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ABSTRACT 

Unlike the thorac ic and lumbar areas , the cervical spine is much more vulner
able to injury du ring veh i c l e  col l i sion whether frontal , side , rear-en d , 
or roll-over . A t  the t ime of  vehicle coll i sion , forces are transmitted  
to the rest rained or unrestrained occupan t . The head can be  loaded b y  d irect 
impact with surfaces in  the occupan t space or can exert inert ia whi l e  being  
whip ped around by  various forces . The onl y  st ructures stabil izing t he neck 
are the muscles , the intervertebral d isc and the configuration of  the 
posterior apophy seal joints  and their support ing l igamen t s . The most  c ommon 
modes of cervical spine inj ury are flexion , rotation , axial loading , shearing 
and ex tension . 

Fracture d isloca t ion o f  the cervical spine invol ves a high r i sk of  injury  
to . the spinal cord that  can  result  in partial  or complete q uad r i p legia . 
Cervical spine frac ture at  the highest level ( C l -C2 ) with cord t rauma i s  
usually  fatal . 

Our accident research team has invest igated various mo tor veh i c l e  c o l l ision s  
i n  which occupan t s  have sustained these poten t ia l l y  serious upper cervical 
spine fracture/dis l ocation s . We d i scuss the reconst ruc ted injury mechan i sms , 
biomechanics and the impl icat ions for occupant protection . 

INTRODUCTION 

The cervical spine protec t s  the sp inal cord and allows a sign i f icant range 
of mo tion and at the same time support for the head . The exten s i ve range 
of  motion is pos s i b l e  because of  the many art iculations between the cervical 
vertebrae . The upper cervical spine consi sts  of  the occ ipital  condyles 
and the first  and second and cervical vertebrae ( the atlas  and axi s , respec
tivel y ) .  The atlas and axis are not typical cervical vertebrae . They are 
profound ly mod i f ied st ruc tura l l y  to follow the movements  of  the superad jacent 
skul l . 

The atlas has no bod y , but  consists of a bony ring with an anterior and 
posterior arch and with large lateral masses that bear the superior and 
inferior articular surfaces or facet s .  The superior facets  are for articula
�ion with the occ i put and are oval and concave ; the inferior art icular facets 
are s l ightly convex and oval and are d i rec ted inferiorly and mediall y . 
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The atlas  operates as a unit  with the occ iput  and rotation of  the skull 
in the horizontal p l ane is permit ted mai n ly by movement between C l  and C2 . 

The body o f  the axis  overlaps the forepart of  C3 , the ondont o id process 
arising  from i ts upper surface . The j o i n t s  of this occ i pi tal-atlan to-axial 
complex ( sk u l l  and C l  and C2 ) confer much of  the range of mob i l i t y  of  the 
head whi le also serving to t ransmit t he weight of the cranium to  the unmodi
fied portion of  the cervical spine which  begins at  the  t h i rd cervical 
vertebra . The s t rategic pos i t i on and mob i l i t y  of  the u pper cervical s pine 
renders i t  vulnerable  to  impact forces seen in motor  veh i c l e  c o l l is i on s , 
especially  with  i n t ru sion into  the occupant space or  inadequate restraint 
of  the occu pan t .  The following cases are representative  o f  mot o r  veh i c l e  
crashes w e  have inve s t i gated in which injuries to t h e  upper cervical spine 
of vehicle  occupan t s  were documen ted . Ana l yses of these i n j u ry modes ant ici
pate planning for improved occupant protect ion . 

CASE 1 

The case vehicl e , a 198 5  Dodge van , was travel l ing westbound on a med ian 
d ivided freeway at  an est imated s peed of  100 kilome t res per hour in  the 
right lane . The van came up  behind a west bound I nternational transport 
t ractor and t railer  which had slowed to  30 kilomet res per hour in  heavy 
tra f f ic . The van c o l l ided with the rear of  the t railer , the van b umper 
and engine b lock underiding the rear t railer structures . The rear of  the 
trailer pen e t rated into the van d r i ver ' s  occupant space , disp lacing rearward 
the posterior hood , inst rument panel and s teering c o l umn . The 39-year-old  
f u l l y  belted  female  driver made head contact  with  the  i n t ruding hood and 
sustai ned separa t ion of the atlantoocc i p i tal junction with  brai n s t em contu
sion , su barachnoid hemorrhage , and instan t  death . The only  other significant  
inj ury was a mid-shaf t  fracture of her  right femur . 

CASE 2 

This  traf f ic vic t im , a 16-year-old ma le pedest rian , 17 5 cm tall  and weighing 
66 kg , was struck by a 197 5  Mercury four-door sedan t ravel l i n g  at  an esti
mated speed of  60 kilomet res per  hour . The vehicle st ruck the  pedest rian 
in the left rear standing position with right bumpe r  and right anterior 
hood contac t . Thi s  d i rect impact resul t ed in  frac t ures of  l e f t  t i b ia and 
f ibula , left pelvi s ,  and fracture d i slocation of vertebra T l l ,  with  large 
so f t  t i ssue contusions over trunk , ehest and arms . There was a subgaleal 
hematoma over the en t i re scalp with no epidural or subdu ral hemat oma . There 
was a complete l i gamentous d isrupt ion at the level of  the atlas  and the 
occ ipital bone . The cervical spine was otherwi se intac t . He d ied instan t l y  
from transec t ion o f  the sp inal cord a t  the cervical-medul lary j unction . 

CASE 3 

Thi s  tra f fic vic t im was a 2 1-year-old male  cyc l ist  who was trave l l ing sout h
bound on a rural · two-lane highway at  night when he was s t ruck f rom behind 
by a 1976 Oldsmo b i l e  Cutlass t rave l l ing . southbound at  an e s t imated speed 
of 65 to  70 kil ome t res per hour . His injuries were extensive and severe 
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involving massive crushing of ehes t , f ract u re of  both humeri and massive  
crushing of right  leg with ampu tat ion of  right  foo t . There was compl e t e  
l igamentous disru p t ion at the level of t h e  atlas  on t h e  occipi tal b o n e  with  
no other injury  to the cervical spine . He  died instan t l y  from t ransect ion 
of the spinal cord as in Case 2 above . 

occ i p i t a l  bone 

posterior 
occi pi t a l  

an terior a t l an t o
occi p i t a l  l i g a m e n t  

C i  a t l as 

C z  axis 

F igure 1 - Median sec tion through occ ipi t al sku l l  and upper cervical  
spine. 

DISCUSSION 

The majority  of biomechanical stud ies and review papers deal ing  with  inj u r y  
t o  the cervical spine give l i t t le at ten t i on t he l i gamen tous disrup t i on i n j u r y  
at t h e  level o f  s k u l l  on the atlas . The l igamen tous junction  here i s  a 
very tough and durable bond ing , lacking t he elast ic propert i e s  of  mos t  o f  
the ligamen tous bond ing seen throughout the cervical sp ine below t h i s  j unc
tion ( Figure 1 ) .  The mechanism of inj ury  seen in all  three of  the above 
cases is a high inten s i t y  extension and shearing force applied between the 
human head and body . In  Case 1 abov e , the v ic tim ' s body cont inued moving  
forward with  respect  to the  rapidly decelerat ing vehicle . Her head impac ted 
the in truding hood and was driven backward creat ing neck extension and a 
shearing force of  high in tensi ty . Thi s  rel a t i vely  inelastic  f i brous bond ing 
at the atlan to-oc c i p ital j unct ion appears to be selec t ively  vulnerable to  
the shearing force , and  rup ture occurs at  this  junc t ion with  sparing of  
the more elastic  and supple  structures i n  the cervical spine below . I n  
Cases 2 and 3 above , similar forces of  hyperexten s ion and shearing are 
applied to the neck of t he pedestrian and c y c l is t . In  these two cases there 
is a sudden high acceleration force appl ied to  the legs and torso ( Figure 
2 ) . The iner t ia of t he head , ap proxima tely 5 kg mul ti p l ied by the ' g '  force 
of  the collision , . lead s to ligamentous d isru p t ion at the atlan to-oc c i p i tal 
junct ion by  a similar mechanism as descri bed for  Case 1 .  
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CASE 4 

f i gure 2 - Pedest ri an lower body i m pact i n duci ng acce l er a t ion 
forces that trans m i t  a high energy shearing force 
to the cervical spine in extension. 

The case vehicle , a 1976  Chevrolet two-door sedan , was travelling  southbound 
on a two-lane g ravel road at an estimated s peed of  50 kilometres per hour . 
The dri  ver lost control  and the vehicle  egressed onto  the right shoul d er 
and road side whi le execu ting  a counter-c l ockwise yaw . The vehicle was 
sl iding sideways , right side forward , when it  impac ted and broke o f f  a road
side hydro-pole w i th the right front  quarter-panel and wheel-well  area . 
There were seven unbel ted occu pan ts in  this  car , four in the rear seat . 
The case vic tim was the right rear passenger , a 58-year-o ld male , who 
impac ted the right door with his torso and the right upper door s i l l  · and 
roof with his head . On admission to hos p i tal he was consc ious and alert  
with no neurologic defic i t . He  incu rred f rac tured right ribs , clavicle 
and  pelvis wi th lacera t i on of his urinary  bladder . Chest trauma resul ted 
in  contusions to  lungs  and heart . The injury  of  in terest was frac ture o f  
the atlas C l , iden t i f ied b y  x-ray and tomog rams . The a tlas was fractured 
through the right anterior and posterior arches with 5 mm separation of  
the right segmen t . The frac ture was c l i nically  stab le and was  managed con
serva t ivel y with no neurologic injury present or developing later . 
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J a  
F igure 3 - Represe n t a t i o n  o f  forces t o  p roduce the J e f ferson frac t ure. An axial  

load t o  t he vertex o f  t he sku l l  is t r ans::.1 i t ted t o  t he occi p i t a l  conc!yles 
and articul a t i ons o f  C l  (a) .  This C:a1.1ses explosion o f  the arch w i t h  
l ateral p ropulsion o f  o n e  or both l a teral  !'l asses. Four poss i b l e  frac
t ure si tes are seen in ( b ) .  

DISCUSSION 

The atlas is a thin narrow ring of  bone . The weakest portion of  the atlas  
and the part  most of ten frac tured is the posterior arch ( Figure 3b ) .  The 
biomechanical spec i f i c i ty of this frac ture mode see!!ls to be based on the 
d i f ferences in the reso l u t ion of  forces between the occi pi tal condyles , 
the axi s  and the lower cervical spine . When a sudden d irect load is appl ied 
to the head , the occ i pital  condyles are forced downward and progressively  
outward in a wedge-like fashion wi thin the shal low recesses o f  the  at las 
( Fi gu re 3a ) .  The t y pe of injury sus tained depends on t he ang le of  inc l ina
tion of  the occipital cond yles relative to the a t l a s  and on  the charac
teristics  of the dri ving force . The most common etiology  of the atlas f rac
ture is  a direct blow to the vertex of the skul l . The fracture pat tern 
may be unilateral or bilateral , depend ing on the i n i t ial posi tion of the 
head and neck with respect to the driv ing force . In  Case 4 above , the vic tim 
had a laceration and bruising to his  right upper forehead and sca l p , 
evidencing his point of  contact with the upper door s i l l . His body was 
moving upward s ,  forward s ,  and to the right when he impac ted the roof sil l . 
The downward thrust from head impac t would have selec t i vely  loaded the right 
side more than the left  resul ting in  this unilateral Jef ferson fracture . 
The driving force o f  this  impac t would be accentua ted by  the loading of  
his  body from the other  unbel ted rear seat  occupan t s . lt  is typical of  
this  frac ture that neurologic symptoms are  absen t or  minor . The usual 
disp lacement of f ragmen ts resul ts in enlargement of the s pinal canal rather 
than compression . 
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CASE 5 

The case vehicle , a 1980 Lincoln Con tinental two-door sedan , was travell ing 
westbound on a med ian d ivided freeway at an estima ted speed of 1 00 kilometres  
per hou r  in  the  right lane . The case vehicle  made  a brushing  side contact 
wi th a vehi c le to  its  lef t ,  lost control and egressed onto the right shoulder  
where i t  st ruck a st i f f  barrier sys tem with its  right  f ron t corner , crea t ing  
a Del ta-V force of about  30  kilometres per  hour  before the  veh i c l e  rotated 
clockwise beyond this  impact point . The occupant of  interest in  the case 
vehicle i s  the right front passenger , a 34-year-old  unrestrained female , 
1 36 cm tal l  and weighing 58 kg , who made head contact with the upper wind
screen and sunvisor . She sustained bru i s i ng to her f orehead and left knee . 
At hos p i tal x-rays revealed an asymp tomatic hangman ' s  frac t u re of  the lateral 
pedicles  of  C2 with minor forward d i s p lacement  of  the body o f  C2 on C3 . 
The f racture was treated conservat ively with partial immo b i lization  i n  a 
cervical collar and she made an uneven t f u l  recovery , the f rac ture heali n g  
a n d  stabil izing without an y neurologic sympt oms . 

CASE 6 

The case vehicle , a 19 78 Ford van , was trav e l l ing eastbound on  a two-lane 
paved h ighway at  an estimated speed of 80 kilometres per hou r . The dri  ver 
lost cont ro l  and the veh icle egressed to its  right onto  the south shoulder 
and made righ t frontal impact with the south bank o f  the road side ditch  
af ter which  the vehicle  rol led over  twice coming to  rest  on i t s  whee l s . 
The occupant of interest is the unbel ted right front passenger , a 62-year-o ld 
mal e , 1 70 cm tal l and weighing 80 kg . He sustained a closed head i n j u r y  
with d i f fuse  brain damage t h a t  lef t him d e e p l y  comatose . Neurosurgical 
interven t ion included bi lateral temporal burr  holes and main tenance on a 
respirator . Coma continued , sepsis ensued and he died one month  af ter col
l i sion . X-rays at the  time of  admission to hospital  revealed a hangman ' s  
fracture through the ped icles of C2 with an terior displacement of  the body  
of  C2 on the  body of  C3 . Examination of the  sp inal cord at autopsy  revealed 
nc evidence of cord damage in the re3ion of this upper cervical f rac ture . 

t\\b 

) �i� �-w, 
f igure 4 - Drawi n gs of a superior and l a teral  view o f  the isolates axis 

show i n g  t he narrowing o f  the pedicles ( a rrows ) ,  the staut 
spinous p rocess and the w ide ci rcu l ar spinal  can a l .  
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D ISCUSSION 

The above two cases are t y p i cal of other cases in our files  and in the scien
t if i c  l iterature where the mode of injury  has  been  C2 fracture c aused by  
neck  extension and  compression . Extension of  the upper  cervical spine w i t h  
a x i a l  compression may be  prod uced b y  a simple forward fall  with  t he face , 
forehead , or vertex striking an obstacle  whil e  the after coming b o d y  exer t s  
inerti al force . A similar s ituation occurs when t h e  unrestrained motor 
v eh i c l e  occupant i s  e i t her projected forward  t o  forceful l y  encou n t er the 
interi or of his occupan t  space w i th his head , or  where he incurs similar 
c o l l ision forces on ejec tion from the vehicle . After injury  the sub j ec t  
may c omplain o f  no  sympt oms , u sual l y  holds  h i s  head slightly  f lexed , i n  
which position  the fracture i s  stable al though t h e  anterior l igamen t  and 
i ntervertebral disc b el ow the axis may be  d isrupted . Neurological i n j ury  
i s  rare , presuma b l y  because the spinal canal i s  sufficien t l y  wide  at  this  
level  ( Figure 4 )  t o  accommodate. some movement of  the f ragmen t s , which  in  
any case  tend  t o  separat e  and widen the  cana l . Associated mid-cervical 
i n j uries and fractures of  the spinous processes are also somet imes seen 
and suggest that compression has occurred . The above two cases are examples  
of  impact to  t he anterior head w i th axial  load ing  i n  neck  exten sion , axis  
ped i c l e  fracture with no injury  t o  the  spinal cord at  that  level ( Figure 
6a ) .  

CASE 7 

The case vehic l e , a 1 983 Dodge Aries four-door sedan , was travel l i n g  east
b ound along a medi an d ivided freeway at an estimated s peed of 90 k i l omet res 
per hour . The d r iver of  a 1 979 Mack t ruck tractor haul ing an unloaded 1 980 
t railmobile  dump semitrailer , turned t he vehicle  into  a crossover l ink i n  
the roadway median and b r ought the vehicle t o  a hal t in tend ing  t o  make a 
U-turn . The vehicle ' s t railer was totall y  b l ocking the eas t b ound  travel 
lane of  the roadway . As the case vehicle approached the stationary 
t ractor-trailer , the dri ver of the  case veh i c l e  applied the b rakes . The 
case vehicle entered i n t o  a clockwise rotation , and the left  side  of the 
veh i c le impacted the rear of t he semi-trailer . The case veh i c le sustained 
a broad crush across the front  left and centre left side t o  a maximum pene
trati on of 35  cm . The Delt a-V for this impact was approximately 3 5  km/hr . 

The occupant of interest i n  the case v ehicle  i s  the r ight front  passenger , 
a 36-year-old female , 1 70 cm t a l l  and weighing approximately 66 k g . She 
was wearing  the available lap and t orso seat bel t restraint system . She 
sustained a hangman ' s  fracture d i s l ocation of cervical vertebrae C2 on C3 
with t rauma to  the cervical cord ; a fracture t o  the d istal end of  the r i gh t  
femu r ; and a con tusion above h e r  right  b reas t . Deat h  was instantaneous . 
Alignment of the restraint  system t ongue and D-ring  loading  marks on the 
seat b e l t  webb i n g  indicated that the system , as  warn b y  the r ight  front  
occupant  contained approximately  20  cm of slack . Thi s  occupant made forceful 
contact of her chin with t he u pper instrument panel . The degree of forward 
excu r s ion executed b y  t h i s  occupant suggests that the shoulder  harness had 
either s l i p ped off her shoulder or had been placed in  her axilla for reason 
of c omfort and convenience . Chin impact with the upper i n s trument  panel 
resul ted in  sudden forceful head extension and extract i on of the u p per cer
vica l  spine . 
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CASE 8 

The case vehicle , a 1 984 Honda Accord two-door sedan , was travelling east
bound on a two l ane paved highway at  an est imated speed of 80 kilometres  
per hour . The  vehicle egressed ont o  the right  shoulder entering a shal low 
d itch and making frontal impact with  a culvert struc ture associated with 
a private driveway . The v ehicle  was partially  arrested in  i t s  forward pro
gress and und erwent a v i olent p i t ch and yaw , becoming airborne . The vehic l e  
vaul ted  a d i stance of  a b  out  9 metres , coming t o  r e s t  on i ts  roof in  the  
private driveway , pointing in  a sout hwesterly direction . There was  a broad 
area of  crush across the left  front  of the vehicle . The Del ta-V for this  
frontal impact was approximately 30  km/hr . 

The occupant of interest in  the case 
vehicle i s  the right  front passenger 
a 34-year-old f emal e , 1 60 cm tall 
and weighing 54 kg . She was wearing 
the available lap and torso restrai n t  
system w i t h  t h e  bucket seat in  the 
fully  recl ined position . After the 
crash she was f ound tangled in  her 
seat belt  webbing , suspended above 
the  underlying vehicle  roof . She 
had a brief loss of consciousness 
and then c omplained of neck and 
shoulder pain with numbness and 
t ingling  i n  both shoulders . Her 
legs felt numb and she had lost power 
in t hem . She was transported to 
hospital where examinati on and x-ray 
s tudies revealed a C2 hangman ' s  frac
ture w i t h  fracture of  the lateral 
pedi c le of C2 and fracture of superior 
and i n ferior articular facets  of  
C2 , C3 on the right side . Within 
a few days she recovered the function 
in her leg s , but continued to  c omplain 
of  n umbness and weakness i n  both  
hand s . The neck fracture was treated 
by  immobi lization in  halo traction . 
Weakness and paresthesiaes persisted 
in  her r i gh t  arm and hand for an 
extended period of months . 

D I S CU S S I ON 

Figure 5 - X-ray of cervical  spi ne i n  
Case 8 showing fracture o f  
lateral  pedicl es of  axis. 

I n  c o n t r a d i s t i n c c i o n  t o  t h e  u s u a l me c h a n i s m o f  h a ngman ' s  f r a c t u r e  s e e n  i n  
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mo tor vehicle col l ision s  where reconstruct ion o f  occupan t kinema t i c s  reveal s 
an extension and compression mode , the above two cases of  fracture were 
caused by extension and dist rac tion . Dist rac tion of  the upper cervical 
spine follows violent  extension when the rapi d l y  mov ing body is  suddden l y  
restrained under the chin or upper neck . This  is  t h e  aim of  judic ial hanging  
by  a submental knot  and "long  drop"  ( which varies inverse l y  with the  v ic t im ' s  
weight and is  usuall y  about two metres ) .  Distract ion results in  more violent  
t issue injury than compression and is usuall y  accompan ied by  a greater l ike
l ihood of  neurologic sequel l ae from d i rect injury  to the spine cord ( Figure 
6b ) .  

occiput  l 
C l  

C 2 

C3 

C4 

C5 

C6 

C7 

6 a  6b 

f ieure 6 - Drawi nes of t he cervical spi ne and sku l l  shoVl i n g  fractures t h rough 
the l a teral  pe dicles of C2 w i t h  r.i i n i ri. al  dis p l acement ( a ) ;  and w i t h  
the up per frag ri_1 e n t  o f  C 2  i n  t h e  pos i ti o n  o f  ext rac t ion comprom isi n g  
the s i z e  o f  the spinal  canal . 

The term hangman ' s  frac ture was first  used in  the l i t erature to  describe 
the charac teri stic lesion seen in judicial hanging ( 1 ) .  A similar f racture 
dislocation seen in vic t ims o f  fall s  and  tra f f i c  coll isions was later recog
nized and reported ( 2 ) , ( 3 ) . Al though the f rac ture produced by  j ud icial  
hangings is similar to  that observed in mo tor vehicle acciden t s  and fal l s , 
the mechan ism of  in jury has been thought to d i f f er by most  authors who have 
repor ted cases ( 2 ) , ( 4 ) . The j ud icial hanging frac ture is  produced by  hy per
extension and extrac t ion forces appl ied to  the cervical spine . In most 
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reported cases o f  motor vehicle t rauma causi ng hangman ' s  frac ture , the 
mechanisms have been reported to be hy perextension with axial load ing , or 
occasionally  flexion and axial load ing . Saldeen presented a case of  hang
man ' s  frac ture with decapitation induced by the use of a d iagonal torso 
bel t without a pelvic bel t ( 5 ) . Edgar et  al described a motorcy c l i s t  who 
rec overed f rom q uadri plegia caused by hangman ' s  f rac ture sustained when 
he was caught under the j aw by a rope  across the road ( 6 ) . These lat ter 
two motor vehic le cases are undoub ted l y  due to a hy perex tension and ext rac
tion forces as  seen in  j ud icial hanging . When this frac t u re occurs , the 
axis  breaks s ymme trical l y  across its ped icles or  lateral masses and the 
fracture may extend across the post erior part  of the bod y . Contrary to  
popular belief  the dens a lways  remains  intact and does not  contribute to 
spinal cord injury . The pedicles are the thinnest part  of the bony ring 
of the axis , weakened by a foramen t ransversari um on each side ( Figure 4 ) . 
The lateral masses , bearing the superior articular face t s , each straddle 
the ver t e bral body  and the in ferior facet and therefore take a maj o r i ty 
of  force t ransmi t t ed through the mod i f ied upper two cervical vertebrae to 
the cervical s p i ne below . The pedicles  and la teral masses of the axis are 
at the point  of  g rea test leverage between the exten d i n g  u p pe r  
"cervico-cranium" ( the skul l , atlas , d e n s  and body of  t h e  axi s )  a n d  the 
relat ively f ixed l ower cervical spine , to  which the neural arch of the axis 
is anchored by  i ts  inferior facet s ,  bi fed spinous process and strong nuchal 
muscles ( Figure 1 ) .  The jun c t ion be tween C2 and C3 consti tutes a site of 
mechanical weakness in  the spine and here the 3rd cervical vertebrae forms 
a fixed poin t , f irml y anchored to the lower column and also s t rongly  bound 
to the posterior spine of C2 by the tough in terspinous l igamen t .  With the 
head in the posi t ion of  extension and the a p p l ication of  an axial load ing 
forc e ,  f rac tu ring is  most  l ikely a t  the pi  votol poin t of  weakness , the 
lateral pedicles  of C2 . With this compression mode of  inj u ry , the spinal 
canal is seldom c ompromised , of ten increased in size and neurologic symp toms 
seldom occur  ( Figure 6a ) .  When the head is in extension and an extrac tive 
force is  appl ied as in j udicial hanging or as in Cases 3 and  4 above , there 
is a d is r u p t i ve d i s p lacement of  the body of  C2 and the in tac t Cl posterio r l y  
w i t h  respect to C3 ( Figure 6 b ) . This  marked ly compromises the s ize of the 
spinal canal during  extract ion with f requent trauma to  the cord at  this  
level and  serious or fa tal inj ury o f ten resu l t s . 

IMPLICATIONS OF THIS  ANALYSIS  

Fracture to  members of  the  occ ipito-at lanto-axial complex are almost  alway s 
the result  of  head contact , and the d i f feren t ial in the forces appl ied to 
the human head in relation to the body . The resul ting neck i n j u ry is induced 
by axial load ing or compression , tension or ext rac t ion , f lexion , ex tension , 
rotation and shearing , singly  or in combination ( 7 ) . Ligamen tous d isrupt ion 
in regions of the cervical spine of a mi ld to moderate degree is a common 
even t in mo tor vehic le coll isions where head contact may or may no t play 
a role . The l i fe threatening at lan to-oc c i p i tal l i gamentous disrupt ion 
described in  this paper i s  seen with high in tensity  shearing forces , of ten 
wi th the neck in extension and may or may not invo lve head contact in the 
generation of  those injury  producing forces . 

Prevent ion of  these poten tiall y  l i f e  threatening injuries  to  the up per cer
vical spine will somet imes require preven tion of  t'.he coll ision , as in  the 
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case of  the un pro tected pedes t r ian or cyc l i s t  who is  impacted by  a mo tor 
veh i c le at speed . To protect veh i c le occupan t s , it  is  important to minimize 
in trusion into the occupan t space by improvements  in the disp lacemen t pat t ern 
of vehicle frontal struc tures including the hood , and opt imal strength of  
vehicle doors , p i l lars and  roof  s t ruc ture . Occupan t protec tion agai n s t  
these upper cervical injuries i s  general ly enhanced by the u s e  of a properly 
f i t ted lap and shoulder restraint system which limi ts occupant  excursion 
and mod i fies or prevents head contac t .  The s pecial prob lem of  d river head 
contact with the s teering assembly  is being addressed by shoulder bel t  
locking and pre-tension devices and s teering  co lumn airbag s . A properly 
f i t ted headrest is  necessary to prevent injury  producing neck hyperexten s i on 
and shearing forces developing in rear end c o l li sion . Case 8 desc r i bes 
a recl ining occupant positioning that can lead to  su bmarining under the 
available  bel t sy stem and injury  producing ex tension/ extraction forces on 
the neck in the even t of  fron tal collision . Posi t ioning of  a vehicle  driver 
in a semi-supine posture is  common. in the sport of  mo tor rac ing , where seat 
belts were the f i r s t  installed in motor car s .  Race o f f ic ial s anticipated 
the <langer of  submarining on frontal colli sion and addressed the problem 
e ff ec tively by includ ing  a crotch harness as a component of  the restraint 
system . I f  veh i c le manufac turers are to cont inue providing full y  rec l in ing  
bucket seats for the  right  front  passenger , they  would  be  wise t o  caut ion 
users of  the inheren t <langer when the veh ic le is  in mot ion , and possi b l y  
they could supply  a cro tch harness componen t i n  t h e  seat bel t system . 
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