Do the right thing. It will gratify some people aadtonish the rest --- Mark Twain

BIOMECHANICS OF JOINT REPLACEMENT: HIP PROSTHESIS *
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Abstract — Several different materials are chosen to
work together inside a hip to enable joint motion jist
like a normal joint. The prosthesis is composed divo
parts. One of these is a metal ball attached to metal
rod. These pieces are generally made from stainkes
steel, alloys of cobalt and chrome, and titanium.The
other piece is a plastic cup that the metal ball f§
snuggly into. This cup is glued into the hip sockewith
a plastic bone cement. This piece needs to be dbla
and wear resistance so it is made out of polyethyie.
The metal rod is fitted into the femur bone in theleg to
make the complete hip replacement. Recently the D
approved a new total hip replacement system in whic
new materials are being used to optimize the
arthroplasty. However, all of the materials usechave
characteristics in common: biocompatibility, resisance
to degradation, corrosion and wear, mechanical
properties that duplicate the structures they are
intended to replace and they meet the highest staaris
of fabrication and quality control at a reasonablecost.
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1INTRODUCTION

We have people walking around us with artificialrtpa
especially, artificial joints.

Some are basically hinges, like the knee; otheve haball-
and-socket construction, like the hip. In a norjpait, the
bone ends are covered with a smooth layer of agsil
which allows nearly frictionless, pain-free movemeBut
when disease or injury damages the cartilage, goint
become stiff and painful. In 1925, Dr. M. N. Smith-
Petersen, a Boston surgeon, tried to addressriblidgon by
molding a piece of glass into the shape of a hollow
hemisphere and fitting it over the ball of a patt&hip joint.
Glass proved to be too fragile, so he tried othatenmls,
including plastic and stainless steel, and evelytuahd
successfully, a cobalt-chromium alloy. By the 1940s
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Smith-Petersen's "mold arthroplasty" was statdiefdrt--
but the resurfacing technique used to coat theabatie hip
joint was unreliable, and many patients continuzdhave
pain and limited movement [ 14 ].

In the 1950s, surgeons began replacing the erdit@bthe
hip joint, a process called hemiarthroplasty. Thiical
ball was connected to the femur by a metal sternitlwas
not effective method of fastening the ball to thmér, and
many patients suffered pain when the implant loeden
Fast-setting dental acrylic eventually eased thrablpm
[14].

Neither mold arthroplasty nor hemiarthroplasty did
anything about the socket. But in 1958 English sarg
John Charnley replaced the eroded arthritic soakea
patient undergoing hemiarthroplasty with a Teflmplant.
When that didn't work, he tried polyethylene susbgsy.

By 1961, Charnley was performing total hip replaeain
regularly and getting good results. Today hundreils
thousands of hip replacements are performed annuall
[14].

Knee replacement surgery followed a parallel line o
development, with a number of less-than-satisfgctor
experiments eventually leading to the first mod&nee
replacement in 1968, a metal-and-plastic prostteesisred

to the bone with cement developed by Frank Gunston.
Further refinements gave us what is used todastipesis
made of three components: the femur, the tibia, ted
patella (kneecap). There were fixed to the boneh wit
cement, which cover all three surfaces of the Krieg].

One big recent innovation has been the replacemént
cement in some cases with specially designed irtgpuat
have a textured, porous surface. This allows theeb
grow into the implant, holding it in place more gesty.

Of course, like any surgery, joint replacement stychas
risks, such as: infection, blood clots, loosening tlwe
prosthesis in the bone, dislocation of the new tjoin
excessive wear in the new joint, breakage of pafrtthe
prosthesis, and nerve damage. Replacement joiateiatr
permanent; they may wear out in as little as 10syeBut
the benefits include reduced pain and often inesgsint
mobility.

Besides hips, knees, shoulders and ankles, elbonsts,
and joints in the fingers and toes can also beaoepl [ 14 ].

In a hip prosthesis, the ball of the natural hifntjas
replaced with a metal ball on the end of the stetmch
extends down the shaft of the bone. Stainless StE@ll,
cobalt chrome alloy, or Ti-6%AI-4%V alloy are noritga
used. The ball articulates with a hemisphericalauttigh
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molecular weight polyethylene cup. Until 1980s, th®
components were cemented into the prepared bomg usi
PMMA. More recently, surgeons tried to avoid using
PMMA and the femoral implants were inserted as espr
fit[9].

The hip is a ball and socket joint. The ball isied by the
upper end of the femur (thigh bone), and the sobkea
part of the pelvis called the acetabulum.
The ends of the bones are covered with a smootr lafy
cartilage. Normal cartilage allows nearly frictiess an d
pain-free movement. When the cartilage is damajpéuts
become stiff and painful [ 34 ].

This problem can be solved using a hip prosthesis.
Prosthesis is an artificial replacement of a pathe body.

The Osteonics ABC System (Figure 1) is a similaaltbip
replacement systems surgically implanted to coraplet
replace a diseased or dysfunctional hip joint. fmse
systems, a stiff rod, called the femoral stemirs fnserted
into the shaft of the thigh bone (the femur), ahe ball-
shaped part of the artificial hip joint, called tfemoral
head, is attached to this. The cup—shaped patteojoint,
called the acetabular cup, is implanted into the-slaped
space on the outer side of the hip. The femorad laga the
acetabular cup fit together and are free to mowa&nag
each other [ 16 ]. Figures 2 and 3 show a ceramic
acetabular system and ABC system.

A doctor uses one of these devices in a patientiveeals a
total hip replacement because of painful non-inftatory

arthritis. Causes of non-inflammatory arthritis lire

[16]:

Problems in the joint due to age.
Lack of blood flow to the bone.
Joint damage due to injury.

The growing end of the bone slipping off the end
of the thigh bone.

A broken hip bone.

A broken thigh bone.

A repaired fracture that has broken.
An abnormally curved thigh bone.

The Osteonics ABC System will reduce pain by rapigc
the painful arthritic hip and allow for increasadfgtion in
the hip. The Osteonics ABC System should not bd usa
patient who has [ 16 ]:

An infection in or near the hip joint.

A mental or neuromuscular disorder which might
make the prosthesis unstable or fail, or lead to
complications during postoperative care.
Diseased or infected bones that can't support or
fasten to the prosthesis.

Damaged bones from a prior implant that can’t
support or fasten to the prosthesis.

Bones that are still growing.

Materials of this hip replacement are [ 16 ]:

ASTM F-67 CP Titanium

ASTM F-1185 Hidroxyapatite

ASTM F-603 Aluminum Oxide

ASTM F-648 ultra high molecular
polyethylene (UHMWPE)

ASTM F-136

weight

ABC HIP SYSTEM

Device generic name: Prosthesis, Hip, Semi-comstdqi
metal/ceramic/ceramic/metal, cemented or uncemented

Device trade names: Howmedica Osteonics® ABC System
Applicant's name and address: Howmedica Osteonics
Corporation 359 Veterans Boulevard Rutherford, NJ
07070-2584.

PMA number: PO00013

Date of Notice of Approval to the Applicant: Feary 3,

2003 [17].

Date of Panel recommendation: July 20, 2000

Figure 1. Total hip replacement procedure [ 5]

Figure 2. Ceramic Acetabular System [ 16 ]
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Figure 3. ABC Hip System [ 16 ]

Indications for use: The Howmedica Osteonics® ABC
System are indicated for patients requiring printatgl hip
arthroplasty due to painful disabling joint disea$¢he hip
resulting from non-inflammatory degenerative atifri
(osteoarthritis, vascular necrosis, traumatic @rshislipped
capital epiphysis, pelvic fracture, femoral fraetufailed
fracture fixation or diastrophic variant) [ 17 ].

Device descriptions: The Howmedica Osteonics® ABC
Systems is a ceramic -on-ceramic hip systems.

The Howmedica Osteonics® ABC Systenfeatures a
ceramic -on-ceramic acetabular bearing couple. The
bearing couple consists of a Howmedica Osteonics®
Alumina Ctaper Head (ceramic femoral head) and a
Howmedica Osteonics® Alumina Insert (ceramic
acetabular insert). Both components are manufattace

of alumina oxide ceramic manufactured by CeramTec o
Germany [ 17 ].

1. The ceramic femoral heads (28mm and 32mm) of
the ABC System are intended to be used in
conjunction with the commercially available press-f
titanium alloy Howmedica Osteonics® Omnifit —-HA
Hip Stems.

2. The ceramic acetabular inserts of the ABC
System are intended to be used in conjunction with
either of the commercially available Howmedica
Osteonics® PSL® ABC Shells (sizes 44mm to 66mm
in 2mm increments) in cementless applications.
Additional fixation may be achieved with
commercially available cancellous bone screws. Both
shells are manufactured from commercially pure
titanium. The PSL® MicroStructured® ABC Shell has
a beaded porous coating whereas the Secur-Fit™- HA
PSL® ABC Shell features a non-porous
hydroxyapatite coating. The ceramic inserts are
assembled intraoperatively to the mating metal
acetabular shell components via a taper locking
mechanism.

Warnings [ 17 ]

1. Replace both the alumina insert and the acetabufar

if the insert is chipped, cracked, or otherwise dgeu
during the implant procedure or postoperative trarek.
This is because the acetabular shell taper, ontasitbeen
deformed through assembly to its mating ceramierins
cannot be reassembled to another ceramic insert.

2. Always ensure proper alignment and seating of the
insert before final impaction to prevent chippingdamage.
Improper seating of the insert may cause it to bimthe
wrong position, chip or be damaged.

3. Do not reassemble a ceramic head and stem or a
ceramic insert and shell once they have been assédmibe

to the deformation incurred by the taper locking
mechanisms during the initial assembly.

4. Do not allow polished bearing areas and machined
taper surfaces to come in contact with hard or sibea
surfaces, as scratching or in any way damagingethes
surfaces can significantly affect the structuragnity.

5. Do not substitute another manufacture’s device for
any of the Howmedica Osteonics® ABC System because
design, material, or tolerance differences may l¢éad
premature device and/or functional failure. Compuasef

the system have been specifically designed to work
together.

6. Do not implant in obese patients because additional
loading may lead to loss of fixation or device tad.

7. Do not implant in patients undergoing revision of
previously unsuccessful femoral head replacemeunp ¢
arthroplasty, or other procedure because the safaty
effectiveness of these devices for indications rotian
non-inflammatory degenerative joint disease havebeen
established.

8. Discard all damaged or mishandled implants. Never
reuse an implant. Even though the implant appears
undamaged, it may have small defects and internesss
patterns which may lead to early failure of theidev

9. Do not resterilize. Return all packages with flaiws
the sterile barrier to the supplier.

Precautions [ 17 ]

1. Clean bearing surfaces of debris prior to asserably
foreign particles may cause accelerated bearingr,wea
which may lead to early failure of the device.

2. Use caution when handling ceramic components
during assembly because of the brittle nature oare
material.

3. Clean and dry machine taper surfaces to ensureeprop
seating and assembly.

4. Do not handle the hydroxyapatite treated regiong as
may compromise the sterility or integrity of the
coating/implant interface.

5. Do not contour or bend an implant because it may
reduce its fatigue strength and cause failure uludet.

6. Do not use a metal or zirconia head with the
Howmedica Osteonics® Alumina Insert or the TridentTM
Alumina Insert as this may accelerate bearing veest
lead to early failure of the device.

7. Ensure appropriate selection of bone screw length a
location to avoid damage to underlying soft tissue
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structures. Perforation of the pelvic wall can tesn
internal bleeding and possible damage to vital msga

8. Avoid excessive verticalization of the shell whitlay
accelerate bearing wear.

Summary of preclinical studies

The following nonclinical laboratory studies were
performed in support of the Howmedica Osteonics® ABC
microbiological, materials, mechanical, and shéf[1 17 ].

A. Microbiological Testing

1. Bioburden and Sterility Testing Bioburden tegti
performed on Howmedica Osteonics® Alumina C-Taper
femoral heads, ABC Alumina Inserts and Trident™
Alumina Inserts provided results within stated s
specifications. Sterilization validation accorditig AAMI
11137, Method 3, was performed on the Howmedica
Osteonics® Alumina C-Taper femoral heads (worst )case
to demonstrate that a minimum gamma radiation
sterilization dose of 25 kGy provides a steriligsarance
level (SAL) of 10-6. Bioburden data for the ABC Afina
Insert and Trident Alumina Insert was adequate dd a
these devices to the validated sterilization cycle.

2. LAL and Cytotoxicity testing LAL and endotoxin
testing was performed on Howmedica Osteonics® Alamin
C-taper femoral heads. Testing showed the produaobt
cytotoxic in an extract assay. Testing revealedradotoxin
level of less than 0.125 eu/ml of endotoxin, whishan
acceptable level.

B. Toxicological/lImmunological/Biocompatibility

1. Alumina Ceramics: Additional animal or clinidaisting
was not performed to confirm the material’s relativ
biocompatibility. This material has a long histaag an
orthopedic implant material.

2. Titanium Alloy

Biocompatibility testing was performed on the titan
alloy (ASTM F-136) used to fabricate the titaniufioy
sleeve for the Trident™ Alumina Insert. The followi
extraction and implantation tests were performed:

In vitro cytotoxicity (MEM elution) in L-929
mouse fibroblast cell line

In vitro hemolysis — extracted in sodium chloride

USP systemic toxicity in mice — extracted in
sodium chloride and cottonseed oil

USP intracutaneous toxicity in rabbits — extracted
in sodium chloride and cottonseed oil

USP pyrogen study in rabbits

AMES mutagenicity study of a saline extract

Delayed contact sensitization study in the guinea
pig — extracted in saline. In all tests performed,
toxicity to the test articles was not observed.

In addition, titanium alloy discs were implanted
intramuscularly in rabbits. Macroscopic and micagsc

tissue evaluations were performed at 7 and 90 dRgsults
were considered to be within normal limits.

C. Mechanical/Wear Testing

A battery of tests was completed to qualify the naaical
performance of the components of the Howmedica
Osteonics® ABC and Trident™ Systems. A summary of
the tests performed and the results are given below

1. The following tests were performed on the ABC
Alumina Inserts (and their mating alumina femorahtis
and metal acetabular shells):

(i) Compressive Burst Testing of ABC Alumina Insers
(liner):

Inserts were loaded to failure under axial compoess
using zirconia bearings as load application fixsur&he
smallest of each inner diameter size (i.e., 28nM37mm
0.D. and 32mm 1.D./41mm O.D.) were chosen for mesti
as these represented the most severe cases afdodtie
acetabular inserts exhibited average compressivest bu
loads greater than the specified 46.0 kN averagenmim
load requirement, and no insert fractured below20e&N
minimum load specified for individual componenthete
loads are approximately 63 and 27 times body we(igivt
= 165 Ibs), respectively.

(i) Axial Fatigue and Residual Burst

Strength Testing of ABC Alumina Inserts. Five ofeth
smallest sized inserts (i.e., 28mm 1.D./37mm O.bd a
32mm |.D./41mm 0O.D.) were axially fatigue loadeddan
14.0 kKN (3150 Ibs), R=0.1. Inserts were loaded with
alumina heads and endured 10 million cycles. Afidgue
testing each insert was subject to compressive bestng

to determine residual burst strength. No specimactidred
below the 20 kN minimum load. The average resituast
load for the 28 mm I.D x 37 mm O.D inserts was d3\6
and the average for the 32 mm 1.D x 41 mm O.D isser
was 66.5 kN. The alumina heads used for loadindgctwh
represented worst case head sizes, also succegssfull
completed 10 million cycles and exhibited residbafst
loads in excess of 20 kN.

(i) Axial Distraction of ABC Alumina Acetabular

Inserts Five of the smallest inserts were testedhés
represented the worst case (ie., least contac!.afée
average axial distraction force of the 28 mm 1.B7/mm
0O.D alumina insert was 2.752 kN. This compares rialvly
with  published values for commercially available
acetabular insert/shell assemblies ranging from
approximately 0.224 kN to 2.937 kN.

(iv) Torsional Distraction of Alumina Inserts

Five of the smallest inserts were assembled witieeth
mallet blows into CP Titanium taper models witheiibr
taper surface/geometry specific to the devices untigly.
The average torsional distraction torque of theringself
could not be accurately measured because failweriz
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first at the torsion fixture interface. The averdgesional
distraction torque was not less than 448 in-lb, clvhi
represented the failure load of the torsional fietu The
torque generated by friction at the bearing/ingedrface
has been shown to be on the order of 18 in-lb. The
minimum torque demonstrated by the inserts subiatgnt
exceeded these published values.

(v) Three-Point Fixation Fatigue with Alumina Bearings
(Heads and ABC Inserts)

The smallest diameter bearings of longer neck sides
were tested as this represented the most seveee Eas
test articles were placed in fixtures and loadedeur®.89
kN (1100 lbs) max., compressive fatigue load, R=0.1

Table 1. Control Acces in clinical trials on ABC System
[17]

OPERATIVE SITE CONTROL ACCES
RELATED
Visit lo Ea 12 | Total
month

N = cases evaluated 114 113 77
Revision femoral - - - -
Acetabular - - - -
Acetabular insert - - - -
Femoral head - - - -
Femoral 4 - - 4

fracture/crack
Trochanteric - - - -
frac/crack
Acetabular Frac/crak - - - -

Loosening femoral -
comp
Acetabular comp - - - B
Superficial - - - R
infections
Deep joint infection - - R
Hematoma - 1 1
Wound related - 4 - 4
1 1

Dislocation -
Recurrent - - -
Nerve palsy 1 - - 11
Subluxation - - - -

Excessive hip pain - - - -
Bursitis - - 1 1

Heterotopic bone - - - -

Subsidence - - - -
Soft tissue trauma - 1 - 1

Chipping — alumina
insert

Miscellaneous 2 2 - 4
Total 13 9 1 23

LEGEND:
lo — intraoperatively
Ea — early (7 weeks)

All insert/head/hip stem constructs endured 107lesyc
without failure. After completion of the fatiguestang, the
inserts were removed and examined for signs of waar
fretting, at the insert/shell interface. Light cimferential

CP Ti material transfer about the major diameterthaf
ceramic insert taper was seen. This is similar Hat t
produced upon simple assembly/disassembly. Slight
material transfer located about the minor diametes
believed attributable to a combination of off-alkéading
and cyclic loading.

Clinical study: Table 1 summarizes the adverse events
reported for 172 cases implanted with (OSTEONICSI-P

— MICROE STRUCTURED ABC SHELLS), referred to as
ABC SYSTEM.

The following list includes other potential advemeents
that may also occur and were either reported irsthdies
or are generally reported in the literature foratohip
replacement procedures [ 17 [:

Pulmonary embolism.

Circulatory compromise.

Vascular disorders, including thrombus.
Bronchiopulmonary disorders, including emboli.
Myocardial infarction.
Death.

Urinary tract infection.
Genitourinary disorders.
Gastrointestinal disorders.
Peripheral neuropathies.
Nerve damage.

Localized progressive
(osteolysis).

Loosening of total hip components.

Pain due to loosening of the implant components.
Metal sensitivity reactions.

Dermatologic disorders.

Carcinoma.

Heterotopic bone formation.

Reoperation, revision, arthrodesis of the involved
joint, girdlestone and/or amputation of the limb.
Breakage of the ceramic insert or ceramic head.
Disassembly of modular components at the taper
junctions.

bone resorption

The effectiveness of the Howmedica Osteonics@ ABC
System was determined through the analysis of teidd
Hip Scores (HHS) and radiographic measurements. Table
3 summarizes the two year patient success ratdhegs
relate to the success/failure criteria of study.r Foe
purposes of the study, a patient was considereat@ess if
they met all seven of the criteria identified iretkable.
Success for the study required that the patierdesscrates
for the ABC System were no more than 7.5 percentage
points worse than those of the control hip systerd a
achieving complication rates that were statisticatlo
worse than the control hip system at two years
postoperatively [ 17 ].
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Table 2. Clinical trials on ABC System [ 17 ]

OPERATIVE
SITE
RELATED

ABC SYSTEM

(172 CASES ENROLLED)

Table 3. Comparision of the demographics of patients in
the first group who received the ABC System. [ 17 ]

Visit

Ea

6 12
mon | mon

24
mon

Total

N = cases
evaluated

170

166| 168

131

Revision
femoral

Acetabular

Acetabular
insert

Femoral head

Femoral
fracture/crack

Trochanteric
frac/crack

Acetabular
Frac/crak

Loosening
femoral comp

Acetabular
comp

Cateoty ABC SYSTEM
NO. CASES 172
MALE/FAMALE 114/58

MEAN AGE 53.1

MEAN WEIGHT 186.7

MEAN HEIHGT 68.6

FDA Decision

FDA agreed with the Panel's recommendation forABE
System (approvable with conditions). The sponsor
submitted an amendment to the PMA that adequately
addressed the conditions of approval recommendeithdoy
Panel. Therefore, since the conditions of apprdwale
been met, FDA finds in favor of approval of the ABC
System [ 17 ].

Table 4.HHS analysis [ 17 ]

Both comp

Superficial
infections

Deep joint
infection

Hematoma

Wound related

Dislocation

Recurrent

Nerve palsy

Subluxation

Excessive hip
pain

Bursitis

Heterotopic
bone

Patient succesy§ ABC System | Control 133
criteria cases
Absence of| 139/140 128/ 133
revision % 99.3% 96.2%
Total HHS 70 | 120/122 117/120

98.4% 97.5%
Acetabular RLL | 122/122 112/112
2mm 100% 100%
Acetabular 122/122 112/122
migration 3mm | 100% 100%
Wear acetabular 122/122 112/122
insert <.5m/yr 100% 100%
Progressive 122/122 112/122
Femoral 100% 100%
component
subscidence
5mm
Femoral RLL 2 118/118

100%
Patieny success 97.5% 93.2%
rate 118/121 110/118

Subsidence

Soft tissue
trauma

Chipping
alumina insert

Miscellaneous

12

Total

20

28

10 8

68

Conditions of approval of FDA ( Premarket approval
application supplement )

Before making any change affecting the safety or
effectiveness of the device, submit a PMA suppldnfien
review and approval by FDA unless the change & ype
for which a “Special PMA Supplement-Changes Being
Effected” is permitted under 21 CFR 8 14.39(d) or a
alternate submission is permitted in accordancén \&it
CFR 8 14.39(e) or (f). A PMA supplement or alteenat
submission shall comply with applicable requirersent
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under 21 CFR 814.39 of the final rule for Premarket
Approval of Medical Devices.

All situations that require a PMA supplement canhet
briefly summarized; therefore, consult the PMA idagon
for further guidance. The guidance provided belsvorily
for several key instances.

A PMA supplement must be submitted when unantieipat
adverse effects, increases in the incidence otipated
adverse effects, or device failures necessitatabalihg,
manufacturing, or device modification.

A PMA supplement must be submitted if the devicmibe
modified and the modified device should be subpbdte
animal or laboratory or clinical testing designed t
determine if the modified device remains safe difettve.

A “ PMA Supplement - Changes Being Effected is tedi
to the labeling, quality control and manufacturipgcess
changes specified under 21 CFR 814.39(d)(2). dtnadIfor
the addition of, but not the replacement of presipu
approved, quality control specifications and testhuds.
These changes may be implemented before FDA approva
upon acknowledgment by FDA that the submissioreiadp
processed as a “Special PMA Supplement - Changies) Be
Effected.” This procedure is not applicable to desin
device design, composition, specifications, cimyyiand
software or energy source.

Alternate submissions permitted under 21 CFR 8 %4)3
apply to changes that otherwise require approval BMA
supplement before implementation of the change and
include the use of a 30-day PMA supplement or anmost
approval report (see below) FDA must have previpusl
indicated in an advisory opinion to the affectedustry or

in correspondence with the applicant that the rdter
submission is permitted for the change. Before steuh
occur, FDA and the PMA applicant(s) involved mugtes
upon any needed testing protocol, test resultsoriieg
format, information to be reported, and the altegna
submission to be used.

Alternate submissions permitted under 21 CFR 81#.39
for manufacturing process changes include the tise30-
day Notice. The manufacturer may distribute theiae@0
days after the date on which the FDA receives theld/
Notice, unless the FDA notifies the applicant witt80
days from receipt of the notice that the noticentst
adequate.

Past:

The Howmedica Osteonics® ABC System has been
marketed internationally since February 1997.These
devices were distributed in the European Union ties)
Australia, Canada, China, Korea, and Japan [ 17 ].

Present:

Product name: Osteonics ABC System

Manufacturer: Howmedica Osteonics Corporation,rik&t
Company

Address: 359 Veterans Boulevard, Rutherford. Nengele
07070 — 2584

Approval Date: February 3, 2003 [ 17].

Future:

The expected life of total hip replacement compdmeas
difficult to estimate, it is finite. Serious comgditions may
be associated with any total hip joint replacemsmgery.
These complications include, but are not limited to
infection; genitourinary disorders; gastrointestitisorders;
vascular disorders, including thrombus; bronchomulary
disorders, including emboli; myocardial infarction;
temporary or permanent neuropathies; fractures hef t
femur; migration of the prosthesis; subluxatiorglatation;
decreased range of motion; shortening or lengtigesiirthe
extremity; ectopic ossification; aggravated comdisi in
other joints or back due to intraoperative trauteg,length
discrepancy, or muscular deficiencies; Componerdrwe
breakage of the femoral head or acetabular ingert,
component dissociation, are potential adverse tsffec
related to ceramic/ceramic hip prostheses [ 17 ].

HIP REPLACEMENT MATERIALS

1. ASTM F-603 Aluminum Oxide (Al,Os)

This material is used to create the ceramic heatlthe
ceramic insert of the hip replacement.

Table 5.Mechanical Properties [ 15 ]

Density | Grain | E Hardness | Fatigue
(9/cm3) | Size Tensile | (HV) Strength
(nm) | Size (N/mm2) | (MPa)
(nm)
Modulus
(GPa)
3.9-4 3000 380 23,000 550
4000
Comments: Very inert, excellent wear and friction

properties, may increase tissue aluminum causinge bo
demineralization. [ 20 ]

Applications: Articular bearing surfaces, dental implants,
total joint prostheses.

Physical and mechanical properties: Detailed below are
tables which illustrate typical physical and medbah
properties for different purity grades of Alumina.

See table 6 to view a comparison table of typidajsical
and mechanical properties of 86% to 99.9% Alumina.

December 2003 Applications of Engineering Mecbsim Medicine — |, GED at University of Puerto Ridlayagiiez 7



Table 6. Typical physical and mechanicals properties ¢6&61d 99.9% alumina [ 15]

Property Alumina Grade
86% 94% | 97.5% 99.5% 99.9% 99% Saph**
recry.*
Density (.gcrit) 35 3.7 3.78 3.89 3.9 3.9 3.985
Dielectric Constant 8.5 9.2 9.5 9-10.1 9-10.1f 7.5-105
Dielectric Strength (kvmm) | 28 30 - 43 10- 35 10-35 17
Volume Resistivity Ohm.cm >t | >10 | >101* >10" | >10% >10" >10'°
Thermal Conductivity 15 20 24 26 28-35 28-35 41.9
(WmK1
Thermal Expansion Coefficient 7 7.6 8.1 8.3 8 8 5.8
(20-1000°C x10K™)
Specific Heat (JEkg ™) 920 900 850 753
Compressive Strength (MPa) 180(Q 2000 1750 - 2200 - 2200 - 2100
2500 2600 2600

Modulus of Rupture (MPa) 250 330 262 320 - 400 260
Hardness 1500 - 1500 - 1500 - 2500 - 3000
(Vickers kgf.mn¥) 1600 1650 1650

Applications: With such a range of composition and
properties, alumina ceramics find a wide range of
applications. Some of the major application arems loe
grouped as shown in table 8.

High Temperature and Aggressive Environments:lts
high free energy of formation makes alumina chehyica
stable and refractory, and hence it finds use®itiainment
of aggressive and high temperature environments.[ 8

Table 7.Example applications for a range of Alumina’s
[15]

Al,O; Grain Porosity | Applications
% size Area
>99.6 Fine closed Electrical,
Engineering,
Biomedical
>99.8 Fine zZero Lamp tubes,
Optical
>99.6* Mediu | closed High
(recrystallised) | m temperature
uses
95-99.5 Fine closed General
electrical,
engineering
80 - 95 Fine closed Low duty
electrical
(spark plugs)
90-99.6 Fine/ open Filter media
Coarse
80-90 Fine/ open Abrasive
Coarse

Wear and Corrosion Resistance: The high hardness of
alumina imparts wear and abrasion resistance andehi¢
is used in diverse applications such as wear eggifihings
for pipes and vessels, pump and faucet seals,dhagd
wire guides etc [ 8] .

Biomedical: High purity aluminas are also used as
orthopedic implants particularly in hip replacemsutgery.

Biocompatibility: There is a significant amount of
information regarding the safe use of aluminum exat
alumina in medical applications [ 30] .

Orthopedic implants made of alumina were introduired
the early 1970's and have attained widespread adagy.t
Indeed, alumina has been described as "biocerar8icli
a recent review, Christal states "The low-gradeuts
reaction induced by the implantation of aluminacepens
convinced many investigators to say that this impla
material is "bioinert" and to recommend it as eerefice
material when performing biocompatibility studies,"
Christal's review discusses the long-term biocoibpiay
experience of alumina ceramics used in human oettticp
implants.

Alumina has been the mainstay of dental restoration
decades, and new processing techniques have intpitsve
performance5. The abrasive in dental paste usegublish
teeth is a form of aluminum oxide crystals. Thessstals
are also used in the technique of air abrasioneimoval of
certain types of dental caries. This techniquest fir
developed in the 1940's, is experiencing a rebirthpart
due to the introduction of equipment that operates
similar manner to microdermabrasion equipment[. 30
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Metal Cutting Tools: The high “hot” hardness of alumina
have led to applications as tool tips for metaltingt
(though in this instance alumina matrix compositéth
even higher properties are more common) and alessiv

[8].

Milling Media: Alumina is used as milling media in a wide
range of particle size reduction processes [ 8 ].

Microwave Components: The high dielectric constant
coupled with low dielectric loss particularly atghi
frequencies leads to a number of microwave apjbicat
including windows for high power devices and wavdga

[8].

Electrical Insulation: The high volume resistivity and
dielectric strength make alumina an excellent eleat
insulator which leads to applications in electrenias
substrates and connectors, and in lower duty egtjits
such as insulators for automotive spark plugs [ 8]

2. ASTM F-648 ( POLYETHILENO)

Voluntary national and international standards hbeen
relied on by the orthopedic community as guidelifoeghe
mechanical properties of medical grade. ASTM F-648,
include specifications for the properties of the
unconsolidated resin powder, as well as the prigsedf
the consolidated stock material. For many years, rtbe

ASTM standards have been developed by the same the

industrial participants and researchers. Thus, ABEM

standards are considered to bkarmonized and
consequently reflect a unified and internationakpective
on the properties of medical grade UHMWPE [ 32 ].

The material property limits for medical grade UHNM&
are essentially the same in both ASTM F648, with th
exception of different types of impact testing login
specified in ASTM F648 Currently Ticona (Oberhayse
Germany) produces a Type 1 and Type 2 resin wigh th
trade names of GUR 1020 and 1050, respectively.
Although these UHMWPE standards apply only to
unirradiated stock material, some investigatorsehaiso
adopted these guidelines for radiation crosslinkedl
thermally treated UHMWPE as well [ 32].

Tradeoffs in Material Properties with Irradiation a nd
Thermal Treatment

Three important processing steps are necessarsotiuge
highly crosslinked polyethylene for hip bearing$ese
steps are an irradiation step to promote crossimkan
intra or post-irradiation thermal processing stejintrease
the level of crosslinking and remove residual stresxd a
sterilization step. The properties of UHMWPE are
influenced by processes of irradiation, thermalcpssing,
and sterilization.

Table 8. Specifications for Medical Grade UHMWPE
Resins in ASTM F648-00 [ 32]

Type resin 1 Type resin 2
Density (kg/ m3) 927- 944 927 — 944
Yield Stress| 21 19
(MPa) minium
Ultimate Tensile| 35 27
stress (MPa
minium.
Enlongation  to| 300 30
failure %ominium.
I1zod Impac| 140 90
strength  double
notched kJ/m3
minium

In the irradiation step, gamma and electron beatiiatian
produce free radicals (unpaired electrons) in the
polyethylene, which in secondary chemical reactieasls

to a combination of crosslinking and chain scission

In the production of a highly crosslinked UHMWPIBgt
material is subjected to a thermal treatment stepeduce
the level of free radicals via further crosslinkiregactions.
This solution preserves the original crystal stnoet retains
mechanical properties.

The choice of thermal treatment has a significengtact on
the crystallinity and mechanical properties of Htygh
crosslinked UHMWPE . At a dose of 100 kGy, the ttas
modulus, yield stress, and ultimate stress of aeleah
material is significantly lower than the respectpreperties
for an annealed material . Figure 1 compares thaxiah
tensile behavior of unirradiated UHMWPE materiakhwi
conventionally sterilized (30 kGy, in N2) polyethygle, and
with both annealed and remelted highly crosslinked
polyethylenes (100 kGy) [ 32 ].

Table 9. Effect of Post-irradiation thermal treatment on
uniaxial mechanical properties. Note that thesadiation
treatments were achieved with a single dose. Ptieper
were determined from treated rods of GUR 10507 32

Dose 100 100 100 100
gamma

(KGY)

Heat None 110 °© C 130 C°| 150 °C
treatment anneal anneal remelt
Yield stress| 23.2+ .2 | 23.0+.3 226+.2 195
(MPA) +.03
Ultimate 47.6+ 2 47.3+1.5 48.5+x1.p 43.9+39
strees

(MPA)

Enlongation| 238+13 | 230+12 231+13| 246+172
to failure %

(MPA)
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The highly crosslinked materials were both irragliatvith
100 kGy in a single dose and either annealed (1)167C
remelted (150°C). For the two highly crosslinked
UHMWPESs shown in Figure 4, the annealed material ha
an average degree of crystallinity of 60%, whertes
remelted material has a crystallinity of 43%.

Figure 4. Stress vs. strain curves for conventional,
nitrogen-sterilized UHMWPE (30 kGy, N2) and two rfos
of highly crosslinked UHMWPE 32 ].

Increased radiation crosslinking, beyond the 28aGdkGy
dose needed for sterilization, is now recognized to
substantially improve the wear resistance of UHMWPE
However, there are several additional decisiortsetonade
when developing a highly crosslinked UHMWPE fomjoi
replacement, and these decisions may strongly énfle
the mechanical properties of the bearing. The eftdc
UHMWPE mechanical properties on clinical performanc
is not fully appreciated at the present time. The
proliferation of crosslinking technology into hip
replacements, and more recently knee replacembats,
resulted in six new proprietary UHMWPE, with trade
names like Crossfire™, Durasul™, Longevity™, and
Marathon™ [ 32].

3. ASTM F- 1185 Hydroxyapatite

Hydroxyapatite is a naturally derived material thas the
porous and chemical structure of bone. It was ddriv
originally as a mineral from ocean coral. A processs
developed to change the mineral in coral to thatwhan
bone. The tissues in the body will adapt and gmarid on
the hydroxyapatite [ 19 ]. It is also used to cowtallic
implants so they will adapt to the body. It alsasain
dental implants.

Hydroxyapatite CgPQ,);(OH), is a form of calcium
phosphate used in the chromatographic separation of
biomolecules. Hydroxyapatite (HA) has unique sefpama
properties and unparalleled selectivity and regmhut It
often separates proteins shown to be homogeneous by
electrophoretic and other chromatographic techrique
Applications of hydroxyapatite chromatography irtgithe
purification of different subclasses of monocloreatd
polyclonal antibodies, antibodies that differ ight chain
composition, antibody fragments, isozymes, suptdoi
DNA from linear duplexes, and single-stranded from

double-stranded DNA. CHT ceramic hydroxyapatiteais
spherical, macroporous form of hydroxyapatite.ds fbeen
sintered at high temperatures modifying it from a
crystalline to a ceramic form. The ceramic material
overcomes many of the limitations of traditionajstalline
hydroxyapatite that prevent its use in industriahle
applications. The ceramic material retains the wmiq
separation properties of crystalline HA, but can used
reproducibly for many cycles at high flow rates améarge
columns. Separation protocols originally developeal
crystalline HA can often be transferred directly ttee
ceramic material with only minor modifications [ 13

Figure 5. Microscopic view of a human bone [ 37 ]

Figure 6. Microscopic view of hydroxyapatite [ 37 ]
General characteristics are [ 19 ]:

Formula: Cg(PQOy)3(OH),

Origin of name: From hydroxyl and apatite

Crystal system: Hexagonal

Crystal class: 6/m

Color: Colorless, white, gray, yellow to yellowigheen,
green, blue, violet, red, brown

Diaphaneity: Transparent to opaque

Luster: Vitreous to subresinous, silky
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Habit: Crystals short to long prismatic, thin hick tabular
or complex; massive compact to coarse granulagdi g
grain size 0.5-1.5 mm rain size Om

Hardness: 5

Specific gravity: 3.08

Cleavage: 2; {0001} indistinct; {10-10} trace

Tenacity:

Streak: White

Nominal pore diameter 600-800A 800-1000A
Maximum back pressure 800 psi 1500 psi

Nominal mean particle size (mm) 20 + 2, 40 + 4, 8adt
8

Nominal density 0.54-0.56 g/ml

Recommended linear flow rate 50-300 cm/hr

pH stability 6.5-14 (for pH 5.5 - 6.5

Regeneration 500 mM sodium phosphate, pH 6.8

400 mM tri-sodium phosphate, pH 11-12

Autoclavable (bulk) 120° C., 20 minutes in phosphat

buffer, pH 6.8

Sanitization 1-2 M NaOH

Recommended column storage 1 M NaOH

10 mM sodium phosphate in 20% ethanol

Shelf life (dry, unused material) 44 months - stiodey and
at room temperature

Figure 7. Apatite [ 6]

Chemical Compatibility

Note: The addition of calcium may be required ire th

mobile phase to minimize the erosion of the CHTangc
hydroxyapatite. Calcium chloride may be used tastdjhe

calcium ion concentration. Calcium lon Solutions

Compatlblllty requirements (ppm) are [ 19 ]:
6 M guanidine-HCI Yes 12
8 M urea Yes 16
2 M NaOH Yes <1
100% acetonitrile Yes -100%
ethanol/methanol Yes -1%

Hydroxyapatite HA, is a primary constituent of hunteard
tissues like bones and teeth. Synthetic HA is kntavbe

biocompatible and forms a direct bond with bonee Ttain
problem with HA is that it lacks the mechanical pedies
needed for the material to be used in load beaitugtions.
The processing of the HA powder prior to sinterimas
notable effects on the sintering characteristicsl dme
mechanical properties. A large volume of work hé&o a
been devoted to the sintering of synthetic HA. Simeering
parameters (temperature, time, atmosphere, ete.yveny
influential on the mechanical and chemical progsrtof
HA. The production of HA with improved mechanical
properties has led to a number of different studié
regard to HA composites with other ceramic, glass o
polymer additions. It has also induced research wspect
to the specific effect(s) of each variable assediatvith
production of synthetic HA from synthesis to sirgr
[31].

Table 10. Mechanical properties of hidroxyapatite [ 29 ]

Material Young's UTS
Modulus (MPa)
(GPa)
Hydroxyapatite 85 40-100

The beneficial biocompatible properties of hydrqpatite
are well documented. It is rapidly integrated itite human
body, while at the same time the body is none tlsemas
to the invasion by a foreign body, albeit a frignidivasion.
Perhaps its most interesting property is that hyyglpatite
will bond to bone forming indistinguishable unions.

However, poor mechanical properties (in partictigigue
properties) mean that hydroxyapatite cannot be imsbdlk
form for load bearing applications such as orthdjze
[10].

Comparison between stainless steel and ceramics

Many people's hips wear out for one reason or @&moth
They can be safely replaced to make people's lnese
pleasant. The first hip replacements were madeadiless
steel. Compared to a metal replacement, ceranighter
and lasts much longer. The replacement consists ludll
and socket (femoral head) and a femoral implarg §tiem
which is placed in the leg). The stem is usually/denaf
stainless steel. The femoral head is now madercéria, a
type of ceramic, so strong and tough that whercktwith
a large hammer, it dents the hammer and does
break [37].

4. ASTMF-136 Cp Titanium

Titanium, when pure, is a lustrous, white metahds a low
density, good strength, is easily fabricated, arabs h
excellent corrosion resistance. It is ductile omyen it is
free of oxygen. Titanium metal is considered to be
physiologically inert. When pure, titanium dioxidis

relatively clear and has an extremely high index of

refraction with an optical dispersion higher thaanaond.
To have an idea of how important is Titanium (990
powder) in the world, the price for such metal ®oat
$100/Ib [ 36 ].
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Titanium in the ABC System

A Biocompatibility testing was performed to titamiualloy
(ASTMF-136Cp) used to fabricate the titanium albgeve
for the ABC™ Alumina Insert. The following tests were
performed and passed with the titanium alloy sleeve
In vitro cytotoxicity (MEM elution) ion L-929
mouse fibroblast cell line.
In vitro hemolysis- extracted in sodium chloride.
USP systemic toxicity in mice- extracted in
sodium chloride and cottonseed oil.
USP intracutaneous toxicity in rabbits- extracted
in sodium chloride an cottonseed.
USP pyrogen in rabbits.
AMES mutagenicity study of saline extract.
Delayed contact sensitization study in the guinea
pig-extracted in saline.
In all tests performed, toxicity to the test adilwas not
observed.
Titanium discs were implanted intramuscularly ifbbits.
Macroscopic and microscopy tissue evaluations were
performed at 7 and 90 days. Results were conslderbe
within normal limits [ 17 ].

Static Burs Test

Within the Static Burst test for ABC with the tiiam alloy,
help the 28mm AB® to increase the average of burst load
to 68.4 kN and the 32mm AB& a burst average of 70.2
kN. These values are above the specified minimum
average axial burst load of 46 kN with no singldufe
below 20 kN. These failure loads are approxima@dy
times the body weight [ 17 ].

Axial push In/Out and Fretting Test

For the axial push infout and fretting test for ABGvith
the titanium alloy, the static locking strengthtbé shell-
insert sleeve construct was through an axial pushest.
The axial push-out load for AB® with Ti alloy sleeve,
with an average of 2 kN impaction force, was 1.1 Kithis
compares favorably with published data [ 17 ].

Post Axial Fatigue Burst Test for ABC™ with Ti alloy

A similar static burst test was also performedioga 82mm
ABC™ Alumina inserts after 10 million cycles of fatigue
loading. All samples tested in fatigue reachedrilions
cycles run-out, at loads of up to 20 body weights
(sinusoidal load of 315 to 3150Ibf [14 kN] at 25HKw}h no
observable defects. The mean post fatigue busst for
the 32mm ABCM Alumina Insert was 70.1 kN [ 17 ].

Having a lower elastic modulus compared to the rothe
metals is desirable as the metal tends to behdittteabit
more like bone itself, which is desirable from a
biomechanical perspective. This property means that
bone hosting the biomaterial is less likely to phvy and
resorb. This means that the Titanium (even if itisan
alloy) will give better service for human interfattean the
stainless steel. According to the density facta@sless
density will show a bigger advantage for Titaniuimce it

can be a weightless real environmental prosthesis f
human needs [ 11 ].

The tables 11 and 12 show the advantages of Ty aler
material for biomechanical implants.

Table 11. Comparison between Titanium and Stainless
steel

Property Titanium 304 Stainless Steel
Atomic No. 22 -
Atomic Wt. 47.9 -
Specific Gravity 4.5 7.9
Linear thermal
expansion 8.4X10° 17X10°
coefficient (/°C)

Specific heat

(callgr/°C) 0.124 0.12
Thermal

conductivity 0.041 0.039
coefficient

cal/cm2/sec/°C/cm

Specific electrical

resistance 55 72
(LOhm-cm)

Electrical

conductivity 3.1 2.4
(%IACA)

Young's modulus

(kg/mm2) 10850 20403
Poisson's ratio 0.34 0.3

Table 12.Densities of selected biomaterials [ 11 ]

Material Density Elastic Modulus
Cortical Bone ~2.0 g.cth 7-30
Cobalt- ~8.5 g.cnt 230
Chrome alloy
316L 8.0 g.cnT 200
Stainless
Steel
CP Titanium 4.51 g.ch 110
Ti6AI4V 4.40 g.cnv® 106

RECOMMENDATIONS

The PMA was presented to the Orthopedic and
Rehabilitation Devices Advisory Committee the Paoel
July 20, 2000. At that time the Panel recommenteded

on a 7 — 0 vote, that the ABC System (i.e., bothCAB
System ) be found approvable with conditions. The
conditions of approval suggested by the Panel dwzu
disclosure to the surgeons in the technical maasalell

as in the package insert concerning the chippiritflemess,
and revision limitations, etc., of the ceramic caments;
basic science education on the material propefges.,
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corrosion, fracture, etc.) of the involved materidah
addition to workshops; an extensive manual; moimgpof
the surgeons; in-office training available in theni of
either a CD ROM or a video; postmarket surveillaogeto
five years, including retrieval analysis; and wessting on
the subject components under a range of conditens
surgeon might encounter.

SUMMARY
Description

The Howmedica Osteonics® ABC System includes a
ceramic-on-ceramic acetabular bearing couple atiterei
the Howmedica Osteonics® PSL® MicroStructured® ABC
Shells or the Howmedica Osteonics® Secur PSL® ABC
Shells. The bearing couple consists of an Howmedica
Osteonics® Alumina C-Taper Head (28mm and 32mm)
and an Howmedica Osteonics® Alumina Insert. In Zaidit
the system is intended to be used in conjunctiah wie
press-fit Howmedica Osteonics® Omnifit —HA Hip Stems
and Osteonics 6.5mm or 5.5mm bone screws cleared
through the premarket notification process. The
Howmedica Osteonics® Alumina Inserts are assembled
intraoperatively to the mating metal acetabular lishe
components via a taper locking mechanism. Somdsshel
are designed to accept Osteonics® 6.5mm or 5.5 mma bo
screws if additional fixation is necessary. It sishe
following materials:

¢« ASTM F-67 CP Titanium

« ASTM F-1185 Hydroxyapatite

*« ASTM F-603 Aluminum Oxide

*« ASTM F-648 ultra-high molecular
« ASTM F-136
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GLOSSARY
Abrasive: Hash and rough in manner.

Acetabulum: Deep cuplike cavity on the side of the
hipbone that receives the head of the thighbone.

Arthrodesis: Surgical fixation of a joint, ultimately
resulting in bone fusion. Basically, the proceduse
artificially induced ankylosis performed to reliepain or
provide support in a diseased or injured joint.

Arthroplasty : Surgical reconstruction or replacement of a
malformed or degenerated joint.

Autologous: Related to self, materials obtained from the
same organism.

Bearing: To produce, yield.
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Bioactive: The ability of a material to chemically interact
with the host environment in a predetermined manner

Biocompatibility: The ability of a biomaterial to perform
with an appropriate host response in a specificmaan

Bioengineering: The application of principles from
engineering, applied mathematics, and physicsdcsthdy
of biological problems.

Biomaterial: A nonviable material used in a medical
device that is intended to interact with biologisgstems.

Biomechanics:The study of forces that act on and within a
biological structure and the effects that thesecesr
produce.

Cartilage: Tough elastic tissue; mostly converted to bone
in adults.

Cytotoxicity: To produce a toxic effect on cells.

Dielectric: A nonconductor of electricity, especially
substance with electrical conductivity of less than
millionth siemens.

Electrophoretic: The migration of charged -colloidal
particles or molecules through a solution under the
influence of an applied electric field usually pided by
immersed electrodes. A method of separating snbeta
especially proteins, and analyzing molecular stmect
based on the rate of movement of each componeat in
colloidal suspension while under the influence of a
electric field.

Embolism: Obstruction or occlusion of a blood vessel by
an embolus.

Failure analysis The science of determining how and why
a component has failed, due to either mechanical or
corrosion means, with the goal of preventing addai or
similar fractures.

Femoral: Relating to, or located in the thigh or femur.

Fatigue: The phenomenon leading to fracture under
repeated or fluctuating stresses having a maximataev
less than the tensile strength of the material.

Fixation: The preservation and hardening of a tissue
sample to retain as nearly as possible the saratiores
they had in the living body.

Hemolysis: The destruction or dissolution of red blood
cells, with subsequent release of hemoglobin.

Hemiarthroplasty: Arthroplasty in which one joint surface
is replaced with artificial material, usually metal

Heterotopic: Occurring in an abnormal anatomic location.

Hydroxyapatite-coated hip prosthesis:A hip prosthesis
coated with calcium hydroxyapatite, which allowswtical

bonds to form with the adjacent bone and facilgatene
apposition without interposition of a fibrous membe. On
radiographs, an intervening lucent light is not mailty

seen between the prosthesis and bone surface.

Mutagenicity: An agent, such as chemical, ultraviolet light,
or a radioactive element, that can induce or irsgethe
frequency of mutation in an organism.

Osteolysis: Dissolution or degeneration of bone tissue
through disease.

Pelvis: The large funnel-shaped structure at the lower end
of the trunk of most vertebrates: in man it is fethby the
hipbones and sacrum. Any anatomical cavity or &trec
shaped like a funnel or cup.

Prosthesis:is an artificial replacement of a part of the body
Pyrogen: A substance that produces fever.
Refractory: Difficult to melt or work; resistant to heat.

Remodeling: Changes in internal architecture and external
conformation of biological tissues in accordancethwi
applied strain.

Resistivity: The capacity for or tendency toward resistance.

Socket of the hipPart of the joint consists of a section of a
sphere of hard material (the "ball"), and the otpart of
the joint is a spherical container for it, open are side.
The container, the socket, wraps far enough arcmdall

so that the ball cannot slip out. The ball is fteerotate
inside of the socket in many different directioattHough

it is limited by the rest of the bone sticking cft the
socket edges).

Sterilization: The complete elimination or destruction of
all living microorganisms.

Stiff: Difficult to bend, rigid.

Subluxation: Incomplete or partial dislocation of a bone in
a joint.

Thrombus: A clot of blood formed in a blood vessel or in
a chamber of the heart.

Torque: The moment of a force; the measure of a force’s
tendency to produce torsion and rotation about g, a
equal to the vector product of the radius vectomfrthe
axis of rotation to the point of application of tfeece and
the force vector.
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1.

APPENDIX — I: Excersises
Tension, compression and shear:
A steel tube is a part of a leg prosthesis and&has
length (L) = 18 in, diameter ( D ) = 3 in and a
Poisson’s ratin = 0.30. The part is in compression

by a maximum axial force of ( F ) = 250 Ib.
Determine the normal stress and change in diameter.

4———— 18in —>

(]

Given:

L=18in.
n=0.30

D=3in.
F =250 Ib.

Solution:

(a) s=(P/A)

=[-2501b/(P (1.5in))]=-4.42 psi
(b) T if dis -0.000000001 in.

1 =d/L=1.0x10C=-5.6x 10"
18

(c)Dd=1'd=-nT d
=(-0.30) (5.6 x 1) (3in)

=5.1x 10"in

Axially loaded members:

4—
P = 108 KN

<«

>
P, =27 KN

A vertical femur prosthesis of length 2.2 m (for

Shaquille O’'Neal) and cross sectional area A = 480
mmn? support two concentrated loads=PL08 kN and

P, = 27 kN. The material of the prosthesis is an
aluminum alloy having a non linear stress-strairveu

described by the following Ramberg-Osgood equation:

=( /70000)+(1/628.2) (/260 7%
In which  have units of MPa. Determine the
displacement of g of the lower end of the prosthesis
under each of the following conditions: (a) loagd?s
alone. (b) load P acts alone. (c) Pand B act
simultaneously.

A =480 mrh
P, = 108 kN

L=22m
R=27 kN

Given:

Solution:

a. R produces a uniform tensile stress throughout
the length of the prosthesis equal td R, or 225 MPa.
Substituting this value into the stress-strain tiete
gives = .003589. Therefore, the elongation of the
prosthesis, equal to the displacement at point B is

g= L =.003589*2.2m =7.9 mm
b. The stress on the upper half of the prasthe
P,/ A or 56.25 MPA, and there is no stress in lower
half. Therefore:

g= L/2=.0008036*1.1 m=.884 mm

c. The stress in the lower half of the prosthesiB/A

and in the upper half is (P+ P,) /A. The
corresponding stresses are 225 MPa and 281.25 MPa,
and the corresponding strains are, .003589
and, .007510. Therefore:

g =.003583 1.1 m+.0075101.1 m
3.95 mm + 8.26 mm = 12.2 mm
Torsion
If a tube is part of a knee prosthesis and a toliqae
300 Nm is produced when applying a force while the

person walks, determine If,a and if it is going to
suffer twisting or buckling. ( See figure.)

No—

4in.
Given: D=2in d=1in
h=4in T =300 Nm
Solution:

a. l,= (P D*-Pd')/32

=[P (2in)*-P (1in)*]/32=0.402if
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b. te=(TR)/}
=[(300Nm)(2in/2)]/0.402 4= 746.27 N/ rh
c. t,=(Tr)/}
=[(300Nm)(1in/2)]/0.402%+ 373.13N/h
d. tm=373.13N/rh
e. Rule[D/2]/t=1-10
t=D/2-d/2
=2in/2-1in/2=05in

Rule (2in/2)/0.5in= 2; It will not befatted by
twisting or buckling.

4. Shear forces and bending moment diagram:

A man works as a carpenter for WES Company. He
lost his leg in an accident last year and he recew
prosthesis. If a cement block falls in is legndfithe
support reactions, shear force and bending moment,
draw shear force diagram and find maximum force,
and draw bending moment diagram and find
maximum bending moment.

VYVVVVYVY

A A

— 13in —p¢ 5in P
Ra Re

1.391b 8.611b

F,=Ry+Rs; -10=0

@ Ma = Re (0) + Ry(18)- (10)(15.5)
Ry =8.611b
Ra=10-R = 1.39 b

b. Shear moment diagram

V, b

1.39

8.61

c. Bending moment diagram

d. Vimaxand Myax

Vimax=8.61 Ib

M max = 21.54 Ib

5. Stresses in beams

A man works in a gym and he is lifting weights. He
had a prosthesis in his right arm. If the radiohef
curvature that is produce by the weight is 10nd a
the angle varies form 0 to .0Qfind the curvature.

Given: =10in ds =.001
Solution:

d =ds
.001 S
d = ds
0
S= (.001)=10in(.001)=.01in
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