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INTRODUCTION

The objective of these tests was to generate data which could
be used to study the mechanism of femur fracture. Thirteen human knee
impacts were conducted on six cadavers. Twelve femurs were defleshed
for testing and one was tested with the flesh intact. Strain gages were
mounted at approximately the mid-shaft of the femur in ten knee
impacts. A triaxial accelerometer pack was mounted to a bar rigidly
attached to the posterior-superior iliac spine. Side and overhead
high-speed motion pictures (3000 and 1000 fps respectively) were taken
of each test.

METHOD

Cadaver Preparation. The cadavers were sanitarily prepared

by sealing off all body openings. The cadaver's upper torso was
suited with the top of a vinyl sweat suit, and the head and hands
were covered and sealed. The flesh on the right and left femurs was
removed. The skin flaps on the superior end of the femurs were sutured
closed. The bottom of a vinyl sweat suit, with the legs cut off,
was placed on the cadaver and the legs of the suit wrapped around
the femur shaft and sealed off to stop any resultant leaking from
the removal of the flesh. The quadriceps tendon was cut on the su-
perior end. All of the ligaments of the knee were left intact.

Only the muscle was removed from around the femur and the patellar
surface.

Strain Gaging. The mid-shaft region of each femur was cleaned of

all soft tissue. The regions to be gaged were scraped clean and sanded
smooth with 320 grit wet abrasive paper, while flushing with 99%

ethyl alcohol. Final cleaning and drying was done with gauze sponges
and alcohol. Three uniaxial Micro-Measurements type EA-13-250BG-120
strain gages were applied. These gages were placed along

the axis of the femur at the following locations:




1. Anterior Mid-shaft
2. Lateral Midshaft
3. Medial Midshaft

The gages and cable relief tabs were bonded to the femurs with
Micro-Measurements M-Bond 100 (Methy-2-Cyanoacrylate) adhesive.
The cables were secured to the femur by nylon cable ties, so as not
to be loaded during impact. The gages were checked out for continuity
and the location of each strain gage was recorded before the cadaver
was moved to the impact area.

Pelvic Accelerometer Mount. A fixture for mounting a triaxial

accelerometer pack was rigidly attached to the posterior-superior
iliac spines. The orientation of the accelerometer pack relative to the
body was measured and recorded.

Impact. The cadaver was taken from the preparation room to the
impact room. A Ferno-Washington head traction harness was placed on
the cadaver's head and fixed to an overhead hoist by a six-foot section
of rope. The cadaver was seated on a balanced wooden block, and
the legs supported on the inferior-posterior surface of the femur
by a half-inch diameter steel rod supported at the ends. The cadaver
was positioned so the femur was along the axis of the impactor with
the Tower leg pulled back so the patella was Tined up along the femur
axis. The cadaver's upper torso was tipped back so that the overhead
camera would have a clear view of the top of the femurs.

Each strain gage was connected to a Honeywell Accudata 120
through an Accudata 105 for the signal conditioning. The triaxial
acceleration package was mounted to the pelvis back mount. The
accelerometers (Endevco Model 2264-2000) were connected to the Honeywell
Accudata 120 and 105 the same as used for the strain gages. The
orientation of the accelerometer package in the laboratory coordinate
system was measured and recorded. Along with the impactor force, accelera-
tion, and velocity, the camera synchronization flash signal, femur strains
and pelvis accelerations were recorded on a Honeywell 7600 FM tape recorder.



Two high-speed motion picture cameras were used to record the
test. A Hycam (3000 fps) was used to record the impact from the side
while a Photosonics (1000 fps) recorded it from above.

The impacts were conducted using a pneumatically operated testing
machine specifically constructed for impact studies. The machine
consists of an air reservoir and a ground and honed cylinder with
two carefully fitted pistons. The transfer piston,which is propelled
by compressed air through the cylinder from the air reservoir chamber,
transfers its momentum to the impact piston. A striker surface
with an inertia-compensated load cell is attached to the impact piston.
This piston is allowed to travel up to ten inches and then its motion
is arrested by an inversion tube which absorbs the remaining kinetic
energy of the piston. The desired impactor stroke can be precisely
controlled by the initial positioning of the impact piston with
respect to the inversion tube. The impactor velocity is controlled
by reservoir pressure and the ratio of the masses of the transfer
and- impact pistons. The load cell is a Kistler 904A piezoelectric
Toad washer with a Kistler 805A piezoelectric accelerometer mounted
intermnally for inertially compensating the load cell
for the striker mass between the load cell and the impact surface.
The impact-piston and load-cell striker assembly for all these testsweighed
22.25 pounds. The striker used was six inches in diameter and was surfaced
with various types of padding. The following filter characteristics were used:

1. Force - Class 1000
2. Strains - Class 1000
3. Pelvis Accelerations - Class 180

Gross Autopsy. The gross autopsies were conducted in the autopsy

laboratory, specially equipped for dissection. Careful anatomical
dissection of the pelvis and knee was performed to allow discrete
identification of all injuries. When gross trauma was found, it was
photographically recorded, using a specially modified Pentax camera
with a closeup lens, to provide a permanent record of the injury.
When strain gages were used, a photograph was made of the cross-
sectional area of the femur at the gage for strain analysis.



The femurs were characterized by a set of measurements made at
the autopsy. The femur's length was measured and divided into four
equal lengths. The diameter in the anterior-posterior and in the
lateral-medial directions at each quarter length, as well as the
circumference, was measured and recorded.

Samples of the condyles and of the head of the femur were taken
for microscopic examination. Bone samples were also taken and stored
for future chemical analysis.

RESULTS

A data package was made up for each test, and is given in the
appendix. This data package consists of the following information:

1. A word description of the test
2. Set-up photographs
A. Lateral view
B. Rear view
3. Knee impact data sheets
A. Force and strain time histories
B. Force and pelvic acceleration time histories
4. Accelerometer pack location and orientation
Strain gage locations
6. Autopsy photographs
A. Femur overall view
B. Cross-section of femur at the strain gage site
7. Knee impact autopsy summaries
A. Anterior aspect
B. Posterior aspect
8. Post Impact Bone Measurements

A1l of the test data was recorded unfiltered on FM tape for future
analysis. An overall summary of the test data is given in Table 1.



CONCLUSIONS

The test procedures used in this study generated test data which
were good for studying the failure mechanisms of the femur under axial
loading. The flesh could be removed from the femur while still main-
taining the knee joint complex in a normal state. The strain gage
mounting techniques resulted in good bonding of the gages to the bone
both during and subsequent to the tests. The overhead camera frame
rate of 1000 fps was found to be too low for this type of test.
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DATA SUMMARIES

APPENDIX I



TABLE 2. Characteristics of Cadavers Used in Knee Impact Tests

Run Cadaver Age Weight Height

Number  Number Sex (yrs)  (kg.) (cm.) Cause of Death

77Q001 20690 F 54 99.6 169.5 Breast Cancer

77Q002 20690

77Q003 20693 F 51 75.6 153.1 Cardiac Arithmia

77Q004 20693

'77Q005 20698 M 74 89.7 165.6 Myocardial Infarction

77Q006 20698

77Q007 20709 M 73 69.9 171.9 Unknown Chronic QObstruc-
tion of Pulmonary Arteries

77Q008 20709

77Q009 20703 M 61 53.2 182.5 Respiratory Failure

77Q010 20703

77Q011 20703

77Q012 20711 M 65 61.8 159.4 Acute Myocardial Infarc-
tion

77Q013 20711




TEST SPECIFICATION

TEST NO. 77Q001 Rt.

IMPACT VELOCITY 42.8 fps

TYPE OF PADDING Rigid

TEST DESCRIPTION: This test was conducted as outlined in the text.

The

femur was left exposed in the air seven hours with no care taken

to prevent drying.

The midshaft was fractured and the patella was shattered.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers SO0~ 2

Cadaver Number y c(C9C

Date 3—J/- 77

ANATOMICAL COORDINATE SYSTEM
X

v/

Accelerometer Pack Location (Anatomical Coordinate System)

Distance From

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

x-y Plane At
Vertex (z)

C

C

73.C cmn

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About Angle About Angle About
x-axis y—-axis zZ-axis
C - 5° @
LABORATORY COORDINATE SYSTEM
le
z &:3—~—— Cannon
y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test ‘Angle Angle Angle
About About About
X-axis y-axis z-axis
— QO O } @]
Rt.Lg 77QCCI + 5 -2 v 7
Lt.Lg 77GCC2|  + 8 - 5° +7°
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" STRAIN GAGE LOCATIONS

Run Numbers 7 7(CCQI-2
Cadaver Number 2 0L GO
Date 3—/-77

Photos of Cross Section at Strain Gages? Yes )/ No

Right Leg 77QCO/
1
,4———L-———+,

L ¥, 7 cm
L1 2O cm
Lo S ¢ cm

left Leg 77Q CC L
| :4——-L.——>£




Test No. 77Q © O/ At.  KNEE IMPACT DATA SUMMARY

Compensated Force
500 1lbs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

42.2 G's/Division
Filtered 300 Hz.

~

Pelvic Acceleration %
R-L )
4G.55 G's/Division
Filtered 300 Hz.
‘ S esEanae
‘ |
|
|
|
Pelvic Acceleration ¥
S-1
2i.3 G's/Division
Filtered 300 Hz.
\
|
|
‘ L i 1 1 ! 1 ] 1 1 1
‘ T T T T T B + ‘I + + T % %
‘ T—= T T
= == = =
Strobe (Tg) = e o =
= '{ T e on ‘A—;—»w—'r‘vqf‘“::h v it n: L‘AL i;j“‘ —
it ST et e : =
= et t : —
: s SEscorm et
. == = —— Sanias S — =
X LLineav Qonse, Ex&.t&deﬂ,“*’**—f““ s g 22 £ ! = e =
‘ A'8




Test No, 77Q OO/ Rt. KNEE IMPACT DATA SUMMARY

| Compensated Force
| 500 1bs./Division
} i Filtered 1650 Hz.

Femur Strain
Top (1)

1830.4 micro in./in. /Div.
Filtered 1650 Hz. :

Femur Strain

. Side (2)
1927.2 micro in./in. /Div.
Filtered 1650 Hz.

B apts porey ttete et et et Sebepart anpupepel eewmpust

Gould Inc., Instrument Systems Division

Cleveland, Ohio Pri

ntedin USA. . . .

-y

Femur Strain
Bottom (3)

Filtered 1650 Hz.

Strobe (To)




POST IMPACT BONE MEASUREMENTS

Run Numbers 77QCCI-2
Cadaver Number 200460
Date S-{=- 17

Right Leg 77Q CC |

)

B
l./‘+ é L/?_ 3(74

‘ ] cm cm cm

L/4 2.8 1349 |0,

1 1
b A
l”
T 12| 5 | 2a [0
cross - section
3L/4
\S__--i-__ » / 2.9 | 3,2 19.7

C» circumference
Weight of removed Anatomical Material (Rt.) &5.,423 kg.

Weight of removed Femur (Rt.) ©.7¢(0 kg.

Left Leg 77QCC2

L | L 42.2 cm
} 4 § .« !
l | -A A B C
’ cm cm cm
| i A g 3.3 0.2
-‘{-—x-—- . L/2 S‘C 31 —5 10/ Z‘
B cross -section
N 3L/4 1 2.% | 5.3 |9y

C- circumference
Weight of removed Anatomical Material (Lt.) e kg.
Weight of removed Femur (Lt.) C. 732 kg.
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO. 770001~ 2
CADAVER NO. 20 £90
DATE 2- -7

F%W\ur Qﬂaegv

Cstec pove b - anterior view !
Alsg quch\,,d\;
OCCuvven| o 59@&
Qlono el b LU O

J )

|
CCn oA tion

Patella Patella
Right Left
front



KNEE IMPACT AUTOPSY SUMMARY

TEST NO._77CCCi- 2
CADAVER NO. 2C4 9C
DATE 3-[-77

posterior view
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397 3y31

0690¢
# XoawpRv)

397 3307

06902
# Jdeaepe)
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TEST SPECIFICATION

TEST NO. 77Q002 Lt.

IMPACT VELOCITY 43.3 fps

TYPE OF PADDING Rigid

TEST DESCRIPTION: Same as 77Q001

The midshaft and patella were fractured.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 77000 /-2
Cadaver Number C(%C
Date 2—1=-77

ANATOMICAL COORDINATE SYSTEM
X

v/ ]

Accelerometer Pack Location (Anatomical Coordinate System)

z

y-z Plane (x)

Distance From

Distance From
Midsagittal x-z
Plane (y)

Distance From
x-y Plane At
Vertex (z)

G

(@

73.C cwa

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About
X-axis

Angle About
y-axis

Angle About
z-axis

C.»

—~ 0
e

C

LABORATORY COORDINATE SYSTEM

le

Z &:j—n—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis zZ-axis
Rt.Lg 7/GCCI +5° —2° +7°¢
e
Lt.Lg 77C0CC2 + -5 +7°




" STRAIN GAGE LOCATIONS

Run Numbers 77(3CC/ -2
Cadaver Number 2090

Date 2R- =77

Photos of Cross Section at Strain Gages? Yes './ No

Right Leg 77QCC/
]
.4————-!.,-———»,

L 8.7 cm
Ll . 3.0 cnm
S, 6 cm

Ly
Ly 2.5 cm
L1

cm

left Leg 77QC0O%

l‘ ____L—-——,ll
: L 7.4 ecnm
1 ’
L1 2.6 cnm
LZ S./ cm
L3 7.8 cm
L; /cg cm
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Test No, 77QOO 2 Lt. KNEE IMPACT DATA SUMMARY

Compensated Force
500 1bs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

2/./ G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

18.G G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-1I

2/.3 G's/Division
Filtered 300 Hz.

Strobe (TO) =

|
¥
it
]

++
HH

A-21



e |

Test No. 77QCC2Lt. KNEE IMPACT DATA SUMMARY

Compensated Force
S 0C 1bs./Division
Filtered 1650 Hz,

Femur Strain

Top (1)

949.4 micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Side (1)

$6¢3.( micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Bottom (2)

457.6 micro in./in. /Div.
Filtered 1650 Hz,.

| Do o IR

t

T
T ——t T —
[ S g == s S
o=
o b
e S S v v t I 1
J i 1] 1 ! i ni I i 1 il — H
T T T T T T T T T T % ; T %’ 4 T
T e e T F—F—
=1 = 1 { onand
- s —
:
=t
s : 1 Eaea
Strobe (Tp) : S
0 ’ ES = ==
— g e §2 <
- . - -|
i —< -
= = =T jo— 1
e et T e e el |
poma — P S o L8 === T T t‘1
D e e SRt Dy S Searey s tns thtvmnep e wneape & T
Tt v t = D e sa s e auar? sant D]
11 — T =
fas : 23:
== e B e et
P p e ! =
- be e ——{
DD o s ” 3
—1
LB
L Yy “":f
T = e f— - — t
T T




POST IMPACT BONE MEASUREMENTS

Run Numbers 77GQCI- 2
Cadaver Number 20690
Date 2—=/-77

Right Leg 77QCC/

| L i L 42,3 cm
\/\'A/\'
B !
L/L* é L./2 3l74
[ ‘A A B C
* cm cm cm
i ' L/4 2.3 2.9 |10,]
s
i
- L2125 3.9 |99

C» circumference
Weight of removed Anatomical Material (Rt.) 5.42G kg.

Weight of removed Femur (Rt.) (,76C kg.

i ‘—E‘_—
cross - section
i W59 32|97

Left leg 177Q CC 2

L g L 42,2 cm
= —
} 4 é K& M !
| A ] A B C
I ’ cm cm cm
s A i L/4 3,2 3D 1o/ 2
|
i J'"r" 2o o s [l
3 cross -section : '
---_t__- 3L/4 2,8 13319y

C - circumference
Weight of removed Anatomical Material (Lt.) &,/ kg.
Weight of removed Femur (Lt.) (C.737 kg.
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO. _77G L0t ~12

CADAVER NO. 2C (90
DATE 92— /-77

F_emu\\rs QWX Yots
ow‘Rcfom o -
Alsc +vachnves
cccuvvecl ot
S ‘-CJY'S w o Fla
C&,b'r\o»frv\QL\ bbtv"v\(D\/
v . ] ‘)
COV\O[\\’! oA

. . {
anterior view l

Patella

Patella
Right

Left

front

\ rear
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KNEE IMPACT AUTOPSY SUMMARY

TESTNO. 77C.C Q- 2
CADAVER NO. 20 490
DATE 2—/=-77

posterior view
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R

897 3y3ty
06902
# J9ABpPEBD

i

B

397 3397

0690¢
# JaAepe)
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TEST SPECIFICATION

IMPACT VELOCITY 34.6 fps

TYPE OF PADDING Rigid

TEST DESCRIPTION: No strain gages were used in this test because it was

assumed that the femurs in tests 77Q001 and 77Q002 dried out while

the gages were being put on. The femur was coated with vaseline

as soon as the muscle was removed, so as to prevent drying.
The midshaft and neck of the femur were fractured. The patella

was shattered.
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ACCELEROMETER‘PACK LOCATION AND ORIENTATION

Test Numbers 77(C(*~4

Cadaver Number 2 @E9A
Date 1=4-77

ANATOMICAL COORDINATE SYSTEM
X

4

Accelerometer Pack Location (Anatomical Coordinate System)

- Z

Distance From

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

x-y Plane At
Vertex (z)

éZC Crn

G O

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About Angle About Angle About
X-axis y-axis zZ-axis
C C o

LABORATORY COORDINATE SYSTEM

x 4

4 &:3——~—— Cannon

y ,
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis zZ-axis
Rt.Lg 77CCCH ~ 20° +40° -6°
Lt.Lg 77GCCD ~ 3° +5C° -5°




" STRAIN GAGE LOCATIONS

Run Numbers 770 CC3-4
Cadaver Number 20(92
Date R=-T7=77

Photos of Cross Section at Strain Gages? Yes No v«

—= No  Gages

Right Leg 77QCCH4

L cm
L1 cm
L2 cm

Ly cm
L! cm
Left leg 77Q00 3
:4——-- L '—""}
L cm
L1 cm
L.z cm
1.3 cm
L! cm




Test No. 77Q0C 3L+, KNEE IMPACT DATA SUMMARY

Compensated Force
S 0O 1bs,./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

21.,! G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

/8.4 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-1

21.3 Gg's/Division
Filtered 300 Hz.

Strobe (To)




POST IMPACT BONE MEASUREMENTS

Run Numbers 770C02-4
Cadaver Number 209 3
Date 3-7-77

Right Leg 77QC0CH4

| -A A B C
4 cm cm cm
V4023 |2y | es
L/2 2.% 2,318 3%
cross_— section 3L/4

e 2.8 | 9.0

»~

C» circumference
Weight of removed Anatomical Material (Rt.) 2 ¥¢ kg.

Weight of removed Femur (Rt.) (.87 kg.

Left Leg 77QCO 3

{ ,E\____/_\‘: L 1‘(:' cm
/ B 1
L L
} /q, é /2 3“'/4 ! v
l | A A B C
* cm cm cnm
1 1 L/4 2 —
i A ! 2; :)) ) g gtO
ed o
1 . L2126 | 24 |79
3 cross - section
N 3L/4 1 2,4 | 2,9 | g3

C - circumference _
Weight of removed Anatomical Material (Lt.) 2,70 kg.
Weight of removed Femur (Lt.) (O, S (X kg.

A-34



KNEE IMPACT AUTOPSY SUMMARY

TEST NO. 774 Ccc2—4
CADAVER NO. 2069 3

DATE >-%K-77
e
¢t
| anterior view
Patella Patella
Right Left

front
‘ - ..
N /;
. // '7/
¢, WAV
4 VLY
\ |\
rear ) \
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO.__77Q003-¢
CADAVER NO. _ 204,23
DATE __ 3-§-22

A-36
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TEST SPECIFICATION

TEST NO. _ 77Q004 Rt

IMPACT VELOCITY 34.9 fps

TYPE OF PADDING _ Rigid

TEST DESCRIPTION: Same 3s 77003

The midshaft and neck -f the femur were fractured.

The patella was

shattered.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers ‘77(}@}5-4

Cadaver Number 2@693

Date 3-¢-77

ANATOMICAL COORDINATE SYSTEM
X

z
y
Accelerometer Pack Location (Anatomical Coordinate System)
Distance From Distance From Distance From
y-z Plane (x) Midsagittal x-z x-y Plane At
Plane (y) Vertex (z)
C C} éZ.C’Crw

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About Angle About Angle About
x-axis y-axis z-axis
O G C

LABORATORY COORDINATE SYSTEM

x 4

Z &:j—u—— Cannon

y .
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis zZ-axis
Rt.Lg 7/CCC4 ~20° + 40° —0°
Lt.Lg 77GC0% —3° + 5C° - 5°



" STRAIN GAGE LOCATIONS

Ruz Numbers 7 70CC.2-4
Cadaver Number 7,0 /G2

Date 2-7-77
Photos of Cross Section at Strain Gages? Yes No .~
/‘
— NO G coes
\J
Rizht Leg 77QCcCH
1
e L >
\m : L cm
\ ! : Ly cm
- 12 cm
13 cm
L4 cm
left Leg 77Q 00 3
—L—
_L ! L cm
t '
L1 cm
I..2 cm
I..3 cm
L: cm
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Test No. 77Q004 R+,

Compensated Force
50¢ 1bs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

21.7 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

/8.6 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-I

2/.3 G's/Division
Filtered 300 Hz.

Strobe (TO)

KNEE IMPACT DATA SUMMARY




POST IMPACT BONE MEASUREMENTS

Run Numbers 77G0C03—4
Cadaver Number 20 ¢93
Date 3—7-771

Right Leg 77QccA4

| L ; L 4,5 cm
|
B !
L/L* i L/Z -3L/4
| -A A B C
* . cn cm cm
L 41 2,328 | 5.5

' L/2

: -%-}5--- 28 | 2.3 83
cross - section
' _ 3L/4 2.6 1 2.5 3,0

C» circumference
Weight of removed Anatomical Material (Rt.) _3,Y(G  kg.

Weight of removed Femur (Rt.) O,Q‘%& kg .

Left Leg 77Q0C 3

l/_ > _i__..—-—-——*'\l L 41.2:’ cm
|
} l‘/t.} é "/2_ 3‘-/4 I
| LA A B C
’ cm cm cnm
g M4l 13|28 | 55
LA '
. _ L2 2.¢ ] 241 15
B cross-section
S 3L/4 | 54 | 29 5.3

C - circumference .
Weight of removed Anatomical Material (Lt.) .3, 7C kg.
Weight of removed Femur (Lt.) (O, SGY ke.
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KNEE {MPACT AUTOPSY SLUMMARY

TEST NO. _77CC0A-+
CADAVER NO. _ 2C 4G 7
DATE 2-R_77

& anterior view

Patella A Patella

3
’,_ .
20, e .
= S
=% %
AORR - ¢ —
3
L) )
\ Yo
. v B ; —~
] N :
i ’
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO. 77GCCr-4
CADAVER NO. 206972
DATE J=-%-77

.
A}
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TEST SPECIFICATION

TesT No. 770005 Rt

IMPACT VELOCITY 41.1 fps

TYPE OF PADDING Ensolite 1 in.

TEST DESCRIPTION: This test was conducted as outlined in the text,

but great care was taken to keep the femur from drying out. Vaseline

and wet sponges were used to keep the bone moist.

Comminuted fractures of the condyles were produced. There was no

patella damage.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 77()(C05-(-

Cadaver Number 2(C (¢S

Date 3=17-77

ANATOMICAL COORDINATE SYSTEM
X

v/ )

Accelerometer Pack Location (Anatomical Coordinate System)

Zz

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

Distance From
x-y Plane At
Vertex (z)

O

C

7 7.1 ¢m

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About
X-axis

Angle About
y-axis

Angle About
z-axis

27

F30°

-2 ©

LABORATORY COORDINATE SYSTEM

le

Zz &:3—~—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
g—axis y~axis zZ-aXis
Rt.Lg77GCC & + 9° +4C° +5°
Lt.Lg 77Q0CG| +11° F27° F20°



" STRAIN GAGE LOCATIONS

Run Numbers 775 CC S -G
Cadaver Number 20 G 7S
Date 3 —=17- 77

Photos of Cross Section at Strain Gages? Yes l/ No

Right Leg 77QCC s~
\

,4———L.-—-—>,

L 21,5 cm
Ly 3.0 cm
S, cm

left Leg 77QC0G
— L —

-
1

o o
O o
0
=
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Test No. 77Q00 & R+,

Compensated Force
S O0C 1bs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

2 /.1 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

/8, ¢ G's/Divisica
Filtered 300 Hz,.

Pelvic Acceleration
S-I

2/.3 G's/Division
Filtered 300 Hz.

Strobe (TO)

KNEE IMPACT DATA SUMMARY
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Test No., 77QO0 0S5 Ry,

Compensated Force
S CC 1bs./Division
Filtered 1650 Hz.

Femur Strain

Top (1)

2359 5micro in./in./Div.
Filtered 1650 Hz.

Femur Strain

Side ()

23// micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Bottom (3)

2338.5micro in./in. /Div.
Filtered 1650 Hz.

Strobe (To)

KNEE IMPACT DATA SUMMARY

= =3 _{1 = b Sy
~ t Bub— "“"’4‘“—‘1*:::’ watoa
S T e P : -
S — — T — =
: —= 1 : e :
== = : —— + -t e et sty s
. — - % T 1
= T T e o e .
Sl e pme et Sy S e e : ;:
e +
= ! T e S e s ¥
[rom—————— — 7 B W Lt e it
== —t _4_3_,__i F
_— suas T -_ 1 be 1
} o

— 7 T :
P e 7 =
= 1 = -

R asys T

— 7 + o
s B

Ty —+— A =

—dae— —H o 1 et aeoge pyne gt | S o 3 25 1 < Sl
:

- T e da—— — — g
——F s - = T
= = =
= ——F + =+ ==




POST IMPACT BONE MEASUREMENTS

Run Numbers 770005 -(

Cadaver Number _2069¥%
Date 2- 1771

Right Leg 77Q0CS

| L § L _%9.C em
rﬁ——&-—/\'
|
L/Lf & L/Z 3‘74
| A A B C
* cm cm cm

1 f L/4 107 3.2 S, 4

L/2

! -%-l—-- 2.6 |2.% |91
cross - section

C= circumference
Weight of removed Anatomical Material (Rt.) J3.59 kg.

Weight of removed Femur (Rt.) C.,702 kg.

Left Leg 77Q CCG _
i___,,,_-——-—\: L 43,9 cm
P _—

|

‘ ‘—/BL/ 3Ly :
| R f
I

cm cm cm

el zo |32 |95

. L2125 | 29 |9
cross-section

3L/4

2.3 2,9 (4

C = circumference

Weight of removed Anatomical Material (Lt.) 3.59 kg.
Weight of removed Femur (Lt.) OC.6&2 kg.
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KNEE IMPACT AUTOPSY SUMMARY

TESTNO. 770 CCS—GC
CADAVER NO. 2049 &
DATE 2-17=-71

! anterior view i\
PC\'& ellas
1
Patella / Patella
Right Left
fr@‘.‘ b
L.cﬂd}/ les

front A front
= -
/
H //7
VL
X A
rear 2 \ rear
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KNEE IMPACT AUTOPSY SUMMARY

TESTNO._ 770, 0C5-C
CADAVER NO. 2069%
DATE 2 -17-77

LY
.-
_— .\ ‘
N/
\\ posterior view
!
./'“\":
i
rel .
-“"\“/
3 \:'dl
) \ /.
\
Vs L)
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TEST SPECIFICATICN

TEST NO. 77Q006  Lt.
IMPACT VELOCITY 42.3 fps fps

TYPE OF PADDING Ensolite 1 in.

TEST DESCRIPTION: Same as 77Q005

Comminuted fractures of the condyles were produced. There were no

patella damage.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 77

Cadaver Number ZC gg

Date A= |7=77

ANATOMICAL COORDINATE SYSTEM
X

4

Accelerometer Pack Location (Anatomical Coordinate System)

Distance Fron

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

x-y Plane At
Vertex (z)

@

77.1 ¢m

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About
X-axis

Angle About
y-axis

Angle About
z-axis

+2°

+ 30

—_ 3<3

LABORATORY COORDINATE SYSTEM

x )

4 &::—u—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test ‘Angle Angle Angle
About About About
X-axis y-axis z-axis
Rt.Lg 77GCCS o +40° +5°
Lt.Lg 77Q006 | +//° +27° + 20




" STRAIN GAGE LOCATIONS

Run Numbers 77C,CC.5~G

Cadaver Number

Date

20658

2—|7=-77

Photos of Cross Section at Strain Gages? Yes | No

Right Leg 77QCO&

-
C
.

L 2.4~ cm
L1 L. C cm

Lo &7 cm
13 /. 4 cm
Lg ,LQ cm

Left Leg

77Q0C ¢

:4—-—-1.——):

A-64

L 2).5 cm
L1 9.0 cn
Lo, GO cm
Ly 7.7 cm
L4 2.9 cn




R

Test No. 77Q 006 L+, KNEE IMPACT DATA SUMMARY

Compensated Force
50¢C 1bs./Division
Filtered 1650 Hz,

Pelvic Acceleration
P-A

21.1 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
- R-L

/&, G's/Division

Filtered 300 Hz.

Pelvic Acceleration
S-1I

2/.3 G's/Division
Filtered 300 Hz.

-+
.

T o —————

St gyt — =
e e e et Stoerel

Strobe (Tg)




Test No. 77Q006 L*.

Compensated Force
300 1bs./Division
Filtered 1650 Hz,

Femur Strain

Top (i)

47/9 micro in./in./Div.
Filtered 1650 Hz.

Femur Strain

Side (2)

4612 micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Bottom (3)

4,77 micro in./in. /Div.
Filtered 1650 Hz.

Strobe (TO)

N S | |

KNEE IMPACT DATA SUMMARY
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POST IMPACT BONE MEASUREMENTS

Run Numbers 7700C0.S~={(

Cadaver Number 20693
Date 3-18-77

Right Leg 77QCCS&

| L & L _A49C cm
V___\TA//_\l
3L '
L/4 * L/z /4
) [ ‘A A B C
’ cm cm cm

1 1 ’ L/4 lncf 3 pa C7',4‘

|
= L/2

Ae)
' ”J'“g“‘ 2.6 | 2.¢ 19.2
cross - section
’O 3L
\__‘-_ ' ' /4 301 28193
C* circumference :

Weight of removed Anatomical Material (Rt.) 3.89 kg.
Weight of removed Femur (Rt.) (0,702  kg.

Left Leg 77QC CG

| J‘\__________.-——\: L 4209 cm
lf Lo Gt L '
I /‘{‘ § /2 3 /‘<} 1
| LA A B C
cm cm cm
L/4 3.C 32 |95
X L/2 2.5 2.7 191
cross-section
, Sz s | as ey
C = circumference
Weight of removed Anatomical Material (Lt.) 3,89 kg.

Weight of removed Femur (Lt.) (. (52 kg.




KNEE IMPACT AUTOPSY SUMMARY

TESTNO. _77Q C0OS~6
CADAVER NO. 20 (£SO
DATE 2=17-77

anterior view !
No Damace o
Potellas
!
Patella /! Patella
Right Left

Spli*}—

CC)V\C IQS .
eé front

A-68



KNEE IMPACT AUTOPSY SUMMARY

TESTNO._ Y 7QCC 5 -C
CADAVER NO. 2069%
DATE 2—-17-77

- posterior view
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TEST SPECIFICATION

TEST NO. 77Q007 Lt.

IMPACT VELOCITY 43.8 fps

TYPE OF PADDING Rigid

TEST DESCRIPTION: Tests seven and eight were performed to determine the

effect of drying, flesh removal, and possible osteoporotic conditions

on femur response. Cadaver 20709 was judged to be of good quality

for this test. The left leg was prepared as in 77Q005. If it fractured

mid-shaft and was shown not to be osteoporotic, then the right leg

which had not undergone preparation, was to be tested in the identical

manner. If the condyles failed, then the right leg was to be prepared

as the left and run in a padded test.

The midshaft was fractured and the patella was shattered.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 77(3((07-8

Cadaver Number ZQ7CI G
Date 23-22-77

ANATOMICAL COORDINATE SYSTEM
X

4

Accelerometer Pack Location (Anatomical Coordinate System)

-~ Z

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

Distance From
x-y Plane At
Vertex (z)

G

C\

70 .4 cwn

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About
X-axis

Angle About
y-axis

Angle About
z-axis

_50

ﬁ.éro

—4°

LABORATORY COORDINATE SYSTEM

xﬂ

Z &:j—n—— Cannon

y .
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis z-axis
Rt.Lg 770 CC8 ~(° + 9 ° ~ 20
Lt.Lg CC7 ~5° + 8¢ +~7°
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" STRAIN GAGE LOCATIONS

Run Numbers 770 CC7-X
Cadaver Number 20709
Date 3= 22-77

Photos of Cross Section at Strain Gages? Yes e No

Right Leg 77Q ©C¥

left Leg 77Q ¢C 7
l— L —!
"{; ’ L 213 cm
: ' Ly 3.4 cm
L, A0 cm
L3 7.2, c¢m

L! 2,1 cm
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Test No. 77Qoc7 Lt,

Compensated Force
/CCC lbs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

52.75 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

42,75 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-1I

$3.25 G's/Division
Filtered 300 Hz.

Strobe (TO)

KNEE IMPACT DATA SUMMARY

nt Systems Division

Printed in US A




Test No. 77Q007 Lt KNEE IMPACT DATA SUMMARY

L ! ll 1 1 H L. L L 1

L L L !
(e S = =]

T

Compensated Force
/000  1bs./Division
Filtered 1650 Hz,

Femur Strain

Top (/)

2332 micro in./in./Div.
Filtered 1650 Hz.

i | H : H H
T ITT ¥ i * Li T T f f i T i

Femur Strain

Side (2)

2.33% micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Bottom (3)

233% micro in./in. /Div.
Filtered 1650 Hz.

r
! ]
PO Sl .
Strobe (Tg) = =
— —
B e L ._ — :
po +
P e t t T To T
= = — R
= 5 ! 1 2 —
+ ra 1 t
B SEe ==
=7 I I
oo ey ety S e <=
=t T e e o 7
EEESeas Sn e bl&msec
— T
e =




POST IMPACT BONE MEASUREMENTS

Run Numbers 774,007 —¢

Cadaver Number 207 Cj

Date 3~-272=-77

Right Leg 77QOCS

l L : ; L 49.2 cm
|
|
L/l'f % L/Z 3‘74
| A A B C
‘ cm cm cm
: A'-J' L/4 3-4 3-, | /C'/‘,L
- L/2

! __}__g___ 3. 3, Ll1e.2
cross - section 3L/4 j
\\ f 35 | 3.7 |05

Ce circumference
Weight of removed Anatomical Material (Rt.) 3,99 kg.

Weight of removed Femur (Rt.) (.95 9 kg.

Left Leg 77Q00]7

L | L _49¢ cm
I Yy * t, 3y, !
! LA A B c
% ’ cm cm cm
Loy ] 413,53 |ios
| A i
e i e L/2
' , 3.0 3,2 0103
3 cross -section
S LAt 56 | 30 liag

C' circumference
Weight of removed Anatomical Material (Lt.) 392 kg.
Weight of removed Femur (Lt.) C.9G(  kg.
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TEST NO. 77CCOT-%

KNEC IMPACT AUTOPSY SUMMARY

CADAVER NO. 2007049

DATE 325/ 7

* Patella
Right

front

A-80

corrected version
4-12-78

Patella
Left

front



corrected version
KNEE IMPACT AUTOPSY SUMMARY 4-12-78

TEST NO. 772(o (7=
CADAVER NO. _ 2C 74
DATE 3-2%-777

A--81
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TEST SPECIFICATION

TEST NO. 770008 Rt.

IMPACT VELOCITY 41.5 fps

TYPE OF PADDING Rigid

TEST DESCRIPTION: This test was run with the flesh left on the leg;

all else remained the same as run 77QOO1.

The midshaft was fractured and ‘the patella was shattered.

A-84



A-85



- B raes T — Y
ocoecoen. -.H.‘,

L

A-86



ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 27(Y(7 L
Cadaver Number_ 7. 209

Date 3~

22-77

ANATOMICAL COORDINATE SYSTEM
X

v/ f

Accelerometer Pack Location (Anatomical Coordinate System)

Z

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

Distance From
x-y Plane At
Vertex (z)

C

C

70.4 crm

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About

Angle About

Angle About

X-axis y-axis zZ-axis

__30 .‘_50 -40'

LABORATORY COORDINATE SYSTEM

xh

- Z &:3—~—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test ‘Angle Angle Angle
About About About
X-axis y-axis z-axis
Rt.Lg 7/GCOR ~6° + GO ~2°
776607 -5° ~&° -7 0
Lt.Lg 77G G0 5 =7



Run Numbers 770 Q0C7-8
Cadaver Number

Date

" STRAIN GAGE LOCATIONS

2C. 765

3~21-77

Photos of Cross Section at Strain Gages? Yes v~ No

Right Leg 77Q 00§

-—

L cm
L1 cm
Lo cm
13 cm

Lg 2,3 cm

Left Leg

77Q ©C7

L__ 23 ecnm

L2 5,0 com
Lg 7.2 cnm
L4 2.2 cn




Test No. 77Q008 Rt. KNEE IMPACT DATA SUMMARY

Compensated TForce
/CCC 1lbs,./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

S2,75 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

42.75 G's/Divisioa
Filtered 300 Hz.

Pelvic Acceleration
S-I

S5 3.25 G's/Division
Filtered 300 Hz.

Strobe (TO)




POST IMPACT BONE MEASUREMENTS

Run Numbers =5 70007-R

Cadaver Number 20709
Date 3-22-~77

Right Leg 77Q0OCK

l L L 4q/1 cm

o)
L/L* * L/?_ 3‘74

| -A A B o
* cm cm cm
L/4
S ETCEEY 10,9

L/2

] '

e A

: -‘}—-g-—— 3‘1 3;2— 1013
@ - cross-section 3L/4 )
\ ----!-__ 3.8 3.1 [10:S

C» circumference _
Weight of removed Anatomical Material (Rt.) 2,99 Kkg.

PR A S S —
Weight of removed Femur (Rt.) £ GSG  kg.
Left Leg 77QCCY7 )
l i________———""‘\ll L 4{ A cm
l LG oL L !
o~ 4 2 A~
| l A A B C
* cm cm cm
l ' L/4 — —
1 3.8 3.1 1¢0.¢
A
T B
A , V215 |z |0
& cross -section
S 34 s ¢ L s oy

€ = circumference

Weight of removed Anatomical Material (Lt.) 3.9 7 kg.
Weight of removed Femur (Lt.) O,.96¢ kg.




correceeu versiun

KNEE IMPACT AUTOPSY SUMMARY 4-12-78
TEST NO. _ 77(:CCT- %
CADAVER NO.  2070C27
DATE 3-902-77

7y
| anterior view
" Patella Patella
Right Let
front front

rear
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corrected version

KNEE IMPACT AUTOPSY SUMMARY ‘ 4-12-78
TEST NO.  77G.007-
CADAVER NO. 20709
DATE 3-22-71
.I' \ (M '
-' '. !
\' ‘

- posterior view

!
Lokt
PIRGRT N l
RN
r~} .
BadY 2NN |
3 \ z'Ul
y) \ )]
\
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TEST SPECIFICATION

TEST NO. 77Q009 Rt.

IMPACT VELOCITY 41.0 fps

TYPE OF PADDING 2 in. Hexcel, 1/4 cell; ensolite 1 in.

TEST DESCRIPTION: Same as Test 77Q005

There were no injuries.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 7zQ&GQ*H

Cadaver Number 9p703
Date 3-28-77

ANATOMICAL COORDINATE SYSTEM
X

v/ ]

Accelerometer Pack Location (Anatomical Coordinate System)

VA

Distance Fronm Distance From Distance From

y-z Plane (x)

Midsagittal x~-z
Plane (y)

x-y Plane At
Vertex (z)

)

O

$1.0 con

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About
X-axis

Angle About
y-axis

Angle About
z-axis

+4°

—3°

O

LABORATORY COORDINATE SYSTEM

x )

z &:s—n—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis z-axis
Rt.Lg 77Gc07| +/§° + 380 o
Lt.Lg 77GC/0 +£/8° +32° -20
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" STRAIN GAGE LOCATIONS

Run Numbers 777G CCY-1|
Cadaver Number o-¢70 3

Date 3-2%-77

Photos of Cross Section at Strain Gages? Yes No .~

/

Right Leg 77Q 009

L 24 cm
3.3 cm
(.7 cm
(C.C cm

L; 2,3 cm

--a-
-

-
oy

5

Left Leg 77QCIO
| :4-—---1..-——-»ll

L 2C cm
Ll 3,2 cm
Lz G.2 cm
LS‘ /0.0 en

L! Z:‘{' cm




Test No. 77Q0097 gt KNEE IMPACT DATA SUMMARY

Compensated Force
s ©0O 1lbs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

52,79 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

42,75 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-1

53.25 G's/Division
Filtered 300 Hz.

StrObe (TO) A Jr— — s = E::




Test No. 77Q0CY7 gk, KNEE IMPACT DATA SUMMARY

Compensated Force
So 1bs./Division
. Filtered 1650 Hz.

Femur Strain

Top (D

233% micro in./in./Div.
Filtered 1650 Hz.

Femur Strain

Side @)

233% micro in./in. /Div.
Filtered 1650 Hz,

Femur Strain

Bottom (&)

2460.5 micro in./in. /Div.
Filtered 1650 Hz,

Strobe (TO)




POST IMPACT BONE MEASUREMENTS

Run Numbers 77CCC0O9-(I
Cadaver Number 2070 D
Date 2~29-77

Right Leg 77Q 009

| L ; L _&S/[4 cm
m
' > |
L L 3L |
/"f * /z /Lf
| A A B C
. L/4
AL 34 3.8 /12
i L/2
! ‘g" 3.1 | 375
cross - section
3L R
\g_---l__- | Al |zs 12,9

C» circumference
Weight of removed Anatomical Material (Rt.) _2.29  kg.

Weight of removed Femur (Rt.) /.4 kg,

Left Leg 77Q0/C

L | L [.2. cm
| — —~——TTT _ 52
l L 9 L 3L !
/L* é /) /q |
} LA ] A B C
’ cm cm cm
Lo ] /43¢ |38 |23
A
: .; ? 2l Ab \
‘__. -—- L/z ' < S No¥Ymaq
. 4 1 3.9 2.9 pew
g cross - section S i
. BL/4 14, 3 | 3.5 | /27

C - circumference _
Weight of removed Anatomical Material (Lt.) .33 kg.
Weight of removed Femur (Lt.) .1 g kg,
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO.__ 7700 CC S-//

CADAVER NO. 20703 \ |
DATE 3-28-77 Ne Dama C]Q
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO. 7 7@* QC9-//
CADAVER NO. 207053
DATE 3-2&-77

| anterior view
Patella
Right
front Z% :§
<L
!\ } -
Q ) \\ ’
T\
N \
rear 1 |

A-104

: LJQ/ C‘C‘\VV\C\CQ

\

’l
{
!
/! Patella
Left
front
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TEST SPECIFICATION

TEST NO. _ 77Q010 Lt.

IMPACT VELOCITY 40.7 fps

TYPE OF PADDING 2 in. Hexcel, 3/16 cell; Ensolite 1 in.

TEST DESCRIPTION: Same as Test 77Q005

There were no injuries.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 71@0@9*/(
Cadaver Number 20703
Date 3-25-77

ANATOMICAL COORDINATE SYSTEM
X

v/

Accelerometer Pack Location (Anatomical Coordinate System)

Distance From

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

x-y Plane At
Vertex (z)

O

C

8.0 cm

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About Angle About Angle About
X-axis y-axis z-axis
o) .
+ 4 ~3° O

LABORATORY COORDINATE SYSTEM

x )

Z &:j—u—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis z-axis
Rt.Lg 77GC0CT | +/§°€ + 350 Q
Lt.Lg 77Q0/0 + /50 +32° ~2°
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Run Numbers

77008~

Cadaver Number

20705

Date 3-29-77

Photos of Cross Section at Strain Gages? Yes

" STRAIN GAGE LOCATIONS

Right Leg 77Q CO9

|
e L —!

=

=3

L 4 cm
L1 3.3 cm
Lo G.7 cm
Ly /0.0 cm

L; 2.3 cm

Left Leg

7 ¢

A-110

L 2C cm
L1 3.2 cm
Lz C)/?. cm

L3 0.0 cm

L4 2.4 cm

No
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Test No., 77Q /O L, KNEE IMPACT DATA SUMMARY

Compensated Force
500 1lbs./Division
- Filtered 1650 Hz.

Pelvic Acceleration
P-A

52,75 G's/Division
Filtered 300 Hz,

Pelvic Acceleration
R-L

42,75 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-1

52..5 G's/Division
Filtered 300 Hz.

Strobe (TO)




Test No. 77QCI0 t.

Compensated Torce
S oC 1bs./Division
Filtered 1650 Hz.

Femur Strain

Top (1)

233% micro in./in./Div.
Filtered 1650 Hz.

Femur Strain

Side ()

233§ micro in./in. /Div.
Filtered 1650 Hz,

Femur Strain

Bottom (2)

295C. 85 micro in./in. /Div.
Filtered 1650 Hz.

Strobe (Tg)

KNEE IMPACT DATA SUMMARY




POST IMPACT BONE MEASUREMENTS

Run Numbers _ 770 Q09 —/!
Cadaver Number 207073
Date 3-29-77

Right Leg 77Q ©C9

\ L -; L »i]'ﬂ cm
r———\__A/__\l
B |
L/*{ i L/Z 3174
l ‘A A B C
* cm cm cm
! , L/4 3.4 3% |12
}-..A'J
] 1 L/2 _
! _'_};'_ 3,2 37 1.5
@ cross - section
\ —-‘-t--- _ 3L/4 ‘2,1 3, /2‘9

C* circumference

Weight of removed Anatomical Material (Rt.) 2,29 kg

Weight of removed Femur (Rt.) ). 14 ke,
left Leg 77Q C/O |
| AE‘________———-\\J L S /.2 cm
17w '
| Yy é /3 LA !
' | A A B C
’ cm cm cm
oo L/4|2¢ | 3% | 23
| . I
N . M2 24 | 39|28
3 cross -section
. S 43 | 35 |12

C - circumference

Weight of removed Anatomical Material (Lt.)

Weight of removed Femur (Lt.)

A-113

. 1%

kg.

2,33 kg.

Ao no roean
(’.};AMP



KNEE IMPACT AUTOPSY SUMMARY

TEST NO. 727Gy
CADAVER NO. 207C 3
DATE 2~2%-77 N'O O C\mo\sg
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KNEE IMPACT AUTOPSY SUMMARY

TEST N0. 77QCI0
CADAVER NO. 206702
DATE

2-2%-77

No OC\MC\UQ

P
. . . ‘o
\ anterior view )

!

Patella ! Patella
Right Left
4“2 3 ,. \. K
front Zz o Y. Z front
'l/—:" e ¢ —

) 4': '

\} " Ry
) \ // 7/

) Al / :

HEA / (R IR

N ‘ \ \\
rear ' \‘ rear
{
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TEST SPECIFICATION

TEST NO. _ 77Q011 Rt.

IMPACT VELOCITY 41.2 fps

TYPE OF PADDING 2 in. Hexcel, 3/16 cell; Ensolite 1 in.

TEST DESCRIPTION: Same as Test 77Q005

There were no injuries.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 72GC1

Cadaver Number 207C73
Date Z=2k-77

ANATOMICAL COORDINATE SYSTEM
X

y
Accelerometer Pack Location (Anatomical Coordinate System)

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

Distance From
x-y Plane At
Vertex (z)

G

s C em

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About
x-axis

Angle About
y-axis

Angle About
z—-axis

+4°

_\:’)O

O

LABORATORY COORDINATE SYSTEM

x 4

z &:j—n—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)

Test ‘Angle Angle Angle
About About About
x-axis y-axis z-axis

Rt.Lg77QO// +20° -3 45° -2°

Lt.Lg
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" STRAIN GAGE LOCATIONS

Run Numbers S70009-//
Cadaver Number 20703
Date ~-2R -77

\

Photos of Cross Section at Strain Gages? Yes No

Right leg 77Q C//
l
.«————lu————q

L 14 cm
Ll 3,5 cm
Ly 67 cm

13 /0.0 cm
Lg 2,5 c¢nm

left Leg 77Q

:4—— L ———»ll
Jﬁ ' L cm
t
|
L1 cm
1..2 cm
L3 cm
L; cm
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Test No. 77Q0// gt KNEE IMPACT DATA SUMMARY

e

Compensated Force
S0QC 1bs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P~-A

&2.7% G's/Division
Filtered 300 Hz,

Pelvic Acceleration
R-L

42,75 G's/Divisica
Filtered 300 Hz.

Pelvic Acceleration
S-1

§53.25 G's/Division
Filtered 300 Hz.

Strobe (Tgp)

Pevarga T Smma e S S ——

R e e




Test No. 77Q0/[ R+,

Compensated Force
SCO  1lbs./Division
Filtered 1650 Hz,

Femur Strain

Top (1)

2450, 5 micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Side )

24984. 5 micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Bottom (3)

24950, micro in./in. /Div.
Filtered 1650 Hz.

Strobe (TO)

KNEE IMPACT DATA SUMMARY

| Ty e

BRUSH ACCUCHART




POST IMPACT BONE MEASUREMENTS

Run Numbers 770 000-/)
Cadaver Number 70703
Date 3-29-77

Right Leg 77Q Ol

Weight of removed Femur (Lt.) kg,

A-124

| L -i L 5],3 cm
& i
L |
L/L* * L/2 3/4
| A A B C
’ ' cm cm cm
L/4
: ' / 34| 2% | /2
e Ao
(et f L/2
! A 3L |37 .S
é cross - section 3L/4
\ -___f_,__ 4.2 | 3.5 (12,9
Ce circumference :
Weight of removed Anatomical Material (Rt.) 2,29 kg.
Weight of removed Femur (Rt.) (.14 kg.
Left Leg 77Q -
[ i’/——\" L cm
l T '
| Ly 4 /o 3L !
| [ ‘A | A B C
* cm cm cm
: i L/4
2
o /2
3 cross-section
t 3L/4
C - circumference |
Weight of removed Anatomical Material (Lt.) kg.




KNEE IMPACT AUTOPSY SUMMARY

TEST NO._7 7C0CC 7= 11
CADAVER NO. __ 20 703
DATE 3-28-77
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U
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO. _77CC GG~y
CADAVER NO. 207C3

DATE 3-25-77

Patella
Right
4:{"/ N
front = N
= <
!’\ ) -
W \
N 1
% \
N \
rear ‘ |

A-126

., l'
...‘. / -
N . d
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o
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}\5 C O Con QO UQ

K

. . '
anterior view !
!
/ Patella
Left
. 2 front
— ..
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// ’7/
/ 4
\ .\
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| rear
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TEST SPECIFICATION

TEST NO. 77Q012 Rt.

IMPACT VELOCITY  36.9 fps

TYPE OF PADDING 2 in Hexcel, 3/16 cell; Ensolite 1 in.

TEST DESCRIPTION: Same as Test 77Q005

There was a supracondylar fracture, but the patella wasn't damaged.

Apparent osteoporosis.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 7770 /2-)3

Cadaver Number 20711
Date R-20~=77

ANATOMICAL COORDINATE SYSTEM
X

y
Accelerometer Pack Location (Anatomical Coordinate System)

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

Distance From
x-y Plane At
Vertex (z)

O

C

72.2cwA

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About

Angle About

Angle About

z-axis

X-axis y-axis

O G G

LABORATORY CCORDINATE SYSTEM

xJk

z &:3—~—— Cannon

y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis zZ-axis
Rt.Lg 77GC/2 +5° +/5° o)
Lt.Lg 77GCI D ~/C° &€ C
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" STRAIN GAGE LOCATIONS

Run Numbers 77C O12-]13
Cadaver Number 20711

Date 3- 30— 77

Photos of Cross Section at Strain Gages? Yes L+, No +t.

Right Leg 77QCIZ
:
.4———-— L—>

L 2O cm

ﬂ Ly 3.0 _cm
Lo 4.7 cm

Ls 6.8 cm

Ly 2.4 cm

Left Leg 77Q CI3
:4-——-— L ———»{

_![_ : L 2.0 cm
A ! Ly 3.2 cm
Lz 4.2 cm

L3 5. % cm

Ly 2.5 cm




Test No. 77Q0i/2 Rt.

Compensated Force
S0OC 1lbs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

2,79 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

42,75 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-1

53.25 G's/Division
Filtered 300 Hz.

Strobe (TO)

KNEE IMPACT DATA SUMMARY

e —o

T t .
1 t

W

S s
TR R Y
uiamges op e e rog TSNS ERT B9 y gt s s

7‘4____w
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Test No. 77Q<i2 Rt KNEE IMPACT DATA SUMMARY

Compensated Force
5c< 1bs./Division
Filtered 1650 Hz.

Femur Strain

Top ()

222¢ micro in./in./Div.
Filtered 1650 Hz.

Femur Strain

Side )

232% micro in./ia. /Div.
Filtered 1650 Hz.

Femur Strain
Bottom (3)
2450.5 miero in./in. /Div.
Filtered 1650 Hz. E

Strobe (TO)




Run Numbers

POST IMPACT BONE MEASUREMENTS

727C012-13

Cadaver Number 20 711

Date

3-230C=-77

Right Leg 77QC/ 2

I L : ; L 44 cm
V‘_\TA'/\l
* L/Z, 3‘74
l— A A B C
‘ - cn cm cm
L4t 281 2.7 9.8
2
-J-X-- L/ 2,6 25| 5.8
cross - section
| 3L o0 | 2 q.9
€+ circumference :
Weight of removed Anatomical Material (Rt.) 2.92 kg.

Weight of removed Femur (Rt.) (.5 89 kg.

Weight of removed Anatomical Material (Lt.) 3.69

Left Leg 77Q 013

7

C - circumference

t 3L/4 3C ne ei‘Dka\

Recodnhruc b

B
| A A B C
’ cm cm cm
L/4 la? 2-8 C\f;g
P . V21 2.6 |26 |55
8 cross-section
Qz)«:nd

A

Weight of removed Femur (Lt.) (O.582 kg.

A-135
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO. 77QCr2-/3
CADAVER NO. 207/ 1
DATE 3-30-77

, o . {
| anterior view )
‘ Weole
Ewaqu
]
Patella _ v Patella
Right ‘( Left
front € front
.*-;’:‘) "“' :. \——= .
‘\..) iy /;
IR DY
\ \ / \\‘; ;
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KNEE IMPACT AUTOPSY SUMMARY

TEST NO._77GCi2- )3
CADAVER NO. __ 20 7//
DATE 3-30-77

 Weak

@Of\ES\

hed

‘~~"\¢!
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TEST SPECIFICATION

TEST NO. 77Q013 Lt.

IMPACT VELOCITY 39.3 fps

TYPE OF PADDING 2 in. Hexcel, 3/16 cell; Ensolite 1 in.

TEST DESCRIPTION: Same as Test 77Q005

The condyles and midshaft were fractured, but the patella wasn't

damaged. Apparent osteoporosis.
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ACCELEROMETER PACK LOCATION AND ORIENTATION

Test Numbers 770C/2~13

Cadaver Number 20711
Date =30-77

ANATOMICAL COORDINATE SYSTEM
X

y
Accelerometer Pack Location (Anatomical Coordinate System)

Distance From

Distance From
y-z Plane (x)

Distance From
Midsagittal x-z
Plane (y)

x-y Plane At
Vertex (z)

C

C

T2.2cwmm

Accelerometer Pack Orientation (Anatomical Coordinate System)

Angle About Angle About Angle About
X-axis y-axis z-axis
C O C
LABORATORY COORDINATE SYSTEM
x4
z &:3—-~—— Cannon
y
Accelerometer Pack Orientation (Laboratory Coordinate System)
Test Angle Angle Angle
About About About
X-axis y-axis z-axis
Rt.Lg 77GC/2 £ 50 +15° -
Lt.Lg 77G0/3| +/C° =5° o
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" STRAIN GAGE LOCATIONS

Run Numbers —Z7GCj;2-13

Cadaver Number

20711

Date 3~ 20~77

Photos of Cross Section at Strain Gages? Yes .}, No Rt

Right Leg 77QC/Z

L 20 cm
L1 3,1 cm
Lo 4.7 cm
Ly 6.¥ com

L4 z,i cm

Left Leg

77 C1 3

A-144

L, 5.% cm
L; 2.5 cm
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Test No. 77QC i3 ot KNEE IMPACT DATA SUMMARY

. ! 1 i i L ! i H ! 3 ! + b 1 1

Compensated Force
&©oC 1lbs./Division
Filtered 1650 Hz.

Pelvic Acceleration
P-A

52.78% G's/Division
Filtered 300 Hz.

Pelvic Acceleration
R-L

42,75 G's/Division
Filtered 300 Hz.

Pelvic Acceleration
S-1

&3, 25 G's/Division
Filtered 300 Hz.

i Strobe (TO)




——

Test No. 77QC/3¢+,

Compensated Force
& oQ 1lbs./Division
Filtered 1650 Hz,

Femur Strain

Top (1

2480.8micro in./in. /Div.
Filtered 1650 Hz.

Femur Strain

Side ()

24%4,8 micro in./in. /Div.
Filtered 1650 Hz,

Femur Strain

Bottom (3)

248¢.s~micro in./in. /Div.
Filtered 1650 Hz,

Strobe (TO)

KNEE IMPACT DATA SUMMARY




POST IMPACT BONE MEASUREMENTS

Run Numbers 77(QRC/2-[3
Cadaver Number 2071/
Date 2~ 230-77

Right Leg 77QC/ -

l L ; L ___ﬁi_cm
V——\‘B__A_’/_—\‘
L |
L/"i % L/Z. 3/4
r ‘A A B C
* cm cm cm
; ! ' L/4 2'8 217 9-8
= Ao L/2
) "}"g'“ 26| 2,5 8.%
cross - section
' /4 o0 | 2.6 9.9
C» circumference :
Weight of removed Anatomical Material (Rt.) 3.92  kg.
Weight of removed Femur (Rt.) (C.5%9 kg.
Left Leg 77QCI 3 _
' JL'\___,_,..._————\: L 42.6 cm
i b '
o~ § h h
l | A A B C
* cm cm cm
o] L/i4| 2.2 | 2.9 ] 9.8
‘ : |
edem o
1 . V21 ¢ |26 |55
B cross-section
t 3L/4 Bone | Rroken @»eycv\o\
....... Izw;cov\.s\"rv_q_"idw‘\

C = circumference

Weight of removed Anatomical Material (Lt.) 23.69 kg.

Weight of removed Femur (Lt.) G582 kg.
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KNEE IMPACT AUTOPSY SUMMARY

TESTNO. 770 Cl2-~ [
CADAVER NO. 2C 71/
DATE 2-230 =77

! anterior view

Patella
Right

Patella
Left

fear



KNEE IMPACT AUTOPSY SUMMARY

TEST NO. 77@@/2-/5
CADAVER NO. 2C 711

DATE 3-230-77
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