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Relative rnotion between the brain and the cranial cavity has been 
po.stulated as a cause of inj ury to the brain and of rupture of the 
bridging veins . This concept can be exanined by canparing the shape 
of the cran ial cav i ty to the location of les ions on or near the 
surface of the brain and to the presence of sutx:iural haanatanas . The 
shape of the c ranial cav i ty is recorded by preparing a cast at 
autopsy . This information is then canpared with the results of a 
neuropatholQJ ical exaninati01 of the brain and with inforrnation on the 
irnpact to the hea::i derived fran investigation of the accident . Four 
cases are presented to illustrate this procedure . 

INrnDIXJCTION 

It is generally reccgnized that relative rnoti01 bet\r.leen the brain 
and the cranial cavity can be a cause of injury to the brain and to 
the brickJing veins ( 1-5] . The purpcse of this paper is to describe 
and illustrate a procedure which has been developed to facilitate the 
further study of this phenanen01. 

BACKGROUND 

In South Austral ia a cor01ial autopsy is conducted on almest all 
persons who die fran inj uries sustained in a roa::i traffic accident . 
In 198 2 ,  at the request of the senior author of this paper (AJM) , the 
Coroner gave permission for the intact brain to be exanined by a 
neuropatholQJ ist . That procedure is nCM routine ( 6 ,  7 ] . 

I n  c ases involving a pedestri an or a rnotorcyc l i st or, rnore 
recently, a car occupant , the c ircumstances of the crash are 
investigated in detail ( 6 , 7 ] . 
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The comb ination of the crash data ard the resul ts of the neuro
patholog y examination has enabled us , i n  about one-f i f th of the 
pedestrian cases , to relate the nature and severity of the impact to 
the head to the nature and severity of the inj uries to the brain ( 7 ] . 

In 1986 , at the suggestion of David Viano and with support fran 
General Motors Research Laboratories , work carmenced on the 
developnent of a rneans of recording the shape of the cranial cavity, 
wi th the ultimate aim of includ ing the inforrnation obtained in this 
way in our investigation of brain inj ury mechanisrns . 

METHOD 

The shape of the cranial cavity is recorded by rnak ing an epoxy 
resin and f ibreglass cast fran a silicone rubber rnould forrned at 
autopsy . Bef ore applyirYJ the silicone rubber the dura is removed and 
the surf ace of the bone is cleaned arrl dried . Photographs are taken 
before the cleaning process . The foranen rna:,Jnum is plugged to prevent 
the silicone rubber fran flowing into the spinal canal . Preparation 
of the rubber rnould takes about 45 rninutes . 

A repl ica of the cranial cavity is then rnade fran the rubber 
mould us ing an epaxy resin.  Success ive coats of resin are appl ied , 
allowifYJ 30 rninutes setting time for each coat , until a thickness of 
between 5 and 8nrn has been achieved . Strips of f ibreglass mat are 
then layered on to strengthen the otherwise brittle replica . A total 
of 8 coats of epoxy resin are usually necessary to ensure a 
satisfactory result .  

The preparation of the rubber rnould and the epoxy/f ibreglass cast 
is described in greater detail elsewhere [8] • 

The d imensional accuracy of the replica was checked in two cases 
by making four holes with a fine drill through the in situ rubber 
rnould and i nto the sku l l . These srnall holes in the rnould were 
repnxiuced as snall protrus ions on the inner surface of the cast . The 
d istances between these holes/protrusions differed by less than two 
per cent [8 ]  • 

Illustrative Cases 
Four cases are presented here in which a cast was prepared and in 
which information was available on the circunstances of the crash . A 
total of 30 casts have been made but, although the neurcpathology data 
are available, there is l ittle or no inforrnatioo on the object struck 
by the head in rna:; t of the rernaining cases . 
Case 1 :  Motorcyclist; concentrated impact in left occipital region . 
A 17 year old male motorcycl ist fell fran his rnotorcycle on a berrl an::l 
slid acra:;s the roa:i , pa:;sibly striking the edge of a concrete kerb 
before caning to rest under the front of a stationary Toyota Land 
Cruiser. The rider sustained an "egg shell" fracture of the skull 
approximately 1 to 2an wide by 6an long . The fracture was located 
parallel to and irnned i ately above the transverse s inus in the left 
occipital reg ion . There was an associated network of snall ( about 2an 
long) fractures in the left pa:;terior cranial fa:;sa exterrling into the 
left s igrnoid sinus . Both these sinuses were torn , with resulting 
haemorrha;;ie .  The rider' s crash helmet, which remained on his hea:i and 
was not dana:,Jed , may have been displaced forwards at the rnanent of 
impact. 
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The youth d id not regain consciousness and brain death was 
certified 20 hours after the accident . He had no other injuries apart 
fran minor abras ions and contusions . 

On neuropathol�ical exanination , the distribution of inj uries to 
the brain was as shown in Figure 1 .  There were nlJT\erous contusions of 
the left ternpercrparieto-occipital lobes in the reg ion of · the 
extensive f racture above the left transverse sinus and bilateral 
glid ing contusions anteriorly, mainly to the left of the falx . There 
was sane l imited contusion of the inferior frontal lobes which were of 
interest for two reasons : the anterior cranial fcssae were relatively 
small ( of which more later) ard canparatively rough .  The former 
characteristic might be associated with a reduced risk of inj ury to 
the inferior frontal lobes and it would seern to be reasonable to 
postulate that the latter characteristic would be associated with an 
increased risk of inj ury. There was marked swelling of the brain, 
primarily in the left hemisphere . 
Case 2 :  Motorcyclist ; upper frontal impact on helmeted head . 
A 43 year old male motorcycl ist ran off the road at high speed on a 
right hand bend and hit a small tree . There were no signif icant marks 
on his full-face helmet but there was a sl ight bruise on his forehead . 
He sustained a small fracture of the left anterior cranial fossa . 
There was also traumat ic subarachnoid haematana over the ent i re 
surface of the brain and a small subdural haanatana along the midl ine . 
The other inj uries canpr ised multiple rib fractures , a fractured 
sternlJT\ ard a small laceration of the right upper lobe of the lung . 
The rider did not regain conscirusness and was pronounced brain dead 
25 hours after the crash . There was generalised brain swelling and 
terminal coning of the brain stan . 

The neuropathol�ical exanination revealed a few scattered 
petechial haemorrhages in the cortex of the inferior frontal lobes 
( Figure 2 ) . The surface profile of the anterior cranial fossa was 
much smoother than in the case described abolJe . 
Case 3 :  Pedestrian; irnpact to the upper right rear of the head . 
A 65 year old male pedestrian was struck on the lef t side by the front 
of a Mi tsubishi Sigma station wagen . The tempered glass wirdshield was 
shattered and a dent made in the lead ing edge of the roof . The 
pedestrian sustained fractures of both femurs , left tibia ard fibula, 
right hlJT\erus , multiple rib fractures and spinal fracture/dislocations 
at c 1/2 , C 5/6 and T 9/10 . There was an extens ive abrasion aver the 
upper right rear of his bald head with a fracture running vertically 
through the right temporal bone , both pcssibly a result of the head 
striking the road surface . A sma l l  left subdural haematana was 
present . 

Recent subarachnoid haemorrhage was scattered aver both cerebral 
hemispheres in the parasag ittal regions, the frontal pole , Sylv ian 
f issure and parietal convexi ty on the left s ide . There was also 
extensive hypoxic brain danage . The brain was swollen. There was no 
obvious correlation between the brain inj uries and the bony anatany of 
the cranial cavity, apart fran the skull fracture . 

The pedestri an  died about 12 hours after being struck by the car . 
Case 4 :  Pedestrian; left frontal impact on head. 
A 16 year old school boy was hit on the left side by a car which was 
travelling at 50 km/h . His head struck the laninated windshield, 
resulting in estirnated head acceleratialS of 2 , 500 rrVs/s ( linear) and 
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1 1 , 000 rad/s/s ( angular) . A skull fracture extended vertically down 
the lef t lateral aspect of the frontal bone and across the anterior 
cranial fossa to j ust short of the m idl i ne . A c i rcumferen t i al 
f racture of the sella turcica with extens ion along the greater wi� of 
the sphenoid on the right was also present , tcgether with extensive 
facial fracturi� . 

On extemal inspection the brain was s�l len . There was patchy 
subarachnoid haemorrh�e over the right parietal lobe , snall 
contus ions of the left inferior frontal lobe , and right temporal lobe . 
Microscopic exanination revealed d iffuse axonal inj ury, ard snal 1 
haemorrh�es of grey and whi te matter in both cerebral hemispheres 
( see Figure 3 )  , small contusions of the r ight inferior po.sterior 
temporal lobe and left inferior frontal lobe , and bilateral gliding 
contus ions . 1here wa-s also extens ive diffuse hypox ic injury. 

The pedestrian also sustained a dislocation of the left shoulder ,  
d isruption of the right knee, and fractures of the neck of the right 
f ibula and the left t i b i a l  pl ateau . He d ied one week after the 
accident wi thout regaini� consciousness at any st�e . 

The impact resulted in a clockwise rotatioo of the head ,  viewed 
fran above. The les ions of the r ight inferior pcsterior temporal lobe 
could therefore have been assoc iated wi th a contr�coup phenanenon .  
The surface of the middle fossa and the temporal bone contained sane 
pronounced tuberos ities ( ridges , etc . ) , more so than in the cranial 
cavity of Case 2 ,  for exanple. 1he lesions of the left inferior 
frontal lobe were adj acent to a s k u l l  fracture but the vertical 
distance fran the centre of the left anterior cranial fossa to the 
border a:lj acent to the ethmoid bone was 14rnn , the sane as in Case 1 
but g reater than in Case 2 ( l lrnrn) or Case 3 ( l Ornrn ) . Th is could 
increase the poss ibi l i ty of a clockwise rotation of the head , as in 
this case , resulting in inj ury to the inferior surface of the frontal 
l obe .  
Dimensions of the Cranial Cavity 
It is emphasised that this paper is intended to describe a methoo of 
investigating the relative motion concept of brain injury. The cases 
presented are i l l us t rat ive only and should not be taken as an 
ind ication of the extent of normal variation in the bony anatany of 
the cranial cavity . With this proviso , the following canparisons are 
made of selected dimensions fran the cranial cavities in the four 
cases descr ibed above . These cases were chosen because of the 
avai l ab i l i ty of a wide range of data , not because of any known 
characteristic of the dimensions of the cranial cavity . 

Figure 4 shows the cranial cavity dimensions which are l isted i n  
Table l for each o f  the four cases . Dimens ion A is the maximum 
internal width of the cranial cavity; B is the le�th , measured to a 
point below the transverse s inus of the occipital bone . The maximl..lll 
length is usually greater than this , when the measurement is taken 
above the transverse sinus, but � of the casts did not exterd above 
the s inus . Dimens ion C is measured horizontally fran the forward-most 
point of the cranial cavity to a point abolle the back of the foranen 
m�m.rn ( the opening to the spinal canal ) .  D provides an indication of 
the le� th of the anter ior f ossa . 

I n  Table 1 the four l i near d imensions are also s tandard i z ed 
�ainst those for Case 1 ,  s imply to facilitate canparisons between 
cases . The greatest variability is in the anterior fossa dimens ion ,  
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where Case 4 ,  at 57nm ,  was aboot 23 per cent greater than Case 2 .  
There was even greater variability in brain rnass, with Case 3 bei� 28 
per cent less than Case 1 .  This d i fference rnay partly reflect the 
difference in the crJes of these two ind iv idual s .  

DISCUSSION 

A practicable rnethc:d for the preparat ion of a repl ica of the base 
of the cranial cav i ty has been developed . However , the rnethcd is 
sanewhat time consuning which rnay be a rnajor proolan , depend ing on the 
work load i n  the rnortuary . I n  Adelaide a recent adm i n istrat ive 
decis ion has been rncde to conduct all pest rnortan exaninations at the 
central Forens ic Science Centre , rather than at a hospital rnortuary in 
the case of death after arrival at hospi tal. This rnay rnean that we 
will have to consider alternative approaches for recordi fYJ  the shape 
of the cranial cav i ty ,  such as stereophotogranrnetry or three 
dimensional reconstruction fran er scans . 

The variabil ity in cranial cavity d irnens ions shown in Table 1 
suggests that a rnore formal investigat ion is warranted . We plan to 
extend this canparison to the ranaini� casts but a rnuch larger nurnber 
of cases will be needed . It is important to recognize that the four 
cases presented here were all caucas ian rnales ; when fanales and other 
rac ial groups are included , d i fferences in relative d irnensions 
exceeding SO per cent rnay well be observed . Such a d ifference coold 
have a rnajor beari� on the response of the brain to an impact to the 
head , even if the response varied wi th d ifferences in the l inear 
dimension, let alone to a higher powe r .  Goldsmith [ 9] has noted that 
"The s ignificant d i fferences in pressure profiles and cavitation 
processes noted between the shell arxi skull rncdels irnply that the 
geanetric and especially the material properties of the cranial vessel 
dani nate the systan response in rncdel irnpacts" . It seans reasonable 
to asst.rne that that observation would apply also to the actual human 
skull/brain systan. 
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TABLE 1 :  Canparisoo of Cranial Cavity Dimens ions 

Case Number 

1 2 3 

� e  ( years) 17 43 65 

Dimens ion: A 125 
( 100 ) 

1 
140 132 

( nm )  ( 1 1 2 )  ( 106)  

B 170 164 168 
( 100 ) ( 96 )  ( 99 )  

See 
Fig . 4 c 132 139 138 

( 100 ) ( 105 ) ( 10 5 )  

D 47 46 56 
( 100 ) ( 98 )  ( 1 1 9 )  

Brain mass 1734 1504 1240 

(gm) ( 100 ) ( 87 )  ( 72 )  

1 Measurernents standardi zed �ainst case m.mber 1 .  
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