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Locomotion/
ambulation

e

Walking/
gait
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Stance and Swing
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* What Is Normal Gait?
-- Gait of Normal People.

* \What Makes Normal
People Walk Normally?
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Simple Model of Bipedal Walking
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Normal COG Movement




Normal COG Movement
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Six Determinants of Gait

n mid-70’, Imman and Ralston

Pelvic rotation in the transverse plane.
Pelvic obliquity in the coronal plane.
Knee flextion in stance phase

Knee motions

Ankle motions

Lateral displacement in the coronal plane.




Effect of Pelvic Rotation
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Effect of Pelvic Obl




Effect of Knee Flexion
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Effect of Ankle Motion
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Facts against Inman’s theory
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Facts against Inman’s theory

CoG at highes

£
10
-
c
o
S
o
8 -
)
o
2
5 -
(0}
o
O -

_~ Pelvic Obliq at Max

Pelvic Obliq (deg)




Vertical Excursion of COG

 The smaller, the better and more efficient?
* Maybe not!!
* “Inverted Pendulum” model




Inverted Pendulum Model




Vertical Excursion of COG

The smaller, the better and more efficient?
Ortega et al. 2005 J Appl Physiol

Relationship between vertical movement
and metabolic cost with "flat-trajectory
walking® — Minimum COG excursion

2 times of Energy at 69% dec of excursion



Normal Gait
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Requirements

« Stable stance without collapse,
fall

 Clear swing without obstruction
or retardation

« Safe and smooth (non
traumatic) transference of body
weight from a leg to the other



O| XI (Prosthesis)
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Below Knee Amputation
(Transtibial Amputation)
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Above Knee Amputation
Transfemoral Amputation
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Boyd Amputation (Ankle level)




The World's Fastest Amputee

* Marlon Shirley: 10.97
seconds in the 100m
T44 class sprint at the
Utah Summer Games
held in Cedar City,
Utah, USA.




Level of Amputation

Above Knee (AK) or Below Knee (BK) or
Transfemoral amputation Transtibial amputation




Energy Consumption

Qg COST (ml/kg-meter)

TT  Normal
AMPUTATION LEVEL
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Prosthetic Prescription
Prosthetic Component - Transtibial

« Socket: interface

« Suspension: attach

» Shank: long bones

» (Joints)

« Foot&ankle assembly




Suspension



Thigh Corset




Prosthetic Prescription

BK Suspension

Cuff suspension - most common Medial wedge suspension



DId BK Prosthesis

Anterior



Prosthetic Prescription

Roll On Locking Liner
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Prosthetic Prescription

Roll On Locking Liner

Shuttle lock Lanyard lock

|1\




Prosthetic PRiSﬂOt@h LOCking Liner

Shuttle lock




Prosthetic Prescription

Hypobaric Sealing Membrane

Seal in locking system




Prosthetic Prescription

Hypobaric Sealing Membrane

Seal in locking system




Prosthetic Prescription

Augmented Vacuum Systems

Harmony VASS (Vacuum Assisted Socket System)



Prosthetic Prescription

Augmented Vacuum Systems

Harmony VASS (Vacuum Assisted Socket System)



Prosthetic Prescription
Prosthetic Component - Transtibial

« Socket: interface

« Suspension: attach

» Shank: long bones

» (Joints)

« Foot&ankle assembly




Prosthetic Foot



'»TABLE 3 Overview of Prosthetic Feet and Ankles

e
“Ggeneric Class

Basic Function

Primary indication

| Major Advantages

Chief Limitations

Simplicity

Limited ambulation
or maximum
durability required

|

Z ;
| Inexpensive and

durable

Rigid forefoot; not
energy-efficient

Rapid foot flat

To enhance knee
stability

Biomechanical
stability in early
stance

Abrupt dorsiflexion
stop increases knee
hyperextension
moment; increased
weight, maint-
enance, initial cost

Hindfoot
inversion/eversion;
internal/external
rotation

To accommodate
uneven surfaces

Reduces stresses on
skin and prosthesis

Increased weight,
maintenance, initial
cost

Smooth, easy
rollover

To make ambulation
easier

Comfortable and
reliable

Limited pushoff;
increased cost

Dynamic pushoff

To increase activity
level

Subjective sense of
dynamic
responsiveness

Increased cost

Copyright John W. Michael, All rights reserved.




Prosthetic Prescription

Foot and Ankle Assembly
Solid Ankle Cushion Heel (SACH)
ele]




Prosthetic Prescription

Foot and Ankle Assembly
Single Axis Foot

metal single axis joint

dorsiflexion stop

wood keel
. foam rubber

plantar flexion bumper




Prosthetic Prescription

Foot and Ankle Assembly
Single Axis Foot




proste@ @k @mtbANKle Assembly
Multi - Axis Foot

rubber rocker block
rocker inset




Prosthetic Prescription

Energy Storing Foot - Flex
Foot







Prosthetic Prescr/ptlon

Ceterus
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uxon Foot
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HEEL LOADING TOE LOADING
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Prosthetic PrescriptEn
uxon Foot




Prosthetic Prescriptio
Prosg oekAdbsorbers and rotatory

unit




Prosthetic Knee



Components of AK prosthesis

« Socket - Interface
* Suspension
« Knee Unit

 Shank
— -exo vs. endoskeleto

 Foot and ankle asse




Length of Stump




Length of Stump




Length of Stump




Length of Stump




Prosthetic

i TABLE 4 Overview of Prosthetic Knees

Generic Class

Basic Function

Primary Indication

Major Advantages

Chief Limitations

Single axis | Simplicity Single-speed Inexpensive and Fixed cadence and

| (Constant friction) | walking only if hip durable low stability

| | control is good or
| better or when
maximum durability
, is required
|
| Increased General debility; Improved knee Delayed swing phase;
| weight-bearing poor hip control stability must unload fully to

stability flex or sit

Positive stability and
ease of flexion for
swing phase; special
design available that
provides sitting
cosmesis for long
residual limbs

| To enhance knee

| stability; special
design available for
knee disarticulation

Stable without
disrupting swing
phase; special design
provides cosmesis
for long residual
limbs

Increased weight,
maintenance, initial
cost

Knee of last resort

Ultimate knee
stability

Eliminates knee
flexion

Abnormal gait;
awkward sitting

Permits cadence

| change;
| micro-processor
| control offers most

normal gait pattern

Able to vary walking
speed

Variable cadence;
more natural gait;
hydraulic stance
control adds stability

Increased initial cost;
may involve
increased weight or
maintenance

Copyright John W. Michael, All rights reserved.
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44 nae 27

Requirements

« Stable stance without collapse,
fall

 Clear swing without obstruction
or retardation

« Safe and smooth (non
traumatic) transference of body
weight from a leg to the other









Outcomes of Prosthetic
Rehabilitation

WA




Prosthifdrescldnit — Single Axis with
Constant Friction




Prosthetiizrescripti

nee Unit - Safty knee




Prosthetic Prescription

Knee Unit - Polycentric knee

Stable at stance
Shorten leg at swing




ProsthetidQmetitdnit - Hydraulic
QEE

- Knee Boll

. Piston Rod Balt
- Selector Switch
for Locking Knee
= Piston Rod

—— Jwing
Adjustment

Hydraulic
Cylinder

— Cylinder
Stud




Prosthetic Prescription

Knee Unit - Hybrid

e Stable at stance
« Shorten leg at swing

« With swing cadence
control




Geometric Lock

Seven Axis = STABILITY

« Enhanced stability over
4-Bar systems.

» Less hip extensor action
required for knee
stabilization.

Geometric Locking

Elements i _ ® Upper 4 AXCS CIOCk,
w° under heel load.

* (Cannot release until toe
load 1s applied.
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Shock absorbing mechanisms to
reduce impact forces
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Knea flaxon
In garly stanca
Tor shock absoption

i es allow a controlled amount of flexion
curing initial weight bearing ¥ion) to simulate a more
normal gait pattern and to some of the impact of walking on
an artificial limb. {Picture courtesy of Otto Bock)

Linda J Marks, John W Michael. BMJ 2001;323:732-5Clinical
review: Science, medicine, and the future, Artificial limbs



M/29 SDS




AK Hydraulic Knee




Outcomes of Prosthetic
Rehabilitation







Swing and Stance Phase Control

Mauch Knee C-leg Rheo knee






Recent Advances in Transfemoral
Prosthesis — Stance Phase




Recent Advances in Transfemoral
Prosthesis — Stance Phase
Control







Microprocessor controlled
movement




Mountain Climber
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Level of Amputation in U/E

Lipper Extremoy Prostherics




Upper Limb Prosthesis
















Myoelectric Hand Video Clip
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