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Extonsion

(@} and {b) Anguiar movemoents: FBecon and extenson al the shoulder and knees {c) Angular mavements: lexion and exonsion

of the nock
( F Extenson

Rotavon
Latoral
rolaton
Modcial
rotaton
{d} Anguiar mevomonts: Peon {0} Anguiar movemonts: abaducton, adduction, (1) Rotaben of the hoad, nock, and lowor kmb

and extonsicn of the vertobral and circumduction of the uppar kmb at tho
column shoulder
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Plantar Flexion

Dorsiflexion

Dorsiflexion

Palmar Flexion
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Unsafe Safe Unsafe

Range Range Range
i e = -

Over pronation Pronation Neutral Supination Over supination
(Right foot)




Vertebral Column = .

o S vertebrae

* 33 bones in infants Qi

e 26 bones in adults W
* 5sections: '-'f'f'./:
— Cervical (7 bones) B
— Thoracic (12 bones)
— Lumbar (5 bones) ‘e
— Sacrum (5 fused bones) ) -
— Coccyx (4 fused bones) | - Lo
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Midbrain

Pons

Medulla

Basilar artery

Vertebral arteries




Thoracic Division

\

\

-

" NERVES
FUNCTIONS

Breathing (C1-4) and
head and neck movement (C2)

Heart rate (C4-6)
and shoulder movement (C5)

Wrist and elbow
movement (C6-7)

Hand and finger
movement (C7-T1)

| Sympathetic tone (T1-12)
(including temperature regulation)
and trunk stability (T2-12)

Ejaculation (T11-12)
[~ and hip motion (L2)

Foot motion (L4-S1)
and knee flexion (LS)

|___ Penile erection (52-54)
and bowel and bladder activity ($2-53)
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Spinous process

Meninges
Foramen

(filled with adipose tissue) Gray matter

White matter

. . Dorsal root
Inferior articular process

Ventral root
Superior articular process
Spinal nerve

Posterior tubercle of
transverse process

Anterior tubercle of

transverse process Nucleus pulposus

Foramen transversium Disc annulus

Vertebral body
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1 Central nervous system

\ E\Z Peripheral nervous system

Muscles 3\\
4 Synovial joint

// ,,.
Rigid link segment 5 “ f; 'll/l

Movement 6

External forces 7
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g y Deep plantar- |/
>~ -'l, - fhexors, and
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- o 3 22 3 Cuadeicaps

L— Recius

h
= * B _ : :
I oA flexors of toes; g femons
A - inkringic ool PR T
Hamat
| Tricaps muscles ngs -
- KU ) Tlt1l-lﬂ.|-5
_.-'"'—'- A& ST
*.‘E:
st -
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[A?l Heel strike (B) Loading .r_.ﬂ:s_ﬁnnse {C) Mi

d

stance (D) Terminal stance

(E) Preswing  (F) Initial & Mid-swing (G) Terminal swing

(initial contact) (foot flat) (heel off) (toe off)
I Push Off I
| Stance Phase (60%:) Gait Cycle | Swing Phase (40%)
| Double support | Single support | Double support | Single support
(10%] (40%) (10%) (40%)
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i Left step length g Right step length ——]

A//’T' Left foot angle
! Step width
Q?\L Right foot angle W

| Stride length l
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Normal man L oft

//I/// 8% 00 62% 2

| Right

Patient with avascular necrosis, left hip Painful limb

_ //////////,58,/,/////// 42%
Sound limb

Patient with osteoarthritis, left hip

007 2% 7)) 38% 7 Stance

Swing

Painful limb

‘V// 0% 7 R

/// /// 20% Y7z 89%

-

Sound limb

| | l | | | | | |
0 02 04 06 08 10 12 14 16

Time (s)

I |
1.8 2.0
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Epimysium

Tendon

Group
of Five
Muscle
Fibers/Cells

Endomysium
Nuclei
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Myofibril
(Actin) Cross Section at
_ Level of A Band
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(My®sin) Sarcomere Organization °:(:>fo
% "o Myosin
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SPINAL CORD

Muscle fibers

Motor unit 1

The Motor Unit

Branches of Myofibrils
motor neurons

-

‘/‘/r;uscle fiber
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Tension M.U.4

Threshold il

M.U.4 Max. Tension M.U.3

;

}

Max. Tension M.U.2

Y

A
Max. Tens*ion M.U.1

Threshold

M.U.3

Muscle Tension

Threshold

M.U.
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Unipolar neuron

Multipolar neuron

Bipolar neuron Pseudounipolar neuron
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Electrode Potential (V)
Zinc -0.760
Tin -0.140
Lead -0.126
Hydrogen 0.000
Silver (Ag) 0.799
Platinum 1.200
Gold 1.420

Ag/AgCl 0.223




1D >g,us)l > Jawwily Sl 9 U o Suys SjLw Qi




91,)S9ulog sl glgil
SN 9w 39S SoS W 91,59.bog ustl-1

IS0 PD 59w D9 kSl 1-1

Concentric Needle Electrode
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raw EMG (one channel)

vmw«wwwwww
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individual motor unit action
potential trains (MUAPTS)



tsdoaw 59,uSJl SoS @ 91,SeslogusIl -2




&5 :91,S94L0g,uS)l 51 Juol> 2uli juJUI
WS > A>lg b Ul Lulles -1

A. Motor unit
potential
B. Fibrillation
potential
C. Positive
sharp wave
0.1
m olt |_
5 msec
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(fasciculation) UguwVeSwlol-1-4

" ‘ 100 uV |
\ o0 ms

Fasciculation

(myokymic) SuouSoslo aul=>w 2-1-4

| | 200 uv \_
- e I e 20ms Myokymic discharge
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(fibrillation) Vguw ) a9 1-2-4

50 ms Fibrilation

(myotonic) Sweigslo Al 2-2-4

myotonic discharge



(positive sharp wave) jw o 90 3-2-4
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e ositive sharp wave

(complex repetitive discharge) odaxw S0 A= 4-2-4
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ANTERIOR Supra- POSTERIOR

<« clavicular >
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(C3-4)
Axillary
sup. lat.
cut (C5-6)
b Intercosto-
i A
iy \,_— brachial (T2)
cut. (c5-6) | Post. brach.cut.
]' Medial —— « Inf. lat. cut.
\ brachial cut Post
T1-2
A -2 antebrach. cut.
Lateral " .' ‘ Lateral
antebrachial — | Med:' i }«——— antebrachial
cutan. (C5-6) .‘ 3:?(&:‘2{_;? | cutan. (C5-6)
Radial
superficial
(C6-8)
Radial,
superficial
(C6-8) Uinar (C8-T1) «— Dorsal digital
Palmar Dorsal ——>
Palmar digital Dorsal digital
Proper palmar digital —,
Palmar
Proper palmar
Palmar digital

digital Median (C5-8)




Last tharadic narse (TH3]

Lak 2ut branch of
s—— Lat. ferm cut 0L2-3] Tshypoga i i ”\\‘

Lumbinguinal, af Supeior dunes
genitofemaedl [L1-F (post div, of L1317

Nioinguinal IL1)

Middle charweal
fpeas. div, oF 515 T

Prrfoesting cuk
nok cakaned

Fost. fem, cut
[51-3) E——

Cuk abhestor
kel ored

Anterior
— femaral Lat. ferm. cut
cutaneows (L2-3]
Lat. fern L2-3)
cut, L2-3)
Com, peraneal
Com, peroneal 4— lak. sural cut.
lag. sural cut L4-52]
L2-3) Saphenows, medial
oniral owt. (13-4}
Superiar peroneal
{LE-51)

— Madial sural cut.

Sural (51-2)
Sup, peroneal

La-51p

Tibial, readial
calcaneal (51-2]

Lateral dorsal cut.
Lateral calcaneal

Sural, lateral
dorsal cut. (57-2)

Deep peroneal
iL4-5)

VN il Gound ulacl
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2mV\

2ms

litude

Duration

onset Latency
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e
(/] ‘.."\.
FITAN
) ] “
[ ]
\ ' |
AL

Distal Proximal
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(Myasthenia gravis) gwgl)S susiawlbo 1-2-1

3 Hz

(Eaton-Lambert syndrome) O uwol vaul pyliuw 2-2-1

3 Hz
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Onset latency
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ACCOMODATIVE
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BEFORE

20 Year old female
Before After 3 months

= e ' B e :
Left ankle pain, left knee pain No ankle pain, no left knee pain Uncorrected (Ieft fOOt) Corrected (Ieft fOOt)
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SSaiew My b @S- 599 S jig,l 1-3

PLS 1-1-3

JMB 2-1-3




Midmalleolar trimline 3-1-3

Anterior malleolar frimline 4-1-3
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Fibula

Lateral
malleolus

Tibia
(shin bone)

Medial
malleolus

| SO

epicondyle

rii Gl Slgilgseiawl Caslish

Creater

g F trochanter

Head
Neck

Lesser
trochanter

Medial Lateral

W— epicondyle

Lisfranc Joint

Chopart’s Joint
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E |- HIP DIS-ARTICULATION
\.\ _ SHORT TRANS-FEMORAL
\\ | LONG TRANS-FEMORAL
“ = KNEE DIS-ARTICULATION
’ )
| . TRANS-TIBIAL

ANKLE DIS-ARTICULATION or SYME'S

CHOPARTS
~_—— LISFRANCS

-
-~ p—— . -]

TRANS-METATARSAL
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Chopart

Chopart Juoso g9 @ bgs o jigy -5-1
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Prosthetic Feet
(Examples of Commercial Products Currently Available)

No ankle Simulated
Response  motion motion Single-axis Multi-axis
No energy SACH Foot  SAFE Foot Single-axis Foot  Greisinger Foot
Energy Seattle Foot  Luxon DP Foot College Park

SACH. solid ankle cushion heel; SAFE. solid ankle flexible endoskelton; DP,
dynamic pylon.

7-8 cm




QOuter Lamination
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Socket

Pylon

Foot ————
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SOCKET
OPRA Implant System
OPRA Axor™ Il (connection device)
Prosthetic knee R OT ATO R
KNEE JOINT
PYLON
L

j Prosthetic foot
) . FOOT
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The Endolite Adaptive Knee
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YU pluil S jig)l
wliLinsSil S jug,l-1
wbaxo Jil 9,15 )b Swibiowl il 1-1




Swan Neck Deformity

PR Sy Sl aal> jig,l b Jil 3-1

DIP Fl/exnon (Bent) = — )
& ld ——— ‘ft .— Boutonmere
ﬁb\/f'j ' | /7 NN deformiy
.\___/ \‘\_":,/‘T ) < ] /-—ﬁd'/ , "_A_ % ) ‘__.’
PIPin / | _ Q) <
Hyperextension . S A

— Svwanneck
defommay

Swan neck splint

BOUTONNIERE

SPLINT Boutonniere splint
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(thumb spica splint ) cuoaw SSaww Jil 1-2

oligSOpponens jig,l 2-2
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Dynamic Attachment (sold separately).
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Scapular Acromion

Clavicle ]
Scapular Coracoid process
Scapula —
-~ Humeral Greater tubercle
1,
~Humeral head
|
J /> Humeral Lesser tubercle
Humerus | '

Humeral Coronid fossa
Humeral Radial fossa

Humeral Lateral epicondyle

| Humeral Mediéi epicondyle Humeral Capitulum

Radlus head
i

|
|

Humeral Trochea

Flexor digitorum sublimis

Supinator

Styloid Process

Carpus

| b ‘. \
Metacarpus.__,'_t_, N

Ik/x .'- y &7 |

Phalanges

e
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—SHOULDER DIS-ARTICULATION

— SHORT TRANS-HUMERAL

—LONG TRANS-HUMERAL

— ELBOW DIS-ARTICULATION

— VERY SHORT TRANS-RADIAL

— SHORT TRANS-RADIAL

—LONG TRANS-RADIAL

— WRIST DIS-ARTICULATION
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Co-anal plug to hand

Prosthetic hand Battery
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Parts of a below-elbow myoelectric prosthesis

control unit and
electrodes battery pack friction wrist

socket electric hand
© 2012 Encvclonadia Britannica. Inc.
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STANDARD NEUROLOGICAL CLASSIFICATION OF SPINAL CORD INJURY

LIGHT PIN
MOTOR deHT PN SENSORY
R 2 KEY MUSCLES R L R L KEY SENSORY POINTS
.......... M e e
83 .......... gg —1 =1 0 = absent i
""" — — 1 = impaired
C4 — C4 —1 —1 2 = normal
Cs5 | | L] Elbow flexors Cs | L || Ll | NT = not testable
Cé | | [_]| Wrist extensors L EY L
C7 | _| L_]Elbow extensors C7 || il i i
cs | | Finger flexors (distal phalanx of middle finger) C8 | || | L]
T L] : Finger abductors (little finger) e L L : L
T2 .......... T2 ——  — — T
T3 0 = total paralysis T3
= T as 1 = palpable or visible contraction T4 | 11 wm i
™ 1.b 2 = active movement, ™ [ 1 [
18 YE 7% gra_vify eliminated T6 = B = i e
""""" 3 = active movement, —1 —
T7 i , : T7
T8 ..... _. ..... aga.,nsl graw'y T8 —ro — —— T —
.......... 4 = active movement, — — —
L N against some resistance T9 o == = )
T L 5 = active movement, T10 B R B =1 5=
LI I e against full resistance A |
A2 Foot: bt NT = not testable T12 Bl | i
Lt 3% B i s 0
L2 | | |_| Hipflexors L2 [ || Tl {
L3 | | [_]| Knee extensors ES ANy i
L4 | | |_]| Ankle dorsiflexors L4 | L] 1 )
LS | | [ | Long toe extensors Ls | ||| L
S1 || [_] Ankle plantar flexors ST 1]
S2 . L, 82 Ll L
T 83 Ll e 8% Ll L L
84511 i} :] Voluntary anal contraction (Yes/No) S4-5 [ 1] [ ] Any anal sensation (Yes/No)
(4] = C__1PIN PRICK SCORE (max: 112)
TOTALS ]+ [J= [_] MOTOR SCORE MALERES {é'gl——* = ] LIGHT TOUCH SCORE  (max: 112)
NEUROLOGICAL R L COMPLETE OR INCOMPLETE? [ ZONE OF PARTIAL R L
LEVEL SENSORY G D Incomplete = Any sensory or motor function in $4-S5 PRESERVATION SENSORY D E
T MOTOR[ ] ASIA IMPAIRMENT SCALE [ ] i L ol | =
This form may be copied freely but should not be aitered without permission from the American Spinal Injury Association. Version 4p

GHC 1996
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Table 15
Projected Functional Outcomes at 1 Year Post-Injury by Level
Cl-C4 (%) C6 Cc7 C8-T1
Feeding Dep Ind. with adaptive Ind. with or w/o Ind Ind
equipment after set-up adaptive equipment
Grooming Dep Min assist with equip- Some assist to Ind. Ind. with adaptive Ind
ment after set up with adaptive equipment  equipment
UE dressing Dep Requires assistance Ind Ind Ind
LE dressing Dep Dep Requires assistance Some assist to Ind. with  Usually Ind
adaptive equipment
Bathing Dep Dep Some assist to Ind Some assist to Ind. with  Ind with
with equipment equipment equipment
Bed mobility Dep Assists Assists Ind to some assist Ind
Weight shifts Ind. in power Dep  Assists unless in power  Ind Ind Ind
in manual wc wC
Transfers Dep Maximum assist Some assist to Ind. on Ind. with or without Ind
level surfaces board for level surfaces
WC propulsion  Ind. with power Ind. In power:; Ind—manual with Ind.—except curbs Ind
Dep in manual Ind. to some assist in coated rims on level and uneven terrain
manual with adapta- surfaces
tions on level surfaces
Driving Unable Ind with adaptations Ind. Adaptations Car with hand Car with hand
control or controls or
adapted van adapted van
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Table 15 (Continued)

Potential outcomes for complete paraplegics

crutches or walker

12-T9 T10-L2 L3-85
ADL (grooming, feeding, Ind Ind Ind
dressing, bathing)
Bowel/Bladder Ind Ind Ind
Transfers Ind Ind Ind
Ambulation Standing in frame, tilt table, or Household ambulation with Community ambulation
standing wheelchair. orthoses. is possible
Exercise only Can try ambulation outdoors
Braces Bilateral KAFO forearm KAFOs with forearm crutches Possibly KAFO or AFOs,

with canes/crutches

knee—ankle—foot orthosis.

A W \

Adapted from Kirshblum SC, Ho C, Druin E, Nead C, Drastal S. Rehabilitation after spinal cord injury. In Kirshblum SC, Campagnolo D,
DeLisa JE, eds. Spinal Cord Medicine. Philadelphia: Lippincott, Williams and Wilkins. 2002, pp. 275-298.
Ind. independent; Dep. dependent; UE, upper extremity; LE, lower extremity; w/c, wheelchair; ADL, activities of daily living: KAFO,



Sample Physical and Occupational Therapy Prescription

Diagnosis: C7 ASIA A Tetraplegia

Goals: see outlined goals

Precautions:  Skin, respiratory, sensory, orthostasis, safety, risk for autonomic
dysreflexia and others as needed for the specific patient—i.e.,
bleeding if on Coumadin.

Physical therapy:

* PROM to bilateral LE, with stretching of hamstrings and hip extensors.

e Mat activities.

» Tilt table as tolerated. Start at 15°, progress 10° every 15 min within
precautions up to 80°.

* Sitting balancing (static and dynamic).

* Transfer training from all surfaces including mat, bed. wheelchair and floor.

* Wheelchair propulsion training and management.

* Teach and encourage weight-shifting.

* Standing table as tolerated.

* Deep breathing exercises.

* FES for appropriate candidates.

* Family training.

e Community skills.

* Teach home exercise program.
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Occupational therapy:

* Passive, active-assisted, active ROM/exercises to bilateral UEs.

* Allow for some finger tightness to enhance grasp.

* Bilateral UE strengthening.

* Motor coordination skills.

* ADL program with adaptive equipment as needed (dressing, grooming, feed-
ing).

* Functional transfer training (bathroom, tub, car, etc.).

* Splinting and adaptive equipment evaluation.

* Desktop skills.

* Shower program.

* Kitchen and home-making skills.

* Wheelchair training (parts and management).

* Home evaluation.

* Family training.

* Teach home exercise program.




