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Introduction:

Terrorist activity at airportes or oh aircraft necessitates increasingly
sensitive concourse detection systems. The development of a better system
requires knowledge about those devices or items that are not weapons that are
on a person going through detection system. This report is an attempt at
finding information of interest regarding surgical implants. The types of
implants available, materials involved, and other physical characteristics of
the implants were found by contacting manufacturers, associations, and
hospitals. People sent various pieces of literature in responee to requests
including brochures, xeroxes of templates of implants and whole ordering
cataloguwes. This literature is referred to in each category of implants.
Because the Depuy catalog creates a clear understanding of the types and
characteristics of implante, xeroxed pages from this catalog are included
throughout the report to supplement a concise definition for each system.
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Types of Implants:

Types of devices provided by the manufacturers depend on the demand for
these devices., Some joints effect the mobility of a person more than other
joints. Those joints that aid mobility most will, of course, be replaced tie
most. The Charnley hip system is the most used system for this reason.
Consisting of a femoral stem with head & acetabular cup, this system is
carried by all or at least most manufacturers. It is installed at least twice
as much as the next-in—line replacement, the knee. A list of manufacturers
and the devices they claimed in their responses to me is now in order.

The Rothman Institute: " The most common type of devices utilized in
orthopedics are total joint replacements for the hip & krnee."”

Dow Corning Wright: “Knee-Tibia, Femoral & Patella Replacements, Hip,
Shoulder, Elbow, Ankle, Fingers, Toes, Wrist, Other: "There are many internal
fixation devices sold such as bone plates, bone screws, pins and wires,
intramedullary rods, spinal fixation and others that we do not manufacture but
are sold by other companies.”, Custom Devices.

Ronan Medical Clinic: Starr—Edwards Clinical Report about Heart Valves.
Kirschner: Hips, Knees, Ankles, Shoulders, Elbows, Wrists, Fingers, Thumbs.

John Roberts (telephone conversation): "Joint Replacement Implants (usually)
Hip, Knee, Proximal Femor, Wrist, Elbow, Knuckles, Fingers, Charnley Design
{4Q years) Hip, etc."”

Depuy: ‘'Femoral Stem with Head, Acetabular Cup, Femoral Component—+Knee,
Tibial Component-Knee, Wrist, Shoulder, Elbow, Fixation Plate, Intramedullary

Nail."

Nancy Almers from Bergen Community College:

"hips by far most frequently used-—relatively much less for knees."
"2 or 3 hips a waek to one knee a month approximately"”

"Elbows and shoulders very seldom."

Besides these devices there are many other special circumstances for
devices. During the Viet Nam War a plate was implanted along the scull when
soldiers underwent some of the traps that decapitated them. It was, by rumor
a very effective surgery.






HIP REPLACEMENT SYSTEMS
THE CHARNLEY SYSTEM

The Charmley hip replacement system, most comwmonly used, consists of
three elements; the hip stem, femoral head, and acetabular component,
Brochures from the following companies have been submitted to ACT-3&2 listing
invaluable information about some physical characteristics of hip replacement
systems;

Dow Corning Wright
Intermedics Orthopedics
Zimmer

Johnson & Johnson

The following information has been included in letter from each respective
manufacturer.

Dow Coming Wrights:
Hip consisting of a hip stem & an acetabular cup (brocure enclosed)
Materials used
Titanium (Hips & Acetabular Cup)
Folyethylene (Hip & Acetabular Cup)

Chrome~Cobalt Alloy (Hips)
Ceramic (Ball of hip stem) (Richards Medical)

Sizes

Hip Stem— Approximately &"~1@" (Various Sizes)
Hip Acetabular Cup~ 42mm X &3mm Dia, X 1"-1/2" high

Weight

Weight varies from a few ounces to 1 1/2 pounds

Depuy
Weight
Femoral stem with head 280 gms
Acetabular Cup 72 gms
Kirschner

Hip and knee prosthesis can range from 4" to 12" in length and weigh from
1/2 to 2 pounds depending on material and design.
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X-RAY ANALYSIS TEMPLATE

TPL-6"

Femoral

Stem

Kieschner
Medical

10 W. Aylesbury Road
Timonium, Maryland 21088

({301) 252-2000

LARGE STEM

Long Neck
5033-41-155

Standard Neck
5033-35-155

Short Neck
5033-30-155

\_/

EXTRA
LARGE STEM

Long Neck
5043-41-155

Standard Neck
5043-35-155

*20% OVERSIZE TO ALLOW FOR X-RAY MAGNIFICATION

QL-FI

HEAD DIAMETER
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(mirror image is only available duplicate of original)
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7210-30-110

7210-27-110

10 CM
|
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BDH UNIVERSAL
FEMORAL COMPONENT
|
SIZE-10(S)
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" 'Thw CONF ATION CUP X-RAY
IGUR TEMPLATE
Acetabular cup Approximate 20% oversize or 120% of actual size

Thin tempiste is for x-rey setimation purposes only.
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SYSTEM

HOWMEDICA®

P.CA.™ TOTAL HIP SYSTEM
PRIMARY FEMORAL COMPONENTS

32mm HEAD DIAMETER

Howmedica,

308 Vetwrarw Bivd,, Rutherford, N.J. 07070

Inc.

X-RAY INFORMATION:
DISTANCE OF BEAM TO TABLE
40 in. US.A.

44 in./110cm EUROPEAN

20% OVERSIZE
TO ALLOW FOR
X-RAY MAGNIFICATION

RIGHT
«7T33 |

R

OUTSIDE OF UINE DEFINES

*FLIP TEMPLATES FOR

HIP PROFILE

LEFT HIP VIEW
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AML MODULAR HEAD TOTAL HIP SYSTEM
"] WITH POROCOAT

Femoral Component

Ornthochrome® , 135° neck angle
(C), 62" (165mm) tnal stem
length, packaged sterile.

Proximally- Stem | Stem
Standard  Coated Diameter® ' Length
implant Implant -] A
\_,/ Cat. No. Cat. No. |Trial No. mm | mm ‘'
_ 135402 135442 | 200251 | 105 | 165
Section DD 1354.03 135443 [ 2002-52 | 120 | 165 |
1354-04 135444 2002-53 13.8 ;185
1354-05 1354-45 2002-54 15.0 185
1354-06 135446 2002-58 16.5 165
1354-07 135447 2354-17 18.0 165 l
1354-08 135448 2354-18 19.5 165 |
1354-12 2354-32 10.5 200
1354-13 2354-33 12.0 200
1354-14 2354-24 135 200
1354-15 2354-35 15.0 200
1354-18 2354-38 16.5 200
1354-17 2354-37 18.0 200 |
1354-18 2354-38 19.5 200 |
‘Measured & the most distal portion of the porous coating and
including the porous surface.
8
Modified Medial Aspect
’ Femoral Component
Orthochrome?® , 135° neck angle
(C), 165mm stem length (A).
Stem ]
Section DD DiarnBeter |
Cat. No. mm Trial No. X
1357-42 10.5 2457-02 i
135743 12.0 245703 |
135744 135 245704 |
135745 15.0 245705 |
135746 16.5 245706 |
1357-47 18.0 245707 .
135748 19.0 245708 |
*Measured at the most distal A/P portion of
the porous coating and including the porous
surface.
Femoral Head
Neck i
32mm Length i
 Cat. No. | Trial No. mm

1014-87 | 2002-57 | +0, 30 (Shory) ;
1014-68 | 2002-58 | +5, 35 (Medium) ;
1014-89 | 2002-58 | + 11,41 (Long) |
1014-71 | 200248 | +15,45(Ex. Long) i
1014.72 | 200248 | +18, 48 (Ex. Ex. Long)

Packaged sterile

Porocoat* s protected by U.S. Patent No 3855638
and foreign patents.

® DePuv







AML’ MODULAR HEAD TOTAL HIP SYSTEM
WITH POROCOAT " contu. |

Instrumentation
Broach Power Planer
Stem ‘ Planer O.D. |
Diameter : E—H—'—d Cat. No. in. :
Cat. No. mm _ " 2454-18 134 !
H 2002-14 105 . 2454-17 1% |
i 2002-15 120 :
i 2002-16 135
H 2002-17 150
H 2002-18 —
bepgied o o 4 Ball Extractor
2354-28 195 :

2354-01 Short

2354-02 Medium, Long, Ex. Long, Ex. Ex. Long

Modified Medial Aspect Broach

Stem 5 Trial Driver
diamerer | | i —g)
Cat. No. mm 2002-65
245712 105 ;
245713 120 |
245714 135 | .
245715 150 ! implant Driver
2457-16 165 { e
2457217 180 :
245718 195 ; 2002-66
*Measured at the most dista! §
* atgandnciudngthe |
gg?ousgsurface, 9 : Femoral Head Driver
; e am— 2127-00 Driver
Broach Handle II : 2127-10 Replacement Tip
2002-67 T ° SE— .
! Universal Driver/Extractor
2046-10

Broach Extractor
2002-24

F Stem Extractor
Hollow Chisel 2449-12
2002-31 Small

2002-25 Medium
2002-27 Large

Osteotomy Guide
2002-68

~16-

@ DePuy
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AML’ MODULAR HEAD TOTAL HIP SYSTEM
WITH POROCOA.F Cont'd.

Fully-Fluted Reamer Extra-Thin Osteotome
8" (203mm) fiute length, 137 - 2_..._18 Biade Width
{330mm) overall iength, Cat. No. mm
, CT——zm 2002.72 00
Reamer | S ) 2002.73 125
Diameter 2002-74 15.0
Cat. No. mm TS 2002-75 17.5
210510 8.0 e D 200278 200
210811 85
2105-12 10.0
210513 105
210514 10 U-Shaped Osteotome
[ = - SN T 210515 120
2105-18 130 2002-71 Handle
7 .
Bt Handle 2002-83 Small
210519 15?0 2002‘84 Medlum
2105-20 16.0 2002-85 Large
2105-21 165  e—————— 3
210527 170 A
2105-22 18.0
210528 19.0
2105-23 195 X 0
2108-24 210 -ray Overl
210525 25 y ay
210528 2.0 2991-40 Standard Stem
2991-41  Proximally-Coated Stem
.2891-51 MMA
_
AML® Acetabular Cup
Qrthochrome® shell, UHMWPe
insert, packaged sterile.
I2mm 1.D. Cup 32mm L.D. Cup
Std. Profile 0.0. Helght Low Proflile 0.0. Height
Cat, No. mm mm Trial No. | Color Cat. No. mm mm Trial No. | Color
1013-44 7 274 201344 | Green 1014-44 “ 242 201344 | Green
101346 46 285 201348 | L1 Bive 101448 4 242 201346 | L1 Be
101349 @ 293 201348 | Brown 101448 4 22 201348 | Brown
1013-50 50 259 | 201350 | Biue 1014-50 50 242 2013-50 | Ble
1013-52 52 312 201352 | Aust 101452 82 2.3 201352 ( Rust
1013-54 54 317 | 2013-54 | Black 1014-54 54 26.7 2013-54 | Black
1013-58 58 222 2013-56 | Gray 101458 58 72 201358 | Gray
1013-58 58 327 2013-88 | L1 Green 101458 58 2n7 201358 | L1 Green
22mm 1.D. Cup
LowProfile | 0.D0. | Helg
Cat. No. mm mm . | Trial No. | Color
1014-38 2 19.25 | 2013-38 | White
101438 38 1938 | 2013.38 | Whits
1014-40 40 2062 | 201340 | White
101442 £ 2075 | 2013-42 | Whie

-17-
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AML’ MODULAR HEAD TOTAL HIP SYSTEM
WITH POROCOAT corrs. @

Instrumentstion 4
Drill Bit ‘ o Cup Holder
1801-18 | 4 2013-10 Std. Profile
Y - 2013-12 Low Profile, 32mm
%" (32mmj diameter P o 2013-16 Low Profile, 22mm
5" (127mm) length ;
i
—_. -
Acetabular Trial Handle X-ray Overlay
2990-55 Std. Profile
2013-00 2990-93 Low Profile, 36mm-42mm
‘ 2990-37 Low Profile, 44mm-58mm
3 AML® Acetabular Impactor
2013-14
P 2013-08

-18-
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TRI-LOCK™ TOTAL HIP SYSTEM WITH POROCOAT’

Femoral Component
Stem At 100mm
Orthochrome®, 32mm head, ronp | Length (Stem Width
34mm std. neck length (8), 40mm Cat. No. mm mm Triai No.
long neck length (B). 135’ neck 1012.57 v o 292780
angle (C}, packaged sterile. 1012-58 142 10.0 2927-61
1012-59 147 125 292782
Stem At 100mm 1012-80 152 15.0 2927-83
Standard | Length |Stem Width 1012-81 157 175 2927-84
Neck A D 1012.82 162 20.0 292788
Cat, No. mm mm Triai No, ; 1012-83 167 25 292788
1012-50 137 7.5 2927-20
1012-51 142 10,0 2927.2%
1012-52 147 125 2927.22
1012-83 152 15.0 2827-13
1012-54 187 17.5 2927-24
1012-58 162 20.0 2927.25
1012.58 167 225 292728
Instrumentation

e SN =
Rasp Universal Driver/Extractor
_ 2046-10
Dual-Lock® Tri-Lock” Fta:‘p"u
coro. | cattle. | “oomm Adapger/Prosthesis Extractor
e e | Qe 2046-34
2927-12 292705 125
292712 292708 15.0
2927:" 2927907 1?.2 X o rl
mra | me | B8 -ray Overtay
2990-72
Femoral Impactor

o
2927-01

-19-
Porocost® is protected by U.S. Patent No. 3855838
and foreign patents.
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TRI-LOCK TOTAL HIP SYSTEM WITH POROCOAT cons. @ ¢

Tri-Lock* Acetabular Cup

QOrthochrome? shell. UMMWPe
! insert, 32mm 1.D. (8), packaged

sternile.
A Cup Cup ;
T Low o.D. Height Standsrd . 0.0 Height N
Profile A c Profile A ¢ g
A Cat. No. mm mm Trial No. Coior Cat. No. mm mm Trial No. Color |
1029-44 44 24.2 2029-44 | Green ' 1030-44 44 274 202944  Gresn |
1029-46 45 242 2029-46 | Lt Blue 1030-46 46 285 2029-46 | Lt Blue
1029-48 48 24.2 2029-48 | Brown 1030-48 48 293 2029-48 | Brown i
1029-50 50 24.2 2029-50 | Blue 1030-50 50 20.9 2029-50 | Blue 1
1029-52 52 26.3 2029-52 | Rust 1030-52 52 31.2 2029-52 | Rust ‘
1029-54 54 26.7 2029-84 | Black 1030-54 54 317 2029-54 | Black i
1029-58 56 27.2 2029-56 | Gray 1030-56 56 322 2029-56 | Gray i
1029-58 58 277 2029-58 | L1 Green 1030-58 58 327 2029-58 | Lt Green 1
Instrumentation
!
Acetabular Grater
;
1 i .
i Qutside '
i Diameter
i ‘w:' - (} Cat. No. mm
- 2440-30 | Grater Sha#t wiHudson End
2440-31 Modified Adapter w/Zimmer End
2440-32 Sterilization Case
2440-36 36
2440-38 38
2440-40 40
2440-41 41
2440-42 42
2440-43 a3 :
2440-44 44 l
2440-45 45 ;
2440-46 46 i
244047 47 :_
2440-48 48
2440-49 49 i
2430-58< . 50 |
2440-51 51
2440-52 s2 i
2440-53 53 i
2440-54 54 ‘;
2440-55 55 ’
2440-55 56 !
2440-57 57 !
2440-58 58 :
2440-59 59 i
2440-80 60
2440-81 61 :
! 2440-82 62
. 2440-83 83 |
2440-84 64 i
2440-85 85 ;
2440-86 66 :
2440-88 68
2440-70 70 ;
2440-72 72 i
~20-
-_ PN - i
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HPS' Il TOTAL HIP SYSTEM

Section DD

Porocoat® is protected by U.S. Patent No. 3855638

and foreign patents.

Femoral Component

Orthochrome®, 135° stem/neck
angle (C), 20° from the horizontal
collar angle. Packaged sterile.

i Stem Stem
$mooth- | Porous- Diameter | Length
Stemmed Coated® Size B A
Cat. No. - Cat. No. Code mm mm Trial No.
1039-61 | 1039-01 1 9.5 165.1 2448-01
1039-62 | 1039-02 2 11.0 177.8 244802
1039-63 % 1039-03 3 13.0 180.5 2448-03
1039-64 | 1039-04 4 14.5 203.2 2448-04
1039-85 | 1039-05 5 16.0 2158 244805

*WARNING: This device has not been approved for non-cemened application.

8

Femoral Head

32mm Neck Length
Cat. No. mm Trial No,
1014-67 | +0, 29 (Short) 2448-75
1014-68 | +5, 34 (Medium) 2448-7¢
191469 | +11, 40 (Long) 2448-77
1014-71 | +185, 44 (Ex. Long) 2448-78
1014.72 +18, 47 (Ex. Ex. Long) | 2448-78
43mm Neck Length
Cat. No. mm Trial No.
1039-42 | +0, 28 (Short) 2448-42
1039-43 | +5, 34 (Medium) 2448-43
1039-44 | +11,40(Long) 2448-44
Packaged sterile
Instrumentation

Trial Extractor

2046-32

—_—— - Femoral Head Driver

2127-00

-~ Ball Extractor
2354-01 Short

235402 Medium, Long, Ex. Long, Ex. Ex. Long

F-

Broach
Size
Cat. No. Code
2449-01 1
2449.02 2
2449-03 3
2449-04 4
244908 5
2449-10 Handle
Power Planer
—_— ’d,! 2454-16 1%"
2454-17 154"
' I Universal Driver/Extractor
2046-10 _;; .

P W o PG o

Stem Extractor
2449-12







HPS 1l TOTAL HIP SYSTEM conte. @

Acetabular Cup

Orthochrome® and UKMWPe
packaged starile.

" 32mm | Outside ! 43mm | Outside
LD, | Diameter 1.0, Diameter
Cat. No. | mm Triat No, Cat. No. mm Trial No.
1044-18 43 204418 1044.23 53 2044-23
1044.20 51 2044-20 1044-35 57 2044-25
L 1044-22 583 2044-22 1044-36 61 2044.36
1044-24 55 2044-24
1044-26 57 2044-2¢
1044-28 59 2044-28
1044-30 51 2044-30
1044-313 64 2044-33
Instrumentation
\ !
X Polyethylene Remover X-ray Overlay

\ 2044-14 2991-38  For Femoral Stems

2991-39 For Acetabular Cups

Cup Impactor

¢ 2044-10

HPS Il Case

2448-06 Femoral :
2448-07 Acetabular ‘

SR Acetabular Punch |
2044-12 |

i
!
!
i
i
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STD+ TITANIUM TOTAL HIP SYSTEM

Femoral Component

32mm Femoral Head*

Tianium (Ti-6AL-4V), 135° neck Size
angle {B), packaged sterile. Cat. No. | Trial No. mm
. 1014-87 | 201812 | 40, 30 (Shon)
T Stem 1014-88 | 2019-14 | +5 35 (Megium)
Length 101448 201918 | + 11 41 (Long)
A 1014-71 2019-32 | + 15, 45(Ex. Long)
Cat. No. Size mm Trial No. 1014-72 | 2019-34 | +18 48 (Ex. Ex. Long) -
101901 | Smail 110 2019-01 JPackaged steriie
101902 Meadium 110 201902 2Bmm head size available soon.
101903 Large 110 2019-03
Revision Implant
Stem
Length
A
Cat. No. Size mm Trial No.
1019-10 | Large, 168 165 201910
1019-20 | Right 200 201940
1019-21 | Left 200 2019-41
1019-30 | Right 250 2019-42
1019-3% Lett 250 2019-43
1019-48 | Right 300 2019-44
1019-41 Left 300 201945
Instrumentation
i .
Rasp | Femoral Head Driver
i e -
S e —— .
2019-21 Small : : 2127-00 Driver

2019-22 Medium

2019-23 Large i

2019-30 Revision, 165mm

Rasp Handle

2019-20

Osteotomy Guide

2019-18

Power Planer

2454-16 1%"
245417 154"

2127-10 Replacement Tip

Head Extractor

2019-25 Short Neck
2019-26 Medium, Long Neck

Sterilization Case

2601-01 4" Sterilization Case
2601-22 Upper Tray
2601-23 Lower Tray.....

X-ray Overlay

2990-85 Primary
2990-86 Revision
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STD+ TITANIUM TOTAL HIP SYSTEM conts. ¢

Acetabular Cup
Packaged sterile.
; Mdller Cup
UHMWPe
Cup |
0.D. | 1.D. | Height
AlB | ¢
Cat. No. Description mm | mm mm | Triai No.
1026-40 | Standard 24 a2 27 214910
1026-52 | Standard 46 a2 28 2149-11
1026-24 | Standard 50 32 29 214912
1026-84 | Standard 52 32 30 | 219608
1028-48 | Standard 54 32 3 2196-10
1026-88 | Standard 56 32 31 2186-1% ¢
1026-50 | Standard 58 32 32 2196-12 |
1026-64 | Snap-fit 44 32 27 2143-10
1028666 | Snap-fit 50 32 29 2148-12
1027-18 | Low Profile 44 32 23 214944
1027-30 | Low Profile 48 32 24 214946
1027-31 | Low Profile 48 32 24 2145-48
1027-19 | Low Profile 50 32 23 2149-50
1027-32 | Low Profile 52 32 26 2148.52
1027-18 | Low Profile 54 32 26 2149-54
1027.34 | Low Profite 56 32 27 2149-56
102717 | Low Profile 58 32 27 2149-58 |
1038-13 | CDH Std. Eccentric 36 22 24 2149-06
1038-14 | COH Std. Eccentric 40 22 24 2143-08
1038-168 | CDH Std. Concentric| @4 22 24 2148-10
- -
?—_—
= B i
Seif-Centering™ Universal Cup New England Baptist Eccentric Cup
Orthochrome® and UHMWPe UHMWPe
Cup ; Cup | Superior
0.D. 1.0 Height 0.D. 1.D. He(ight Thickness
A B c Trial Trial A B ] :
Cat. No.! mm mm mm Cup insert Cat. No. mm mm mm mm Trial No. :
1036-39 39 22 26 2037-39 | 2037-01 1041-30 a4 32 25 7 2453-30° !
1036-41 41 22 27 2037-41 | 2037-01 1041.32 50 32 29 1 2453-30" |
1036-43 43 32 2% 2037-43 | 2037-02 1041.34 54 32 31 14 2453.32¢
1036-R4" 1 - 44~ for- RN 288 | 2037-44., 200702, ] 1041.36 58 32 32 17 2453-32¢ ,
103645 | 45 32 30 | 203745 | 203702 104138 | 65 32 ¥ 20 ) 2ue3 |
103848 46 32 31.3 203746 | 203703 “Only one trial needed for both 1041-30 ang -32
103647 47 32 31 203747 | 203703 1Onty one trial needed for both 1041-34 and -36
1036-48 43 32 323 203748 | 2037-03 Double wire system designed by Clark N. Hopson, M.D. and protectec by
1036-49 49 2 32 2037-48 | 2037-03 U.S. Patent No. 4,244 698
1036-50 80 32 333 2037-50 | 2037-03
1036-51 51 32 33 2037-51 | 2037-03
1036-52 52 32 334 2037-52 | 2037-04
1036-53 53 32 k* 2037-53 | 203704
1036-54 54 32 345 2037-54 | 2037-04
103¢6-55 55 .32 3s 2037-55 | 203704
1036-56 56 a2 35.5 2037-56 | 2037-04
1036-57 57 32 36 2037-57 | 2037-04
1036-59 59 32 37 2037-59 | 2037-08
1036-61 81 32 38 2037-81 | 203705
103683 63 3z 39 2037-83 | 203705
1036-85 65 32 39 2037-85% | 2037-0%
*28mm Avaitable Soon ‘

—24-
-
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DUAL-LOCK' TOTAL HIP

32mm Head Femoral Component

Ornthochrome® HSF. 135° neck
angle (C), 34mm standard neck
length (B), 40mm long neck length
(B)., 40mm lateralized neck lengtn
(B). packaged sterile.

| Standard

Stem | At 100mm |

Length |Stem Width!
i Neck A D ? :
: Cat. No. mm mm . Tria! No.
i 1023-20 137 75 2927-20 |
1023-21 142 10.0 2927-01
1023-22 147 12.5 2927-22
1023-23 152 15.0 2927-23
1023-24 157 1758 2927-24
1023-25 162 200 2927-28
1023-26 187 258 2927-26
Stem | At 100mm Stem | At 100mm B
Lon Length |[Stem Width Lateriafized | Length |Stem Width
Nec A D Neck A o .
Cat. No. mm mm Trial No. Cat. No. mm mm Trial No.
1023-60 137 75 2927-60 102340 137 75 2927-40
1023-61 142 10.0 292781 1023-41 142 10.0 292741
1023-62 147 125 2927-82 1023-42 147 125 2927-42
1023-63 152 15.0 2927-63 102343 152 15.0 292743
1023-64 157 17.5 2927-84 1023-44 162 175 2927-44
1023-65 162 200 292765 1023-45 187 20.0 2927-45
Q 1023-68 167 225 2927-86
s
22mm Head Femoral Component
Orthochrome® HSF, 135° neck
angle (C), 34mm standard neck
length (B), 40mm long neck length
- {B). packaged steriie.
/ AN Y 8 Stem | At 100mm ! !
/ 2 Standard Length |Stem Width :
e Neck A D
Cat. No. mm mm Triai No. .
1022-20 137 7.5 2022-20
1022-21 142 10.0 2022-27 |
k -7 1022-22 147 12.5 2022-22 |
1022-23 152 15.0 2022-23
< Y 1022-24 157 .. 17§, 2022-24 |
\ 1022-25 162 200 | 202225
N 100mm
A Stem | A100mm !
Lon: Length |Stem Width :
e Nec A D |
Cat. No. mm mm Trial No. |
1022-60 137 75 202260 |
H— 1022-61 142 10.0 2022-61 .
D 1 o 1022-62 147 125 2022-62
1022-63 152 15.0 202263
1022-64 157 175 202264 |
» 1022-65 162 20.0 2022-65 |
/1
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DUAL-LOCK TOTAL HIP contu.

Instrumentation
Rasp Femoral Impactor/Extractor
Widthat | "'—‘———*— 2927-01
100mm '
Cat. No. mm : e e
2927-10 7.5 )
2027-11 10.0 : X-ray Overlay
2927-12 12.5 ’
282713 150 2990-33 Std. Neck, 32mm
2927-15 20.0 ? ) 2990-34 Std. Neck, 22mm
2927-16 225 ; 2990-35 Long Neck, 32mm
I 2990-47 Lateralized Neck,
32mm

-26-
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N.E.B. TOTAL HIP SYSTEM

-— D
Femoral Component
/A
,/; L § ;‘. ¢ Orthochrome*® HSF. 135° neck
LR }; ’ angle (E), packaged sterig
\44 . Stem | Neck Seat . Seat
Section FF . Length | Length | Length ; Width
. A B c i D .
Cat. No. Description. mm mm mm i mm  Trial No.
E ;104108 | Small ) 30 31 25 | 2453.03
| 1041-10 | Smalt P 36 A E 25 . 2453.05
1041-20 | S {20 38 37 ¢ 28 24531
1041-22 | S ior20 42 37 1 28 245393
1041-16 | Thick I -a 36 41 | 32 2453.07
1041-18 | Thick T40 42 41 : 32 ; 2453-09

Long Stem Femoral Component

Orthochrome?® HSF, 135° neck

{ 2453-16 ' Smail
| 2453-18 | Thick
2453-21 | Standard !
245322 | Long {
i

-0 angle (€}. 29mm seat width (D).
: ' 37mm seat height(C).
f Stem | Neck i
Length | Length ] Head/
Section FF ) A B i Neck
ection Cat. No.| mm mm . Trial Stem" :  Trial
{ 104140 165 36 2453-41 | 2453-50
L 1041.42 165 42 | 2453-52
" 1041-44 185 48 2453-54
. 104146 185 58 2453-56
" 1041-50 203 36 | 245343 2453-50
- 1041.52 203 42 | 2453.52
 1041-54 203 48 | 2453.54
(104156 | 203 58 | | 2453.56
T1041-60 | 254 36 | 2453-45 . 2453.50
104162 | 254 42 © 2453.52
104184 254 as 2453-54
, 1041-66 | 254 58 | | 2453-56
' 1041-70 305 36 | 245347 . 2453-50
| 104172 305 a2 | | 2453.52
| 1041-74 | 305 48 - 2453-54
| 1041-76 305 58 | | 2453-56
“Trial Stems have interchangeable heads/necks.
Instrumentation
Rasp | Adapter/N.E.B. Trial Extractor
H
t .
Cat.No. | Stem ! 2046-32

- e
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N.E.B. TOTAL HIP SYSTEM contu.

Acetabular Cup

, UHMWPe with 316 LVM stainless
stee! x-ray wire, 32mm |.D. (B},
packaged sterile.

Cup | Superior )
0.D0. | Height Thickness
A c D i
Cat. No. mim mm mm Trial No.
1041-30 44 25 7 2453-30°
| 1041.32 50 29 11 2453-30" !
1041.34 54 3 14 2453-32¢ |
1041-38 58 32 17 2453-321t
1041-38 85 36 22 2453-34

*Only one tnal needed for both 1041-30 and -32

1Only one trial needed for both 104134 and -36
Double wire system designed by Clark N. Hopson, M.D. and
protected by U.S. Patent No. 4,244 688

Instrumentation
Acetabular Trial | Gouge
- P 2453-30 44-50mm | 2453-36
2453-32 54.58mm o
2453-34 65mm ;

e Wire Passer

° e
' Acetabular Positioner/Inserter 2453-26
o - 4 245314 . T T
e e - Wire Tightener
Angled Bone Curette . 2453-24
S ] —— P

2453-28

X-ray Overtay
2990-6Q

-8
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M.E. MULLER TYPE TOTAL HIP SYSTEM

Section FF

Standard, Structured Stem

-C Femoral Component
f/ Onthochrome® HSF. 32mm head
0 7 size, 135° neck angle (E).
I I— | Stem | Neck | Seat | Seat . ?
Section FF Length | Length | Height | Width | |
; A B8 c b ;
iCat. No.| mm mm mm mm_ Trial No. .
| 1027-07 m 29 34 25 243522
! 1027-08 111 34 34 25 ' 24354186 |
102717 | 1 39 34 25 2435-18 |

Recommended Rasp: 2126-00

Standard Stem, Standard and Long Neck
Femoral Component

Orthochrome®, 32mm head size,
135 neck angie (E).

Stem Neck Seat Seat !
Length LGagth Heéght width !
A

o) ‘
Section FF \ Cat. No.!| mm mm mm mm | Trial No. |
1026-26 | 111 34 33 26 | 2137-10 |

E 1026-28 11 40 33 26 13712

Recommended Rasp: 2126-00

Thick Stem - Small, Standard and Long Neck
Femoral Component

Orthochrome?®, 32mm head size,
135° neck angle (E}.

| Stem | Neck | Seat | Seat ?
i Length | Length | Height | Width |

| A 8 o ! |
ECat. No.| mm mm mm mm  Trial No. |
[ 1026-32 | 111 34 33 26 | 2435-10 |
| 1026-34 | 1M1 40 33 26 243512 |
| 1026-36 | 111 29 3 26 | 2435-14 |

Recommendsd Rasp: 2191.10
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M.E. MULLER TYPE TOTAL HIP SYSTEM contu. ¢

Extra Short Neck, Short

c
Stem Femoral Component
; Orthochrome®, 32mm head,
D 135° neck angle (B}, 27mm neck
length (E).
Section FF

Stemn Seat Seat
Length | Height | Width
A C i
Cat. No. mm mm mm | Trial No,
1026-30 " 28 18 2137-14
Recommended Rasp: 2175-00

Instrumentation

Cement Mixing Bowli
and Spatula

2173-00

6 Orthochrome*® Cement Restrictor
2146-10

Ci—-‘ =4 Bone Cement Syringe

j 2190-00 Bone Cement Syringe, Complete
2189-00 Disposable Reptacement-iut e

-30-
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M.E. MULLER TYPE TOTAL HIP SYSTEM conts.

Lexer Chisel

e
2132-02
| e Wiath
: ) Cat. No. | mm
213210 2132-02 | A
; 2132-04 B
"] 2132-06 | 2
2132-16 2132-10 20
213213 ! 25
2132-14 30
213216 © 200x30
213218 280x8
(o -— Chisel
213212 Width |
Cat. No. Description mm
r = - = 2132-12 | Fiat, Streten 16
2133-10 2132-20 | Bone. Ground, 1 Side 12
2132-22 | Bone, Ground, 1 Side 20
== 2133-10 | Curved 8
2135-00 213312 | Curved 16
2135-00 | Fiat. Bent 16
PR 213510 ; Curvec 20
* 2143-10 | Fiat 10 |
21431 Flat ‘
214312 4512 |Fa ad
— < Gouge
2133-04
. ¢ Width
4 Cat. No. Description © mm
2133-04¢  Curved .5
2136-00 2133-06 Curved BT
-_—_—.—_._:. 2133-08  Curved ; 15
2142-12 2136-00 . Swan Necx ‘ 18
’ 214210 Straght e
.;,_.m— 2142-12  Straght Y10
2142-14  Straght : 15
2145-00 2145-00 ° Bent : ]
B e o= 2
! . . ,
i , Corkscrew Universal Driver/Extractor

2125-00 |

5

2046-10

t
1
I b
|
i

Curette

: N
2134-10 Small | %Q

2134-12 Medium

icholls Hip Extraction Adapter
2046-34

2134-14 Large

="

Pestle Driver

I
R
|
Femoral Head Driver | 2144-00
2127-00 Driver § ) .
2127-10 Replacement Tip | Dislocation Lever
L

=31
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M.E. MULLER TYPE TOTAL HIP SYSTEM conts. (

Positioning and Aiming Device

. Cat, No. | Description
2138-00 ; Posittomng and Aiming Device Includes:
213810 ¢ Aimer
2138-12 | inserter
2129-10 | 32mm. w/Brim. Standard Profile
2129-11 | 32mm, w/Bnim, Low Profile
H Optional
212912 . 32mm
212909 22mm
2128-14 | 32mm, w/Brim Threaded
4 Cement Pusher
b —
2129-17
Miiller Rake Retractor, 38mm
f— 2177-00
Rasp

2126-00 Standard Stem
2191-10 Thick Stem

Miller Type Awl Reamer
2354-10 Hudson End

Handle, Hudson End
2172-14

Miller Retractor, Complete

Cat. No. Description
2176-00 MuRer Ratractor Includes:
2176-10 Retractor
2178-12 Weight Hook
2176-13 Weight Hanger
2176-14 Weight

-32~

Double Angled Retractor, 15mm

™ = 2176-20

Retractor with Impactor Hole

———)
7 .
7

2176-22 2 Tips. 40mm
2176-24 40mm
2176-26 22mm

Hohmann Retractor

2131-10 Small
2131-12 Medium
2131-14 lLarge

" — O

——— Trochanteric Wire, Orthochrome:

Diameter . Length
Cat.No.| in. | mm  Gauge | in. | mm
1713-10 | 039 | 1 19 194 | 500
1713-12 | 047 | 120 18 19 | 500

Vent Tubes, 6/Pkg.
2124-00

Dual Lock* Trial Tray
2601-10

Sterilization Case

2601-01 4" Case, Universal
2601-02 7" Case, Universal

@ DePuiv
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M.E. MULLER TYPE TOTAL HIP SYSTEM conr

Acetabular Cup

UHMWPe with 316 LVM stainless
steel x-ray wire, packaged steriie

A
S T, +
c ~ i { - Qup
} : ‘0.D. | LD. | Height :
- > ! i A B C
T g Cat. No. Description , mm i mm: mm  Triali No.
| 1026-40 | Standard lad | 32 0 27 | 218810
! 1026-52 | Standarg fa6 | 32 1 28 1 214811
1026-24 | Stancarg §850 032 | 29 214812
1026-84 : Stancarg ;B2 ¢ 32 30 | 2196-08
1026-48 | Standard P84 | 32 3t | 219610
1026-86 | Standard 56 | 32 3 2196-11
1026-50 | Stangard 58 32 32 2196-12 .
1026-64 | Snap-it aa | 32 27 214819 ¢
1026-66 | Snap-ft 50 | 32 23 214912
102718 | Low Profile a4 | 32 23 | 214944
1027-30 | Low Profile 46 32 24 2149-46
1027.31 | Low Profile 48 32 24 214948
1027-19 | Low Profile 50 32 23 2149-50 |
1027-32 { Low Profile 52 | 3 26 214852 |
1027-16 | Low Profile 54 | 32 2% 2149-54 |
1027-34 | Low Profile 56 32 27 2149-58 !
1027-17 | Low Profite 58 | a2 27 214958 |
1038-13 | COH Sig Eccentnc | 36 | 22 24 2145-06
1038-14 { CDH Std. Eccentric 40 22 24 2149-08 |
1038-16 | CDH Sta. Concentric | 44 22 24 214910 |
Instrumentation
X-ray Overiay Acetabular Anchorage Hole Drill
2990-30 Muiler Type Stems/Cups t | Overall | ,
2990-27 Low Profile Cup . = g 1 | _Length ' piameter
2990-55 Standard Profile Cup (Cat.No. | in. mm. mm
| 202306 | 7% : 193 . 6
Capsule Clamp
- Stop Drill Acetabular Anchorage
- 2148-00
- i w r— -
o ' Capsule Scissors Overall EP——
— - ' ' Length | piameter  Depth
- 2147-00 “Cat.No. i in. .mm. mm | im
. 202309 | 8% | 209 T T
202312 . &4 | 216 1 12 5

CDH Cup Inserting Device
2129-18

-

(¥

Acetabular Positioner
2138-14

« 2R
s SN

Accepts trials for Milier type/ Tri-
Lock™ acetabular cups and 32mm
with bnm (2129-10, 11) for implart
positioning.
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PROXIMAL THIRD FEMORAL PROSTHESIS @

Femoral Component

#—I‘ Orthochrome* . 32mm head. 1352
neck angle (E), 32mm seat width
(D) and height (C), 152mm stem

\ \_/* ' iength (A).

| Neck
i Length
-]

Cat. No. mm
1031-30 | 80
1031-31 | 30
103132 100
1031-33 110
1031.34 120 ;
1031-35 130 |
1031-36 140
1031-37 150
1031-38 160
1031-39 170
1031.40 180
1031-41 190
1031-42 200
103143 210
1031-44 220

Instrumentation I
1
Upper Third Femoral Reamer g X-ray Overlay
- 2197-00 | 2990-31
i
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d SELF-CENTERING™ UNIVERSAL HIP SYSTEM ratent pending

Seif-Centering™ Universal Hip

Orthochrome® outer cup,
UHMWPe insen, packaged sterile.

! Cup

¢ 0.D. 1.0 | Height ,
A B8 o} Trial Trial |
Cat. No.! mm mm mm Cup Insert
103639 | 29 22 26 2037-39 | 2037-0%
1036-41 | 41 22 27 2037-41 | 2037-01

1036-43 | 43 32 29 2037-43 | 2037-02
1036-44 © 44 32 28.8 | 203744 | 2037-02
103645 | 45 32 30 2037-45 | 2037-02
1036-46 | 46 32 31.3 | 203748 | 203703
1036-47 a7 32 31 203747 | 2037-03 |
1036-48 48 32 32.3 | 2037-48 | 2037-03 |
1036-49 49 32 32 2037-48 | 2037-03 |
1036-50 ;| 50 32 333 | 2037.50 | 2037-03 |
1036-51 | & 32 33 2037-51 | 2037-03 |
1036-52 . 52 32 33.4 | 2037.52 | 2037-04 |
1036-53 53 32 34 2037-53 | 2037-04
1036-54 54 32 345 | 2037-54 | 2037-04 -
1036-56 55 32 35 2037-55 | 2037-04
1036-56 56 32 35.5 | 2037-56 | 2037-04 |
103657 ! 57 32 36 2037-57 | 2037-04
1036-59 59 32 37 203759 | 2037-05 |
10356-61 61 32 38 2037-61 | 2037-05 |
1036-63 83 32 33 2037-63 | 2037-05 |
1036-65 85 32 3g 2037-65 | 2037-05 |

° *28mm Available Soon
Instrumentation
- L
® | Sterilization C

3 , on S

- — Release Forceps terilization Case

2601-01 4" Case
2601-18 Trials Tray

C, 2037-11

Acetabular Gauge

i X-ray Overlay
R s ) Description ‘
Cat. No. mm 2991.57
2037-28 38-40 :
2037-12 39-41
2037-20 42 ‘
2037-14 43-45 g
2037-15 44-46 i
2037416 47-49 :
2037.17 48-50 .
2037-18 51.53 :
2037-19 52.54
2037-20 55-57
2037-21 56-59
| 203730 60
| 203722 | £1-63 f
i 203723 | 65
-35~
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CATHCART ORTHOCENTRIC

Orthocentric™ Femoral Component
Modified M.E. Miiller Type Stem Design

Orthochrome®, 112mm stem length
(A), 33mm neck length (B), 35mm
seat haight (C), 28mm seat width
{D), 135° neck angis (E), packaged

HIP SYSTEM us. ratent xo. 3510,883 q

—

Femoral Component

Orthochrome®, 35mm seat height
({C), 2?mm seat width (D), 135°
neck angle (E), 32mm M/L stem
width (G), packaged sterile.

sterile. Stem Neck
Head : Length | Length
Head Size A 8
Size Cat. No. mm mm mm
Cat. No. mm 1045-10 41 173 22
104810 (4 oants | & | s | =
1046-11 42 1045-16 44 173 23 i
1046-12 43 ;
1046-13 44 1045-18 45 173 2 '
ToaeTe pr 1045-20 45 188 25 |
: 1048-22 47 198 25 |
1046-15 48 1045-24 48 198 2%
1048-16 47 ‘
1046-17 48 1045-26 43 198 27
TR pr 1045-28 50 198 27
1048-19 50 1045-30 51 198 27
1046.20 b 1045-32 52 198 29
1046-21 52 1045-34 53 198 29
04622 | 59 oasss | = | % |
1046-23 54
104540 56 198 30
1046-24 55 1045-42 57 198 32
1046-25 56
1046-26 57
‘ -
Instrumentation
Corkscrew 4 k:_—:\ Driver for Miiller Type Stem
2125-00 2001-10 Driver with Delrin Insert

Driver for I-Beam Cathcart Hip

peaa—— 2116-00

____"_"-:'-!4

2002-10
2003-10
2003-12
2126-00

Rasp

Use with Narrow Stem
Use with 173mm Stem
Use with 198mm Stem
Use with Mlller Type Stem

2001-12 Replacement Delrin Insert

Radius Gauge

2118-10 Odd Size mm
2118-12 Even Size mm

— Universal Driver/Extractor
2046-10

:

m ol N

For I-Beam Prosthesis
2046-28
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I-BEAM HEMI-ARTHROPLASTY HIP

-0 “1 \
Section FF

Femoral Component

Orthochrome® | 35mm seat height
{C), 27mm seat width (D), 135°
neck angte (E).

Stemn Neck

Head | Length | Length :

Size A g8
. Cat.No. | mm mm mm
. 1024-10 4 185 24
1024-12 43 165 25
1024-14 44 165 26
1024-16 46 165 26
1024-18 48 165 27
102420 49 165 28
1024-22 51 180 x
1024-24 54 190 29
1024-26 57 190 30
1024-28 60 190 32
1024-29 63 190 36

Instrumentation

Corkscrew
2125-00

Driver for I-Beam
2116-00

Locks into driving platform,

I-Beam Rasp

Cat. No. Description

2003-10 | Use with 6'%4" (165mm) Stems
2003-12 | Use with 814" (216mm) Stems

Prostheses Measuring Instrument

Ag 2006-00 Inches
; 2008-10 Millimeters

{ ~ Universal Driver/Extractor
| 2046-10
|

For i-Beam Prosthesis
2046-28
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TABLE | Chemical Requiresents

TABLE ) Permissible rariation s product aselyvis

Element Compomition. %
Nitrogen. max 003
Carbon. max 0.08
Hydrogen, max 0.012*
Tron, max 0.25
Oxygen, max 0.13
Aluminum 5.5-6.50
Vanadium 1345
Titanum’ batance

* Materal 0.032 in. (0.813 mm) and under may have hydro-
gen content up 10 0.0150 %,

# The perceniage of titamum is determined by difference and
need not be determined or certified.

Nitrogen 0.02
Carbon 0.02
Hydrogen Qoo
fron 010
Oxygen 0.02
Aluminum 0.40
Vanadium 0.5

TABLE 3 Amnesled Mechanical Propertier’

Yicld Strength Elongation in Reducuion of

Size T;;ﬂl;?&(r;:ﬁl; {0.2 % offset), mun 44 or 4w Area mn,
' psi {(MPa} min, %* %<
Under 0.187 in. {4.73 mm) thickness or diameter 130 000 (896} 120000 (827) 10
0,187 (4.75 mm) 10 1.75 in. (44.45 mm) il 125 000 (860 115000 {795} i0 8
Bend Test?
Under 0.070 in. (1.778 mm) in thickness 9T .
0070 in. (1.778 mm) 10 0.187 in. {4.750 mm) inc! 0T

i thickness

# Mechanical properties for conditions other than annealed may be established by agreement between the suppher and the

implant manufacturer.

# Elongation on material under 0.125 in. (0.813 mm) in thickness may be obtained by negitiation.

€ Applies to bar, plate, and forgings only.

2 Beritd test applicable 1o sheet and sinp products: T = thickness of bend specimen in reference to diameter of bend.

APPENDIX

{(Nonmandatory Information)

X.1 RATIONALE

X 1.1 The purpose of this specification is to charac-
terize the chemical, physical, mechanical, and metal.
lurgical properties of wrought annealed Ti-6A1-4Y
E.L1L alloy to be used in the manufacture of surgical
implants.

X1.2 The alloy composition covered by this stand-
ard has been employed successfully in human implants,
exhibiting a well characterizad level of local biclogical
respanse, for over a decade.

X1.3 The mucrostructural requirements contained
in this standard represent the current general consensus
of opinion with respect to optimization of mechanical
properties for implant applications.

X1.4 The minimum mechanical properties speci-
fied assure s baseline of strength and ductility for the
highly stressed devices for which this alloy is typically
used.

The American Society for Testing and Materials 1akes no posiion respecting the validity of amy patend rights asserted in comnection
with any iem mentioned in this siandard. Users of this standard ase expressly advised that determination of the validity of any such
patent rights. and the risk of infringement of such rights. are emiirely their own responsibility.

This standard s subject to revision al any time by the responsible technical commiltee and rmust be reviewed every five years and
if mot revised. ether reapproved or withdrawn. Your commenis are invited either for revision of this standard o for addiionai
standards and should be addressed 10 ASTM Headquarters Your comments will recejve careful consideration at a meeting of the
respunsible technical commiitee. which you may attend. If you feel thar your commenis have not received a fair hearing you should
make your views known (o the ASTM Commuttee on Standards, 1916 Race St.. Philadelphia. Pa. 19103.

30
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4.1.2 Applicable ASTM designation,

4.1.3 Form (sheet, stnp. plate. wirc, bar. or
forging).

4.1.4 Condition {See 5.1).

4.1.5 Mechanical properues (if applicabile. for
special conditions),

4.1.6 Finish (see 5.2).

4.1.7 Applicable dimensions including size.
thickness. width, or print number.

4.1.8 Special tests, and

4.1.9 Special requirements.

5. Materials and Manufacture

5.1 The vanous titanium mill products cov-
ered in this specification are normally formed
with the conventional forging and rolling equip-
ment found in primary ferrous and nonferrous
plants, The ingot metal for such mill operations
is usually melted in arc furnaces of a type con-
ventionally used for reactive melals.

5.2 Finish—Annealed matenal may be fur-
nished to the implant manufacturer as descaled
or pickled. sandblasted. ground. or combinations
of these operations.

6. Chemical Requirements

6.1 The heat analysis shall conform to the
chemical composition of Table 1. Ingot analysis
may be used for repgrting all chemical require-
ments. except hydrogen. Samples for hydrogen
shall be taken from the finished mili product.

6.2 The product analysis tolerances shall con-
form to the check tolerances of Table 2.

6.3 For referee purposes. Methods E 120 shall
be used.

6.4 Samples for chemical analysis shall be rep-
resentative of the matenal being tested. The ut-
most care must be used in sampling titanium for
chemical analysis because of its affinity for ele-
ments such as oxvgen, nitrogen, and hydrogen.
Therefore, in cutting samples for analysis, the
operation should be carried out insofar as possi-
bie in a dust-free atmosphere. Chips should be
clean and sharp. Samples for analysis should be -
stored in suitable containers.

29

F 138

7. Mlechanical Requirements

7.1 Matenal supphed under this spectfication
shall conform to the mechamcal property re-
qutrements given in Table 3

7.2 Specimens for tension tests shall be ma-
chined and tested in accordance with Methods
E 8. Tensile properties shall be determined using
a strain rate of 0.003 10 0.06™ in_/in mun (metnc
equivalent mm/mm/min) through the specified
yield strength.

7.3 For sheet and staip. the bend test specimen
shall withstand being bent ceid through an angle
of 105" without fracturc in the outside surface of
the bent portion. The bend shall be made on a
diameter equal to that shown in Table 3. Test
conditions shall conform to Method E 290.

8. Special Requirements

8.1 The microstructure shall be a fine disper-
sion of the alpha and beta phases resulting from
processing in the alpha plus beta field. There
shall be no continuous alpha network at prior
beta grain boundanes. There shall be no coarse.
elongated alpha platelets. There shall be no aipha
case.

82 The beta transus temperature shall be
measured by a suitable method and reported on
the materials centification.

9. Quality Program Requirements

9.1 The producer shall maintain a quality pro-
gram. such as, for example. is defined in Speci-
fications C1-1968.

9.2 The manufacturer of surgical implants or
medical applicances shall be assured of and may
audit the producer’s quality program for con-
formance to the intent of Specifications C1-1968.
or other recognized program.

10. Marking, Packing, Certification. and Rejec-
tion
10.1 Marking, packing, certification. and re-
jection shall be as specified in Specifications
B 265. B 348, and B 381.

-390~







qglh Designation: F 136-34

Standard Specification for
WROUGHT TITANIUM 6A1
IMPLANT APPLICATIONS®

-4V ELI ALLOY FOR SURGICAL

This standard 15 1ssued under the fixed deuignation F 136: the number immediately following the designation indicates the vear of
orgnal adoption or. 1n the case of revision. the vear of last reviston. A number in parentheses indicates the vear of last reapproval,
A superscnpt epsilon (+) indicates an edttonal change since the fast revision or reapproval.

1. Scope

1.1 This specification covers the chemical.
mechanical, and metallurgical requirements for
wrought annealed Ti-6A1-4V E.L.L (extra low
interstital} titanium alloy to be used in the man-
ufacture of surgical implants.

1.2 The material in this specification has begn
subjected 1o testing in laboratory animals.** The
results of these studies and the climcal history
indicate a well characterized level of local biolog-
ical response.**

1.3 The values stated in inch-pound units are
to be regarded as the standard. The metnc equiv-
alents in parentheses are provided for informa-
tion only.

2. Applicable Documents

2.1 ASTM Standards:

B 265 Specification for Titanium and Tita.
mium Alloy Strip. Sheet and Plate*

B 348 Specification for Titanium and Tita-
nium Alloy Billets*

B 381 Specification for Titanium and Tita-
nium Alloy Forgings*

E 8 Methods of Tension Testing of Meallic
Materials®

E 120 Methods for Chemical Analysis of Ti-
tanium and Tianium Alloys®

E 290 Method for Semi-Guided Bend Test for
Ductility of Metallic Matenals’

F 620 Specification for Titanium 6A1-4V
E.L.I Alloy Forgings for Surgical lmplants®

2.2 C1-1968 Specifications of General Re-
quirements for a Quality Controi Program’

3. Product Classification

1.1 Strip—Any product under 0.1875 in.
{4.75 mm) in thickness and under 24 . (610
mm} wide.

3.2 Sheet—Any product under 0.1875 in.
{4.75 mm} in thickness and 24 in. (610 mm) or
more in width.

3.3 Plate—Any product 0.18751n. (4.75 mm)
thick and over and 10 in. {254 mm) wide and
over, with widths greater than five times thick-
ness. Plate up 10 1.75 in. {(44.45 mm)}, thick
inclusive is covered by this specification.

3.4 Bar—Rounds from ¥ in. (7.9 mm) to
1.75 in. {44.45 mm) in diameter. (Other sizes by
special order.)

3.5 Forging bar—Bar as described in 3.4, used
for production of forgings. may be furnished in
the hot rolled condition.

3.6 Wire—Rounds less than Yie in. (4.8 mm)
in diameter.

4. Ordering Information

4.1 Inquiries and orders for matenal under
this specification shall include the following in-
formation:

4.1.) Quantity (weight or number of pieces).

' This specificauion 1s under the junsdiction of ASTM Com-
mittee F-4 on Medical and Surgical Matenals and Devices and
is the direct responsibility of Subcommuniee FO4.02 on Re.
Sources.

Current edition approved June 29, 1984 Published Septem-
ber 1984,

*Lamg P G.. Ferguson. Jr.. A. B.. and Hodge, E. S.. “Tissue
Reacuon in Rabbit Muscle Exposed 1o Metallic Implants.” J.
Biomed. Matenals Research, Vol. 1, 1967, pp. 135-149.

*Laing. P. G.. "Compaubility of Biomatenals,™ Orthopedic
Chimics of North Amenica. Yoi. 4. No. 2. Apnl. 1973 pp. 249-
m.

* Annual Book of ASTM Standards. Vol D2.04.

* Annual Book of ASTM Siandards, Yols 02.01-02.03, and
03.01.

¢ Annual Book of ASTM Standards. Yol 03.05.

* 4nnual Book of ASTM Standards. Vol 03.01.

* dnnual Book of ASTM Siandards. Vol 13.01.

* Availabic from American Socwety for Quakity Control. 161
W, Wisconun Ave. Milwaukee, Wi 53203,
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Fig. 19 Creep-rupture date for TI-6AI-AY bar
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Fig. 20 Mean coefficient of thermal expansion for TI.6Al-4Y
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Fig. 17 Typical tonsile properties of TLEAL4Y
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history. Martensitic structure can
also be produced.

Mass Charocteristics

Density. 443 Mg'm?® 10.160 ibin.h
at 25 °C (77 °F)

Thermal Properties

Liquidus temperature. 3020 - 25
°F 11660 = 14 °O)

Solidus temperature. 2920 = 20 °F
11804 = 11°0C)
Phase-transformation tempera-
ture. Beta transus, 955 to 1010 °C
{1750 to 1850 °F)

Coefficient of thermal expansion.
See Fig. 20.

Specific heat:

Specific heat
Tempersature dJd Btu-
°C °F kg K Ib-*F
20 68 ... 580 0.14
205 400....... 610 0.13
425 800 ....... 670 0.16
650 1200....... 760 618
870 1600 ....... 930 0.22

Thermal conductivity:

Conductivity

Tempersture Btu/
*C *F Wm K fi-h*F
Mill annealed

20 68...... 6.6 38
93 200...... 73 42
205 400. .. ... 9.1 5.3
315 600...... 10.6 6.1
425 800...... 12.6 7.3
540 1000...... 14.6 8.4
650 1200. ... .. 17.5 10.1
Solution treated and aged

20 68...... 6.8 39

3 200.. ..., 7.5 4.3
205 400. ... .. 85 4.9
315 600...... 9.6 35
425 800...... 1098 6.3
540 1000, ... .. 126 7.3
650 1200. .. ... 14.1 B.1

Rlectrical Properties
Electrical resistivity. 1.71 u{l'm at
room temperature

Maognetic Properties
Magnetic permeability. 1.00005 at
1.6 kA/m

Chomicul Properties

General corrosion behavior. Same
as commercially pure titanium
Resistance to specific corroding
agenta. Not attacked by 10% boiling






HC!; 1.8 mm/yr (70 mila/yr) corrosion
rate in boiling 15% H;SO,. See also
Fig. 21.

Fabrication Characteristics

Machinability. Same as commer-
cially pure titanium

Annealing temperature. 705 to 785
*C (1300 to 1450 °F)

Solution temperature. 9300 to 955
*C (1650 to 1750 °F)

Aging temperature. 540 °C (1000
°F)

Hot working temperature. 870 to
1010 °C (1650 to 1850 °F)

Ti-6Al-4Y
Ti-6Al-4V.ELI

Commercial Names

Trade names. C-120AV; HA-6510
UNS number. Ti-6Al-4V, R56400;
Ti-6Al-4V-ELI, R56401

Specifications

AMS. Standard grade: 4906, 4911,
4928, 4934, 4935, 4954, 4965, 4967.
ELI grade: 4907, 4930, 4956

ASTM. Bar and billet: B348. Cast-
ings: B367. Forgings: B381. Sheet,
strip and plate: B265

AWS. A5.16

Government. MIL-T-9046, MIL-T-
9047, MIL-T-8884, MIL-T-14557,
MIL-T-14558, MIL-T-81556, MIL-T-
81588, MIL-F-83142

Chemical Compositien

Composition limits. Ti-6Al-4V: 5.5
t0 6.75 Al; 3.5 to 4.5 V; 0.05 max N;
0.10 max C; 0.015 max H; 0.40 max
Fe; 0.20 max O; 0.1 max others
(each); 0.5 max others (total); rem
Ti

Applications

Typical uses. Ti-6Al-4V is the most
widely used titanium alloy. It is spe-
cially processed to both standard and
ELI compositions to provide mill-
annealed or beta-annealed struc-
tures, and is sometimes solution
treated and aged. It is used for air-
craft gas turbine disks and blades; is
extensively used, in all mill product
forms, for airframe structural compo-
nents and other applications requir-
ing strength at temperatures up to
315 °C (600 °F); and is also used for
high-strength prosthetic implants

and chemical-processing equpment.
Precautions in use. Roiled sheet
may exhibit strong directionality of
physical and mechanical properties.
In other ways, similar to Ti-5Al-
2.55n.

Mochanical Properties

Tensile properties. Annealed bar:
tensile strength, 895 MPa (130 ksi);
yield strength, 825 MPa (120 kasj);
elongation, 10%; reduction in area,
20%. Solution treated aged ber and
forgings, 2.54 to 5.08 cm (1 to 2 in.)
thick: tensile strength, 1035 MPa
(150 ksi); yield strength, 965 MPa
(140 ksi); elongation, 8%; reduction
in area, 20%. See also Fig. 17.
Compressive yield strength. An-
nealed bar: 860 MPa (125 ksi). Solu-
tion treated and aged bar: 1070 MPa
(155 ksi)

Hardness. 36 to 39 HRC
Poisson’s ratio. 0.33

Elastic modulus. Tension, 110 GPa
(16 x 106 psi); compression, 117 GPa
{17 x 10€ psi)

Impact strength:

Temperature Fracture energy

*C °F dJd fi-ib
-185 -300...... 203 15
-70 -94...... 24.4 18
-20 -4...... 25.7 19
90 194. .. ... 29.8 22
205 400...... 54.2 40
315 600...... 74.5 55

Fatigue strength. See Fig. 18.
Plane-strain fracture toughness.
At 25 °C (77 °F); annealed plate, 74.6
MPa, m (68 ksi,/In.); solution treated
and aged, 42.9 MPa, m (39 ksi, n.)
Creep-rupture characteristics.
See Fig. 19.

Velocity of sound. 4.987 km/s at 25
°)C (717 °F)

Structure

Crystal structure. cph, ¢ = 2.925
x 107 * mat 25°C (77 °F). ¢ = 4.644
x 10~* m at 25 °C (77 °F) _
Slip planes. {1010} <1120>, {1011}
<1120>,{0001}, <1120> at25°C (77
M

Twinning planes. {1012}, {1121},
{1122} at 25 °C (77 °F)
Microstructure. Predominantly cph
alpha phase with some bcc beta
phase at room temperature. Mor-
phology and relative amounts of al-
pha and beta depend upon thermal
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Table 9 Comparison of typical room-temperature properties of
wrought, cast and P/M titanlum produdl

Impact
Elonga- Reduction strength
Tensile strength Yield lu!nnh tion, in ares, ) »¢
Product and condition MPa ksi MPa % % . J flb
Unalloyed Ti
Wrought bar, annealed 550 80 480 70 18 33 35 26
Cast bar, as cast.... .. 635 92 510 74 20 31 26 19
P/M compact, an-
nealed(by............ 480 70 370 54 18 22
Ti-5Al-2.5Sn-ELI
Wrought bar, annealed 815 118 710 103 19 34
Cast bar, as cast...... 795 115 725 105 10 17
P/M compact, annealed
and forged(c) ........ 795 115 715 104 16 27
Ti-6Al4V
Wrought bar, annealed 1000 145 925 134 16 34 22 16
Cast bar
Ascast .......... 1025 149 880 128 12 19 19 14
Annealed ........ 1015 147 890 129 10 16 S
Solution treated
and aged(d)..... 1180 171 1085 157 6 11
P/M compact
Annealed() .... .. 825-855 120-124 740-785 107-114 5-8 8-14
Annealed and
forged(c)........ 925 134 840 122 12 27
Solution tregted
and aged(d)..... 965 140 895 130 4 6
Ti-6Al-8V-2Sn
Wrought bar, annealed 1125 163 1055 153 16 38 20 15
Cast bar, ascast...... 1105 160 965 140 6 11 14 10
P/M compact, an-
nealed(b) ........... 965 140 840 122 5 5

Al]l data from Ref 3. (a) Charpy, at - 40 °C ( ~ 40 °F), (b} About 94% dense. (c' Aimost 100% dense. (d)

Aging treatment not specified.

Table 10 Typical room-tomperature tensile properties of

titanivum P/M compacts

Oxygen Tenasile Yield Elonga-
content, strength strength tion,
Powder manufacturing process ppm MPa ksi MPs ksi %
Ti-6Al4V
Mechanical attrition 1780 ......... 1000 145 940 136 1.5
Rotating electrode 900 ......... 1000 145 925 134 7.5
Hydride-to-hydride 1570 ......... 1025 149 970 141 2.0
Ti-5A1-2.5Sn
Rotating electrode 980 ......... 905 131 905 131 4.0
Gas attrition 3530 ......... 8385 130 s e R

All data from Ref 4 for compacts hot pressed to 1380 MPa (100 tons’in.2) at 1010 *C (1850 °F).
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Fig. 4 Comparison of mlnm!ul properties of sipha- bon
forged and bete forged titanivm alloys
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Tabie 8 Typleal properties of welded T1-6AL-6V -28n after
postweld heat treatment

Tensile Yield Elongs- Bend
strength strength tion, radius
Heat treatment MPa ki MPa ksi % {min)
None
Basemetal .............. 1060 154 1010 146 9.8 2.8t
Single-bead weld ......... 1300 188 1250 182 0.3 25.6¢
Furnace cool from 830 *C (1525 °'F)
Basemetal . ............. 1030 149 970 141 8.1 cre
Single-bead weld . ........ 1050 152 990 144 3.7 16.5¢
Furnace cool after 6 h_at 700 *C (1300 °F) in vacuum
Basemetal .............. 1120 163 1040 151 9.8 2.0t
_S'mg}e-bead weld......... 1170 169 1100 159 3.8 12.2¢
Air cool after 14 h at 700 *°C
Basemetal ............ .. 1050 152 1000 145 98 s
Single-bead weld ......... 1230 178 1160 168 1.3 14.5¢
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Table 7 Typical tonsile, bond and hardness data lor as-welded
titanivm and several titanium slleys

Tenstile Yield Elonga- Minimum
Material strength  strength tion, bend Hardness
condition MPs ksi MPa ks % radius  Knoop Rockwell
TY Grade 1
Unwelded sheet . .......... .... 315 46 215 31 504 0.7t 140 83.5 HRB
Single-bead weld .............. 345 50 255 37 375 1.0t 140 55.8 HRB
Multiple-bead weld . ........... 365 53 270 39 37.7 . ce oo
Transverse weld . ............. 325 47(a) -+ -0
Ti Grade 2 V
Unwelded sheet ............... 460 67 325 47 26.2 2.9¢ 165 80.6 HRB
Single-bead weld ... ... ... .. 505 73 380 55 183 2.9¢ 175 83.1 HRB
Multiple-bead weld . ........... 510 74 385 56 133 s e s
Transverse weld ... ........... 475 69} --- - e
T4 Grade 3
Unwelded sheet. ... ....... ... 545 79 395 57 259 1.9¢ 175 94.4 HRB
Single-bead sheet ............. 605 88 475 69 155 4.7t 220 924 HRB
Multiple-bead weld .. .......... 615 89 480 70 14.7 see e e
Transverse weld .............. 560 8l(a) -+ --- oo
Ti Grade 4
Unwelded sheet............... 660 96 830 77 223 3.2 215 23.4 HRC
Single-bead weld . ............. 695 101 580 84 16.4 56t 240 21.2 HRC
Multiple-bead weld ... ......... 710103 585 85 16.0 e e e
Transverse weld .............. 660 96(a) --- -+ -
Ti-5A1-2.58n-EL1
Unweldedsheet............... 850 123 805117 15.7 3.8¢ 265 33.2 HRC
Single-bead weld . ............. 920 133 770112 9.8 59¢ 310 280 HRC
Multiple-bead weld . ........... 935 136 820119 75 cen e e
Transverseweld .............. 850 123(a) --- --- s
Ti-6A1-2Cb-1Ta-1Mo
Unweldedsheet............... 895 130 855124 97 2.8t 275 29.6 HR
Single-bead weld.............. 930 135 800116 5.9 7.7t 300 27.7 HR
Multiple-bead weld . ........... 945 137 815118 5.7 e s ce
Transverse weld .............. 890 129(a) -~ -+ . --
Ti-3Al1-2.5V
Unwelded sheet............... 705 102 670 97 152 4.0t 230 236 HRC
Single-bead weld . .. ...... ... .. 705 102 600 87 12.7 5.4¢ 250 19.6 HRC
Multiple-bead weld............ 745 108 625 91 112 o = e
Transverse weld .. ....... ..... 710 103(a) -~ - e
Ti-6Al4V
Unwelded sheet .. .. .. P 1000 145 945137 11.0 2.6¢ 320 322 HRC
Single-bead weld ... .. ... ... .. 1060 154 920133 35 105t 350 359 HRC
Multiple-bead weld . ...... ... .. 1090 158 945 137 3.2 e s .
Transverseweld .............. 1015 147(a) - - S
Ti-8Al-1Mo-1V
Unweldedsheet. . ............. 1060 154 1020 148 15.0 2.9¢ 325 36.0 HRC
Single-bead weld ... ........... 1085 157 930135 5.5 7.0t 345 35.2 HRC
Multiple-bead weld . .. ....... .. 1115 162 960139 3.2 v o .
Transverseweld .............. 1060 154(a) --- .-
Ti-6Al-8V-2Sn
Unwelded sheet.. ..., ...... ... 1060 154 1005146 9.8 2.8t 350 34.0 HRC
Single-bead weld . ............. 1295188 1255182 0.3 256t 420 468 HRC
Multiple-bead weld ... ......... 1280 186 . 0.1 SR s -
Transverse weld . ........... .. 1103 160(a) - - -
Ti-13V-11Cr-3A1
Unweldedsheet. ........... ... 965 140 910132 139 2.7 300 30.6 HRC
Single-bead weld ........... ... 950 138 925134 118 2.7t 320 30.1 HRC
Multiple-bead weld . ........... 925 134 875127 4.1 R s e
Transverse weld . ............. 950 138(a) - cee

(8) Fracture cccwrred in base metal.
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Table 4 Typlcal rolling temperatures for several tHanlum

metals
Rolling temperatures
Bar Plate Sheet
Alloy ‘C F *C ¥ A °F
Commercially pure titanium P
Grades 104 ........ 760-815 1400-1500 760-790 1400-1450 705.760 1300-1400 -~ ~°°
Alpha and near-alpha alloys
Ti-5A1-258n......... 1010-1065 1850-1950 980-1040 1800-1900 980-1010 1800.1850
Ti-6Al-2Sn-427-2Mo .. 955-1010 1750-1850 955-980 1750-1800 925-980 1700-1800
Ti-8Al1-1Mo-1V .. ... .. 1010-1040 1850-1900 980-1040 1B00-1900 980-1040 1800-1900
Alpha-beta alloys
Ti-8Mn.............. 705-760 1300-1400 705-760 1300-1400
Ti-4Al-3Mo-1V ... . ... 925.955 1700-1750 900-925 1650-1700 900-925 1650-1700
Ti-BAl4V .., .. ... .. 955-1010 1750-1850 925.980 1700-1800 900-925 1650-1700
Ti-6Al-6V-28n ....... 900-955 1650-1750 870-925 1600-1700 870-800 1600-1650
Ti-7Al-4Mo . ....... .. 955-1010 1750-1850 925-855 1700-1750 925-955 1700-1750
Beta alloy
L]
Ti-13V-11Cr-3A1 ... .. 955-1065 1750-1950 980-1040 1800-1900 730-900 1350-1650
Table 5 Tenslle properties of unldirectionally rolled Ti-6Al-4Y
shoet
Tensile Yield Elongs- Tensile
Gage strength strength Honla), modulus
mm in, MPa ksl MPs kai % GPa 10® pai
Longitudinal direction p.365
0.737 0.029........... 945 137 870 126 7.0 100 14.5
1.018 0040.....,..... 970 141 855 124 6.5 106 15.4
1.168 00468........... 915 133 860 125 6.5 105 15.2
1.524 0.060........... 985 143 925 134 6.5 104 15.1
1.778 0070 ........... 985 144 915 133 80 105 153
Transverse direction
0.737 0029........... 1105 160 1061 154 75 130 18.8
1.016 0040........... 11985 173 1105 160 15 145 211
1.168 0046 ... ... . ... 1225 178 1165 169 7.5 140 20.2
1.524 0.060........... 1125 163 1080 158 8.0 125 182
1.718 0.070........... 1095 159 1055 153 9.5 135 19.5
(a} In 50 mm or 2 in.
0,365
Yable 6§ Thermomechanical schedules for producing various combinations of properties in TI-6Al
4Y torgings
Blocker Fm;g;ng b Coolin H
forging fo Finia ooling eat .
Initial temperature temperature forging after treated _ Final
microstructure range range reduction forging condition microstructure
Best combinations of properties
Alpha- Alpha- Air Annealed 6% equiaxed alpha plus fine
beta beta cooled platelet alpha
Grain-boundary Alpha- Alpha- Air Annealed 26% elongated partly broken up
alpha beta beta cooled grain-boundary primary alpha
plus fine platelet alpha
Grain-boundary Alpha- Alpha- Water Annealed 23% elongated partly broken up
alpha beta beta quenched primary alpha plus very fine
platelet alpha
Beta Alpha- 10% Air Annealed 83% fine elongated primary al-
beta cooled pha plus fine platelet alpha
Subnormal properties
Spaghetti Alpha Alpha Air STOA 25% blocky primary alpha plates
alpha cooled plus very fine platelet alpha
e Bets Alpha- 10% Water STOA 43% coarse elongated primary
beta quenched alpha plates plus very fine
platelet alpha
Beta Beta Slow Annesaled 92% alpha basket-weave struc.
cooled ture
Al dats from Ref 1. -527
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Table 2 Standard forging temperatures for several tHanium metals

Forging temperatures

Beta tr 1 :
Alloy c ansus %‘Ot breakdown .clmermed uuT < Finish -
Commercially pure titanium £
Grades L tod. ... ... .. 900-955  1650-1750 955980  1750-1
800 900-925 1650-1700 - -
Alpha and near-alpha alloys 815900 1500-1650
Ti-5A1-2588n.............. 1030 1890 1120-
e 20-1175  2050-2150  1065-1095  1950.2000  1010-1040  1850-1900
Mo-008S8i............
Tf.giffﬁiw o 1232 }ggg i?ggﬁgg ggggzmo 1010-1065  1850-1950  955-980  1750.1800
SRR e 2180 1065-1095 1950-2000 N
Alpha-beta alloys 1010-1040  1850-1900
Ti-8Mn ............
L;-gAl«tv """"" Sgg 14;5 925980  1700-1800  B45.900  1550-1650  815-845  1500-1550
Ti-Sﬁa-SV-é Sr; ----------- = 1820 10058-1150 _2000.2100 980-1040 1800-1900 925-880 1700-1800
LV o };“:g i?;giggg ;ggg—g?gg 955-1010 1750-1850 870-940 1600-1725
.......... e - - 1010-1065 1850-1950 - .
Beta alloy 5 955-980 1750-1800
Ti-13V-11Cr-3A .. ........ 720 1325 1120-1175  2050-2150  1010-1065 1850-1950 925-980 1760-1800
p.364

Table 3 VYariation of typical room-temperature tensile

properties with section size for four titanlum alloys

Section size(a) Tensile strength  Yield strength Flongation(d), Reduction in

mm in. MPa ksi MPa ksi ares, %
8A14V(c)

5-50 1-2....... 1015 147 965 140 14 3

102 4 ....... 1000 145 930 135 12 25

205 8 ....... 965 140 895 130 i1 23

330 13....... 930 135 860 125 10 20
8Al-4V-ELI(c)

25-50 1-2....... 950 138 885 128 14 36
102 4 ....... 885 128 827 120 12 28
205 8..... .. 885 128 820 119 10 27
330 13....... 870 126 795 118 10 22

8Al-8Y-28ni(c) '

25-50 1-2....... 1105 1680 1035 150 15 40
102 7 1070 155 965 145 13 35
208 8 ....... 1000 145 930 135 i2 25

8ALIMo-1V

25-50 1.2(d)y .. ... 985 143 905 131 15 36
102 4{e) . ..... 910 132 840 122 17 35
205 &H ... 1000 145 895 130 12 23

8A1-2Sn-4Zr-2Mo + Si(g)

25-50 1-2....... 1000 145 930 135 14 a3
102 4 ... 1000 145 830 135 12 30
205 & . .. .... 1035 150 940 138 12 28
330 13....... 1000 145 825 120 11 21

(a' Properties are in longitudinal direction for sectiona 50 mm (2 in.
for sections 100 mm (4 in.) or more, in section size. (b} In 50 mmor 2in. (¢

) or less, and in transverse direction
) Annesled 2h at 700°C {1300°F)

and air cooled. (4} Annealed 1 h at 900 °C 11650 “F), air cooled, then heated 8 h at 600°C {1100 °F) and air
cooled. (@) Annealed 1 b at 1010 °C (1850 °FJ, air cvoled, then heated to 566 °C (1050 °F). (f) Annealed 1 h
at 1010 °C (1850 °F) and oil quenched. (g) Annesled 1 h at 854 °C (1750 °F), air cooled, then heated 8h to

§00 °C (1100 °F) and air cooled.

p.81






Table ! Summary of commercial und semicommercial grades and alleys of titanivm

Tensile 0.2% yleld
strength strength Impurity limits, wt %
(min) {min) N C H Fe 0 Nominal composition, wt %

Designation MPa ksi MPas ksl (max) {(max) (max) (max) (max: Al 8n IZr Mo Others
Unalloyed grades
ASTM Grade 1 ........ .. ... 240 35 170 25 0.03 0.10 0015 020 018
ASTM Grade 2 . ............. 340 50 280 40 003 0.10 0015 030 025
ASTM Grade 3 .. ... ... ... ... 450 65 380 55 005 0.10 0015 030 035
ASTM Grade 4 .............. 550 80 480 170 0.05 0.10 0015 050 040 e
ASTM Grade 7 ........ .. ... 340 50 280 40 003 0.10 0015 030 025 0.2Pd
Alpha and near-alpha alloys
TiCode 12 ,.............. ... 480 70 380 55 0.03 010 0015 030 025 --- ... 0.3 0.8Ni
Ti-5A1-258n ................ 790 115 760 110 0.05 0.08 0.02 050 020 5 2.5 e e
Ti-5Al1-2.88n-ELI ............ 690 100 620 80 007 0.08 00125 025 012 5 25 e cee
Ti-8Al-1Mo-1V . .. ... ... .. ... 900 130 830 120 005 008 0015 030 012 8 ‘e 1 v
Ti-8Al-28n-42r-2Mo. . ... ... .. 900 130 830 120 0.05 005 0.0125 025 015 6 2 4 2 e
Ti-6Al-2Nb-1Ta-0.8Mo. . ... ... 790 115 690 100 002 003 00125 012 010 6 RN | 2Nb, 1Ta
Ti-2.25A1-118n.5Zr-1Mo ... . .. 1000 145 900 130 0.04 004 0008 012 017 225 110 50 1.0 0.25i
Ti-5A1-58n-2Zr-2Mo(a). ... .. .. 900 130 830 120 0.03 005 00125 015 013 5 5 2 2 0.258i
Alpha-beta alloys
Ti-6Al-4V®D) ........... ..., 500 130 830 120 0.05 0.10 00125 030 020 60 4.0V
Ti-6Al-4V-ELI®b). . ........... 830 120 760 110 0.05 0.08 00125 025 0.13 6.0 one 4.0V
Ti-6A1-6V-25n(). ... .. e 1030 150 970 140 0.04 0.05 0.015 1.0 0.20 6.0 20 0.75Cu, 6.0V
Ti-8Mnb)............ ..., 860 125 760 110 0.05 008 0015 085 020 .- .. . 8.0Mn
Ti-TAl-4Mo®) .. .. ......... ., 1030 150 970 140 0.05 010 0013 030 020 70 e e 40 c
Ti-8Al-25n-4Zr-6Mo(e). .. ... .. 1170 170 1100 160 0.04 0.04 00125 015 015 60 20 490 80 oo
Ti-5A1-28n-2Zr-4Mo-4Cr(a¥c). . 1125 163 1055 153 0.04 005 0.0125 030 0.13 5.0 20 20 40 4.0Cr
Ti-8Al1-28n-2Z2r-2Mo-2Cr{aXb) . 1030 150 970 140 0.03 005 00125 025 014 57 20 20 20 20Cr, 0255
Ti-10V-2Fe-3Al(aX¥e) ......... 1170 170 1100 180 0.05 0.05 0.015 2.5 0.16 3.0 R EIE 0.0V
Ti-3A1-28V(d) . .............. 620 90 520 75 0.015 005 0015 030 012 3.0 2.5V
Beta alloys
Ti-13V-11Cr-3Al(e) . .. ........ 1170 7170 1100 160 0.05 005 0025 035 017 3.0 e 11.0Cr, 13.0V
Ti-8Mo-8V-2Fe-3Al(a)e) ... ... 1170 170 1100 160 005 0.05 0.015 25 0.17 3.0 -+ BO 8.0V
Ti-3A1-8V-6Cr-4Mo-4Zr(a)(b) .. 900 130 830 120 0.03 005 0020 025 012 3.0 40 40 8.0Cr, 80V
Ti-11.5Mo0-6Zr-4.58n(b) .. .. ... 690 100 620 90 005 0.10 0020 035 0.18 45 60 115 .

(a) Semicommercial alloy; mechanical properties and coroposition limits subject to negotiation with suppliers. rt
condition; may be solution treated and aged to increase strength. (c) Mechanical properties given for solution treated and aged condition; alloy not normally
applied in annealed condition. Properties may be sensitive to section size and processing. (d) Primarily a tubing alloy; may be eold drawn to increase

strength.

(b) Mechanical properties given for annealed

©.357

Table 1 Yenslle properties of annealed titanium sheet as
influenced by oxygen and lron contents

Maximum Minimum .

impurity tensile Minimum yield

content, % ngth strength(a)
Material Oxygen Iron MPa MPa ki
Unalloyed Ti, grade 1 0.18 020........... 240 35 170 25
Unalloyed Ti, grade 2 0.25 030........... 345 50 275 40
Unalloyed Ti, grade 3 0.35 030........... 450 65 380 55
Unalloyed Ti, grade 4 0.40 056........... €55 95 485 70
Ti-6Al-4V 0.20 030........... 925 134 870 126
Ti-6Al-4V-ELI 0.13 0.25........... 900 130 830 120
Ti-5A1-2.55n 0.20 050........... 830 120 7 113
Ti-5A1-2.55n-ELI 0.12 025........... 690 100 855 95
(a) At 0.2% offset.

D.362
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TABLE 3 Chemicsl Requirements, Hest Analysia

Composition. %
Elemen e -

Grade | Grade 2
Carbon 0.08 max 0.030 max
Manganese 2.00 max 2.00 max
Phosphorus 0.025 max 0.025 max
Suifur 0.010 max 0.010 max
Silicon 0.75 max 0.75 max
Chromium 17.00 to 19.00 17.00 to 19.00
Nickel 12.00 tc 14.80 12.00 10 14.00
Molybdenum 2.00 to 3.00 2.00 10 3.00
Nitrogen 0.10 max 0.10 max
Copper 0.50 max 0.50 max
Tron* balance balance

4 Approximately equal to the difference between 100 %
and the sum percentage of the other specified elements. The
percentage iron content by difference is not required to be

reported.

APPENDIX

(NONMANDATORY INFORMATION)

X]. Ratonale

X1.1 The prignary reason for this standard is to
characterize composition and properties to assure
consistency in the starting material used, directly or
as modified by forging, in the manufacturing of
medical devices.

X1.2 The material has been shown to produce a
well-characterized level of local biological response
following long-term clinical use and has been used as
control matenial in Practice F 361. The low-carbon
Grade 2 is generally selected to provide an extra
measure of assurance that the material will be free
from susceptibility to intergranular corrosion.

X1.3 There is a general consensus that a homo-
geneous metallurgical structure will be superior with
respect to corrosion and fatigue resistance. Based
upon this, metaliurgical requirements include fine-
grained austenitic structure free of ferrite, with low
micro-inclusion content and capability of passing an

intergranular corrosion susceptibility test.

X1.4 Acceptable metal conditions supplied to the
implant manufacturer include hot-worked, annealed,
and all cold-worked conditions, the choice dependent
upon the implant design and application.

X1.5 Upper comﬁgzilion limits for chromium and
molybdenum have been decreased 10 more realistic
limitsin order to minimize the tendency to form delta
ferrite in this material. This does not affect the nom-
inal analysis.

X1.6 A maximum nitrogen limit has been in-
cluded in accordance with the specified element re-
quirements of similar austenitic stainless steels stan-
dardized by ASTM.

X1.7 The maximum copper value is considered a
practical limit based on a statistical evaluation of
commercially available material. Published infor-
mation has shown no adverse clinical effect for com-
positions containing up to 1.0 % copper content.

The American Society for Testing and Materials iakes no position respecting the validity of any patent rights asserted in

d in this

connection with any item

dard. Users of this standard are expressly advised that determination of the validity

of any such patent rights, and 1he risk of infringement of such rights, are entirely their own responsibility.

This siandard is subject 10 revision at any time by the responsible technical commitiee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your commenis are invited either for revision of 1his standard or for additional
standards and should be addressed 10 ASTM Headguariers. Your comments will receive careful consideration al a meeting of the
responsible technical committee, which you may atiend. If you feel thai your commenis have not received a fair hearing you should
make your views known to the ASTM Commitiee on Siandards, 1916 Race St.. Philadelphia, Pa. 19103.
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TABLE 1 Mechanical Requirements, Wire and Bar

. Elonga-
Uluimate Tensile  Yield Sirength (0.2 P4 Brinell”
Condition  Grade Drameter 2;:;““”‘ " Strength. mun. psi % offset). mua. psi ‘;;o:r ‘":‘, Hardness.
(MPa) (MPay min &  max, HB
Hot-worked* 1 all . . . 278
2 all S . 250
Annealed l all 75 000 (515) 30 000 (20%5) 40
2 all 70 000 (480) 25 000 (170) 40
Coid-worked I Victo % (1.59 1o 19.1), incl 125 000 (860) 100 000 (690) 12
2 Ve 10 % (1.59 1o 19.1), incl 125 000 (860) 100 000 (690) 12
1 over %to | (19.1 t0 25.4). 1nc¢l 115 000 (790) 80 000 (550) s
2 over %10 | (19.1 to 25.4), 1nc} 115 000 (790) 80 000 (550) 15
i over 1 10 1% (25.4 to 31.8). 105 000 (729) 65 000 (450) 20
incl ’
2 over 1 to 1% (254 1o 31.8), 105 000 (725) 65 000 ;450) 20
incl
! over 1% 10 1% (31.8 10 38.1), 100 000 (690) 50 000 (345) 28
incl
2 over 1% to 1% (31.8 to0 38.1), 100 000 (690) 50 000 (345) 28
incl
1 over 1% 10 1% (38.1 10 44.2). 95 000 (655) 45 000 (310) 28
inel
2 over 1% 10 1% (38.1 10 44.2), 95 000 (655) 45 000 (310) 28
incl

* Typicalhy supplied as hot-rolled bar for forging apphications
#4D = 4 x drameter: 44 = 4 x widih.
€ 294N (3000-kgf) load.

TABLE 2 Mechanical Requirements, Fine Wire

Ultimate Tensile® Strength psi Elongation in 10

Condition . Diameter, in. (mm) (MPa) in. gfn‘ %mm)

Annealed” 0.002 10 0.005 (0.05% 10 0.127), incl 145 000 (1000) max 30
over 0.005 t0 0.009 (0.127 t0 0.229), incl 135 000 (930) max 30
over 0.009 10 0.045 (0.229 10 0.381), incl 130 000 (895) max 5.
over 0.015 10 0.020 (0.381 10 0.508). incl 125 000 (860) max 40
over 0.020 to 0.025 (0.508 to 0.635). inc! 120 000 (825) max 40
over 0.025 to 0.035 (0.635 10 0.889). inc! 115 000 (795) max 40
over 0.035 to 0.043 (0.889 10 1.09), inc! {10 000 (760} max 45
over 0.043 10 0.062 (1.09 10 1.57).1n¢l 105 000 (7251 max 45

Cold-drawn® over 0.020 to 0.062 (0.508 to 1.57), inct 125 000 to 150 000 1S

(860 to0 1035)

4 Annealed fine wire requirements do not apply to suture wire. Separate ASTM speafications cover flexible wire for
sur}jcal fixation of soft tissue and bone.
Wire ordered in the cold-drawn condition can be supplied to a higher tensile strength and corresponding lower elongation
levels as specified by the purchaser.
€ Recommended crosshead speed for annealed fine wire is 10 in./min (4.2 mm/s). Recommended crosshead speed for cold
drawn fine wire is | in./min (0.4 mm/s).

33

~77-



,‘! [
e

b i

-

¥
’ r L]
. ) Bl '
| . . I' A
T L {1
G
. . 2 : i
k ¥ & 7’-—, l"_ s L
! . ek i I 917
e N
" il :




<

thickness, width, and length (exact, random or
multiples) or print number, and
4.1.9 Special requirements.

5. Manufacture

S.1 Condition:

5.1.1 Bar and wire shall be furnished to the
implant manufacturer, as specified, in the hot-
worked, annealed, or cold-worked condition
{see Table 1).

5.1.2 Fine wire shall be furnished to the
implant manufacturer, as specified, in the an-
nealed, or cold-drawn condition (see Tabie 2).

5.2 Finish:

5.2.1 Types of finish available in bar and
wire products are cold-drawn, pickled, ground,
ground and polished, or as specified in the
implant manufacturer’s purchase order.

5.2.2 Types of finish available for fine wire
products are cold-drawn, bright-annealed,
pickled, ground, ground and polished, or as
specified in the implant manufacturer’s pur-
chase order.

6. Chemical Requirements

" 6.1 The heat analysis shall conform to the
requirements as to chemical composition spec-
ified in Table 3.

6.2 Methods and practices relating to chem-
ical analysis required by this specification shall
be in accordance with Methods A 751.

7. Metallurgical Requirements

7.1 The material shall contain no free ferrite
phase when it is examined metallographically
at 100X magnification.

7.2 The microcleanliness of the steel as deter-
mined by Practice E 45. Method A. except using
Plate H1. on representative biliet or bar samples
from the heat shall not exceed the following:

D
{nctusion A B C {Globular
Type {Sulfide) (Aluminsy (Silicate)  Oxide)
Thin L5 1.5 1.5 1.5
Heavy 10 10 19 10

8. Mechanical Requirements

8.1 Material shall conform to the appropni-
ate requirements as to mechanical properties

2

F 138

specified in Tables 1 and 2. The level of me-
chanical properties for material in other than
the annealed condition shall be specified in the
implant manufacturer's purchase order.

8.2 Brinell hardness number (HB) is the pre.
ferred method of reporting the hardness of hat
worked material.

8.3 When desired, Rockwell hardness. B
scale (HRB) or Rockwell bardness, C scale
(HRCQ), limits may be specified. Hardness de-
termination on cold-worked material shall be
made on a product cross section, midway be-
tween the center and surface, if cross section
size is adequate.

9. Special Tests

9.1 The steel shall be capable of passing the
intergranular corrosion susceptibility test in ac-
cordance with Practices A 262, Practice E.

9.1.1 Samples in the hot-worked condition
shall be annealed prior to Practices A 262, Prac-
tice E, sensitization heat treatment.

9.2 The grain size shall be five or finer when
tested in accordance with Methods E 112.

9.2.1 It is preferred that samples for grain
size determination be selected afier the hot-
working operation or after the final annealing
operation prior to the final cold-working op-
eration.

9.2.2 If samples are selected after a final
cold-working operation, transverse specimens
shall be prepared.

9.3 Any other special requirements shall be
specified on the purchase order.

10. Certification

10.1 The manufacturer’s cenification that
the matenal was manufactured and tested in
accordance with this specification together with
a report of the test resulis shall be furnished at
the time of shipment.

11. Quality Program Requirements

11.]1 The producer shall maintain a quality
program, such as defined in ASQC C1-1968.

11.2 The manufacturer of surgical implants
may audit the producer’s quality program for
conformance to the intent of ASQC CI-1968,
or other recognized program.
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qsn, Designation: F 138 - 82

Standard Specification for

STAINLESS STEEL BAR AND WIRE FOR SURGICAL
IMPLANTS (SPECIAL QUALITY)

This standard is issued under the fixed designation F 138: the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A pumber in parentheses indicates the year of last
reapproval. A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Depariment of Defense and for listng in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers the require-
ments for two compositions of special quality
stainless steel bar and wire, except suture wire,
used for the manufacture of surgical implants.

Note |—Exposure to temperatures above 800°F
(425°C) during fabricition may iml;j\air corrosion re-
sistance unless such exposure is followed by a solu-
tion-annealing treatment.

1.2 The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents

2.t ASTM Siandards:

A 262 Pracuces for Detecting Susceptibility to
Intergranular Attack in Austenitic Stainless
Steels”

A 484/A 484M Specification for General Re-
quirements for Stainless and Heat-Resisting
Bars. Billets and Forgings®

A 555/A 555M Specification for General Re-
quirements for Stainless and Heat-Resisting
Stee! Wire and Wire Rods®

A 751 Methods. Practices. and Definitions for
Chemical Analvsis of Steel Products’

E 45 Practice for Determining the Inclusion
Content of Steel*

E 112 Methods for Determining Average
Grain Size*

F 361 Practice for Assessment of Compatibil-
ity of Metallic Matenals for Surgical Im-
plants with Respect to Effect of Materials
on Tissue®

22 American Society Jor Quality Coatrol
(ASQC) Stundard:

C1-1968 Specification of General Reguire-

3t

ments for a Qualits Program’

3. General Requirements for Delivery

3.1 In addition to the requirements of this
specification, all requirements of the current edi-
tions of Specifications A 484/A 484M and
A S55/A 555M shall apply.

3.2 In the case where a conflict exists be-
tween this standard and those listed in 2.1 and
2.2, this standard shall take precedence.

4. Order Information

4.1 Inquiries and orders for material under
this specification shall include the following
information: ’

4.1.1 Quantity (weight or pumber of pieces),

4.1.2 Grade (1 or 2),

4.1.3 ASTM designation,

4.1.4 Form (bar, wire, fine wire),

4.1.5 Condition (see 5.1),

4.1.6 Mechanical properties (if applicable,
for special conditions),

4.1.7 Finish (see 5.2),

4.1.8 Applicable dimensions including size,

' This specification is under the junisdiction of ASTM Com-
mittee F4 on Medical and Surgcal Materials and Devices and
is the direct responsibility of Subcommittee F04.02 on Re-
SOUICES.

Current edition approved March 26. 1982, Published May
1982 Onginath published as F 138 - 71 Last previous edition
F138-76.

3 tnnual Book of ASTM Standards. Vol 01.03.

? trnual Bixk ot ASTM Siandards, Vol 01.0%.

¢ fnnual Book of ASTAM Siandards, Vol 03.03.

* tnnual Book of 4STAf Siandards. Vol 03.05.

S Anmual Biok of ASTM Standards. Vol 1304,

7 Available from Amencan Sooety for Quality Control. 161
W Wisconsin Ave.. Milwauker. Wi $3203






vl C

1.2 1
Tuble 6 (coptinved) :

Tensile 0.2% yield Elongs- Reduction ASTM
Product strength strength tion, in area, Hardness, specifi-
form(s) Condition MPa kei MPa ksi % % HRB cation
Type 316L (UNS $31603) ‘ -
B Hot finished
and annealed . .. ... 480 70 170 25 40 650 e A276
B Cold finished(b) -
and annealed ... ... 620 90 310 ; 45 30 40 s A276
B Cold finished(c)
and annealed. ..... 480 70 170 25 30 40 s A276
w Annealed .......... 480 70 170 25 s s e A580
w Cold finished . ...... 620 4 310 45 s ce s A580
n.34 & 35
Typical Physical Properties of Stainless Steels, Anncaled Condition
Ty pe UNS bDesignation Density 3 Magnetic Permeability(b) Melting Range .
(Mg/m”)  (1b/1in7) °c F
316l §31603 8.0 0.29 1.02 1400-1450 255G-2650



it iy ‘ e ol A . AR
L qig . :
¥ N 1"'. ! ! |
i TS N i .
W ﬂ' AT
v 5}_\_ .-f . - ' el I'|. —
PO e N o N :
B h ‘ m




Resistance of Standard Tyvpes of Stainless Steel to Various Classee

of Environmente

Table 3 (continved)

Type | Mild Atmoephere Atmoephere Salt Chemical
#F Hater Industrial{ MarinelWater | Mild {Oxidizing|Reducing
318L X X X X X X X
p.11
p.15

Diameter

Tensile strength
MPa

mm in

Types 305 and 318

Up to 0.25 Upte 0.010..................... 1689 to 1896 245 w 275
Over 0.25 to 0.38 Over 0.010100.015...._..... ... 1655 to 1862 240w 270
Over 0.38 t0 1.04 Over 0015w 0041........... ... 1620 to 1827 235 w 265
Over 1.04 10 1.19 Over 0.041 10 0.047............ . 1586 t0 1723 ° 230 to 260
Over 1.19 to0 1.37 Over 0.047100.054.............. 1551 to 1758 225 to 255
Over 1.37 t0 1.58 Over 005410 0.062..... ... .. .. 1517 to 1724 220 to 250
Over 158 to 1.85 Over 0.062t0072............ .. 1482 to 1689 215 to 245
Over 1.85 to0 2.03 Over 0.072t00080.............. 1448 to 1655 210 to 240
Over 2.03 t0 2.34 Over0.080 0 0.092........... ... 1413 o 1620 205 to 235
Over 2.34 t0 2.67 Over 0092t 0.105.......... .. .. 1379 1o 1586 200 to 230
Over 2.67 0 3.05 Over 0.105t00.120. ............. 1344 t5 1551 195 to 225
Over 3.05 w0 3.76 Over 0.120 0 0.148. ... ...... .. .. 1276 w 1482 185 t0 215
Over 3.76 to 4.22 Over 014810 0.166.. ..., .. ... .. 1241 to 1448 180 o 210
Over 4.22 t0 4.50 Over0.166 0 0.177............ . 1172 t0 1379 170 to 200
Over 4.50 t0 5.26 Over0.177 w0 0.207........... . .. 1103 to 1310 160 to 190
Over 5.26 t0 5.72 Over0.207%w 0225, ........ ... .. 1069 to 1276 155 to 185
Over 572 t 6.35 Over 022500250 ... ... ... .. 1034 to 1241 150 to 180
QOver 6.35 to 7.92 Over 0.250 10 0.312....... ... ... 931 to 1138 135 to 165
Over 7.92 1 12.68 Over0312t0499. . ... .. ... . 793 to 1000 115 to0 145
Over 12.68 Over0499 ... ... .. ... ... .. Consult producer
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Composition of standard stainless steels

.o
Type| UNSH Composition,¥(a)
C M| Si]Cr Ni(b)} P S | Others
316L|S31643 9.03] 2.20|1.03|16~-18|10-14 {0.045{0.03|2.0-3.Mo
.7
rig. 2 Family relationships for standard austenitic stainless steels
302 202
Gerwrai- N & Mn
purpose partly
18-8 L] repisce
530200 Ni
S20200
028 206 201
Si sdded N & Mn N & Mn
o incTaase partly partly
xsling repiace replace
resistance Mi N
$30218 520500 $20100
i AR | i | 1
M7 ne 08 08 304 305 303 301
More Mo scded 3098 Higher Lower C Niincreated | | 5 sdoed Ct & Ni
Mo & Cr to incrasse Cr A Ni Cr&Ni for detter o lower 10 improve lowered to
sdded tor orresion incressad used eocrosion work machin. increase
better resistance for heat primarily resistance hardening ability wock
corrotion 531600 reusance For welding in welded S;500 $30300 hardening
resistance $30900 S30800 structures $30100
$31700 $30906 $30400
In 6L 310 3z n 3040 384 3035e
C reducad C reduced 308 Nb&Ts Ti ackcled C reducsd More Ni Se sdded
for better for better Movre Cr &Ni| | sdded to prevent wven further 10 lower for batter
waiding weiding for even o pravent ¢ $30403 work machined
character- character- better haat carbide ™ precipitation hardening srisces
stics isties resistance pracipitation] | 832100 538400
§31703 531803 $31000 534700
S31008 {
{ AELN Ei) a8 04N 304LN $30430
Croduced; | | Siincressed | | Ta& Co N added N acided Cy sodeq
N added for highest restricted to 10 increase 0 improve
[ et for muchear incraese strangth coid
increase ” polications strength working
strength $I1400 S34900 S30451 $30430
’ I 1 I 1
8F AT ot 330
L &r N added Crincreaed Ni added
added to to duad’ "'0' uﬂ:'.:"> {”:'i:nion
improve ot stress- & thermai
lsave20 | | savest cracking shock
Cracking _
resistance %0830
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Properties of Stainless Steel
Type: 316L

From: Metals Handbook

Ninth Edition
Volume 3
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Hardness:
221 Matenal conforming 1o this specifica-
tion tyvpically will have Rockwell C-Scale hard-
ness of 25 1o 35 HRC as in the as-cast condition.
The hardness determination shall be performed
i accordance with Methods E 8.

$2.2 Hardness values are for guidelines
only. and shall not b¢ used as a cniteria for
rejection.

2
&2

6. Certification

6.1 A certification shail be provided by the
manufacturer of the material that the material
was manufactured and tested in accordance

TABLE 1 Chemical Requirements

F 75

with this specification. A report of the lest
results shall be furnished at the time of ship-
ment.

7. Quaslity Program Requirements

7.1 The producer shall maintain a qualily
program, such as. for example. is defined in
ASQC C1-1968.

7.2 The manufacturer of surgical implants
or medical appliances shall be assured of the
producer’s quality program for conformance to
the intent of ASQC C1-1968 or other recog
nized programs.

TABLE 2 Product Anslyss Tolerances*

Compositton. %

Toleraace Under the Minimum

Element Efement Limut or Ower the Maximum

o max Limn®
Chromium 270 30.00 Chromium 0.30
Molybdenum 5.0 7.00 Molybdenum 01s
Nickel . 1.00 Nickel 005
lron 0.7% Iron 0.03
Carbon 0.35 Carbon 002
Silicon 1.00 Siicon 0.05
Manganese o 1.00 Manganese 003
Cobalt balance balaace

* Refer to AMS Standard 22698 for Chemical Check
Analysis Limats.

®For elements where only 3 maumum percentage s
indicated. the “under mimmum himat™ is not applicable.

TABLE 3  As-Cast Mechaaical Property Requirements

Propeny
Tensile sirengih, min, psi (MP2) 95 000 (655)
Yicld sireagth (0.2 % offser), pun, psi 65 000 (450)
{MPa)
Elongation, min, % g
Reduction of area, min, % 8
3
APPENDIX
{Nonmandatory Information)

X1, RATIONALE

X1.1 The primary reason for this standard is to
characlenze composition and properties (o assure
consistency in the starting materiai used in the man-
wfactunng of orthopedic implants.

X1.2 The matenal has been shown to produce 2
well characterzed level of local biological response

following long term clinical use and has been used 5.

controlled matenal in Recommended Practice F 361
X1.3 Upper composiuon limits for nickel have

been decreased to realisuc limits practiced by indus-

try.

X14 The upper limit for the hardness has bees
increased to realistic limits for the matenal having
chemical composition on the upper side of the limi

The American Socwery for Testing and Materwals 1gkes no position respectng the validity of amy patent rights asserted u
connection with ams dem mentioned in this standard. Users of this ssundard are expressly advised that determination of the valuduy
of amy tuch parenr nghts. and the risk of infringement of such nighis, are entirely itheir own responsibality.

Thas stundard 13 subgect 10 revision at anv ume Oy the responsible techmical commitiee and musi be reviewed every five vear:
ard if mat revised. enher reapproved or withdrdnn. Your commenis are invited either jor reviston of tius scandard or for additions
srandards and showid he addrested to ASTM Headquarters. Your comments will recerve cureful conssderaion as a meeting of the
responuble techaswal commiitee. which vou mav atiend. [f sou feel that vour commenis have not recetved a fair hearing you should
mak e vour views knonn (0 the ASTM Commitier on Standurds, 1916 Rave Si . Philadelphia, Pa. 1913
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qsm Designation: F 75 - 82

Standard Specification for

CAST COBALT-CHROMIUM-MOLYBDENUM
ALLOY FOR SURGICAL IMPLANT APPLICATIONS'

This standard 1s issued under the fixed designauon F 75, 1he number immediately foliowing the designation indicates the vear
of onginal adoption ar. in the vase of revision. the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscnpt epsilon {¢) indicates an editonal change since the last revision or reapproval.

1. Scope

1.1 This specification covers the require-
ments for cast cobalt-chromium-molybdenum
alloy. shot, bar. or ingot for surgical implant
applications.

1.2 The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Siandards:

E 8 Methods of Tension Testing of Metailic
Materials’®

E 18 Test Methods for Rockwell Hardness and
Rockwell Superficial Hardness of Metalhic
Materials®

E 334 Methods for Chemical Analysis of High-
Temperature. Electncal. Magnetic. and
Other Similar Iron. Nickel. and Cobalt
Alloys®

F 361 Practice for Assessment of Compatbil-
itv of Metallic Materials for Surgical Im-
plants with Respect to Effect of Matenals
on Tissue'

2.2 American Sociery for Quality Control
Standard:

ASQC CT- 1968 General Requirements.foz, &
Quality Program®

3. Ordering Information

3.1 Inquiries and orders for material under
this specification shall include the following
iaformation:

3.1.1 Quantity (weight),

3.1.2 ASTM designauon.

3.1.3 Mechanical properties (if apphcablc}

3.1.4 Form (shot. bar, ingot),
k’e3.l.5 Applicable dimensions or print num-

r :

3.1.6 Condition,

»

3.1.7 Special tests, and
3.1.8 Other requirements.

4. Chemical Requirements

4.1 The heat analysis shall conform 1o the
requirements as to chemical composition pre-
scnibed in Table |. The product analysis toler-
ances shall conform to the requirements pre-
scribed in Table 2.

4.2 For referee pusposes. Methods E 354 shall
be used.

5. Mechanical Requirements

5.1 Tensile Properties:

5.1.1 Tensile properties shail be determined
in accordance with Methods E 8.

$.1.2 Tension specimens shall be melted and
cast from the metal under test by the same gen-
eral procedure used in casting surgical implants
and shall be in accordance with the Ye-in. {6.35-
mm) diameter specimen in Fig. 8 of Methods E 8
which may have a ground finish on the reduced
section.

5.1.3 A minimum of two test specimens shall
be tested. If one specimen falls below the spec-
ified tensile requirements or breaks outside the
gage limits, two additional specimens shall be
tested and both must pass. ~ ™" -

5.1.4 The material shall conform to the re-
quirernents as to mechanical property pre-
scribed in Table 3.

! This specification 8 under the junsdiction of ASTM Com-
mutiee F-4 on Medical and Surgscal Matenials and Dewices. and
s the direct responsbiity of Subcommittee FO4.20 on Re-
SOUTCES.

Current edition approved Nov. 26, 198]. Published Apal
1981. Onginally published as F 75 - 67, Last previous edition
F 75 -76.

¥ Annual Book of ASTM Standards, Yot 03.01.

} Annuatl Buok of ASTM Siandards. Vol 03.05.

* dnnual Bovk of ASTM Signdards. Yoi 13.01,

* Avaslable from Amencan Scoety for Quality Control. 161
West Wisconsin Ave.. Milwaukee, W1 53203,
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MATERIALS USED

Commnon materials used for each component in each system is listed in each
section representing each joint. These particular materials listed in the
following pages are those that meet the specifications by the government and
have been approved by most manufacturers. A description of each material
xeroxed from a few sources is hopefully adequate for the purpcees of the
Aviation Security Division.
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NON-JOINT REPLACEMENT DEVICES

Joint replacement systeme account for only a part of surgical implants
found on a body. Metal rods, both permanent and temporary con be found inside
and along a bone. Staples and pins as listed in the catalog made available by
Howmedica can be found in many places. Paraplegics often have a spine full of
this kind of metal, the spine being a very sensitive component of the body
which is one of the only componente irreplaceable. As mentioned earlier,
supply is reliant on demand. If there is a demand, it will be taken care of
in one way or another. Therefore, synthetic. components will always be found
in common "trouble” areas. Research on surgical techniques, catalogs on non-
joint devices and literature on heart valves have all been made available upon
request from U.S. manufacturers and research organizations.

Dow Corning Wright:

"There are many internal fixation devices sold such as bone plates, bone
screws, pins and wires, intramedullary rods, spinal fixation and others that
we do not manufacture but are sold by other companies."

Ronan Medical Clinic: Starr-Edwards Report about Heart Valves

Howmedica: 1887 Annual Product Catalog

Synthesis: Catalog, Original Instruments, of the Swiss Association for the
Study of Internal Fixation.
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EATON TRAPEZIUM FINGER JOINT REPLACEMENT @

Eaton Trapezium Implant’

A one-piece, high-strength silicane
elastomer spacer used for replace-
ment of the trapezium bone. Pro-
vides an articular surface for the
scaphoid bone for restoration of
thumb function. A slip of the
abductor poilicis longus (APL)
tendon is passed through the hole
in the body of the implant to anchor
the impiant. Packaged sterile.

Cat. No, Size Trial No.

1167-00 Std. 2959-00
1167-10 Small 2859-10

*Designed by Richard Eaton, M.D.

©® DePuy
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NEW JERSEY HEMI-ARTHROPLASTY SHOULDER@

c -7
Section 0D

Humeral Component

Functions as an articular replaces
ment for the humeral head, pro-
vides maximum range of motion
and secure fixation. Orthochrome?®
4744" (112mm) stem length (A).

Head Stem

Head Height Size

Size 8 C
Cat.No. | in. {mm | in. {mm | in. | mm | TrialNo. .
115802 ; 1%, | 44 | ¥ 19 | %, 8 | 2858-02 !
1158-04 | 13, | 44 A 19 | 34 | 10 | 2858-04
1158-06 | 1% | 44 Y, 19 % 13 | 285806
115808 | 2%, | 52 % 22 1 %4, B | 2853-08 .
115810 | 2% | 52 /3 22 | 'Y | 10 | 285810 |

52

1158-12 | 2%, % 22 % 13 | 285812 |

Instrumentation

> Protractor __mg—————-—j—-Q Rasp

2204-10 Small ' 2858-14 8mm
2204-12 Large 2858-16 10mm

2858-18 13mm.

X-ray Overlay
2990-52
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PRITCHARD TOTAL ELBOW SYSTEM conre. @

Mark Il Total Elbow, Complete Mark Il Humeral Component
U.S. Patent No. 3880,117 Used with Mark Ii Total Elbow. An
hing is pac i

Designed for use with or without gg;?;%ﬁ;@ﬁ;&ﬁ;&
humeralcones U 19 e s oo

i ' idth les.
Hinge design allows for 5°.7° of (26mm) width at condyles
medial lateral laxity and 5°
rotation. Forces are transmitted to Cat. No. Size Trial No.
surrounding soft tissues and bone 1192-16 | Curved, Small
rather than to the cement/stem ':92‘;3 g"a‘gg‘- g‘;’- 293618
interface to heip prevent loosening 1192- urved, @td.

of the stems. Orthochrome®
humeral and ulnar component
and parts, UHMWPe hinge pin Ulnar Component

assembly. Packaged sterile. Used with both Mark Il Total Eibows.

1191-20 Small, Right
1191-22 Small, Left

Cat. No. ize rial No. .
. No ___S Trial No 1191-24 Std., Right
1182.06 |Small, Right w/Curved Humerat Stem| 2936-06
119208 |Smali, Lett w/Curved Humeral Stem | 2936-08 1191-26  Std., Left
1192-10 [Sud., Right w/Curved Humerai Stem | 2938-10
1192-12 | Std,, Left w/Curved Humeral Stem 2936.12
1182-14 | Pin Assembly 2936-14

~

Mark Il Pin Assembly

1192-14
Available as a separate set for use .

with the individual humerai and

ulnar components to make a com-

plete elbow. Can also be used as a

back-up in the event the bushing

and poly pin become contaminated.

Orthochrome® pin, UHMWPe

bushing and pin jacket. Instrumentation

e )

Ulnar Rasp Pin Seating Forceps - Mark Il

Used to prepare the ulnar canal for ): 2894-10
the Mark Il ulnar component.

Used to snap pin together in Mark
2915-00 Std. Il prostheses. The poly sleeve haif

2915-08 Small of the pin is inserted from either
side and the metal stem is inserted

from the other side of the humeral

‘\ component. The forcep is then
Humeral Reamer , used to ensure that the snap fit
interiock occurs.
2894-00
Prepares the humeral canal for the
small and standard Mark If. Xaray Overlay

2990-14 Straight Stem
2990-19 Curved Stem

-y D=
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PRITCHARD TOTAL ELBOW SYSTEM

ERS™ Humeral Component with Porocoat® ERS™ Ulnar Component with Porocoat?®
Cat. No. Description Trial No. r—’"‘ —.._ | Cat. No. | Description | Trial No.
m 1192-33 | Universal, Std. 2292-33 ' 1192-30 | Left 2292-30
1192-34 | Universal, Large 2292-34 1192-31 | Right 2292-31
1192-35 | Lett, Std. 2292.35
1192-36 | Lett, Large 2292-36
119237 | Right, Std. 2292-37 ERS™ Ulnar Bearing
1192-38 Right, Large 2292-38 )
/\ —
- / Description |
\/ Cat. No. mm Trial No. !
1192-40 | Left, 10 2292-40

1192-41 Left, 12 2292-41

1192-42 Left, 14 2292-42
1192-43 Right, 10 229243
1192-44 Right, 12 229244
1192-45 Right, 14 2292-45

ERS™ Radial Component with Porocoat®

4 Cat. No. | Description | Trial No.
: 1192-32 | Universal 2292-32

ERS™ Radial Bearing

— Description
) N Cat. No. mm Trial No.
. “-i 119248 8 229248
- 1192-49 10 2292-49
1192-50 12 2292-.50
1192-51 14 2292-51
Instrumentation
X-ray Overlay ! —,_—m Humeral Impactor
2090-15 | -™ 2292-66
Q"_—_ Humeral Saw Ulnar Rule
2292-60 2292-68

Fits Stryker® reciprocating saw.

K Bearing Seating Forceps
\
- Humeral Saw Guide

2292-70
2292-62
Radial Driver
Humeral Cutting Guide 2292-72
2292-64 Left

2292-65 Right

Porocoat® is protected by U.S. Patent No. 3855638
and foreign patents.






Dow Corning Wright

Materials Used

Silicon

Weight

Weight varies from a few ounces to 1 1/2 pounds
Depuy

Average Estimated Weight

SHOULDER

BROCHURES AVAILABLE FROM:
Depuy (Xeroxes on pages 63 & 64)
Depuy
; Estimated Weight
Shoulder{total) 177 g






Do Corning Wright '

Materials Used
Silicon

Weight
weight varies from a few ounces to 1 1/2 pounds

TOES

BROCHURES AVAILABLE FROM:
Dow Corning Wright

Dow Corning Wright

Materials Used

Silicon

Phyeical Size

See Brochure

Height

Varies from a few ounces to 1 1/2 pounds

BROCHURES AVAILABLE FROM:
Dow Corning Wright

Depuy
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ANKLE

BROCHURES AVAILABLE FROM:

Depuy (xeroxes from catalog on page 65)

ELBOW

BROCHURES AVAILABLE FROM:
Dow Corning Wright
Depuy (xeroxes from catalog on page 61 & 62)
Dow Corning Wright
Elbow-"congists of humeral and ulnar components”
Physical Si
Elbow humeral - approximately 4" X 1" X 1"
Elbows ulnar - approximately 2 1/2" X 1" X 1 1/2¢
Height
few ounces to 1 1/2 pounds
Depuy
Approximate Average Weight
Elbow (total) 104 g
EINGERS
BROCHURES AVAILABLE FROM:
Dow Corning Wright

Depuy
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JOINT REPLACEMENT SYSTEMS

More literature is found from more manufacturers on knee and hip
replacement systems than on any other replacement system because of the
frequency of use. For the most variety of implants, catalogs proved to be
most useful. The Depuy catalog provides dimensions, styles, and descriptions
clearly. For this reason I have included xercxed pages from this catalog in
my report. It offers literature on hipe, knees, fingers, shoulders, ankles
and elbow replacement systems. These xeroxed pages are following the next
three which briefly describes various systems.

57~
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TOWNLEY TOTAL KNEE SYSTEM contu.

Arizona Condylar Tiblal Plateau
U.S. Patent No. 4,257,129

A total tibial plateau which permits
retention of the posterior cruciate
figament and is especially dasigned
1o accommaocdate anatomical and
pathological variation, through inter-
changeable metal retainers arnd
potyethylene bearings. Utilized with
the Townley femoral components.
UHMWPe tibial inserts, packaged
sterile. Orthochrome® tibial retainer,
clip and pin tibial retainer.

Stemn | Plateau
Langth | Width
A B
Cat. No. Size mm mm
1188-01 | Small, Std. Stem 38 855
1188-02 | Small, Long Stem 75 85.5
1188-03 | Medium, Std. Stem a8 715
1188-04 | Medium, Long Stem 75 715
1188-05 | Large, Std. Stem as 78.0
1188-06 | Large, Long Stem 75 78.0
Instrumentation

| Townley Angle Guide

Employed for accurate correction
of varusivaigus deformity due to
femoral condyle deficiency.

2932-00 Angle Guide
2932-10 Angle Guide (Mechanical)

Townley Multi-Purpose Instrument
- _ Functions as a measuring device,
. positioner, template and marker.
Accurately delineates condylar
cuts to assure a precise, stable
femoral component fit. 3/pkg.

Replacement
Cat. No. Size Blades
2893-00 | Ex. Smali 28%3-10
28985-00 | Small 2695-10
2896-00 | Medium 2896-10
289700 | Large 2897-10
2899-00 | Ex Large 2899-05

-6

Anterior Femoral Chisel

-———%:——*—-- 2899-20

Chisel with guide spike extending
from the cutting edge which is
used when resecting the anterior
portion of the femoral condyles.

Femoral Pusher

2898-00 Std.
2898-02 Ex. lLarge

P

Replacement Delrin Insert

2898-10 Std.
2898-12 Ex. Large

X-ray Overlay

2990-24 Townley Femoral
2990-48 Arizona Tibial Plateau
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TOWNLEY TOTAL KNEE SYSTEM

Femoral Component with Porocoat®

The Towniey Femoral component
is designed to resurface the degen-
erated articular suriaces of the
femur. The system is designed o
provide five widths of prosthesis for
more accurate anatomical fit. The
grooved patelio-femoral flange pro-
vides for improved tracking and
stability of patelic-femoral anticula-
tion. Orthochrome®, packaged

starile.
M/L | AP
A B
Cat. No. Slize mm | mm | Trial No.
118100 | Ex. Small, Right 82 2 2937.08
118107 | Ex. Smail, Laft 62 k- 293708
118101 | Smak, Right 82 | 40 | 203710
118102 | Small, Laft 82 40 2937-12
118103 | Medium, Right 88 44 2937-14
118104 | Medium, Left 88 | 44 2937-18
118105 | Large, Right 74 49 2937-18
1181-08 | Larges, Laft 74 49 2937-20
118108 | Ex. Lage, Right | 80 54 2937.22
118109 | Ex. Large, Left 80 54 | 2037-24
1181-10 | Std., Small 82 40 2930-10
118112 | Std., Medium &8 44 2930-12
1181-14 | Std., Large 74 49 2830-14

Butterfly Patella Component

The "butterfly™ design provides
increased contact area {0 reduce
surface stress. It provides mom
accurate patello-femorali articula-
tion and the three available sizes
permit more precise conformance o
anatomic requirements. UHMWPe,

packaged sterile.
M/L | Thickness Ho?ht
A B
Cat. No. | Description | mm mm mm Trial No.
118140 Small M 7 2 2957-10
118141 | Medium 37 ] 24 2957-11
118142 | large 39 10 25 2957-12

Universal Patella Component

Sphaerical design allows ease of
insartion. This component is
compatible with alf Yowniey
Anatomical Femoral Componants.
UHMWPe, packaged sterile.

H‘L Thlcgnou
Cat. No. | Description | mm mm Trial No.
1181-44 Universal as 9 2934-00

NOTE: The universal patelia and Towniey patella must only be used
with & total knae prosthesis with a pateilar lange. The univensal
patells and ihe Townley patella must not be allowed © articulate
against bone wr cartilage.

Porocoat® is protected by U.S. Patent No. 3855638
and forsign patents.
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SYNATOMIC' TOTAL KNEE SYSTEM WITH POROCOAT’ cons. @

s

Contained Tibial Plateau Template

. 2898-40 Smali, Medium
::.‘*—« —-—‘g 2898-41 Large, Ex. Large

Instrumentation

Standard Tibial Plateau Template

2898-30 Small, Medium
2898-31 Large, Ex. Large

Contained Tibial Plateau Impactor S

Standard Tibial Plateau Punch

2898-32

\? 2898-58

Contained Tiblal Plateau Insert Replacement —

Standard Tibial Piateau impactor

2898-33

2898-59

Standard Tibial Plateau Insert Replacement

2898-34

s‘ o ": X
. it 2889-10
o

2889-12

b—-ﬁ 2889-14

FIRST™ Instrumentation for
Total Knee Arthroplasty

The FIRST System takes full ad-
vantage of the surgeon’s judgment
in evaluating the compiex three-
dimensional problems associated
with knee mechanics, one dimension
at a time, while holding the limb in
anatomic alignment with stabia in-
struments. The system consists of six
instruments numbered according
1o the order in which they are used,

and a special rasp.
Cat. No. Description
2883-02 Tidiad Cutting Guide (right, ieft)
2839-04 Tenser
2889-08 Distal Fermncral Cutting Guide
288908 | A/P Positioner
2889-10 AP Cutting Guide, Small
2889-12 | AP Cutting Guide, Medium
2835-14 AP Cutting Guide, Large
2889-18 AIP Cutting Guide, Ex. Large
2889-18 Beveiing Guide, Small
2889-20 | Beveling Guide, Medium
2889-22 Beveling Guide. Large
2889-24 Beweling Guide. Ex_Large
2889-28 Rasp
X-ray Overlay
2990-94
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O SYNATOMIC' TOTAL KNEE SYSTEM WITH POROCOAT® cont.

<

A

>

Contained Tibial Piateau,

Cruciate Retention

Enables the surgeon to retain the
posterior cruciate ligament when
indicated and incorporate the use
of a metal stem for added stability.
The polyethylene is supported by
metatl to minimize potential cokd
flow. UHMWPe encased by Ortho-
chrome?®, Porocoat®, packaged

Contained Tibial Plateau,
Noncruciate Retention

5 /\A .

Totally resurfaces the tibial

SV plateau incorporating a metal
stem for patients needing extra

) stability. The polyethylene is

supported by metal to minimize
potential cold fiow. UHMWPe
encased by Orthochrome®,

Porocoat®, packaged sterite.

sterile.
Effective Effective
M/L [Thickness M/L |Thickness
A B Trial Trial A B Trial Trial
Cat. No. Size mm mm Tray (Bearing Cat. No. Size mm mm Tray Bearing
1189-40 | Smalt 68 8.5 2939-50 | 2839-52 1289-10 | Smal 88 8.5 2939-50 | 2909-10
1189-42 | Small 88 1.5 2939-50 | 2939-53 1289-12 | Smad 88 115 2039-50 | 298912
1189-44 | Small 88 15.0 2939-50 | 2839-54 1289-14 | Smadl 88 15.0 2039-50 | 2989-14
118946 | Small 88 18.0 2939-50 | 2939-55 1289-16 | Smal 68 18.0 2939-50 2989-18
1189-50 | Medium 75 8.5 2939-58 | 2839-58 1289-20 | Medium 75 8.5 2939-58 2989-20
1189-52 | Medium 75 1.5 2939-58 | 2939-59 1289-22 | Medium 75 1.5 2939-58 2989-22
1189-54 | Medium 75 15.0 2939-58 | 2939-80 1289-24 | Madium 75 15.0 2939-58 2989-24
1189-58 | Medium 75 18.0 2939-58 | 2939-81 1289-26 | Medium 7 18.0 2939-58 2989-26
1189-80 | Large 81 85 2939-62 | 2839-84 1289-30 | Large 81 8.5 2939-82 2989-30
1189-62 | Large 81 1.5 2039-62 | 293985 1289-32 | Large 81 11.5 2939-82 2989-32
1189-88 | Large 81 15.0 2939-62 | 2939-68 1289-34 | Large 81 15.0 | 2939-82 2989-34
118988 | Large 81 18.0 2939-62 | 2939-67 1289-38 | Large 81 18.0 2939-82 2989-38
1189-64 | Ex. Large 87 |- 85 2939-88 | 2939-70 128940 | Ex. lLarge 87 8.5 2939-68 298940
1189-87 | Ex. Large 87 15 2939-88 | 2839-71 128942 | Ex. Large 87 115 2939-68 298942
. 118968 | Ex. Large 87 15.0 2939-68 | 2939-72 1289-44 | Ex. Large 87 15.0 2939-68 2989-44
118971 | Ex. Large 87 18.0 2939-88 | 2939-73 1289486 | Ex lLarge .| 87 18.0 2939-88 2989-48
Standard Tibial Plateau
Designed to enhance fixation and
retain the cruciate ligaments with a
minimal amount of bone resection.
Metal undersurface reduces the
possibility of polyethylene deflection
in extreme loading conditions.
Moided UHMWPe encapsulated
in Orthochrome®, Porocoat®,
packaged sterile.
Effective
M/L |Thickness
A B
Cat. No. Size mm mm Trial No.
1189-70 | Small 80 8.5 2939-75
1189-78 | Medium 67 6.5 2838-81
1189-86 | Large 72 8.5 2939-88
1189-83 | Ex. Large 785 8.5 2939-91
1189-72 | Small 80 85 2939-78
1189-78 | Medium 87 85 2939-83
1159-88 | Large 72 85 2939-87
1189-04 | Ex. Large 78.5 8.5 2839-93
1188-74 | Small 80 1.8 2039-77
1189-84 | Medium 87 1.5 2030-84
1109-91 | Large i 1.5 2939-99
1189-96 | Ex. Large | 78.5 15 2039-04

o e r——— "
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VTR
Variable Fit Tibial Plateau Variable Fit Tibial insert
Cat. No. | Description | Trial No. Effective
118841 | Smai 288841 "‘L T’“";""‘
118843 | Medium 288843
118845 | Large 288845 Cat. No. Size mm mm Tial No.
118847 | Ex. Large 2888-47 1188-11 | Small 85.5 8 288811
1188-25 | Small 85.5 10 2888-25
1188-12 | Small 855 12 2088-12
118813 | Small 855 18 2888-13
1188-14 | Small 855 20 288514
118818 | Medium s 8 2888-18
1188-26 | Medium 7.5 10 2888-2¢
118817 Medium 718 12 288817
1188-18 | Medium 7S 18 288818
1188-19 | Medium 71.5 20 288819
1188-21 Large 78.0 8 2888-21
1188-27 Large 78.0 10 2888-27
1188-22 | Large 78.0 1?2 88822
1188-23 | Large 78.0 18 2888-23
118824 | Large 78.0 20 2888-24
1188-33 | Ex. Large 82.0 8 288833
- 1188-34 Ex. Large 82.0 10 2888-24
118835 | Ex. Large 82.0 12 288-35
1188-36 | Ex Lame 82.0 16 2888-36
118837 | Ex. large 820 20 88837
‘:%» Variable Fit Clip
1188-30
Variable Fit Pin
i 1188-32
A N
Instrumentation

Variable Fit Tibial Drill Guide

2888-52 Small

2888-54 Large

2888-55 Ex. Large

2888-53 Medium

"I

Variable Fit Tibial impactor

2888-50

=~ )

Variable Fit Drill Guide Pin

2888-56

X-ray Overiay

2990-96 .
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SYNATOMIC' TOTAL KNEE SYSTEM WITH POROCOAT

N
N

Femoral Component
M/L | AP
A 8
Cat. No. Size mm | mm | Trial No.
1189-01 | Small, Right 62 | 383 293710
118902 | Smail, Left .4 33 2037-12
1199-03 | Medium, Right 88 | 424 | 2937-14
1189-04 | Medium, Lelt 88 42.4 2037-18
1189-05 | Larpe, Right 74 | 478 203713
118908 | Large, LoRt 74 478 2937-20
118907 | Ex. Large. Right 80 55 293722
1189-08 | Ex. Large, Lot 80 525 2037-24
Packaged sterile.
Dome Patella

Spherical design allows ease of
insertion. This component is metal
backed and porous-coated to en-
hance fixation. The four fixation
pins provide stability and reduce
the possibility of stress risers.
UHMWPe, packaged sterile.

M/L | Thickness
A B

Cat. No. | Description | mm mm
1189-85 | Dome Patella 34 10

Instrumentation

Femoral Impactor
2898-20

Patellar Clamp
2898-25

Femoral Insert Replacement
2898-21

Patellar Template/Trial
2989-65

X-ray Overiay
2990-94

Porocoat?® is protected by U.S. Patent No. 3855638
and foreign patents.
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NEW JERSEY LCS® TOTAL KNEE SYSTEM
WITH POROCOAT ‘conts. @

Template
Large/
%td Std.+! Large+
Cat. No. | Cat. No. Description
2277-16 | 227740 | Cruciate Retaining Tibial
227748 | 227749 | Posterior Cruciste Retaining Tibial
2277-17 | 227741 | Rotating Platiorm Tibial
227718 | 227715 | Patsflar
2277-51 | 2277-51 | Femora!

Femoral Resection Guide

2277-26 Std.
2277-50 Large

ﬂs

Oblique Osteotomy Guide

2277-13 Std.
2277-37 Large

N

Osteotomy Position Adapter

2277-14 Std.
2277-38 Large

Femoral Recessing Guide

2277-22 Std.
2277-48 Large

X-ray Overlay
2990-12

‘f-—:-__.—; Allgnment Hole Guide Yoke
2277-67

Femoral Alignment Rod
2277-74

Femoral Guide Positioner
2277-23

Instrumentation

) Tibial Spacer
r~ 227775 12.5mm
hd 2277-65 15.0mm
- 2277.76 17.5mm

2277-66 20.0mm

Tibial Resection Gulde
2277-61

Extension/Tension Femoral Guide

H‘—" 2277-63

Femoral Resection Adapter
2277-69

Tibial Hole Punch
2277-68

. :

Femoral impactor
2277-70

Patellar Clamp
2277-64

Sterilization Case

2601-01
2602-01
2602-02
2602-06

4" Trial Case
Upper Trial Tray
Lower Trial Tray
Revision Trial Tray

Sterilization Case

7" Trial Case

Upper instrument Tray
Middle Instrument Tray
Lower Tray

2601-02
2602-03
2602-04
2602-05







NEW JERSEY LCS" TOTAL KNEE SYSTEM
WITH POROCOATOCOM'II.

Posterior Cruciate Retaining Tibial Plateau

M/L
A
Cat. No. Sire mm | Trial No.
117918 | St 65 2278-18
117917 | Sud.+ 70 227917
1179-18 Large 75 227818
1179-19 Large + 80 2278-19

Rotating Platform Bearing

Designed for non-cruciate reten-
tion or revision arthroplasty.

Packaged sterile.

Standard
Bearing [Thickness
Cat. No. mm Trial No.
117846 10.0 227848
1178-47 12.5 227847
117848 15.0 227348
1178-49 175 227840
1178-50 200 2278-50

Large [Thickness
Bearing A

Cat. No. mm Trial No.
1178-58 10.0 2278-58
1178-57 125 2278-57
1178-58 15.0 2278-58
1178-59 175 2278-59
- 1178-80 20.0 2278-80

Rotating Platform Tibial Plateau

Standard M/L
Implant A
Cat. No. Size mm | Trial No.

117937 | Sta. 85 | 2278-37
117938 | S0.+ 70 | 227838
117939 | Lage | 75 | 227839
117940 | Large+ | 80 | 2278-40

Revision | M/L | Thickness

Implant | A B

Cat. No. | mm mm Trial No.
117991 85 5 2278-91
1179-98 85 15 2278-98
1799 75 5 227%-93
1179-94 75 15 2278-94

Instrumentation

ﬁ Spacer Block Distal Femoral Guide
J" 2277-1 2277-60
2277-72
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NEW JERSEY LCS" TOTAL KNEE SYSTEM
WITH POROCOAT* @

Femoral Component

Used for primary or revision
surgery. Packaged sterile.

Standard M/L | AP
grlul A B
. No. Size mm | mm | Trial No.
117908 | Sw., Right 65 | 4 | 227803
1179-04 | Sw., Lett 65 | 48 | 2278-04
117907 | Large, Right 75 | 53 | 227807
1179-08 | Large, Loft 75 53 | 227808
Revision M/L | AP
Implant A B
Cat. No. Slze mm | mm | Trial No.
1179-88 | Su., Right 65 | 48 | 2270-88
1179-08 Suw., Left a5 48 2278-85
117988 | Large, Right 75 | 53 | 227e-89
117988 | Large, Lot 75 | 53 | 227e-88
Rotating Patella
The metal-backed rotating pateila
congruently matches the anterior
flange of the femoral component,
allowing for axial rotation. Pack-
aged sterile.
M/L
A
«| Cat. No. Size | mm | Tral No.
1179-87 | Sud. 38 | 2278-87
1179-69 | Large 4 2278-89
Meniscal Bearing
Interchangeable bearings facilitate
soft tissue balancing. Packaged
storile.
Sud. Luxo
Bearing Bearing Thickness
——— ——— Cat. No. | Trial No. | Cat. No. | Trial No. mm
1178-20 | 2278-20 | 1178-28 | 2278-28 10.0
117811 | 2278-21 | 1178-29 | 2278-29 12.5
1178-22 | 2278-22 | 1178-30 | 2278-30 15.0
1178-23 | 2278-23 | 1178-31 | 2278-31 175

Cruclate Retaining Tibial Plateau

s
Cat. No. Size mm | Tral No.
1179-12 Sud. [ 2278-12
1178-13 Sud.+ 70 227813
1179-14 Large 75 2278-14
117915 | Large+ | 80 | 227818
Packaged sterfie.

~48- Porocoat® is protected by U.S. Patent No. 3855638

and foreign patents.
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.. e~ remoral Configuration Tempiate (left side)
Approximetely 3% oversize or 105% of actual size

This template is for radiographic estimation only. Actual size and configuration should be
determined by use of the trial prosthesis during surgery.

STANDARD ----~--~-~~-~ FLAT-TOP

12-3370 (88 mm) 12-3381 Small (58 mm)
12-3374 Medlum mm) 12-3383 Medium (64 mm)
12-3378 Large mm) 12-3385 Large (70 mm)

g -l
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LARGE
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) THOMPSON HEMI-ARTHROPLASTY HIP SYSTEM

. Femoral Component
LN Orthochrome®, 104mm stem
¥ ! length (A}, 45mm seat height (C),
c' ; 27mm seat width (D), 135° neck
D angle (E}, packaged sterile.
L Head Neck
Section FF Size Length B
Cat. No. mm mm
1008-08 38 1% - 26
1008-10 “1 T - 26
1008-12 43 1% ~ 28
1008-14 44 154 - 29
1008-16 465 Vg - 31
100818 48 1% -3
1008-20 48 1% - 33
1008-22 51 1% - 33
1008-23 52 113, - 36
1008-24 54 113, - 36
1008-26 85 113, - 38
1008-27 57 1134, - 35
1008-28 60 1784 - 37
1008-30 63 1% - 38
Recommanded Rasp: 2091-00
Instrumentation
Corkscrew W Thompson Rasp
2125-00 — ' 2091-00
M Driver for Hip Prosthesis " . Prostheses Measuring Instrument

2006-00 Inches
2006-10 Millimeters

2001-10 Driver with Delrin Insert
2001-12 Replacement Delrin Insert

_434.
-_aPner. ..







_T.A.R.A.TOTAL HIP SYSTEM conts. @

Metal Backed Acetabular Cup
UHMWPe insen, titanium shell.
packaged sterile.
Cup
Q.D. L.D. Height
A 8 [
Cat. No. mm mm mm Trial No.
1044-41 52 41 22 204441
1044-43 c4 43 23 2044-43
104445 56 45 24 204445
1044-47 59 47 25 2044-47
104449 52 49 26 2044-49
104451 62 51 28 2044-51
Instrumentation
Femoral Trial Cup/Osteotome Assembly Townley Punch
Cat. No. Description — Diameter
l 2223-26 | Complete Set includes: R Cat. No. mm
2223-29 Osteotome Stem, Narrow 2223-80 83
2223-28 Handle 2223-61 38
222341 Femoral Trial Cup, 41mm
° 2223-43 Femoral Trial Cup, 43mm
/ 222245 Femoral Trial Cup, 45mm
2223-47 Fernoral Trial Cup, 47mm
2223-49 Femoral Trial Cup, 49mm Townley AcetabUIar Cup pUShef
2223-51 Farporal Trial Cup, S1mm "
2223-54 Fegoral Triat Cup, S4mm ‘ ' Cat. No Dta':‘n;ter
222362 41-43
2223-63 4547
2223-85 48-51
2223-87 84

“ .

T.A.R.A™ Acetabular Positioner LP Set

Cat. No. Description

2223-68 Complete Set inctudes:
2220.52 Handie Acetabular Cup Positioner
2220-53 Aimer Only iCH Acetabular Cup Positioner
2220-68 Handle Cup Pusher

2223-69 T.A.R.A.™ Acetabular Positioner Ball 41 LP
2223-70 TA.R.A™ Acetabular Positioner Ball 43 LP
2223-71 TAR.A.™ Acetabular Positioner Bail 45 LP
2223-72 TA.RA™ Acetabular Positioner Ball 47 LP

2223-73 T.A.R.A.™ Acetabular Positioner Ball 48 LP
2223-74 TA.R.A.™ Acetabuiar Positioner Ball 51 LP

42—
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T.A.R.A.TOTAL HIP SYSTEM

Femoral Template

Femoral Component with Porocoat*

~pandas Cat. No.
2223-10

222312
222314
222315

Alignment Guide and Planer Stem

Handle for Alignment Guide and Stem |

l

-,

Head
Diameter Size
Cat. No. mm No. Trial No.
1044-01 41 1 222341
1044-03 43 2 2223-43 .
1044-05 45 3 222345
104407 47 4 2223-47
1044-09 49 5 222349
1044-11 51 8 2223-81
1044-14 54 7 2223-54
Instrumentation
]
Power Planer
zm:d (2" Dian)
mm
PO 2454-18
45, 47
49, 51 -
54
P _— Driver
| - 2001-10
2223-19 .
Drill
Facing Planer cat. No, | Diameter [ Length
- =~ —
2223-16 1821-11 8 prs
X-ray Overlay
2223-18 | 2990-38

Porocoat® is protected by U S. Patent No. 3855638
and foreign patents.







AUSTIN MOORE HEMI-AHTHROPLASTY HIP SYSTEM conts. @

Extension for Universal Driver/Extractor

S ———

2046-36

s'-‘-:f))

Adapter
2046-22 |

Rasp for Moore Prosthesis

==

Cat. No.| Description
2002-00 | Standard Stem
2002-10 | Narrow Stem
2003-10 | Rasp 8%"
2003-12 | Rasp@”
2003-14 | Rasp 10"
2003-18 | Rasp 12"

Murphy Bone Skid
2004-00

Staintess steel, 30mm large blade
width, 19mm small blade width,
336mm length.
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9 AUSTIN MOORE HEMI-ARTHROPLASTY HIP SYSTEM contu.

Narrow Stem Femoral Component

ot
A I3 Orthochrome®, 41mm
c;‘_f ¥ seat height (C}. 24mm seat width
| I (D), 135° neck angle (E), 27mm
! M/L stem width (F), packaged
- D J sterile.
Section GG
I Stem | Neck
Head | Length | Length
Size A B
Cat. No. mm mm mm
1025-08 38 140 21
1025-10 41 140 23
1025-12 a3 140 23
1025-14 44 140 24
1025-16 46 152 25
102518 48 152 26
1025-20 49 152 26
1025-22 51 152 27
Recommanded Rasp: 2002-10
Long Straight Stem Femoral Component
..D -
LA Orthochrome®, 203mm stem
cf % 3 length (A}, 41mm seat height (C),
1) 27mm seat width (D}, 135° neck
L angle (E).
Section FF
Neck
- Head | Length
Size B
Cat. No. mm mm
100110 41 25
1001-12 43 26
1001-14 a4 27
1001-16 46 28
1001-18 48 28
1001-20 49 28
1001.22 51 30
1001-24 54 32 J
Recommaeanded Rasp: 200312
A standargd Austin Moore
hip instrument set should be used
when implanting this hip.
Instrumentation
M Mortising Chisel k:::ﬂ Driver for Hip Prosthesis
1
2090-00 2001-10 Driver with Delrin insert
2001-12 Replacement with Deirin Insert
Corkscrew ] .
Universal Driver/Extractor
212500 | e
- 2046-10
3G~

-
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AUSTIN MOORE TYPE TOTAL HIP @

Moore Femoral Component

Orthochrome®, 152mm stem
length (A), 135° neck angie (C).

H Neck
ead | Length ;
Size B

Cat. No. mm mm

¢ 1003-21 32 34
1003-22 a2 a0 |

1003-24 22 4

1003-25 22 0 ]

Recommended Rasp 2003-10

AUSTIN MOORE HEMI-ARTHROPLASTY HIP SYSTEM

Femoral Component

-
. Onthochrome®, 40mm .
seat height (C), 135° neck angle
(E), 38mm M/L stem width {F},
packaged sterile.

Stem Neck Seat
' Head | Length | Length | Width
Size A B D
Cat. No. mm mm mm mm
1000-08 38 124 21 24
1000-10 41 124 23 26
Section GG 1000-12 43 124 23 26
1000-14 44 130 24 26
1000-16 46 130 25 26
1000-18 48 140 28 26
1000-20 48 140 26 26
1000-22 51 148 27 26
1000-23 52 159 28 26
1000-24 54 159 29 26
1000-26 85 159 29 26
1000-28 57 159 30 28
1000-30 &0 159 a2 26
1000-32 63 159 34 26 |

Recommended Rasp: 2002-00

-38=-
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HUMAN SURGICAL IMPLANT STRUCTURAL DEVICES
COF
CARBON FIBER REINFORCED ULTRA-HIGH MOLECULAR WEIGHT POLYETHYLENE

Robert D. Ainsworth
Gene M. Farling
Denes 1. Bardos

Zimmer.USA
Warsaw, Indiana

(The quality of pages 92-108 is the result of a deficit in good-quality originals

-92-
Page 69






J»sn

=~

-~ *

INTRODUCTION

One of the more dramatic developments in orthopedic sur-
gery in recent history has been the total joint prosthasis,
which is frequently used to replace a diseased or traumatized
jeint. The type of prosthesis most often used today consists
of an ultra-high molecular weight polyethylene (UEMWPE) com-
ponent articulating against the polished surface of a metallic
component. Widespread use of such devices in the human hip be-
gan in the 1960's, however, these were generally restricted to
elderly patients because the longevity of these devices were
unknown{l). Since the early outstanding success of the total
hip prostheses, this concept has been applied to other joints,
particularly the knee, and the use of total joint prostheses in
younger patients with longer life expectancies has increased.

The requirements of these materials when used in knee
prostheses have proven to be more severe than in hip pros-
theses, and recently it is becoming evident that the creep and
wear properties of UHMWPE may limit the longevity of knee pros-
theses (2,3). While adequate wear performance of UHMWPE in hip
prostheses is now proven for over 10 years{(l), the wear of this
material after the 30 or 40 years of use, which may be required
by younger patients, is unknown. These observations have
prompted the development of a carbon fiber reinforced UMWPE
material (C-PE), with improved creep and wear properties, for
application to these devices. 1In this paper, the requirements
of materials in total joint prostheses are briefly reviewed,
C-PE is described, and results of the laboratory evaluation of
C~PE are presented.

TOTAL JOINT PROSTHESES-

The use of the present concept and materials in total joint
surgery was first developed by Charnley{l) in the early 1960's
by the introduction of a total hip prosthesis. The human hip
is essentially a ball-in-socket joint, and replacement pros-
theses are of the same confiquration, with the ball being an
alloy (usually 316 S$ or Co-Cr~Mo) and the socket being a poly-
mer (Figure 1). 1Initially the polymer of choice was polytetra-
flourocethylene. Although PTFE has a low coefficient of fric-
tion, relatively large amounts of stringy PTFE wear debris were.
produced by these early prostheses(4). This debris caused ex~
treme reactions by the tissue surrounding the implanted pros=-
thesis, which was attributed to the debris quantity and shape
rather than to the material (4). Approximately two years later,
polyethylene was substituted for PTFE, and has since been used
successfully in a number of prosthesis designs which incorpor-
ate e ball-in-socket principle. Presently, Hercules Hifax
1900% is compression molded, or extruded ans machined, into
finished prosthesis components, or RCH 1000% is machined into
finished parts.

After the success with hip prostheses, knee replacement
surgery began to expand in the late 1960's, Unlike the hip
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joint, the knee is not intrinsically stable, instead, stability
is provided primarily by the ligaments surrounding the joint. A
number of knee prosthesis designs are currently used (Figure 2)
which offer varying degrees of stability, and the use of a par-
ticular prosthesis design often depends upon the condition of
the ligamentous structures of the patient's knee. Different
stress distributions and articulating motions arise from these
various prostheses designs, and requirements of the materials
used in hip and knee prostheses differ as a result.

The environment in which these devices operate result from
a number of variables, including the loading conditions and the
relative motions between the components. Figqure 3 illustrates
typical curves of loads transmitted across the normal hip and
knee joint during walking(S). During other activities as walk-
ing down stairs, loads at these joints can be significantly
greater{5). These loads and the prosthesis design determine
stress distributions in UHMWPE components of the prostheses,
Contact stresses are minimized in conforming designs, like the
hip prosthesis, and somewhat greater in the nonconforming total
knee prostheses. Relative motions between prosthesis components
are also influenced by prosthesis design. The ball-in-socket
design of hip prostheses permits only sliding movements, where-
as in nonconforming knee prostheses, the center of rotation of
the metal component moves with respect to the surface of the
UHMWPE tibial component, permitting both sliding and rolling
movement to occur.

Performance criteria of UHMWPE components of total joint
prostheses include resistance to creep and wear, and these are
affected by prosthesis design. In the intrinsically stable hip
prostheses, creep has not caused problems, and although some
wear has been measured and polyethylene debris does accumulate
in the area of the joint(6), wear has been considered accept~
able after over 10 years of use{7). Xnee prostheses, however,
have shown significantly greater creep and wear of the UHMWPE
components during shorter periods of use. Examples of such
components which had been in vivo less than two years are illus-
trated in Figure 4. These differences between total hip and
knee prostheses have been attributed to many factors, including
the lack of stability and greater stresses of the knee pros-
theses (3) .

These observations indicate. that the longevity. 2f pxas-
sently used total knee prostheses is limited by the use of
UHMW polyethylene. Replacing this with a material with im-
proved creep and wear resistance would increase this longevity.
In total hip prostheses, less wear debris would be produced,
improving the likelihood for successful use in younger pa=«
tients.

C-PE CHARACTERIZATION
To improve these properties, a composite of polyethylene

reinforced with carbon fibers has been developed. The UHMWPE
matrix of this composite is Hercules Hifax 19009‘,having an

.y
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average limiting viscosity number of 17 dl/g. This is rein-
forced with from 10 to 20% by weight of high tensile strength,
high modulus graphite fibers. The cross~sectional shape of the
fibers has major and minor diamters of approximately 15 and &
micrometers respectively.

These compenents (Figure 5) are compression molded di-
rectly intoc the final prosthesis shape, examples of which are
illustrated in Figure 6. The mean fiber length in the compos~-
ite is approximately 0.75 mm, and the fiber distribution and
orientation within the matrix is random. The nature of the ma~
trix fiber interface is illustrated in Figure 7, in which the
matrix has been etched away from the fiber.

TESTING AND EVALUATION

Various tests of molded C-PE sgpecimens were performed and
the results compared to those obtained from similar tests of
UHMWPE specimens. In addition to standard mechanical testing,
creep and wear properties were also evaluated.

Mechanical Properties

Three test series were conducted to compare the tensile,
compressive, and bending properties of UHMWPE and C-PE with
10, 15, and 20 weight % reinforcement. Tests were performed
with an Instron Universal Testing Machine, and the procedure and
results are summarized in Table I. Significant increase in
these properties are evident. While the specific value of these
properties to prosthesis performance is not clear, these results
indicate that the matrix-fiber bond is sufficient such that
strengthening of the UHMWPE matrix occurs.

Creep Properties

Creep resistance influences the performance of total knee
prostheses, and the testing summarized in Table II indicates
the resistance to creep of C-PE as compared to UHMWPE. The
tests were conducted according to ASTM D621. Specimens were
loaded for 24 hours, and the deformation percent after 90 min-
utes relaxation was determined. Under these testing conditions,
C-PE was significantly more resistant to creep than UHMWPE,
particularly with the higher percentages of reinforcement,

Wear Testing

In order to provide wear testing results that can be re-
lated to the prosthesis in use performance, testing under con-
ditions similar to those which occur in vivo is necessary. The
majority of the wear testing of C-PE was conducted using a hip
simulator. This device provides a flexion-extension motion at
40 cycles per minute, and a loading curve similar to Figure 3,
with maximum loads of 500 pounds. Tests were run in distilled
water, and approximately every 200,000 cycles, the wear debris
was filtered from the water, desicated, and weighed, enabling
wear rates to be determined. T-28 type total hip prostheses
were used in these tests, and the performance of various C-PE

Page 72
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acetabular cups was compared to standard UHMWPE cups.

The acetabular cup prosthesis material and corresponding
wear rates are presented in Table III, and indicate that gig-
nificantly lcocwer wear rates are provided by C~-PE than by UHMWPE.
Figure 8 illustrates representative wear debris from a C-PE cup
tested in the hip simulator. The debris ranges in size from
fine graphite powder to flakes of a polyethylene~-graphite pow-
der of similar size and shape to debris from a standard UHMWPE
acetabular cup prosthesis. Very few carbon fibrous shapes are
seen in the wear debris. Because the debris size and shape is
similar to that produced from standard. cups, and since a smaller
volume of debris is produced, the tolerance to C-PE wear debris
is expected to be similar to, if not better than, UHMWPE debris.

DISCUSSION

An accepted method of improving material properties is by
reinforcement with a second material of higher strength. An
important aspect of composite materials is that there be a
sufficient interfacial bond s¢ that reinforcement results. It
is likely that the bond between the carbon fibers and UHMWPE is
primarily mechanical, and the apparent wetability of the fibers
by the matrix illustrated in Figure 7, and the improvement in
mechanical properties indicate that significant reinforcement of
the UHMWPE is obtained,

The concept of this material in orthopedic applications is
not new. Sclippa and Piekarski (8) described carbon fiber rein-
forced HDPE, and Tetik, Galante, and Rostoker(9) investigated
carbon powder filled UHMWPE. Sclippa and Piekarski reported

- improvements for their material in a number of mechanical prop-

erties, including creep resistance, however, wear resistance was
similar to plain HDPE. Their wear cests were conducted in a
sand slurry medium, and the test methods used is the likely rea-
son for the differences between the wear properties reported for
their composite and C~PE. The composite discussed by Tetik,

et. al., was graphite powder in a matrix of UHMWPE, and while
improved short-term wear properties were found, upon extended
wear testing, a breakdown of the material was found(10). The

- mechanical bond of the powder to the matrix, and the differences

between reinforcement properties of powder and fibers, likely
contributed. to differences retweernr thig composibterand C-PEY

The longest term hip simulator testing on C-PE has been approxi-
mately 4 million cycles (1660 hours at 40 cycles per minute),
and no indication of material breakdown was evident,

The results of testing reported above encourage the appli=-
cation of C-PE to total joint prostheses, While there are many
potential causes of prosthesis failure in addition to creep and
wear of UHMWPE component, use of C-PE should reduce the likeli~
hood of prosthesis failures contributed to by these mechanisms.

9§~
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TABLE I: COMPARATIVE MECHANICAL PROPERTY DATA

Property UHMWPE C-PE 10% C~PE 15% C~-PE 20V

a

Tensile . .

Y.S.{psi) 3,050 3,800 - -
b f

Compressive

Y.S. (psi) 2,150 2,720 2,840 3,200
c

Flexural

Y.S. (psi) 3,030 4,300 4,500 5,620
c .

-

Tangent -
E (psi) 145,000 230,000 290,000 385,000

a: average of 5 tests; strain rate 0.2 in/min.; b: ASTM D695
average of 4 tests; specimens were 0.5 inch cubes; c¢: AST™
D790, 4 point bending, average of 2 tests, L/d ratio: 16 to
1. '

TABLE II: COMPARATIVE CREEP DA'I‘Aa OF UHMWPE AND C-PE
Deformation %

Material Applied Stress(psi) (After 90 min. Relaxation)
UBMWPE 1,000 1.14
C-PE 10% 1,000 0.36
C-PE 15% 1,000 0.35
C-PE 20% 1,000 0.26
UHMWPE 1,500 2.17
C-PE 10% 1,500 0.42
C~-PE 15% 1,500 0.32
C~-PE 20% 1,500 0.22
UHMWPE 2,000 3.96
C-PE 10% 2,000 0.61
C-PE 15% 2,000 0.55
C-PE 20% 2,000 0.48

a: ASTM D621: specimens were 0.5 inch cubes.
TABLE III: COMPARATIVE HIP SIMULATOR DATA OF UHMWPE AND C-PE

Prosthesis Material Number of Test Cycles Wear Rate

(gms/cycle)
UHMWPE 3.1 x 107 3.80 x 10_,
UHMWPE 1.8 x 10, 4.78 x 10_g
UHMWPE 2.2 x 10, 2.00 x 10_o
C-PE 10% 3.5 x 106 3.80 x ].O_._9
C-PE 10% 2.7 x 10; 4.40 x 10__
C-PE 10% 1.8 x 10, 4.40 x 10_g
C-PE 15% 3.5 x 10¢ 5.20 x 10_g
C-PE 20% 3.5 x 10 4.80 x 10
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Figure 1: Various total hip

prostheses.,
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Figure 3: Representative load
curves for normal hip and knee
during walking.
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Figure 2: Various total
knee prostheses,

UHMWPE components
of knee prostheses which were
in vivo less than 2 years,

Figure 4:
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Figure 5: Components of C-PE Figqure 6: Various compression
molded@ C-PE prostheses.
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Figure 7: S.E.M. of fiber- Figure 8: Representative wear
matrix interface, UHMWPE debris from C-PE acetabular
etched with o2 plasma etch. cup prosthesis.
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IHTRODUCTION

One of the more draxmatic developwents in orthopedic sur-

gery in ro - - history has been the total joint prosthesis,
which is 1tly used to replace & disessed or traumatized
jeint. “The <+ ypt of prosthesis most often used today consiste

of an ul\m!xgo«r eaclecular weight polysthylene (UKMWPE) com~

ponent : against the polished surface of a metallic
COMPONErY 1% W ~ad use of such devices in the human hip be~
gan in wwt G gt powever, these were generally restricted to

slderly po+izems beause the longevity of thess devices wars
uhk i | aih@e the early outstanding success of the total
hip pris © 18 concapt has been applied to othar joints,
particulas ., the xnee, and the usm of total joint prosthesas in
youngar patiants with longsr lifs sxpectanciss has increased.

The requiremsnts of these materials when used in knee
prosthases have proven to bs wmore severs than in hip pros-
theses, and recently it is becoming evident that the creep and
waaAr properties of UMMWPZ may limit the longevity of knes pros-
theses(2,3}). While adequate wear performance of UHMWPE in hip
prostheses is row proven for over 10 years{l), the wear of this
satsrial after the 30 or 40 years of use, vhich may be required
by younger patients, is unknown. These cbserveations have
prompted the development of & carbon fiber reinforced UHMWPE
material (C-PE), with improved creep and wear properties, for
application to thesa devices. In this paper, the requirements
of materials in total joint prosthesss ars brisfly reviswed,
C-PE is described, and results of the laborstory evaluation of
C-PE ars presanted.

TOTAL JOINT PROSTHESES

The ,¢¢ #f the prasent concept and materials in total joint
surgery -os fo~8t :evelopsd by Charnley(l) in tha early 1960's

by the . < of & total hip prosthesis. Ths human hip
i% sssen wWl-in-socket joint, and raplacemant pros«
theses a same configquration, with the ball being an
alloy (us $5 or Co~Cr-Mo) and the socket being & poly~
mer (Pigu: altially the polymsr of choice vas polytetra-
fluocroethy Although PITE has a low cosfficient of fric-
tion, rela. large amounts of stringy PIFE wear debris were

proquced py “russ sarly prustimeswsi{4r. [Niw’ debtuw Canmed’ ax-'
trems rsac:.ons by the tissue surrounding the implanted prose
thesis, whizh was attributed to the debris guantity and shape
rather than to the satearial(d). Approximately two years later,
olyethylene was substitutsd for PTPFE, and has since been used
succassfully in a numbsr of prosthesis designs which fncorpor-
ate the ball-in-socket principle. Presently, Hercules Hifax
1300% is compression molded, or axtruded and machi . inte
finished prosthesis components, or Boechst RCH L i ma-
chined into finished parts.

After tha succewss with Nhip prosthesas, knee replacasent
surgery began to sxpand in the late 1960's. Unlike the hip
joint, the knee is not intrinsically stable, instead, stadility
is provided primarily by the ligsments surroundiag the joint.
number of knee prosthasis designs are currently used (Pigure 2)
which offer varying degrees of stability, and the use of a par-
ticular prosthesis design oftsn depsnds upon the condition of
the ligmsentous structures of the patisnt's knee. [ifferent
strens distributions and articulating sotions arise from these
various prosthesss designs, and requirwsents of the saterials
used in hip and knes prosthesss 4iffar as a result.

The anvirorment in which these devices operats result from
4 numbar of variables, including the loading conditions and the

A

relative moticos betwesn the components. Figure 3 illustrates
typical curves of loads transmitted across the normal hip and
knee joiat during walking{5). During other activities as walk~
ing down stairs, loads at thess joints can be significantly
greater(5). Thase loads and the prosthesis design determine
strass distritmtions in UHMWPE coeponents of the prostheses.
Contact stresses are winimized in conforwming designs, like the
hip prosthesis, and somewhat greatsr in the nonconforming total
knse prosthises. Relative motions between prosthesis components
ars als¢ influenced by prosthesis dasign. Tha ball-in-socket
dasign of hip prosthasss permits only 3liding movements, whare-
as in nonconforming knee prostheses, the center of rotation of
the mstal cosponant moves with respect to the surface of the
UKMWPE tibial component, permitting doth sliding and rolling
novement to ocour.

Performance criteria of UHMWPE cowmponents of total joint
prostheses inciude resistance to cresp and wear, and thase are
affectad by prosthesis design. In the intrinsically stable hip
prosthasss, creep has not csused problems., and although some
wear has bean measured and polyethylene debris does accoumulate
in the area of the joint{6}, wear has been considerad accept-
able after cwer 10 years of use{7). Xnee prosthesas, however,
have shown significantly greater cresp and wear of the UHMWPE
components during shorter pericds of use. Examples of such
componants which had been in vivo less than two years are illus-
tratad in Pigure 4. These diffarsnces between total hip and
Knee prosthesas have been attriiwted to many factors, including
the lack of stability and greater stressas of the knse pros-
thesssil).

Thase cbservations indicats that the longavity of pre-
santly used total knee prosthesas is limited by the uss of
UHMN polyethylsne. Replacing this with a saterial with ia-
proved creep and wear resistance would increase this longevity.
In total hip prostheses, such & matsrial would produce less
wesar debris, improving tha likeliheod for successful use in
younger patients.

C-PE CHARMCTERIZATION

To improes thess properties, a composite of polysthylans
reinforcesd with carbon fibers has been davelo . The UHMWPE
WATTIX @ (REY - cOMpows 20 Lo Jecet e ol Tl iSIOR Aewyy wr-
average limiting viscosity aumber of 17 41/g. This is rein-
forced with from 10 to 208 by weight of high tensile strsngth,
high modulus graphits fibers. The cross-sectional shape of tha
fibars has major and minor diawters of approxisataly 15 and €
micrometars respectively.

Thess components (Figure 5} are compression mclded di-
rectly into the final prosthesis shape, exacples of which are
illustratad in Figure 6. The mean fider length in the compas-
ite iz approximataly C.75 sm, and the fiber distribution and
orientatios within the matrix is random. The nature of the ma-
trix fiber intarface is illustrated im Pigure 7, in which the
matrix has been stched xway from the fiber.

TESTING AND EVALUATION

Various tasts of molded C~PE specimans wears parformed and
the results comparsd to those cbtained from similar tests of
UHMMPE specimens. In addition to standard sechanical testing,
creep and wear propertiss were also evaluated.
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Machanical Properties

T™res test serias were conducted to compars the ténaile,
Somprassive. and bending properties of JKMWPFE and C-PR with
L0, 13, and 20 weight % reinforcement. Tests were parformed
with an Instron Universal Testing Machine, and the procsdure and
results are summariied in Table I. Noticeable incresses in all
of these proparties are evident, while the specific valus of
thase propertiss to prosthesis performancs 18 not Claar, thess
results indicate “hat the satrix-fiber bond 13 sufficient such
that strengthening of zhe UHMWPE Ratrix OCCuUrs.

:rtog PtDEt tiws

Cresp resistancs influences tha performance of total knee
prosthesas. The testing sumsarized in Table [I indicatas the
resistance to creap of I-PE in comparison to UHMWPE, The
tasts were conductmd according to ASTM D621. Specimsns wers t
loaded for 24 hours. and the deformation percent after 30 min-
utes relaxation was determined. Under these testing conditions.
C~PE was noticeably more resistant to creep than UHMWPE, par~
ticularly with the higher parcentages of reinforcessnt.

Wear Testing

In order to provide wwar testing results that can be re-
lated to the prosthesis in use performance, testing undaer con-
ditions similar to those which occur in vivo is necessary. The
majority of the wear tasting of C-PE was conducted using a hip
timulator. This device provides & flexion-extension motion at
40 cycles per minuta, and a loading curve similar to Pigurs 3,
with maximum loads of 500 pounds. Tests wers run in distilled
water, and approxisataly every 100,000 cycles, tha wear debris
was filtered from the water, desicated, and waighed, enabling
wear ratas to be determined. T-28 type total hip prosthases
ware used in these tasts, and the performance of various C-PE
acetabular cups was cospared to standard UHMWPE cups.

The acetabular cup prosthesis material and corresponding
weaAr rates are presented in Table IIY, and indicate that sig-
nificantly lower wesr rates ars provided by C-PE than by UHMWPE.
Figure 8 illustrates representative wear dedris from a C-PE cup
tested in the hip sisulator. The debris ranges in size from
fine graphite powdar to flakes of a polyethylene-graphite pow~
der of similar size and shape to debris from & standard UHMWPE
acetabular cup prosthesis. Very few carbom fibrous shapes ars
seen in the wear debris. Becauss the debris size and shape is
similar to that produced from standard cups, and sincs a smaller
volume of debris is produced, the tolerance to C-PE wear debris
is expected to be similar o, {f not better than, UHMWPE debris.

DISCUSSION

An acceptad method of isproving material properties is by
reinforcement with a second material of highar strangth. An
inportant aspect of composite materials is that there bs &
sufficient interfacial bond so that reinforcement results. It
is likely that the bond betwesn the carbon fibers and UNMWPE is
primarily msechanical, and the apparent wetability of the fibers
by the matrix illustrated in Figure 7, and the improvessnt ia
aechanical properties indicate that significant reinforcessnt of
the UHMWPE i3 obtained.

The ceoncept of this matarial in orthopedic applications is
not new, Sclippa and Piskarski(8) dsscribed carbon fiber rein-
forced HDPE, ard Tetik, Galante, and Rostoker(9) investigated
carbon powdar filled UHMWFE. Sclippa and Fiekarski reported
improvements for their saterial in & mumber of sschanical prop-
exrties, including cresp resistance, however, wear resistance vas
similar o plain HOPE. Their wear tests were cunducted in &
sand slurry medium, and tha test msthods used is the liksly rea-
son for the differences betwsen the wear propertiess rwportsd for
their composite and C-PL. Tha composite discussed by Tetik,
at. ul., was graphite powder in a matrix of URMWPE, and while
improved short-tars wear propertiss were found, upon sxtended

WA THBLIAYL W rswdenm: o8- e abtenial, was Toundill). . TR~

mechanical bond of the powder to the matrix, and the differsnces
batween reinforcemant propertiss of powler and fibers, likely
contributed to differsnces betwesn this composits and C-PE.

The longest term hip simulator testing on C~PE has been appromi-
mataly 4 million cycles (1860 hours at 40 cycles per minutaj.
and no indication of saterial breakdown was avident.

The results of tasting reported abowe encourage the appli-
cation of C-PE to total joint prostheases. hile thers ars sany
potential causes of prosthesis failure in addition to creep and
vaar of UNNWPE component, use of C-PE should reduce the likeli-
hood of proathesis failures contributaed to by these mschanisms.
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TABLE Y: COMPARATIVE MECHAMICAL PROPERTY ~ATA

Progerty uromrE C-PE 10%  C-PE IS¢ C-PE 200

a

Tansi le

T8 (pai) 3,050 3,800 -- -
b

Compresaive

Y.5. (pei) 2.1%0 2,720 2,840 3,200
<

rlaxural

1.S. (psi) 3,030 4,300 4,500 5,620
e

Tangent

E _(pei) 145,000 230,000 290,000 38%,000

a: average of 5 tasts; strain rats 0.2 in/min,; b: ASTM DA35
avarage of 4 tasts: specimens were 0.5 inch cubes; c: ASTR
U790, 4 point bending, awwrage of 2 tests, L/d ratio: 16 to
1.

TABLE 11: CONPARATIVE CREEP OATA‘ OF UHDMWFPE AND C-PP
Deformation %

Matarial Applied Stress(psi) (After 30 min. Relaxation)
et 1,000 1.14
Cc-re 10% 1,000 Q.3
C-PR 15% 1,000 Q.38
C~PE 20% 1,000 0.26
Tt 1,500 2.17
- 108 1,500 0.42
C-pR 15% 1,500 0.32
C-PR 208 1,500 0.22
Umers 2,000 3.96
c-#2 108 2,000 Q.61
C-FE 15% 2,000 0.5%
< & - S0 i Al

¥
pe

a: ASTH D621: specismns ware 0.5 inch cubes.

TABLE IIT: COOMPARATIVE NIP SIMULATOR OKTA OF UHMWPE AND C-PE

Prosthasis Material Number of Test Cycles Wear Rate

{gme/cycle)

& -8

VP 3.1 x 10‘ 3.80 x 10_8

Unpasyy 1.8 x 10‘ 4.78 = 10_6

ey 2.2 x w‘ 2.00 x 10_9

c-p2 108 3.5 = 106 3.80 x 10 o

c-Prz 1% 2.7 x 106 4.40 x ).0_9

c-re 1on 1.8 x 10‘ 4.40 x 10_9

C-PE 15% 3.5 x 105 $.20 x m_g
C-PE 208 3.% x 10 4.80 x 10

18
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Pigqure 1: Varicus total hip
prostheses.

Pigure 2: Various total
knee prostheses.
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Pigure 3: Representative load
curves for sormal hip and knee
during walking.

figare 4&: mw
of knee prostheses vhich wase
in vivo less than 2 years.* -
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Figure 5: Components of C-PE

Figure 7: S.E.M. of fiber-
matrix interface, UHMMPR
etched with o2 plasaa etch.
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Figure 6: Various compression
molded C-PE prostheses.

Figure 8: Representative wear
debris from C-PE acetabular
cup prosthesis.
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imers were removed from their envirormental expasure conditions. Tesh
of this type were meferred to & "current properties”. The residual properties
were 00 Wited on pecimens removed from their environment, after o cam-
plete and partial drying ot 60°C under vacuum, 1o drive out the absorbed
wolter.

The current and the residual mechanical properties were measured in order 1o
distinguish between reversible property changes resuiting from the plasticizing
of the matrix and irrevenible permane nt degrodation, resulting from matrix
cracking, interfoce and fiber deterioration.

interiaminar Shear Strength

The rests were canducted in occordonce with ASTM D2344-72. The speci=
mens were short beams in the form of segments cut from the rings. The shear
specimen dimensions are shown in Figure 12. Although this test is not ideal
for shear strength mecsurements, it was the only recsonable test which could
be smployed. The span to thickness ratio was 4. The testing was done in
on imstron festing mochine gt room temperature. The specimens were loaded
ot o rote of 0.05 inch per minute. Only spacimens that foiled in horizontal
shear were considered and @ minimum of 5 imens were rested in order to
obtain an average. The apparent horizontal shear strangth results are
sumnmarized in Table 9.

The results indicate that the specimans exposed to g dry environment for 11

suffered only o slight decregse in the shear strength, os compared to
the reference values. Drying the specimens resulted in a slightly higher
residuol strength. A strong strength reduction was observed in specimens
exposed for 11 years to humid environments. The curent strength was 30 to
40% lower than the reference. The residual strength determined on com-
pletely dry spacimens was higher than the curent strength by only 16% in
spacimem with distilled water history and 11% in specimens with seq water
history .

Sirength reductions determined of high temperatures as reported in refersnce
(3) were mainly attributed to the lowering of the glass transition temperature
of the matrix as a result of the moisture content, resulting in o decrease of
the matrix modulus and shear strength ot temperatures close to the glass tron-
sition temperature. The resuits shown in Table 9 were conducted ot tempera~
tures much lower than the glass tramsition and, hence, the results indicate
that irreversible changes occurred in the composite during the 11 years of
humid environmental exposure. Ireversible damoge could be coused = a
result of microstructural damoge of the epoxy resin and the interfoce bonds,
due to the long time exposure to water and sweiling stresses. The sxposure
to water for 11 years might cause hydrolitic degradation of the spaxy, as
well ot stress crocking. No svidence was found indicating an irrevenible
microbial degradation in the cawe of sea water exposure .

The shear strength reduction and the moisture absorption characteristics on re~
exposed dried specimens con be related. The moisture absorption rate should
be affected by the presence of microcrocks inside the compasite, coused s o
result of the Lng time exposure. These microcracks should also lower the
shear strength unless the strength is limited by o low interfacial strength.
Hence, the moisture diffusion rote was carelated with strength reduction.

This correlotion is shown in Table 10.

The results listed in Table 10 clearly show a strong dependence between ini-
tial weight gain and diffusion cosfficients. The interrelationship between
shear strength reduction and hi'tr moisture gbsorption rate can be explained

the microcrucks created in compasite under long term water exposure .
These effect the shear strength which is very sensitive to matrix defects, void
content and interface strength and also accelerate moisture diffusion
'opl::ir:: more channels which focilitate the penetration of the small water
molecules.

The graphite-epaxy specimens were also tested, in order fo determine the
current and the residual shear strength. The experimentel results are quite
different from the resuits on carbon fiber compasites. The shear strength of
hn'rimwmhid\«ﬁmﬂnnﬁnmwcbhiwﬁmh
strength found on dried specimens. This is consistent with ather studies (4,
56). Also, the shear strength is considerably lower than for the carbon fiber
campostes indicaring ot faiford is confrotiéed by mis imerfice craratreris-—-«
tics in the case of the grophite compasites. The results are shown in Table 11,

As discussed sarlier, the campasite propsrties can be affected in several ways
by the penetration of the water molecules. Water molecules may act s a
matrix phosticizer and cause relaxation of the internal stresses resuiting from
the fobrication process. The stress relaxation may i the material per—
farmance meflected by higher shear strength. The in':iuoncc of swelling
stressies coused by water absorption is more difficult to predict but should be

- arevarsible effect. In the case of the carbon fiber composites if shear

foiture was matrix dominated, then ion of the motrix can account
for the reduction of the strength. In case of graphite composites, re-
laxation of interfocial siremes mq{ offset any interfacial degradation which
might occur and a8 a result only slight changes in shear strength will be
produced. The intrecse in shear strength upon drying is consistent with the
reintroduction of stresses upon drying.

77

Flexural Strength

Flexural strangth tests were parfarmed on specimens cut from the rings and
the fest variobles were in accordance with ASTM 0790-66. The specimens
were 23" by 1/8" by 1/4" tested on o 2% spon. The span to thickness ratio
was 16 ond the length to thickness ratio was 20. Since specimens were not
flat, flat supports were used far the flexural test, instead of the cylindrical
wpports conventionglly recommended. The rest apparatus is shown in Figure
13. The lood was appriod by ar Instran machine ot o crossheod speed of
0.05in/min. Two specimens were rested for each condition. The resuits
ore listed in Table 12.

it is important to note that very little difference in strength exists between
dry and exposed water specimens over this 11 yeor exposure period. This
is further verification of the long term stability of :u'mfib.n and those
mpanl: properties which are dominated by fiber properties such s the
above longitudinal flexural strength.

CONCLUSIONS

Specimens of both carbon and grophite fiber reinforced epoxies exposed
1o distilled water for 11 years showed slightly higher equilibrium moisture
content and shorter drying time {at 60°C under vocuum) thon spacimens
axposed 1o sea woter history. The salts and impurities usually found in sea
water caused a white "coating” on the specimen surfoces which acted as o
“barrier” restraining moisture absorption ond desorption. No microbial
effect was cbserved in 3ea watsr environmenta! sxposure.

The long term water exposurs influence on moisture absorption chorocteris=
tics has been determined. The 11 years of immersion in distilied water and
1eq water considerably affected the initial moisture weight gain ond the
diffusion cosfficients upon reexposure to humid environments. The higher
initicl weight gain and diffusion cosfficient found for specimens having
water environmental history may indicate thot microdamoge occurred in
the specimens during the lang term exposure.

A considercble sheor strength reduction {current ond residual) was found
for carbon=epoxy specimens having humid long term environmantal history.
This strength reduction might indicate that microdamage and irreversible
degrodation of the matrix and interfaces occurred during the 11 yeors of
water immersion. The strength degradation has been qualitotively corre-
lated and interpreted with the moisture absorption characteristics. No
ireversible damage in the fiber properties was observed as concluded from
flexural strength resuits,

The shear strength of graphite~epoxy camposites was considerably lower than
that found for carbon=epoxy composites. Also, the current strength of wet
n‘cimom having humid history exposire was higher than the reference ond

the strength found in dried specimens. This higher wat strength is pro-
bably due to internal stress relaxation in the case where shear strength is
dominated by interfacial failure rather thon by matrix failure.
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Viscosity Number, 1n,,/c. 88 a
Function of Shear Rate and Concentration
7t UHMWPE Sampie 2

b
o

r;»/c, di/g
gEEES
1-29S ‘31lve HVY3IHS

i 4 I3 A
10 0 01 02 83 04 06
CONCENTRATION, g/di

Fig. 1. Viscosity number as a function of congentration using the same Ubbelohde
viscometer for all measurements. Shear rate is variable, and depends on flow rate,

it cannut be specified sinve it varies from point jo point depending on ﬂow.ume, the
limiting viscosity number obtained is 23.6 dl/g, uver 25% less thun the zero sheur rute
value. This in tury leads Lo uver a 35% error in fnulecutur weight |.| the u.nwet?uoml
Maurk-Houwink relationship s empluyed. As pfunwd out abuvc.)lhtu relutionship may
be incorrect even for zero shear duta at these high molecular weights. llutg oh uther
samples of UHMWPE show similar behavior, thp extent of the error depending un the

viscosity of the sample.

Samples of UHMWPE can be compared m_ra;,ked on lhfe basis of vi.scusity nulatlgr.
obtained at a single concentrution with viscymeters of ulandardlzeq dumfnhnm,
However, it would not be prudent L associste ap absolute molecular we \gl}l with the
samples based on such measurements. “The n;ethud 'fe ha\:e empluycd 1:‘; uuflm.d
below and s similar to the une being propase by ASTM Cuommitiee 1) 20,12 g 4

standard method.

RECOMMENDED PROCEDURE

A provedure fur messuring the viscosity numlu:.fr ul onw concentration with a precass

] i 1% s the following:
. Zp;;:::‘l?:l?(;guul 0.125 g ol the UHMWPE is \f/e?ghed'il\w a250 ml glaal:s stppered
Erlenmeyer flask and a volume of decalin, cnnm_mlng 0.2% phenyl-.{‘j»nup I-lhylauu‘;”
us gn antioxidant, s added from a hureu.u [T} pive the: cms.r.eutrutmnl fiux;urc(l, Tiw
vohumo reguired to give i 0.00% solutivg s spproximately 1.26 mlb and i dotermimg
from the rativ of the deusity of decalin ut 135°0 to the (.lmmty‘c‘al nlmm :empcmluu
which we louk to be 0.90.% For interlaburatory comparison this value shouid be .

By

NOTES w23

VISCOSITY NUMBER vs. CONCENTRATION
UHMWPE in Decalin at 135°C
Cannon-Ubbelohde Viscometer #75
{uncorrected for shear rate)

Sampie 2

-
!

{n-%/c. disg

BB

8
M

15

i i 1 i
0.02 0.04 0.06 0.08 0.10
Concentration,g/d}

Fig. 2. Viscusity number as a function uf shear rate for a sample of UHMWPE.

wrmined for each bsteh of salvent, since the eis- trans ratio and hence the density wili
vary. Smailer samples may be used if due uttention is Brovided Lo weighing the sumple
and to ineasuring the solvent o give the precision desired,

‘The polymer is dissulved over a period of 4 hr at 135° - 150°C with aceasional, gentle
swirling.

About 7 or 8 ml of the hot polymer solution is added to a clean dry Cannon. Ubbe.
lohde (# 75) viscometer suspended in un vil buth st 115°C° LLDO0), We did it find
W novessary bo filtur the solutionk,  Afler o penod ol abaail 16 i, o viough to uttoing
thermal equilibrivm, flow times are determined.  For our work, photuelectric cells ure
employed to time the readings 10 0.1 see, but this was done tor convenience and readings
0.1 sec by eye would be sulficient. At teust 5 flow time readings are mude per 1illing,
the flow times ranging from about 130 sec for the sulvent Lo as much us 530 sec Lour the
higher molecular weight polymer,

The viscometor is clenbed aflor sach run hy resaoving U sdution with 0 hong
stuinloss ateel nvedle and bypadenmie sysinge, pnstog several tises with hot decalin,
and aspirating to dryness.  Cure is always tuken Lo keep the viscometer free uf dust
or other particles, and the air used fur aspiraling was first passed through a sintered
gluss filter.
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For every viscosily reported, three completely separate solutions are prepared and
measured. The standard deviations of the mean viscusity numbers, which ranged frum
29 (o 50, were generally less than 0.2, and hence, less than 1% fur three samples.
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NOTES

Indentation Creep of Polymers for Human Joint Applicat

Bath reversi i si
mmpw&iuf‘;s;:;fj ::;d }::;Zv;::k‘)l:‘ s;::i‘;;?ﬂ‘;mdmms of indentation {constrained
or are plunne(_i for use in humaun juint pru.st;\,:scsr,ee’ll‘)l;:il}‘\]::el:::::l? e M
muleclular-wexghl (UHMW) polyethylene, UHMW polyethyler reints ullmhlghw
graphite fibers and polyacetal (Delrin 150).  Up to about 3000 pa)i’(‘z&;e? ﬁ'}’)‘f‘”‘:"d W'Sh
::;Zeg :rre !c:::ﬁrﬂcx Gl;{t::&;:tw;‘ th malerials are about equal und aubawnll:;l;};::l:::;

e [

uf the reinforced puiyeth‘;::elr::::g u:':::i::“::;:‘;:;i‘“‘;"eﬂuw lbe Plustlc o
of b of Lhe unreinforced mate-

Unlike muost metals at or near body temperature i
w applied stress ts both instantaneous am;“:ime-dé;i:;::::'?c:::‘:;m:)d W{Ym?fs
are b combmauop of reversible (elustic) and irreversible {plastic) cum. oots Mfams
wuuld not be desu-able, particularly in an artificial knee joint becauaep(t’)ne‘ndw me
relative lateml'm“;tlen and rotation of the articulating aurfu::es are r ’ty i ef‘“‘“‘{“
glluwancu? for hmfled relutive sliding motion and rotation is one of f: "*"‘"d-. o
the use of nonconfurmal metal Lo plastic profiles.’?  Cold flow or the l&i‘pl{rmes o
of creep has been observed in the tibial components of knee jointy, ph' "C PN
;eﬁons. hud to be removed from patients.? Joiota, which, for various

Two candldatfa {naterials are either being offered or considered Tor lﬁ tibial
punent of 'l(flee juints. One is a graphite-fiber-reinforced UHMW Ie :h“; e
product of Zimmer-USA). The other candidate is a polyacetal resin (d:: ” u:i el {'a
150, 8 tradem:_;rk of E.. 1. du Pont de Nemours Company). The purpw:eg nfa thi Pelrm
wis Wo-determine the indentation creep behaviur of the commonly used ‘:d -w: -
of UHMW polyethylene with these two new alternatives. The medi(;.z;l :ad::} }f;;t\t

polyethylene was supplied as typical of material used by Zimmer-USA of Warsaw

Indiana, in the form of a block from which a disk spec . -~
graphite-fiber-reinforced UHMW polyethylene :’:: :l;‘:::::‘“:;‘:) m'zi‘.;l:mcd‘ U{ !xe
wn the form of smaller disks which were representative of their product ’ Tt I melr —
dwk was §upphed as a bluck (from which u disk specimen was muchme(.l) by e polyucetal
juternationsld, Inc,, of Limerick, Treland. y Howmedica
We have previously reported® on a wear-testing system that involves meas
of wear depth on a flat plate (disk) of polymer produced by the rubbing m l:_l'*mefu
rolating metal di!fk {witls a flat fuce) wriented perpendicular to the pol - :U" of o
wmwn; c"mf‘c.t {urce is upplied by dead weights on u fever urm 'l'i:: Y:“’f ek
contact 2one I8 immersed in 37°C circulating and continuously -!'iltere(lin wz:::m;;m:d
mctal dw'k‘ is not rotated, the system serves equally well in measuring indentati ne "
An LVDT sensor reads displacements and can be continuously recorded l;m ey,
ments in the range 0 — 50 X 1073 in. (8 - 1.3 X 107! mm) can be read o \:itiai sla;:lacf;
013 ). The readings can be calibrated by feeler gagen both before and s

alest. .
‘T'he graphite-filled UHMW polyethylene specimens were muchined W form inserts

Juurnal of Biomedical Materials Research, Vol. 13, 825 828 (1979)
¢ 1979 Juhn Wiley & Sons, tuc, QU2 1-BH04/79/00 11 DB2H301 00
- - v 2
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NOTES
A Specification Method for Ultra High Molecular Weight
Polyethylene for Implant Use

Ultra high molecular weight polyethylene has gained wide acceptance as an implant
material with excellent resistance tu creep, stress cracking and wear. Because many
of these desirable properties are a function of its high molecular weight, & relinble
specification method of determining molecular weight of the order of 106-107 is needed
fur controlling and optimizing these propetties. The inethods commonly used for
determining the molecular weight of lower molecular weight polyiners, such as light
scattering, osmotic pressure or gel permesticn chromalogruphy, are either wo dilTicult
or tou insensitive in this molecular weight range to be used routinely. However, as
in the case of lower molecular weight polymers, molecular weighls may also be estimuted
by viscusity measurements which are empirically related to moleculur weight,

The purpose of this note is to point vut that the estimated molecular weight of ultra
high molecular weight polyethylene (UHMWPE) obtamed from single point viscosity
measurements may be significantly in error when these estimates are derived by
methods' which ure uppropriate for luwer molecular weight polymers.  Single point
viscosity measureiicnts, carried out under stundurdized conditivne, should be used
only as molecular weight indices, without uny quantitutive association with uhisolute
mulecular weights,

When single puint viscosity measurements are used to detérmine the molecular
weights of UHMWPE, errors arise from three principal sources:

{1) The Mark-Houwink constants relating molecular weight to limiting viscosity
number (intrinsic viscosity) which are available in the Jiterature have been determined
only for low molecular weight polymers. It is now believed that these constants ure
not the same for high molecular weight polymers? and, in the case of pulystyrene, this
has been verified experimentally 3

{2) The extrupolution W zero concentration from meusurements at finite concen-
tration is very dependent on molecular weight. This may be seen in Figure | where
the viscosity number is plotted against concentration fur two UHMWPE samples
differing substantially in viscosity. The empirical constants which are often used to
calculate the limiting viscusily number from the viscosity number at a fixed concen-
teation were determined only for low molecular weight polyethylenes* The feasibility
of making such an extrapolation and determining the correct cunstants has yet w be
determined for UHMWPE,

(3) The limiting viscosity number of UHMWPE varies signiticantly with shear rate.
To determine this dependence, viscosity measurements using 4 inultibulb vuriable shear
viscometer were mude in technical grade deculin at 135°C over a runge of concentrations
{up 1o U.05%) und sheur rates (from 15 to 600 sec™). As shown in Figure 2, for une
sample of UHMWPE, the viscosity number increases from 28.9 o 32.2 di/g un the shear
rute decreases from 600 10 0 sec™!, a vartation of 10%.  If the data in Figure | ure ex-
trapoluted to zero concentration as is customurily done, ignoring the shear ruie because

Journal of Biomedical Materials Research, Vol. 133, 821 824 (1979)
Published by John Wiley & Sons, Inc.  Not subject 1o US. Copyrnight. 321
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SPECIFICATIONS OF ZIMMER'* IMPLANT METALS

(" Z2IMALOY® MICROGRA!@N" WROUGHT ® TIVANIUME )
® ZIMALOY -ZiM
ZIMMERCERTIFIED |  (Cobalt-Chromium. . e, T-2IMALOY TITANIUM ALLOY
{Cobait-Chromium {Cobait-Chromium- :
STAINLESS STEEL Molybdenum) - {Ti-BAI-4V ARoy)
3 Molybdenum} Tungsten-Nicketl} 4
- .~" h‘! ) ‘,:"'
- - . s T 2T,
Jiﬁtlu:‘s By ol el
PHOTO- PEA Pk At
\ \ . .0 < .
MICROGRAPH z i’( . l( ‘ie .»i., E
.. )‘35“@‘ b T 3
% Nw .'f ”‘r%iv,‘_ :f‘
1“! 3 o . e
100X 100X 1000X
ELEMENT PERCENT | ELEMENT PERCENT | ELEMENT PERCENT | ELEMENT PERCENT | ELEMENT PERCENT
MIN. MAX. MIN. MAX, MIN. MAX, MIN. MAX. MIN. MAX.
Chrom. 17.00 20.00 Chrom. 27.00 30.00 { Chrom. 27.00 30.00 | Al 580 6.50 Chrom. 13.00 21.00
Nickel 12,00 14.00 Maly. 5.00 7. Moty. 8.00 700 | Vanad. 350 4.5 Tungsten14.00 16.00
Moly. 200 400 Nickel 2.50 | Nickel 250 | tron 0.25 Nickel 9.00 1100
CHEMICAL | Mang. 2.00 | Mang. 1.00 { Mang. | 1.00 | Carbon 0.08 | Carbon 005 0.15
ANALYSIS | Silicon .75 | Silicon 1.00 | Siticon 1.00 | Oxygen 013 | lron 3.00
Carbon 03 | fron .75 § tron .75 | Nitrogen 0.05 | Mang 200
Phos. 025 { Carbon .35 | Carbon .35 | Hydrogen 0.0125{ Silicon 1.00
Sulphur 010 | Cobalt bal. | Cobalt bal. Cobalt bal,
Others 0.1 each max.
(total not over 0.40)
Titanium Balance
HARDNESS Annealed Ry 85 Annealed 27
(Typicall | Cold Reduced R 30 Rc 29 Re 42 Cold Reduced 45 Re 3
TENSILE Annealed 80,000 PSI
Anneated 170,000
sTREr’GTﬁ Cold Reduced 105,000 PS4 185,000 PS! Cold Reduced 260,000 140,000 PSt
{Typical) 140,000 PSI
YIELD
Anneated 35,000 PS)
STRENGTH ! Annealed 100,000
(0.2% Offset) Cold Reduced 75.000 PSI 133,000 P51 Cold Reduced 245,000 130,000 PS
{Typical) 115,000 PS!
ELONGAT!
mg,.lou Annealed 55 10 14 Annealed 50 10
{Typical) Cold Reduced 22 Cold Reduced 10
REDUCTION
' EBXRE A% Annealed 65 10 16 Annealed — 2%
{Typical) Cold Reduced 5% Cold Reduced —
N
N
TYPICAL .
APPLICATIONS
\.
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	Otq:,aedcsDivision' 
	Figure

	3111 V.... Blvd, Rulhelfofd, N.J. 07070 
	w pca·TOTAL HIP SYSTEM HOWMEDICA• TOTAL HIP SYSTEM X-RAY INFORMATION: -fl --OUTSIDE OF LINE DEANES -----· 
	DISTANCE OF BEAM TO TASLE -40 In. U.S.A. 44 IQ./110cm EUROPEAN 
	20% OVERSIZE 
	TO AU.C1N FOR 
	X-RAY MAGNIFICATION 
	..... .....
	Ol'M4"9 
	........ 

	fllllff 
	RIGHT 

	.,...
	J 
	....... 

	. 
	HIP PAOFILE 
	•FLIP TEMPLATES FOR LEFT HIP vrEW 
	Figure
	Figure
	' 
	. 

	Figure
	-14
	-

	Figure
	.. 
	"' . 
	..._, 
	' •• ' . 
	AML~ MODULAR HEAD TOTAL HIP SYSTEM
	, 

	WITH POROCOAT. 
	WITH POROCOAT. 
	Femoral Component 
	Section DD 
	Orthochrome-~ , 135° neck angle 
	(C), 6½" (165mm) trial stem 
	length, packaged sterile. 
	C 
	Proximally­Standard Coated Implant Implant Cat. No. Cat. No. 
	Proximally­Standard Coated Implant Implant Cat. No. Cat. No. 
	Proximally­Standard Coated Implant Implant Cat. No. Cat. No. 
	I Stem , Stem , Diameter·: Length B i A Trial No. mm i mm 1 

	1354-02 135'◄ 2 
	1354-02 135'◄ 2 
	2002-51 
	10.5 ! 165 

	1354-03 135'◄3 
	1354-03 135'◄3 
	2002-52 
	12.0 i 165 

	1354-04 1354--4-4 
	1354-04 1354--4-4 
	2002·53 
	13 5 165 

	1354-05 135'◄ 5 
	1354-05 135'◄ 5 
	2002•54 
	15.0 165 

	13~ 135'◄ 6 
	13~ 135'◄ 6 
	2002·51 
	16.5 
	165 

	1354-<>7 135'◄ 7 
	1354-<>7 135'◄ 7 
	2354-17 
	18.0 
	165 

	1354-0I 1354-41 
	1354-0I 1354-41 
	2354-11 
	19.5 
	165 ! 

	1354-12 
	1354-12 
	2354-32 
	10.5 
	200 

	1354-13 
	1354-13 
	2354-33 
	12.0 
	200 

	1354-14 
	1354-14 
	2354-34 
	13.5 
	200 

	1354-15 
	1354-15 
	2354-35 
	15.0 
	200 

	1354-HI 
	1354-HI 
	2354-36 
	16.5 
	200 

	1354-17 1354-11 
	1354-17 1354-11 
	2354-37 2354-31 
	18.0 19.5 


	•Measured at the most distal portion of the porous coating and 
	including tr>e porous surface. 
	Figure
	Modified Medial Aspect Femoral Component 
	Orthochrome, 135° neck angle (C), 165mm stem length (A). 
	11 

	C 
	Section DD 
	Figure
	A 
	A 


	Stem Diameter• B Cat. No. mm Trial No. 1357 ◄2 10.5 2457-02 1357 ◄3 12.0 2457-03 1357-44 13.5 2457-04 1357 ◄5 15.0 2457-05 1357-48 16.5 2457-06 1357 ◄7 18.0 2457-07 1357 ◄1 19.0 2457-08 ! I l I l I I I I I I : ; 
	• Measured at the most distal A/P pon1on of the porous coating and including the porous surface. 
	• Measured at the most distal A/P pon1on of the porous coating and including the porous surface. 
	Femoral Head 


	132mm Neck Length I Cat. No. Trial No. mm ! 1014-47 2002•57 + o. 30 (Shon)i 1014-68 2002·51 + 5. 35 (Medium) I 1014-49 2002-59 + 11. 41 (Long) 1014-71 2002 ◄1 + 15, 45 (Ex Long) 1014-72 2002 ◄ 9 + 18, 48 (Ex Ex, Long) i I I : ' ! i 
	Packaged sterile 
	Porocoat· ,s protected by US. Patent No 3.855.638 
	• 

	and tore,gn patents. 
	eDePuv 
	eDePuv 
	Figure
	1-r
	. -. .. 
	AML~ MODULAR HEAD TOTAL HIP SYSTEM Cont'd. ~ 
	WITH POROCOAT® 

	Broach 
	. 
	~ 

	I 
	t 
	t 
	i 

	.. 
	==· eJ 
	Instrumentation Power Planer 
	Planer 0.0. 
	In. Pie 1•" 
	2454-16 2454-17 
	Cat. No. 
	2002•14 
	2002-15 2002-16 2002-17 2002-18 2354-272354-28 
	! 

	Stem Diameter mm 
	10.5 12.0 13.5 15.0 165 18.0 19-5 
	--,.__ 
	--,.__ 
	--,.__ 
	Ball Extractor 

	2354-01 
	2354-01 
	Short 

	2354-02 
	2354-02 
	Medium, Long, Ex. Long, Ex. Ex. Long 


	Trial Driver 
	t;;=» 
	I 
	2002-65 
	Figure
	Implant Driver 2002-66 
	Femoral Head Driver t 
	2127-00 Driver 2127-10 Replacement Tip 
	Modified Medial Aspect Broach 
	i 
	Stem 
	Stem 
	Stem 

	Diameter• 
	Diameter• 

	Cat. No. 
	Cat. No. 
	mm 

	2457-12 
	2457-12 
	10.5 

	2457-13 
	2457-13 
	12.0 

	2457-14 
	2457-14 
	13.5 

	2457-15 
	2457-15 
	15.0 

	2457•16 
	2457•16 
	165 

	2457-17 
	2457-17 
	18.0 

	2457-18 
	2457-18 
	19.5 


	• Measured at the most distal 
	AJP portion of the porous coating and including the porous surface. 
	.. 
	Broach Handle II 2002-67 
	Broach Extractor 2002-24 
	Hollow Chisel 
	2002-31 Small 2002-25 Medium 2002-27 Large 
	Osteotomy Guide 2002-68
	.lr•·
	•2JI 
	-16'
	-

	eDePuy 
	eDePuy 
	~ ~~¥!£ 
	Universal Driver/Extractor 
	l 

	2046-10 
	Stem Extractor 2449-12 
	.. 
	)«, 
	,. 
	15 
	AML. MODULAR HEAD TOTAL HIP SYSTEM WITH POROCOAT® Cont'd. 
	• 

	Fully-Fluted Reamer 
	(203mm) flute length, 13• (330mm) owrall length. 
	a• 

	-•>>>>> 
	" 
	• 

	Table
	TR
	Reamer 

	TR
	Diameter 

	Cat. No. 
	Cat. No. 
	mm 

	2105-10 
	2105-10 
	8.0 

	2105-11 
	2105-11 
	9.5 

	2105-12 
	2105-12 
	10.0 

	2105-13 
	2105-13 
	10.5 

	2105-14 
	2105-14 
	11.0 

	2105-15 
	2105-15 
	12.0 

	2105-11 
	2105-11 
	13.0 

	2105-17 
	2105-17 
	13.5 

	2105-11 
	2105-11 
	14.0 

	2105-UI 
	2105-UI 
	15.0 

	2105-20 
	2105-20 
	16.0 

	2105-21 
	2105-21 
	16.5 

	2105-27 
	2105-27 
	17.0 

	2105-22 
	2105-22 
	18.0 

	2105-21 
	2105-21 
	19.0 

	2105-23 
	2105-23 
	19.5 

	2105-24 
	2105-24 
	21.0 

	2105-25 
	2105-25 
	22.5 

	2105-21 
	2105-21 
	25.0 


	Figure
	Extra-Thin Osteotome 
	===c=-:::::, -;s:::;,--..r 
	C: --,. 
	Figure
	Blide Width 
	Cit. No. 
	mm 
	2002.72 
	10.0 
	12.5
	2002-73 
	2002-74 
	15.0 
	2002-75 
	17.S 
	2002-71 
	20.0 
	U-Shaped Osteotome 
	2002-71 Handle 
	2002-71 Handle 
	~ 
	Handle 2002-83 Small 2002-84 Medium 2002-85 Large 
	X-ray Overlay 
	X-ray Overlay 
	X-ray Overlay 

	2991-40 
	2991-40 
	Standard Stem 

	2991-41 
	2991-41 
	Proximally-Coated Stem 

	.Z991-51 
	.Z991-51 
	MMA 


	AML"' Acetabular Cup 
	Orthochrome* shell, UHMWPe insert, packaged sterile. 
	Figure
	32mml.D. Std. Pioflle Cit. No. 
	32mml.D. Std. Pioflle Cit. No. 
	32mml.D. Std. Pioflle Cit. No. 
	O.D. mm 
	Cup Height mm 
	1Hal No. 
	Color 

	1013-,M 101:Me 101,-.q -1013-50 1013-52 1013-54 1013-51 101J-51 
	1013-,M 101:Me 101,-.q -1013-50 1013-52 1013-54 1013-51 101J-51 
	4,4 46 48 50 52 54 56 58 
	27.4 28.5 29.3 29.9 312 31.7 32.2 32.7 
	2013-4-4 2013-18 2013-41 2013-50 2013-52 2013-54 2013-M 201:s,;51 
	Green U. Slue BtOWn Blue Rust Black Gray U. Green 


	32mm I.D. Low Proftle Cit. No. 
	32mm I.D. Low Proftle Cit. No. 
	32mm I.D. Low Proftle Cit. No. 
	O.D. mm 
	CUp Height mm 
	1Hat No. 
	Col« 

	1014-44 101~ 101~ 1014-50 1014-52 1014-54 1014-51 1014-51 
	1014-44 101~ 101~ 1014-50 1014-52 1014-54 1014-51 1014-51 
	44 46 48 50 52 54 56 S8 
	242 24.2 242 242 26.3 26.7 27.2 27.7 
	2013-44 201J-48 2013-48 2013-50 2013-52 201J-54 201:Me 2013-51 
	G,-i U.Blue Blown Blue R"8 Ellac:x Gray UGr9«1 


	• 
	22mml.0. Low Profile Cit. No. 
	22mml.0. Low Profile Cit. No. 
	22mml.0. Low Profile Cit. No. 
	O.D. mm 
	CupHeight mm
	-

	"!Hal No. 
	Color 

	1014-3f 101.W. 101""40 101'"42 
	1014-3f 101.W. 101""40 101'"42 
	36 38 40 42 
	19.25 1938 20.12 2075 
	2013-31 2013-3f 2013-40 2013-42 
	White WMe White Whitt 
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	Figure
	• • J It 
	16 
	AML. MODULAR HEAD mAL HIP S~EM •· 
	Drill Bit 1801-18 
	......
	, 

	¼ • (3.2mm) d'iameter 5• (127mm) length 
	Figure
	Acetabular Trial Handle 
	2013-00 
	® Acetabular Impactor 
	AML

	"-. 2013-14
	2013-08 
	~--¼ 

	Cont'd. • 
	WITH POROCOAT 

	lnatrumentatJon 
	Cup Holder 
	~ @) 2013-10 Std. Profile \_..~ . 2013-12 Low Profile, 32mm 
	• _.. . • 2013-16 Low Profile, 22mm 

	X-ray Overlay 
	X-ray Overlay 
	2990-55 Std. Profile 2990-93 Low Profile, 36mm-42mm 2990-37 Low Profile, 44mm•58mm 
	• 
	-18
	-

	... 
	~ 
	. . 
	17 
	TRI-LOCK. TOTAL HIP SYSTEM WITH POROCOAT® 
	Figure
	Femoral Component 
	Orthochrome4', 32mm head, 34mm std. neck length (8), 40mm long neck length (B). 135° neck angle (C), packaged sterile. 
	Table
	TR
	Stem 
	At 100mm 

	Standard 
	Standard 
	length 
	Stem Width 

	Neck 
	Neck 
	A 
	D 

	Cat. No. 
	Cat. No. 
	mm 
	mm 
	Trial No. 

	1012-50 
	1012-50 
	137 
	7.5 
	2927-20 

	1012-51 
	1012-51 
	142 
	10.0 
	2927-21 

	1012-52 
	1012-52 
	147 
	12.S 
	2927-:22 

	1012·53 
	1012·53 
	152 
	15.0 
	2927-23 

	1012-54 
	1012-54 
	157 
	17.5 
	2927.24 

	1012-5$ 
	1012-5$ 
	182 
	20.0 
	2927-25 

	1012·H 
	1012·H 
	167 
	22.5 
	2927•2' 


	~ Cel No. 
	~ Cel No. 
	~ Cel No. 
	Stem LengthA mm 
	At 100mm Stem Width D mm 
	Trial No. 

	1012-57 
	1012-57 
	137 
	7.5 
	2927..0 

	1012-sa 
	1012-sa 
	142 
	10.0 
	2927-41 

	1012·511 
	1012·511 
	147 
	12.5 
	2927-42 

	1012-40 
	1012-40 
	152 
	15.0 
	2927-43 

	1012-41 
	1012-41 
	157 
	17.S 
	2927-14 

	1012-42 
	1012-42 
	162 
	20.0 
	2927-4.5 

	1012-43 
	1012-43 
	167 
	22.5 
	2927-11 


	Instrumentation 
	w 
	Universal Driver /Extractor 2046-10 
	Figure

	Rasp 
	-
	Figure
	Adal)ler/Prosthesis Extractor 2046-34 
	Dual-Loek41 'JH,.Loek• Rasp Rasp C:.'fo. Width Al Cat. No. 100mm 2927-10 2927-03 7.5 2927-11 2927-ol 10.0 2927-12 2927-45 12.5 2927-13 2927-ol 15.0 2927-14 2927-47 17.5 2927-15 2927-08 20.0 2927-11 2927-ot 22.S 

	X-ray Overlay 2990-72 Femoral Impactor 
	2927-01 
	Figure

	Figure
	-19
	-

	~II p,ot.csad by U.S. ~ No. 3.155.831 and tonMgn patentl. 
	Figure
	. 
	-

	Figure
	. . . . 
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	Cont'd. • 
	TRI-LOCK' TOTAL HIP SYSTEM WITH POROCOAT. 

	Cup 
	I 

	O.D. Height
	O.D. Height
	Standard 

	C 
	A C
	A C
	Profile 

	mm 
	mm 
	Trial No. Color :
	Cat. No. 
	mm 

	103()-4.t 
	44 
	27.4 
	2029-44 
	Green 
	1030-46 
	46 
	285 
	2029-46 
	L1 Blue 
	2029-48 
	Brown
	1030-41 
	29 3
	48 
	29.9 
	2029•50 
	Blue
	1030-50 
	50 
	312 
	Rust
	1030-52 
	52 
	2029-52 
	31.7 
	31.7 
	Black

	1030-54 
	54 
	2029•54 
	56 32.2 
	56 32.2 
	Gray

	1030-56 
	1030-56 
	2029·56 

	58 32.7
	i 

	1030-51 
	L!. Green
	2029·51 
	-A--·-==== -B-
	LowI Profile Cat. No. 
	LowI Profile Cat. No. 
	LowI Profile Cat. No. 
	O.D. A mm 
	Cup Height C mm 
	Trial No. 
	Color 

	1029-44 1029 ◄6 1029◄1 1029-50 1029-52 1029-54 1029-56 1029-51 
	1029-44 1029 ◄6 1029◄1 1029-50 1029-52 1029-54 1029-56 1029-51 
	44 46 48 so 52 54 56 58 
	24.2 242 24.2 24.2 26.3 26.7 27.2 27.7 
	2029 ◄4 2029◄11 2029◄1 2029-50 2029-52 2029-54 2029-56 2029-51 
	Green U. Blue Brown Blue Rust Black Gray U. Green 


	Tri-Lock! Acetabular Cup 
	Orthochrome! shell. UHMWPe 
	insert. 32mm 1.0. (B). packaged 
	sterile. 
	Instrumentation 
	Acetabular Grater !
	"'fiiiiiiiiiiiiiiiiiiiii--iC --..D 
	• 
	i 
	I 
	i 
	! 
	I I 
	I 
	! 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Outside iDiameter mm 

	2440-30 2440-31 2440-32 
	2440-30 2440-31 2440-32 
	Grater Shafi w/Hudson End Modified Adapter w/Zimmer End Sterilization Case 

	2440-36 
	2440-36 
	36 

	2«0-31 
	2«0-31 
	38 l 

	2«0,-40 
	2«0,-40 
	I40 

	2440-'1 
	2440-'1 
	41 i 

	2440-'2 
	2440-'2 
	42 

	2440-43 
	2440-43 
	43 ; 

	2440-.U 
	2440-.U 
	44 

	2440-45 
	2440-45 
	45 i 

	2«CM& 2«0-47 2440-41 2«0-49 
	2«CM& 2«0-47 2440-41 2«0-49 
	46 i47 48 49 I 

	24-40-SG, · , 
	24-40-SG, · , 
	50 

	2440-51 
	2440-51 
	51 

	2440-52 
	2440-52 
	52 I 

	2440-53 
	2440-53 
	53 ' 

	2440-54 
	2440-54 
	54 I I 

	2«0-55 
	2«0-55 
	55 

	2440-56 
	2440-56 
	56 

	2U0-57 
	2U0-57 
	57 

	2440-51 
	2440-51 
	58 

	2440-59 
	2440-59 
	59 

	2440-e() 
	2440-e() 
	60 

	2«o-41 
	2«o-41 
	61 

	2«H2 
	2«H2 
	62 

	2441).83 
	2441).83 
	63 

	2«0-14 
	2«0-14 
	64 ! 

	2440,45 
	2440,45 
	65 

	2440-&6 
	2440-&6 
	66 

	244().61 
	244().61 
	68 

	2440-70 
	2440-70 
	70 

	2440-72 
	2440-72 
	72 


	Figure
	•
	-20
	-

	-Plllt._,..._ __ 
	-Plllt._,..._ __ 
	Figure
	. . 
	19 
	HPS~ II TOTAL HIP SYSTEM 
	• 

	I i 
	Figure

	i 
	Figure

	Section DO 
	I 
	C 
	A 
	Femoral Component 
	Orthochrome®, 135° stem/neck angle (C), 20° from the horizontal collar angle. Packaged sterile. 
	I Smooth-: Porous­Stemmed • Coated• Cat. No. : c.at. No. 
	I Smooth-: Porous­Stemmed • Coated• Cat. No. : c.at. No. 
	I Smooth-: Porous­Stemmed • Coated• Cat. No. : c.at. No. 
	Size Code 
	Stem Diameter B mm 
	Stem Length A mm 
	Trial No. 

	1039-61 ; 1039-01 1039-62 i 1039-02 1039-63 I 1039-03 1039-64 I 1039-04 103MS I 1039-05 
	1039-61 ; 1039-01 1039-62 i 1039-02 1039-63 I 1039-03 1039-64 I 1039-04 103MS I 1039-05 
	1 2 3 4 5 
	9.5 11.0 13.0 14.5 16.0 
	165. 1 ,n.a 190.5 203.2 215.9 
	2448-01 2448-02 2448.()3 2448-04 2448-05 


	·WARNING: This device has not been approved for non-<:emen1ed apphca110n. 
	Femoral Head 
	• 
	Figure
	Porocoar'.!' is protected by U.S. Patent No. 3,855.638 and foreign patents. Packaged sterile 
	43mm 
	43mm 
	43mm 
	Neck Length 

	Cat. No. 
	Cat. No. 
	mm 
	Trial No. 

	1039--42 
	1039--42 
	+ 0, 29 (Short) 
	2448-42 

	1039--43 
	1039--43 
	+ 5. 34 (Medium) 
	244&-43 

	1039-44 
	1039-44 
	+ 11 , 40 (Long) 
	2448-44 


	Instrumentation 
	32mm 
	32mm 
	32mm 
	Neck Length 

	Cat. No. 
	Cat. No. 
	mm 
	Trial No. 

	1014-67 
	1014-67 
	+ 0. 29 (Short) 
	2448-75 

	1014-68 
	1014-68 
	+ 5, 34 (Medium) 
	2448-76 

	1814-69 
	1814-69 
	+ 11 , 40 (Long) 
	2448-n 

	1014-71 
	1014-71 
	+ 1 S. 44 (Ex. Long) 
	2448-78 

	1014-72 
	1014-72 
	+ 18, 47 (Ex. Ex. Long) 
	244&-79 




	Broach 
	Broach 
	Size 
	Size 
	Cat. No. 
	Code 
	2449-01 
	2
	2449-02 
	2449-03 
	3 
	4
	2449-04 
	2449-05 
	5 
	Handle
	2449-10 


	Power Planer 
	Power Planer 
	eJ 
	2454-16 1%" 2454-17 15/a" 
	1~--t'!!!P•,•?R!.iil!_~...-~... Universal Driver/Extractor 
	1~--t'!!!P•,•?R!.iil!_~...-~... Universal Driver/Extractor 
	1 

	2046-10 
	-

	Trial Extractor 
	Figure

	1

	2046-32 
	2046-32 
	Femoral Head Driver 
	2127-00 
	:::::?. Ball Extractor 
	2354-01 Short 2354-o2 Medium, Long, Ex. Long, Ex. Ex. Long 
	Stem Extractor 
	Figure

	2449-12 
	1
	-

	Figure
	. . . . 20 
	Figure
	HPS~ II TOTAL HIP SYSTEM Cont'd. I . 
	Acetabular Cup 
	Orthochrome"" and UHMWPe. packaged sterile. 
	32mm Outside
	I 
	I.D. ! Diameter i cat. No. i mm 
	Trial No. 1044-11 48 
	I 

	204,4..,18 I 51 
	104,4..,20 

	204,4..,20 
	104,4..,22
	53 2044-22 1044-24 
	i 
	I 
	I 

	55 
	204,4..,24 1044-26 
	57 
	2044-H 
	1044-28 
	204,4..,28 104'·30 
	59 
	61 
	2044-30 1044-33 
	204,4..,33
	64 
	43mm 
	Outside 
	1.0. 
	Diameter 
	Cat. No. mm 
	Trial No. 1044-23 
	53 
	2044-23 1044-35 
	57 
	2044-35 1044-36 61 
	2044-36 
	Instrumentation 
	Polyethylene Remover X-ray Overlay 
	Figure

	il, 
	2991-38 For Femoral Stems 2991-39 For Acetabular Cups 
	2044-14 
	Cup Impactor HPS II Case 
	2044•10 
	2448-06 Femoral • 2448-07 Acetabular 
	Figure

	f Acetabular Punch 
	Figure

	2044-12 
	•
	-22
	-




	eDePuv 
	eDePuv 
	Figure
	. . . . 
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	STD+ TITANIUM TOTAL HIP SYSTEM 
	Femoral Component 32mm Femoral Head* 
	Titanium (Ti-6AL-4V). 135• neck angle (8), packaged sterile. 
	i Stem Length A Cat. No. Size mm 1019-01 Small 110 1019-02 Medium 110 1019-03 Large 110 Revision Implant Trial No. 2019-01 201t-02 2019-03 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Size 
	Stem Length A mm 
	Trial No. 

	1019-10 
	1019-10 
	Large, 16S 
	165 
	2019-10 

	1019-20 
	1019-20 
	Right 
	200 
	2019-40 

	1019-21 
	1019-21 
	Left 
	200 
	2019-41 

	1019-30 
	1019-30 
	Right 
	250 
	2019-42 

	101W1 
	101W1 
	Left 
	250 
	201M3 

	1019-,40 
	1019-,40 
	Right 
	300 
	2011-44 

	1019-41 
	1019-41 
	Left 
	300 
	2019-45 


	Cat. No. 
	Cat. No. 
	Cat. No. 
	THal No. 
	Size mm 

	1014-&7 1014-el 1014-&9 1014-71 i 101..72 
	1014-&7 1014-el 1014-&9 1014-71 i 101..72 
	2019-12 2019-14 2019-11 2019-32 2019-34 
	+ 0. 30 (Short) + S. 35 {Medium) + 11. 41 (Long) + 15. 45 (Ex Long) + 18, 48 (Ex. Ex Long) 


	Packaged stenle ·2smm head size available soon. 
	Figure
	Figure
	Instrumentation 
	Rasp Femoral Head Driver 
	2019-21 Small 2127-00 Driver 2019-22 Medium 2127-10 Replacement Tip 2019-23 Large 2019-30 Revision, 165mm 
	Head Extractor 2019-25 Short Neck 
	Figure
	Rasp Handle 
	2019-26 Medium, Long Neck 
	2019-20 
	Figure
	Sterilization Case Osteotomy Guide 
	2601-01 4" Sterilization Case 
	2019-18 2601-22 Upper Tray 
	Figure

	2601-23 Lower Tray,,., 
	Figure
	Power Planer 
	X-ray Overlay
	=eJ 

	2454-16 13/a" 2454-17 15/e" 2990-85 Primary 2990-86 Revision 
	• 

	-23
	-

	e DePLN 
	e DePLN 
	Figure
	22 
	i--A 
	Figure
	Self-Centering"" Universal Cup Orthochrome!' and UHMWPe 
	Cup! 
	I 

	I
	i 
	0.0. 1.0.· 
	0.0. 1.0.· 
	Height 
	Cont'd. 
	STD+ TITANIUM TOTAL HIP SYSTEM 

	Acetabular Cup 
	Packaged sterile. Muller Cup 
	UHMWPe 
	' 
	Cup
	0.0. j 1.o. 
	0.0. j 1.o. 
	He;!1ht 
	A I B
	A I B
	Cat. No. 
	Cat. No. 
	Description 
	mm, mm 
	mm Trial No. 
	Figure
	Figure
	11-lal
	A I B 
	C 
	Trial 
	mm 
	mm 
	Cup
	Cat. No. 
	mm 
	Insert 
	2037•39
	1036-39 
	39 
	26 
	2037-01
	22 
	41 
	27 
	2037-41
	1036-41 
	2037-01
	22 
	1036-43 
	43 
	32 
	29 
	2037-43 
	2037-02 
	44•, .• 
	:2 

	2031-44,
	I 1039'"-4il" 
	r 28.& • 
	'2Q.3I-42. 
	' 
	45 32 
	2037◄ 5
	30 
	2037-02
	I 103645 
	46 32 
	31.3 
	2037◄1 
	2037-o3
	/ 103646 
	47 I 32 
	31 
	2037◄7 
	2037-03
	I 103647 
	i 
	32.3 
	2037-48
	48 I 32 
	2037-03
	! 1036-48 
	49 32 
	2037-49
	32 
	2037-03
	j 1036-49 
	33.3 , 2037-50
	so I 32 
	2037-03
	I 1036·50 
	51 32 
	2037-51
	33 
	2037-03
	i 1036-51 
	33.4 
	2037-52
	i 1036-52 
	52 1 32 
	2037-04 
	2037-53
	1036-53 
	53 
	34 
	2037-04
	32 
	34.5 
	2037-54
	1036•54 
	54 
	32 
	2037-04 
	2037-55
	1036-55 
	55 
	32 
	35 
	2037-04 
	35.5 
	2037-56
	1036•56 
	56 
	32 
	2037-04 
	57 
	2037-57
	1036-57 
	36 
	2037-04
	32 
	37
	59 
	32 
	2037-59
	1036-59 
	2037-05 
	81 
	2037-11
	1036-61 
	32 38 
	2037-05 
	32 39 ! 2037-13
	1036-83 
	63 
	2037-05 
	32 39 ! 2037-65
	65 
	203N)5
	1036-65 
	'28mm Available Soon 
	t
	-r+_~~
	L~ 
	1025-,40 
	Standard 
	1026-52 
	Standard 
	1026-24 
	Standard 
	1026-14 
	Standard 
	1026--48 
	Standard 
	1026-M 
	Standard 
	1026-50 
	Standard 
	102&-t,4 
	Snap-fit 
	1021-68 
	Snap-lit 
	1027-11 
	Low Profile 
	1027•30 
	Low Profile 
	1027-31 
	Low Profile 
	1027•19 
	Low Profile 
	1027•32 
	Low Profile 
	Low Prolile
	1027-18 
	Low Profile
	1027-3' 
	Low Pro1ile
	1027-17 
	1031-13 
	CDH Std. Eccentric 
	1031-14 
	CDH Std. Eccentric 
	1031-18 
	COH Std Concentric 
	44 32 
	I 

	27 2149-10 
	46 
	32 
	28 2149-11 
	so 
	32 
	29 2149-12 
	52 
	32 
	30 2196.Qa 
	54 
	32 
	31 
	56 
	32 
	31 
	58 
	32 
	32 
	44 
	32 
	27 
	so 
	32 
	29 
	44 
	32 
	23 
	46 
	32 
	24 
	48 
	32 
	24 
	so 
	32 
	23 
	52 
	32 
	28 
	54 
	32 
	26 
	56 
	32 
	27 
	58 
	27
	32 
	36 
	22 
	24 
	40 
	24
	22 
	24
	22
	fl4 
	2196-10 2196-11 2196-12 i 2149-10 : 
	2149-121 2149-44 2149-4($ I 
	2149-4t i 
	2149-50 i 2149-52 • 2149-s.t I 2149-sa I 
	2149-~ ; 2149-06 2149-08 
	1· 
	2149-10 ; 
	Ft7
	r s-;01 
	New England Baptist Eccentric Cup UHMWPe 
	Cup Superior ! O.D. 
	1.0. 
	He~l'lt IThicknessI A 
	1 

	B 
	D 
	I 

	I 
	mm 
	mm 
	mm
	cat. No. 

	mm I mm i Trial No. 
	1041-30 
	1041-30 
	1041-30 
	44 
	32 

	1041·32 
	1041·32 
	50 
	32 

	1041·3' 
	1041·3' 
	54 
	32 

	1041•:Je 
	1041•:Je 
	58 
	32 

	I 
	I 
	1041-31 
	I 
	65 
	32 


	25 29 31 
	25 29 31 
	25 29 31 
	7 11 14 
	2453-30' 2453•30' 24S3-32t 

	32 
	32 
	17 
	24S3·32t 

	36 
	36 
	I 
	22 
	, 24S3-34 


	·only one trial needed for bOtl'l 1041-30 and •32 tonly one trial needed for bOtl'l 1041-34 and ·36 Double wire system designed by Clark N. Hopson, M.D. and pro1ee1ec >:Jy 
	U.S. Patent No. 4,244.698. 
	-24
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	DUAL-LOCK' TOTAL HIP 
	l 

	32mm Head Femoral Component 
	Onhochrome!' HSF. 135° neck angle (C), 34mm standard neck length (8), 40mm long neck Ieng1n (8), 40mm lateralized neck lengtn (8), packaged sterile. 
	Stem ' At 100mm ; Standard Length 
	Stem Width; 
	: Neck 
	: Neck 
	A 

	D i : Cat. No. 
	mm Trial No. , i 1023-20 
	mm 
	137 
	7.5 2927•20 1023-21 
	i 

	142 
	10.0 2927•21 1023-22 
	147 
	125 2927-22 I 1023-23 
	15.0
	152 
	2927-23 
	I' 
	157 
	1751023-24 
	1751023-24 
	2927-24 

	I
	162 
	20.01023-25 
	2927-25 1023-21 
	167 
	22.5 
	2927-26 
	+ i 
	Figure

	C 
	A 
	At 100mm 
	Stem 
	Length 
	Stem Width 
	Lonf 
	A 
	D
	D 
	Nee 
	mm 
	Trial No.
	mm
	. 
	Cat. No

	1023-60 1023-61
	t 
	1023-62 1023-63 1023-84 1023-eS 1023-66 
	,,.
	(; 
	100mm 
	A 
	I
	I 
	'

	I 
	_!_ 
	D 
	D 
	Figure
	137 142 ' 147 152
	I 
	157 
	162 
	I 

	167 
	7.5 
	,o.o 
	12.5 15.0 17.5 20.0 22.5 
	Figure
	2927-60 2927-61 2927-e2 2927-63 2927-84 2927-eS 2927-16 
	Table
	TR
	Stem 
	At 100mm 

	Laterlallzed 
	Laterlallzed 
	Length 
	Stem Width 

	Neck 
	Neck 
	A 
	D 

	Cat. No. 
	Cat. No. 
	mm 
	mm 
	Trial No. 

	1023 ◄0 1023◄ 1 1023◄2 1023-43 1023-44 1023◄ 5 
	1023 ◄0 1023◄ 1 1023◄2 1023-43 1023-44 1023◄ 5 
	137 142 147 152 162 167 
	7.5 10.0 12.5 15.0 17 5 20.0 
	2927-40 2927-41 !2927-42 2927-43 2927-44 2927-45 


	i 
	22mm Head Femoral Component 
	Orthochrome~ HSF. 135° neck 
	angle (C), 34mm standard neck 
	length (8), 40mm long neck length 
	(8), packaged sterile. 
	At 100mm I
	I 

	Stem 
	Length
	Standard 
	Stem Width\ 
	D
	Neck 
	I 

	A 
	mm ! Trial No.
	mm
	Cat. No. 
	! 

	1022-20 
	1022-20 
	1022-20 
	137 
	7.5 
	2022·20 

	1022-21 
	1022-21 
	142 
	10.0 
	2022-21 
	j 

	1022-22 
	1022-22 
	147 
	125 
	2022·22 

	1022-23 
	1022-23 
	152 
	15.0 
	2022-23 
	I 

	1022•24 1022-25 
	1022•24 1022-25 
	157 162 
	' • 
	17 i. 200 
	I 
	2022.·U 2022-25 
	l i 


	Figure
	At 100mm 
	!
	Stem 
	Stem Width 
	Length
	Loni 
	A 
	D
	Nee 
	mm 
	Trial No. I
	mm
	Cat. No. 
	137 
	75 
	2022~
	1022-60 
	!
	10.0 
	2022-61
	142
	1022-61 
	147 
	12.5 
	2022-62
	1022-62 
	15.0 
	2022-63
	152
	1022-63 
	I
	I 

	17.5 2022-M
	157
	1022-84 
	' 
	20.0 2022-6S !
	162
	1022-65 
	() 
	-25
	-







	e DePuv 
	e DePuv 
	► 
	; 
	..,, 
	Figure
	I 
	Cat. No. 
	2927•10 2927-11 2927-12 2927-13 2927•14 2927-15 2927-16 
	24 
	Cont'd. • 
	DUAL-LOClf TOTAL HIP 

	Instrumentation Rasp Femoral Impactor/Extractor 
	Width at 
	·-2927-01 
	·-2927-01 
	100mm 
	mm 
	75 10.0 
	X-ray Overlay 
	12.5 
	15.0 
	2990-33 Std. Neck, 32mm
	17.5 
	20.0 
	2990-34 Std. Neck, 22mm 
	225 
	2990-35 Long Neck, 32mm 2990-47 Lateralized Neck, 32mm 
	• 
	• 
	-26
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	Figure
	..ii:.1;, ~··~-"-'-• 
	f'1ePI.Jv 

	Figure
	25 
	N.E.B. TOTAL HIP SYSTEM 
	Figure
	Femoral Component 
	Figure

	Orthochrome• HSF. 135° neck angle (E). packaged sterile 
	Stem I Neck Seat Seat 
	i 

	Section FF 
	Section FF 
	: Length : Length Length Width

	' 
	Trial No. 
	E 
	, 2453-03 2453-05 2453• 11 
	1041-22 Sid 
	·20 42 
	37 29 • 2453-13 A 
	•40 36
	1041-16 Thick 
	41 32 '. 2453-07 1041-18 Thick 
	·40 42 
	41 32 • 2453•09 
	I A 8 C D Cat. No. : Description mm mm mm mm 1041-08 Small 1041•10 Small ·20 1041·20 I Sid 30 31 25 ·20 36 71 25 ·20 36 37 29 
	i .. 
	Long Stem Femoral Component 
	Orthochrome! HSF, 135° neck angle (E). 29mm seat width (DJ. 37mm seat height(C). 
	Stem
	! 
	Neek 1
	I
	Length 
	Length 
	~ 
	Figure

	Length j Head/ 

	A 
	8 ' Neck
	8 ' Neck
	Section FF 

	;cat. No. 
	mm 
	mm Trial Stem' ' Trial : 1041-40 
	165 
	36 
	2453--41 [ 2453-50 : 1041-42 
	165 
	42 
	: 2453-52 • 1041...U 
	165 48 
	2453-54
	E 
	. 1041-46 
	165 : 58 
	2453-56
	1041.so , 203 I 36 ' 2453-43 2453-50 
	\ 

	42 2453-52
	: 1041•52 
	203 
	!
	1041-54 
	48 ,' 2453-54
	203
	A 
	I 2453-56
	58 

	1041-51 
	1 

	203 
	I 
	I 1041-60 
	254 
	36 I 2453--45 . 2453-50 
	1041-62 
	254 
	42 • 2453-52
	' 
	10,1-M 
	254 
	48 2453-54 , 1041.ae 
	254 ' 58 i 2453-56 
	36 i 2453-47 • 2453-501041-n 
	i 

	i 1041-70 
	305 
	2453-52 : 10,1-74 , 
	42 
	I 

	305 
	48 2453-54 '. 1041-76 I 305 
	305 
	58 2453-56
	I 
	·Trial Siems have interchangeable heads/necks. 
	Instrumentation 
	Rasp Adapter/N.E.B. Trial Extractor 
	Cat. No. Stem ~· 2046-32 
	2453-16 Small 
	2453-18 Thick 
	2453•21 Standard 
	2453·22 Long 
	t 
	-27
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	Figure
	26 
	N.E.B. TOTAL HIP SYSTEM Cont'd. t 
	Acetabular Cup 
	UHMWPe With 316 LVM stainless steel x-ray wire. 32mm ID. (Bl. 
	packaged sterile. 
	packaged sterile. 
	packaged sterile. 

	1--A-1 C I -. • •. I1·~I . . -I I-.,,=i.-:r.51 
	1--A-1 C I -. • •. I1·~I . . -I I-.,,=i.-:r.51 
	I I l Cat. No. 1041-lO! 1041·32 1041-34 1041-3' 1041-31 
	I I i 
	O.D. A mm 44 50 54 58 65 
	I Cup ISuperior' HeightThickness C D mm mm Trial No. 25 7 2453·30' 29 11 2453.30• 31 14 2453-32t 32 17 2453-32t 36 22 I24s3.34 
	I ' : I I ' /I 


	'Only one trial needed for both 1041.30 and -32 tonly one trial needed for both 1041-34 and -36 
	Double wire system designed by Clark N. Hopson, M.D. and protected by U.S. Patent No. 4,244,698. 
	Instrumentation 
	Acetabular Trial , Gouge
	c::::::::s. 
	Figure

	2453-30 44-S0mm 2453-36 2453-32 54-58mm 2453-34 65mm 
	t 
	Wire Passer 
	o; 

	2453-26
	2453-26
	Acetabular Positioner/lnserter 

	' 
	l 
	2453-14
	l
	~ 
	Angled Bone Curette 

	2453-28 
	2453-28 
	299o~~a 
	Wire Tightener 2453-24 X-ray Overlay 
	-28
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	Figure
	. .. 
	27 
	.. 
	M.E. MULLER TYPE TOTAL HIP SYSTEM 
	Section FF E 
	i 
	Cat. No. 
	i 1027-4)7 
	• 1027-0S 
	I 1021.11 
	Figure
	Figure
	Figure
	Standard, Structured Stem Femoral Component 
	Orthochrome~ HSF. 32mm head size. 135° neck angle (E). 
	I Neck Length ILength A 1 8 
	Stem 

	mm 
	mm 
	mm 

	111 
	29 111 
	34 111 
	39 
	Recommended Rasp: 2126-00 
	Seat Height 
	C 
	mm 
	34 34 34 
	Seat Width i 
	0 : 
	I 
	mm Trial No.. 25 • 205-22 ••25 ' 2435-16 i 
	I 

	1 25 2435-18 i 
	Figure
	Standard Stem, Standard and Long Neck Femoral Component 
	Orthochromef:, 32mm head size, 135° neck angle (E). 
	Figure

	: 
	Section FF 
	E Recommended Rasp: 2126-00 
	Stem Length A Cat. No. mm 1026-26 111 1026-28 111 Neck Seat Seat I Length Height Width I B C ~m lTrial No. imm mm 34 33 26 I2137-10 I 40 33 26 · 2137-12 
	A 
	Figure
	Stem
	Figure

	Section FF 
	Section FF 
	Length

	i 
	A 
	mm
	ieat. No. 
	1026-3211 
	i 
	111 

	i 1026-34 111 j 1026-38 111 
	I 
	I 
	_,______,I 

	Thick Stem -Small, Standard and Long Neck 
	Recommenaed Rasp 2191-10 
	t 
	-29
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	,....~.~n---.. 
	-~---".''>, 
	Femoral Component 
	Orthochrome~, 32mm head size, 135° neck angle (E). 
	Neck 
	Length
	B 
	mm 
	34 
	40 
	29 
	Seat Seat
	I I 
	Height j Width , C 
	o I 
	mm ·: Trial No. I
	mm 
	26 I 2435-10 33 
	33 
	26 : 2435-12 33 
	26 J 2435-14 
	Figure
	28 
	M.E. MULLER TYPE TOTAL HIP SYSTEM Cont'd. 4 
	Extra Short Neck, ShortStem Femoral Component 
	C 

	Figure
	Orthochrome-!>. 32mm head. 135° neck angle (BJ. 27mm neck 
	Orthochrome-!>. 32mm head. 135° neck angle (BJ. 27mm neck 
	Figure

	D 
	length {E). 

	Section FF 
	! lICat. No. 
	! lICat. No. 
	! lICat. No. 
	Stem Length A mm 
	Seat Height C mm 
	Seat j w1gih I mm iTrial No. ! 

	! 1026-30 
	! 1026-30 
	91 
	28 
	18 I 2131-1• 


	, 
	i 
	Recommended Rasp: 2175-00 
	Instrumentation 
	Figure
	Cement Mixing Bowl and Spatula 
	t 

	2173-00 
	Orthochrome ~. Cement Restrictor 
	• 

	2146-10 
	Figure
	Bone Cement Syringe 
	2190-00 Bone Cement Syringe, Complete 2189-00 Disposable Reptacement-Tt1t:~ 
	-30
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	• n--n.. ..,. ,. 
	Figure
	.. \ _.. 
	. . 
	29 
	.. 
	M.E. Cont'd. 
	MULLER TYPE TOTAL HIP SYSTEM 

	Lexer Chisel 
	Lexer Chisel 
	Lexer Chisel 

	2132-02 
	2132-02 

	Cat. No. 
	Cat. No. 
	Width mm 

	2132-10 2132-16 
	2132-10 2132-16 
	2132-02 2132-04 2132-06 2132-10 2132-13 2132-14 2132-16 2132-18 
	4 a 12 20 25 30 200,10 280x8 


	2132-12 
	2133-10 
	2135-00 
	2143-12 
	Chisel 
	Width 
	Cat. No. 
	Description 
	Description 
	mm 
	2132-12 2132-20 2132-22 2133-10 
	2133-12 2135-00 2135-10 2143-10 2143-12 
	Flat. Stretcn 
	Bone. Ground. 1 Side 1 Bone, Ground. 1 Side : Curved 
	Curved i Flat. Bent , Curved 
	I

	Fial 
	Flat 
	1 
	16 12 
	i 20 8 
	16 16 20 10 
	50 
	Figure
	Gouge 
	Gouge 
	Gouge 

	wit 
	wit 
	2133-04 
	I i Cat. No. 
	Description 
	Width mm 

	TR
	2136-00 
	2133-<M 2133-06 
	Curved Curved 
	5 10 

	====-· 
	====-· 
	2133-ol 
	, Curved 
	15 

	TR
	2142-12 
	2136-00 2142-10 
	; Swan Neck Straight 
	16 5 

	TR
	2142-12 
	• Stra,ght 
	10 

	TR
	2142-14 
	. Stra,gl'11 
	15 

	TR
	2145-00 
	i 
	2145-00 
	'Bent 
	9 


	Figure
	. ™"" ~ 
	~ 
	Corkscrew Universal Driver/Extractor 
	I 
	t 

	~1
	' 

	2125-00 2046-10 
	2125-00 2046-10 
	Figure
	Curette ~ Nicholls Hip Extraction Adapter 
	2134-10 Small ~ 2046-34 2134-12 Medium 2134-14 Large 
	Pestle Driver 
	Femoral Head Driver i 
	I 
	2144-00 

	i 
	2127-00 Driver . !
	2127-10 Replacement Tip Dislocation Lever i 2140-00 
	t 

	I 
	I 
	-31
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	e DePuv 
	e DePuv 
	Figure
	• , I .f 
	30 
	M.E. MULLER TYPE TOTAL HIP SYSTEM Cont'd. t 
	Positioning and Aiming Device 
	Figure
	; Cat. No. i 2138-00 
	; Cat. No. i 2138-00 
	; Cat. No. i 2138-00 
	i 
	Description Posit,on,ng and A,mmg Dev,ce Includes· 

	, 
	, 
	2138-10 
	Aimer 

	' 
	' 
	2138·12 
	Inserter 

	TR
	2129-10 
	32mm. w/Brim. Standard Profile 

	TR
	2129-11 
	32mm, w/Bnm, Low Profile 

	TR
	Optional 

	2129-12 
	2129-12 
	. 
	32mm 

	2129•09 
	2129•09 
	I 
	22mm 

	2129-14 
	2129-14 
	32mm. w/Brim Threaded 


	Cement Pusher 
	Figure

	2129-17 
	Muller Rake Retractor, 38mm 
	2177-00 
	Figure

	Rasp 
	"-,,-~ 2126-00 Standard Stem 2191-10 Thick Stem 
	Muller Type Awl Reamer 
	a aus www 
	2354-10 Hudson End 
	Handle, Hudson End 
	Figure
	\ 

	2172-14 
	Muller Retractor, Complete 
	Double Angled Retractor, 15mm 


	2116-20 
	2116-20 
	"-~..,,,,A-

	Retractor with Impactor Hole 
	2176-22 2 Tips, 40mm 2176-24 40mm 2176-26 22mm 
	•~..J--IC.JI-..-Of.-L 
	Hohmann Retractor 
	2131-10 
	2131-10 
	2131-10 
	Small 

	2131-12 
	2131-12 
	Medium 

	2131-14 
	2131-14 
	Large 


	---~-Trochanteric Wire, Orthochrome 
	1 

	ef 
	Cat. No. 1713-10 1713•12 Diameter Length in. i mm J Gauge in. 1 mm 039 I 1 I 19 191/i i 500 047 1 20 i 18 19':; ; 500 
	Vent Tubes, 6/Pkg. 
	Figure

	2124-00 
	Dual Lock! Trial Tray 
	Figure

	2601-10 
	Sterifizatib'n ~ase 
	Figure

	2601-01 4" Case, Universal 2601-02 7" Case, Universal 
	• 
	Cat. No. Description 2176-00 Muller Retractor Includes: 2176-10 Retractor 21711-12 Weigh! Hook 2176-13 Weight Hanger 2176-14 Weight 
	t 
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	eDePtw 
	eDePtw 
	Figure
	. . 
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	M.E. Cont'd. 
	MULLER TYPE TOTAL HIP SYSTEM 

	Acetabular Cup 
	UHMWPe with 316 LVM stainless steel x-ray wire. packaged sterile 
	A 
	Figure

	' I Cup 
	-
	I 

	I '. o.o. i 1.0. Height i A , B C
	~~/ 
	Cat. No. Description , mm,' mm,' mm • Trial No. 
	Figure
	1026-40 1026-52 1026-24 1026-84 
	1026-40 1026-52 1026-24 1026-84 
	1026-40 1026-52 1026-24 1026-84 
	Standard Stal'ldard Standard Stal'ldaro 
	! 
	46 50 52 
	' ! ! 
	32 32 32 
	i 
	27 28 29 30 
	, 2149-10 i 2149-11 i 2149-12 2196-08 

	; 1026-48 1026-86 1026-50 1026-64 
	; 1026-48 1026-86 1026-50 1026-64 
	Stal'ldard S!aooard Stanoard Snap-fit 
	l 
	54 56 58 44 
	! ! 
	32 32 32 32 
	j 
	31 31 32 27 
	• 2196-10 ! 2196-11I2191-12 . I 2149-10 : 

	1026-66 1027-18 1027•30 1027-31 
	1026-66 1027-18 1027•30 1027-31 
	Snap.fit I.Ow Profile Low Profile l.Ow Profile 
	50 44 46 48 
	32 32 32 32 
	29 23 24 24 
	; 2149-12 , 2149-44 ; 2149-46 ,I I 2149-48 • 

	1027-19 1027•32 1027•16 1027-34 
	1027-19 1027•32 1027•16 1027-34 
	Low Profile Low Profile Low Profile Low Profile 
	j I I 
	50 52 54 56 
	32 32 32 32 
	23 26 26 27 
	'12149.50 ! 2149-52 i 2149-54 ; 2149-56 ! 

	1027-17 I 1039.13 i 1038-14! 1038-16 
	1027-17 I 1039.13 i 1038-14! 1038-16 
	Low Profile CDH Std Eccenmc CDH Std Eccentric CDH Sto. Concentric , 
	58 36 40 44 
	32I 22! I 22 22 
	I 
	27 24 24 24 
	2149-SS i 2149-06 ' 2149-08 ! 2149-10 i 


	Instrumentation 
	t 

	X-ray Overlay 
	X-ray Overlay 
	X-ray Overlay 

	2990-30 
	2990-30 
	Muller Type Stems/Cups 

	2990-27 
	2990-27 
	Low Profile Cup 

	2990-55 
	2990-55 
	Standard Profile Cup 


	Figure
	Capsule Clamp 2148-00 
	Capsule Scissors 2147-00 
	CDH Cup Inserting Device 2129-18
	~ 
	Acetabular Anchorage Hole Drill 
	II 
	II 
	II 
	Overall Length 
	' Diameter 

	TR
	Cat. No. 
	in. 
	. mm 
	, 
	mm 

	TR
	2023-06 
	7'1• 
	193 
	6 


	Stop Drill Acetabular Anchorage 
	Overall I 
	' Ot,;H'hg
	Length 10.
	:

	1ameter Depth 
	• Cat. No. in. : mm: mm in. 
	2023--09 8'·• I 209 9 ., 2023-12 8'2 I 216 12 
	1

	'·• 
	Acetabular Positioner
	/ i 
	2138-14
	,J~~~
	Accepts trials for Muller type/ Tri­
	::.I I 

	1...., ;.,.._ 
	Lock.. acetabular cups ana 32mm 
	with bnm (2129-10. 11) for implant 
	posi!loning. 
	-33
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	a 11AP!ru 
	a 11AP!ru 
	,1.' 
	r:: 
	. . 
	32 
	PROXIMAL THIRD FEMORAL PROSTHESIS e 
	Femoral Component 
	Femoral Component 
	Figure

	Orthochrome'. 32mm head. 135° neck angle (E). 32mm seat w•dtr, 
	Orthochrome'. 32mm head. 135° neck angle (E). 32mm seat w•dtr, 
	Figure

	(D) and height (C). 152mm stem length (A). 

	Neck 
	Length 
	B Cat. No. mm
	F 
	F 
	A 
	I 1031-30 ! so 1031·31 90 1031-32 I 100 1031-33 110 1031-34 120 1031-35 130 I 1031-36 140 1031-37 150 1031-38 160 1031-39 170 1031-40 180 1031-41 190 1031-42 200 1031-43 210 1031..« 220 I i i 
	Instrumentation 
	X-ray Overlay
	Upper Third Femoral Reamer 
	• 

	2990-31
	2990-31
	2197-00 
	Figure
	•
	. 
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	-~v 
	., 
	.. 

	., 
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	Patent Pending 
	SELF-CENTERING'M UNIVERSAL HIP SYSTEM 

	Self-Centering"' Universal Hip 
	Ot1hochrome' outer cup. UHMWPe mserl, packaged sterile. 
	, Cup 
	Figure
	' I ;, Cat. No., 
	' I ;, Cat. No., 
	' I ;, Cat. No., 
	0.0. A mm 
	1.0! 8 mm 
	i HeightI C i mm 
	Trial Cup 
	I Triali InsertI 

	103&-39 I 1036-41 I 1036-43 l 
	103&-39 I 1036-41 I 1036-43 l 
	39 41 43 
	22 22 32 
	i ! 
	26 27 29 
	! 2037-39 : 2031-41l 2031-43 
	I 2037..()1I2031-01 , 2031.02 
	. 

	1036-44 
	1036-44 
	t 
	44 
	32 
	28.8 
	I 2037-44 
	l 2037-02 

	1036-45 
	1036-45 
	45 
	32 
	30 
	2037-45 
	2037-02 

	1036-46 
	1036-46 
	46 
	32 
	31.3 
	2037-46 
	2037-03 
	; 

	1036-47 
	1036-47 
	47 
	32 
	31 
	2037-47 
	2037-03 
	: 

	1036-48 
	1036-48 
	48 
	32 
	32.3 
	2037-48 
	2037-03 
	I 

	1036-49 l 103s..50 : 103&-51 I 
	1036-49 l 103s..50 : 103&-51 I 
	49 50 51 
	32 32 32 
	32 33.3 33 
	2037-49 2037-50 2037-51 
	2037-03 2031-03 , 2037-03 
	1I , 

	1036-52 
	1036-52 
	• 
	52 
	32 
	33.4 
	2037-52 
	J 2037-().4 
	; 

	1036-53 1036-54 
	1036-53 1036-54 
	: i 
	5J 54 
	32 32 
	34 345 
	2037-53 2037-54 
	'1 
	2037-04 2037-04 
	• : 

	1036-55 ; 
	1036-55 ; 
	55 
	32 
	35 
	2037-55 
	2037-04 
	• 

	1036-56 / 
	1036-56 / 
	S6 
	32 
	35.S 
	2037-56 
	2037-04 
	I 

	1036-57 
	1036-57 
	' 
	57 
	32 
	36 
	2037-57 
	2037-04 

	1036-59 
	1036-59 
	59 
	32 
	37 
	2037•59 
	2037-05 

	1036-61 
	1036-61 
	61 
	32 
	38 
	2037-61 
	2037-05 

	1036-63 
	1036-63 
	63 
	32 
	39 
	2037-63 
	2037-05 

	1036-65 
	1036-65 
	65 
	32 
	39 
	2037-65 
	, 2037-05 


	•2smm Available Soon 
	Instrumentation 
	Release Forceps Sterilization Case 
	Figure

	2037-11 2601·01 4" Case 2601-18 Trials Tray 
	Figure
	Acetabular Gauge 
	Description 
	I 

	Cat. No. 
	mm 
	i 
	I
	2037-28 
	38-40 
	I 

	2037-12 
	39-41 I 
	42
	2037•20 
	2037-14 
	43-45 ! 
	2037-15 
	44-46 
	47-49
	2037-16 
	l 
	I
	2037-17 
	48-50 
	2037-18 51-53
	I 
	I 

	I
	2037-19 
	2037-19 
	2037-19 
	52-54 

	2037-20 
	2037-20 
	55-57 

	2037-21 
	2037-21 
	56-59 

	2037-30 
	2037-30 
	60 


	2037-22 61-63 2037-23 65 
	X-ray Overlay 2991-57 
	-35
	-

	............. 
	Figure
	'1,•. ' 
	·,, 
	CATHCART ORTHOCENTRICHIP SYSTEM U.S. Patent No. 3,510,883 I 
	111 

	Femoral Component Femoral ComponentModified M.E. Muller Type Stem Design 
	Orthocentrlc
	111 

	Orthochrome", 35mm seat heigh1 {C), 27mm seat width {D), 135°
	Orthochrome", 112mm stem length 
	i 
	neck angle (E), 32mm MIL stem 
	neck angle (E), 32mm MIL stem 
	(A), 33mm neck length (B), 35mm 
	Section FF width (G), packaged sterile. 

	seat height (C), 28mm seat width 
	I 
	I 
	' 
	i 
	l 
	(0), 135° neck angle (E), packaged sterile. Head Size Cat. No. mm 1046-10 41 1046-11 42 1046-12 43 1046-13 44 1046-14 45 1046-15 46 1046-16 47 1046-17 48 1046-18 49 1046-19 50 1046-20 51 1046-21 52 1046-22 53 1046-23 54 1046-24 55 1046-25 56 1046-26 57 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Head Size mm 
	Stem Length A mm 
	Neck Length B mm 

	1045-10 
	1045-10 
	41 
	173 
	22 

	1045-12 
	1045-12 
	42 
	173 
	22 

	1045-14 
	1045-14 
	43 
	173 
	23 

	1045-16 
	1045-16 
	44 
	173 
	23 

	1045-18 
	1045-18 
	45 
	173 
	23 

	1045-20 
	1045-20 
	46 
	198 
	I25 

	1045-22 
	1045-22 
	47 
	198 
	25 

	1045-24 
	1045-24 
	48 
	198 
	25 

	1045-26 
	1045-26 
	49 
	198 
	27 

	1045-28 
	1045-28 
	50 
	198 
	27 

	1045-30 
	1045-30 
	51 
	198 
	27 

	1045-32 
	1045-32 
	52 
	198 
	29 

	1045-34 
	1045-34 
	53 
	198 
	29 

	1045-36 
	1045-36 
	54 
	198 
	29 l' 

	1045-38 
	1045-38 
	55 
	198 
	29 

	1045-40 
	1045-40 
	56 
	198 
	30 

	1045-42 
	1045-42 
	57 
	198 
	I32 I 


	Figure
	. 
	.. 

	Corkscrew 2125-00 
	Driver for I-Beam Cathcart Hip M 2116-00
	' 
	5 
	5 
	5 
	4 
	Rasp 

	TR
	2002-10 2003-10 2003-12 2126-00 
	Use with Narrow Stem Use with 173mm Stem Use with 198mm Stem Use with MOiier Type Stem 


	I 
	Instrumentation • 
	[)11~:::::~-111.,:~ Driver for MOiier Type Stem 
	2001-10 Driver with Delrin Insert 
	2001-12 Replacement Delrin Insert 
	Figure
	Radius Gauge 
	2118-10 Odd Size mm 2118-12 Even Size mm 
	--~~iiil!!~-• Universal Driver/Extractor 
	-l!!l_ 9c 2046-10 n 
	For I-Beam Prosthesis
	•e••Q ■ 
	2046-28 
	-36
	-




	e DePuy 
	e DePuy 
	e DePuy 
	.... 
	35 
	I-BEAM HEMI-ARTHROPLASTY HIP 
	i
	r-D7 \ 
	Section FF 
	Figure
	A 
	Femoral Component 
	Orthochrome"', 35mm seat height (C). 27mm seat width (DJ, 135° neck angle (E). 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Head Sin mm 
	Stem Length A mm 
	/ Neck . length 1 B mm 

	1024-10 1024-12 1024-14 
	1024-10 1024-12 1024-14 
	41 43 44 
	165 165 165 
	24 25 26 
	: 

	1024-16 
	1024-16 
	46 
	165 
	26 

	1024-11 1024-20 
	1024-11 1024-20 
	48 49 
	165 165 
	27 28 

	1024-22 1024-24 
	1024-22 1024-24 
	51 54 
	190 190 
	27 29 

	1024-26 1024-28 1024•29 
	1024-26 1024-28 1024•29 
	57 60 83 
	190 190 190 
	30 32 36 


	Instrumentation 
	t 
	-
	Corkscrew 
	2125-00 
	Driver for I-Beam 2116-00 
	Locks into driving platform. 
	I-Beam Rasp 
	I-Beam Rasp 
	--t:rostheses Measuring Instrument 

	~ "".f': '/'' 2006-00 Inches • 2006-10 Millimeters 
	-
	Figure
	Universal Driver/Extractor 
	I 
	2046-10 
	i 
	Figure
	For I-Beam Prosthesis 2046-28 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Description 

	2003-10 
	2003-10 
	Use with 6½" (165mm) Stems 

	2003-12 
	2003-12 
	Use with 8½" (216mm) Stems 


	Figure
	Figure
	Figure
	,., 
	• F13' 
	Compos,hon. '\ N,troetn 002 
	Nllrotrn.mu 
	Nllrotrn.mu 
	Carllon.mu 

	HydnJFn. mal Iron. mu 0.ytt'n. mu 
	Aluminum \lanadJum Ti1.11n,un,JI 
	o.os 
	0.08 0.012" 0.25 0.1) 
	5.5~.30 
	J.5-4.S 
	boalantie 
	CMton 002 HydrOFfl 000:? Iron 0.10 0.ytt'n 0.02 Aluminum 0.40 Vanadium 0.15 
	• 
	• 
	• 
	Mat<Nl O.OJ2 in. (0.8 l J mm) and uridcr may have hydro­gen content up to 0.01 ~ %. 

	• 
	• 
	The pcrcenl.lgl'; ol ti1.11mum 1s determined by diffcn:nc<e and nttd not be deu,rmined or cen.ified. 


	TABLE l AnnnlH !1-teclwlial Propmia" 
	Yield Stneflllh Elongauon ,n R<ducuon of 
	Tensile Strength 
	Siu (0.2 " ofT!lel~ m,n 4dor 4w Arca min,
	min. psi (MPa) 
	psi (MPa) min. 'Jl, ,c 
	1 

	IJA<ler 0. 187 in. (4.75 mm) lhdne'.IS or diameter 
	IJA<ler 0. 187 in. (4.75 mm) lhdne'.IS or diameter 
	IJA<ler 0. 187 in. (4.75 mm) lhdne'.IS or diameter 
	130 000 (896) 
	120000 (827) 
	10 

	0.187 (4.75 mm) to 1.75 in. (44.45 mm) ind 
	0.187 (4.75 mm) to 1.75 in. (44.45 mm) ind 
	115 000 (860) 
	I l 5000 (795) 
	10 

	TR
	Bend Test" 

	Under 0.070 in. (1.778 mm) in thickness 
	Under 0.070 in. (1.778 mm) in thickness 
	9T 

	0.070 in. (1.778 mm) 10 0.187 in. (4.750 mm) ind 
	0.070 in. (1.778 mm) 10 0.187 in. (4.750 mm) ind 
	!OT 

	in thickness 
	in thickness 


	'Mechanical properties for conditions other than anncak!d may be <Sl.llblished by agre,:-ment between the supphc-r and !he ,mplant manufacturer. 
	• Elongauon on material under 0.125 in. {0.81 J mm) in thickness may bc obc.ained by ne,otiation. c Applies 10 bar. plate, and forginp only. BcrRI l'51 applicable to sheet and smp products: T = of bend Si)Ccimen in refcn:nct to diameter of bend. 
	0 
	thickfle'.IS 

	APPENDIX 
	(Nonmandatory Information) 
	X.l RA TIONAU: 
	X1.1 The purpose of this specification is to charac­X1.3 The micrOStructural requirements contained terize the chemical, physical, mechanical, and metal­in this siandard rcp=nt the cum:nt general cOllSCnsus lurgical propenies of wrought annealed Ti-6Al-4V of opinion with respect to optimization of mechanical 
	E. LI. alloy to be used in the manufacture of surgical properties for implant applications. implanlS. Xl.4 The minimum mechanical properties ~­
	X1.2 The alloy composition covered by this stand· lied asR1te a baseline of suenath and ductility foe the an:! has been employed suo::essfully ia human implant5. highly stressed devices for which this alloy is typically exhibiting a well characterized level of local biological used. response, for over a decade. 
	Tlttt .>fmmcan 5«:in)'/<x Tt'sting and Matt't'ials tokn 110 posl/lon rtsP«Ji"I tht'-a/idity ofanyJ)Qlt'/11 rights IUSL'f'ltd in COl'lllK/1on 
	•·llh an}' llt'm mt'llliON!d 111 this s1altdard. Vsns o/th1s sttllldard art' t'xprrnly odvisfti tlw dnt'1'1'tt1Ullion oftht' validity of1111,.-n,ch paunt nglus. and tltt' risJc ofi11fm1gemnu ofsw:h riglus. art' mllFt'iy tht'ir OQ rnponsibility. 
	This standard /J ndl}«l to rrvision at Qlly ltmt' by tlttt rtsponstble ttclmical commilltt and mMSI ~ re-,iewtd t"it'l"'Jfi•t' __,sand if lfOt rrviw. t'ltht'T rrappr011td o, w11Mrawn. Your rommnus art' 111viltd ntlw, fo, rl'YiSJOII of this standard ot for t1dd111onal standards and should~ addrrslt'd to ASTM Hradquant't's Your comm,lllS -.,J/ rt'r:t1w ca,eful consideration al a rllt't'fllll oftht' respvnsiblt' ttc!tnical commilltt. which you""'>' attt'nd. If.vow ft't'I tluu yoltl' comrr11!'111s haw:""' r«eiv
	30 
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	Figure
	4.1.2 ~pphc:ible ~ST\-1 dl.',1gna11trn. 
	4.1 .1 Form (sheet. stnp. plate. -...ire. har. or forging). 
	4.1.4 Condition (See 5.11. 
	4.1.5 Mechanical profXl11cs llf applicaMe. for 
	special conditions). 4.1.6 Finish (see 5 2). 
	4.1. 7 Applicable dimensions including size. thickness. width. or print number. 
	4.1.8 Special tests. and 
	4.1.9 Special requirements. 
	'.\1aterials and '.\1anufacture 
	s. 

	5.1 The various titanium mill products cov­ered in this specification are normally formed with the conventional forging and rolling equip­ment found in primary ferrous and nonferrous plants. The ingot metal for such mill operations is usually melted in arc furnaces of a type con­ventionally used for reactive metals. 
	5.2 Finish-Annealed material may be fur­nished to the implant manufacturer as descaled or pickled. sandblasted. ground. or combinations of these operations. 
	6. Chemical Requirements 
	6.1 The heat analysis shall conform to the chemical composition of Table I. Ingot analysis mav be used for repq,rting all chemical rcquire­me~ts. except hydrogen. Samples for hydrogen shall be taken from rhe finished mill product. 
	6.2 The product analysis tolerances shall con­form to the check tolerances of Table 2. 
	6.3 For referee purposes. Methods E 120 shall be used. 
	6.4 Samples for chemical analysis shall be rep­resentative of the material being tested. The ut­most care must be used in sampling titanium for chemical analysis because of its affinity for ele­ments such as oxygen. nitrogen. and hydrogen. Therefore. in cutting samples for analysis. the operation should be carried out insofar as possi­ble in a dust-free atmosphere. Chips should be dean and sharp. Samples for analysis should be stored in suitable containers. 
	F 136 
	7. \lt'i:hankal Rt'quinmt'M\ 
	7.1 Matcnal supplied uoJ.er 1h1s \fXCificat1on shall ..:onform to the me-c~nical propen~ re­quirements gi~cn m Table) 
	7.2 Specimens for tension 1esu shall be ma­chined and tested m accordance with Methods E 8. Tensile propenies shall be determined using a strain rate of 0.003 to 0.00-1n-11n min ( metnc equivalent mm/mm/mm, through the specified yield strength. 
	7.3 For sheet and strip. the bend test ,pecimen shall withstand being bent cold through an angle of 10s• without fracture m the outside surface of the ben-t ponion. The bend shall be made on a diameter equal to that sho..,n in Tahle 3. Test conditions shall conform to \kthod E 290. 
	8. Special Requirements 
	8.1 The microstructure shall be a fine disper• sion of the alpha and beta ~ resulting from processing in the alpha plus beta field. There shall be no continuous alpha net1,1,ork at prior beta grain boundaries. There shall be no coarse. elongated alpha platelets. There shall be no alpha case. 
	8.2 The beta transus temperature shall be measured by a suitable method and reponcd on the materials ccnification. 
	9. Quality Program Requirements 
	9.1 The producer shall ma1ntain aquality pro­gram. such as, for e11ample. is defined in Speci­fications C 1-1968. 
	9.2 The manufacturer of surgical implants or medical applicances shall be assured of and may audit the producer"s qualit: program for con­formance to the intent ofSpeufications Cl-1968. or other recognized program. 
	IO. '1arkin1, Packing, Cenifiatioa. and Rejec­tion 
	10.1 Marking, packing. cenificauon. and re• Jection shall be as specified m Specifications B 265. 8 348. and B 381. 
	29 
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	Figure
	Designation: F 136-14 
	~t 

	Standard Specification for 
	WROUGHT TITANIUM 6A1-4V ELI ALLOY FOR SURGICAL IMPLANT APPLICATIONS
	1 

	This !il.ilndard ,s issued under !ht fixed dcs,gnat,on F 136: the number immtd1a1ely follOWlng th, dcs1gnauon indicates the ~car of ongmal ado!:,l,on or, in th<, case of nev1s1on. the year of last nevision . ._ numbn in pan,nthescs mdicates the year of last rupprov~ ... supc~·ni,1 epsilon ! •) 1nd1c.ates an ednonal ch.angr s,ncc the last re,mon or rupproval, 
	I. Scope 3.2 Sheer-Any product under 0.1875 in. 
	(4.75 mm) in thickness and 24 in. (610 mm) or
	I. J This specification covers the chemical. more in width.
	mechanical, and metallurgical requirements for 
	mechanical, and metallurgical requirements for 
	3.3 Plate-Any product 0.1875 in. (4.75 mm) 

	wrought annealed Ti-6A 1-4 V E.LI. {extra low thick and over and IO in. (254 mm) wide and
	interstital) titanium alloy to be used in the man­over, with widths greater than live times thick­
	ufacture of surgical implants. 
	ness. Plate up to 1.75 in. (44.45 mm). thick
	ness. Plate up to 1.75 in. (44.45 mm). thick
	I 2 The material in this specification has been 
	inclusive is covered b)· this specification. 

	subJected to testing in laboratory animals.'·' The 
	subJected to testing in laboratory animals.'·' The 
	3.4 Bar-Rounds from /ii in. (7.9 mm) to
	3

	results of these studies and the clinical history 

	1.75 in. (44.45 mm) in diameter. (Other sizes by
	1.75 in. (44.45 mm) in diameter. (Other sizes by
	indicate a \\'ell characterized level of local biolog­

	0 speciaI order. ) 
	0 speciaI order. ) 
	ical response. 

	3.5 Forging bar-Bar as described in l4. used
	3.5 Forging bar-Bar as described in l4. used
	LJ The \alues stated in inch-pound units are 
	for production of forgings. ma) be furnished in

	to be regarded as the standard. The metric equi,­the hot rolled condition. 
	alents in parentheses are pro\'ided for informa­
	alents in parentheses are pro\'ided for informa­
	3.6 Wire-Rounds less than /1• in. (4.8 mm)
	3

	tion only. 

	in diameter. 
	2. Applicable Documents 
	4. Ordering Information
	2. I AST.\1 S1andards.· B 265 Specification for Titanium and Tita­4.1 Inquiries and orders for material under nium Alloy Strip. Sheet and Plate' this specification shall include the following in• B 348 Specification for Titanium and Tita­formation: nium Alloy Billets• 4.1. I Quantity (weight or number of pieces). B 381 Specification for Titanium and Tita­nium Alloy Forgings• 
	' This Sl)CC'lficauon is undrr lhc iunsd1e11on of ._STM Com• E 8 Methods of Tension Testing of Metallic m,nee F-4 on Medical and Surgical Ma1erials and l)eo,,1crs and 1s the dirtc1 mponsibilit) of S11bcomm111ee F04.0~ on Re•
	Materials
	5 

	sources.E 120 \1ethods for Chemical Analysis of Ti­Currcnt editton approved June ~9. 1984 Published Scp1em­tanium and Titanium Alloys• ber 1984, 'Laing. P G.. Fc-rguson. Jr.. A. B , and Hodge. E. S .. -T,ssue
	E 290 \iethod for Sem1-Gu1ded Bend Test for 
	Rca,ctJon in Rabbit Musdc Exposed to MC"Ulhc Implants.· J. Ductility of Metallic Materials' Biomcd. Vol. I. 1967. pp. 135-149. 'Laing. P G .. "'C'ompatibiht~ of Biom.itenals. • Orthopedic
	Maten.a.ls Rew:m:h. 

	F 620 Specification for Titanium 6Al-4V 
	(11n1cs of ~forth Amenca. Vol. 4. '-io. 1. Apnl. 1973. pp. :49
	-

	E.L.I Allo: Forgings for Surgical lmplants
	8 

	~ 73. 
	2.2 Cl-1968 Specifications of General Re­• Annwu Boole o/.4.STM Slandards. Vol 02.04. '.4.11111,al Boole of.4.STM Slandards, Vols . and
	01.01-02.03

	quirements for a Quality Control Program
	9 

	03.01 'Annual 8ook of.◄ ST.lf S111ndardJ. Vol 03.05.
	J. Product Classification 
	'.◄ nnwal 8o,o/,; o(.-4SH{ Standa,dJ. Vol 03.01, 
	• .◄ nnwal 8ook of ◄ ST!•I Slandards. Vol 13.01.
	3.1 Smp-Any product under 0.1875 in. 
	'._,·ailablc from American Society for Qualit) Control. 161 
	(4.75 mm) in thickness and under 24 in. (610 W W1scons.n .'\>e.. Milwaukee. WI 53203. mm) 'l.ide. 
	28 
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	Figure
	.. ;; 1 
	Pltf. 19 Creep-rvpture tlate fer Tl-6Al-4Y IMr 
	Pltf. 19 Creep-rvpture tlate fer Tl-6Al-4Y IMr 


	lOOli <IOO"Ci7SO'FI 
	:'--:__,____.....~,1_400..__•c__,_!750_._.-Fl.....____._----'---l--L.;Ol a 
	r 

	lDO'---L-....L..-L.J.l....i_ _.._ __,_._..,_...,,;.i,,.--l.._......._._J.-:'. 
	l 10 100 100() 
	10 1000 
	T,me, n 
	1000 ----,---,---,-,--,--~-.--......--.......-~~
	-

	,ooo F I. 11 I, 
	100>---------800 ------+-------------, 
	I 

	us ·c: !850 •,1 -(100 ~ 80 20 21; 
	100'---'-----'L-J....J.J..._...L..._...._....,_.J.J._--J._J..-L....LJ 1 10 100 1000 Time., h 
	Figure
	f19. 20 Mea■ coefficient of thermal expa11•lo11 for T1°6Al-4Y 
	f19. 20 Mea■ coefficient of thermal expa11•lo11 for T1°6Al-4Y 
	Pltf• 21 Tllff•holcl 1treH 

	12, ! 11 "' e e,.. 10,::i ".;..•e ;; ,:.,_ 
	12, ! 11 "' e e,.. 10,::i ".;..•e ;; ,:.,_ 
	12, ! 11 "' e e,.. 10,::i ".;..•e ;; ,:.,_ 
	'i I 
	Ttmoer,tutt, °F 400 100 !' I r 
	1200 
	-; •.~ ~ 60 ... ,., ~.o ~q 
	.... ~ ~ ;. t i: li ~ ~ 

	1 -200 
	1 -200 
	•200 •OO Ttmperaturt, ~C 
	&00 
	I 1U IOO 


	fer ■o114 salt lll'eH•COrro• 1loe CNCld-. I■ TI..Al-4Y 
	Temoe,1turt. •F 
	600 IOO 1000 
	bpcartaion data ant for room tempe,atunt to indicated temperah,,. for both mill o,.n-led and Nlution tntated cind ciged trte.k. 
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	Plw• 17 Typlc•I ....n. .....,..rtle1 .. TMAMY 
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	1'1mper1n.,r1, •F 
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	I 
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	Figure

	Ttamo,r1turt =c
	Tem0tr1turt, :i C 
	0
	T1mpe,1turt. f
	TemP1r1tur1, • F 
	•oo 600 aoo 1000 1200 1400 
	Ill 
	20 
	I 

	2 
	Figure

	HI
	..,
	f 

	"' 
	D 0 200 400 &00 IOO D 200 iOQ IOO 
	t I 

	0 
	.. 
	T1mper1tur1, • C Ttmpet1t1.1rt. • C 
	i..tft: MIii cann1tctled condition. Right: STA condition-I h at 955 "C (1750 "J), -t•r qvench, a.. C h at 525 •c {975 "J) and air cool. 
	Figure
	Figure
	O------~--------------'·o 
	104 10101t' 
	10
	5 
	6 
	7 

	NuMbtf of CyCIII 
	h1storv. Martensitic structure can alJtO ~ produced.. 
	Mesi Charecterl1tlc1 
	Denaity. 4.43 '1'fg:m10.160 !b m. 1 at 25 °C (77 •F) 
	3 
	1

	flle,,..I ltro...rtlH 
	Liquidua temperature. 3020 = 25 1 1660 ::: 14 'Cl Solidua temperature. 2920 = 20 ,F 
	·F 

	I 
	1604 ::: 11 °C) 
	Pbaae•transformation tempera• ture. Beta transus. 955 to 1010 •c n750 to 1850 °F1 
	Coefficient of thermal expansion. 
	See Fig. 20 . 
	Specific heat: 
	Specific heat Temper11ture J Btu 'C "F kc·K lb·'F 
	20 
	20 
	20 
	68. 
	580 

	205 
	205 
	400 ....... 
	610 

	425 
	425 
	800 ....... 670 

	650 
	650 
	1200. 
	760 

	870 
	870 
	1600 ....... 
	930 


	0.14 0.15 0.16 0.18 0.22 
	Thermal conductivity: 
	Conductivity 
	Temper11NN1 Btw 
	•c Wtm·K ft·b·'F 
	·r 

	Mill annealed 
	20 68...... 6.6 3.8 
	93 200...... 7.3 4.2 205 400...... 9.1 5.3 315 600.. . . . . 10.6 6.1 425 800.... . . 12.6 7.3 540 1000... . . . 14.6 8.4 650 1200...... 17.5 10.1 Solution treated and ated 
	20 68...... 6.8 3.9 
	93 200.. 7.5 4.3 205 400.. . . . 8.5 4.9 315 600.. 9.6 5.5 425 800...... 10.9 6.3 540 1000...... 12.6 i.3 650 1200...... 14.1 81 
	llectrlcal 1tro,..rt1N 
	Electrical resistivity. Lil µ.!l·m at room temperature 
	.......C ltro...rtlN Mapietic permeability. 1.00005 at 
	1.6 kA/m 
	Cllemlc•I ltro,..rtl•• 
	General corrosion behavior. Same as commercially pure titanium Resistance to specific corroding a,enta. Not attacked. by 104 boiling 
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	... 
	1 • 
	.. 
	HCI; 1.8 mm/yr (70 mill/yr) corrosion rate in boiling 15% H:,SO•. See also Fig. 21. 
	PaltrtcatlN Cllaracterl1tlc1 
	Macbinabillty. Same u commer­cially pure titanium An.nealin1 temperature. 705 to 785 °C (1300 to 1450 •F) Solution temperature. 900 to 955 ·c r1650 to 1150 ·F) Aline temperature. 540 ·c (1000 °Fl Hot workin1 temperature. 870 to 1010 ·c 0650 to 1850 ·F) 
	Figure
	Tl ■6Al-4Y Tl ■6Al-4Y■ILI 
	Co111111enlal NafflN 
	Trade names. C-120AV; HA-6510 UNS number. Ti-6AJ-4V, R56400; Ti-6AJ-4V-ELI, R56401 
	lpeclftcatlON 
	AMS. Standard grade: 4906, 4911, 4928, 4934, 4935, 4954, 4965, 4967. ELI grade: 4907, 4930, 4956 ASTM. Bar and billet: B348. Cast­ings: B367. Forgings: B381. Sheet, strip and plate: B265 AWS. A5.16 Government. MIL-T-9046, MIL-T9047, MIL-T-8884, MIL-T-14557, MIL-T-14558, MIL-T-81556, MIL-T81588, MIL-F-83142 
	-
	-

	Figure
	Composition limit& Ti-6AJ-4V: 5.5 to 6.75 Al; 3.5 to 4.5 V; 0.05 max N; 
	0.10 max C; 0.015 max H; 0.40 max Fe; 0.20 mu O; 0.1 max others (each); 0.5 max others (total); rem Ti 
	Appllcatl-
	Typical uses. Ti-6AJ-4V is the most widely used titanium alloy. It is spe­cially processed to both standard and EU compositions to provide mill­annealed or beta-annealed struc­tures, and is sometime• solution treated and aged. It is used for air­craft. gas turbine disks and blades; is extensively used, in all mill product forms, for airframe structural compo­nents and other applications requir­ing strength at temperatures up to 315 •c (600 "F); and is al!O used for high-strength prosthetic implants 
	Typical uses. Ti-6AJ-4V is the most widely used titanium alloy. It is spe­cially processed to both standard and EU compositions to provide mill­annealed or beta-annealed struc­tures, and is sometime• solution treated and aged. It is used for air­craft. gas turbine disks and blades; is extensively used, in all mill product forms, for airframe structural compo­nents and other applications requir­ing strength at temperatures up to 315 •c (600 "F); and is al!O used for high-strength prosthetic implants 
	and chemical-procesaing eqwpment. Pl"ecaudona ln uae. Rolled sheet may exhibit strong directionality of physical and mechanical properties. In other ways, similar to Ti-5AJ2.5Sn. 
	-


	Medla■k•I Propertl" 
	Tenaile properties. Annealed bar: tensile strength, 895 MPa (130 uil; 
	, yield strength, 825 MPa (120 lwl; elongation, 10%; reduction in area, 2~. Solution treated aged bu and forgings, 2.54 to 5.08 cm (1 to 2 in.) thick: tensile strength, 1035 MPa (150 ksil; yield strength, 965 MPa (140 ksi); elongation, 8%; reduction in area, 2~. See also Fig. 17. Compressive yield atrenith. An­nealed bar: 860 MPa (125 ksi). Solu­tion treated and aged bar: 1070 MPa (155 ksi) Hardne11. 36 to 39 HRC Poisson's ratio. 0.33 Elastic modu.Jus. Tension, 110 GPa (16 x 106 psi); compression, 117 GPa X
	(17 

	Impact strenfth: 
	TemperahU'e Fracture enero 
	•c •F J ft·Ib 
	-185 -300 ...... 20.3 16 -70 -94 ...... 24.4 18 -20 -4 ...... 25.7 19 90 194 ...... 29.8 22 205 400 ...... 54.2 40 315 600 ...... 74.5 55 
	Fatirue strenfth. See Fig. 18. Plane-strain fracture tou1hneu. At 25 "C (77 °F): annealed plate, 7 4.6 MPa.-m (68 ksi./in.); solution treated and aged, 42.9 MPa/m (39 ui/iii.) Creep-rupture charactermicL See Fig. 19. Velocity of sound. 4.987 km/sat 25 °C (77 °F) 
	ltrvctvN 
	Crystal structure. cph, ao = 2.925 x 10-mat 25 "C (77 °F). c = 4.644 x 10-m at 25 "C (77 "F) 
	1 
	1 

	Slip_J>lanea. {1010} ~1120>, {1011} <1120>,{0001}, <1120> at25 "C (77 
	·F) 
	Twin.nine planeL · {1012}, {1121}, 
	{1122} at 25 "C (77 °F) 
	Microstructure. Predominantly cph 
	alpha phase with some bee beta 
	phase at room temperature. Mor­
	phology and relative amounta of al­
	pha and beta depend upon thermal 
	-86
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	Figure
	Table t Comparison of typical room-te111perature propertlH of w1"0V9ht, cast ancl PIM titanium proclum 
	Impact Elon.ca-Reduction stren,Ui Tensile atrenrtb Yield atren,Ui lion, In area, (a) , Product and coadltio11 MPa lui MPa ut ~ 'l J ft·lb 
	Unalloyed Tl 
	Unalloyed Tl 
	Unalloyed Tl 
	:,.370 

	Wrought bar, annealed 
	Wrought bar, annealed 
	550 
	80 
	480 
	70 
	18 
	33 
	35 
	26 

	Cast bar, u cut ...... 
	Cast bar, u cut ...... 
	635 
	92 
	510 
	74 
	20 
	31 
	26 
	19 

	PIM compact, an
	PIM compact, an
	-


	nealedCbr............ 
	nealedCbr............ 
	480 
	70 
	370 
	54 
	18 
	22 

	Tl-5Al-2.5Sn-EU 
	Tl-5Al-2.5Sn-EU 

	Wrought bar, annealed 
	Wrought bar, annealed 
	815 
	118 
	710 
	103 
	19 
	34 

	Cast bar, as cast ...... 
	Cast bar, as cast ...... 
	795 
	115 
	725 
	105 
	10 
	17 

	PIM compact, annealed 
	PIM compact, annealed 

	and forged(c) ........ 
	and forged(c) ........ 
	795 
	115 
	715 
	104 
	16 
	27 

	Ti-6Al-4V 
	Ti-6Al-4V 

	Wrought bar, annealed 
	Wrought bar, annealed 
	1000 
	145 
	925 
	134 
	16 
	34 
	22 
	16 

	Cast bar 
	Cast bar 

	As cast .......... 
	As cast .......... 
	1025 
	149 
	880 
	128 
	12 
	19 
	19 
	14 

	Annealed ........ 
	Annealed ........ 
	1015 
	147 
	890 
	129 
	10 
	16 

	Solution treated 
	Solution treated 

	and aged(d) ..... 
	and aged(d) ..... 
	1180 
	171 
	1085 
	157 
	6 
	11 

	PIM compact 
	PIM compact 

	Annealed(b) ...... 825-855 
	Annealed(b) ...... 825-855 
	120-124 740-785 
	107-114 
	5-8 
	8-14 

	Annealed and 
	Annealed and 

	forged(c). ....... 
	forged(c). ....... 
	925 
	134 
	840 
	122 
	12 
	27 

	Solution tre\ted 
	Solution tre\ted 

	and aged(d) . .... 
	and aged(d) . .... 
	965 
	140 
	895 
	130 
	4 
	6 


	Ti-6Al-6V-2Sn 
	Ti-6Al-6V-2Sn 
	Ti-6Al-6V-2Sn 

	Wrought bar, annealed Cast bar, as cast ...... PIM compact, annealed(b) ........... 
	Wrought bar, annealed Cast bar, as cast ...... PIM compact, annealed(b) ........... 
	-

	1125 1105 965 
	163 160 140 
	1055 965 840 
	153 140 122 
	16 6 5 
	38 11 5 
	20 14 
	15 10 


	All data from Ref. 3. (al Charpy, at -40 "Ci -40 °Fl, (bl About 94~ denae. <c• A.:::::iost 100'\ denae. (d' Aging treatment not specified. 
	Table IO Typlcal room-temperature ten1lle properties of titanium PIM compacts 
	Oxyren Tensile Yield Elonracontent, nrenrtb nren(tb tion, Powder m.anufacturinr procen ppm MPa Jui :MPa ui 'l 
	-

	Ti-6Al-4V 
	Ti-6Al-4V 
	Ti-6Al-4V 
	;J,370 

	Mechanical attrition Rotating electrode Hydride-to-hydride1 Ti-5Al-2.5Sn 
	Mechanical attrition Rotating electrode Hydride-to-hydride1 Ti-5Al-2.5Sn 
	1750 ........... 1000 900 ........... 1000 1570 ........... 1025 
	145 145 149 
	940 m 9i0 
	136 134 141 
	1.5]7.5 2.0 

	Rotating electrode Gas attrition 
	Rotating electrode Gas attrition 
	980 ........... 3530 ........... 
	905 895 
	131 130 
	905 
	131 
	4.0 

	All data t'rom Ref 4 for compacU hot pressed to 1380 MPa <100 t.ons'in. 21 at 1010 'C <1850 'F). 
	All data t'rom Ref 4 for compacU hot pressed to 1380 MPa <100 t.ons'in. 21 at 1010 'C <1850 'F). 
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	Figure
	Figure
	Figure
	Figure
	"9. 4 COlllparl... ef aecha11lc■ I pt"Opertlee of ■lpha•IMt• .....ed ■INl1Nte .....edtlto11l... ■lloy1 • 
	100 !!10 100 l50 
	T,-6A1--IV 
	Ti6A> 2Sn ◄Zr-2Mo 
	T,6Al,6V-2Sn 
	I 
	Figure
	~ 

	T, ◄ AI-JMo-lV 
	iJ 
	Figure

	T,225Al-11Sn-5Zr-1Mo czm !I'; 
	.___.._______. ----~
	11111:!1, 

	Figure
	Figure
	Figure
	T, 13V-11Cr-3AI 
	T, 13V-11Cr-3AI 
	•• 

	~ 
	500 lflOO 1500 2000 500 1000 1500 1000 0 so 100 Notch""'''' m,~u,, MPa Fracture toughneu, MPavm 
	Figure
	Shaded bani rapreMnt alpha-beta forged material; 1trip.d bani, beta forted material. 
	(lef 2) 
	T■ ltle I Typlc■I propertlu of welded T1-6Al•6Y•2S11 after pod'Weld heat freCIIIMlllf 
	Teuile Yield Elonp• Bead ttreqtb meqtb tion. l'lldim Heat treatment MP• luli MPa luli 'I: (mill) 
	None 
	None 
	None 

	Base metal .............. 1060 
	Base metal .............. 1060 
	154 
	1010 
	146 
	9.8 
	2.St 

	Single-bead weld ......... 1300 
	Single-bead weld ......... 1300 
	188 
	1250 
	182 
	0.3 
	25.6t 

	Furnace cool from 830 "C I 1525 "F) 
	Furnace cool from 830 "C I 1525 "F) 

	Base metal .............. 1030 
	Base metal .............. 1030 
	149 
	970 
	141 
	8.1 

	Single-bead weld ......... 1050 
	Single-bead weld ......... 1050 
	152 
	990 
	144 
	3.7 
	15.St 

	Fu.rmC'e.caol afler. 6 h.tt 700 "C 0300 "F) in vacuum 
	Fu.rmC'e.caol afler. 6 h.tt 700 "C 0300 "F) in vacuum 

	Bue metal .............. 1120 
	Bue metal .............. 1120 
	163 
	1040 
	151 
	9.8 
	2.0t 

	Single-bead weld . . . . . . . . . 1170 
	Single-bead weld . . . . . . . . . 1170 
	169 
	1100 
	159 
	3.8 
	12.2t 

	Air cool after 1,-t, b at 700 "C 
	Air cool after 1,-t, b at 700 "C 

	Bue metal . . . . . . . . . . . . . . l 050 
	Bue metal . . . . . . . . . . . . . . l 050 
	152 
	1000 
	145 
	9.8 

	Single-bead weld ......... 1230 
	Single-bead weld ......... 1230 
	178 
	1160 
	168 
	1.3 
	14.St 


	-84
	-

	.. f ... ' 
	T■ ltle 7 Typlc•I tenalle, t.ntl ■ ntl IMIN1ne11 4at■ for •••wel4e4 tlt■IIIUIII ■ntl M•eral tlta11lv111 ■ tleyt 
	Tennie Yield Elon1a• Minimum 
	1tnmrth ltren(!.b tion. bend Hardne11
	Mat.erial 
	MP ■ Im MP■ 1ut 'l r ■ dlu.1 Knoop Rock.,..ell
	conditloD 
	p.358
	Ti Grade 1 t.Jnwelded sheet .......... . 315 46 215 31 50.4 0.7t 140 63.5 HRB Single-bead weld ............. . 345 50 255 37 37.5 l.0t 140 55.8 HRB Multiple-bead weld ........... . 365 53 270 39 37.7 Transverse weld ....... . 325 47(a) 
	Ti Grade 2 t:nwelded sheet .............. . 460 67 325 47 26.2 2.9t 165 80.6 HRB Single-bead weld ............. . 505 73 380 55 18.3 2.9t 175 83.l HRB Multiple-bead weld . . ........ . 510 74 385 56 13.3 Transverse weld ............. . 475 69(a) 
	Ti Grade 3 Unwelded sheet .............. . 545 79 395 57 25.9 l.9t 175 94.4 HRB Single-bead sheet ............ . 605 88 475 69 15.5 4.7t 220 92.4 HRB 
	Multiple-bead weld ........... . 615 89 480 70 14.7 Transverse weld ............. . 560 8l(a-) 
	Ti Grade 4 Unwelded sheet .............. . 660 96 530 77 22.3 3.2t 215 23.4 HRC Single-bead weld ............. . 695 101 580 84 16.4 5.6t 24-0 21.2 HRC Multiple-bead weld ........... . 710 103 585 85 16.0 Transverse weld ............. . 660 96(a} 
	Ti-5AJ-2.5Sn-ELI 
	Un welded sheet .............. . 850 123 805 117 15.7 3.8t 265 33.2 HRC Single-bead weld ............. . 920 133 770 112 9.8 5.9t 310 28.0 HRC Multiple-bead weld ........... . 935 136 820 119 7.5 Transverse weld ............. . 850 123(a) 
	Ti-6AJ-2Cb-lTa-lMo 
	Unwe)ded sheet .............. . 895 130 855 124 9.7 2.St 275 29.6 HR~ Singl_e-bead we)? ............. . 930 135 800 116 5.9 7.7t 300 Multiple-bead weld ........... . 945 137 815 118 5.7 
	27.7:~1 Transverse weld ............. . 890 129(a) Vnwelded sheet .............. . 705 102 670 97 15.2 4.0t 230 23.6 HRC Single-bead weld ............. . 705 102 600 87 12.7 5.4t 250 19.6 HRC Multiple-bead weld ........... . 745 108 625 91 11.2 Transverse weld ............. . 710 103(a) 
	r
	Ti-3AJ-2.5V 

	Ti-6AJ-4V 
	Unwelded sheet ..... : . ........ 1000 145 945 137 11.0 2.6t 320 32.2 HRC Single-bead weld .............. 1060 154 920 133 3.5 IO.St 350 35.9 HRC Multiple-bead weld ............ 1090 158 945 137 3.2 Transverse weld .............. 1015 l47(a) 
	Ti-8AJ-1Mo-1V Unwelded sheet. .............. 1060 154 1020 148 15.0 2.9t 325 36.0 HRC Single-bead weld .............. 1085 157 930 135 5.5 1.0t 345 35.2 HRC Multiple-bead weld ............ 1115 162 960 139 3.2 Transverse weld .............. 1060 154(a) 
	Ti-6AJ-6V-2Sn 
	Unwelded sheet ............... 1060 154 1005 146 9.8 2.St 350 34.0 HRC Single-bead weld .............. 1295 188 1255 182 0.3 25.6t 420 46.8 HRC Multiple-bead weld ............ 1280 186 0.1 Transverse weld .............. 1103 160(a) 
	Ti-13V-11Cr-3AJ 
	Unwelded sheet. . . . . . . . . . . . . . . 965 140 910 132 13.9 2.7t 300 30.6 HRC Single-bead weld . . . . . . . . . . . . . . 950 138 925 134 11.6 2.7t 320 30.l HRC Multiple-bead weld. . . . . . . . . . . . 925 134 875 127 9.1 Transverse weld . . . . . . . . . . . . . . 950 138(a) 
	(a) Fracture occurred in base metal. 
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	Figure
	T•lale • TJ'pk•I rolll119 M111peratvre1 for NYeNII tfta11l111•
	....... 
	Rollln1 ~mpt!ratl.ttt•Bar Pia~ Sheet 
	Alloy 'C T 'C T 'C 
	"F 

	Commerelally pure titanium Gradea 1 t.o 4 ........ 760-815 
	Commerelally pure titanium Gradea 1 t.o 4 ........ 760-815 
	Commerelally pure titanium Gradea 1 t.o 4 ........ 760-815 
	1400-1500 
	760-790 
	1400-1450 
	705-760 
	1300-1400 
	') ' -'.')._iO.) 

	Alpha and near-alpha alloy, 
	Alpha and near-alpha alloy, 

	Ti-5Al-2.5Sn ......... 1010-1065 
	Ti-5Al-2.5Sn ......... 1010-1065 
	1850-1950 
	980-1040 
	1800-1900 
	980-1010 
	1800-1850 

	Ti-6Al-2Sn-4Zr-2Mo .. 
	Ti-6Al-2Sn-4Zr-2Mo .. 
	955-1010 
	1750-1850 
	955-980 
	1750-1800 
	925-980 
	1700-1800 

	Ti-8Al-1Mo-1V ....... 1010-1040 
	Ti-8Al-1Mo-1V ....... 1010-1040 
	1850-1900 
	980-1040 
	1800-1900 
	98()..1040 
	1800-1900 

	Alpha-beta alloyt 
	Alpha-beta alloyt 

	Ti-8M.n .............. 
	Ti-8M.n .............. 
	705-760 
	1300-1400 
	705-760 
	1300-1400 

	Ti-4Al-3Mo-1V ....... 
	Ti-4Al-3Mo-1V ....... 
	925-955 
	1700-1750 
	900-925 
	1650-1700 
	900-925 
	1650-1700 

	Ti-6Al-4V ........... 
	Ti-6Al-4V ........... 
	955-1010 
	1750-1850 
	925-980 
	1700-1800 
	900-925 
	1650-1700 

	Ti-6Al-6V-2Sn ....... 
	Ti-6Al-6V-2Sn ....... 
	900-955 
	1650-1750 
	870-925. 
	1600-1700 
	870-900 
	1600-1650 

	Ti-7Al-4Mo .......... 
	Ti-7Al-4Mo .......... 
	955-1010 
	1750-1850 
	925-955 
	1700-17 50 
	925.955 
	1700-1750 

	Beta alloy ., 
	Beta alloy ., 

	Ti-13V-11Cr-3Al ..... 
	Ti-13V-11Cr-3Al ..... 
	955-1065 
	1750-1950 
	980-1040 
	1800-1900 
	730-900 
	1350-1650 


	Table 5 Tenslle propertlH of unlcllrectlonally rollecl Tl•6Al-4Y 
	sheet 
	Ga1e mm 
	Ga1e mm 
	Ga1e mm 
	tn. 
	Tensile 1tren(tb MPa ui 
	Yield 1tren(tb MPa kai 
	Elon,a• tion(a), 'I 
	Tenalle modulu1 GPa Ul"plli 

	Longitudinal direction 
	Longitudinal direction 
	p.365 

	0.737 
	0.737 
	0.029........... 
	945 
	137 
	870 
	126 
	7.0 
	100 
	14.5 

	1.016 
	1.016 
	0.040......... . . 
	970 
	141 
	855 
	124 
	6.5 
	106 
	15.4 

	1.168 
	1.168 
	0.046'.. .. .. .. .. 
	915 
	133 
	860 
	125 
	6.5 
	105 
	15.2 

	l.524 
	l.524 
	0.060 . .. .. . . .. .. 
	985 
	143 
	925 
	134 
	6.5 
	104 
	15.1 

	1.778 
	1.778 
	0.070........... 
	995 
	144 
	915 
	133 
	8.0 
	105 
	15.3 

	Tran11vene direction 
	Tran11vene direction 

	0.737 
	0.737 
	0.029 ........... 1105 
	160 
	1061 
	154 
	7.5 
	130 
	18.8 

	l.016 
	l.016 
	0.040 ........... 1195 
	173 
	1105 
	160 
	7.5 
	145 
	21.1 

	1.168 
	1.168 
	0.046 ........... 1225 
	178 
	1165 
	169 
	7.5 
	140 
	20.2 

	1524 
	1524 
	0.060 .. ........ 1125 
	163 
	1090 
	158 
	8.0 
	125 
	18.2 

	1.778 
	1.778 
	0.070 ........... 1095 
	159 
	1055 
	153 
	9.5 
	135 
	19.5 

	(al In 50 mm or 2 in. 
	(al In 50 mm or 2 in. 
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	Table 6 Thermomechanlcal scheclule1 for proclucl119 various comblnatlo111 of properties 111 T1-6AI• ff forging• 
	Blocker Finw, 
	for,lnr for,inc Finilh Coolin1 Beat ImtlaJ temperature for,ptlf after treated Fina.I microatructure l'IUlft! ranp reduction forcinc condition microltl'Uctw'e 
	tempt!ratu.re 

	Belrt combination• of properties Alpha
	-

	Grain-boundary alpha 
	Grain-boundary alpha 
	Grain-boundary alpha 
	beta Alpha-beta 

	Grain-boundary alpha 
	Grain-boundary alpha 
	Alpha­bet.a 

	TR
	Beta 


	Subnormal properties Spaghetti Alpha alpha 
	Beta 
	Beta 
	Alpha­bet.a Alpha­beta 
	Alpha­bet.a 
	Alpha• beta 
	Alpha Alpha• beta Beta 
	Air cooled Air cooled 
	Water quenched 
	Air cooled 
	Air cooled 10% Water quenched 
	Slow cooled 
	Annealed Annealed Annealed Annealed 
	STOA STOA 
	Annealed 
	6% equiaxed alpha plus fine platelet alpha 
	26~ elongated partly broken up grain-boundary primary alpha plus fine platelet alpha 
	23'{ elongated partly broken up primary alpha plus very fine platelet alpha 
	63% fine elongated primary al­pha plus fine platelet alpha 
	25% blocky primary alpha plates plus very fine platelet alpha 
	43% coarse elongated primary alpha plates plus very fine platelet alpha 
	92'¼ alpha basket-weave struc­ture 
	All data from Ref l. -s2
	-

	Figure
	T•ltle I 1.....rtl forwl119 te111pel'tltvre1 for MYeNII tltllalu111 IIMttlla 
	Fo'11n1 temperature• Beta tranau1 ln1ot breakdoW"l:I lnlermt'diale f'lniah
	'C .,
	Alloy 'C T 'C T "C 'F 
	Commercially pu.re t:itan.iu.m 
	Commercially pu.re t:itan.iu.m 
	Commercially pu.re t:itan.iu.m 

	Grades l to 4 . 
	Grades l to 4 . 
	. 900.955 
	1650-1750 
	955-980 
	1750..1800 
	900.925 
	1650-1700 
	815-900 
	1500-1650 

	Alpha and near-alpha alloy• 
	Alpha and near-alpha alloy• 

	Ti-5Al-2.5Sn. 
	Ti-5Al-2.5Sn. 
	.. 
	. ' ..... '' 
	1030 
	1890 
	1120.1175 
	2050-2150 
	1065-1095 
	1950-2000 
	1010-1040 
	1850-1900 

	Ti-6Al-2Sn-4Zr
	Ti-6Al-2Sn-4Zr
	-


	2Mo-0.08Si .. 
	2Mo-0.08Si .. 
	995 
	1820 
	1095-1150 
	2000.2100 
	1010-1065 
	1850-1950 
	955-980 
	1750-1800 

	Ti-8Al-1Mo-1V. 
	Ti-8Al-1Mo-1V. 
	... 
	1040 
	1900 
	1120-1175 
	2050-2150 
	1065-1095 
	1950.2000 
	1010-1040 
	1850-1900 

	Alpha-beta alloy ■ 
	Alpha-beta alloy ■ 

	Ti-8Mn .......... 
	Ti-8Mn .......... 
	800 
	1475 
	925-980 
	1700-1800 
	845-900 
	1550-1650 
	815-845 
	1500-1550 

	Ii-6Al-4V ...... 
	Ii-6Al-4V ...... 
	995 
	1820 
	1095-1150 
	2QiliHlQQ 
	9!!Q-104Q 
	laQQ·l~QQ 
	~g§-ia2 
	FQQ·lfil!Q 

	Ti-6Al-6V-2Sn .. 
	Ti-6Al-6V-2Sn .. 
	945 
	1735 
	1040-1095 
	1900-2000 
	955-1010 
	1750-1850 
	870-940 
	1600-1725 

	Ti-7Al-4Mo ...... . , ....... 
	Ti-7Al-4Mo ...... . , ....... 
	1005 
	1840 
	1120-1175 
	2050-2150 
	1010-1065 
	1850-1950 
	955-980 
	1750-1800 

	Beta alloy 
	Beta alloy 

	Ti-13V-11Cr-3AJ .......... 
	Ti-13V-11Cr-3AJ .......... 
	720 
	1325 
	1120-1175 
	2050-2150 
	1010-1065 
	1850-1950 
	925-980 
	1700-1800 


	p.36l 
	Table 3 Variation of typlcal room-temperature ten1lle properties with section size for four titanium alloys 
	Yield strength Elon111tion<bl, Reduction in
	Yield strength Elon111tion<bl, Reduction in
	Section size(a) Tensile strength 

	area.'¼ 
	in. MPa ksi MPa lui ~ 
	mm 

	8Al-4V(cl 
	14
	5-50 1-2....... 1015 147 965 102 4 ....... 1000 145 930 205 8 ....... 965 140 895 
	140 
	135 
	12 
	130 
	11 

	330 13 ... 930 135 m
	[ 
	10 

	860 125 
	8AJ-4V-ELl(cl 
	25-50 102 205 330 
	25-50 102 205 330 
	25-50 102 205 330 
	1-2 .. 4 ..... 8 .... 13 .. 
	.. 
	950 885 885 870 
	138 128 128 126 
	885 827 820 795 
	128 120 119 115 
	14 12 10 10 
	36 28 27 22 

	6Al-6V-2Sn(c) 25-50 1-2..... .. ll05 102 4 ..... . 1070 205 8 ....... 1000 
	6Al-6V-2Sn(c) 25-50 1-2..... .. ll05 102 4 ..... . 1070 205 8 ....... 1000 
	160 1035 155 965 145 930 
	150 145 135 
	15 13 12 
	40 35 25 

	8Al-IMo-lV 
	8Al-IMo-lV 

	25-50 102 205 
	25-50 102 205 
	l-2(dl ..... 985 4(el . . . . . . 910 am ...... 1000 
	143 132 145 
	905 840 895 
	131 122 130 
	15 17 12 
	36 35 23 

	6Al-2Sn-4Zr-2Mo + Si(gJ 
	6Al-2Sn-4Zr-2Mo + Si(gJ 

	25-50 
	25-50 
	1-2....... 1000 
	145 
	930 
	135 
	14 
	33 

	102 
	102 
	4 
	....... 1000 
	145 
	930 
	135 
	12 
	30 

	205 
	205 
	8 
	....... 1035 
	150 
	940 
	136 
	12 
	28 

	330 
	330 
	13 ....... 1000 
	145 
	825 
	120 
	11 
	21 


	· · • • f, • 50 (2 in ) or lesa and in transverse direction 
	ra, Properties are in longitudinal d1rection or sections mm . • An;ealed 2 hat 700 'C il300 'Fl 
	2
	1

	1
	for sections 100 mm (4 in.)or more, insect.ion ~F-(b) 1n ~~ ~-(~ 8 hat 600 'C (1100 'Fl and air and air cooled (di Annealed l hat 900'C 1650 ), a1r coo ' en ea 'C 050 'Fl (f) An aled l h cooled (el Annealed l bat 1010 'C (1850 'Fl, air cooled, then heated to~ . 11 l then he~~ 8 h to 
	51
	50 
	1

	at 1010 'C (1850 'F) and oil quen_cbed. ,g) Annealed l hat 954 'C <1750 Fl, air coo ed. 600 'C (1100 'F) and air cooled 
	:i.365 
	p.81 
	Figure
	'
	" 
	T•W• I hmt11t1ry of com...rcl•I •11411 ...1co...,...rcl•I 9NNl.1 •Ml .n.,. el Ht.•h•• 
	Ten.Ue 0.~ yield 
	•trencth ltNncth Impurity llmitll, wt '\ 
	(m.ln) (m.inl N C H Fe 0 Nominal compo•ltlon, wt, De1i,natlon MPa kel MPa k,rl rma11l !main (IJUIII) (mu) (ma111 Al Sn Zr Mo O!.hera 
	Unalloyed rradee 
	Unalloyed rradee 
	Unalloyed rradee 

	ASTM Grade 1 .. 
	ASTM Grade 1 .. 
	240 
	35 
	170 
	25 
	0.03 
	0.10 
	0015 
	020 
	0.18 

	ASTM Grade 2 .... .......... 
	ASTM Grade 2 .... .......... 
	340 
	50 
	280 
	40 
	003 
	0.10 
	0015 
	0.30 
	0.25 

	ASTM Grade 3 ..... 
	ASTM Grade 3 ..... 
	450 
	65 
	380 
	55 
	0.05 
	0.10 
	0.015 
	0.30 
	0.35 

	ASTM Grade 4 .... ' .... '.' .. 
	ASTM Grade 4 .... ' .... '.' .. 
	550 
	80 
	480 
	70 
	0.05 
	0.10 
	0,015 
	Q.60 
	0.40 

	ASTM Grade 7 ..... 
	ASTM Grade 7 ..... 
	340 
	50 
	280 
	40 
	003 
	0.10 
	0.015 
	0.30 
	0.25 
	0.2Pd 

	Alpha and near-alpha alloys 
	Alpha and near-alpha alloys 

	Ti Code 12 ..... ............ 
	Ti Code 12 ..... ............ 
	480 
	70 
	380 
	55 
	0.03 
	0.10 
	0,015 
	0.30 
	0.25 
	0.3 
	0.8~i 

	Ti-5Al-2 5Sn . .............. 
	Ti-5Al-2 5Sn . .............. 
	790 
	115 
	760 
	110 
	0.05 
	0.08 
	0.02 
	0.50 
	0.20 
	5 
	2.5 

	Ti-5Al-2.5Sn-ELI ............ 
	Ti-5Al-2.5Sn-ELI ............ 
	690 
	100 
	620 
	90 
	0.07 
	0.08 
	0.0125 
	0.25 
	0.12 
	5 
	2.5 

	Ti-8Al-1Mo-l V '' .. ' ... ' ... '. 
	Ti-8Al-1Mo-l V '' .. ' ... ' ... '. 
	900 
	130 
	830 
	120 
	0.05 
	008 
	0,015 
	0.30 
	0.12 
	8 
	1 
	lV 

	Ti-6Al-2Sn-4Zr-2Mo .......... 
	Ti-6Al-2Sn-4Zr-2Mo .......... 
	900 
	130 
	830 
	120 
	0.05 
	0.05 
	0.0125 
	0.25 
	0.15 
	6 
	2 
	4 
	2 

	Ti-6Al-2Nb-1 Ta-0.8Mo. 
	Ti-6Al-2Nb-1 Ta-0.8Mo. 
	790 
	115 
	690 
	100 
	0.02 
	0.03 
	0.0125 
	0.12 
	0.10 
	6 
	1 
	21'-,o, lTa 

	Ti-2.25Al-11Sn-5Zr-1Mo ...... 
	Ti-2.25Al-11Sn-5Zr-1Mo ...... 
	1000 
	145 
	900 
	130 
	0.04 
	0.04 
	0.008 
	0.12 
	0.17 
	2.25 
	11.0 
	5.0 
	1.0 
	0.2Si 

	Ti-5Al-5Sn-2Zr-2Mo(al. .. , , ... 
	Ti-5Al-5Sn-2Zr-2Mo(al. .. , , ... 
	900 
	130 
	830 
	120 
	0.03 
	0.05 
	0.0125 
	0.15 
	0.13 
	5 
	5 
	2 
	2 
	0.25Si 

	Alpha-beta alloys 
	Alpha-beta alloys 

	Ti-6Al-4V(b) ................ 
	Ti-6Al-4V(b) ................ 
	900 
	130 
	830 
	120 
	0.05 
	0.10 
	0.0125 
	0.30 
	0.20 
	6.0 
	U:£ 

	Ti-6Al-4V-ELI(b/............. 
	Ti-6Al-4V-ELI(b/............. 
	830 
	120 
	760 
	110 
	0.05 
	0.08 
	0.0125 
	0.25 
	0.13 
	6.0 
	4.0V 

	Ti-6A1-6V-2Sn(b)............. 
	Ti-6A1-6V-2Sn(b)............. 
	1030 
	150 
	970 
	140 
	0.04 
	0.05 
	0.015 
	1.0 
	0.20 
	6.0 
	2.0 
	0.75Cu, 6.0V 

	Ti-8Mn(b). ........ .......... 
	Ti-8Mn(b). ........ .......... 
	860 
	125 
	760 
	110 
	0.05 
	0.08 
	0015 
	0.50 
	0.20 
	8.0Mn 

	Ti-7Al-4Mo<bl ............... 
	Ti-7Al-4Mo<bl ............... 
	1030 
	150 
	970 
	140 
	0.05 
	0.10 
	0.013 
	0.30 
	0.20 
	7.0 
	4.0 

	Ti-6Al-2Sn-4Zr-6Mo(c) ........ 
	Ti-6Al-2Sn-4Zr-6Mo(c) ........ 
	1170 
	170 1100 
	160 0.04 
	0.04 
	0.0125 
	0.15 
	0.15 
	6.0 
	2.0 
	4.0 
	6.0 

	Ti-5Al-2Sn-2Zr-4Mo-4Cr(al(c) .. 
	Ti-5Al-2Sn-2Zr-4Mo-4Cr(al(c) .. 
	1125 
	163 1055 
	153 0.04 
	0.05 
	0.0125 
	0.30 
	0.13 
	5.0 
	2.0 
	2.0 
	4.0 
	4.0Cr 

	Ti-6Al-2Sn-2Zr-2Mo-2Cr(al(b) . 
	Ti-6Al-2Sn-2Zr-2Mo-2Cr(al(b) . 
	1030 
	150 
	970 
	140 
	0.03 
	0.05 
	0.0125 
	0.25 
	0.14 
	5.7 
	2.0 
	2.0 
	2.0 
	2.0Cr, 0.25Si 

	Ti-10V-2Fe-3Al(al(c) ......... 
	Ti-10V-2Fe-3Al(al(c) ......... 
	1170 
	170 1100 
	160 0.05 
	0.05 
	0.015 
	2.5 
	0.16 
	3.0 
	10.0V 

	Ti-3Al-2.5V(d) ............... 
	Ti-3Al-2.5V(d) ............... 
	620 
	90 
	520 
	75 
	0,015 
	0.05 
	0,015 
	0.30 
	0.12 
	3.0 
	2.5V 

	Beta alloys 
	Beta alloys 

	Ti-13V-llCr-3Al(e). .......... 
	Ti-13V-llCr-3Al(e). .......... 
	1170 
	170 
	1100 
	160 0.05 
	0.05 
	0.025 
	0.35 
	0.17 
	3.0 
	lU)Cr, 13.0V 

	Ti-8Mo-8V-2Fe-3Al(a)(e} ...... 
	Ti-8Mo-8V-2Fe-3Al(a)(e} ...... 
	1170 
	170 1100 
	160 0.05 
	0.05 
	0.015 
	2.5 
	0.17 
	3.0 
	8.0 
	8.0V 

	Ti-3Al-8V-6Cr-4Mo-4Zr(a)(b) .. 
	Ti-3Al-8V-6Cr-4Mo-4Zr(a)(b) .. 
	900 
	130 
	830 
	120 
	0.03 
	0.05 
	0.020 
	0.25 
	0.12 
	3.0 
	4.0 
	4.0 
	6.0Cr. 8.0V 

	Ti-ll.5Mo-6Zr-4.5Sn(b) ....... 
	Ti-ll.5Mo-6Zr-4.5Sn(b) ....... 
	690 
	100 
	620 
	90 
	0.05 
	0.10 
	0.020 
	0.35 
	0.18 
	4.5 
	6.0 
	11.5 


	(a) Semicommen:ial alloy; mechanical properties and composition limita subject to negotiation with 11.lf,pliers. (b) Mechanical properties given for annealed condition; may be solution treated and aged to increase strength. <cl Mecha.nical properties given ror 10 ution treated a.nd aged condition; alloy not normally applied in annealed condition. Properties may be senaitive to section size and proceNing. (d) Primarily a tubing alloy; may be cold drawn to increase atrengt.h. 
	,.., i=•
	.";"· •~..J# 
	Table 1 Tensile properties of annealed titanium sheet • lnftuenced by oxygen and Iron contents 
	Mu:imwn Minimwn ,impurity lell9ile Minimum yield content, 'l atre~ Rff~(a) Material (nyren Iron MP■ lui MP■ ui 
	Unalloyed Ti, grade 1 0.18 0.20 ....... 240 35 170 25 Unalloyed Ti, grade 2 0.25 0.30 ........... 345 50 Z75 40 Unalloyed Ti, grade 3 0.35 0.30 ........... 450 65 380 55 l;nalloyed Ti, grade 4 0.40 0.50 ........... 655 95 485 70 
	Ti-6Al-4V 0.20 0.30 ........... 925 134 870 126 Ti-6Al-4V-ELI 013 0.25 ........... 900 130 830 120 
	Ti-5Al-2.5Sn 
	Ti-5Al-2.5Sn 
	Ti-5Al-2.5Sn 
	0.20 
	0.50 ........... 830 
	120 
	780 
	113 

	Ti-5Al-2.5Sn-ELI 
	Ti-5Al-2.5Sn-ELI 
	0.12 
	0.25 ........... 690 
	100 
	655 
	95 

	(a) At 0.2'l offset. 
	(a) At 0.2'l offset. 
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	Figure
	Properties of Titanium Alloy Type: Ti-6Al-4V 
	From: Metals Handbook Ninth Edition Volume 3 
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	TABI,[ l Clwmlc ■ I ••,_,.,.. Heat Aaaly'lh 
	Composlllon." 
	Composlllon." 
	Composlllon." 

	Elemen1 
	Elemen1 

	Grade I 
	Grade I 
	Grade 2 

	Cubon 
	Cubon 
	0.08 mil 
	0.030mu 

	Manganese 
	Manganese 
	2 00 ma, 
	2.00mu 

	Phosphorus 
	Phosphorus 
	0.025 mu 
	0.025 mu 

	Sulfur 
	Sulfur 
	0.0IOmu 
	0.0IO mu 

	Silicon 
	Silicon 
	0.75 mu 
	0.75 mu 

	Chromium 
	Chromium 
	17.00 10 1'1.00 
	I7.00 to 1'1.00 

	Nickel 
	Nickel 
	12.00 lo 14.00 
	12.00 to 14.00 

	Molybdenum 
	Molybdenum 
	2.00 to 3.00 
	2.00 to 3.00 

	Ni1rogen 
	Ni1rogen 
	0.10 ma, 
	0.I0mu 

	Copper 
	Copper 
	0.50 ma. 
	0.50mu 

	lronA 
	lronA 
	balance 
	balance 


	A ApproAimately equal to the difference between 100 ~ and the sum percen1age of 1he other specified elements. The percentage iron conlent by difference is not required to be reported. 
	APPENDIX 
	(NONMANDATORY INFORMATION) 
	XJ. Rationale intergra.nula.r corrosion susceptibility test. Xl.4 Acceptable metal conditions supplied to the
	XI.I The pneiary reason for this standard is 10 
	XI.I The pneiary reason for this standard is 10 
	impla.nt manufacturer include hot-worked. annealed, 
	impla.nt manufacturer include hot-worked. annealed, 

	characterize composition and properties to assure 
	a.nd all cold-worked conditions, the choice dependent 
	consistency in the starting material used, directly or 
	upon the implant design and ap_plication.

	as modified by forging, in the manufacturing of 
	as modified by forging, in the manufacturing of 
	Xl.5 Upper composition lim1U for chromium a.nd

	medical devices. 
	molybdenum have been decreased to more realistic
	molybdenum have been decreased to more realistic
	Xl.2 The material has been shown to froduce a. 

	limits in order to minimize the tendency to form delta 
	limits in order to minimize the tendency to form delta 
	well-characterized level of local biologica response 
	ferrite in this material. This does not affect the nom­
	following long-term clinical use and ha.s been used a.s 

	inal a.nalysis. 
	control material in Practice F 361. The low-carbon Grade 2 is genera.lly selected to provide an extra 
	X1.6 A maximum nitrogen limit has been in­

	cluded in accorda.nce with the specified element re­
	cluded in accorda.nce with the specified element re­
	measure of assurance that the material will be free 
	quirements of similar austenitic stainless steels stan­

	from susceptibility to intergranula.r corrosion. X1.3 There is a general consensus that a homo­
	from susceptibility to intergranula.r corrosion. X1.3 There is a general consensus that a homo­
	dardized by ASTM. XJ.7 1be maximum copper value is considered a
	geneous metallur$ical structure will be superior with 
	practical limit based on a statistical evaluation of
	respect to corrosion and fatigue resistance. Based 
	commercially available material. Published infor­
	upon this, metallurgical requiremenu include fme­
	mation ha.s shown no adverse clinical effect for com­
	grained austenitic structure free of ferrite, with low 
	positions containing up to 1.0., copper contcDt. 

	micro-inclusion content a.nd capability of pa.ssing a.n 
	~ A~~wty for. Tcn~g ONI Matmals 11Jlm 110 _positiall rupttrillg 1/v -.alidily of 0/IY painu rigllls OSMr1,d in cONtttllon wUli MY ucm mcll/lOMdIII tfw nandard. Us,rs of1/w standard au uprrul_v ad,is,d tNZI ,t,r,nniNDionoftlv ,alidily oftlltJ .nodi palffll ngllls, ONI tltc risk of iltfringcmcn1 ofn,clr rigllls, or, ffllircly tltcir o..., ruponsibiliry. 
	'11w nONJard is _nd>jttl to rr,ision at _any lilM by tlrr rrspo,uiblr tttluiical co,,,,,,;11u and 1fUUl be rnirwcd everyfr,r yrars and ifno/ rr,ucd. rulvr rrappro•rd or w11lrdra'NII. Your commenls arr in,il,d rillrrr for rr•ision of tfw standard or /DI' addilio1111I nandards ONI sliould be addrrsscd to ASTM Hradq,,artrrs. Your com,rvnts will rrui,r careful co,i,si,kr01ian al a muring oftlv respo,u1blr teclui,cal commlltrr, wlr,clr you "'°?' 011md. IfyouJul tlrat JO"' comments lra,e not rttriwd a fair lrcari
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	TABLE I Med1ulcal Rrqulre-all. Wire &DIii Bar 
	Elon,1a
	-

	Ult1ma1c Tensile Yield S1rc,..u ,o 2 Bnnellr
	Duimeter or Tb1clr.ness. in uon ,n
	Cond,uon Grade S1reng1h. min. ps1 , 01Tsc1 ) . .,._ ps, Hardncu.
	(mm) 4D or 4W.
	(MPa) (MPat mu.HB
	m,n. 'l 
	Ho1-worlr.ed" 
	Ho1-worlr.ed" 
	Ho1-worlr.ed" 
	I 
	all 
	275 

	TR
	2 
	all 
	250 

	Annealed 
	Annealed 
	I 
	all 
	75 000 (SIS) 
	30 000 <lOSJ 
	40 

	TR
	2 
	all 
	70 000 (480) 
	25 0001110) 
	40 

	Cold-worked 
	Cold-worked 
	I 
	V11 10 t, (1.59 10 19. l ), incl 
	125 000 (860) 
	100 000 (690) 
	12 

	TR
	2 
	v,. 10 t, ( 1.59 10 19. I), incl 
	125 000 (860) 
	100 000 (690) 
	12 

	TR
	I 
	over'l',10 I (19.I 1025.4).,ncl 
	115 000 (790) 
	80 0001SSOJ 
	IS 

	TR
	2 
	O\'er :i-, to I ( 19.1 10 25.4), incl 
	I IS 000 (790) 
	80 0001SSO) 
	IS 

	TR
	I 
	over I 10 I1/, (25.4 10 31.8). 
	105 000 (725) 
	65 000 (450) 
	20 

	TR
	incl 

	TR
	2 
	over I to Iv, (25.4 10 31.8), 
	105 000 (725) 
	65 000 (450) 
	20 

	TR
	incl 

	TR
	over lh 10 l\li (31.8 10 38.1), 
	100 000 (690) 
	so 000 (l45) 
	28 

	TR
	incl 

	TR
	2 
	OYer I~, to 1i;, (31.810 38.l), 
	I 00 000 (690) 
	SO 000 (l4S) 
	28 

	TR
	incl 

	TR
	OYer Ii;, 10 It, (38.1 10 44.2). 
	95 000 (655) 
	45 000 (310) 
	28 

	TR
	incl 

	TR
	2 
	over Ji;, 10 1'1', (38.110 44.2). 
	95 000 (655) 
	45 000 (310) 
	28 

	TR
	incl 


	• T ~ pocall) supplied as hot-rolled bar for forgins applocat,ons 4/J = 4 x diameter: 4 M • = 4 x width. c :11-~ ',/ I 3000-kgf) load. 
	1 

	TABLE 2 Mttbanical Requiremen11. f"lne Wire 
	Condi lion 
	Condi lion 
	Condi lion 
	Diameter, in. (mm) 
	Ultima1e Tcnsilec Strength psi (MPaJ 
	Elongation in 10 in. (2S4 mm) min, 'l 

	Annealed" 
	Annealed" 
	0.002 10 0.005 (0.051 10 0.127), tncl over 0.005 10 0.009 (0.127 10 0.229), incl over 0.009 10 0.015 (0.229 10 0.38] ), incl over 0.015 10 0.020 (0.38110 0.508). incl over 0.020 to 0.025 (0.508 10 0.635 ). incl over 0.025 to 0.035 (0.635 to 0.889). incl over O.D35 10 0.043 (0.889 to 1.09), incl over 0.043 10 0.062 ( 1.09 10 1.57), incl 
	145 000 ( IIXX>) mu 135 000 (930J mu 130 000 (895) lllll l 25 000 (860) max 120 000 (825) lllll 115 000(795)max 110 000 (7601 mu 105 000 (7251 mu 
	30 30 35 • 40 40 40 45 45 

	Cold-drawn• 
	Cold-drawn• 
	over 0.020 10 0.062 (0.508 10 1.57), incl 
	125 000 10 15(1 000 (860 to 1035) 
	IS 


	A Annealed fine wire requirements do DOI apply to suture wire. Separate ASTM speafiauoru cover flexible wire for surpcal fiution of soft tissue and bone. Wire ordered in the cold-drawn condition can be supplied 10 a higher tensile strength aDd corresponding lower elongation levels as specified by the purclwcr. c Recommended crossbcad speed for annealed fine wue is 10 in./min (4.2 mm/s). Recommended crosshcad speed for cold drn,n fine wire is I ,n./min (0.4 mm/s). 
	33 
	-77
	-

	Figure
	thick.Dess, width. and length (exact. random or multiples) or print number. and 
	4.1.9 Special requirements. 
	5. Manufacture 
	5.1 Condition: 
	5. I. I Bar and wire shall be furnished to the implant manufacturer, as specified. in the bot• worked, annealed, or cold-worked condition (see Table I). 
	5.1.2 Fine wire shall be furnished to the implant manufacturer, as specified, in the an­nealed, or cold-drawn condition (see Table 2). 
	5.2 Finish: 
	5.2.1 Types of fmish available in bar and wire products are cold-drawn, pickled, ground, ground and polished, or as specified in the implant manufacturer's purchase order. 
	5.2.2 Types of finish available for fine wire products are cold-drawn, bright-annealed, pick.led, ground, ground and polished, or as specified in the implant manufacturer's pur­chase order. 
	6. Chemical Requirements 
	6.1 The beat analysis shall confonn to the requirements as to chemical composition spec­ified in Table 3. 
	6.2 Methods and practices relating to chem­ical analysis required by this specification shall be in accordance with Methods A 75I. 
	7. Metallurgical Requirements 
	7.1 The material shall contain no free ferrite phase when it is examined metallographically at IOOx magnification. 
	7.2 The microcleanliness of the steel as deter­mined by Practice E 45. Method A. except using Plate Ill. on representative billet or bar samples from the heat shall not exceed the following: 
	D Inclusion A B C (Globular Type (Sulfide) (Alumina) (Silicate) Oxide) 
	Thin LS 1.5 I.S I.S Hnvy 1.0 1.0 1.0 1.0 
	8. Mechanical Requirements 
	8.1 Material shall conform to the appropri• ate requirements as to mechanical propenies 
	F 138 
	specified in Tables I and 2. The level of me­chanical propenies for material in other than the annealed condition shall be specified in the implant manufacturer's purchase order. 
	8.2 Brinell hardness number (HB) is the pre­ferred method of reponing the hardness of hot worked material. 
	8.3 When desired, Rockwell hardness. B scale (HRB) or Rockwell hardness, C scale (HRC), limits may be specified. Hardness de­termination on cold-worked material shaU be made on a product cross section, midway be­tween the center and surface, if cross section size is adequate. 
	9. Special Tests 
	9.1 The steel shall be capable of passing the intergranular corrosion susceptibility test in ac­cordance with Practices A 262, Practice E. 
	9.1. l Samples in the hot-worked condition shall be annealed prior to Practices A 262. Prac­tice E. sensitization heat treatment. 
	9.2 The grain size shall be five or fmer when tested in accordance with Methods E 112. 
	9.2. J It is preferred that samples for grain size determination be selected after the hot­working operation or after the fmal annealing operation prior to the fmal cold-working op­eration. 
	9.2.2 If samples are selected after a fmaJ cold-working operation, transverse specimens shall be prepared. 
	9.3 Any other special requirements shall be specified on the purchase order. 
	10. Cerdficatioa I0.1 The manufacturer's cenification that the material was manufactured and tested in accordance with this specification together with 
	a repon of the test results shall be furnished at the time of shipment. 
	11. Quality Program Requirements 
	I I.I The producer shall maintain a quality program. such as defined in ASQC C 1-1968. 
	11.2 The manufacturer of surgical implants may audit the producer's quality program for conformance to the intent of ASQC Cl-1968, or other recognized program. 
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	Standard Specification for STAINLESS STEEL BAR AND WIRE FOR SURGICAL IMPLANTS (SPECIAL QUALITY)
	1 

	Tlw uandard is issued under the fixed dcsignatio'I F I)8; the number immcdia1cly followiq tb<e d~1tio11 ind1ca1es the year of ong,nahdopuon or, 111 the case of rcYll11on, the year of la.st rcvi.sion. A number i11 parenlhac:s indicates the year oflast rcapproval. A superscripc epsilon (<) indicates an editorial ch&nge 5ince the WI rcvi.sio11 or rcapproval. 
	11li1 ;p,cif1€0IIOlf "41 IMm app,o•H Jo, II.SI' b>· agenc1,s of tit, lHpamnmt of Defens, and for lin111g 111 tlll DoD htdu of 
	Spttifkauons and Sta"do,ds. 
	I. Scope 
	I.I This specification covers the require­ments for two compositions of special quality stainless steel bar and wire, except suture wire, used for the manufacture of surgical implants. 
	Non I-Exposure to temperatures above 800°f (425 °C) during fabrication may impair corrosion re­sistance unless such exposure 15 followed by a solu­tion-annealing treatment. 
	1.2 The values stated in inch-pound units are to be regarded a.s the standard. 
	l. Applicable Documents 
	2. t ASP.I Standards. 
	A 26:? PractJCes for Detecting Susceptibility 10 lntergranular 1~t1ack in Austenitic Stainless Steels: 
	A 484/A 484M Specification for General Re• quirements for Stainless and Heat-Resisting Bars. Billets and Forgings
	3 

	A 555/A 555M Specification for General Re• quirements for Stainless and Heat-Resisting Steel Wire and Wire Rods~ 
	A 7 51 Methods.. Practices. and Definitions for Chemical Analysis of Steel ProductsE 45 Practice for Determining the Inclusion Content of Steel' E 112 Methods for Determining Average Grain Size' 
	1 

	F 361 Practice for ,\ssessment of Compatibil­it~ of Metallic Materials for Surgical Im­plants wrth Respect to Effect of Materials on Tissue" 
	~--:? Anwr1can Sone1r fi,r Qua/ur Control rASQC) Srundard C 1-1968 Sperification of General Require-
	men ts for a Qualit} Program 
	7 

	J. General Requirements for Delivery 
	3.1 In addition to the requirements of this specification, all requirements of the current edi­tions of Specifications A 484/A 484M and A 555/ A 555M shall apply. 
	3.2 
	3.2 
	3.2 
	In the case where a conflict exists be· tween this standard and those listed in 2.1 and 2.2, this standard shall take precedence. 

	4. 
	4. 
	Order Information 


	4.1 Inquiries and orders for material under this specification shall include the following infonnation: • 
	4.1.1 Quantity (weight or number of pieces), 
	4.1.2 Grade ( I or 2), 
	4.1.3 ASTM designation, 
	4.1.4 Form (bar, win:, fi.ne wire), 
	4.1.5 Condition (see S.l), 
	4.1.6 Mechanical properties (if applicable, for special conditions), 
	4.1.7 Finish (see 5.2), 
	4. 1.8 Applicable dimensions including size, 
	' Th,s spec1fu:a11on is under the jurischC'lion of ASTM Com­mmtt F-4 on Medical and Surpcal Mamials and Drv1t'r'l and is tht dirt'('I rnpon,ibili1, of Subcommitttt F04.0~ on Rt­sourCC"S. 
	Currt'nt <d1t1on appro,ed "4an:h 26. 198:?. Published Ma, I98:? Ong,nall~ published as F l 38 -71 Last previous edition F 138-76. 
	'Annu<JI 8,~,I, ,J/ ASTM S1aNiards. Vol 01.03. 
	• 4nm1<JI B,,,,J; o(.fST.\f S1ondards, Vol 03.03. 
	' lnnu<JI 8ml. of ~ST.\! s,a,,d<Jrds. Vol 03 05. 
	' lnm,.,/ B,,,,i. a/ fST.\I s,.,lfd,Jrd.,. Vol 13.0 I. 
	'Available from Amrncan Soc,ct> for Quality Control. 161 "' Wisconsin .._,e.. Milwauktt. WI 5320.\ 
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	Figure
	p.l.l 
	T.W.6(1111.._■ 1 ..) 
	Temile O.&yield Elon1•· Reduction ASTM Product atn!n,th •1.ten,th don, in area, Hanlneu, •pecift•form<a) Condition MPa lui MPa lui % HRB cation
	"'· 
	Type 318L (UNS 831803) 
	B Hot finiehed and annealed ...... 480 70 170 25 40 50 A276 B Cold finished(b) and annealed ...... 620 90 310 45 30 40 A276 B Cold finished(c) 
	and annealed ...... 480 70 170 25 30 40 A276 w Annealed .......... 480 70 170 2S A580 w Cold finished ....... 620 90 310 45 A580 
	n.3( i, 35 
	Typical Physical Properties of Sta~nless Steels. Amw_aled Condition 
	·u 
	T ,·p,· UNS Ut:!signation Magnetic Permeabillty(b) Melting Range
	-.J 
	Dens!ty 

	3 
	oc OF
	...... 
	(Mg/m) (lb/in ) 1.02 1400-1450 2550-2650
	(Mg/m) (lb/in ) 1.02 1400-1450 2550-2650
	3161 S31603 8.0 0.29 

	Figure
	Resistance of Standard Types of Stainless Steel to Various CJaseee of F.nvironmente 
	Type 
	Type 
	Type 
	Mild At.nxlephere & Fresh Water 
	Atm:::isi;here Salt Industrial Marine Water 
	Mild 
	Qiemical Oxidizing Reducing 

	316L 
	316L 
	X 
	X 
	X 
	X 
	X 
	X 
	X 


	p.11 
	p.15 
	Table S (conttnueclJ 
	Diameter 
	mm m-en,tb
	Tenli.le 

	in. 
	MPa bi 
	Types 305 and 316 Up to 0.25 Over 0.25 to 0.38 Over 0.38 to 1.04 Over 1.04 to 1.19 Over 1.19 to 1.37 Over 1.37 to 1.58 Over 1.58 to 1.85 Over 1.85 to 2.03 Over 2.03 to 2.34 Over 2.34 to 2.67 Over 2.67 to 3.05 Over 3.05 to 3.76 Over 3.76 to 4.22 Over 4.22 to 4.50 Over 4.50 to 5.26 Over 5.26 to 5.72 Over 5.72 to 6.35 Over 6.35 to 7.92 Over 7.92 to 12.68 Over 12.68 
	Up to 0.010 ..................... 1689 to 1896 
	Up to 0.010 ..................... 1689 to 1896 
	Up to 0.010 ..................... 1689 to 1896 
	245 to 275 

	Over 0.010 to 0.015 .............. 1655 to 1862 
	Over 0.010 to 0.015 .............. 1655 to 1862 
	240 to 270 

	Over 0.015 to 0.041. ............. 1620 to 1827 
	Over 0.015 to 0.041. ............. 1620 to 1827 
	235 to 265 

	Over 0.041 to 0.047 .............. 1586 to 1723 • 
	Over 0.041 to 0.047 .............. 1586 to 1723 • 
	230 to 260 

	Over 0.047 to 0.054 .............. 1551 to 1758 
	Over 0.047 to 0.054 .............. 1551 to 1758 
	225 to 255 

	Over 0.054 to 0.062 .............. 1517 to 1724 
	Over 0.054 to 0.062 .............. 1517 to 1724 
	220 to 250 

	Over 0.062 to 0.072 .............. 1482 to 1689 
	Over 0.062 to 0.072 .............. 1482 to 1689 
	215 to 245 

	Over 0.072 to 0.080 .............. 1448 to 1655 
	Over 0.072 to 0.080 .............. 1448 to 1655 
	210 to 240 

	Over 0.080 to 0.092 .............. 1413 to 1620 
	Over 0.080 to 0.092 .............. 1413 to 1620 
	205 to 235 

	Over 0.092 to 0.105 .............. 1379 to 1586 
	Over 0.092 to 0.105 .............. 1379 to 1586 
	200 to 230 

	Over 0.105 to 0.120 .............. 1344 to 1551 
	Over 0.105 to 0.120 .............. 1344 to 1551 
	195 to 225 

	Over 0.120 to 0.148 .............. 1276 to 1482 
	Over 0.120 to 0.148 .............. 1276 to 1482 
	185 to 215 

	Over 0.148 to 0.166 .............. 1241 to 1448 
	Over 0.148 to 0.166 .............. 1241 to 1448 
	180 to 210 

	Over 0.166 to 0.177 .............. 1172 to 1379 
	Over 0.166 to 0.177 .............. 1172 to 1379 
	170 to 200 

	Over 0.177 to 0.207 .............. 1103 to 1310 
	Over 0.177 to 0.207 .............. 1103 to 1310 
	160 to 190 

	Over 0.207 to 0.225 .............. 1069 to 1276 
	Over 0.207 to 0.225 .............. 1069 to 1276 
	155 to 185 

	Over 0.225 to 0.250 .............. 1034 to 1241 
	Over 0.225 to 0.250 .............. 1034 to 1241 
	150 to 180 

	Over 0.250 to 0.312.............. 
	Over 0.250 to 0.312.............. 
	931 to 1138 
	135 to 165 

	Over 0.312 to 0.499.. . . . . . . . . . . . . 
	Over 0.312 to 0.499.. . . . . . . . . . . . . 
	793 to 1000 
	115 to 145 


	Over 0.499 . . . . . . . . . . . . . . . . . . . . . Consult producer 
	p.73 
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	Caapoeitiai of standard stainless steels 
	p.S 
	Type 
	Type 
	Type 
	UNS# 
	Canpoeitiai,%(a) 

	TR
	C 
	& 
	Si 
	Cr 
	Ni(b) 
	p 
	s 
	Others 

	316L 
	316L 
	531603 
	0.03 
	2.0a 
	l.Ba 
	16-18 
	10-14 
	0.045 
	0.03 
	2.0-3.etto 


	"9. 2 Paafly relatloMWps for •tanclarcl antenltk atalnl••• dMls 
	,-----, ~--' :117 Mort Mo&Cr llddedl0< l:lllmr corrosion rnts:unca $31700 ,.:a Mo~ toincr_,°"rttis ·-on t1nce S31600 ,----'-1-.....1,--1 317L l 11L C r..suc.d Craducacl for bmer for 1:111ffllr Mldint charKffl· ieticl 531103 WIidine ....chwact istia $31803 I ILNl1 Cr..iuc.d N lddtd ID incrHN lltNnflh ; 3028 Si lddld toinc:r,... IIClline rtlislllnca $30215 ~ I-30IS Cr&Ni inc<t&Md for 11qt ,..;-$30900 $30905 310 310I Mon C,6Hi to,....., bmer Met ~ $31000 $31001 I 114 Si incntllNd for higl,ffl heat,.._ $31400 .
	311F 
	S6P ~to 
	iffll)<Off l'I\Khinabili~ ~1620 
	311N N added to incte.. 1tr1119th S31651 
	321 
	C, incre...ed 
	6 Ni,,. duc::ed for lltrlll· 
	corrOMon 
	croclti"'l f'ftlstanot S32900 
	330 
	Ni ldded 
	10 nttillt carburization 
	• therm.i 
	tl,odt "08330 
	p,72 
	Figure
	Properties of Stainless Steel Type: 3161 
	From: Metals Handbook Ninth Edition Volume 3 
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	1' ii J; • 
	5 2 Hardness: 
	5.~ I ~1atenal conforming to this specilica1mn l\p1cally "''II ha~e Rockwell C-Scale hard­n,•v, ,,f 2, 10 .15 HRC as in the as-cast condition. The hardness de1ermmation shall be performed in a,:..:1,rdance "-llh Methods E 18. 
	-

	5 2.2 Hardness values are for guidelines only. and shall not be used as a criteria for rejection. 
	6. Certification 
	6.1 A cenilication shall be provided by the manufacturer of the material that the material was manufactured and tested in accordance 
	TABLE I Cliaakal R,equlremet1ts 
	Compmiuon. ~ 
	Elcmen1 
	!IUD 
	Chromium 270 Molybdenum 5.0 N!Clr.d Iron Carbon S1hcon 
	Mangaoae 
	mu 
	3000 7.00 LOO 0.75 0.35 1.00 1.00 
	Cob.all b,al&J:ICC balance 
	F 75 
	w11h this specificauon. A repon of 1he test results fhall be furnished at the tune of ship­ment. 
	7. Quality Program Requirements 
	7. I The producer shall maintain a quality program. such as. for example. is defined in ASQC Cl-1968. 
	7.2 The manufacturer of surgical implants ur medical appliances shall be assured of the producer's quality program for conformance to the intent of ASQC C 1-1968 or other recog• nized programs. • 
	TABLE 2 Pro.tucr A■ alygs TolttaDCes·• 
	Element 
	Chromium Molybdenum 
	Nickel 
	Iron 
	Cubon 
	S11i~-on 
	Manganae 
	Toleruc;i: Under the M,n,mum L,m11 or 0.cr the Mu1mum L,mn• 
	O.JO O IS 005 003 0.02 0.05 0.0) 
	A Refer 10 AMS StanJard 22«>91 for Chemical Chcd Analy51> Lim11s. 
	• For elements v;herc only a mu1mum percentage e indicated. the "under m1n1mum h111.11·· is DOI applicable. 
	TABLE l As-Cut Medlaakal ~Requw-cs Propeny 
	Ten.sile auengtb. min, pa1 (MPa) 9S 000 (f>SS) Yield suenglb (0.2 I, offset). aun. pai 65 000 (4S0) 
	(MPal Elonga1io11, mill. , 8 llcclud.iOD of ate&. IJlia. 'I 8 
	\ 
	APPENDIX 
	(NOIIIDUldatory Information) 
	XI. RATIONALE following long term clin.ica.l use and has been 11.sed lll . • controlled matenal in Recommended Practice F 361. 
	X1.1 The pnmary reason for this standard is to XU Upper compos111on limits for nickel have charac1enze c:omposiuon and propenies 10 assure been decreased to realisuc limits practiced by indus­consistency ill the staning material used in the man­try. ufacturing ofon.bopedic implants. Xl.4 The upper limit for the b.ardness bu bea 
	X1.2 The matent.l bas been shown to produce a increased to realistic limits for I.be material havin! well level of local b1ologica.l response: chemical composiuon on the upper side of the liJiuL 
	charactenz.cd 

	r,., ◄ m,mc"" , r..,,i11g a1td Ma/l!Tl(l/J "'""' "" pasu,011 '"'P""'"" ,1r.. •alidir.v of 41!1' paunt rig/111 ,JSJ<frtt'd .. co1111,c110" ,. • .,,. 0111 IIC'm mr11110,r,f'd in 1/tu !tandortl Vur, oftlus ttmodardau""P'""'•·ad,,udtlwt «1,-,,,,,.011011 of1/11 •alui,n o/""' .,,,,1, pawu r,,:lus. ,,,.d ,,.., ruk. ofinfr,nt.""'""' of¥Wit r,gl,u, arr ,,.,.,.,fr ,1,.,,, o"" ,.,spo,u,b,lu.¥. 
	s«-,,.10

	Tltu fl"ttdard u n.hJl'<t 10 r~vu101t at anr ,,,,., b.~· tltr r#tpo,,nhl# lttltn,cfJI <omm,11,, Qnd ,,nu, k rt''llf'M"l'd ,,rr,:five won 1.1,tJ I/ 1h11 rri·ttrd. nllwr ,,appro11t'do, •uJltU,~•11. Yowr C'omnvnll or# lnfll,d ,.,,Jt,rJor rruswn uf1lu.s JWJtdord orfor addwo,vJ """dardr <Jnd ,ltotdd ~ add,.,s,,d10 ASTM Ht'adqvort«'n Y""''""'"'"'"' • Iii rtU1•~, ~rrjul co,w,hnm,o" at II muung oftlw ,,.,purrnhlrtl!rltnw:ol <OMMIIIU. •·lt1d1 row mar 1Jllt'"4. f/H>w {<'l!I 1lia1 ,·owr comm,111.< Ila•~ 110( ,..,.,,..
	14 
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	Figure
	IL X i 'I' 
	~~n, 
	Designation: F 7S -82 
	Standard Specification for CAST COBALT-CHROMIUM-MOLYBDENUM ALLOY FOR SURGICAL IMPLANT APPLICATIONS
	1 

	Thu s1andard l.S issued ynder the fixed dcs1gna11on f 75. the number ,mmed,.ttcl~ follow111g the des1goa11on 1nd1ca1es 1hc ~ear of ong,naJ adop11on or. in 1hc ~ of rcns,on. 1bc ~car .:,f la.1 rcns,on A number 1n pareothocs 1nd1ca1es 1bc year c>f iast rcapprov-.l A superKnpt epsilon It) 1ndica1es an cduonal change since tbc la.s1 revision or rcappro•aJ. 
	t. Scope 
	1.1 This specification covers the require• ments for cast cobalt-chromium-molybdenum alloy. shot. bar. or ingot for surgical implant applications. 
	1.2 The values stated in inch-pound units arc to be regarded as the standard. 
	2. Applicable Documents 
	2.1 .~ST\/ E 8 Methods of Tension Testing of Metallic Materials~ 
	Srandarr.lr 

	E 18 Test Methods for Rock.... ell Hardness and Rock\l,ell Superficial Hardness of Metallic Materials: 
	E 354 Methods for Chemical Analysis of High• Temperature. Electrical. Magnetic. and Other Similar Iron. Nickel. and Cobalt AlloysJ 
	F 361 Practice for .\ssessment of Compatibil­ity of Metallic \faterials for Surgical Im­plants 1.1,1th Respect to Effect of Materials on Tissue' 
	2.2 Ameru·an Socierr ru, Q11ali1_1· Cun1rul Standard: 
	ASQC Q-1~ 6enerat, a. Quality Program' 
	R-equW4ftl.C~.J.oi., 

	J. Ordering Information 
	3.1 Inquiries aad orders for material under this specification shall include the _following lllfonnation: 
	3, l. l Quantity (weight), 
	3. 1.2 ASTM designauon. 
	3.1.3 Mechanical propenies (if applicable). 
	3.1.4 Form (shot.. bar. ingot), 
	3.U Applicable dimensions or print num­
	ber, 3. 1.6 Condition. 
	3. I.7 Special tests, and 
	3.1.8 Other requirements. 
	4. Chemical Requirements 
	4.1 The heat analysis shall confonn to the requirements as to chemical composition pre­scribed in Table I. The product analysis toler­ances shall conform to the requirements pre­scribed in Table 2. 
	4.:? For referee purposes. Methods E 354 shall be used. 
	S. '.\lechanical Requirements 
	5.1 Trnsih' PropertieJ.· 
	5.1.1 Tensile properties shall be determined in accordance with Methods E 8. 
	5.1,:? Tension specimens shall be melted and cast from the metal under test by the same gen­eral procedure used in casting surgical implants and shall be in accordance wtth the 1,-in. (6.35mml diameter specimen in Fig. 8 of Methods E 8 which may have a ground finish on the reduced sect1vn. 
	1
	-

	5. I.3 A minimum of two test sp«imens shall be tested. If one specimen falls below the sp«• ified tensile requirements or breaks outside the gage limits, two additional specimens shall be tested and both must pass. V "' •• • 
	5.1.4 The material shall conform to the re­quirements as to mechanical propeny pre­scribed in Table 3. 
	' Tlus spc:c,riouon is uadcr the 1unsdicl1on of ASTM Com• m111cc F-4 on Medical and SurgJnl M•terials and DeVlCCS. and ,s the d1rttl responsibility of Subcommtllff F04.20 on Re­sources. 
	C urrcnl cdlllon appco•ed Sow. 26. I9U. Published April I'IM,l. On11nally publ!Ohed as F 75 -67. Last i,n:•ious ed!uon F 75 -76 
	• ~111111al &l<lk uf.fSTM SJandarJs. Vol 13.01. 
	''lva,l.iblc from Amcnain Society for Q,,ahty Conuol. 161 W<'II W,sconsm Ave.. Milwaukee. WI 53203. 
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	Figure
	Figure
	MATEBIALS USED 
	C',cmoc,n materials used for each oarrponent in each system is listed in each section representing each joint. These partia.ilar materials listed in the follow-ing pages are those that meet the specifications by the government and have been approved by most manufacturers. A description of each material xeroxed from a few sources is hopefully adequate for the p.irpoees of the Aviation Security Division. 
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	Figure
	J .!. • • 
	NOO-JOINT REPLACEMENT DEVICES 
	Joint replacement sys'telm! accOW'lt for only a part of surgical implants found on a body. Metal rods, ooth permanent and temporary con be found inside and along a oone. Staples and pins as listed in the catalog made available by Howmedica can be found in many places. Paraplegics often have a spine full of this kind of metal, the spine being a very sensitive component of the body which is one of the only components irreplaceable. As mentioned. earlier, supply is reliant on demand. If there is a demand, it w
	Dow Corning Wright: 
	"There are many internal fixation devices sold such as bone plates, oone screws, pins and wires, intramedullary rods, spinal fixation and others that we do not manufacture rut are sold by other companies." 
	Ronan Medical Clinic: Starr-Edwards Report al:x::,ut Heart Valves 
	Howmedica: 
	Howmedica: 
	Howmedica: 
	1987 Annual Product Catalog 

	Synthesis: 
	Synthesis: 
	Catalog, Original Instruments, of the Swiss Association for the 

	TR
	Study of Internal Fixation. 
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	Figure
	• T 
	EATON TRAPEZIUM FINGER JOINT REPLACEMENT e 
	Figure
	Eaton Trapezium Implant* 
	A one-piece, high-strength silicol'le 
	elastomer spacer used for replace-­
	ment of the trapezium bone. Pro­
	vides an articular surface for the 
	scaphoid bone for restoration of 
	thumb function. A slip of the 
	abductor pollicis longus (APL) 
	tendon is passed through the hole 
	in the body of the implant to anchor 
	the implant. Packaged sterile. 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Size 
	Trial No. 

	1167-00 1167-10 
	1167-00 1167-10 
	Std. Small 
	2959-00 2959-10 


	j 
	I

	'Designed by Richard Eaton, M.D . 
	• 
	• 
	-E6
	-

	eDePuy 
	• " 
	.. 
	. . 
	NEW JERSEY HEMI-ARTHROPLASTY SHOULDERe 
	Cat. No. 
	Figure

	C Section DD 
	A 
	1158-02 1158-04 1158-()6 1158-o& 1158-10 1158-12 
	Humeral Component 
	Functions as an articular replace,, ment for the humeral head, pro­vides maximum range of molion and secure fixation. Orthochrome~ 4,/2 " (112mm) stem length (A). 
	7
	1

	Head 
	Stem Head 
	Height 
	Size Size 
	8 
	C in. 
	mm 
	In. 
	mm 
	mm 
	in. 

	mm 
	Trial No. 
	Figure

	s;,,
	11/, 
	44 
	19 
	8 
	2858-02
	'I, 
	,,,, 
	44 
	19 
	10 
	2858-04
	¾ 
	"l:12 
	44 
	19 
	2858,06
	1¾ 
	13
	¾ 
	'h 
	52
	2½, 
	22 
	•1,. 
	8 
	2851J.-O& 2'/,1 
	'" 
	52 
	52 
	22 

	10 
	2858-10 !
	7" 
	'½2 
	!
	2'/,, 2252 13 2858-12
	½
	'" 
	Instrumentation 
	Figure
	Protractor 
	2204-10 Small 2204-12 Large 
	Figure
	Rasp 
	2858-14 8mm 2858-16 
	10mm.
	2858-18 13mm 
	X-ray Overlay 2990-52 
	• 
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	eDePuy 
	T • 
	• I 
	54 
	Cont'd.• 
	PRITCHARD TOTAL ELBOW SYSTEM 

	II!!!! (t !!!!!!!1!!!!11! 
	....,, 
	Mark II Total Elbow, Complete 
	U.S. Patent No. 3,990,117 
	Designed lor use with or without 
	humeral condyles. Used as a 
	primary or revision prosthesis. 
	Hinge design allows lor 5°-7° of 
	medial lateral laxity and 5° 
	rotation. Forces are transmitted to 
	surrounding soft tissues and bone 
	rather than to the cement/stem 
	interface to help prevent loosening 
	ol the stems. Orthochrome® 
	humeral and ulnar component 
	and parts, UHMWPe hinge pin 
	assembly. Packaged sterile. 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Size 
	Trial No. 

	1192-06 
	1192-06 
	Small, Right w/Curved Humeral Stem 
	2936-06 

	1192-08 
	1192-08 
	Small, Left w/Curved Humeral Stem 
	2936-08 

	1192-10 
	1192-10 
	Std., Right w/Curved Humeral Stem 
	2936-10 

	1192-12 
	1192-12 
	Std., Left w/Curved Humeral Stem 
	2936-12 

	1192-14 
	1192-14 
	Pin Assembly 
	2936-14 


	Mark II Pin Assembly 
	1192-14 
	Available as a separate set for use 
	with the individual humeral and ulnar components to make a complete elbOw. Can also be used as a back-up in the event the bushing and poly pin become contaminated. Orthochrome® pin, UHMWPe bushing and pin jacket. 
	-

	Ulnar Rasp 
	Used to prepare the ulnar canal for the Mark II ulnar component. 
	2915-00 Std. 2915-08 Small 
	\\ 
	~ 
	Humeral Reamer 
	2894-00 
	Prepares the humeral canal for the small and standard Mark II. 
	Mark II Humeral Component 
	Used with Mark II Total Elbow. An extra bushing is packaged with • every humeral component. 61/2 • (166mm) stem length, 11/32" (26mm) width at condyles. 
	cat. No. 
	cat. No. 
	cat. No. 
	Size 
	Trlal No. 

	1192-11 
	1192-11 
	Curved, Small 

	1192-18 
	1192-18 
	Straight, Sid. 
	2936-18 

	1192·20 
	1192·20 
	Curved, Std. 


	Ulnar Component 
	Used with both Mark II Total Elbows. 
	1191·20 Small, Right 
	1191-22 Small, Left 
	1191-22 Small, Left 
	Figure

	1191•24 Std., Right 

	1191-26 Std., Left 
	• 
	Instrumentation 
	Pin Seating Forceps -Mark II 
	:::==-•c 
	2894-10
	Used to snap pin together in Mark II prostheses. The poly sleeve half of the pin is inserted from either side and the metal stem is inserted from the other side of the humeral component. The forcep is then used to ensure that !he snap fit interlock occurs. 
	= 

	X-ray Overlay 
	2990-14 Straight Stem 2990-19 Curved Stem 
	• 
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	PRITCHARD TOTAL ELBOW SYSTEM 
	111 
	ERS

	Humeral Component with Porocoat® ERS"' Ulnar Component with Porocoat'!' 
	~ 
	Table
	Cat. No. 
	Cat. No. 
	Description 
	Trial No. 

	1192-33 
	1192-33 
	Universal, Std. 
	2292-33 

	1192-34 
	1192-34 
	Universal, Large 
	2292-34 

	1192-35 
	1192-35 
	Left, Std. 
	2292-35 

	1192-36 
	1192-36 
	Left, Large 
	2292-36 

	1192-37 
	1192-37 
	Right, Std. 
	2292-37 

	1192-38 
	1192-38 
	Right, Large 
	2292-38 



	, 
	Table
	Cat. No. 
	Cat. No. 
	Description 
	Trial No. i I 

	1192-30 
	1192-30 
	Left 
	2292-30 I 

	1192-31 
	1192-31 
	Right 
	2292-31 



	111 
	ERS

	Ulnar Bearing 
	Figure
	Cat. No. 1192-40 1192-41 1192-42 1192-43 1192--44 1192-45 Description I mm Trlal No. 1 Left, 10 2292-40 Left, 12 2292-41 Left, 14 2292-42 Right, 10 2292-43 Right, 12 2292--44 Right, 14 2292-45 
	Cat. No. 1192-48 1192-49 1192-50 1192-51 Description mm Trial No. 8 2292-48 10 2292-49 12 2292-50 14 2292-51 
	Instrumentation 
	X-ray Overlay 2990-15 
	Humeral Saw 2292-60 
	Fits Stryke,. reciprocating saw. 
	Humeral Saw Guide 2292-62 
	Humeral Cutting Guide 2292-64 Left 2292-65 Right 
	I 
	\ 
	. . -.
	·--,r,•.e,-_~H,.. 
	----
	~ 
	Humeral Impactor 

	2292-66 
	Ulnar Rule 
	\ 

	2292-68 
	Figure
	Bearing Seating Forceps 
	2292-70 
	Figure
	Radial Driver 
	2292-72 
	Porocoat® is protected by U.S. Patent No. 3,855.638 and foreign patents. 
	Figure
	Figure
	--__ r.:,1_ 
	Figure
	JOINT REPLACEJ1ENl' SYSTmS cam.) 
	Dow Cornina Wright Materials Used Silicon 
	Weight Weight varies from a few ounces to 1 1/2 lX)IJJ'lds DeD1:x Average Estimated We;iaht 
	SHOOLDER 
	BROCHURES AVAILABLE FRO!: Dep.zy (Xeroxes on pages 63 &64) 
	~ 
	Averae Estimated We;iaht Shoulder(total) 177 g 
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	Figure
	JOIW' REPLAc»JEW' SYSTRJS 
	D;;>w Coming Wright 
	Materia 1 s Used 
	Silicon Weight weight varies from a few ounces to 11/2 pcunds 
	BRCCHURES AVAILABLE FRCtf: Dow C,oming Wright [bw Comina Wright 
	Materials Uaed 
	Silicon Fhysica,1 Size 
	See Brochure 
	Weight Varies from a few ounces to 1 1/2 pounds 
	Figure
	BRO:JruRES AVAILABLE FRCtf: Dow C,oming Wright 
	Dep.iy 
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	Figure
	JOINT REPLACFl1ENT SYSl'Fl'JS CWiT, l 
	Figure
	BROCHllRES AVAILABLE FRCM: Depuy (xeroxes from ca:tal<:€ oo page 65) 
	Figure
	BROCHURES AVAILABLE FRCM: Dow Cbrning Wright Depuy (xeroxes from catal(:€ oo page 61 & 62) 
	taf Q::>mi;ng Wright Elbow-"consists of humeral and ulnar ccmp:,nenta" Physical Size Elbow humeral -approximately 4" X 1" X 1" Elbow ulnar -approximately 2 1/2" X 1" X 1 1/2" Weight few ounces to 11/2 pounds 
	~ 
	Am>rnximate AvertMte Weiabt 
	Elbow (total) 1.04 g 
	FIOOERS 
	BROCHllRES AVAILABLE FRCM: Dow Cbrning Wright Depuy 
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	JOINT REPLAGRJENT SYSTFMS 
	More literature is found from more manufacturers on knee and hip replacement systems than on any other replacement system because of the frequency of use. For the most variety of implants, catalogs proved to be roost useful. The Depuy catalog provides dimensions, styles, and descriptions clearly. For this reason I have included xeroxed pages from this catalog in my report. It offers literature on hips, knees, fingers, shoulders, ankles and ellx>w replacement systems. These xeroxed pages are following the ne
	-57
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	Figure
	52 
	Cont'd.• 
	TOWNLEY TOTAL KNEE SYSTEM 

	Arizona Condylar Tlblal Plateau 
	Figure
	Townley Angle Guide 
	\ 
	\ 
	• 

	Employed for accurate correction of varus/valgus deformity due to femoral condyle deficiency. 
	2932·00 Angle Guide 2932-10 Angle Guide (Mechanical) 
	Townley Multi-Purpose Instrument 
	Functions as a measuring d8Yice, 
	positioner, template and marker. 
	Accurately delineates condylar 
	cuts to assure a precise, stable 
	femoral component fit. 3/pkg. 
	Replacement 
	Replacement 
	Replacement 

	cat. No. 
	cat. No. 
	Size 
	Blades 

	2193-GO 
	2193-GO 
	Ex. Small 
	2193-10 

	2195-00 
	2195-00 
	Small 
	2195-10 

	21M-00 
	21M-00 
	Medium 
	21M-10 

	2197-00 
	2197-00 
	Large 
	2tt7-10 

	2899-00 
	2899-00 
	Ex. Large 
	2l9t-05 


	Femoral Pusher 
	J 

	,:__ .. _,, . 
	2898-00 Std. 
	2898-02 Ex. Large 
	Figure
	Replacement Delrin Insert 
	2898-10 Std. 2898-12 Ex. Large 
	X-ray Overlay 
	X-ray Overlay 
	X-ray Overlay 

	2990-24 
	2990-24 
	Townley Femoral 

	2990-48 
	2990-48 
	Arizona Tibial Plateau 


	• 
	U.S. Patent No. 4',257,129 
	Atotal tibial plateau which permits retention of the posteriOI' cruciate ligament and is especially designed 
	10 accommodate anatomical and 
	pathological variation, through interchangeable metal retainers and polyethylene bearings. U1ilized with the Townley femoral components. UHMWPe tibial inserts, packaged sterile. Orthochrome'I tibial retainer. clip and pin tibial retainer. 
	-

	cat. No. 
	cat. No. 
	cat. No. 
	Size 
	Stem LengthA mm 
	Plateau Width a mm 

	11111-01 
	11111-01 
	Small, Std. Stem 
	38 
	85.5 

	11111-(12 
	11111-(12 
	Small, Long Stem 
	75 
	85.5 

	1188-03 
	1188-03 
	Medium, Sid. Stem 
	38 
	71.5 

	1111,0,1 
	1111,0,1 
	Medium, Long Stem 
	75 
	71.5 

	1111-0S 
	1111-0S 
	Large, Std. Stem 
	38 
	78.0 

	11'8-08 
	11'8-08 
	Large, Long Stem 
	75 
	78.0 


	Instrumentation 
	Anterior Femoral Chisel 
	2899-20. 

	Chisel with guide spike extending 
	Chisel with guide spike extending 
	from the cutting edge which is 
	used when resecting the anterior 
	portion of the femoral condyles. 
	~ 
	~ 'i"
	... 
	.. .'f 
	Figure
	51 
	TOWNLEY TOTAL KNEE SYSTEM 
	Femoral Component with Po~ 
	The Townley FefflOfl.l componen( 
	is designed to resurface the~ 
	erated articular sur1aces of the 
	femur. The system is designed 110 
	proYide five widths ot proslhesis tor 
	more accurate anatomical fit. The 
	grooved patello-femoral flange pro­
	vides for improved tracking and 
	stability of patello-lemoral articula­
	tion. Orthochromell, packaged 
	sterile. 
	Figure
	Butterfly Patella Component 
	• 

	.. 
	■ la The "butterfly" design provides increased contact area to reduce surface stress. It provides more accurate patellCHemoral articula• tion and the three available sizes 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Size 
	MIL A mm 
	A/P8 mm 
	-n-t1INo. 

	1111-00 
	1111-00 
	Ex. Small, Right 
	82 
	32 
	2137.(11 

	1111-07 
	1111-07 
	Ex. Small, Left 
	82 
	32 
	29374' 

	1111-01 
	1111-01 
	Small.Right 
	82 
	40 
	2137-10 

	1111-02 
	1111-02 
	Small, Left 
	82 
	40 
	2137-12 

	1111-43 
	1111-43 
	Medium, Right 
	88 
	44 
	2937-14 

	1111"°4 
	1111"°4 
	Medium. Left 
	88 
	44 
	2937-11 

	1111-0S 
	1111-0S 
	Large, Right 
	74 
	49 
	2137-11 

	1111.(11 
	1111.(11 
	l.11.rge. Left 
	74 
	49 
	2937-20 

	1111-ol 
	1111-ol 
	Ex. Large. Right 
	80 
	54 
	2137-22 

	1111-49 
	1111-49 
	Ex. Large. Left 
	80 
	54 
	2937-24 

	1111-10 
	1111-10 
	Std.,Small 
	82 
	40 
	zt3G.10 

	1111-12 
	1111-12 
	Std.. Medium 
	88 
	44 
	2130-12 

	1111-14 
	1111-14 
	Std.. Large 
	74 
	49 
	2930-14 


	Figure
	permit more precise conformance IO anatomic requirements. UHMWP9, packaged sterile. 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Detcnptlon 
	11/LA mm 
	ThlckneM 8 mm 
	H4?ht mm 
	'D'lalNo. 

	1111-40 1111 ◄1 1111 ◄2 
	1111-40 1111 ◄1 1111 ◄2 
	Small Medium Large 
	34 37 39 
	7 9 10 
	22 24 25 
	2157-10 2157-11 2957-12 


	Universal Patella Component 
	Spherical design allows ease of 
	insertion. This component iS 
	compatible with all Townley 
	• Anatomical Femoral Components. UHMWP9, packaged sterile. 
	Ja 

	Cat. No. 
	Cat. No. 
	Cat. No. 
	Description 
	M/LA mm 
	Thlclulna 8 mm 
	-n-tal No. 

	1111--M 
	1111--M 
	Unlvwsll 
	35 
	• 
	2fl4.0CI 


	NOTE: TM unMtl'UI palilla and Townley patella ml.Ill only bt UNd 
	• 
	Figure

	with I ICCII knet p,ochNil with • patellar llangl. The unive!MI 
	patella and tht Townley patella must not be anow.d 10 lrticulate 
	against bone o, cartilage. 
	~is protected by U.S. Patent No. 3.855.638 and foreign patents. 
	Figure
	i. • 
	50 
	Cont'd.• 
	SYNATOMIC~ TOTAL KNEE SYSTEM WITH POROCOATf> 

	Contained Tlblal Plateau Template 
	2898-40 Small, Medium 2898-41 Large, Ex. Large 
	Figure

	Contained Tibial Plateau Impactor 
	......._ 
	2898-58 
	Contained Tibial Plateau Insert Replacement " 2898-59 
	2889-02 
	Figure
	Instrumentation Standard Tibial Plateau Template 2898-30 Small, Medium 2898-31 Large, Ex. Large 
	Figure
	Standard Tibial Plateau Punch 
	2898-32 
	Standard Tibial Plateau Impactor 
	2898-33 
	c;;r 

	Standard Tibial Plateau Insert Replacement • 2898-34 
	2889-18 
	-iii----... 
	2889-20 
	2889-20 

	_, 
	2889-22 
	2889-24 
	-

	-
	Figure
	2889-26 
	FIRSr Instrumentation for Total Knee Arthroplasty 
	The FlRST System takes full ad• vantage of the surgeon's judgment 
	•
	in evaluating the complex three­
	dimensional problems associated 
	with knee mechanics, one dimension 
	at a time.. while holding the limb in 
	anatomic alignment with stable in­
	strumeru. The system consists of six 
	instruments numbered according 
	to the order in which they are used, 
	and a special rasp. 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Deacrlptlon 

	2119-02 
	2119-02 
	Tlbiai Cutting Guide (right, left) 

	21114M 
	21114M 
	Tenser 

	211t-Oe 
	211t-Oe 
	Oillal F-emoral Cutting Guide 

	2111t-Oe 
	2111t-Oe 
	AIP Positionef 

	211t-10 
	211t-10 
	AIP Cutting Guide, Small 

	211t-12 
	211t-12 
	A/P Cutting Guide, Medium 

	2111-14 
	2111-14 
	A1P Cutting Guide, Large 

	211t-11 
	211t-11 
	AJP Cutting Guide. Ex. Large 

	211t-11 
	211t-11 
	8eYelifl9 Guide, Small 

	2Ut-20 
	2Ut-20 
	8-ling Guide. Medium 

	2119-22 
	2119-22 
	Beveling Guide. Large 

	2811-24 
	2811-24 
	84Miling Guide. Ex. Large 

	211t-2t 
	211t-2t 
	Rasp 


	X-ray Overlay 2990-94 
	• 
	..54.. 
	Figure
	0 SYNATOMIC' TOTAL KNEE SYSTEM WITH POROCOAT~ eont'd. 
	~A 
	Contained Tlblal Plateau, Contained Tlblal Plateau, Cruclate Retention ~ Noncruclate Retention 
	Enables the surgeon to retain the Totally resurfaces the tibial posterior cruciate ligament when Ila,. > plateau incorporating • metal indicated and incorporate the use stem for patients needing extra of a metal stem for added stability. stability. The polyethylene it The polyethylene is supported by supported by metal to minimize metal to minimize potential cold potential cold now. UHMWPe 
	y 
	i A ""-. 

	flow. UHMWPe encased by Ortho­encased by Orthochr0f'Tle'9, chrome•, Porocoat9, packaged Porocoaie, packaged sterile. sterile. 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Size 
	M/L A mm 
	Effective Thickness 8 mm 
	1Hal "hy 
	1Hal Bearing 

	1189-40 
	1189-40 
	Small 
	88 
	8.5 
	2939-50 
	2939-52 

	1189-42 
	1189-42 
	Small 
	88 
	11.5 
	2139-50 
	2139-53 

	1119-44 
	1119-44 
	Small 
	88 
	15.0 
	2139-50 
	2939-54 

	1189--441 
	1189--441 
	Small 
	88 
	18.0 
	2939-50 
	2139-55 

	1189-50 
	1189-50 
	Medium 
	75 
	8.5 
	2139-58 
	2939-51 

	1189-52 
	1189-52 
	Medium 
	75 
	11.5 
	2939-51 
	2939-H 

	1189-54 
	1189-54 
	Medium 
	75 
	15.0 
	2939-58 
	293~ 

	1189-5& 
	1189-5& 
	Medium 
	75 
	18.0 
	2939-51 
	293M1 

	118!HO 
	118!HO 
	Large 
	81 
	8.5 
	293M2 
	21139-64 

	118M2 
	118M2 
	Large 
	81 
	11.5 
	293M2 
	293M5 

	1189-&e 
	1189-&e 
	Large 
	81 
	15.0 
	293M2 
	213.. 

	1189-&e 
	1189-&e 
	Large 
	81 
	18.0 
	293M2 
	213M7 

	1189-64 118M7 1189-69 1189-71 
	1189-64 118M7 1189-69 1189-71 
	Ex. Large Ex. Large Ex. Large Ex. Large 
	87 87 87 87 
	. 8.5 11.5 15.0 18.0 
	2939-88 2939-88 2939-61 2939-&e 
	2939-70 2139-71 2139-72 2939-73 


	Cat. No. 
	Cat. No. 
	Cat. No. 
	Size 
	11/L A nvn 
	Effective Thickness 8 mm 
	1Hal "hy 
	1Hal Bearing 

	1289-10 
	1289-10 
	Smal 
	88 
	8.5 
	2939-50 
	2N9-10 

	1219-12 
	1219-12 
	Smal 
	88 
	11.5 
	2939-50 
	2919-12 

	1289-14 
	1289-14 
	Smal 
	88 
	15.0 
	2939-50 
	2111t-14 

	1289-11 
	1289-11 
	Smal 
	88 
	18.0 
	2939-50 
	2919-11 

	1289-20 
	1289-20 
	Medium 
	75 
	8.5 
	2939-51 
	2919-20 

	1219-22 
	1219-22 
	Medil.m 
	75 
	11.5 
	2939-51 
	2919-22 

	1219-24 
	1219-24 
	Medium 
	75 
	15.0 
	2939-58 
	2919-24 

	1289-21 
	1289-21 
	Medil.m 
	75 
	18.0 
	2939-58 
	2919-21 

	1289-30 
	1289-30 
	Large 
	81 
	8.5 
	293M2 
	2N9-30 

	1289-32 
	1289-32 
	Large 
	81 
	11 .5 
	293M2 
	2tl9-32 

	1219-34 
	1219-34 
	Large 
	81 
	15.0 
	293M2 
	2tlt-34 

	1289-31 
	1289-31 
	Large 
	81 
	18.0 
	293M2 
	2ta9-38 

	1289-40 
	1289-40 
	Ex. Large 
	87 
	8.5 
	2939-U 
	2989-40 

	1289-42 
	1289-42 
	Ex. Large 
	87 
	11 .5 
	2939-U 
	2NM2 

	1289-44 
	1289-44 
	Ex. Large 
	87 
	15.0 
	2939-88 
	2919-44 

	128Me 
	128Me 
	Ex. Large• 
	87 
	18.0 
	2939-&8 
	2ta9-4I


	• 
	Standard Tibial Plateau 
	Designed to enhance fixation and 
	retain the cruciate ligaments with a 
	minimal amount of bone resection. 
	Figure
	Metal undersurface reduces the possibility of polyethylene deflection in extreme loading conditions. Molded UHMWPe encapsulated in Orthochromee, ~. packaged sterile. 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Slza 
	11/L A mm 
	Effective Thlcknea 8 mm 
	lHal No. 

	11n-10 
	11n-10 
	Small 
	80 
	8.5 
	2139-75 

	1119-71 
	1119-71 
	Medium 
	67 
	6.5 
	2139-81 

	1119-11 
	1119-11 
	Large 
	72 
	8.5 
	2939-al 

	1119-13 
	1119-13 
	Ex. Large 
	78.5 
	8.5 
	2t3M1 

	1119-72 
	1119-72 
	Small 
	eo 
	8.5 
	2939-71 

	1119-71 
	1119-71 
	Medium 
	87 
	8.5 
	2939-13 

	11.... 
	11.... 
	Large 
	72 
	8.5 
	2939-87 

	11•M 
	11•M 
	Ex. Large 
	78.5 
	8.5 
	2939-93 

	11..74 
	11..74 
	Small 
	90 
	11.5 
	HH-n 

	11...... 
	11...... 
	Medium 
	87 
	11.5 
	2t3t-M 

	1119-11 
	1119-11 
	Large 
	72 ' 
	11.5 
	m.... 

	11ft.N 
	11ft.N 
	Er.. Large 
	78.5 
	11.5 
	2939-14 


	Figure
	Figure
	48 
	SYNATOMIC' TOTAL KNEE SYSTEM WITH POROCOAT eont'd. e 
	Variable Flt Tibial Plateau Variable Fit Tibial Insert 
	Figure

	Figure
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Description 
	1Hal No. 

	1111-41 1111-43 1111-45 1111-47 
	1111-41 1111-43 1111-45 1111-47 
	Small Medium Large Ex. Large 
	2111-41 2181-43 2888--45 2HIM7 


	Cat. No. 
	Cat. No. 
	Cat. No. 
	Slz. 
	M/LA mm 
	Effective Thlckneu a mm 
	11a1No. 

	1111-11 
	1111-11 
	Small 
	85.5 
	8 
	....11 

	1111-25 
	1111-25 
	Small 
	65.5 
	10 
	2111-25 

	1111-12 
	1111-12 
	Small 
	65.5 
	12 
	2111-12 

	1111-13 
	1111-13 
	Small 
	ss.s 
	16 
	2111-13 

	1111-1, 
	1111-1, 
	Small 
	65.5 
	20 
	2111-1, 

	1111-11 
	1111-11 
	Medium 
	71.5 
	8 
	2111-11 

	1111-21 
	1111-21 
	Medium 
	71.S 
	10 
	2111-211 

	1111-17 
	1111-17 
	Medium 
	71.S 
	12 
	2111-17 

	1111-11 
	1111-11 
	Medium 
	71.5 
	16 
	2181-11 

	1111-11 
	1111-11 
	Medium 
	71.5 
	20 
	2111-11 

	1111-21 
	1111-21 
	Large 
	78.0 
	8 
	2111-21 

	1111-27 
	1111-27 
	Large 
	78.0 
	10 
	2111-27 

	1111-22 
	1111-22 
	Large 
	78.0 
	12 
	2111-22 

	1111-23 
	1111-23 
	Large 
	78.0 
	18 
	2111-23 

	1111-2, 
	1111-2, 
	Large 
	78.0 
	20 
	2111-2, 

	1188-33 
	1188-33 
	Ex. Large 
	82.0 
	8 
	2188-33 

	1181-34 
	1181-34 
	ex. Large 
	82.0 
	10 
	2111-3' 

	1111-35 
	1111-35 
	Ex. Large 
	82.0 
	12 
	2111-35 

	1111-31 
	1111-31 
	Ex.Large 
	82.0 
	111 
	2IU-3f 

	1111-37 
	1111-37 
	Ell. l.arge 
	82.0 
	20 
	2111-37 


	Figure
	Variable Fit Tibial Drill Guide 
	2888-52 Small 
	2888-53 Medium 
	2888-54 Large 
	2888-55 Ex. Large 
	• 
	Variable F'rt Clip 1188-30 
	Figure

	Variable Fit Pin 
	CI 5Sj 
	1188-32 
	Instrumentation Variable Flt Tibial Impactor t -~ 2888-50 
	Variable Flt Drill Gulde Pin 
	I 
	2888-56 
	X-ray Overlay 
	2990-96 • 
	Figure
	Figure
	47 
	• SYNATOMIC' TOTAL KNEE SYSTEM WITH POROCOAT 
	Femoral Component 
	Figure
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Size 
	11/LA mm 
	A/P•mm 
	"!Hal No. 

	11IM1 11IIM2 111M3 1189-04 
	11IM1 11IIM2 111M3 1189-04 
	Small, Right Small, 1..-ft Medium.Righi Medium. 1..-ft 
	82 82 88 88 
	38.3 31.3 42.4 42.4 
	2937-10 2137-12 2137-14 2937•11 

	1181-0S 1111-01 1119-07 11n-ot 
	1181-0S 1111-01 1119-07 11n-ot 
	l.arge. Righi Large, 1..-ft Ex. Large, Right Ex. l.arge. Left 
	74 74 80 80 
	47.e 47.8 52.5 52.5 
	2937-11 2937-20 2937-22 2137•24 


	B 
	f 
	I 
	A 
	I 
	• 
	Figure
	Dome Patella 
	Spherical design allows ease of insertion. This component is metal­backed and porous-coated to en­hance fixation. The four fixation pins provide stability and reduce the possibility of stress risers. UHMWPe, packaged sterile. 
	Table
	TR
	11/L 
	Thlckneaa 

	TR
	A 
	a 

	Cat.No. 
	Cat.No. 
	Dncrtptlon 
	mm 
	mm 

	1119-15 
	1119-15 
	Dome Patella 
	3' 
	10 


	Instrumentation 
	Figure
	Femoral Impactor 
	2898-20 
	Figure
	Femoral Insert Replacement 
	2898-21 
	·• 
	Figure
	Patellar Clamp 
	2898-25 
	Figure
	Patellar Template/Trial 
	2989-65 
	X-ray Overlay 
	2990-94 
	Porocoa~ is protected by U.S. Patent No. 3,855.638 
	and foreign patenta. 
	_,] _ 
	-~N 
	Figure
	• • it-• 
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	NEW JERSEY Les· TOTAL KNEE SYSTEM. 
	WITH POROCOAT®cont'd. 
	Std./Std.+
	Cat. No. 
	un-11 
	22n-41 
	un-11 
	un-11 
	22n-s1 
	Large/ Large+Cat. No. 
	22n-40 
	22n◄t 
	22n-41 22n-1s 22n-s1 
	Template 
	Dffcrtptlon 
	Cruciate Retaining rlbial Posterior Cruciate Retaining Tibial Aotating Platfonn rlbia1 
	Patellar Femoral 
	Figure
	Femoral Resection Gulde 
	22n-26 Std. 22n-5o Large 
	Oblique Osteotomy Gulde 
	Table
	TR
	22n-13 
	Std. 

	TR
	22n-37 
	Large 

	.. 
	.. 


	Osteotomy Position Adapter 
	22n-14 Std. 22n-38 Large 
	Femoral Recessing Guide 
	22n-22 Std. 22n-46 Large 
	X-ray Overtay 
	2990-12 
	Alignment Hole Gulde Voke 
	2277-67 
	Femoral Alignment Rod 
	2277-74 
	Femoral Gulde Posltloner 
	22n-23 
	Figure
	Figure
	Figure
	Figure
	Figure
	-SO-
	Figure
	Instrumentation 
	Tlblal Spacer 
	2277-75 12.5mm 2277-65 15.0mm 2277-76 17.5mm 2277-66 20.0mm 
	Figure
	Tibial Resection Gulde 
	2277-61 
	\\-. Extens~enslon Femoral Gulde 
	":_-/ 2277-63 
	Figure
	Femoral Resection Adapter 
	2277-69 • 
	Tibial Hole Punch 
	2277-68 
	Figure
	Femoral Impactor 
	2277-70 
	Patellar Clamp 
	2277-64 
	Sterilization Case 
	2601-01 
	2601-01 
	2601-01 
	4" Trial Case 

	2602-01 
	2602-01 
	Upper Trial Tray 

	2602-()2 
	2602-()2 
	Lower Trial Tray 

	2602-o& 
	2602-o& 
	Revision Trial Tray 


	Figure
	Sterllizatlon Case 
	Sterllizatlon Case 
	Sterllizatlon Case 

	2601-02 2602-03 2602-04 2602-05 
	2601-02 2602-03 2602-04 2602-05 
	7" Trial Case Upper Instrument Tray Middle Instrument Tray Lower Tray 
	• 


	Figure
	A 
	.,..., 
	.. 

	NEW JERSEY Les· mAL KNEE SYSTEM Cont'd. 
	WITH POROCOAT®

	Posterior Cruclate Retaining Tibial Plateau 
	Figure
	cat. No. 
	cat. No. 
	cat. No. 
	Size 
	MIL A mm 
	™., No. 

	11,..11 
	11,..11 
	Sid. 
	85 
	2271-11 

	11,..17 
	11,..17 
	Sid.+' 
	10 
	2271-17 

	11,..11 
	11,..11 
	Large 
	75 
	2271-11 

	11,-.11 
	11,-.11 
	Larve+ 
	80 
	2271-11 


	Rotating Platform Bearing 
	Designed for non-cruciate reten­tion or revision arthroplasty. Packaged sterile. 
	Standard 
	Standard 
	Standard 

	S..rtng 
	S..rtng 
	ThlckneA 

	cat. No. 
	cat. No. 
	mm 
	'THelNo. 

	1171-48 
	1171-48 
	10.0 
	2271--48 

	117M7 
	117M7 
	12.5 
	227M7 

	1171--48 
	1171--48 
	15.0 
	2271-41 

	117MI 
	117MI 
	17.5 
	227MI 

	1171-50 
	1171-50 
	20.0 
	2278-50 


	La~•Bea ng 
	La~•Bea ng 
	La~•Bea ng 
	Thickness A 

	cat. No. 
	cat. No. 
	mm 
	'THalNo. 

	1171-51 
	1171-51 
	10.0 
	2271-51 

	1171-57 
	1171-57 
	12.5 
	2271-57 

	1171-51 
	1171-51 
	15.0 
	2271-51 

	1171-51 
	1171-51 
	17.5 
	2271-59 

	11~ 
	11~ 
	20.0 
	22~ 


	Rotating Platform Tibial Plateau 
	Standard 
	Standard 
	Standard 
	M/L 

	Implant 
	Implant 
	A 

	cat. No. 
	cat. No. 
	Size 
	mm 
	'THal No. 

	1171-37 
	1171-37 
	Std. 
	85 
	2271-37 

	11,-.31 
	11,-.31 
	Std.+ 
	70 
	2271-31 

	1171-31 
	1171-31 
	Large 
	75 
	2271-31 

	1171MO 
	1171MO 
	Large+ 
	80 
	2278-40 


	Revision 
	Revision 
	Revision 
	M/L 
	Thickness 

	Implant 
	Implant 
	A 
	a 

	Cat. No. 
	Cat. No. 
	mm 
	mm 
	Trial No. 

	11,...1 
	11,...1 
	85 
	5 
	2271-11 

	1171-11 
	1171-11 
	65 
	15 
	2271-N 

	11~ 
	11~ 
	75 
	5 
	2271-13 

	11.,... 
	11.,... 
	75 
	15 
	2271-M 


	Instrumentation 
	Distal Femoral Gulde 
	Spacer Block 
	2277-602277-71 
	.. 

	2277-72 
	Figure
	.. 
	.

	' . 
	44 
	NEW JERSEY Les· TOTAL KNEE SYSTEM • 
	WITH POROCOAT~ 
	Femoral Component 
	UNd lor primary or reYiaion surgery. Packaged aterlle. 
	Figure
	StandMI ~No. 
	StandMI ~No. 
	StandMI ~No. 
	Sia 
	11/LA mm 
	A/PI mm 
	lHal No. 

	117'-0I 11n-o4 11n47 117MII 
	117'-0I 11n-o4 11n47 117MII 
	Sld.. Rigl'l Sld.,L.eft Larva,Righl Larva, Left 
	85 85 75 75 
	48 48 53 53 
	2271-43 2271-0C 2271-07 2271-0i 


	Revlalon Implant Cat. No. 
	Revlalon Implant Cat. No. 
	Revlalon Implant Cat. No. 
	Sia 
	11/lA mm 
	A/PI mm 
	1Hal No. 

	1171-N 1171-N 1171-N 1171-N 
	1171-N 1171-N 1171-N 1171-N 
	Sid., Righi Sid., L.eft Larva, Righi Larva, L.eft 
	85 85 75 75 
	48 48 53 53 
	2271-11 227M5 2271-11 2271-11 


	Table
	TR
	11/L

	TR
	A 

	Cat. No. 
	Cat. No. 
	Size 
	mm 
	1Hal No. 

	117'-17 
	117'-17 
	Std. 
	36 
	227M7 

	111'-II 
	111'-II 
	large 
	41 
	227MI 


	Rotating Patella 
	The metal-backed rotating patella congruently matches the anterior nange of the femoral component, allowing for axial rotation. Pack­aged sterile. 
	• 
	Menlscal Bearing 
	Interchangeable bearings facilitate soft tissue balancing. Packaged sterile. 
	Std. BearingCat. No. 
	Std. BearingCat. No. 
	Std. BearingCat. No. 
	1Hal No. 
	Cat. No. = 
	1Hal No. 
	Thldme.. mm 

	117'-20 1171-21 1171-22 1171-23 
	117'-20 1171-21 1171-22 1171-23 
	2271-20 2271-21 2271-22 2271-23 
	1171-21 1171-21 11714G 117W1 
	2271-21 2271-21 22714G 2271-31 
	10.0 12.5 15.0 17.5 


	Cruclate Retaining Tlblal Plateau 
	Table
	TR
	11/L

	TR
	A 

	Cat. No. 
	Cat. No. 
	Sia 
	mm 
	1Hal No. 

	1171-12 
	1171-12 
	Sid. 
	fS5 
	2271-12 

	1171-11 
	1171-11 
	Sid.+ 
	70 
	2271-13 

	1171-14 
	1171-14 
	Large 
	75 
	2271-14 

	1171-11 
	1171-11 
	Large+ 
	80 
	2271-11 


	Packagldllterile. 
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	•
	Porocoat9 ii prolec1ed by U.S. Patent No. 3,855,638 and loteign patenta. 
	Figure
	I • 
	Figure
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	-
	-
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	Figure

	'-__, 
	I-_, 
	L-...J 
	... -.... -..._ -,, --_, I• •,,1 ---,,,,, ,,, I I I 
	3DRAJ ,33M>I RAJYOMOO JATOT 0-8£N .OM DOJATAO 
	L,1QITAOl:,IL,10AM YAA-X AO:, WOJJA OT 3Sl2A3VO ~at 
	(□ irror i~ase is the result of the ori;inal available) 
	-4 7-· 
	·• • Jt • 
	, .. , :.----remoral Configuration Template (left aide) -p,admll•ly R overalze or 105% of actual me 
	Thil template • tor ~estimation onty. Adual size and configuration shouk:t be dlltermined bi/ UN d ..trial pr()8thesis during surgery. 
	Figure
	FLAT-TOP---12-3381 Small (58 mm) 12-3383 Medium (64 mm) 12·3385 Large (70 mm) 
	-

	Figure
	' ' \ \ ' 
	.. ""' 
	Figure
	MEDIUM 
	I I I I----, I I I -46-
	Figure
	' . 
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	THOMPSON HEMI-ARTHROPLAm HIP SYSTEM 
	-o
	<I 
	-

	r:-/:'~v 
	-

	Section FF 
	E 
	Figure
	A 
	A 


	Femoral Component 
	Orthochrome*. 104mm stem length (A), 45mm seat height (C), 27mm seat width (0), 135° neck angle (E), packaged sterile. 
	I 
	Figure
	Corkscrew 
	2125-00 
	Driver for Hip Prosthesis 
	[)I Ml 

	2001-10 Driver with Delrin Insert 2001-12 Replacement Delrin Insert 
	Figure
	! I ! Cat. No. 
	! I ! Cat. No. 
	! I ! Cat. No. 
	Head Size mm 
	Neck Length B I mm 

	. 1006-08 
	. 1006-08 
	38 
	1'.,!,:i-26

	I I 1008-10 
	I I 1008-10 
	41 
	1'/:i:,-26 

	1008-12! 
	1008-12! 
	43 
	15/22 -29 

	1008-14 
	1008-14 
	44 
	15/22-29 

	1008-16 
	1008-16 
	46 
	1'/22 31 
	-


	1008-18 
	1008-18 
	48 
	1'/22 31 
	-


	1008-20 
	1008-20 
	49 
	151,,-33 

	1008-22 
	1008-22 
	51 
	11/,, 33 
	-


	1008-23 
	1008-23 
	52 
	11'½:i 36 
	-


	1008-24 
	1008-24 
	54 
	1'%,-36 

	10Ge-26 
	10Ge-26 
	55 
	11'½:i-35 

	1008-27 
	1008-27 
	57 
	11'½:i 35 
	-


	1008-28 10()8..30 
	1008-28 10()8..30 
	60 63 
	115/22-37 1½-38 


	Recommended Rasp: 2091-00 
	Instrumentation 
	Thompson Rasp 
	gtCiilII:4 
	2091-00 
	Figure

	• , Prostheses Measuring Instrument 
	~ 2006-00 Inches L'--·•'/ 2006-10 Millimeters 
	-43 
	~ f'lllll.-.n..-
	-

	Figure
	T.A.R.A: Cont'd.• 
	TOTAL HIP SYSTEM 

	Metal Backed Acetabular Cup 
	UHMWP9 insert. titanium shell. packaged sterile. 
	-·-A--1 
	Figure
	Cat. No. 
	Cat. No. 
	Cat. No. 
	O.D. A mm 
	I.D. B mm 
	CupHeight C mm 
	I . I ; Trial No. 
	I I 

	1044-41 
	1044-41 
	52 
	41 
	22 
	I 
	2044-41 

	1044-43 
	1044-43 
	54 
	43 
	23 
	2044-4!3 

	1044-45 
	1044-45 
	56 
	45 
	24 
	2044-'5 

	1044-47 
	1044-47 
	59 
	47 
	25 
	2044-4!7 

	1044-49 
	1044-49 
	62 
	49 
	26 
	2044-4!9 

	1044-51 
	1044-51 
	62 
	51 
	28 
	2044-51 
	i 


	Instrumentation 
	Townley Punch 
	Femoral Trial Cup/Osteotome Assembly 
	Townley Acetabular Cup Pusher 
	Table
	Cat. No. 
	Cat. No. 
	Description 

	2223-26 
	2223-26 
	Complete Set Includes: 

	2223-29 
	2223-29 
	Osleotome Stem, Narrow 

	2223-28 
	2223-28 
	Handle 

	2223"'1 
	2223"'1 
	Femoral Trial Cup, 41mm 

	2223-43 
	2223-43 
	Femoral Trial Cup, 43mm 

	2223"'5 
	2223"'5 
	Femoral Trial Cup, 45mm 

	2223-'7 
	2223-'7 
	Femoral Trial Cup, 47mm 

	2223"'!1 
	2223"'!1 
	Femoral Trial Cup, 49mm 

	2223-51 
	2223-51 
	Feft1oral Trial Cup, 51mm 

	2223-54 
	2223-54 
	Femoral Trial Cup, 54mm 



	• 
	Diameter Cat. No. mm 222U2 41-43 2223-63 45-47 2223-65 49-51 2223-67 54 

	Figure
	T.A.R.A~ Acetabular Positioner LP Set 
	cat. No. 
	cat. No. 
	cat. No. 
	Description 

	222:MB 2220-52 2220-53 222o-86 
	222:MB 2220-52 2220-53 222o-86 
	Complete Set lncludeS: Handle Acstabular Cup Positioner Aimer Only ICH Ac:etabular Cup Positioner Handle Cup Pusher 

	2223-89 2223•70 2223-71 2223-72 
	2223-89 2223•70 2223-71 2223-72 
	T.A.A.A.• ketabular Positioner Ball 41 LP T.A.A.A.'" Acetabular Positioner Ball 43 LP T.A.A.A. • Acetabular Positioner Ball 45 LP T.A.A.A.'" Acelabular Positioner Ball 47 LP 

	2223-73 2223-74 
	2223-73 2223-74 
	T.A.A.A.'" Acetabutar Positioner Ball 49 LP T.A.A.A.'" Acetal:>ular Positioner Ball 51 LP 


	Figure
	Diameter Cat. No. mm 2223-60 6.3 2223-61 9.5 
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	e DePuy 
	Figure
	• • 1 • 
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	T.A.R.A: TOTAL HIP SYSTEM 
	Femoral Component with Porocoat! 
	Figure
	Table
	TR
	Head 

	TR
	Diameter 
	Size 

	Cat. No. 
	Cat. No. 
	mm 
	No. 
	lrtal No. 

	1044-01 
	1044-01 
	41 
	1 
	2223-41 

	1044-03 
	1044-03 
	43 
	2 
	2223-43 

	1044--05 
	1044--05 
	45 
	3 
	2223-45 

	1044-07 
	1044-07 
	47 
	4 
	2223-47 

	1044-09 
	1044-09 
	49 
	5 
	2223-41 

	1044-11 
	1044-11 
	51 
	6 
	2223-51 

	1044-14 
	1044-14 
	54 
	7 
	2223•54


	A 
	Figure
	Instrumentation 
	Femoral Template 
	Power Planer (2" Dia.)
	Figure

	2454-18 
	Table
	Cat. No. 
	Cat. No. 
	mm 

	2223-10 
	2223-10 
	41, 43 

	2223-12 
	2223-12 
	45,47 

	2223·14 
	2223·14 
	49,51 

	2223-15 
	2223-15 
	54 



	Driver 2001-10 
	Figure

	~ 
	Alignment Guide and Planer Stem 
	Figure
	Figure
	2223-19 
	Drill 
	Facing Planer 
	cm::se 
	2223-16 
	Table
	TR
	Diameter 
	Length 

	cat. No. 
	cat. No. 
	mm 
	mm 

	1821-11 
	1821-11 
	8 


	X-ray_ Overlay
	Handle for Alignment Guide and Stem 
	2990-38
	2223-18 
	f 

	1s protected by US Patent No. 3.855.638 and foreign patents. 
	Porocoat • 

	If 
	,... ...... -I"\-. .... 

	.. .. 
	• 
	vv 
	Cont'd. • 
	AUSTIN MOORE HEMI-ARTHROPLASTY HIP SYSTEM 

	Extension for Universal Driver/Extractor 
	2046-36 
	Figure
	Adapter 
	2046-22 
	Rasp for Moore Prosthesis 
	1 
	~ 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Description 

	2002-00 
	2002-00 
	Standard Stem 

	2002·10 
	2002·10 
	Narrow Stem 

	2003-10 
	2003-10 
	Rasp6½" 

	2003·12 
	2003·12 
	Raspa• 

	2003-14 
	2003-14 
	Rasp 10• 

	2003-16 
	2003-16 
	Rasp 12• 


	.. 
	Murphy Bone Skid
	C?..:,J:::&:= w:::a. 2004-00 
	Stainless steel, 30mm large blade 
	width, 19mm small blade width. 
	336mm length. 
	• 
	Figure
	.• 
	. • 
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	t AUSTIN MOORE HEMI-ARTHROPLASTY HIP SYSTEM Cont'd. 
	E 
	Figure
	A 
	A 


	Figure
	Figure
	-o;:~.1
	;~ 
	-

	I'~ 
	Section FF 
	t 
	E 
	A 
	Narrow Stem Femoral Component 
	Orthochrome!. 41mm seat heigh! (C). 24mm seat width (D), 135° ne<:k angle (E), 27mm MIL stem width (F), packaged sterile. 
	Stem I Neck I Head i Length Length j
	i 
	I 

	Size ; A 8 Cat. No. 
	mm I mm mm : 1025-08 
	38 I 140 
	21 I
	I
	1025-10 
	41 I 140 
	23 
	1025-12 
	140
	43 
	23 
	44
	1025-14 
	140 
	24 
	152
	1025-16 
	46 
	25 i 
	I
	1025-11 
	48 
	152 
	26 
	49 
	152
	1025-20 
	26 i !
	I 

	51 
	152
	1025-22 
	27 
	Recommended Rasp: 2002-10 
	Long Straight Stem Femoral Component 
	Orthochromet, 203mm stem 
	length (A), 41mm seat height (C), 
	27mm seat width (0), 135° neck 
	angle (E). 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Head Size mm 
	Neck Length8 mm 
	J , i j 

	1001-10 1001-12 
	1001-10 1001-12 
	41 43 
	25 26 
	I I I 

	1001-14 1001-16 
	1001-14 1001-16 
	44 46 
	27 28 
	I I 

	1001-18 
	1001-18 
	48 
	28 

	1001-20 
	1001-20 
	49 
	29 

	1001-22 
	1001-22 
	51 
	30 

	1001-24 
	1001-24 
	54 
	32 


	.. 
	I 
	Recommended Rasp: 2003-12 
	A standard Austin Moore hip instrument sat should be used when implanting this hip. 
	Instrumentation 
	Figure
	Figure
	Mortising Chisel 2090-00 
	Corkscrew 2125-00 
	Driver for Hip Prosthesis 
	Driver for Hip Prosthesis 
	Driver for Hip Prosthesis 

	2001-10 
	2001-10 
	Driver with Delrin Insert 

	2001-12 
	2001-12 
	Replacement with Delrin Insert 


	Universal Driver/Extractor 2046-10 
	1 

	Figure
	-39
	-

	.. . 
	•. 
	. 

	AUSTIN MOORE TYPE TOTAL HIP e 
	Moore Femoral Component 
	Figure

	Orthochrome•, 152mm stem length (A), 135° neck angle (C). 
	C 
	Neck Head Length Size B Cat. No. mm mm 1003-21 32 34 1003·22 32 4() 1003•24 22 34 1003•25 22 4() ! ! l 
	Recommended Rasp 2003-10 
	Recommended Rasp 2003-10 


	A 
	AUSTIN MOORE HEMI-ARTHROPLASTY HIP SYSTEM 
	Figure
	A 
	Cat. No. 
	Cat. No. 
	Cat. No. 
	Head Size mm 
	Stem Length A mm 
	Neck Length B mm 
	Seat Width D ! mm I 

	1000--08 
	1000--08 
	38 
	124 
	21 
	I24 

	1000-10 
	1000-10 
	41 
	124 
	23 
	26 

	1000-12 
	1000-12 
	43 
	124 
	23 
	26 

	1000-14 
	1000-14 
	4,4 
	130 
	24 
	26 

	1000-16 
	1000-16 
	46 
	130 
	25 
	26 

	1000-18 
	1000-18 
	48 
	140 
	26 
	26 

	1000-20 
	1000-20 
	49 
	140 
	26 
	26 

	1000-22 
	1000-22 
	51 
	148 
	27 
	26 

	1000-23 
	1000-23 
	52 
	159 
	28 
	26 

	1000-24 
	1000-24 
	54 
	159 
	29 
	26 

	1000-2' 
	1000-2' 
	55 
	159 
	29 
	26 

	1000-28 
	1000-28 
	57 
	159 
	30 
	26 

	1000-30 1000-32 
	1000-30 1000-32 
	60 63 
	159 159 
	32 34 
	26 26 


	Femoral Component 
	Orthochrome®, 40mm seat height (C), 135° neck angle (E). 39mm M/L stem width (F), 
	•
	packaged sterile. 
	I 
	i 
	Recommended Rasp: 2002-00 
	Figure
	Figure
	HUMAN SURGICAL IMPLANT STRUCTURAL DEVICES OF CARBON FIBER REINFORCED ULTRA-HIGH MOLECULAR WEIGHT POLYETHYLENE 
	Robert D. Ainsworth Gene M. Farling Denes I. Bardos 
	Zimmer.USA Warsaw, Indiana 
	(The quality of pages 92-108 is the result of a deficit in good-quality originals 
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	Figure
	INTRODUCTION 
	One of the more dramatic developments in orthopedic sur­gery in recent history has been the total joint prosthesis, which is frequently used to replace a diseased or traumatized joint. The type of proJthesis most often used today consists of an ultra-high molecular weight polyethylene (UHMWPE) com­ponent articulating against the polished surface of a metallic component. Widespread use of such devices in the human hip be­gan in the 1960's, however, these were generally restricted to elderly patients because 
	The requirements of these materials when used in knee prostheses have proven to be more severe than in hip pros­theses, and recently it is becoming evident that the creep and wear properties of UHMWPE may limit the longevity of knee pros­theses (2, 3) . While adequate wear performance of UHMWPE in hip prostheses is now proven for over 10 years(!), the wear of this material after the 30 or 40 years of use, which may be required by younger patients, is unknown. These observations have prompted the development
	TOTAL JOINT PROSTHESES· 
	The use of the present concept and materials in total joint surgery was first developed by Charnley{!) in the early 1960'& by the introduction of a total hip prosthesis. The human hip is essentially a ball-in-socket joint, and replacement pros­theses are of the same configuration, with the ball being an alloy (usually 316 ss or co-Cr-Mo) and the socket being a poly­mer (Figure 1). Initially the polymer of choice was polytetra­flouroethylene. Although PTFE has a low coefficient of fric­tion, relatively large
	d.el:lr.is

	After the success with hip prostheses, knee replacement surgery began to expand in the late 1960's. Unlike the hip 
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	joint, the knee is not intrinsically stable, instead, atability is provided primarily by the ligaments surrounding the joint. A number of knee prosthesis designs are currently used (Figure 2) which offer varying degrees of s~ability, and the use of a par­ticular prosthesis design often depends upon the condition of the ligamentous structures of the,patient's knee. Different stress distributions and articulating motions arise from these various prostheses designs, and requirements of the materials used in hi
	The environment in which these devices operate result from a number of variables, including the loading conditions and the relative motions between the components. Figure 3 illustrates typical curves of loads transmitted across th~ normal hip and knee joint during walking(S). During other activities as walk­ing down stairs, loads at these joints can be significantly greater(S). These loads and the prosthesis design determine stress distributions in UHMWPE components of the prostheses. Contact stresses are m
	Performance criteria of UHMWPE components of total joint prostheses include resistance to creep and wear, and these are affected by prosthesis design. In the intrinsically stable hip prostheses, creep has not caused problems, and although some wear has been measured and polyethylene debris does accumulate in the area of the joint(6), wear has been considered accept­able after over 10 years of use(7). Knee prostheses, however, have shown significantly greater creep and wear of the UHMWPE components during sh
	These observat.i.cms. ind.icata that. the. longevi..t.y.. '.).f. p1:a,... sently used total knee prostheses is limited by the use of tJHMW polyethylene. Replacing this with a material with im­proved creep and wear resistance would increase this longevity. In total hip prostheses, less wear debris would be produced, improving the likelihood for successful use in younger pa­tients. 
	C-PE CHARACTERIZATION 
	To improve these properties, a composite of polyethylene reinforced with carbon fibers has been developed. The UHMWPE matrix of this composite is Hercules Hifax 19008, having an 
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	.. 
	average limiting viscosity number of 17 dl/g. This is rein­
	forced with from 10 to 20\ by weight of high tensile strength, 
	high modulus graphite fibers. The cross-sectional shape of the 
	fibers has major and minor diamters of approximately 15 and 6 micrometers respectively. 
	These components (Figure 5) are compression molded di­rectly into the final prosthesis shape, examples of which a.re illustrated in Figure 6. The mean fiber length in the compos­ite is approximately 0.75 mm, and the fiber distribution and orientation within the matrix is random. The nature of the ma­trix fiber interface is illustrated in Figure 7, in which the matrix has been etched away from the fiber. 
	TESTING AND EVALUATION 
	Various tests of molded C-PE specimens were performed and the results compared to those obtained from similar tests of UHMWPE specimens. In addition to standard mechanical testing, creep and wear properties were also evaluated. 
	Mechanical Properties 
	Three test series were conducted to compare the tensile, compressive, and bending properties of UHMWPE and C-PE with 10, 15, and 20 weight\ reinforcement. Tests were performed with an Instron Universal Testing Machine, and the procedure and results are summarized in Table I. Significant increase in these properties are evident. While the specific value of these properties to prosthesis performance is not clear, these results indicate that the matrix-fiber bond is sufficient such that strengthening of the UH
	Creep Properties 
	Creep resistance influences the performance of total knee prostheses, and the testing summarized in Table II indicates the resistance to creep of C-PE as compared to UHMWPE. The tests were conducted according to ASTM 0621. Specimens were loaded for 24 hours, and the deformation percent after 90 min­utes relaxation was determined. Under these testing conditions, C-PE was significantly more resistant to creep than UHMWPE, particularly with the higher percentages of reinforcement. 
	Weai:. Testing 
	In order to provide ~ear testing results that can be re­lated to the prosthesis in use performance, testing under con­ditions similar to those which occur in vivo is necessary. The majority of the wear testing of C-PE was'coriducted using a :t,ip simulator. This device provides a flexion-extension motion at 40 cycles per minute, and a loading curve similar to Figure 3, with maximum loads of 500 pounds. Tests were run in distilled water, and approximately every 200,000 cycles, the wear debris was filtered fr
	Page 72 
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	• 
	Figure
	• 
	acetabular cups was compared to standard UKMWPE cups. 
	'I1le acetabular cup prosthesis material and corresponding wear rates are presented in Table III, and indicate that sig­nificantly lower wear rates are provided by C-PE than by UHMWPE. Figure 8 illustrates representative wear debris from a C-PE cup tested in the hip simulator. 'I1le debris ranges in size from fine graphite powder to flakes of a polyethylene-graphite pow­der of similar size and shape to debris from a standard UHMWPE acetabular cup prosthesis. Very few carbon fibrous shapes are seen in the we
	DISCUSSION 
	An accepted method of improving material properties is by reinforcement with a second material of higher strength. An important aspect of composite materials is that there be a sufficient interfacial bond so that reinforcement results. It is likely that the bond between the carbon fibers and UHM'WPE is primarily mechanical, and the apparent wetability of the fibers by the matrix illustrated in Figure 7, and the improvement in mechanical properties indicate that significant reinforcement of the UHM'WPE is ob
	The concept of this material in orthopedic applications is not new. Sclippa and Piekarski(S) described carbon fiber rein­forced HOPE, and Tetik, Galante, and Rostoker(9) investigated carbon powder filled UHMWPE. sclippa and Piekarski reported 
	·improvements for their material in a number of mechanical prop­erties, including creep resistance, however, wear resistance was similar to plain HOPE. Their wear i:.ests were conducted in a sand slurry medium, and the test method111 ·1sed is the likely rea­son for the differences between the wear properties reported for their composite and C-PE. The composite discussed by Tetik, et. al., was graphite powder in a matrix of UHMWPE, and while improved short-term wear properties were found, upon extended wear 
	1

	The results of testing reported above encourage the appli­cation of C-PE to total joint prostheses. While there are many potential causes of prosthesis failure in addition to creep and wear of UHMWPE component, use of C-PE should reduce the likeli­hood of prosthesis failures contributed to by these mechanisms. 
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	Figure
	TABLE I: COMPARATIVE MECHANICAL PROPERTY DATA 
	TABLE I: COMPARATIVE MECHANICAL PROPERTY DATA 

	C-PE \ 
	Pro~rti UHMWPE C-PE 10\ C-PE 15\ 
	20

	a Tensile 
	3,050 3,800 
	Y.s. (psi) 

	b Compressive 2,150 2,720 2,840 3,200 
	Y.s. (psi) 

	C 
	Flexural Y.s. <2sU 3,030 4,300 4,500 5,620 
	C 
	Tangent 145,000 230,000 290,000 385,000 
	.:c 
	E (fSi) 

	a: average of 5 tests; strain rate 0.2 in/min.; b: ASTM 0695 average of 4 tests, specimens were 0.5 inch cubes, c: AS'11t 0790, 4 point bending, average of 2 tests, L/d ratio: 16 to 1. 
	TABLE II : COMPARATIVE CREEP DATAa OF UHMWPE AND C-PE 
	Deformation I Material Appl;ed Stress(psi)(After 90 min. Relaxation) 
	UHMWPE 1,000 1.14 C-PE 101 1,000 0.36 C-PE 151 1,000 0.35 C-PE 201 1,000 0.26 UHMWPE 1,500 2.17 C-PE 101 1,500 0.42 C-PE 151 1,500 0.32 C-PE201 1,500 0.22 UHMWPE 2,000 3.96 C-PE 101 2,000 0.61 C-PE 151 2,000 0.55 C-PE 201 2,000 0.48 
	a: ASTM 0621: specimens were O.S inch cubes. 
	TABLE III: COMPARATIVE HIP SIMULATOR DATA OF UHMWPE AND C-PE 
	:l 

	Wear Rate () 
	Prosthesis Material Number of Test Cycles 
	gms/~cle

	X 103.80 X 10_UHMWPE 1.8 X 104.78 X 10_X 102.00 X 10_X 103.80 X 10_C-PE 10\ 2.7 X 104.40 x 10_C-PE 10, 1.8 X 4.40 X 10_X 105.20 X 10_X 10 4.80 X 10 
	UHMWPE 3.1 
	6 
	-8 
	8
	6 
	8
	UHMWPE 2.2 
	6 
	9
	C-PE 101 3.5 
	6 
	9
	6 
	9
	106 
	9
	C-PE 151 3.5 
	6 
	6 
	9
	C-PE 20, 3.5 
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	Figure
	Figure l: Various total hip prostheses. 
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	Figure 3: Representative load curves for normal hip and knee during walking. 
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	Figure 2: Various total knee prostheses. 
	Figure
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	Figure 4: 
	Figure 4: 
	UHMWPE 
	components 


	of knee prostheses which were iE_ vivo less than 2 years. 
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	Figure
	r 
	Figure

	Figure 6: Various compression
	Figure 5: Components of C-PE 
	molded C-PE prostheses. 
	< • ' 
	Figure
	Figure 8: Representative wear
	Figure 7: s.E.M. of fiber­
	debris from c-PE acetabular
	matrix interface, UHMWPE 
	cup prosthesis.
	etched with o plasma etch.
	2 
	Page 77 
	-100
	-

	,
	-

	Figure
	Figure
	i4 ' 
	·• 
	• 
	\ 
	HUMAN SURGICAL IMPLANT STRUCTURAL DEVICES OF CARBON FIBER REINFORCED ULTRA-mGH MOLECULAR WEIGHT POLYETHYLENE 
	Robert 0. Ainsworth 
	GencM. Farlin, 
	Denes I. Bardell 
	Zimmer.USA 
	Wanaw, lndiUIII 
	Il!T!IOOOCTIQII 
	one of th<t 110re dr....tic: de,,.lo,,.ant.a in orthop,,dic ■ ur­qery in r~ • • history hu been the total joint pro1th<tli1, wh1eh is ,tly u....i to replace a dis•a•fld or t.ra,...tizfld joint. "T~-'"~ of prosthuil 110st. often "Md today consiaU of 11.11 ... ,,re..1,,...-A:>lacul.u Wllight polyathyl•n• {~El c:<:aponent , .19ainat tM poliahed aurfaca of a Mtdlic: componu~r ,, -.,...,.-,.ad uH o! suc::11 devicH in t.h4I human hip be­
	-

	q.a.n ir. tl-t '"-e,c;~ """""'"r, these wre generally rnt.rictfld to older!, f<>+,e,,:"13 W,:au.. the longevity of theH devic:•• WIIU 
	unkno,."( 
	unkno,."( 
	unkno,."( 
	!..ne~ t.he e.uly outatand.inq 
	succau of th• total 

	hip prc1,, 
	hip prc1,, 
	.1.a 
	concept hu been •PPlittd to othar jointa, 

	p.u-Uc-ula, • , 
	p.u-Uc-ula, • , 
	<he 
	iu>ee, 
	a.nd th• us• of tot.al 
	joint pro1the1n in 


	younger pat1enu with longer life e,rpectanc:i•• haa inc:reaalld. 
	The requir-nt.a of theae -terial• when used in knee pro1t.l\1111 h.ave pr""'"'1 to bl 110re Hwre t.ha.n in hip proa­th••••• a.nd recently it is becc:aing nidant that thAI creep a.nd wear pr0p1rtie1 of ~!!! a.■ y li.ait th• longevity of l<nff proa­t.huH (2,l) . lihile .adequate ,_.,.. perfora.tnce of UHMWPE in hip ~:ost.~aaea ii r.-pr,,,,.n for over 10 yearall), the war of th.11 1M1terial after the JO or 40 year• of u ■•, which ...y be required by you.nger patient.a, ia unl<ncMI. 1'1eH obaervationa have pr::
	•pplication to t.1111• 11ev1ca•. In tl\.U paper, t.h• nquire-ntll of ut■ rial• in t.ot&l joint prostheM• u• briefly reviewed, ::-PE is daacril>ld, and ruultJI of tbe laboratory 1v&l1.1ation of 
	::-PE u• preH.ne.d. 
	1'0'!':U. JOIJIT P!IOSn!ESU 
	Th .. ;, ,, t! t.ha praaant ecnco~ mis a.■ teriala in tot•l joint surgery . .,~ ;,--St s,rv,tloped by Ch.&rftley(l) 1a the early 1960'• by t.ha , , of .a t.oUJ. hip proethe•i1. The INaan hip is e11en l.11-in-•t joint, ...S repl-t proathuae a. , wit:h the i:...11 t>lin9 an 
	-
	•-contiguratJ.cn

	•lloy 
	•lloy 
	•lloy 
	!u.a ss or c:o-cr-1101 4111d the •oc:ltet boti.n9 a poly•r (Piqu., .ait.ia.Uy the pol,-r of dloico wu polyutra• tl11oroat.l'I, Altbowilh P'ff'I hu • low coefficient of fric:uon, rela. lllr<JII -t.a of ■ t.ri.nff P1TE war dell.ria -re pr0<1ucec1· OY c,,... e.vl'y pi,:,e-...(4T. r111-.· dl6tt.W ·,::411....'· U-' .,.._ reacc :""'8 by the tia91M ~ the iapl""'tad pro•­thaaia, ,m:.;:b wu attril>ut..-1 l:o t.ba debria qu""'tity and shape rat.her than to the ut.ar1a1(4). Appraaiaat ■ ly two r-ar• later, polyethylen
	-
	-


	•t• 
	•t• 
	li!>• b&ll•in-«>Ck•t principle. Pnaantly, !lerculaa Hifu l~odl' ia c:,:apre ■ aion aoldlld, or utruded &nd udd,.,_, into fl.n.J.1hlld proatheeh c,;,op:,nenu, or -<:hn ICII 1ood" 1a u0111ti..s into fin.ill.llM p,uta. 
	-



	ALtu the .,..,.,... with hip pro•thHee, l<nff rapla.,...nt aur9uy l>e<Jan to a.q),Ud 111 the late 1960'•· Dnl.l.U t.ha hip joint, the -ia not int.rin.Sically ■ table, , •t&bility is pr.,..,1deld pr.l.a&rily by tM liq-nu tbe joint. A nl.lllbar of It-■ pro ■ tbe1U daai'JNI are c:u.rrantly 11•ed 11'19",r• 21 which offer Y&ryinq d..,.-H• of at.ability, a.nd tha ,... of • par­tiCll..l.v pr""thuU deaicp, oft.., depends 11pon the condition of U.. li9-ntow1 •tzvc:tu.r•• of tM pa'tient•• -· Diffuut 
	inata.ad
	aurrCIWldi.Aq 

	ttreH diat:ri:bution• Ul4 art.1......iau,,q 110tiona .viM fr<a t:heH 
	VUiOll.9 p.-c,atlMJM ■ da.t,,,.., and rlOqU.1.--ntll of t.l\• -t■ rial1 
	\l.1"'5 U> hip and Jul-■ procthe-,Uffar U a rHult. 
	Tl>a anvir..-t in which theM davicaa .,,,,.rate rasult fr<a • -rof 1'&1.'i.ablH, u,c:ludiD9 ti. loading eondit.1011• a.nd the 
	Tl>a anvir..-t in which theM davicaa .,,,,.rate rasult fr<a • -rof 1'&1.'i.ablH, u,c:ludiD9 ti. loading eondit.1011• a.nd the 
	nl•tiv• .,Ucia,i betwen the """'l)Oft•nt.a. Figure J illu1tr1U1 typical ""1%'NA of loada 1:.r...-ttad ,11cron th• nonoal hip and It.nae joiat valltin9(5). During other activities as v1U:­il'l9 dam 1t.11r1, lo.ad• at tllaM joint11 can t>I significantly greatar(5l, 1'!wta• lo~• and thAI pro1t.l\e1i• desig-n atrua diatril:>i.lti0111 in OlllWPE coa,pc,1'1<1!nU of th• prottlleH•. contact atrasan .are aini&ind in c-onforaing dedg-n•, like t.h• hip proat.M•i•, a.nd •-hat greater in th• nonconfonling total knH p:ro
	du.ri.nq 
	detenu.ne 


	Perfo.....,ca eriteri& of UHHWPE e,:aponenta of total joint proatMMa l..llcluda ruiatanca to creep and wear, a.nd thaH u:e &ffeC'tlld by pr01thui1 d• ■ i<JD. In th• int.rinaieally stable hip proathaaH, c:rHp hu not caused proble,u, &nd 11 t.hou9h sc:ee ,...,. hu bit,m ••sured and polyet.l\ylene debris doaa 1cc:uiaulat• in th• uu of t.he joint{6). weiar haa been considered accept• able uur °""'r 10 yeara of ua• (7). ll'.llee pros!:hn••, however, have ahoom ai'J'Lific&ntly greater erHp .and Wllar of t.h• UHMW
	1'1111 abaarv1tioN1 indicate t.h&t the longavi ty of pn• nntly UHd total l<114M proaU..ue is liaited by the 11u of ~ polpdrfl-. Rllpl.ocinq th.11 nth a aaterial with i ■prowd c:rNp ud ,...v ruiatance would inc:reu• Chi• lonqevtty. In total hip P:l""'t:h■ Ma, such a utaria.l would produce lH ■ ,..,v deb:i:11, ~"9 the l.iAelihoal for s11c:cuaful ,... 1n younqer paUm,t.e. 
	-

	C-Pt: CIIJUIACTl'!IU'ZJlTIOII 
	To ia,pn:,'fe theM pr.,,,,.rti••, a ccapoait• of polyet.hylan• reinlorc:■d witll can,on fi.bera ha.a -n develoP'l4.. 1'1• IJl!MWPE M't:M:Z f!Tt' 1.11u··-~-'i»c-1-,,11~-·lSC-eJ'll'r ;1-:q.•-·~ awraq■ ,; viacodty .,...,.r of 17 dl/9. flu.• ia nin­forC:..S witll fr<:a 10 to 20' by -i9ht of hi9h tensile •trength, hiqh ■cdulua fl.bin. TIM croea-Hctic:,nal ahapt of the fibers hall -jor ,llllid ■inor di-■te:ra of appro:xi.a&tely 15 &nd 6 ■iertaatul respac:t.1'1111y. 
	lJ.■it.ia
	9:ta;;,h.l.ta 

	fllaM .....,....,,te (Piqun, 5) are c:,:apnuion 110ldad di­
	rectly i"to t.be till&l pro•the•i• ■ llapt, uaaplu of wh.i<:h are i lluatrst..-1 iJ> Piqun, 6. The •an fiber length in t:h• eo■po•i ta i• ~taly o.75 -• ...S !:be fiber distribution and 
	-

	orienta'tioa wit.hi.A the aat.rix 11 randca, Th• nature of tM •a­t:rh fil>otr i.!ltufaee is 1llu.et.r•Ud in Pigure 7. in which the aat.rix hu -•tched rwq frca tNt fiber. 
	TEST?WG AIID ~Tl:OII 
	VariOWI uau of 11014-C-PE •i:-c:i.-na wn perfo.....S a.nd 
	the re""lta """""'"" to ~ ot>uiMd frca 1ial.lar ta■ tll of U-H --• In ..sdi'ti°" to ltamiard Mehanic:a1 tUtin<J, ~P &nd ,..ar proi,:,,lrt!•• W11re a.lac ....uuat..-1. 
	-101
	-

	Ul7 
	• 
	.. 
	. 
	.

	.lileChMllCil P'(';?P!trt1•• T'hr•• t••t ••r••• 1lNltl :Oftdlucted to eCIIIPu-• the tAfn•ll•* :oepu1uv1. 4lnd 1>en1h11<1 prop11rt1H ot ,-1 -C·PI wlt.11 
	lO. 15, and 20 .,...,ht , runtore-nt. Tuts ,..,. p11rfc..w1.th ,&n rn,tron ':'1st1nq: M.&c:h1ne, and the p.roc«Sure atld 1n Table I. Hot1ceabl• 1ncr•.,..• in •ll 
	-
	Un;.vert.a1 
	r••ult.s .are •~1&11d 

	ot th••• propert1•• ar• ev1d•nt. W'h1l1 the 1pec1 U.c valu• of th••• propert.1.•• to ptoethe111 pert'or-.ne• 1.a ~t. :lau, t.n.l•• results uw::h:ata "::.h•t the ••tr1.x-fS.b•r bend 1• •u.t'ficient aucft t.l'i•t of U'\a '.JkMW'Pt:: N.t.ri.,a: oct:'\U'S. 
	1tr•nqt.~enJ.nq 

	.:rttp P!'Of:!? t1•1 
	Creep r1s.1, at.-nc:-e influence ■ tha pertor1M11u:• ot tot•l kn..,_ prost.h••••· nw tett1nq tW111&r1Zad in Table II the r1•1st11nc• to creep of :-PE 1n ::ompuiaon to UHJIWPI:. fl'Mt t11t.1 ware conducu,d ac::ordinq to A.STN 0621. Speci-na were lo.tdad for 24 hc,.u-1. &nd t.l>• ~efo.--tion p11rc.tnt after 90 llin­~t•s relu•t~on wa• deteriuMd. Under th••• t•stinq condition.a. -:-p£ w•• oot1ce&bly acre r••itt..ant t.o ::r••p t.h,an UHMWPI:, par­l y with the h1qher p1rcent11:9e1 of re1n torc-nt. 
	i.ndic&t.ea 
	t,1,.,:y:l.ar 

	llf•&r Te•ting 
	In order to prov1d• w.ar te1t.inq result.a that can l:le re­lated to th• pro•t.h••i• 1n I.IN perforu.nc• ~ t.est.inq w,der con­dition• 11ailu to tho•• vn1eh OCC'U.f' in Vivo ia nectl8aary. Tha u Jeri. ty of the wear telt11''1 of C•Pl! m~uc:ted ua:i.119 • h.ip 
	•iaulator. 
	•iaulator. 
	•iaulator. 
	Thi• de-v1c't provides .a tlexion-extension a:,tion at 40 ey,:;les per 11.i.nut.o, and & lo...Sinq c,,rve si1Ul.V t.o l'iq,>n l, Wi. th OI.U:iaua loold1 of SOO J)C)Wlllll. T..u were ru:n in di•t.illed waur, and approxi..uly every 200,000 ,:;yc:l••• the wear .S.bria wu filterad froa tn• water, deeieated, and -i9hed, ....i,11119 wear ut.aa to be det.o...,.ned. T-28 type total h.ip pro•theN& -re uaed in thaH t.aaU, and tn• perfo.......,ce of 9&riC!Qa C·PI: 

	•c-eU.bl,lar 
	•c-eU.bl,lar 
	cup• wu caopared t.o ■ tandard 1119MPE c:upa. 


	Tl'le aC'ltal>ular cup pro1dlesi1 II.It.rial and correapc,ndinq .,..., r.atea aro presented ;.,, T&ble III, and indic•t• t!u,t liq• nificantly lov.r weu: rate ■ ..-. provided by C·PE ~ by UHNIIPE. Fi!JUr• 8 illu1trate ■ repreMntatift wear dabria !rca a C-PE aap tested in the hip 1iaul•tor. fll<I! debri• r..nqea in ■ i&• fn:a fina graphite powder t.o !lal<u of a poly•thyleM-<JTaph.ite po,,­d.er of siailar ai&e and shapa to debria fraa a •t.-azd UIMWPS ac:oUbular C'\IP pro ■ thHU. Very f,.., cart>cn fil>roua 
	OISC!JSStCJN 
	An aee•pt.lld Mthod of i.aprovin9 aauri&l properti•• ia by rein!ore-nt vit:h & soeond uteri&l of higher ttr•n<;th. Aft 1,nportant aspact of <:<ap01ite uterial• i■ that thar• be• 
	•~ffieient interfaci&l bond 110 that. reinfcr.,_nt result.a. It is likely tnat the bond bet:wffn the eubon fibers and ~I: ia primarily .,.ehanical, and the q,puent wet&b1lity of the fibers by the ...,tril< illustrated in Figura 7, and t.he iapr.,_nt. LIi M<:hanieal propertie ■ th.at aigni!ie&nt reinfor..-t of the UKMlfl'E i I obtuned. 
	indieat.11 

	Th• eoneept cf th.I.I uterial in orthopedic: applic.atian• ia not new. Sdip~ 4lnd Piak&nl<i!8) d<t•cribed c:&rboll fiber nin­fcrced HPP!, and ht.ill, G.11.l-, and -talt•rl9) i'"9etiqeuel e&rl:>on powder filled -!. SClippe and Piekuui reported iaprav-nu tor their aateri&l ill a ll\lllber of •ch.anJ.c:Al prop­
	•rti••, includinq <=rHp reai1ta1101, h.....,,.r, ,..... re•i-01 vu a1&1l&r t.o pl&in IIDPE. Their _..,.. te•t.a ...re ~ I.a a 1.,.s 1lun:y Mdiua, and the ten •tboda UNd ia the liltaly n•­son for the differan01a batwea the ,..ar prcpertiu reported for their ecapo ■i te and c-n. ,,_ CCIIIPOtlita 4i ■cu■Md by 'l'H.ilr, et. al., wu qraphite p:Mlar ia • aaui.11 of -• Mid ..tu.le i■lproVIOd short•tem -ar pr<,perti.. ,..H foomd, upon ertended 
	·-~~~,f-.~~t..i..-f:••Ul.l:U., ,'!!le.,·. 
	•ch&nical bond of the powder to the ..n-1.11, and the 4ifferencaa bet:wa•n reinfcr-=-t pr~u of pc:Mlu and fil>era, likely eontrib\>ted to diffenmooa be-thia ~it.a Uld C-PI. The lonqeat t•m hip ■ iailator teatin9 an c-n hu -apprad.­
	-...t.aly 4 •illl.011 ,:;yc:l•• (166,0 hav.ra at 40 cyel•• per ■u.m1tal, and no indieatian cf uteri&l bra&kdcNti wu n-id-t. 
	'nl• re1ult.a of teat.1A9 reported &bow encour..._,. the appli­eaticn of C•P! to tot..a.l. joint pro&UlaH ■. llh.11• l:Mft a.ra MDJ ~•nti&.l. C:&lDH of pr011thHil failu.r,o ln .,.icu tiOG t:.o c:r.ep Mid .,. ... of t/lOIWPE coapoa■ nt, UN of C-PI abould .-.duce t.he UJtali­hocd of pra.thHil fa..U11ru eontributad t.o i,,-theN •«:Nlfti-. 
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	T&aaila 
	l,O!SO l,800 b 
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	Figure
	Figure
	Figure 1: Varioas total hip 
	proatheae ■. PilJQN 31 -Rftntatj.,. load cun.■ for aGa1a1 hip ■ad kDN during valli... 
	Figure
	Figure 2: Variou■ tot.al. knee prostheses. 
	Figure 2: Variou■ tot.al. knee prostheses. 
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	Figure 5: Components of C-PE Figure 6: Various compression molded C-PE prostheses. 
	Figure
	Figure 7: s.E.K. of fiber­
	matriz interface, mDIIPli 
	etched with o pl•--etch. Figur9 81 R8pnaentAtive war
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	debria frta C-PB acet&bular cup proetheaia. 
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	Figure
	,peci_. _,,, ,wmoved f....,. tMir envi-lol expa1u,w conditions. Tes" F lex..-al Strengthoi this type _. ,.fel'T'8d to ca •c..,..,t prDflal'ties •. The ,.,iduol pr,:,parri• 
	_. aloo ._sled on ,peci.....,. removed f,_ their envirorvnenl, after a ccn,­
	plete crd i:-tiol drying at 6tf'C under YOCUUffl, ta drive oul the oblori>ed 
	......... 
	The cUrTWnl and the ruiduol mechanical prop1rtie1 _.,, measured in order to 
	di•linguish between ,.,..nible prop,rty chon1191 ,....lting from the plmticizing 
	oft+. matrix and in-evenible permanert de;rodation, ,...,Iring from matrix 
	0,ael<ing, intwfoce and fiber dei.riaration. 
	~re,1-inar Shear Strength 
	The tesll _,. conducted in acccrdance with ASTM D2344-n. The >peei­
	,,,.ns _. short be-• in the farm of segme,,11 cut from the rin91. The shear 
	,..-ci...., dimensions ore shown in Fi~rw 12. Although this lest i1 not ideal 
	far ,hec,r ,1rength mecauremenll, iI was the only reasonable ,_t which could 
	t,e employed. The ,pan la thickneu ratio was "· The testing was done in 
	an lnstron i.sting machine at "'°"' temperatu,w. The specimen• _,,, loaded 
	0 1 a rote ol 0.05 inch per minute. Only >peeimeN that foiled in horizontal 
	,t,eo-_. considered and a minimlMII of 5 specimens _,. lested in order ta 
	obtain on a""'CJVII• The c,ppannt horizontal shear strength retul" ore 
	,umrncrized in Table 9. 
	The l"9IU I" i ndicote that the specimens ex paled ta a dry en viranmen t far 11 
	years suffe..c:t only a sligl,t dee,-in the shear strength, OI compar9d to 
	the ref-nee valueo. Drying the speci,_.. ,.suited in a slightly higt­
	.,,.;dual s1rength. A strong sln!ngth reduction wca abMrved in specimens 
	.,.poled far 11 y~ to humid environments, The c,..,.,,t strength -JO to 
	"'1'll, la-!hes, the ref.,.nce. The residual strength det■ffllined on com­
	pletely dry specimeN was higher thcs, the c...,....t strength by only 16'!1. in 
	1f18Ci,_.. with di1tilled water history and 11'!1, in 1p■ cimens with s■a water 
	hisiary. 
	Strength rwductions detennined at high temperaturws m ,.partad in ,.fe,.nce 
	(3) _,,, mainly attributed ta the 1..-ing of the glcas transition temperaturw 
	r:J the matrix ca a ,...,It of the moistun content, ,....lting in a dect■ a1■ of the matrix modul .. and ~ s-.gth at temp■ raturws clON to the glau tron1ition temperature. The nnul" shown in Table 9 _,. conducted at tempera­tures much la-,-!hes, the gl-lraNition and, hence, the rwsul" indicate that il'T'llv■nible changes occLnWd in the composite during the I I y■ aro of lu,,id ■nvirarvnental expasww. IIT9v■nible damage could be cauo■d 01 a result of micra&tructural ~ of the "f)CIIY rwsin and the interface b
	-

	The~ strength reduction and the moistun absorption chcract■ristic:s on,.­expooed dried sp■ci.....,. con be ,.lated. The moistun ablarprion rate st-Id be affected by the presence ol micracrod<s inside the compa1it■ , cOUMd ca o re1Ult of the long time exposurw. These microcrad<s should ollO '-the shear strength uni-the strength is limited by o 1-int■rfocial strength. Hence, the moi1ture difn.aion rate wca carr■ loted with strength ...:luction. This cCll'T'lllation is shown in Table 10. 
	The ntSUI" listed in Table 10 cl-ty shaw a strong dependence be-ini­tial -igl,t gain and ditnaion coefficients. The int■ffelotiarahip be­
	Nor 1trength r■<b:tion and hialwr moisture abtarption rat■ CCSI be oplained 
	by the 111icracrad<s ct■otad in ti.a COlllpOlila under long tenn watw oposin. These effect the~ strwngth wt,id, is vwy s■ Nitive ta mcs1rix def■c", void content and intwface strength and allo accel■rot■ moisture diffwion by "opening" incn chonn■ls wt,id, facilitate the penetration ol the -11 _,., molecules. 
	The i,-aplliti■ -.pacy spac:im■ m..,. aha ll■INd, In ard■r IICI dalaffllin■ the curr■nt and the ,-idual shear strength. The uperi,-,tal r■■ul" en -.,it■ from the r■■ulll on ca-ba\ fiber CCllllpClli,_, The._ 1trw1gt+, ol t+w -tspeci,.... wca higher t+-the ,.,.__,_ and also high. t+-the strength found on dried specil11-. This is -=-ist■nt with ath.-ltUdla (4, S,6). Also, the sheer strength is coraidarably loww t+-fer th■ ccnan fiber ccmpa,NS indh:atiil!J ll'iat fbifurot-i.-CCIIIIPl:IIIW' l,y 11\lif int..-ib .
	diffa.nt 

	Al discl.D■d ...-Ii..-, the can,posi19 ~•ccs, be off.clad in se-,,1 ways by the i:-etration ol the watw malecu'-. Wotw molecules ,nay act ca a matrix plcatici:.• and c:.ca,1■ ,.1~ot1on fll the intwnal I'-,_,ltlng from the fabrication pn,caa. Th■ -r■ lmcatlan ,nay impraw the IIIClt■rial per­fcrmance ,.fl.c:t■d by hip shear stnngth. The influ■ nca fll swwlllng stresa c...-d by -•ablar,,tion is incn difficult to iredlct but should be a 1"9..anib le effect. In the cca■ of the ca-ba\ m-composi,_ if shear fai lu-
	Al discl.D■d ...-Ii..-, the can,posi19 ~•ccs, be off.clad in se-,,1 ways by the i:-etration ol the watw malecu'-. Wotw molecules ,nay act ca a matrix plcatici:.• and c:.ca,1■ ,.1~ot1on fll the intwnal I'-,_,ltlng from the fabrication pn,caa. Th■ -r■ lmcatlan ,nay impraw the IIIClt■rial per­fcrmance ,.fl.c:t■d by hip shear stnngth. The influ■ nca fll swwlllng stresa c...-d by -•ablar,,tion is incn difficult to iredlct but should be a 1"9..anib le effect. In the cca■ of the ca-ba\ m-composi,_ if shear fai lu-
	Flexural strength tesll _,,, p■rf,r,,,ed on 1f18Ci-,. cut From the ri"VS and the twit variabl•• -e in ac~ with ASTM 0790-66. The specimens _,. 2,'' by 1/8" by 1/<l" tested on a 2" span. The ,pan to thickness ratio wm 16 and the length ta th;ck,-ratio -20. Sine• ,pecimens ....,. not flat, flat supparr, ..-e,. used far the fl•xurol ,..,, in1teod of the cylindrical supparr, canV9ntionally r ■c.........nded. The ...i awaratus is ,hewn in Figure 

	13. The load ..-as applied by on lnstrcn machine at a crauheod ,pNd of 
	0.05 in/min. Tw,o specimens.._ tested fOf' •och condition. The ,..,111 ore listed in Table 12. 
	It is impartant ta note that vry lillle diffarenc;e in ,tr■ngth exist, between dry and exposed waler >peeim■n1 a-this I I y■or ■xpc>IU,. period. Thi1 
	is further vwification of the long term nobility r:J carbon fiben gr,d those composi,-properties ..-hich are dominated by fiber prapertias such as the above longitudinal flexural snngth, 
	CONCWSIONS 
	Specimens of bath carbon and gr~ite fiber reinforced epoxies expoo■d 
	ta distilled water fDf' I I y■csn si-.d slightly higher equilibrium mai,r,.,,. content and shorter drying time (at 60°C under vacuum) than specimens exposed ta sea water history. The salll and imp,.n ti ■1 u1ually found in sea 
	water caul■CI a white"coating" on the specimen surfaces wnich acted as a 
	"barriw" rwstraining maistun aboa,ptian and detarptian. Na microbial effect wm observed in Ma wot..-environmental ■xpasu,. . 
	The long l■ffll water exposure inflv■nce an moisture absorption charocteris­
	tic1 has been determined. The 11 yearo of immenion in distilled water and sea watw considerably aff■cled the initial moisture -ight gain gr,cj the diffulion coefficients upon re■xpca<n ta humid environments. The higher initial -ight gain and diffusion coefficient found far specim.,. having wotw environmental history -,. indicai. that mic:rodcsnag■ accUl'Ted in the specimens during the ~ ,.,,,, ■xpaoure. 
	A considerable shear strength 1'9ductian (current and 1"9siduol) was found far cart>an-epcay >peeimeN having humid long tenn environm■ nlal history. This strength reduction mifl,t indicate that micradonog■ and in9venible degradation of the matrix and interfoc• accUIT9d dunng the I I yearo of water imm ■nion. The strength degradation nos been qualitatively cCll'T'll­lated and interpreted with the fflClistur■ absorption charoct■ristics. Na il'T'llvenible d-ag■ in the fiber prap■ rtie1 was observed as conclude
	The shear _strength of graphite-epoxy carnpa1it■s was considerably lower than that found fOf' carban-epcay campcaites. AIIO, the cun-ent strength of -t specimens having humid history opaai,. was higher !hes, the ,.fer■nce and than the strength found in dried specimens. Thi1 higher wet strength i1 pro­bably due to internal 1tr■ss ,.IGl<Cltion in the cal■ whe,. shear str■ngth is dominatwd by interfacial fai lin rather !hon by matrix failure. 
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	VISCOSITY NUMBER vs. CONCENTRATION UHMWPE in Oecalin at 135°C Cannon-Ubbelohde Viscometer #75 
	(uncorrected for shear rate) 
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	Vi:scusily numller as a function of shear rate for a smnple of LIHMWPK 
	tcr111i111,d for each llatch uf solvent, sim:e the ds· tru11, rulio and hence Liu, den,.lly will v11ry. Smaller i;amph:,n may be used if due all.ention is 1m1vided to we1i;l1111g Ilw lilllllJ>le uud lo me11suri11i: the solvunl lo i:ive the predsiun desired, The polymer i.s di!i.solved over a J)criod of 4 hr al 1:15" -lfi0°C with occasional, gentle 
	i;wirling. 
	Aboul 7 or 8 ml of the hul polymer solution is added tu a de1u1 dry C111111un-Uhllt'­lohde ( # 7f>) viHcometcr suhpumled in 1111 oil lmlh 111 l:lf,(' ( iCl.ur,1. Wt• dul m,1 luul IL lllK'l'Nhllry lo lh1• 1<uh1Liu111<. An,,.. u l'l'fltHI uf .. ,, ... ,1 Ir, 111111, 111111: 1.111uui:h lo ulluln 1hcr11111I c4u11ihrh1111, lluw li111c11 urc 1lelcr111inL~I. r'ur our work, photoclei:trtt: n·lb 11re em1,loyed lo time the ru11dini:s t.1 0.1 ~t·, huL this was done for t·onve111ence and r1:.id1111:;; Lu 0.1 sec l,y ey
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	higher nwleculur wcii:ht poly1111:r. 
	Thu vii,1·11111;,lor i11 t'11•111wtl uth,r t•m·h rm, 1,.v w11111vi1111 lhu i,ulu111111 wul, u 111111: rlll:illll( :>cvnul lime,. w1lh hot ,l~n,llu, 1111d aMpiraling lo dry11ess. Caru is ulw,iys t11kcn tu ke1•1i the v•~•·ometer free of dust vr other p11rticles, 1111d the llir used for u,.1,irn1i11u wu,. fir~l vusscJ thruugh 11 ~•ntcr,•d 
	.111i11lud11 •leul 1111utllt, 111111 hypuilcruu,· •yr1111:,,, 
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	1-'ig. I. ViliC011ity number 11,; a function of cont=entrution using the lillme Ubbeluhd.: vii;cumeter for all measurement,;. Shear rate is variable, and depends on lluw rate. 
	il cannot be specified 11ince it varie11 from point Jo point depending on lluw time, the limiting vi11e011ity number obtaimid ia 23.6 dl/g, ,,ver 25% le1111 thun the zeru i;he11r r11Le value. Thi11 in lurii le11d11 to over a :15% error in molecular weight if the cunve11tiu1111I 
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	M1&rk-H11uwink relutimwhip ill em1>luyud. A111.u1inwd out 11b11ve, thi» relulio1111hip my be incorrect tiven fur :tero 11he11r d11tu ul tht111t1 hie,h molecular wei11ht11. llutu 011 oth111
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	i.amples of UHMWPE show i;imilar beh11vior, Lhj: extent of the error depending on the vil!Cosily of the sample. •• 
	Samples of UHMWPE can be compared or r1111ked on the ~iH uf vii;coi;ity numbe,._ obtained al 11 11ini:le concentrulion with visc\imeters ol' dunern,iu. However, it would not be prudent lo 11ssoci11t.e q11 ul,11olute molecular weii:ht with th., 11ampleli ~d on i;uch melll>Urem1rnu;. The n1ethod we have e11111loyed is uuthni:d below 1111d i1111imilur to the 1111e beiug prupo..a,iJ by AS'l'M Cummillee D to.I:.!._• litandard method. • 
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	KECOMMENmm PttoCEDUIU: 
	A 1m ...-udure for mti1111uri1111 lhe vi11e1111ity 11u111l11:1r !.IL onu co11cu11Lr11lio11 wilh u prL-.:IWul1 of appruxim11tely I% iii the followini:: 
	A 11,unph: of about U.l25g of the UHMWl'E is weighed inLo a 250 ml glru;:; ~tup1,11:r..i Erlenmeyer nask und a volume of decalin, cunt.iining 0.2% phenyl-j'j-11uphthyl111.1mi. un an unliuxidanl, i11 udded from u lmrellc lo 1:ivu Liu, i.:unee11lruliu11 dunircd. Tl,. vulumo ru4uirud l11 11iv11 u O.Ofi% ,..,lutiun u, 111,l(ruaimnlcly :t:.m ml 111111 iM dul<•riuu""" from 1111, rnlio of lhe dem1iLy ol' de1:uli11111 Jaf,~~ lo thu dcn..ily ul ruum lll111pcru1u,. which we Look lo he 0.00.1-'ur inlt!rliiborutor~ com
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	1-'or every visc~ity reported, three completely separate solutioni; are prep,ued and mewrured. 'fhe standard. deviations of the mean viscosity numbers, which ranged (rum 22 lo 50, were generally le1m than 0.2, and hence, leaa than 1% for three sumplei,. 
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	NOTES 
	Indeatatioa Creep ofPolymers for Human Joint Applicat. 
	Hoth reveraible and irreversible creep under conditio111; of indenLlition (cmu;lramed L-Olllprei;:;ion) loading have been measured for three polynu,r mutcriula which are u,;ed or are planned for use in human joint pro,;theses. The three material11 are ullrahigh­molecular-weigh t (UHMW) polyethylene, UHMW polyethylene reinforced with raphite fibers and polyacelal (Delrin 150). Up lo aoout :IOOO p,;i {:.!0.7 MPaJ lhe pi.a:ilic creep or cold flow of the lull.er two materials are about equal and ,;ubolantially 
	1

	Unlike mU11t melllh11:1t or near body temperature, the 11lr11in re11pome of polymer11 Lo applied stre1111 is both instantaneous and lime-dependent (creep). Creep 1,tr11i1111 lll'e II combination of reversible (ellllltic) and irreversible (pl1111tic) componenl.l!. Creep would not be desirable, particularly in an artificial knee joint, becau11e by indentation relative lateral motion and rotation of the articulating surfaces are restrained. Thi,; .Jluwance for limited relative sliding motion and rotation io on
	1
	2 

	'l'wo candidate materials are either lieing offered ur co1111ideredior the tibial com­
	ponent of knee joints. One is a graphite-fiber-reinforced UHMW polyethylene la 
	product of Zimmer-USA). The 11 pulyaceLal re;;in (designated Delrio 
	other candidate.ii; 

	lliO, a trademark of E. I. du Pont de Nemours Company). The study 
	purpu.ie of thio 

	WP to.determine the indentation creep behavior of the commonly u~ medic11l grade 
	u( UHMW polyethylene with thelie two new alternatives. The medic,,tl grade lJ HM W 
	pulyethylene was supplied as typical of material used by Zimmer-USA of Wal'>lllw, 
	Indiana, in the form of a block from whid1_ a disk specimen wa11 mac:hini,d. The 
	,r11hite-fiber-rei11forced UHMW polyethylene was 111,;o :.upplied by Zimmer -lJtiA 
	11

	Ull! form of smaller di111ai whic:h were represenLative of Lheir vroducl. Tiu, polyun,lal 
	111 

	Jwk w1:111 supplied llll a block (from which a d111k ijl)l:Cimen WIili m1tchined) by Howmediu 
	1u1ern11tion11I, Inc., of Limerick, Ireland. 
	We have previously reported·• on a wear-testing 11ystem that involves meai;uremenl 
	3

	u( wear depth on a flat plate (disk) of polymer produced by the rubbing motion ol" a 
	n,i.tin11 metal di11k (with a l11:1t fuce) oriented j)ilr11e11dkul11r lo the polymer d1•k. A 
	,uiwti111t conl11cl for'-'11 iij up1-1licd by du1td wc1ichta ui111 levur urm. The pulymu-rucLlil 
	, uct zonll i11 immer11ed in :.17QC circulating and (,'Onl111uou11ly filtered W1tter. If the 
	1111

	sari.Ml diok is not rotated, the system serves equally well in measuring indenll:ltiun creev. 
	An LVIJ'I' semior reads displacements and can Displace• 
	be cuntinuoui.ly recorded. 

	in the range0 -00 X 10-a in. (0 -1.:.1 X 10-mm) can be read lo within 5 X 10-• 
	a,,:ol.ll 
	1 

	10.013 mm). The readings can be calibrated hy feeler gages both before and after 
	111 

	• u,;t. The graphite-filled UHMW polyethylene specimens were m11chined t.o form insert,, 
	Mlfllal of Hiomedical Materials Hei;earih, Vol. 1:1, !l:lf,. !i:UI ( HIW) i; 111711 Johu Wiley & l>ons, Im-. UOll-lM04nll/OUl:I 011:.!(,,ot 00 
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	NO'fES 
	A Specificatioa Method for Ultra High Molecular Weight Polyethylene tor Implant Use 
	Ultra high molecular weight polyethyl,me hli!I gained wide acceptance llli an implant mat.erial with excellent resistance tu creep, 11lrt!~ cracking 1111d wear. liec11use 1111my of the11e de1,ir11ble properliei; are a function of its high molecular weight, 11 reliulJle sp,lCification method of determining molecular weight of the ord.,r of ICJD-10iii needed for controlling and optimizing thei;e propertie11. The methods commonly utied for determining the molecular weight of lower molecular wuight poly men,, i
	7 

	The purpose of lhili note is l.o point out that the estimated molecular weight of ultra high molecular weight polyethylene (UHMWPE) obtamed from siugle point viM:U1>1ly measuremenlli may be liignificantly in error when lhei;e ei;timate;; are derived by method11 which 11re uppmpriale for lower molecular wuiicht 11olymcr11. Sini;lc 1111111t vi11co11ity nirriud out under ~t1111dardized cunditiu1111, 11111,uld be 1111cd only 1111 molecular wcii:ht i11dice11, without 1111y qu1111tilalive 1111-11oci11l1011 with u
	1
	mtut11uu11110111.ii, 
	weighl.ll. 

	When sini:le poinl viliCOliity meaHureme11lll 11rc Wied lo d1:L1irmine Lhc mulecul11r weighlli of UHMWPE, errors arise from three principal suur~e11: • 
	(l) 
	(l) 
	(l) 
	The Mark-Houwink constants relating molecular weight lo limitini: vii;cus1ty number (intri1111ic viscu&ily) which are available in the literature have been deLermi111:d only for low molecular weight polymers. h is now believed that Lhese constant,; are not the llame for high molecular weight polyme111i and, in the case of polyi;tyrene, lhii; h1111 been verified eaperimtmt.ally.
	3 


	(2) 
	(2) 
	The extrapolution lo zero concentration from mewiurem1i111.1111l finii., cum:t!II• tration is very dependent on molecular weii:ht. Thili may he seen in Jo'igure I where the visco.sity number i11 plotted against conce11tr11tion for two UHMWJ•J-: !ollmµleli differing aubelantially in vi:mlliity. The empirical constanlli which 11re often u!>t!d tu II fix1:d conn,n­lration were determined only for low molecular weight pulyethyleneN. The feli!iibihty of making 1:1uch 11n extrapolation and determining lhll corrll
	c11lcul11le the limiting vi11Co11ity number frolll the visco111ly number 11l 
	4 



	(:I) The limiting viscosity number of UHMWPE v11rie1:i 11ignil'icantly with i;he11r r11Le. To determine this dependence, vis4.-ooity rnem.uremenls Wiilll: a multihulb v11ri11ble i;he11r viscomllter were mudll in Lechnical i:rade d11culi11 al 1:15°(; over II r11.111:e of co11centr11lionh (up lo 0.05%) and 11he11r ratlll! (from 15 to 600 sec-). Ah i;hown in Jo'ii:ure 2, for one 1111mple of UHMWl'E, Lhe villC01>ity nuniber iucrel™!II from i!l:l.9 to :i:.!.i! dl/g 1111 the 11heur r11le decr11at1e11 from 600 lo 
	1
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	SPECIFICATIONS OF ZIMMERit IMPLANT METALS 
	Table
	TR
	ZIMMER®CERTIFIED STAINLESS STEEL 
	ZIMALOY® (Cobalt-Chromium• MolybdenumI ASTM f.75 
	MICRO-GRAIN"' ZIMALOY@> (Cobalt-Chromium• Molybdenum I ASTM f.75 
	WROUGHT T-ZIMALOY® (Cobalt-Chromium­Tun1,11ten-Nick11l ASTM f.90 
	TIVANIUM"' TITANIUM ALLOY 1Ti-6Al-4V Alloy) ASTM F-136 
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	CHEMICAL ANALYSIS 
	CHEMICAL ANALYSIS 
	ELEMENT PERCENT MIN. MAX. Chrom. 17.00 20.00 Nickel 12.00 14.00 Moly. 2.00 4.00 Mang. 2.00 Silicon .75 Carbon .03 
	ELEMENT PERCENT MIN. MAX. Chrom. 27.00 30.00 Moly. 5.00 7 .00 Nickel 2.50 Mang. 1.00 Silicon 1 .00 Iron .75 
	ELEMENT PERCENT MIN. MAX. Chrom. 27.00 30.00 Moly. 5.00 7.00 Nickel 2.50 Mang. 1.00 Silicon 1.00 Iron .75 
	ELEMENT PERCENT MIN. MAX. Al. 5.50 6.50 Vanad. 3.50 4.50 Iron 0.25 Carbon 0.08 Oxygen 0.13 Nitrogen 0.05 
	ELEMENT PERCENT MIN. MAX. Chrom. 19.00 21.00 Tungsten14.00 16.00 Nickel 9.00 11.00 Carbon 0.05 0. 15 Iron 3.00 Mang. 200 

	TR
	Ph.OS. .025 Sulphur .010 
	Carbon .35 Cobalt bat. 
	Carbon .35 Cobalt bal. 
	Hydrogen 0.0125 Others 0.1 each max. (total not over 0.40) Titanium Balance 
	Silicon 1.00 Cobalt bat. 

	HARDNESS (Typical! TENSILE STRENGTH (Typical} YIELD STRENGTH {0.2% Offset) (Typica.ll ELONGATION IN 2" 'll, {Typical) REDUCTION IN AREA% {Typical) TYPICAL APPLICATIONS 
	HARDNESS (Typical! TENSILE STRENGTH (Typical} YIELD STRENGTH {0.2% Offset) (Typica.ll ELONGATION IN 2" 'll, {Typical) REDUCTION IN AREA% {Typical) TYPICAL APPLICATIONS 
	Annealed R 858 Cold Reduced RC 30 Annealed 80,000 PSI Cold Reduced 140,000 PSI Annealed 35,000 PSI Cold Reduced 115,000 PSI Annealed 55 Cold Reduced 22 Annealed 65 Cold Reduced 55 
	105,000 PSI 75.000 PSI 10 10 
	185,000 PSI 133,000PSI 14 16 '\) -~)\.' f t 
	-

	Annealed 27 Cold Reduced 45 Annealed 170,000 Cold Reduced 260,000 Annealed 100,000 Cold Reduced 245,000 Annealed 50 Cold Reduced 10 Annealed -Cold Reduced -
	140,000 PSI 130,000 PSI 10 25 
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	Figure
	Figure
	MANUFACTQRE8S OR A&a:;IATIOOS CXfflAC'1'lID 
	Surgical Technology Company Attention: Jane Verpent UNOO/SHRP65 65 Bergen, N. NJ 07107-3'2E6 (201)456-5311 
	Bergen Conmmity College Nancy Almers, Program Director of Surgical Teclmology Parallll.6, NJ 07652 (201)447-7178 (201)385-8538 (609)494-9677 
	Health Industry Manufacturers Association Dan Amnons 1030 15th St. N.W. Suite llm Washington D. C. 20205 (202)452-8240 
	Richards Surgical Mfg. Co. , Inc Jeff Schryver 612 Colorado Avenue Santa Monica, CA 90401 
	Kirschner Medical EQuiIQent Pat Tyson Box 218, 10 W. Aylesblry Road Timonium, MD 21093 
	Depuy U.S. John Roberts Box 205 Chatham, NJ 07928 
	Cooper Hospital University Medical Center Plaza Arthur S. Brown 
	Dept. of Surgery Suite 411 Cooper Plaza Cambien, NJ 08103 (609)342-~ 
	Dept. of Surgery Suite 411 Cooper Plaza Cambien, NJ 08103 (609)342-~ 
	Western Surgical Association Orthopedic Clinic Betty Cbthery 

	4~ E. Nint.h Avenue 
	Denver, 00 80'262 (303)394-8096 
	Richards Medical C,ompany Steve Gatner 1450 Brookes Road Memphis, TN 38116 (901)396-2121 
	Orthopedic Surgical Manufacturers Association Robert Games 1450 Brooks Road Memphis, TN 38116 
	Intermedics Ortoopedics 1303-B East Aooerson Lane Laura Grayson Austin, TX 78752 
	Dep.1y U.S. Shirley Engelhardt 30 East P.O. :&>x 988 
	Warsaw, IN 46580 
	Dow Comins Wright Chuck Yao.izzo 5677 Airline P.oad Arlington, TN 38liE2 
	Zi.Jlmer Attention: Pete Lambardo Box 805 Glenn Rock, NJ 07452 (201)767-5566 ( 201) 427-8020 (201)444-1141 
	Mr. Joe Morrisoo (609)778-8300 
	Figure
	-
	J. 
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