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INTRODUCTION 

The work presented i n  this report was performed a t  the special request 

of the NIH Head Injury Model Construction Committee in the form o f  a le t te r  

of instruction dated January 6 ,  1969 from Eldon 1. Eaglest M . D . ,  Acting 

Associate Director, Col 1 aborati ve and Fie1 d Research, National Insti tute 

of Neurological Diseases and Stroke, The required conditions of the test  

program, a1 t h o u g h  no t  common practice in the Biomaterial s Laboratory, were 

followed as closely as possible. The requested tes t  protocol was: 

1 .  Specimen: Sku1 1 , human cadaver, taken from a male Caucasian 
as near t o  age 60 as possible. 

2. Test Specifications: 
Compressive stress t e s t  
Composite specimens (3 layers intact)  
Slow or s ta t ic  strain application (0 .2  in/i n/sec) 
Test specimen from each p o i n t  on the West Virginia 

University fine grid reference system ( p p .  26-28, 
Fig . 1-2; twel ve-month progress report). 



TEST PROGRAM 

An embalmed calvarium was obtained from the University of Michigan 

Anatomy Department. The cal varium was from a 55-year -01 d male Caucasian 

cadaver undergoing dissection in a gross anatomy class. The data on the 

cadaver and the t e s t  time schedule are summarized in Table 1 .  The calvarium 

was kept in a sealed plastic bag with moisture present until specimen 

preparation. The WVU fine grid was laid o u t  on the calvarium (Figure 1 )  

and then specimens were cored o u t  of i t  a t  each available grid point 

(excepting the sutures) using a 318 inch diameter Stryker bone saw in a 

d r i l l  press. A simple tubular positioning fixture was employed to insure 

that the specimen was being taken normal t o  the surface of the skull ( i  .e ,  

in the radial direction). The saw was advanced slowly and wat,er was run 

continuously on the saw t o  avoid heat build-up in the bone. This procedure 

provided cylindrical specimens of 0.375 inch diameter with neyligi ble cross- 

sectional area variation. Simple fixtures were made t o  clamp the specimens 

for the final machining step. Each specimen was placed in the fixture with 

a small amount of the inner or outer table layer of compact bone protruding. 

The fixture was then placed on the table of a Unimat SL set  up as an end mil 1 

and the surface of the table material milled just enough t o  provide a f l a t  

surface perpendicular t o  the sides of the specimen. Both ends of the specimen 

were machined, thereby producing a finished t e s t  specimen in the form of a 

right circular cylinder of 0.375 inch diameter. 

Since the milling operation removed a minimum of table material, each 

specimen had a different overall height. The next step, then, was t o  

measure and record the overall height of each specimen and also t o  estimate 



and record the dip106 layer thickness with dial calipers. Each specimen was 

then placed in individual bottles. Each bottle contained a short section of 

tygon tubing on which the specimen rested above the bottom of the bottle. 

A few drops of saline solution were added to each bottle to provide a high 

humidity atmosphere for the specimen. In a few cases capillary action between 

the tube and the bottle wall allowed water t o  contact the specimen. The 

specimens were then stored for one week a t  room temperature. Following the 

one week conditioning period, the specimens were weighed and tested. 

The specimens were tested in radial compression using an Instroln 

universal testing machine. A crosshead speed of 2 incheslminute was used 

to  produce strain rates as close t o  the requested strain rate of 0.2 sec-1 

as possible. A schematic of the tes t  apparatus i s  shown i n  Figure 2.  A 

cantilever s t r ip  deflectometer was used t o  measure the relative motion 

between the loading anvi 1 s ,  which i s  equivalent to specimen deflection when 

the specimen i s  in contact w i t h  both anvils. The load was transduced by 

a Kistler 937A piezoelectric load cel l .  The load signal and the deflection 

signal were b o t h  suitably modified by voltage dividers t o  allow direct recording 

of stress versus strain on an X-Y recorder, thereby minimizing data reduction 

time. Since the cross-sectional areas of a l l  the specimens were the same, 

a single adjustment to electrically divide the load signal by the area was 

necessary t o  produce a s t ress  output. However, each specimen had a different 

height and therefore each t e s t  required an adjustment in the def 1 ecGti on signal 

to electrically clivide i t  by the specimen height t o  produce a1 strain o u t p u t .  

This adjustment was done on a dial readout ten-turn potentiometer. To 

facil i t a t e  testing, the bottles of specimens were grouped according t o  height 

range i n  increments of 0.01 inches. The resulting group distribution i s  shown 



in Figure 3 and i s  effectively a specimen height distribution curve. Note 

that n o t  a l l  the specimen bottles are present in Figure 3 b u t  the black 

capped bottles in those rows were moved u p  to  indicate the total population 

a t  each interval. 

Typical t e s t  results are shown in Figures 4 and 5. In a l l  cases, the 

modulus of the e las t ic i ty  o f  the specimen was taken t o  be the slope of the 

steep linear region of the curve prior t o  specimen crushing. The fai lure  

s t ress  was read off the stress-strain curve directly in the case of specimens 

which exhibited a zero slope region during crushing as shown in Figure 4. 

In the case of a positive non-zero slope during crushing as shown in 

Figure 5 ,  an offset  method was used. In this method a l ine i s  drawn 

parallel to the linear modulus region b u t  offset  t o  the right by 2% 

s train.  The intersection of the stress-strain curve and the offset  l ine 

was taken to be the failure s t ress .  



TEST RESULTS 

A total of 143 tests  were performed on embalmed human ski111 bonle 

composite specimens subjected t o  radial compression. The complete 

summary of this  data i s  in Table 2 .  Accompanying the fifteen copies of 

this  report are five copies of an appendix containing a91 the stress- 

strain curves generated by this special t e s t  program. Figures 6 and 7 

show the failure stress values and the modulus of e last ic i ty  values displayed 

on the fine grid position system. Tn addition t o  this form oaf data presentation 

an in-house computer program was used to produce a simulated three-dlimensional 

display of diploe thickness, failure stress and modulus of el asticity as 

functions of skull position. These plots are shown in Figures 8, 9 ,  and 

10 respectively. 
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TABLE I 

TEST SPECIMEN DATA AND TEST SCHEDULE 

Cal v a r i  um Data: 

Age : 55 y e a r s  

Sex: Ma1 e 
Race : Caucasi an 

Cause o f  Death: Malnutr i t ion  and G .  I .  Bleeding 

Date of  Death: 10/19/68 

Date of Embalming: 10121 168 

T e s t  Time Schedule: 

1 .  Cal varium obta ined from cadaver bag 411 4/69. 

2 .  Grid lay-out on calvarium. 

3 .  Specimens cored from calvarium 4/25/69. 

4. Specimens machi ned f o r  para1 1 e l  s i d e s  , he igh t  measured and 
i n s e r t e d  i n t o  moisture b o t t l e s .  

5. Specimens a1 1 owed t o  equi l i b r a t e  under high humidity condi t i o n s  . 
6. Began weighing and t e s t i n g  specimens 5/5/69. 

7.  F inished weighing and t e s t i n g  specimens 5/6/69. 



TABLE I1 

EMBALMED SKULL RADIAL COMPRESSION TEST 

All Specimens 0.375 Inch Diameter 

Specimen ~i p l  o< Specimen Modul us Fa i  1 u re  
Specimen Height  Thickness Weight o f  El as t i c i  t y  St ress 
Loca t ion  1 nches i nches grams 105 1b/ in2 103 l b l i n 2  



Specimen ~i p1 oe Specimen Modulus Fai  1 ure  
Specimen Height  Thickness Keig h t  of El a s t i c i  t y  Stress 
Location Inches i riches grams 105 1 b l i n Z  103 l b / i n 2  



Specimen ~i p l  oe Specimen Modul us Fai  1 u r e  
Specimen Height  Thick.ness Weight o f  E l a s t i c i  1;y St ress  
Loca t ion  Inches inches grams 105 1 b l i n 2  103 1b / in2  



Specimen 
Loca t ion  

Specimen Di p l  oe Specimen Modulus Fai  1 ure 
Weight "Vhi ckness lrleight o f  E l  a s t i c i  ty S t ress  
Inches inches grams 105 l b / i n 2  103 1 b / i n 2  



Specimen Di p l  oe Specimen Modul us Fai 1 ure 
Specimen Height Thickness Wei g h t  of Elas t ic i ty  Stress 
Location Inches inches grams 105 1b/in2 103 1b/in2 





INSTRBN LOAD FRAME 

CROSSHEAD 

F igure  2. Schematic o f  Tes t ing  Conf igurat ion.  





RADIAL COMPRESSION TEST' 
Embalmed Skull Bone 
Gornposile Specimen 

Specimen Location 0-30 

Figure 4. T y p i c a l  Compressive Stress-Strain Curve Exhibiting Zero Slope 
Crushi ng Fai l ure. 



RADIAL. COMPRESSION TEST 
Embalmed Skuli Bone 
Composite Spocirnen 

Specirnon Location 

COMPRESSIVE STRAIN % 

Figure 5. Typical  Compressive Stress-Strain Curve Requiring a 2% Offset t o  
Determine the Fai 1 ure Stress. 
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FRONT VIEW 

CORONAL SUTURE 

REAR VIEW 

3-D DIPLOE THICKNESS 

F i g u r e  8. 3-B Representat ion o f  D i p l o e  Layer Thickness as a Func t ion  o f  
Grid P o s i t i o n .  
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3-D FAILURE STRESS 

Figure 9 .  3-0 Representation of Compressive Failure Stress as a Function 
of Grid Position. 



SAGITTAL. SUTURE 

CORONAL SUTURE 
1 

FRONTAL 

FRONT VlEW 

CORONAL SUTURE 

REAR V lEW 

3-D MODULUS of ELASTICITY 

Figure 70. 3-D Representation of Compressive Modulus o f  Elasticity as a 
Function of Grid Position. 




