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ANATOMY OF THE LEG
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JOINT STRUCTURE

(SYNOVIAL)

« MOST COMMON JOINT IN THE BODY

Synovial Joint ' « ENCLOSED IN A MEMBRANE WHICH

| SECRETES SYNOVIAL FLUID INTO THE
JOINT CAVITY, WHICH NOURISHES
AND LUBRICATES

f iy \ « BONES CUSHIONED BY ARTICULAR
Articular cartilage ] ' CARTILAGE WHICH ALLOWS FOR
Fibrous joint capsule 4 e MOVEMENT OF THE JOINT

* TYPES OF SYNOVIAL JOINTS:

Joirt cavity filled .~
with synovial fiuid R DY LOID

Ligamerts * | 3\ * BALL AND SOCKET
| 3 “»,SADDLE
* HINGE
« PIVOT
+ .GLIDING
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KNEE JOINT

The lateral collateral

ligament (LCL) runs on
the outside of your knee.
It limits sideways motion.

Articular cartilage
lines the bones, cush-
ioning your joint.

The medial collateral

T':':::rlu cruciate
(ACL) connects
the femur to the tibia in
the center of your knee.
It limits rotation and
the forward motion of
the tibia.

ligament (MCL) runs
down the inside of your

knee joint. It connects
the femur to the fibia
and limits the sideways
motion of your knee.

The meniscus is
cartilage that absorbs
shock in your joint.

The posterior cruci-
ate ligament (PCL)
also conneds the femur
ond tibia. It limits back-
ward motion of the fibia.




KNEE JOINT

« THE KNEE FUNCTIONS AS A SELF MAINTAINING,
JOINT AND LOADING ZONE. THE PURPOSE OF
WHICH IS TO ACCEPT AND TRANSFER BIO-
MECHANICAL LOADS BETWEEN THE FEMUR, TIBIA,

PATELLA, AND FIBULA, AND ALLOW FLEXION AND
EXTENSION OF THE LOWER LEG.

NSYNOVIAL COMPLEX CONDYLOID JOINT

* CONDYLOID JOINT IS WHERE THE TWO BONE
SURFACES FIT TOGETHER IN A ObD SHAPE

* ONE SURFACE IS CONVEX - THE FEMUR
« ONE SURFACE IS CONCAVE - THE MENISCUS



KNEE MECHANICS

* L OADING SHOCK ENERGY IS PRIMARILY
DISSIPATED IN THE KNEE

« TYPICAL KNEE RANGE OF MOTION IS
150° OF FLEXION

m1 = quadriceps force

m2 =patellar tendon tension

KJR = kneeyjoint reaction

PFJR = patellofémoral joint reaction
CG = center of gravity

X = flexor lever arm.



ANATOMY OF AN ANKLE

Fibula
Tibia

Anterior Inferior
Tibiofibular
Ligament

Posterior Inferior
Tibiofibular
Ligament

Achilles Tendon
Anterior Talofibular
Ligament

Posterior Talofibular

Ligament Talus

Calcaneus Calcaneofibular Ligament
e | IGAMENTS CONNECT BONE TO BONE

e TENDONS CONNECT MUSCLE TO BONE



THE ANKLE, OR TALOCRURAL JOINT, IS A SYNOVIAL HINGE JOINT. THAT
CONNECTS THE DISTAL END OF THE TIBIA AND FIBULA TO THE
PROXIMAL END OF THE TALUS.

THE ANKLE JOINT ALLOW FOR PLANTAR FLEXION AND DORSIFLEXION.

PLANTAR FLEXION DORSIFLEXION

TOES POINT AWAY FROM THE BODY JTOES POINT TOWARDS THE BODY

« BETWEEN THE TALUS AND THE METATARSALS THE ANKLE
ALLOWS FOR TRANSVERSE ROTATION OF UPTO 18

DEGREES THIS IS DUE TO THE FACT THAT THE ANKLE HAS

GLIDING SYNOVIAL JOINTS. -



GAIT

* GAIT IS THE WAY THE MANNER IN

WHICH ONE WALKS

« WEIGHT PLACEMENT

HEEL STRIKE OR MID FOOT STRIKE
L ENGTH OF LEG
ANGLE OF FOOT

+ TRANSVERSE &
FOOT SHAPE

ARIES FROM P

SAGGITAL ANGLES



“"MEHEN CATCH OURSELVES ON THE OTHER

POWER ANALYSIS OF GAIT

WALKING REQUIRES A SUBSTANTIAL
AMOUNT OF POWER TO BE GENERATED BY
THE LEG

THREE MAIN AREAS OF POWER PRODUCTION
AND ABSORPTION IN THE LEG ARE THE
ANKLES, KNEES AND HIP.

AMPUTEES LOSE POWER AT THEIR ANKLES
BECAUSE THEY LACK TOES AND AN ANKLE
TO PUSH OFF.

WE UTILISE OUR PLANTAR FLEXOR MUSCLES
TO PROPEL OURSELVES FORWARD AND

HEEL.

THE MAIN SOURCE OF DIFFERENCE IN
POWER PRODUCTION BETWEEN NORMAL.
AND AMPUTEE GAIT EXISTS AT THE HIP.

DUE TO THE LACK OF ANKLES THE AMPUTEE
HAS TO USE THE HIP TO “PULL” THE
PROSTHETIC LEG IN THE CORRECT
DIRECTION.
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WALKING GAIT PHASES

SWING PHASE: STANCE PHASE: PROPULSIVE FORCE.
HEEL APPLIES FORCE THE FOOT IS ON THE DUE MAINLY TO ANKLE JOINT
TO THE GROUND GROUND. TORQUE.
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AMPUTATION STATISTICS

SOME STATISTICS:
* THERE ARE CURRENTLY OVER TEN MILLION AMPUTEES IN THE WORLD.
* MORE THAN 250,000 PERSONS LOSE A LIMB EACH YEAR.[1]

« |INTHE US ALONE OVER 3000 PEOPLE WILL LOSE AN APPENDAGE
WITHIN THE WEEK THAT IS MORE THAN 18 PEOPLE PER HOUR! [2]

CAUSES OF AMPUTATIONS:

MOST AMPUTATIONS ARE DUE TO .

O Traumsa

* VASCULAR DISEASES WHICH LIMIT
O Birth CIRCULATION

Defects
O Turnor * DIABETES WHICH SLOWS DOWN THE
HEALING PROCESS
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THE PERFECT PROSTHETIC

« A PROSTHESIS IS ANY DEVICE THAT IS
o AN ARTIFICIAL SUBSTITUTE FOR A
oL BODY PART.

« THE PERFECT PROSTHETIC WOULD
ACT AS A COMPLETE LEG
REPLACEMENT

« MIMIC THE ACTION OF THE LEG
MUSCLES

—* JALLOW FOR GREATER BALANCE
CONTROL




HISTORY OF PROSTHETIC INNOVATIONS

« IN 1696, A DUTCH SURGEON INTRODUCES THE FIRST
NON-LOCKING BELOW KNEE PROSTHESIS.

* BEFORE THIS BLACKSMITHS IN THE MIDDLE AGES
MADE LOWER LIMBS OUT OF METAL FOR KNIGHTS.

* THE FIRST PROSTHESIS TO HAVE AN ARTICULATING
FOOT (THIS WAS ACHIEVED USING CAT GUT) WAS THE
ANGLESEY LEG BUILT BY JAMES POTTS IN THE
1800s.

« UPUNTIL 1946 LOWER LIMB PROSTHETICS WERE
ATTACHED TO THE STUMP USING STRAPS OR CLAMPS,
NOW BY USING SUCTION PROSTHETICS COULD BE
HELD IN PLACE IN A COMFORTABLE WAY.

* THIS LED TO THE BEGINNING OF CUSTOM BUILT
PROSTHETICS.
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TODAY’S PRODUCTS

* DIRECT BONE ANCHORAGE
« OSSUR
« RUNNING FOOT

« OTTO BOCK
* C-LEG




DIRECT BONE ANCHORAGE

MANY PEOPLE WHO USE ABOVE KNEE PROSTHESIS HAVE REPORTED A
RANGE OF PROBLEMS AND DIFFICULTIES IN USING THE PROSTHESIS WITH
A PROSTHETIC SOCKET.

A SWEDISH STUDY SHOWS THAT 72% OF USERS

REPORT PROBLEMS WITH HEAT AND SWEATING IN
THE SOCKET AND 62% REPORT PROBLEMS WITH

CHAFING OF THE STUMP BY THE SOCKET.

DIRECT BONE ANCHORAGE MEANS THAT THE
™. PROSTHETIC IS ATTACHED WITHOUT A SOCKET.
"WPHE METHOD IS BASED ON THE PROCESS OF
OSSEOINTEGRATION. hﬁ(

SURGICALLY IMPLANTING A TITANIUM COATED
SCREW TO THE FEMUR ALLOWS THE BONE TO
GROW AND ATTACH ITSELF TO THE SCREW.

AN ANALOGY OF HOW THIS WORKS IS IF YOU HAD A PIECE OF NAIL IN
WOOD AND THE WOOD GREW AROUND THE NAIL THEN IT WOULD BE
VERY DIFFICULT TO REMOVE THE NAIL.
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.. ADDED THIS

AS TITANIUM IS A HIGHLY BIOCOMPATIBLE MATERIAL IT INTEGRATES
WITH THE BONE QUITE EASILY. WHEN TESTS WERE DONE USING
STAINLESS STEEL THE FIXTURES FELL OUT AFTER A FEW YEARS.

THE SURGERY FOR IMPLANTATION IS TWO FOLD, FIRST THE
TITANIUM BOLT IS PLACED IN THE REMAINING PART OF THE
FEMUR AND THEN THE BONE IS ALLOWED TO HEAL.

THEN AFTER ©
MONTHS THE
ABUTMENT IS

PENEFRATES THE Bone
SKIN AND IS
VISIBLE ON THE
OUTSIDE.

II
Ahutm et

WHEN DRILLING THE BONE THE SURGEONS HAVE TO BE

CAREFUL NOT TO CAUSE THE BONE TO HEAT UP ABOVE 42

DEGREES C. AS AT THIS TEMPERATURE THE CELLS IN THE

BONE WILL DIE. THIS PROBLEM IS OVERCOME BY DRILLING 19
SLOWLY AND COOLING PROFUSELY.



ONE OF THE MAIN ADVANTAGES OF DIRECT BONE
ATTACHMENT IS THE FACT THAT THE MUSCLES ON THE STUMP
CAN CONTROL THE PROSTHETIC.

THIS ALLOWS FOR A SENSE OF SPACE, THE PERSON CAN TELL
WHEN THE PROSTHETIC IS IN THE AIR OR WHEN IT HITS THE
GROUND AND CAN EVEN TELL THE DIFFERENCE BETWEEN
CARPETED FLOOR AND TILE.

THE DIRECT BONE

ACHMENT CAN BE USED
FORBRRER LIMB
PROS TC

RESEARCH IS
BEING DONE
"




OssUR: RUNNING FooT

L

* THE ‘CHEETAH FOOT

* DESIGNED TO EMULATE THE
CHARACTERISTIC OF THE
CHEETAH LEG

FLEXIBLE FOOT STORES
ENERGY THROUGH ELASTIC
DEFORMATION

RELEASES ENERGY IN A
MOTION THAT PRODUCES A
FORCE,SIMILAR TO THE
ACTION OF " THE CALF
MUSCLE
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MARLON SHIRLEY

WORLD’'S FASTEST MAN ON PROSTHETICS

WORLD RECORD HOLDER
« TOOM — 11.08s
« 200M — 22.67S
« _LONG JUMP — 6.78M

© TIME WORLD CHAMPION

« 1TOOM AND LONG JUMP
U.S. OLYMPIC SPIRIT AWARD

ABANDONED BY HIS BIRTH MOTHER AT 3, HE LOST
HIS LEG WHEN HE FELL UNDER A LAWNMOWER AT HIS
ORPHANAGE AT 5

IN HIGH SCHOOL HE WAS ABLE TO COMPETE AGAINST
ABLE BODIED STUDENT SUCCESSFUL e



YQTUBE BREAK




OTTO BOCK: C-LEG




-

L]

-

OTTO BOCK: C-LEG

MICROPROCESSOR CONTROLLED HYDRAULIC UNIT
« DYNAMICALLY ADAPTS TO ALL GAIT SPEEDS IN REAL TIME

COMPLEX SENSORY ARRAY
« KNEE POSITION SENSOR
* STRAIN GAUGES THROUGHOUT THE MAIN SHAFT

* SENSORS SAMPLE DATA 50 TIMES A SECOND FROM:
« ANKLE MOMENT ABOVE THE FOOT
* THE KNEE ANGLE
« SPEED OF KNEE ROTATION

ADVANTAGES OF THE CONSTANTLY READJUSTING HYDRAULIC
CONTROL
* LOADING WHILE THE KNEE JOINT IS UNDER FLEXION IS POSSIBLE

« THE DEVICE WILL INSTANTANEOUSLY RECOGNIZE THE GAIT PHASE
THE USER IS IN
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ANATOMY OF A C-LEG

CUTAWAY
MODEL

TUBE ADAPTER®

PYRAMID ADAPTER
* CONNECTS TO THE PROSTHETIC SOCKET

ELECTRONICS

* MICROPROCESSOR PERFORMS
MEASUREMENTS AND CONTROLS
PROCESSES

KNEE ANGLE SENSOR

* MEASURES FLEXION ANGLE AND ANGULAR
SPEED OF THE JOINT

HYDRAULIC CYLINDER

» LINEAR HYDRAULIC CYLINDER CONTROLS
MOTION OF THE C-LEG

GENERATES APPROPRIATE LEVELS OF
VEMENT RESISTANCE FOR FLEXION AND
EX ON DURING STANCE AND SWING

PHASES
/OMENT SENSOR

RES THE FLEXION
ANKLE AREA AND
SULTING SIGNALS TO THE

+ STRAIN GAUG



C-LEG: CASE STUDY

ANDREW LOURAKE

AIR FORCE TWO PILOT

* A MOTORCYCLE ACCIDENT, A BROKEN LEG, AND A
PERSISTENT INFECTION. AFTER 18 OPERATIONS,
ONLY TWO ALTERNATIVES REMAINED; LOSING THE
LEG, OR LOSING THE DREAM JOB AS A US AIR
FORCE PILOT.

« HE WAS ABLE TO GAIN FULL STATUS AS AN AIR
FORCE PILOT RESPONSIBLE FOR THE LIVES OF
PASSENGERS

-LEG ALLOWED HIM TO OVERCOME THE

DROP WITHOUT WARNIHNC
REACH THE EMERGENC S IN A CRASH SITUATION




JAIPUR FOOT

« THE JAIPUR FOOT AN
ORGANIZATION THAT HAS
DEVELOPED A COST EFFECTIVE
PROSTHETIC FOR THOSE LIVING IN
POVERTY

« [N INDIA, IT IS ESTIMATED THAT 10
MILLION PEOPLE SUFFER A
LOCOMOTION DISABILITY, ALMOST
ALL OF THESE PEOPLE LIVE WELL
BELOW THE POVERTY LINE

«1 THIS ORGANIZATION IS TRULY
AMAZING THEY WORK TIRELESSLY
MAKING HUNDREDS OF
PROSTHETICS IN WAR TORN ZONES
FROM AFGHANISTAN TO RWANDA
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JAIPUR FOOT

« VERY LIGHT AND ALLOWS FOR AN AMAZING
AMOUNT OF MOBILITY

« EXTREMELY LOW PRICE. CAD $35

« THE JAIPUR FOOT ALLOWS USERS TO RUN,
CLIMB TREES AND EVEN PEDAL BICYCLES

e, THE FOOT IS DESIGNED TO BE USED BAREFOOT
AND [MEMULATE THE REFLEXIVE PROPERTIES
OF A REGULAR FOOT

« THE FOOT WAS DESIGNED BY THE /NDIAN
SPACE RESEARCH ORGANIZATION AND IS MADE
OF A POLYURETHANE COMPOUND -






FUTURE INNOVATIONS




“SADAPT TO CHANGING

ARTIFICIAL MUSCLES IN PROSTHETICS

* TODAY’S FOOT PROSTHETICS
USE A SPRING SYSTEM TO
RETURN ENERGY.

*THIS MEANS THAT
REGARDLESS OF SURFACE THE
STIFFNESS OF THE SPRING
REMAINS THE SAME.

+« THE PROSTHETIC CANNOT

SURFACES NOR TO CHANGES
IN THE INTENTION OF THE
PATIENT WHILE WALKING.

*DUE TO THESE
RESTRICTIONS, AMPUTEES
CAN'T RETRIEVE THEIR
ORIGINAL NATURAL GAIT
PATTERN.




*« TOMORROW'’S PROSTHETICS
WILL USE PLEATED PNEUMATIC
ARTIFICIAL MUSCLES.

« PNEUMATIC ARTIFICIAL
MUSCLES ARE CONTRACTILE
DEVICES OPERATED BY
PRESSURIZED AIR.

«+ WHEN INFLATED, THEY
BULGE, SHORTEN AND
THEREBY GENERATE A
CONTRACTION FORCE.

\LORCE DEPENDS ON THE

APPLIED PRESSURE AND ON
THE MUSCLE’S LENGTH.

« BECAUSE OF THE ONE-WAY
FORCE A PAIRED OR

'NEEDED IN ORDER TO
GENERATE A RESTORING
FORCE OR MOVEMENT.
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