQ ﬁNI
RA&l1a UKIFOG YIF 1S EREFI2)y

Aaz2aid AyedzNASa R2 y2i
Instead, they cause damage when pieces of
vertebrae tear into cord tissue or press down
on the nerve parts that carry signals.

A SCl is very different from back injuries such as
ruptured disks, spinadtenosisor pinched
nerves.

Figure: http://okanclab.com/en/projects/spinalcordinjury




Degrees of Spinal Cord Injury

A A complete injury means that there is no
function below the level of the injury; no
sensation and no voluntary movement. Both
sides of the body are equally affected.

A An incomplete injury means that there is some
functioning below the primary level of the injury
A person with an incomplete injury may be able
to move one limb more than another, may be
able to feel parts of the body that cannot be
moved, or may have more functioning on one
side of the body than the other.



Levels of Spinal
Cord Injury

Cervical Region

A The level of injury is very
nelpful in predicting what
parts of the body might

ne affected by paralysigrertebroe —
and loss of function. == Lumber Region

A In incomplete injuries
there will be some
variation in prognoses.

Figure: http://www.ohsu.edu/thinkfirst/brain.htm

Thoractic Region

Sacral
Region

Coccygeal Region



Levels of Spinal Cord Injury

A Besides a loss of sensation or motor
functioning, individuals with SCI also
experience other changes. For example, they
may experience dysfunction of the bowel and
bladder, sexual functioning.

A Very high injuries (@, G2) can result in a loss
of many involuntary functions including the
ability to breathe, regulation blood pressure
or body temperature,and chronic pain



Early Treatment of CNS Injuries

A The main focus for the staff in the ER is to
stabilize the patient.The doctors and nurses
work under intense pressure and stress to try

to identify t
patient so t
necessary.]

ne injuries and then stabilize the
ney can go on to other treatment if
"hey worry about assuring a clear

alrway, stopping any bleeding, and identifying
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A CONTRAST WITH PNS
REGENERATION

WHAT A DIFFERENCE!



PNS Regeneration

A Damage to a peripheral nerve results in a
gradual but usually incomplete restoration of
sensory and motor function.

A The speed and precision of this recovery could
be facilitated by the surgical reapposition of the
two ends of the severed nerve.

A This suggests that if regeneration occurs in an
environment that retained continuity of the
proximal and distal ends of the severed nerve,
functional recovery will be far better.



PNS Regeneration

A On April 25, 1903, Henry
Head performed a nerve
transection and
reapposition experiment
on himself. (1905 paper)

A The purple shows the
territory normally
iInnervated by the radial
nerve.

cutaneous
nerve

Site of cut
External

Site of cut

Superficial
radial nerve

NEUROSCIENCE, Fourth Edition, Figure 25.3 ©2008 S inauer Assoc iates, Inc.



PNS Regeneration

A Schwann cells, the peripheral glial cells that
myelinate peripheral axons, and macrophages
Immune system cells that clear the
degenerating remains of severed axons,
produce a number of developmentally
regulated molecules that promote axon growth
and synapse formation such as neurotrophins.

A The extracellular matrix, within the spaces
defined by Schwann cell processes, provides &
condulit.



PNS Regeneration

Perineurium —__|
Nerve CUt\-- - ..

NEUROSCIENCE, Fourth Edition, Figure 25.4  (continued on the next 2 slides) © 2008 Sinaver Associates, Inc.



PNS Regeneration

<< A The distant portion

\! Growth degenerates and Is

cone phagocytosed by
macrophages. After the
debris is mostly cleared,
the proximal axon stump
transforms into a growth
cone, guided by the
adjacent Schwann cells.

/e

Macrophages
and axonal debris



PNS Regeneration

A When a peripheral axon is severed, the axon
segment distal to the site of the cut
degenerates.

A When the axon is crushed, more rapi
recovery occurs because the damag:
distal segments provide a helpful gul
to the regenerating proximal axons.

A Surgical reapposition facilitates preci
regeneration and better recovery of function,
especially of fine touch and movement.




PNS Regeneration

Proximal to injury Distal to injury
A A

: Injury to
. | peripheral nerve

Macrophages >
rapidly remove
myelin debris
Time — |
Expression of
growth-related
genes
5
Regenerated axon Proliferating Schwann
cells promote axon
regeneration

NEUROSC’ENCE, Fouﬂ'h Edition, Figure 25-5 © 2008 Sinauer Associates, Inc.



PNS Regeneration

Normal Denervated Reinnervated

Myelin
f Axon of
motor nerve

~Nerve cut
I 1" 1

Muscle fibers

A Following peripheral motor nerve damage,
distal motor axon regrows, and maintains the
postsynaptic specialization of the muscle
surface during the period of denervation.

NEUROSCIENCE, Fourth Edition, Figure 25.7 (Part 1) ©2008 Sinaver Assoc fates, Inc.



PATHOLOGY OF CNS INJUR

GETTING DOWN TO MECHANISMX



CNSPNS Peripheral Nerve

Regeneration

A In peripheral nerve regeneration, when
peripheral axons are severed, the neuron,
whether in a peripheral ganglion or in the CNS
regenerates the distal portion of the axon.

A Relatively successful cases in the CNS includk
spinal and brainstem motor neurons, whose
axons project into the periphery.

A It requires both a reactivation of the
developmental processes for axon growth and
guidance as well as initial synapse formation.



Peripheral Nerve Regeneration

Pre-injury Injury  Post-recover

" A Peripheral axons

can regrow through
@ @ @ vacated peripheral
nerve sheaths.

A They can eventually
%K reinnervate sensory
] specializations In
the skin or synaptic

sites on muscles.

Neuron in CNS or PNS

Peripheral target

NEUROSCIENCE, Fourth Edition, Figure 25.2 (Part 1)



Lack of CNS Regenerative Capacit

A An ancient Egyptian
papyrus acknowledges, S
a2 KSy e2dz SE[}El
with a dislocation of a '
vertebra of his neck, and
you find him unable to
move his arms, and his
f STIaxX ¢KSy &
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Photo: http://www.makingthemovie.info/2005/03/real-million-dollar-baby.html




Rare CNS Neuronal Replacemen

A Following injury, a neural stem cell (dark
purple) proliferates and gives rise to new
neuroblasts that then differentiate and

Integrate into the damagec

tissue.

A These new neurons (dark

ourple) make

connections with existing cells.

A Mechanism for this type of
controversial.

CNS repair is



Rare CNS Neuronal Replacemen

Pre-injury Injury Post-recovery

CNS source

Central or
peripheral target

A Wholesale genesis of new neurons to replace
those that have been lost

NEUROSCIENCE, Fourth Edition, Figure 25.2 (Part 3) © 2008 Sinauer Associates, Inc.



Rare CNS Neuronal Replacemen

Criteria

A Nervous tissue must retain a population of
multipotent neural stem cells able to give rise
to all of the cell types found in the mature
part of the brain.

A These neural stem cells must be present in a
RAAGUAYOU NBIAZY 2N a)
appropriate environment for the genesis and
differentiation of new nerve cells and glia.



Rare CNS Neuronal Replacemen

Criteria (continued)

A The regenerating tissue must preserve the
capacity to recapitulate the migration, process
outgrowth, and synapse formation necessary
to reconstitute local functional networks of
connections as well as long distance
connections.



Most Common Type of Brain Repal

A Surviving damaged nerve cells are restored.
A Prior to injury, glial cells (green) are quiescent.

A Immediately following the injury, the glial cells
grow, axons and dendrites degenerate and
connections are lost.

A Following recovery, some modest axon and
dendrite growth may be seen, but the
KELISNIUNRBLIKAO FftALFf OS
at the site of the tissue damage.



Most Common Type of Brain Repal

A Repair of existing neurons at and around a sitt
of injury In the CNS



