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INTRODUCTION 

The objective of these t e s t s  was t o  generate data which could 

be used t o  study the mechanism of femur f rac tu re .  Thirteen human knee 

impacts were conducted on s i x  cadavers. Twelve femurs were defleshed 

fo r  t e s t ing  and one was tes ted  with the f lesh  i n t ac t .  S t ra in  gages were 

mounted a t  approximately the mid-shaft of the femur in ten knee 
impacts. A t r i ax i a l  accelerometer pack was mounted t o  a bar r ig idly  

attached t o  the posterior-superior i  1 i ac  spine. Side and overhead 

high-speed motion pictures (3000 and 1000 fps respectively) were taken 

of each t e s t .  

METHOD 

Cadaver Preparation. The cadavers were sani t a r i  ly prepared 

by sealing off  a1 1 body openings. The cadaver 's  upper torso was 

sui ted  with the t o p  o f  a vinyl sweat s u i t ,  and the head and hands 

were covered and sealed.  The f lesh  on the r igh t  and l e f t  femurs was 

removed. The skin f laps  on the superior end of the femurs were sutured 
closed. The bottom of a vinyl sweat s u i t ,  with the legs cut o f f ,  
was placed on the cadaver and the legs of the s u i t  wrapped around 

the femur shaf t  and sealed off  t o  stop any resu l tan t  leaking from 
the removal of the f l esh .  The quadriceps tendon was cut on the su- 
per ior  end. All of the ligaments of the knee were l e f t  in tac t .  
Only the muscle was removed from around the femur and the pa t e l l a r  
surf  ace. 

St ra in  Gaging. The mid-shaft region of each femur was cleaned of 

a1 1 s o f t  t i s sue .  The regions to  be gaged were scraped clean and sanded 
smooth w i t h  320 g r i t  wet abrasive paper, while flushing with 99% 

ethyl a1 cohol . Final cleaning and drying was done with gauze sponges 

and a1 cohol . Three uniaxial Mi cro-Measurements type EA-13-250BG-120 

s t r a i n  gages were applied. These gages were placed along 
the axis of the femur a t  the following locations:  



1 .  Anterior Mid-shaft 

2 .  Lateral Midshaft 

3. Medial Midshaft 

The gages and cable r e l i e f  tabs were bonded t o  the  femurs with 

Mi cro-Measurements M-Bond 100 (Methy-2-Cyanoacryl a t e )  adhesi ve. 

The cables were secured t o  the femur by nylon cable t i e s ,  so as not 

t o  be loaded during impact. The gages were checked out  f o r  continuity 

and the locat ion of each s t r a i n  gage was recorded before the cadaver 

was moved t o  the impact area .  

Pelvic Accelerometer Mount. - A f i x t u r e  f o r  mounting a t r i a x i a l  

accelerometer pack was r i g i d l y  attached t o  the pos ter ior -super ior  

i l i a c  spines.  The o r i en ta t ion  of the accelerometer pack r e l a t i v e  t o  the 

body was measured and recorded. 

Impact. The cadaver was taken from the preparation room t o  the  

impact room. ' A Ferno-Washington head t r ac t ion  harness was placed on 

the cadaver 's  head and f ixed to  an overhead ho i s t  by a s ix- foot  sect ion 

of rope. The cadaver was seated on a balanced wooden block, and 
the legs supported on the in fe r io r -pos te r io r  surface of the femur 

by a half-inch diameter s t ee l  rod supported a t  the  ends. The cadaver 

was positioned so the  femur was along the axis  of the impactor with 

the lower leg pulled back so the pate1 1 a was 1 ined up along the femur 

axis .  The cadaver 's  upper torso  was tipped back so t h a t  the overhead 

camera would have a c l e a r  view of the top of the femurs. 

Each s t r a i n  gage was connected t o  a Honeywell Accudata 120 

through an Accudata 105 f o r  the signal conditioning. The t r i a x i a l  

accelerat ion package was mounted to  the pe lv is  back mount. The 

accelerometers (Endevco Model 2264-2000) were connected t o  the Honeywell 

Accudata 120 and 105 the same as used for the s t r a i n  gages. The 
o r i en ta t ion  of the  accelerometer package in the laboratory coordinate 
system was measured and recorded. Along w i t h  the impactor force ,  accelera-  

t i o n ,  and ve loc i ty ,  the camera synchronization f lash  s i g n a l ,  femur s t r a i n s  
and pelvis  accelera t ions  were recorded on a Honeywell 7600 FM tape recorder. 



Two high-speed motion p ic ture  cameras were used t o  record the  

t e s t .  A Hycam (3000 f p s )  was used t o  record the impact from the s ide  

while a Photosonics (1000 f p s )  recorded i t  from above. 

The impacts were conducted using a pneumatically operated t e s t ing  

machine speci f ica l  ly  constructed fo r  impact s tud ies .  The machine 

consis ts  of an a i r  reservoi r  a n d  a  ground and honed cylinder with 

two careful ly  f i t t e d  pistons.  The t r a n s f e r  piston, which i s  propelled 

by compressed a i r  through the cylinder from the a i r  reservoi r  chamber, 

t r ans fe r s  i t s  momentum t o  the impact piston. A s t r i k e r  surface 

with an inertia-compensated load ce l l  i s  attached t o  the impact p is ton .  

This piston i s  allowed t o  t ravel  up  t o  ten inches and then i t s  motion 

i s  a r res ted  by an inversion tube which absorbs the remaining k ine t i c  

energy of the p is ton .  The desired impactor s troke can be prec ise ly  

control led by the i n i t i a l  positioning of the impact piston with 

respect to  the inversion tube. The impactor veloci ty i s  control led 

by reservoi r  pressure and the r a t i o  of the masses of the t r ans fe r  

and* impact p is tons .  The load ce l l  i s  a  Kis t l e r  904A piezoelec t r ic  

load washer wi t h  a  Kis t le r  805A piezoelec t r ic  accelerometer mounted 

in ternal  ly f o r  i n e r t i a l  ly compensating the load ce l l  

f o r  the s t r i k e r  mass between the load ce l l  and the impact surface .  

The impact-piston and load-cell  s t r i k e r  assembly f o r  a l l  these testsweighed 

2 2 . 2 5  pounds. The s t r i  ker used was s i x  inches in diameter and was surfaced 

with various types of padding. The following f i  1 t e r  cha rac te r i s t i c s  were used: 

1 Force - Class 1000 

2 .  St ra ins  - Class 1000 

3. Pelvis  Accelerations - Class 180 

Gross Autopsy. The gross autopsies were conducted in the autopsy 

1 aboratory, spec ia l ly  equipped f o r  d issec t ion .  Careful anatomical 

d issec t ion  of the pelvis  and knee was performed t o  allow d i sc re te  

iden t i f i ca t ion  of a1 1 i n j u r i e s .  When gross trauma was found, i t  was 

photographi cal l y  recorded, using a speci a1 ly modi f ied  Pentax camera 

with a closeup l ens ,  t o  provide a permanent record of the in ju ry .  

When s t r a i n  gages were used, a photograph was made of the cross-  

sect ional  area of the femur a t  the gage fo r  s t r a i n  analys is .  



The femurs were characterized by a s e t  of measurements made a t  

the autopsy. The femur's length was measured and divided in to  four 

equal lengths. The diameter in the anter ior-poster ior  and in the 
1 ateral-medial directions a t  each quarter  length, as we1 1 as the 

circumference, was measured and recorded. 

Samples of the condyles and of the head of the femur were taken 
fo r  microscopic examination. Bone samples were a lso  taken and stored 

fo r  future chemical analysis .  

RESULTS 

A data package was made u p  fo r  each t e s t ,  and i s  given i n  the 

appendix. This data package consists  of the fol lowing information: 

1 .  A word descript ion of the t e s t  

2. Set-up photographs 

A. Lateral view 

B .  Rear view 
3. Knee impact data sheets 

A .  Force and s t r a i n  time h i s to r ies  
B .  Force and pelvic accelerat ion time h i s to r ies  

4. Accelerometer pack location and or ienta t ion 

5 .  Stra in  gage locations 

6 .  Autopsy photographs 
A .  Femur overal l view 
B .  Cross-section of femur a t  the s t r a i n  gage s i t e  

7. Knee impact autopsy summaries 
A .  Anterior aspect 

B .  Posterior  aspect 
8. Post Impact Bone Measurements 

All  of the t e s t  data was recorded unf i l tered on FM tape fo r  future 
analysis .  An overall summary of the t e s t  data i s  given i n  Table 1 .  



CONCLUSIONS 

The t e s t  procedures used in t h i s  study generated t e s t  data which 
were good fo r  studying the f a i l u r e  mechanisms of the femur under axial 
loading, The f lesh  could be removed from the femur while s t i l l  main- 

taining the knee jo in t  complex in a normal s t a t e .  The s t r a i n  gage 
mounting techniques resulted i n  good bonding of the gages to  the bone 

b o t h  during and subsequent t o  the t e s t s .  The overhead camera frame 
r a t e  of 1000 fps was found t o  be too low fo r  t h i s  type of t e s t .  





DATA SUMMARI ES 

APPENDIX I 



TABLE 2. C h a r a c t e r i s t i c s  o f  Cadavers Used i n  Knee Impact T e s t s  

Run Cadaver Age Weight Height 
Number Number Sex ( y r s )  ( k g .  ) (cm. ) Cause o f  Death 

774001 20690 F 54 99.6 169.5 B r e a s t  Cancer 

774002 20690 

774003 20693 F 5 1 75.6 153.1 Cardiac  Ari thmi a 

774005 20698 M 74 89.7 165.6 Myocardial I n f a r c t i o n  

69.9 171.9 Unknown Chronic Obstruc- 
t i o n  o f  Pulmonary A r t e r i e s  

53.2 182.5  Resp i ra to ry  F a i l u r e  

774012 20711 M 65 61 . 8  159 .4  Acute Myocardi a1 I n f a r c -  
t i  on 

774013 2071 1 



TEST SPECIFICATION 

IMPACT VELOCITY 42.8 f PS 

TYPE OF PADDING Rigid 

TEST DESCRIPTION: T h i s  t e s t  was conduc ted  as o u t 1  i n e d  i n  t h e  t e x t .  The 

femur  was l e f t  exposed i n  t h e  a i r  seven hou rs  w i t h  no c a r e  t a k e n  

t o  p r e v e n t  d r y i n g .  

The m i d s h a f t  was f r a c t u r e d  and t h e  p a t e l l a  was s h a t t e r e d .  







ACCELEROMETER PACK LOCATION AND ORIENTATION 

T e s t  Numbers J ~ ~ I C : ~ ( ) I -  2 
Cadaver Numberd '  nC,?r 

--- 

Date ,,? - I .- 7 7 

ANATOMICAL COORDINATE SYSTEM 

y J 
Accelerometer  Pack Locat i on  (Anatomical  Coord ina t e  System) 

Acce le rometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina t e  System) 

D i s t a n c e  From 
y-z P l ane  ( x )  

LABORATORY COORDINATE SYSTEM 

Dis t ance  From 
M i d s a g i t t a l  x-z 

P l a n e  ( y )  

- Cannon 

Di s t ance  From 
x-y P lane  A t  

Vertex ( z )  

Angle About 
z - a x i s  

Angle About 
x - a x i s  

Acce le rometer  Pack  O r i e n t a t i o n  (Labora to ry  Coord ina t e  System) 

Angle About 
y -ax i s  

T e s t  

R t  . Lg 7 ~ C C C  I 

,.Angle 
.About 
x- ax i,s 

t 5" 

Angle 
About 
y - a x i s  

- 2O 

Angle 
About 
z - a x i s  

t 7 "  



STRAIN GAGE LOCATIONS 

Run Numbers 7 7 G C C ' l - 2  
Cadaver Number LC L, 9 rl 
Date ,3 - 1 -  7 7 

Photos  of Cross  Sec t ion  a t  S t r a i n  Gages? Yes - L/ No - 

Right  Leg 7 7 Q c o f  
I 

S t i+S crn 

Le f t  Leg 7 7 Q c C 2  

'1 L ----+I 
I I 

% 7 t 8  cm 

L', 1 1  S cm * 



~ e s t  No. 77Q 0 0 / Q,t. 

Compensated Force  
5-00 l b s .  / D i v i s i o n  
F i l t e r e d  1650 Hz. 

KNEE IhPACT DATA SUhlhlARY 

S t r o b e  (To) 



KNEE IhlPACT DATA SUMhlARY Test No, 7 7 Q 0 0 1  R t .  

Compensated Force  
5 0 0 Ibs, / D i v i s i o n  
F i l t e r e d  1650 Hz. 

I 

Femur S t r a i n  
Top ( 1  ) 

1 8 3C.4 mic ro  i n ,  /in, /J)iv, 
F i l t e r e d  1650 HZ.  

Femur S t r a i n  
S i d e  ( 2 )  
/ r^ 2 7. 2 micro  i 
F i l t e r e d  1650 

n . / i n .  /Div 
Hz. 

Cleveland, Ohlo 2r r,ted IP L ^s A ! 

Femur S t r a i n  
Bottom (31 ' 9 C 2  micro  i n *  / i n *  /Diva 
F i l t e r e d  1650 Hz. 

I 

S t r o b e  (To) 



POST, IMPACT BONE hlEASURE!sENTS 

Run Numbers 7 7c GC, I - 2 
 cadaver^ Number ~[?r ;C/c 
Date ? -  1 -  7 7  

-- 

Right Leg 77Q CC i 

I L 42,3 cm 

cross - section 

C.8 circumference 
Weight of removed Anatomical Mater ial  ( R t  . ) ~ 5 - ,  4 3 kg. 

Weight of removed Femur ( R t . )  G p 7 G G  kg .  

Le f t  Leg 77Q G C  L 
L I 

i A 

@ ; L/& 
I 

I 
i ' A ,  - - - 

(-1 - -  cross - section 

\ ---- -,- 
\ 

C Circumference 

Weight of removed Anatomical Mater ial  ( L t . )  G, C. k g .  

Weight of removed Femur ( L t  . )  ~ , 7 3 2  k g .  



KNEE IMPACT AUTOPSY SlJMMARY 

TEST NO. 77CC;C'I- 
CADAVER NO. 2,L b ?cl 
DATE 2- / -  77 



K N E E  I M F A C T  AUTOPSY SUMMAR" 

TEST NO. ~ ~ C I C C  i -  2 

CADAVER NO. zc L D(3 

DATE 









TEST SPEC1 FICATICN 

TEST NO. 774002 i t .  

IMPACT VELOCITY 43.3  f PS 

TYPE OF P A D D I N G  R i g i d  

TEST DESCRIPTION: Same a s  77Q001 

T h e  m i d s h a f t  and p a t e 1  1 a were f rac tured.  







ACCELEROMETER PACK LOCATION AND ORIEHTAT I ON 

T e s t  Numbers ~ 7 c c c ~ / -  2 
Cadaver Number 2r,('\7? 
Date 7-  I -7 7 

ANATOMICAL COORDINATE SYSTEM 

Acce le rometer  Pack Loca t ion  (Anatomical  Coord ina te  System) 

Acce le rometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina t e  System) 

D i s t a n c e  From 
y-z P l ane  (x) 

LABORATORY COORDINATE SYSTEM 

D i s t a n c e  From 
hlidsag i t  t a l  x-z 

P l ane  ( y )  

Angle About 
x - a x i s  

c 

- Cannon 

Di s t ance  From 
x-y P l ane  A t  

Vertex (2) 

Accele rometer  P a c k  O r i e n t a t i o n  (Labora to ry  Coord ina t e  Sys tem)  

Angle About 
y - a x i s  

- G - S 

Angle About 
z - a x i s  

C 

T e s t  

R t .  Lg  7 7 q C C  1 

L t  . Lg 77C; C G i  

Angle 
About 
x - a x i s  

t SC 
+ g c  

Angle 
About 
y - a x i s  

- z0 
-5" 

Angle 
About 
z - a x i s  

t 7 '  

1-7" - 



STRAIN GAGE LOCATIONS 

Run Numbers  77c C / - 1 
Cadaver Number i ~ ;  G , ~ c >  
Date 3- /-77 

Photos of Cross Section a t  S t r a in  Gages? Yes,  / No - - 

Right Leg 7 7 Q C C i  
I 

Lef t  Leg 7 7 Q ~ 0 2  

' + L A  
I 1 

- -- - ----. -.--- - I-. -"- s 



Test No. 7 7 Q o o 2 L t -  KNEE IhlPACT DATA SUhiiMARY 

Compensated Force  
500 l b s .  / D i v i s i o n  
F i l t e r e d  1650 Hz. 

P e l v i c  A c c e l e r a t i o n  
P- A 
2 1.  1 G ' s / D i v i s i o n  
F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  
R- L 

I 8 . 6  G1s/Div is io ; l  
F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  

F i l t e r e d  300  Hz. 

S t r o b e  (To)  



~ e s t  No. 77Q C c 1;r- KNEE IMPACT DATA SUMMARY 

Compensated F o r c e  
S O C I  l b s .  / D i v i s i o n  
F i l t e r e d  1650  Hz. 

I 

Femur S t r a i n  

93 ?. 4 m i c r o  i n . / i n .  /Div 
F i l t e r e d  1650  Hz. 

Femur S t r a i n  
S i d e  (1) 

7 ~ 3 . ~  m i c r o  i n . / i n .  /Div. 
F i l t e r e d  1650 Hz. 

Femur S t r a i n  
Bottom ( 3 )  
457 .  G m i c r o  i n . / i n ,  /Div 

F i l t e r e d  1650 Hz. 

S t r o b e  (To) 



POST, IhIPACT BONE MEASUREZvlENTS 

Run Numbers 77Cp,C I - 2 
Cadaver Number 2C GCjC 

Date ,?.-I - 77 

Right Leg 7 7 Q C c I  

I L 4 2 ! ?  cm 

cross - section 

C* circumference 
Weight of removed Bnatomiczl Mater ial  ( R t .  ) ,5,4 26 kg. 

Weight of removed Femur (Rt. ) C , ? & C  kg.  
- - 

L e f t  Leg 77QCcz 

--- @--I cross - section 

\ - - - - - - - 
\ 

C circumference 

Weight of removed Anatomical Mater ial  ( L t .  ) G , / C kg. 
Weight of removed Femur ( L t .  ) 0.'7 ) 2 kg. 



KNEE I I IPACT AUTOPSY SUMMARY 

TEST NO. 77CCC1i - 2 -  

CADAVER NO. LC L: qC/ 
DATE 2-  1-77 

Patella 
left 



KNEE IMPACT AUTOPSY SUMMARY 

TEST NO. 7 7 C C  1 -  2 
CADAVER NO. 2C G 9 0 
DATE 







TEST SPEC1 FI CATION 

TEST NO. 77Q003 L t .  

IMPACT VELOCITY 34.6 f PS 

TYPE OF PADDING R i a i d  

TEST DESCRIPTION: No s t r a i n  gages were used  i n  t h i s  t e s t  because i t  was 

assumed t h a t  t h e  femurs i n  t e s t s  774001 and 77Q002 d r i e d  o u t  w h i l e  

t h e  gages were b e i n g  p u t  on. The femur was coa ted  w i t h  vase1 i n e  

as soon as t h e  musc le  was removed, so as t o  p r e v e n t  d r y i n g .  

The m i d s h a f t  and neck o f  t h e  femur were f r a c t u r e d .  The p a t e l l a  

was s h a t t e r e d .  







ACCELEROMETER PACK LOCATION AND ORIENTATION 

T e s t  Numbers 7'7GCt13-4 
Cadaver Number 2o 672 
Date ,.;- 4 -77 

ANATOJII CAL COORDINATE SYSTEM 

Accelerometer  Pack Loca t ion  (Anatomical  Coord ina t e  System) 

Acce le rometer  Pack O r i e n t a t  i o n  (-Anatomical Coord ina t e  System) 

Di s t ance  From 
x-y P lane  A t  

Vertex ( 2 )  

62,C C M  

D i s t a n c e  From 
y-z P l a n e  (x)  

G 

LABORATORY COORDINATE SYSTEM 

D i s t a n c e  From 
? , l i d s a g i t t a l  x-z 

P l a n e  ( y )  

G 

- Cannon 

Angle About 
z - a x i s  

Ci 

Angle About 
x - a x i s  

c' 

Accelerometer  Pack O r i e n t a t i o n  (Labora to ry  Coord ina t e  System) 

Angle About 
y -ax i s  

C1! 

T e s t  

- 
~ t . ~ g  77GCC4 

Lt . Lg 7 74C)CJ 3 

Angle 
About 
x - a x i s  

- ZCC' 

- 3" 

Angle 
About 
y -ax i s  

t 4~~ 

i -scO 

Angle 
About 
z - a x i s  

-6'  

-sC 



STRAIN GAGE LOCATIONS 

Run Numbers 77c CC 3 - 4 
Cadaver Number 'LC: G 93 
Date 7 -  7 - 7 7  

Pho tos  of Cros s  S e c t i o n  a t  S t r a i n  Gages? Yes - No - 

\ 

4 
Right  Leg 7 ' i Q C C q  

I 

Left Leg 7 7 Q 0 0 3  

' t ~ 4  
I I 



. . 

T e s t  No. 77QOC 3 ~ t .  KNEE IMPACT DATA SUIIIURY 

Compensated Force  
~ 5 - G O  I b s . / D i v i s i o n  
F i l t e r e d  1650 Hz. 

P e l v i c  A c c e l e r a t i o n  
B- R 

G t s / D i v i s i o n  
F i l t e r e d  300 Hz. 

P e l v i c  A c c e i e r a t  i o n  
R- L 

8 -  G f s / D i v i s i o n  
F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  
S- I 
2 I 3 G '  s / D i v i s i o n  

F i l t e r e d  300  Hz. 

S t r o b e  (To)  



POST, IMPACT BONE MEASURE>U3NTS 

Run Numbers 7 7 cC\ 3 - 4 
Cadaver Number LC; 6 Cj 3 
Date 2-7-77 

Right Leg 7 7 Q ~ ~ 4  

cross,- section 

C* circumference 

L/4 

L'2 

3L/4 

Weight of renoved Anatomical hlater ia l  ( R t . )  <.', Si kg 

Weight of removed Femur ( R t  . ) C; 5) V kz. 

A 
cm 

2,s 

2.B 

2 

Left Leg 77QC.G 3 

--- @--I C/ cross - section 

\ ---- -,, 

B 
crn 

2,8 

2.3 

?,8 

\ 
C circumference 

C 
cm 

8,s- 

8.3 

Y , Q  
. 

Weight of removed Anatomical Mater ial  ( L t . )  3 , 7 G  kg.  

Weight of removed Femur ( L t  . )  (?,s& kg. 



KNEE IMPACT AUTOPSY SUMMARY 

TEST NO. 77C, C c:\?-# 
CADAVER NO. 2 ~ : C - q  7\ 
DATE 3 - F - 7 7  

rear 

Patella 
Left 

front 

rear 



KNEE I M P A C T  AUTOPSY SUMVARY 

T E S T  NO. c.l 

/70003 - 4 
CADAVER NO. J&, 93 

I ,  

DATE 





TEST SPEC1 FICATiON 

TEST NO. 

IMPACT VELOCITY 34.9 f ps  

TYPE OF PADDING Rigid 

TEST DESCRIPTION: 3s "?Go3 

The rnidshaft and n e c d  ;i the femur were fractured. The patella was 

shattered. 







ACCELERONETER PACK LOCATION AND ORIENTATION 

T e s t  Numbers 77j;CC,:)-Q 
Cadaver Number 2f1;9! 
Date :- 4 - 7 7  

ANATOMICAL COORDINATE SYSTEM 

M z, Y 
Acce le rometer  Pack Loca t ion  (Anatomical  Coord ina t e  System) 

Di s t ance  From 
x-y P lane  A t  

Vertex ( z )  

D i s t a n c e  From 
y-z P l ane  ( x )  

Accelerometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina t e  System) 

D i s t a n c e  From 
M i d s a g i t t a l  x-z 

P l ane  ( y )  

Angle About 
x - a x i s  

LABORATORY COORDINATE SYSTEM 

Angle About 
y -ax i s  

b--- Cannon 

Angle .About 
z - a x i s  

Acce le rometer  Pack O r i e n t a t i o n  (Labora to ry  Coord ina t e  System) 

1 
Angle 
About 
z - a x i s  

-6'" 

- so 
1 

Angle 
About 
y -ax i s  

t 4 G C  

L 5 ~ 0  

T e s t  

~t . ~ g  77GC1c,+ 

L t . L g  77QCC3 

Angle 
About 
x - a x i s  

-2C0 

- <3 



STRAIN GAGE LOCATIONS 

Rx 1 Numbers -7 ~GJCC:,:- 
Cadaver Number 2 C, I ;  c/ 
Date 3 - 7 - 7 7  

Photos of Cross S e c t i o n  a t  S t r a i n  Gages? Yes - No L' - 

1 

L, 
Ri:;ht Leg 77Q CC.? 

- -. - - - .  

Left  Leg 7 7 Q o O 3  



T e s t  No. 7 7 Q 0 0 4  R t .  KNEE ISIPACT DATA SUhIhIARY 

Compensated Force  
50 c l b s .  / D i v i s i o n  

F i l t e r e d  1650 Hz. 

P e l v i c  A c c e l e r a t i o n  
P- R 
Li..? G ' s / D i v i s i o n  

F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  
R- L 
1 8 ,  G G ' s / D i v i s i o n  

F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  
S- I 
2 / " 3  G 1 s / D i v i s i o n  

F i l t e r e d  300  Hz. 

S t r o b e  (To) 



POST, IMPACT BONE MEASUREhEKTS 

Run Numbers 7 7G CC 3-4 
Cadaver Number zC) C ?,3 
Date 3 -  7- 7 7  

-- - 

Right  Leg 7 7 Q ~ C 4  

L I L 41,q cm 

($I-- 
cross - section 

fL''---J - - - 
Cm circumference 

Weight of removed Anatomical M a t e r i a l  ( R t . )  3 ! ( . &  kg.  

Weight of removed Femur ( R t . )  ~ ~ a - 7 8  kg.  

Le f t  Leg 77QGc 3 

--- @--I WQSS - section 

\ ---- - - -  
Z 

C circumference 

Weight of removed Anatomical  Material.  ( L t . )  ,3,7C: k g ,  

Weight of removed Femur ( L t  . ) G ,  6-G kg. 



K F I E i  ;:4PACT AUTOPSY S L:-i'!ARY 

TEST NO. /7GC,C,3-;1- 
CADAVE? NO. -. 3 C 6 i? ,' 
D A T E  ? - p - 7 7  

Patella 
Right 



KNEE I M P A C T  AUTOPSY SUMMARY 

T E S T  NO. 77QCC:A- 4 
CADAVER NO. zc(oCi7 
DATE 





TEST S P E C I F I C A T I O N  

TEST NO. 77Q005 Rt. 

IMPACT VELOCITY 41.1 fps 

TYPE OF PADDING Ensoli te  1 i n .  

TEST DESCRIPTION:  This t e s t  was conducted as outl ined i n  the  t e x t ,  

b u t  g rea t  care was taken t o  keep the femur from drying out .  Vaseline 

and wet sponges were used t o  keep the bone moist. 

Comminuted f rac tures  of the condyles were produced. There was no 

oatel 1 a damaqe. 







ACCELEROMETER PACK LOCATION AND ORIENTATION 

ANATOMICAL COORDINATE SYSTEM 

Accelerometer  Pack Loca t ion  (Anatomical  Coord ina t e  System) 

Acce le rometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina t e  System) 

Di s t ance  From 
x-y P lane  A t  

Vertex ( z )  

7 7 -  1 C- 

D i s t a n c e  From 
y-z P l a n e  ( x )  

0 

LABORATORY COORDINATE SYSTEM 

D i s t a n c e  From 
M i d s a g i t t a l  x-z 

P l a n e  ( y )  

0 

- Cannon 

Angle About 
z - a x i s  

- 3 "  

Angle About 
x - a x i s  

i- l C  

Accelerometer  Pack O r i e n t a t i o n  (Labora to ry  Coord ina t e  System) 

.Angle About 
y - a x i s  

+ ( 3 , ~ '  

T e s t  

~t . L ~ ~ ~ C C , C  5 

~ t . ~ g  ~ ~ Q C C G  

Angle 
About 
y -ax i s  

t 4C" 

t z 7  

Angle 
About 
x - a x i s  

t 9 ' 
t / i ' 

1 

Angle 
About 
z - a x i s  

.t ,Tc 

t 2 ~ "  
J 



ST2AIN GAGE LOCATX 3NS 

Run Numbers 7 7  G; (;C; 5- & - Cadaver Number- 
Date ,.3 - 1  7 -  7 7 

Photos of Cross  Sec t ion  a t  S t r a i n  Gages? Yes - / No - 

Right Leg 7 7 Q C c S  
I 

Left Leg 7 7 Q C 0 ~  

'+L" 



Test No. 7 7 Q 0 0 5 ~ t .  KNEE IhPACT DATA SUMMARY 
I I I ,  I 1 

- .  - --.. ._._,____ , ,-2.......-,-- ' : ,  , . .  . . . .-.. .----:--- - ' ., . -. . --, . - , >  --., __  .-. .. . .. .--k-I-. . r-:-- - p:-r!.e---i ---_ <_-.. -, -,..-. 
. . - - - 2 - - - - i  ,__ _ ,-. .-- i .t ..& k.-r_tr-z%: 
. . , -. . - . - . , . - - . - - . - . . . --. 

r=-+ .++--.TL-z;=>. :E:s::r--:L:L-2::rz. .--. 
Compensated Force , .- -... .--.. A-. -- +. .-&. . - - .-• . -- ...-- &r~~*.:::&f=~::g~: kg . . . ,  .--  . - -  - -._.-+--. . ._*. _ ,___,_.,__ . . . . Tz , . - : . : . .xx~FzkT-z T. :=3-z2 ,L----:-zc..=7 ig~+=; --~5~2~7?-~2-kzz., 

. - - [.A - - - -  - -- --.-- .-- .-.. .-- - ---? .=tL;7: 
--- - . '.,.. . .,... - -. - . . , . . . - . . - - S - o C  lbs./Division 
. . . . . - . ~ 

F i l t e r e d  1650 Hz. --: . . . .. 1 - : = irg+~-zfr.7:~-7:f-yz-~+-zF+~5:-~z -L~--~~~:LZ~-:---=-. .--k-- -.--I 
, , . ...,.--I-. , . . . , , ?-. +- . -I--+-T !:===sr--. 

-- . . . . . . .- . . . - . . - -- -- . . . , . 
* - . - . -. -. . -. -. . -. -*- ..- ._ 

- .. . . . . - . . . . . , -. - . . . + - b  - -L F+ 
--- -  !- -- -.- --. -.-i Y t - r - 7 - Z  . . . . .  ,. 

1 - -  - z7rLzzz2 p+i-??& 5z;32!~::zzf=:~: :=-- -- . A. - -- . . -. , . .- - . c-- .i-. . , .. -..-=--I -- - . . -. . - - . - . - - - . . . t .- .~;->L~-:--z-+~~~~z-:-~L~~~T.:::~ :=:~-- ;.-.+ 
- - r i  - I- - -L J!~=:.+.ZZ::~<;-L- ...r:::i:x:*- -?T:~: ----L, 2 

.. . .. , 
-. -- . . - . - - - - - * &+rtr-- "--- .-'-----. * ----. ' -----. --.--4-. , ---, .: 

,--L yLLy- =-.--?-- --- --,. *. ." r+ 1 -=.= 2.:; :::?:;zz%z: r:T:-. . . - 
' 

. 4- . . .-.'. - rkzli--- -. i--- -.-.---.--..-.- A--? .- . - . -. . - - - . , .i-~--z-~----:F-~- -. '--L--+'---*--t . .::-~zv-+-~. ----+-.,-- :=zLTL 4z<->5 ;:-:l 
y->f::2-- -.- q-z- * - . -- , - . ----I - -___FT; ,I,7ay- 1 -::-;L-:-r--.k.~=iz= --- - ' -. - -.-.+.---= - - -  ..4 $ - .  I - -  - . - . . - r - ( . _ - .  !-. .----t-- 7::TF--=:?-:---.fr- -- - 

I 

S trobe (To) 

. . -. .... I I:--. .=:I-. ---.--..---. + 
-.I. ----+- i- -. : L:y 1 : 7 l::zIt7-3.+Tf+714- .f: i &::;::;.>--:~~:~t'-z:::=- ' , -. 

:: :.L==.: _.FZZTL - L .  -- - ---- - -.--- r L.-. 
p-- -. -- -- - - ~  -----...- c=: .-1=: 

- . . - . . . . . . - ...-+-A -*-r- --.:-=.--.=, - . --t .-.. . - . C E ~ L - .  ,-. .-. l;~-~-r~-7:~+--.---- ---tIr=--. . 
-- _ - - ...L _! .- _~.rr=ITf:::Tks=d 

. ~r.E~~~~~:~;:-:a':r------.----- --+-- ----- . - -.$.- + 
-. -. 

-. . . - --, %;L-::L---&.YL ---- +---a P e l v i c  Accelera t ion . . -  .-- ---- ----.,=------ 
- _ r . - .  ___r__._._ _ _ _ _ . . _ A .  - ... . - r-- =.- :- - . i - --. .-, ---. i_. . - -, . . .. ,.= :=:- L-.- 1 - L  

S- I t - - t -  -. . _+ ..-+.. ._^ . - - . ? .  .. -L-Lz::=::gZ;:-::-~: -t..-: _-_~:-l*L---.t:-.---+ ----: .--.--v_...-_..,-. - ._. , .-- * .L-. . '-.- -...+-.,.---.-+..-+-+-+-r:~-.-- - -  r-----. -- t--r-- 

2 1 -  3 G1s/Division - - -*. . -. 1. * +. +.-. -*-. .., .- 7s .--;::- -r-y- 7'-7,- - -i_ . -. -p3;: .-2-==~? 
"' '- . -.-+..-tr-, - - -$ - - -  

* .-?..-. -.-..-.-. < 
. - . . . , - -4 

F i l t e r e d  300  Hz, * - -  -. .--+-. -.--.- .---.-,-- .--. -ce3-:rr;Frz --.-.-.. :tl-.-.i 
-.-a _ .  .. _ _ ? _  __  - - +7. . ~ ? . t i 2 7 ~ 4  :z::7 :-=:Zz:- 
-. 

*---z.--r='--.--rL T=-zr--- rrr_l 
-. 4. --F-L--, -Ed:::=, :-3::-::-=::&z +--: ::-2-y* L;7=-T-Ts< --= ;:-yfx-~ -- --.-: .zz.z=-T-2+z;+. -, - - .- . - 1-=&---*---2 yyz-=x-z2.-L-. r---.--kzk=-----~ 

-. . *-.- . --.-- - - +.-- 7c-G=&s3& 
--+-. -. -E.~-:-:&~+~17~::,-.CyLL---i:7- -- -.------.I------! - --A -- ---- +.-.--.. . , . -.--_,. --'L-~------ ------a -. . . * . - -. +.---L.-, -L........+-.. 
- ---- --~. - --- C ---. -. -~-Llir+i-t=L=.~~r~i 

-, __i.r_._ -. . - -. - . --.---A+- -.-. __-L__. +. _.L-P-zr_L-.~-r--- -- --. -- - [.-. ---:. -:. . + -.. 4~::-7~-:+I~-~~G~~1~2 
I 
I 



KNEE IhlPACT DATA SUhlluRY 

L ' ! ! ! ? , ; ' ' ,  , ! ! I ; : , '  I I ! !  

Compensated Force 
500 l b s .  / D i v i s i o n  
F i l t e r e d  1650 H Z .  

Femur S t r a i n  
Top ( 1 )  
2359.5micro  i n .  / i n .  /Dive  
F i l t e r e d  1650 Hz. 

-, 

Femur S t r a i n  
S ide  (1) 
2311 micro i n . / i n . / D i v .  

~ i l t e r e d  1650 Hz. 

S t r o b e  (To) 



POST, IMPACT BONE ,MEASUREMENTS 

Run Numbers 7 7G\Q @,T- 6 
Cadaver Number 20 G c/ 
Date 3 -  I?-?? 

R i g h t  Leg 77Q 0 C 5- 

I I 

cross - section 

C* circumference 
Weight of removed Anatomical Material ( R t  . ) 3.59 kg. 

Weight of removed Femur ( R t  . ) 0, 70 3 kg. 

L e f t  Leg 77Q C,CG 

cross - section 

\ 

C circumference 

Weight of removed Anatomical Mater ia l  ( ~ t . )  c3,15TY kg .  

Weight of removed Femur ( L t  . )  G. 6 8 7, kg. 



KNEE IMPACT AUTOPSY SUMMARY 

TEST NO, 77CC c; aj-C; 
CADAVER NO. i c ~  9 e 
DATE ,? - ( 7  - 7 7  



. TEST 

CADA 

DATE 

KNEE IMPACT AUTOPSY SUMPARY 

' NO. ~ ~ C [ I C I ~ - L  
,VER NO. Z L ( - ~ Y  







TEST SPEC1 FICATION 

TEST N O .  77Q006 Lt. 

IMPACT VELOCITY 42 .3  f p s  f p s  

TYPE OF PADDING E n s o l i  t e  1 i n .  

TEST DESCRIPTION: Same a s  77Q005 

Comminuted f r a c t u r e s  o f  t h e  c o n d y l e s  were  p roduced .  T h e r e  were  no 

pa t e l l  a damage. 







ACCELEROMETER PACK LOCATION AND ORIENTATION 

T e s t  Yumbers 7 7c CCS-6 
Cadaver Number 2~ iLj9 8 
Date -7-  17- 7 7  

ANATOMICAL COORDINATE SYSTEM 

I 

Y 
Accelerometer  Pack Loca t ion  (Anatomical  Coord ina t e  System) 

Acce le rometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina t e  System) 

1 

LABORATORY COORDINATE SYSTEM 

Dis t ance  From 
x-y P lane  A t  

Ver tex  ( z )  

D i s t a n c e  From 
y-z Plane  (x )  

Accelerome 

D i s t a n c e  From 
M i d s a g i t t a l  x-z 

P l ane  ( y )  

Angle About 
z - a x i s  

Angle About 
x - a x i s  

t e r  

.Angle About 
y -ax i s  

Pack O r i e n t a t i o n  (La b o r a t  o ry  

Cannon 

Coord ina t e  System) 

I 

Angle 
About 
z - a x i s  

ts (3 

t ZC" 

Angle 
About 

' y - a x i s  

t 4c0 

527' 

T e s t  

~t . L~ 77CCC .5- 

L ~ . L ~  77C00L; 

Angle 
About 
x - a x i s  

t .9"  

t . 1  I 0 



STRAIN GAGE LOCATIONS 

Run Numbers 7 7C ~c .5 -C~  
Cadaver Number 2 C-\ r, 4 K 
Date 7 - 1  7 - 7 7  

Photos of Cross Sect ion  a t  S t r a i n  Gages? ~ e s d  No - 

Right Leg 7 7 ~  cc5- 

7 cm 

L3 7 4  cm 
L, 2.9 crn 

- - 

Lef t  Leg 77QOCG 

I+ L ----+I 
I I 



Test No. 7'iQ 0 0 6 L+. KNEE IkLPACT DATA SUllhWRY 

I . !  
I I I ' - + -  I I : !  

Compensated Force 
5-00 lbs./Division 
Filtered 1650 Hz. 

Pelvic Acceleration 
R- A 
2 l i Gts/Division 
Filtered 300 Hz. 

Pelvic Acceleration 
R- L 
I 8. L ~'s/Division 
Filtered 300 Hz. 

Pelvic Acceleration 

- - ,  

Filtered 300 Hz. 

St robe  (To)  



T e s t  No. 7 7 Q 0 0 G  ~ t .  KNEE IAPACT DATA SUMhIARY 

Compensated Force  
5-00 l b s ,  / ~ i v i s i o n  
F i l t e r e d  1650 Hz, 

Femur S t r a i n  
Top ( 1 )  
4 7 1 9  micro  i n . / i n . / D i v .  
F i l t e r e d  1650 Hz. 

Femur S t r a i n  
S i d e  12) 
4 G 2 2  micro  i n . / i n .  /Diva  
F i l t e r e d  1650 Hz. 

Femur S t r a i n  
Bottom (3) 
4677  micro  i n . / i n .  /Div 
F i l t e r e d  1650 Hz. 

S t r o b e  (To) 



POST, IMPACT BONE XEASUREJIENTS 

Run Numbers 7 7pC;iq.5- - (, 
Cadaver Number Z(.' I, 9 (9 

Date '3 - j  8-77 

Right  Leg 77Q GCak 

I L 1 L 44,c cm 

cross - section 

C* circumference 
Weight of removed Anatomical M a t e r i a l  (Rt . )  3.5':7 kg. 

Weight of removed Fernur ( R t  . ) @, 7C 2 k?.  

L e f t  Leg 77QG C C  

(-\ Q-[--- cross - section 

\ - - - - , , - 
\ ,  

- 

C circumference 

Weight of removed Anatomical M a t e r i a l  (Lt . )  3,&>; kg .  

Weight of removed Femur ( L t . )  C,58 2 kg, 



K N E E  I M P A C T  AUTOPSY SUMMARY 

TEST NO. - / 7 G ~ G 5 - ( 0  

CADAVER NO.  2 C i  !: ? 9 
DATE 7 - 1  7- 7 7 



KNEE I M P A C T  AUTOPSY SUMMARY 

T E S T  NO. -/ 7GC,? 5 - I -  
CADAVER NO. 2. C '3 
DATE 







TEST SFECIFICATION 

TEST NO. 77Q007 L t .  

IMPACT VELOCiTY 43.8 f PS 

TYPE OF PADDING Rigid 

TEST DESCRIPTION: Tests seven and e ight  were performed t o  determine the 

e f f e c t  of drying, f lesh removal, and possible osteoporotic conditions 

on femur response. Cadaver 20709 was judged to  be of good qual i ty  

for  t h i s  t e s t .  The l e f t  leg was prepared as in 774005. I f  i t  f ractured 

mid-shaft and was shown not to  be osteoporot ic ,  then the r igh t  leg 

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

manner. I f  the condyles f a i l e d ,  then the r igh t  leg was to  be prepared 

as the l e f t  and run in a  padded t e s t .  

The midshaft was fractured and the pa t e l l a  was shat tered.  







ACCELEROLIETER PACK LOCATION AND ORIENTATION 

Tes t  Numbers 77(;('?7-8 I . i .  
Cadaver Number 207 rjCl 
Date 7- 2 2 - 7 7  

ANATOMICAL COORDINATE SYSTEII 

Accelerometer Pack Location (Anatomical Coordinate System) 

Accelerometer Pack O r i e n t a t i o n  (Anatomical Coordinate System) 

Distance From 
y-z Plane ( x )  

C 

Angle About 
x - a x i s  

Distance From 
? , l idsagi t ta l  x-z 

Plane ( y )  

C' 

LABORATORY COORDINATE SYSTEM 

Distance From 
x-y P l a n e  A t  

Vertex ( z )  

70.4 c m  
1 

Angle About 
y-axis  

- Cannon 

Angle About 
z -ax i s  

Accelerometer Pack O r i e n t a t i o n  (Laboratory Coordinate System) 

Tes t  

~ t . ~ g  7 7 G C G Q  

~t . ~ g  cc 7 

Angle 
About  
x-axis  

- G o  

-50 

Angle 
About 
y-axis 

+ 9 "  

1.8'' 

Angle 
About 
z -ax i s  

- 2.O 

t 7 O  



' STRAIN GAGE LOCBTIONS 

Run Numbers 7 7 G C C 7 - g -  
Cadaver Number zc 7C:? 
Date . ? -  2 - 2 -  7 7  

J No- Photos of Cross  S e c t i o n  a t  S t r a i n  Gages? Yes- 

I L - 4  
L- cm 

cm Ll-- cm 

L2- 
cm =3------- 

4-3m 

~ r t  Leg 77QoC7 

1- L -d 



Compensated F o r c e  
1 0 0 C l b s ,  / D i v i s i o n  

F i l t e r e d  1650 Hz. 

KNEE IMPACT DATA SUhIhlARY 

P e l v i c  A c c e l e r a t i o n  
P- R 
52.75- G G ' s / D i v i s i o n  
F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  
R- L 
4 2 ,  '73- G r s / D i v i s i o n  
F i l t e r e d  300  Hz. 

!nl Systems Div~sion I 

Printed In J S A 

P e l v i c  A c c e l e r a t i o n  
S- I 
.s^3.'15 ~ ' s / D i v i s i o n  
F i l t e r e d  300  Hz. 

S t r o b e  (To)  



~ e s t  No, 7 7 Q ~ 0 7  kt, KNEE TJIPACT DATA SUhIhIARY 

---,- 1--.?-- L - ,- I-. .;- - 

Compensated Force 
1OOO l b s . / D i v i s i o n  
F i l t e r e d  1650  Kz. 

Femur S t r a i n  
Top (1 ) 
2339  m i c r o  i n , / i n .  / ~ i v .  
F i l t e r e d  1650  H Z .  

, , I 1 ,  * 
I S ,  - 

I 

Femur S t r  
S i d e  (2) 
2.338 m i  
F i l t e r e d  

a i n  

c r o  i 
1650  

n . / i n  
Hz. 

I BRUSHACCUCHA 

Femur S t r a i n  
Bottom ( 3 )  
2 3 3 9  m i c r o  i n . / i n .  /Div .  
F i l t e r e d  1650 Hz. 

S t r o b e  (To) 



POST, IMPACT BONE MEASUREllIENTS 

Run Numbers 7 7 C ~ \ C : ' 7  - g  
Cadaver Number ZC? cCj 
Date 3 -  2 2 - 7 7  

R i g h t  Leg 77Q O C 8  

Q::-:-: cross - section 

t m  circumference 

=I4 

L/2 

3 L/4 

Weight of renoved Anatomical M a t e r i a l  (Rt . )  3 , $ ?  kg.  

Weight of removed Femur ( R t  . ) ~ ~ 7 . j -  kg. 

A 
cm 

3 - 4  

3.i 

a -  

L e f t  Leg 7 7 ~  ~ 0 7  

Q--[-- 1~ 1, cross - section 

\ ---- - - -  

B 
em 

3.1 

3 .1 .  

3, / 

\ ,  

C circumference 

C 
crn 

10,g 

1 0 , 3  

1 0 , s  

L Q 7 9 ~  crn 

Weight of removed Anatomical M a t e r i a l  ( L t . )  ,j 9 2 kg. 
W e i g h t  of removed Femur ( L t . )  c . 9 ~ 6  k g .  

L/4 

L/2 

3L/4 

A 
cm 

3.5 

3 . 1  

3 . L .  

B 
cm 

3 .  1 

3 . 2  

3,1 

C 
crn 

1 c . 5  

i o , ~  

iO1g 



corrected version 
KNEE IMPACT AUTOPSY SUMMARY 4-12-78 

TEST NO. ) - - -  7 7 1 : ~ (  ,-7-2 
CAUAVCR 140. - ?,( '7( C? 

DATE -7 - 2 ?,. -/ -7 
L 



corrected version 
KNEE IMPACT AUTOPSY SUMIflRY 4- 12-78 

1 TEST NO.~7f;!'i17- 2 1 

CADAVER NO. ?.(' 7 (:I() 
DATE 







TEST SPEC1 FICATION 

TEST N O .  774008 Rt. 

IMPACT V E L O C I T Y  41 .5  f PS 

TYPE OF P A D D I N G  Riqid 

TEST D E S C R  This t e s t  was run with the flesh l e f t  on the leg ;  

a l l  e l se  remained the same as run 77Q001. 

The midshaft was fractured and the pate1 la  was shattered. 







ACCELEROMETER PACK LOCATION AND ORIENTATION 

T e s t  Numbers 77(3X7-Q 
Cadaver Number 2 ' ~ ' ~  7r'j 
Date 3 -  27,- 7 7  

ANATOMICAL COORDINATE SYSTEM 

" t 

Y 
Accelerometer  Pack Loca t ion  (Anatomical  Coord ina t e  System) 

Acce le rometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina t e  System) 

Di s t ance  From 
x-y P lane  A t  

Vertex ( 2 )  

D i s t a n c e  From 
y-z P l a n e  (x )  

: 

LABORATORY COORDINATE SYSTEM 

Dis t ance  From 
M i d s a g i t t a l  x-z 

Plane  ( y )  

b--- Cannon 

Angle About 
z - a x i s  

Angle About 
x - a x i s  

Acce le rometer  Pack O r i e n t a t i o n  (Labora to ry  Coord ina t e  System) 

Angle About 
y - a x i s  

Angle 
About 
z - a x i s  

- 7 0  L 

~7~ 

Angle 
-4 bcru t 

' y-ax i s  

+ Y o  
t gc 

T e s t  

R t  .Lg 77GC0 !? 

Lt . Lg 77c CC7 

Angle 
About 
x - a x i s  

- L ~  

- so 



STRAIN GAGE LOCATIONS 

Run Numbers 7 7G CG?-  g 
Cadaver Number ZC.7 Cq 
Date 3 - 2 2 - 7 7  

Photos of Cross Section a t  S t r a i n  Gages? Yes - / No - 

Right Leg 77Q 008 

Left  Leg 77Q C c 7  

' + L A  
I I 



T e s t  No. 77Qoo6 W. KNEE IMPACT DATA SUMMARY 

1 / 1 1  I 

Compensated Force 
/CCC l b s  , / D i v i s i o n  

F i l t e r e d  1650 HZ.  

P e l v i c  A c c e l e r a t i o n  
P- R 
52,7a- G1s /Div i s ion  
F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  
R- L 
42.7 5 G '  s /Div is io , l  
F i l t e r e d  300 Hz. 

P e l v i c  A c c e l e r a t i o n  
S- I 
53.25-Gf s/Division 
F i l t e r e d  300 Hz. 

Strobe (To)  



POST IMPACT BONE MEASUREMENTS 

Run Numbers 7 7e e~\7 - 8 
Cadaver Number ZG~C, 9 
Date ( 3 - 2 2 - 7 7  

Right Leg 77Q00g 

L $?,I cm 

cross- section 

C* circumference 

L/4 

L/2 

3 L/4 

Weight of removed Anatomical Mate r ia l  ( ~ t  . ) .?,9 9 kg. 

Weight of removed Femur ( R t  . ) ,p, qcj-7 kg 

A 
crn 

3 / 4  

3 . 1  

3 , s  

L e f t  Leg 7 7 Q G G 7  

' A !  I 

B 
em 

3 ,  

3 , ~  

3 , 1  

- - - @--I cross - section 

\ - - - - - - - 

C 
cm 

io,.) 

IG,3 

/Or< 

\ '  

C circumference 

Weight of removed Anatomical Mater ia l  ( L t . )  3 . 9  L kg .  

Weight of removed Femur (Lt . )  0, 6 6 kg. 



TEST NO. ~ 7 ( ) c ( ! 7 -  $; 

CADAVEK 140. 2(; 7 (:; '1 
DATE , 3 - 7, .- .7 -7 



KNEE IMPACT AUTOPSY SUMMARY 

TEST ti0. 7 7 ( ;  (:O7 - 2 
CADAVER 1\10. 1. 3 0 - 7 ( ; 1  C/ 
DATE - 

corrected version 
4-1 2-78 







TEST SPEC1 FICATION 

TEST NO. 77Q009 R t .  

IMPACT VELOCITY 41 . O  f PS 

TYPE OF PADDING 2 i n .  Hexce l  , 114 c e l l  ; e n s o l  i t e  1 i n .  

TEST DESCRIPTION: Same as T e s t  774005 

There  were no i n j u r i e s .  







ACCELE;ROMETER PACK LOCATION AND ORIENTATION 

T e s t  Numbers 7 7 ( ; ~ ~ 9 - l 1  
Cadaver Number 2 ' 0 7 ~ ~ 3  
Date 3- 28-7 7 

ANATOMICAL COORDINATE SYSTEM 

y / 
Accelerometer  Pack Loca t ion  (Anatomical Coord ina te  System) 

Accelerometer  Pack O r i e n t a t i o n  (Anatomical Coord ina t e  System) 

4 

Dis t ance  From 
x-y P lane  A t  

Vertex (z)  

8 i .Gcw 

r 

Dis t ance  From 
y-z P lane  ( x )  

8 

LABORATORY COORDINATE SYSTEM 

Dis t ance  From 
M i d s a g i t t a l  x-z 

P l ane  (y )  

0 

+-- - Cannon 

1 

Angle About 
z - a x i s  

0 

Angle About 
x - a x i s  

t 4 O  

Accelerometer  Pack O r i e n t a t i o n  (Labora tory  Coord ina te  System) 

.Angle About 
y -ax i s  

- ?JO 

T e s t  

Rt.Lg 7 7 Q c ~ P  

L ~ . L ~  7 7 Q C I Q  

Angle 
About 
y-ax is  

t S8C 

~ 3 2 "  

Angle 
About 
x - a x i s  

+ i e C  

+/8" 

1 

Angle 
About 
z - a x i s  

c 

- 2 O  
i 



STRAIN GAGE LOCATIONS 

Run Numbers 7 7C cGC/ - I 1 
Cadaver  Number 2~ 70 3 
Date  2 - 2 2 - 7 7  

P h o t o s  of C r o s s  S e c t i o n  a t  S t r a i n  Gages?  Yes - No - w" 

R i g h t  Leg 77Q os 9 
I 

Left Leg 7 7 Q G l o  

' + L A  



Test No. 77QOo9  RY, KNEE IhPACT DATA SUXIIARY 

Compensated Force 
500 lbs./~ivisior! 
Filtered 1650 Hz. 

Pelvic Acceleration 
P- A 
5-2,7y G's/Division 
Filtered 300 Hz. 

Pelvic Acceleration 
R- L 
42,7.5 G's/Division 
Filtered 300 Hz. 

Pelvic Acceleration 
S- I 
S 3 -  25- G1s/Division 
Filtered 300 Hz. 

St robe  (To)  



Test No. 7 7 Q O c 9  R-t-. KNEE IhiPACT DATA SUhIIIARY 

Compensated Force  
S O  O l b s .  / D i v i s i o n  

F i l t e r e d  1650 Hz. 

Femur S t r a i n  
Top (1: 

2335 micro  i n . / i n .  
F i l t e r e d  1650 HZ. 

Femur S t r a i n  
S i d e  C2) 
2 3 3  8 micro  i n .  / i n .  / D i v a  
F i l t e r e d  1650 Hz. 

Femur S t r a i n  
Bottom 
2 4 6 0 . 5  micro  i n . / i n .  , 
F i l t e r e d  1650 Hz. 

S t r o b e  (To) 



POST, IMPACT BONE MEASUREMENTS 

Run Numbers 7 7 ~  C;O?-/ 1 

Cadaver Number 7 cl 7 ~ ;  3 
Date -7,- 7 3 -  7 7  

Right  Leg 77Q0oCi 

L S I . + c m  

cross - section 

C* circumference 
Weight o f  removed Anatomical M a t e r i a l  ( R t .  ) 2. L 9 kg. 

Weight of removed Femur ( R t  . ) /. 14 kz, 

--- @--I cross - section 

\ - - - - - - - 
\ 

C circumference 

Weight of removed Anatomical M a t e r i a l  ( L t . )  2.33 kg .  

Weight of removed Femur ( L t  . ) /. / 9 kg. 



KNEE IMPACT AUTOPSY SUMMARY 

. . TEST NO. 7 7C CC 9-1 / 
CADAVER NO. 
DATE 



KNEE IMPACT AUTOPSY SUMMARY 

TEST NO. 7 7C' C c?-// 
CADAVER NO. 2 C 7Cl 3 
DATE ,,?- 28-77 





TEST SPECIFICATION 

TEST N O .  77Q010 Lt. 

IMPACT VELOCITY 40.7  f P S  

TYPE OF PADDING 2 i n .  Hexcel , 3/16 c e l l  ; Ensol i t e  1 i n .  

TEST DESCRIPTION : Same as Tes t  77Q005 

There were no i n j u r i e s .  







ACCELEROMETER PACK LOCATION AND ORIENTATION 

T e s t  Numbers -/7QCC'I-/ / 
Cadaver Number 1~70.3  

- - 

Date 3- 28 -77 

ANATOMICAL COORDINATE SYSTEM 

Accelerometer  Pack ~ b c a t  i o n  (Anatomical  Coord ina t e  System) 

Acce le rometer  Pack O r i e n t a t i o n  (Anatomica l  Coord ina t e  System) 

Di s t ance  From 
x-y P lane  A t  

Vertex ( z )  

t Q1.C C'M 

D i s t a n c e  From 
y-z P l a n e  ( x )  

0 

LABORATORY COORDINATE SYSTEM 

to 

D i s t a n c e  From 
Midsagi t  t a l  x-z 

P l a n e  ( y )  

C 

+.- Cannon 

i 

Angle About 
z - a x i s  

C j 

Angle About 
x - a x i s  

t f 0  

Accelerometer  Pack O r i e n t a t i o n  (Labora to ry  Coord ina t e  System) 

Angle About 
y -ax i s  

- L 

1 

Angle 
About 
z - a x i s  

- 2 O  
1 

T e s t  

~t . ~g 7 7GCC 9 

~t . ~ g  776OlG 

Angle 
About 
x - a x i s  

t / g C  

f- / t o  

Angle 
About 
y - a x i s  

+ 3ga 

4 &;iC 



STRAIN GAGE LOCATIONS 

Run Numbers 7 7 G  C,C 9 - ( 

Cadaver Number 1 0 7 ( -  3 
Date 3 - 2 3  -7  7 

Photos of C r o s s  S e c t i o n  a t  S t r a i n  Gages? Yes - No 0 - 

Right Leg 77Q C09 
I 

Lef t  Leg 77Q z1c 
I+L" 
I I 



KNEE IhlPACT DATA SUMMARY 

Compensated Force  
5-00 l b s . / D i v i s i o n  

F i l t e r e d  1650 Hz. 

P e l v i c  A c c e l e r a t i o n  
P- A 
S-2, 7a- G 1  s / D i v i s i o n  
F i l t e r e d  300  Hz. 

P e l v i c  A c c e l e r a t i o n  
fl- L 
q;,7,3- G 1 s / D i v i s i o n  
F i l t e r e d  300  H Z .  

S t r o b e  (To) 



T e s t  No. 7 7 Q C 1 0  L+, KNEE IhPACT DATA SUMMARY 

I , ,  I I I , , , ,  
I 

Compensat e d  F o r c e  
Sac l b s ,  / D i v i s i o n  

F i l t e r e d  1650  Hz. 

Femur S t r a i n  
Top (11 
2 3 3 5  m i c r o  i n . / i n .  / ~ i v .  
F i l t e r e d  1650 Hz. 

I , ,  I ,  
1 ' L ,  ; I 

Femur S t r a i n  
S i d e  !2) 
2339 m i c r o  i n . / i n .  / D i v e  

F i l t e r e d  1650 Hz. 

1 G 
BRUSHACCUCHART 

Femur S t r a i n  
Bottom C3) 
14SC.s -  m i c r o  i n .  / i n .  /Div.  
F i l t e r e d  1650  Hz. 

S t r o b e  (To) 



POST, IMPACT BONE MEASUREMENTS 

Run Numbers ~ ~ G Q c , ~ - I /  
Cadaver Number .70,1 

Date L?,- 2.9 - 7 7 

Right Leg 77Q O C ~  

cross - section 

Cm circumference 
Weight of removed Anatomical Mater ial  ( R t . )  2,2$. kg.  

Weight of removed Femur ( R t  . ) 1 ,  /4 kg. 

Left  Leg 77Q G I G  
L I 
A L ,TI, 2 cm 

--- v--[ woss - section 
,IL/ ---- - - -  

\ ,  

C circumference 

Weight of removed Anatomical Mater ial  ( L t . )  2 , 3 3  k g .  

Weight of removed Femur ( L t  . )  I ,  1 %  kg. 



KNEE IMPACT AUTOPSY SUMMARY 



KNEE IMPACT AUTOPSY SUMMARY 

TEST NO. 7 7 C C / O  

CADAVERNO.  207~:3 
DATE 3 -28-77 ~ ~ C \ W \ C L C - C  12 





T E S T  S P E C 1  F I C A T I O N  

T E S T  NO. 7 7 4 0 1  1 Rt. 

I M P A C T  V E L O C I T Y  41 fps 

TYPE OF P A D D I N G  2 in .  Hexcel , 3/16 cel l  ; Ensoli t e  1 i n .  

T E S T  D E S C R I P T I O F i  : Same as Test 7 7 Q 0 0 5  

There were no in ju r i e s .  







ACCELEROMETER PACK LOCATION AND ORIENTATION 

Tes t  Numbers 77,5c11 
Cadaver Number ; ~ r , 7 ~ 3  
Date 3-18-7 7 

ANATOMICAL COORDINATE SYSTEM 

. z 

Y 
Accelerometer  Pack Loca t ion  (Anatomical Coord ina te  System) 

Accelerometer  Pack O r i e n t a t  ion  (Anatomical Coord ina te  System) 
- - 

Dis t ance  From 
y-z P lane  (x )  

C 

LABORATORY COORDINATE SYSTEM 

Dis t ance  From 
M i d s a g i t t a l  x-z 

P lane  ( y )  

G 

t 

Angle About 
x - a x i s  

+ 4" 

- Cannon 

Dis t ance  From 
x-y P lane  A t  

Vertex ( z )  

Ei, C; c i n  

Accelerometer  Pack  O r i e n t a t i o n  (Labora tory  Coord ina te  System) 

Angle About 
y -ax i s  

- 3 O  

1 
Angle About 

z - a x i s  

0 
A 

Angle  
About 
z - a x i s  

- 2 O  

T e s t  

~t . ~ g  77GC; l j  

Lt . Lg 
b 

,Angle 
About 
x- ax i,s 

t z C l o  

Angle 
About 

' y-ax i s  

- 3 A‘" 



STRAIN GAGE LOCATIONS 

Run Numbers 7 7 ~ 0 ~ 9 - I  
Cadaver Number 7 0 7 0 3  
Date - IK - 7 7  

Photos  of Cross  S e c t i o n  a t  S t r a i n  Gages? Yes - No v' - 

Right  Leg 77Q C/ /  

Left  Leg 77Q 

' + L A  



Test No. 77QO/ I k 7 - 0  KNEE IblPACT DATA SUhIM.ARY 

Compensated Force 
50C lbs./Division 
Filtered 1650 Hz. 

Pelvic Acceleration 
P- R 
S 2 , 7 5  G's/Division 
Filtered 300 Hz, 

Pelvic Acceleration 
R- L 
4 2 , 7 5  ~'s/Divisica 
Filtered 300 Hz. 

Pelvic Acceleration 
S- I 
5 3 ,  Z r ~ '  s/Division 
Filtered 300 Hz. 

S t r o b e  (To) 



~ e s t  No. 77QOI I Lf. KNEE IXPACT DATA SUhlhlARY 

1 1 I I ,  I 

Compensated F o r c e  
SC:O l b s . / D i v i s i o n  
F i l t e r e d  1650  Hz. 

Femur S t r a i n  
Top ( i l  
2 4 ~ c . 5 - m i c r o  i n .  / i n .  /Div.  

F i l t e r e d  1650  Hz. 

Femur S t r a i n  
S i d e  Cr) 
2484.9-micro i n . / i n .  /Diva  
F i l t e r e d  1650  Hz. 

Femur S t r a i n  
Bottom G31 
2 4 ~ ~ , ~ - m i c r o  i n .  / i n .  
F i l t e r e d  1650  Hzi 

S t r o b e  ( T o )  

BRUSH ACCUCHART 
1 I 



POST, IMPACT BONE MEASUXElIENTS 

Run Numbers 77Q (lCJ.9 - 1  

Cadaver Number 2 C, 7 C 3 
Date - 2, e/ - 7 '7 

Right Leg 77Q O /  I 

-1,,,,, Q--t- - - cross - section q-" t 
Cm circumference 

Weight of removed Anatomical & l a t e r i a l  ( R t . )  2 . 2 9  kg. 

Weight of removed Femur ( R t  . ) [, J 4 kg.  

Left  Leg 77Q 

\ '  

C circumference 

Weight of removed Anatomical Mater ia l  ( L t . )  kg 

Weight of removed Femur ( L t . )  kg 



KNEE IMPACT AUTOPSY SUMMARY 

TEST NO. -/ 7C)CT: 7- 1 1 

CADAVER NO. 

DATE 



K N E E  IMPACT AUTOPSY SUlvlMARY 

TEST NO. 77GC1 C17- l  I 
CADAVER NO. Z C ~  7~ 3 
DATE ~ - 2 $ - 7 ?  





TEST SPEC1 FICATION 

TEST NO. 77401 2 Rt- 

IMPACT VELOCITY 36.9  f PS 

T Y P E  OF P A D D I N G  2 i n Hexcel , 3/16 c e l l  ; Ensol i t e  1 i n .  

TEST DESCRIPTION : Same a s  Tes t  774005 

There was a supracondylar  f r a c t u r e ,  but  the pate1 l a  wasn ' t  damaged. 

Apparent os teoporos i s  . 







ACCELEROMETER PACK LOCATION AND ORIENTATION 

T e s t  Numbers 77m/2-13 
Cadaver Number i ( ! 7  i 
Date .? - 7 P -7 7 

ANATOMICAL COORDINATE SYSTEM 

Accelerometer  Pack Loca t ion  (Anatomical  Coord ina te  System) 

Acce le rometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina t e  System) 

Di s t ance  From 
x-y P lane  A t  

Vertex ( z )  

7?# 2 . c ~ ~  

Dis t ance  From 
y-z P l ane  ( x )  

G 

LABORATORY CCORDINATE SYSTEM 

Dis t ance  From 
M i d s a g i t t a l  x-z 

Plane  ( y )  

C 

Angle About 
x - a x i s  

0 

- Cannon 

Acce le rometer  Pack O r i e n t a t i o n  (Labora tory  Coord ina t e  System) 

Angle About 
y -ax i s  

C 

Angle About 
z - a x i s  

Cl 

T e s t  

R t  . Lg 77GC812 

~ t . ~ g 7 7 G C / 3  

Angle 
About 
x - a x i s  

t ~i <- 0 

t i c D  

Angle 
About 
y -ax i s  

f- /So 

t- 5" 

Angle 
About 
z - a x i s  

0 

C 

i 



STRAIN GAGE LOCATIONS 

Run Numbers 77G ~12-13 
Cadaver Number 1~ 7 1 1 
Date 3-  3c- 77 

Photos of Cross S e c t i o n  a t  S t r a i n  Gages? Yes L't-, No*. - 

R i g h t  Leg 77Qc;IX 

+-- L --+I E L -  I 

L e f t  Leg 77QO13 

'+L" 



T e s t  No. 7 7 Q o i z  a. KNEE IBPACT DATA SUhlMARY 

, I I / \ '  , , , \ < ,  1 - 
I ! !  

Compensated Force  
50C; l b s , / D i v i s i o n  

F i l t e r e d  1650 Hz. 

P e l v i c  A c c e l e r a t i o n  
P- R 
6 -1 ,7g  G ' s / D i v i s i o n  

F i l t e r e d  300 HZ.  

P e l v i c  A c c e l e r a t i o n  
R- L 
42 -7.5 G ' s / D i v i s i o n  
F i l t e r e d  300  Hz. 

P e l v i c  A c c e l e r a t i o n  
S- I 
5 3 . 2 5 - G ' s / D i v i s i o n  

F i l t e r e d  3 0 0  Hz. 

S t r o b e  (To)  



Test No. 7 7 Q G 1 2 f i +  KNEE IMPACT DATA SUBIhIARY 

Compensated Force  
5-ad l b s .  / D i v i s i o n  

F i l t e r e d  1650 H Z .  

Femur S t r a i n  
Top Il l  
2.33~ micro i n . / i n  
F i l t e r e d  1650 H Z .  

Femur S t r a i n  
S i d e  ( 2 )  
2338 micro  i n .  /i 
F i l t e r e d  1650 Hz. 

Femur S t r a i n  
iottom ~ 3 )  
zqc40,<micro i n .  / i n .  /Diva  
F i l t e r e d  1650 Hz. 

S t r o b e  (To)  



POST IMPACT BONE MEASUREhENTS 

Run Numbers 7 7C:Ot 2 - 1 3  
Cadaver Number 2 0 7 j 1 

Date ,?-,?C -77 

Right  Leg 77QCi 2 

-1,- ,, , Q 1 cross- section 
----i..- 

C* circumference 
Weight of removed Anatomical M a t e r i a l  (Rt . ) 3. C;'?, kg.  

Weight of removed Femur ( R t  . ) C,,781 kg. 

Left Leg 77Q c I 3 

cross - section 

\ ,  

C circumference 

Weight of removed Anatomical M a t e r i a l  ( L t . )  3 , G Y  k g ,  

Weight of removed Femur (Lt .  ) 0.,3-81 k g *  



KNEE I M P A C T  AUTOPSY SUMMARY 

TEST NO. 77QCJL-13 

CADAVER NO. 2C711 

DATE 3-30-77 



KNEE IMPACT AUTOPSY SUMMARY 

T E S T  NO. 7 7 C j C i Z -  13 
CADAVER NO. x(3 7 / 1 







TEST SPEC1 F I  CATION 

TEST NO. 77Q013 L t .  

IMPACT VELOCITY 39.3 fps 

TYPE OF PADDING 2 i n .  Hexcel , 3/16 c e l l  ; Ensol i t e  1 i n .  

TEST DESCRIPTION: Same as T e s t  77Q005 

The condy les  and m i d s h a f t  were f r a c t u r e d ,  b u t  t h e  pa te1  l a  w a s n ' t  

damaged. Apparent  o s t e o p o r o s i s .  







ACCELEROMETER PACK LOCATION AND ORIENTATION 

Tes t  Numbers 7'7clC;lj?-/ 3 
Cadaver Number 2 ~ : 7  1 1 
Date 3-3 Cj-77 

ANATOMICAL COORDINATE SYSTEM 

Accelerometer  Pack Loca t ion  (Anatomical Coord ina te  System) 

Accelerometer  Pack O r i e n t a t i o n  (Anatomical  Coord ina te  System) 

Di s t ance  From 
y-z P l ane  (x)  

Cs 

LABORATORY COORDINATE SYSTEM 

Dis t ance  From 
M i d s a g i t t a l  x-z 

P l ane  ( y )  

c 

Angle About 
x - a x i s  

G 

b-. - Cannon 

Di s t ance  From 
x-y P lane  A t  

Vertex ( z )  

7 2 , Z c v -  

Accelerometer  Pack O r i e n t a t i o n  (Labora tory  Coord ina te  System) 

Angle About 
y -ax i s  

G 

Angle About 
z - a x i s  

C 

T e s t  

Rt.Lg '77QC/2 

Lt.Lg 776;0/3 

Angle 
About 
x - a x i s  

t & O  

r i C i c  

Angle 
About 
y -ax i s  

t / S G  

t&- " 

1 

Angle 
About 
z - a x i s  

G 

G 
J 



STRAIN GAGE LOCATIONS 

Run Numbers 7 G ~ j  1-13 
cadaver Number7 207 1 1 
Date 3-  2 c . - 7 7  

Photos of Cross Section a t  S t r a i n  Gages? Y e s ~ f - ,  - No&+) 

Right Leg 77Q C l 2  

I 

L e f t  Leg 7 7 Q C 1 3  

I I L d  
I t 



~ e s t  No, 77Q 0 1 3 if 

Compensated Force 
5-GG Ibs. /Division 

F i l t e r e d  1650 Hz. 

P e l v i c  Accelera t ion 
P- A 
~ r , 7 ~  G' s /Divis ion 
F i l t e r e d  300 Hz. 

Pe lv i c  Accelera t ion 
R- L 
42,7s- G1s/Division 
F i l t e r e d  300 Hz. 

Pe lv i c  Accelera t ion 
S- I 
6 3 ,  z3-G1 s /Divis ion 

F i l t e r e d  300 Hz. 

Strobe (To) 



Test No. 77QG/3c+, KNEE IhlPACT DATA SUhIMRY 

Compensated Force 
S G ~  lbs. /Division 

F i l t e r e d  1650 Hz. 

Femur Strain 
Top ( 1 )  

24S-C\.~-micro i n .  /in. / ~ i  
F i l t e r e d  1650 Hz. 

Femur Strain 
Side ( 2 )  
2qf9 ,S rn ic ro  in. /in. /Div 
F i l t e r e d  1650 Hz. 

Femur S t r a i n  
Bottom CJ) 
l ~ ~ ~ , j - h i c r o  in, /in. 
F i l t e r e d  1650 Hz. 

S t r o b e  (To) 



POST IMPACT BONE MEASUREMENTS 

Run Numbers 7 7cC11- 1 3 

Cadaver Number zC, 7 1 1 

Date 3- 3C;-77 

Right  Leg 77Q CI 2, 

cross - section 

C* circumference 
Weight of removed Anatomical M a t e r i a l  ( R t . )  3,72 kg .  

Weight of removed Femur ( R t . )  C:,aT? kg ,  

L/4 

L'2 

3 L/4 

L e f t  Leg 77QC.1 3 

--- V-S La./ cross - section 

\ ---- - - -  

A 
cm 

z 1 8  

1.6 

3-2 

\ ,  

C circumference 

Weight of removed Anatomical M a t e r i a l  ( L t . )  3.63 kg.  

B 
crn 

2 , ~  

2.5- 

2 . C  

Weight of removed Femur (Lt.1 0 ~ 8 2  kg. 

C 
cm 

9.8 

3.g 

7 . y  



KNEE I M P A C T  AUTOPSY SUMMARY 

TEST NO. 7 7 f i C i 2 -  / ?  
CADAVER NO. ZG7i / 
DATE :j 7 - : 3  G -77 



KNEE I M P A C T  AUTOPSY S U M M R Y  

- , TEST NO. 77C;C.12-/% 

CADAVER NO. ZC 7 1 I 

DATE 












