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SCI)

OBJECTIVES
THE
PARTICIPANT
WILL BE
ABLE TO
DESCRIBE:




DEFINITIONS

SCI is an injury to spinal cord resulting in changes to motor,

sensory, and autonomic function
Tetraplegia (Quadriplegia)
damage to spinal cord (between C1 to Tl) affecting all 4 extremities
Paraplegia

damage to spinal cord (between T2 to S5) affecting trunk, lower

extremities, and pelvic organs



SCI: INCIDENCE & ETIOLOGY

INCIDENCE (2024)
18,000/Year
54.1 million
worldwide

INCIDENCE (2024)
305,000 in US
Spinal cord injury
54 incidence per million

The average lengths of stay in the
hospital acute care unit have declined
from 30 days in the 1970s to 19 days
since 2015.

The average rehabilitation lengths of
stay have also declined from 110 days
in the 1970s to 37 days since 2015.

Most Common Causes
of Traumatic Injuries:
Motor Vehicle Accidents
(MVA) 38%

Falls 30%
Violence 13%
Sports/ Recreation 9%

Most Common Ages
Young Adults 16-30 (47%)
Average age 43
Most Common age 19


https://www.bing.com/search?q=2024+united+states+spinal+cord+injury+statistics&form=ANNH01&refig=68f64fdd08bc48a698fc413aa51578fe&pc=U531&pq=2024+united+states+spinal+cord+injury+stati&pqlth=43&assgl=48&sgcn=2024+united+states+spinal+cord+injury+statistics&qs=NWF&sgtpv=NWF&smvpcn=0&swbcn=5&sctcn=0&sc=5-43&sp=2&ghc=0&cvid=68f64fdd08bc48a698fc413aa51578fe&clckatsg=1&hsmssg=0

TRENDS IN SPINAL CORD INJURY
DEMOGRAPHICS 2023 I1 ‘? ~18,000
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-SCI costs yearly $9.17
billion (CDC, 2008) Age 43 years old (Average)
_Pressure sores to SCI  C¢nder Male 79% - Female 21%
patients alone cost Residence At Home 88%
$1.4 billion (CDC, Causes Of Pneumonia, Pulmonary Embolism
2008) Death (PE), Septicemia

—~Mortality is highest in

Classification 47% Tetra; 52% Hemi

first year after injury Life Expectancy Slightly Below



SCI: PROGNOSIS/LIFE SPAN POST INJURY

Paraplegia: slightly less than normal

Tetraplegia: slightly less than paraplegia

The higher the level of injury the more negative effect on life expectancy

Mortality highest in first year and among older individuals-

Leading causes of death
First year Respiratory/ pneumonia is most common cause of death
First 5 years risk of DVT/PE approx. 20% higher than general pop.
Heart disease- secondary to decreased lean muscle and sedentary lifestyle

Septicemia secondary to HAI

Poorer outcomes for cervical injuries in individuals over 50 y/o.



ANATOMY & o ) o
PHYSIOLOGY e structure of the segments of the spine

* Spine
* Cervical (C 1-7)
* Thoracic (T 1-12)
Lumbar (L1-5)

Sacral (S1-5 fused
in adults)

Cervical

°
=3
S5

Coccygeal (3)

“Landmarks”



 Atlas (C-1)
* Supports the “globe” (head)

* Ring-like structure permits
rotation of head

» Axis (C-2)
* Forms pivot C1 rotates on

e Allows flexion and extension
of head

e Instant death



SEGMENTS OF THE SPINAL CORD

T12-Ll

Below that level, nerves exit to the
legs/feet, bowels, bladder, and
genitals

End of cord is called conus
medularis

Nerves exiting cord are called
cauda equina (“horse’s tail™)

The Spinal Cord terminates around O




Elongated, cylindrical continuation
of the medulla oblongata

Insertion: cranial border of atlas

Terminate: lower level of first
lumbar vertebra (L1)

Average Length in adult: 45 cm
Average Weight in adult: 30 gm




Subarachnoid cavity Subdural cavity

SPINAL CORD

* Surrounded by 3 meninges:

* Dura mater (outer layer) to S2  ramaer

Arachnoid mater ok S : Spinal nerve
Dura mater Subdural cavity

* Epidural space

» Subdural space
 Arachnoid mater to S2

* Subarachnoid space holds 75ml CSF to protect cord
* Pia Mater

* Vascular

* Closely adheres to cord



THE SPINAL NERVES

* Cervical (1-8)
* Cl1-C3 = neck
* C3-C5 = diaphragm
* C4 = shoulders, deltoids (shrug shoulders)
* C5 = shoulders, biceps (bend elbows)

* C6 = outer forearms (bend wrist back), thumbs,
15t and 2™ fingers

 C17 triceps (straighten elbow), 3*¢ and 4 fingers

» C8 = 5™ fingers (bend fingers)



THE SPINAL NERVES

* Thoracic (-12)
* T1= inner forearms (spread fingers)

» T2-12 = chest, intercostals, upper
back, abdomen

* T4 at nipple line

e T10 at umbilicus line




THE SPINAL NERVES

* Lumbar (1-5)
* L1 = suprapubic
* LZ = upper thighs (bend hips)
* L3 = mid thighs, inner thighs, knees,
upper calves (straighten knees)

* L4 = lower thighs, inner calves, 15 toes
(pull foot up, dorsi flexion)

* L5 = outer thighs, outer calves, dorsal
ankles, 2™ to 4" toes (wiggle toes)



THE SPINAL NERVES

» Sacral (1-5) ),
* S1 = back of legs, outer ankles, — =
outer feet, 5™ toes (push foot down,
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LEVELS OF SPINAL NERVES

0 Breakfast At Eight =———
. Cervical (&)

Controls: Diaphragm,
Chest Wall Muscles,
Arms, Shoulders

Thoracic (12)

Controls: Upper Body,
Gastrointestinal Functior

Lumbar ()
Sacral (D)

Controls: Lower Body,
Bowel & Bladder

STMILER

LEVELS
OF
SPINAL NERVES

Old terminology for
injury
 Para - Ionic Greek
"half-stricken".

e Quadri - Latin for
“four”

* Plegia - Greek for
“stroke” or ‘““to strike”



NEW NOMENCLATURE
OF SCI

* Hemi - Greek for “Half”
* Used to describe paralysis
of one half of the body
 Para- Greek for “half affected”

* Used to describe
paralysis/paresis of lower
limbs

e Tetra — Greek for “Four”

* Used to describe paralysis
/paresis of all 4 limbs




PATHOPHYSIOLOGY:
TYPES OF SPINAL
CORD INJURY

 Total disruption of the cord

 Complete loss motor & sensory
function below level of injury

* Some preservation of motor or
sensory functions below level
of lesion



Muscle Function Grading

lotal paralysis

1 Patpate o vl contzcion

\clive mavement, full range of motion (ROM) with gravity elminated
1 movement ful ROM against gty

\clive movement, full ROM agamst gravity and

ASIA Impairment Scale (AIS

Steps in Classification

omplete. No sensary or motor function s preserved
sacral segments $4-5.

5= Sensory ncamplte. Sy ut ot fncin

4
musde speciic posiion
6 = (Nommal) actve mavemen, ull ROM against graviy and ful esistance in a
functional muscle posiiion expected from an otherwise unimpaired person

NT = Not testable i. dusto immobilzatn, severe pain such that he it
«cannot be graded, amputation of mb, or contractura of > 50% of the normal ROM)
0',1%, 2%, 3%, 4", NT* = NonSCl condiion presert

Sensory Grading

level and incudes the:
sotralsoqments S5 gt ouehcr i prcka S5 1
deep anal pressure] AND no motor function i preserved
miore than tree levels below the molor level on either side
of the bady.

= Motor Incomplete. Motor function is preserved at e
st ouda el segrerts o voinary el cortacon
VAC) OR the patient meets the cieia for sensory

bsent 1 = Atered, either

=Normal NT = Nottestable

0%, 1%, NT* = Non-SCl condition present *

“Note: Abnormal motor and sensory scores should be agged i a * o indicate an
impairment dus t a non-SC1 conditon. The non-SCI condiion should be explained
i1 the commants bos togsiher with infomnatian about how the score s raied for
classficaton purposes (ateast nomnal/ nok normal fr cassificaton).

In a patient with an apparent AIS B classification, non-key muscle funcions
more than 3 levels below the molor level on each side should be tested to
most accurately classily the injury (differentate between AIS B an

Movement Root level
Shoulder: Flexion, extension, adbucton, adduction,

internal and extemal rotation 5
Elbow: Supination

Elbow: Pronation o
Wrist: Flexion

Finger: Flesion at prosimal jin, extension o

Thumb: Flexion, extension and abduction in plane of thumb
Finger: Flexion at WCP joint

Thumb: Oppcstio. acducicn and abducicn c8
perpencicuar o pam

Finger: Abccton o e index fnger m
Hip: Acducion L2
Hip: Extemal rotatizn L3
“ Ethsmr\ abduction, internal rotation
At =
Toe: WP and P extension

Hallax and Toe: DIP and PIP foion and abdction

Hallax: Adduction st

function preserved at the most
caudal sacralsegments S4-5by LT, PP orDAP),and has
some sparing of motor unction more below

for determiring the classiication of
dividuals with SC1

1. Determine sensory levels for right and left sides.

The sansory level s the mest caul, intact cormatome o bl pin prick
andighttouch sansation

2. Determine motor levels for right and left sides.

Defiect by the lowest ey muscie function that has a rad of at least 3 on
supie fo

atove that lavel aro juigect 10 b0 intae (graded a5 2 5.

Note: i egions ere i 70 myclom 0 est, the molor evelis

1 0 be the same as th sanscry fevel, i wstable motor function
above thatleve s aisz nomal.

3. Determine the neurological level of injury (NLI)
This refers lo the mos! caudal segment of the cord with intact sensation and
anigavy (3 of more] musel nctan sirength, roded nat e s nomal

the ipsialeral molorlevel on either s of the body.

(This includes key or non-key muscle functions to determine
motor incomplete status.) For AIS C - less than half of key
muscle funcions below the single NLI have a muscle

grade 23,

D= Motor Incomplete. hotor

The AL the sensory andm
stops 1and2.

4. Determine whether the njury is Complete or Incomplete.
(ie. absence or presence of sacval sparing)
I veluntary anal contraction = No AND aff $4-5 sensary scares = 0

defined above, ith a east half (nell or more) of key muscle
functons below the single NLI having a muscle grade 2 3.

E = Normal. ifsensation and motor functon s tested with
the ISNCSCI are graded as normal in al segments, and the
patient had prior deficts, then the AIS grade is E. Someane
without an inital SCI does notreceive an AIS grade.

Using ND: To document the sensary, motor and NLI levels,
the ASIA Impairment Scale grade, andlor the zone of partial
preservation (ZPP) when they are unable to be determined
based on the examination resuls

AMERICAN SPINAL INJURY ASSOCIATION

INTERNATIONAL STANDARDS FOR NEUROLOGICAL
CLASSIFICATION OF SPINAL CORD INJURY

Page 22

=N, than iy Is Complte.

Othenise, iy is Incomplate.

5. Determine ASIA Impairment Scale (AIS) Grade.
Is injury Complete? If YES, AlS=A

NO {
Is injury Motor Complete? If YES, AlS<
o (Nosvounary anal conracton O moor
function more than three levels below the mator
level on a given sid, i the patient has sensary
incomplete classificaion}

Are at least half (half or more) of the key muscles below the

graded 3 or better?
NO { YES ‘
AIs=C AIS=D

W somaatkn anc motor tnction i norml i allsegriants, AIS-E
Note: Al Eis used i folow-4p festing when an idividual wiha documented
Scihas wnction. f 2t
indvidual i neuralogically ASIA I

6. Determine the zone of partial preservation (ZPP).
Thu P2l oy o sk () OR sy

5£5 ool b s et o yolones castl b sy
vl nnenvaled.

sansory ncion, he sansory ZBP s ot agplcable and herelre NA” s

recordad in the block of he worksheel Accardingly if VAC i present, the

motar ZPP i o applcable and is noted & NA

INTERNATIO
STANDARDS

NEUROLOGIC
CLASSIFICATIO

A VA" = q

.\...\M .-.” NILIRY ASSOCIATION

INTERNATIGNAL STANDARDS FOR NEUROLOGICAL
cmsswmmu OF SPINAL CORD INJURY
(ISNCSCI)

ISC®S

Patient Name:

Date/Time of Exam

Examiner Name

Signature

RIGHT

Elbow flexors C5

UER Wiist extensors C6
(Upper Extremity Right) Elbow extensors CT
Finger flexors C8

Finger abductors (little finger) T1

MOTOR
KEY MUSCLES

Light Touch (LTR) Pin Prick (PR}

c2
C3
c4

Comments (Non-key Muscie? Reason far NT? Pain?
Non-SC1 condition?):

T2
T3
T4
T5
T6

T8

Dorsam

SENSORY
KEY SENSORY POINTS
Light Touch (LTL)  Pin Prick (PRL)

MOTOR
KEY MUSCLES

LEFT

c2

C3

C4

C5 Elbow flexors

C6 Wrst UEL

€7 Ethow extensors (Upper Extremity Left)

C8 Finger flexars

T1 Finger abductors flittle finger)

T2
T3 (SCORING ON REVERSE SIDE)
T4 = Total paralysis
T5 1= Palpabie or wisible canfrachon

2= Active movement, gravty aliminated
T6 3= Active movement, againe! graviy

clive movement, Sgainst same resistance
chive movement, 5gav's:.’hl' resisiance

T = Nat testabis

2% 3, &, NT* = Non-5C1 condiion present

T * Key Sensory 9
Points
SENSORY
;I:Ig I:E (SCORING ON REVERSE SIDE)
T = Mot Teatath
T2 T2 0 1 = o501
L1 L1 candifion pressat
Hip flexors L2 L2 Hip flexars
LE Knee extensors L3 L3 Knee ex!er!so.rs LEL
(Lower Extremity Right)  /\nkle dorsiflexors L4 L4 Ankle dorsifiexars  (Lower Extremity Left)
Long toe extensors LS LS Long toe extensors
Ankle plantar flexors §1 S1 Ankle plantar flexors
52 52
(VAC) Voluntary Anal Contracti 83 83 (DAP) Deep Anal Pre.
luntary ontraction ep Anal Pressure
(vesto) ] 54-5 845 T fesio
RIGHT TOTALS | | LEFT TOTALS
(MAXIMUM) 50 (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
ver[_ J+ueL[  |=uewstorac[ | e[ |+ee[ | =tewstora[_ ] wR[__Jeu [ J=trrom[ | eer[ |+peL[__ | =prroac[ |
MAX (25) (25) (50) MAX (25) {25) (50) MAX  (56) (56) 112) MAX (56) (56 (112}
NEUROLOGICAL R L 4, COMPLETE OR INCOMPLETE? {in injuries with shsant mator OR semsary function in S48 anfy) R L
LeveLs rsensor[ [ ]  AEUROLOGICAL incomptis =y sunsry o et onin 64.5 L—1 6. ZONE OF PARTIAL  sensory[ ][]
s st worop—] [ iy S ASUMPARMENTSCALE () [ ], PRESERVATION -~ oror[——] [

Page 12

N TOOL

t a0

This form may be copied freely but should not be altered without

from the A

fodt REV 04/13

Spinal Injury A


https://www.asia-spinalinjury.org/wp-content/uploads/2019/04/ASIA-ISCOS-IntlWorksheet_2019.pdf

SACRAL SPARING

QAR
1] ) |
~83
J

[ \/ ] v
| y |
[ |7~ s Sacrum g4_4

Used to help diagnose whether a
person’s spinal cord injury is complete
or incomplete.

With complete spinal cord injuries, all
sensory and motor functions below the
level of injury are affected because
signals from the brain cannot travel past
the spinal lesion.

With an incomplete SCI, some neuronal
connections remain, allowing information
to be communicated past the level of
injury. This results in a greater possibility
of functional recovery.



NEUROLOGICAL CLASSIFICATION OF SPINAL CORD INJURY (ISNCSCI)

A B C D E

Complete Sensory Motor Incomplete Motor Normal

There is no Incomplete. There is voluntary Incomplete Although
sensory There is anal sphincter The same as hyperreflexia
sensation some contraction, with C, with the may be present,
or motor sensation at some motor exception normal sensory

function in the level function to three that most and motor
S4 or S5. below the levels below the of the key recovery are
injury, motor level of the muscles are exhibited.
including S4 injury, but most of fairly
and S5. the key muscles are strong.




SPINAL CORD INJURY BASICS

« Communication is blocked SPINAL CORD INJURY
(Paralysis Below The Level Of Injury)
* MOtor Injuries TC-4 = Paralysis of
respiratory muecl.etfa AND
 Sensory WO bl I O
e Reflex Higher the injury

Greater the loss
of function.

* Higher the Injury, the more
loss of function the patient

Temperature Kegulation

Problems | Level

£ 11ai
of Injurv... o
' J y o

will experience.

 Each person’s recovery is
different



SOME EFFECTS OF SCI

Loss of bowel
Loss of movement Loss of sensation and/or bladder
control

Exaggerated reflex
actions or spasticity

Neuropathic pain
(intense stinging
sensations, shooting
burning pain,
tingling, numbness)

Change in sexual
function, sexual
sensitivity and
fertility

Autonomic
Dysfunction




Cardiovascular
Bradycardia caused by unopposed vagal tone

Impaired temperature regulation (poikilothermia) due to inability
to sweat or shiver below injury

Cardiac dysrhythmias (in first few weeks especially severe injuries)
Blood clots (3x higher)

Respiratory

C1-4 paralysis of diaphragm, C4-T6 paralysis of intercostals and
abdominals, T6-T12 paralysis of some abdominals

Pneumonia common complication (trach increases risk)

Wean from vent if possible - home vent management is difficult



SCL: SYSTHRN MIANIFESTATIONS
—~Metabolic and musculoskeletal
_~Negative nitrogen balance

U

~Decreased metabolic rate and expenditure of energy
_~Hypercalcemia or hypercalciuria

_~Altered secretion of pituitary derived hormones
_~Heterotopic ossification

_~Contractures

_~Muscle spasms

_~Gastrointestinal
_-Slowed peristalsis 2 paralytic ileus
_Increased acidity 2 GI bleeding
_~Pancreatitis (initial injury)
_~Abnormal liver function (trauma)
_~Neurogenic bowel

Osteoporosis
Osteoporosis is a condition Affects over
characterised by a reduction 200M people
in bone mass, which can worldwide
lead to fragility fractures R Y, na pevis

Bone loss in SCI
& 0
el =

x2@

Doub

Neurovascular
changes

fracture
te

Disuse of limbs le
ra

First 18-24 months +18-24 months

Acute phase: Chronic phase:
Rapid bone Slow but ongoing
resorption bone loss

Diagnose and Prevention
BMD Testing Essential for assessing
(DEXA) fracture risk

&)
Calci
P
RS S f

Early [©) N\
intervention

Exoskeleton-Assisted therapy |

May:

TﬁTﬁT
e rmecnous R |




—~Genitourinary
—~Neurogenic bladder
_~Urinary outlet sphincter dysfunction
_~Autonomic dysreflexia

_~Sexuality
—~Males
_~Reflexogenic vs. psychogenic erection
_~Change dependent upon level of injury
_—~Sperm, fertility, erection, ejaculation
—~Females
_—~Menses stops then resumes in 6 -12 months
_Fertility unchanged
_~Should be under care of OB/GYN Specialist

_—~Autonomic Dysreflexia (AD) may be problem during pregnancy and
delivery




—~Psychosocial

_Stressors: quality of life, lifestyle
changes, employment changes,
relationships, etc.

_~Losses: sensation, mobility, bowel and
bladder, sexual function,
independence, roles, self-esteem

—~Emotions and behaviors: anxiety,

frustration, anger, fear, denial,
depression, sensory overload



RESOURCES/LINKS:

—~ Atlanta Brain and Spinal Cord Injury Rehabilitation | Shepherd Center

 The Christopher & Dana Reeve Foundation | Paralysis Foundation
(christopherreeve.orqg)

.~ Home (pva.orqg)

— Spinal Cord Injury Rehabilitation | SCI Physical Therapy Center
(craighospital.org)

— Spinal Cord Injuries and Disorders System of Care Home (va.gov)



https://www.shepherd.org/
https://www.christopherreeve.org/
https://www.christopherreeve.org/
https://pva.org/
https://craighospital.org/spinal-cord-injury-rehabilitation
https://craighospital.org/spinal-cord-injury-rehabilitation
https://www.sci.va.gov/

Tetraplegia: C 1- 8, most common levels of injury for cervical area are C-5, C-6, C-7

Paraplegia: T-1 and below, most common levels of injury for thoracic/lumbar areas are L-1, L-2
Complete - No motor or sensation in lowest sacral segment

Incomplete - Partial loss of motor or sensation including lowest sacral segment

Upper Motor Neuron Injury- Lesions above T12-L1
Injury is to the spinal cord

Loss of control over all reflexes below the level of injury
Spastic paralysis, Reflexes intact- Spasticity

L ower Motor Neuron Injury- Lesions below T12-L1

Injury is to the conus medularis and cauda equina
Loss of reflex arc

Flaccid paralysis, No reflexes — Flaccid
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