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I .  I NTRODUGTI  014 

Relatively severe cervical in ju r ies  are of major concern because of 

the potenti a1 f o r  permanent paralysis. Cervi cal trauma may cause 

d i  sruption of the  1 iganents, f rac tu res ,  or f racture-disi ocations. Nerve 

roots may be involved, or displacement of one vertebra on another ( o r  

port ions of fractured vertebraz) may anatomically or  functionally 

disrupt  the spinal cord, leading t o  part ial  or to ta l  quadriplegia. 

0th.r in ju r ies  of concern are blunt tracma t o  the anter ior  neck 

s t ructures ,  especi a1 ly t o  the larynx, with the  potenti a1 ly hazardous 

problem of airway obstruction. Additionally, penetrating in ju r ies  of 

the major blood vessels, the  trachea, the  larynx, or esophagus may be 

1 i f e - t  hreateni ng. 

Most previous studies of spinal injury have been conducted on 
populations of injured persons ident i f ied  by t h e i r  being i n  a hospital 

or treatment centers or by review of autopsy findings. Mny such 

studies have included cervical ,  thoracic,  and lumbar in ju r ies ,  not 

always di f ferent ia t ing among these  anatomic areas. 

This pager i s  limited t o  t he  study of cervical in ju r ies  of severe 
1 (AIS-3) or  greater level which were sustained by occupants of a sample 

of passenger cars in crashes in the U.S. Whfle there  i s  l e ss  detai l  

available in t h i s  study concerning the  sequalae of trauma t o  the  neck 

(costs ,  treatment required, etc.  ) much more information i s  available 

about the occupants and vehicle characteri s t ies--seated 'I ocati on within 

the car ,  points of contact t o  which the in ju r ies  have been a t t r ibu ted ,  

degree of e jec t ion,  etc.  
- - -  

' ~ h e  Abbreviated Injury Scale: 0-No injury , 1-Mi nor, 2-Moderate, 3- 
Severe, 4-Serious, 5-Cri t i  cal t o  1 i f e ,  6-Current ly untreatable. 



I I ,  LITERATURE R E V I E W :  INJURY F R E Q U E N C Y  A N D  CAUSES O F  INJURIES 

The extensive German Motor Traff ic  Insurers ' Report on 28,935 

drivers and 14,954 other f ront  seat  occupants of passenger cars in 

crashes reported t o  i nsurance ca r r i e r s  i n d i  cates that  severe t o  f a ta l  

cervical spine in ju r ies  occtir in 0.4% each fo r  drivers and fo r  

passengers ( 1 ) .  I t  was indicated t ha t  more than 50% of a1 1 cervical 

spine in ju r ies  were in rear-end crashes, b u t  tha t  the  highest risk of 

severe and fa ta l  cervical in ju r ies  i s  incurred in frontal  crashes. 

Tonge e t  a1 . (Austra l ia)  found cervical f rac tures  or  dislocations in 11% 

of autopsied drivers and 17% of passengers ( 2 ) .  Hossack (Aus t ra l i a ) ,  j n  

his review of autopsies on 500 dr ivers  and passengers, found t ha t  7% h a d  

cervi cai f rac tures  w i t h  cord damage ( 3 ) .  

Alker e t  a l .  reviewed post-mortem x-rays of 146 consecutive t raf fSc 

accident autopsies (probably i ncludi n g  pedzstri a r~ s )  ; 21% had 

radiographic evidence of cervical spine in ju r ies  (4 ) .  Bucholz e t  a!. 

x-rayed the  cervica! spine of 100 motor vehScle crash victims, a n d  

followi ng autopsy, found t ha t  24% had cervical f rac tures  or  f rac ture-  

dislocations.  They i ndi cared t ha t  neither gross inspect ion (5-6:; 

i  nci dence) nor radi ograpny (21% i ncidence) a1 one wi 1 1  uncover a1 1 occult 

cervi cal 1 es i  ons (5 ) .  

Although there have been a smattering of a r t i c l e s  on laryngeal 

trauma i n  the  c l in ical  l i t e r a t u r e  (6-13), there  are no data available on 

the  frequency of in ju r ies  t o  the anter ior  neck ( t h roa t )  s t ructures .  

Nost data on the laryngeal in ju r ies  are c l in ical  case reviews, with most 

authors agreeing that  such in ju r ies  are due t o  blunt trauma t o  the 

throat  from impacts t o  the  s teer ing wheel rim or  the  upper edge of the 

instrument panel. Tonge e t  a l .  reported an autopsy injury incidence of 

9% t o  the  anter ior  throat  s t ructures  in 500 ca r  drivers and passengers 

( 2 ) .  Specif ic types of in ju r ies  and t h e i r  severi ty were not  indicated. 
Most of these car occupants (65%) died of head and/or chest in jur ies .  

A national estimate of the number of persons in the  U.S. sustaining 
"spinal cord injury" each year--the def in i t ion including a l l  kinds of 

paralysis  or  nerve damage--has been made by Kraus e t  a l .  in t h e i r  study 
of hospital records and review of autopsy records in 18 northern 

California counties (14).  Of an estimated 11,200 persons with spinal 



c o r d  i n j u r i e s  each yea r ,  4200 w i l l  d i e  b e f o r e  reach ins  a  h o s p i t a l  and 

1150 more d u r i n g  h o s p i t a l i z a t i o n .  Approx imate ly  562 o f  a l l  t h e  s p i n a l  

co rd  i n j u r i e s  a re  t h e  r e s u l t  o f  highway crashes. O f  t h e  highway 

v i c t i m s ,  19.7% were pedes t r i ans ,  9.5% m o t o r c y c l i s t s ,  3.8% " o t h e r H - -  

l e a v i n g  67% as v e h i c l e  occupants. The authors  do not  d i f f e r e n t j a t e  

between cars  and t r u c k s ,  and t h e r e  seems t o  be no easy way t o  ge t  a  

d i r e c t  conpar ison o f  t h e i r  f i c j u res  w i t h  t h e  d a t a  presented i n  o u r  s tudy ,  

o t h e r  than t o  guess t h a t  "most" o f  t h e  67% must be i n  passenger cars. 

These authors  used t h e  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  o f  Diseases ccdes 

f o r  d e f i n i n g  s p i n a l  c o r d  i n j u r y ,  bu t  a l s o  rev iewed a11 medical  records  

a v a i l a b l e  f o r  i n d i v i d u a l  cases b e f o r e  i n c l u d i n g  a  case i n  t h e  study,  Of 

177 cases o f  "some impor tan t  impairment"  caused by motor  v e h i c l e  s p i n a l  

c o r d  i n j u r y ,  66 were c l a s s i f i e d  as q u a d r i p l e g i c  o r  quadr i  p a r e t i c .  The 

A I S - 5  ca tegory  i n d i c a t e s  severe co rd  damage i n  t h e  c e r v i c a l  area, and 

may be cornpared most d i  r e c t l y  w i t h  t h e  quadr i  p l e g i  c  and q u a d r i i ~ a r e t i c  

c a t e g o r i e s  o f  Kraus. 

I n  another  paper Kraus e t  a l .  d e f i n e  a  s p i n a l - c o r d  i n j u r y  s imply  

as "an acu te  t r a u m a t i c  l e s i o n  o f  t h e  s p i n a l  cord,  cauda equina, o r  nerve 

r o o t s ,  r e s u l t i n g  i n  some degree o f  motor  o r  sensory d e f i c i t  o r  b o t h "  

(15 j .  S i x  t y p e s  o f  f u n c t i o n a l  impairments diagnosed d u r i  ns 

h o s p i t a l i z a t i o n  were u t i l i z e d .  These i n c l u d e  (1 )  q u a d r i p l e g i  a  (complete 

l e s i o n  a t  C3 o r  above); ( 2 )  q u a d r i p a r e s i s  ( p a r a l y s i s  i n  a l l  l imbs- -  

complete o r  i ncompl e t e  1 e s i o n  C4-TI)  ; ( 3 )  pa rap leg ia ;  ( 4 )  parapares is ;  

( 5 )  o t h e r  pa ra l yses  ( i  n c l  ud i  ng hemi p l e g i  a, Brown-Sequard syndrome, and 

c e n t r a l  co rd  syndrome) and ( 6 )  " o t h e r "  d e f i c i t .  The l a s t  ca tegory  

accounts f o r  o n l y  about 5% o f  t h e  t o t a l ,  b u t  ca tegory  5 rep resen ts  about 

20%. I n  t h i s  paper t h e  authors  no te  t h a t  t h e  s u r v i v a l  r a t e  f o r  t r a f f i c  

c r ~ s h  i n j u r i e s  i s  l ower  t h a n  f o r  s p o r t s  i n ju r i es - -p resumab ly  because o f  

t h e  presence o f  o t h e r  assoc ia ted  i n j u r i e s  i n  c a r  crashes. 

A s tudy  by t h e  Government Account ing  O f f i c e  (GAO) on "Cost o f  

Sp ina l  Cord I n j u r i e s  i n  t h e  U n i t e d  S t a t e s  and Progress i n  Sp ina l  Cord 

Regenera t ion"  was done a t  t h e  reques t  o f  a  group o f  Washington ( s t a t e  

o f )  congressmen (16) .  Es t ima tes  o f  l i f e t i m e  medical  c o s t s  ranged frorc 

$44,000 t o  $115,000, depending on t h e  e x t e n t  o f  t h e  i n j u r y ,  no t  

i n c l u d i  ng l o s t  earn ings  o r  o t h e r  r e l a t e d  cos ts ,  As rev iewed i n  t h e  GAO 



report, a 1975 National Inst i tutes  of Health study had estimated that 

there were 100,000 1 iving victims of traumatic spinal cord injury in the 
U.S., and nearly 10,000 new cases each year. This might be compared 

with Kraus's estimate of 11,200 ( a b o u t  5000 of whom die immediately or 
within a few weeks). The Rehabilitation Services Administration 
estimates 7000 t o  10,000 new cases each year. Various studies estimate 
different percentages of these injuries resulting from motor vehicle 
accidents--56% in the NIH (1974), 48% in a California study (19699, and 
38% in a Florida study. 

In a report fo r  the Insurance Ins t i tu te  for  Highway Safety, "The 
Costs of Motor Vehicle Related Spinal Cord Injuries," Smart and Sanders 
(1976) reviewed many other reports, and collected data from hospitals 

t o  estimate costs of motor-vehicle-related spinal cord injuries (17). 
Nati onal frquency of occurrence estimates were generated from the Kraus 
data. Motor vehicle spinal cord injuries are estimated a t  5,315 
annually, with about 2300 of these dying before or shortly a f t e r  
hospital admission. The "national" estimates are mde by extrapolating 
from the Gal ifornia counties study with some adjustment using Federal 
Highway Administration (FHWA) data on t r a f f i c  accident rates for the 
rest  of the country. 

I n  his study, "Epidemiology of Spinal Cord Injury," Kurtzke (1975) 
reviews the Kraus study and suggests that the higher estimates provided 

by Kraus ( t h a n  in other studies reviewed) are probably real (18). 



111. DATA SOURCES 

Up t o  the present time the frequency of the more severe neck 
injuries or f a t a l i t i e s  i n  passenger car crashes has no t  been estimated 
from a vehicle accident population, although frequency estimates of 
spinal cord injur ies  mentioned above have been made from cl inical  
surveys. Recently, a large set  of automobile crash injury reports have 
become avail able fo r  analysis. This, the National Crash Severity Study 
(NCSS), i s  a major accident data collection program of the National 
Center for  S ta t i s t i c s  and Analysis of the National Highway Traffic 
Safety Administration. Available in th i s  data bank are detailed crash 
configuration information, descriptions of injuries and the i r  sources 
(contacts),  and a quantitative description o f  vehicle damage. Crashes 
in th i s  study were selected on a s t r i c t  s t r a t i f i ed  sampling plan, and 
have some potential f o r  making projections t o  a national population. 



IV. INJURY CLASSIFICATIONS 

The Abbreviated Injury Scale (AIS) i s  used in the NCSS f i l e  t o  

categorize the severity of injury. 

The following i s  a 1 i s t  of diagnoses of the more severe (AIS 3,4,5) 
or fatal  neck injuries:  

AIS-3: Fracture and/or dislocation (C-4 or below) with or without nerve 

root damage; fracture of the transverse or spi nous process; 1 aceration 
i nvo l  vi ng nerves and/or blood vessels; tracheal crush. 

AIS-4: Esophageal obstruction; fracture or 1 acerati on of the 1 arynx; 

laceration with severe hemorrhage; tracheal 1 aceration. 

AIS-5: Fracture and/or di sl ocation (C-4 or be1 ow) i nvol vi ng cord damage; 
avulsion or laceration of the esophagus; avulsion of the larynx; 
laryngeal injury with serious respiratory diff icul ty;  pharyngeal 

obstruct ion; avulsion of the trachea. 

Fatal: Cervical spine crush or laceration (C-3 or above); fracture and/ 
or dislocations (C-3 or above) with cord damage. 

In the AIS system, outcome (sequelae) of injuries are intentionally 

not  coded; yet outcome, i . e., quadri pl egi a or quadri paresi s as reported 
in other studies, would most likely be a t  the AIS-5 level of severity. 



V. DATA ANALYSIS 

,4. Overview 

In the NCSS program, the detailed accident and injury data were 
coll ected from i nvesti gati ons conducted by professional teams operati ng 

in eight regions of the United States. During the period from January 
1, 1977 through March 31, 1978, 6,628 accidents were investigated and 
computerized. In these accidents there were 8,616 towaway passenger 

cars containing 14,491 occupants. 

For 10,151 of the 14,491 occupants, detailed injury information was 

avaiiable from qualified medical sources. Most of the discussion in 
t h i s  report will be based on those for  which complete injury information 

was avail able. 

Autopsies were not available fo r  about half of the fa ta l ly  injured 

occupants, and i t  i s  likely that  many of these sustained severe neck 
injuries which would add t o  the total  counts. On the other hand, there 

i s  apparently l i t t l e  missing data for  persons with severe neck injuries 
who survived. Most persons who sustained these injuries were in the 
category sampled a t  loo%, and thus l i t t l e  weighting of the data i s  
required t o  estimate the total  number of severe neck injuries i n  the 
NCSS population. The accidents were sampled in such a way that  the 
total  population can be reconstructed. For the 15-month period of the 

data considered here, the total  estimated occupant population ( i .e . ,  the 
number of persons who were occupants of passenger cars towed fo r  crash 
damage within the NCSS s i t e s )  i s  62,026. Figure 1 shows the relative 
incidence of neck injury in the total  NCSS occupant group. Most of the 
frequencies in th i s  report will be based on the reconstructed (weighted) 
population; for  some of the discussions of injury detail data will be 
presented only for  those persons who had medical reports of the i r  

injur ies ,  and these will be given in raw (unweighted) form. Appropriate 
notation as t o  whether data are weighted or  not will be provided. 
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B. Frequency 

The i n c i d e n c e  o f  t h e  more seve re  (AIS 3-5)  o r  f a t a l  ( A I S - 6 )  n e c k  

i n j u r i e s  i s  low. O f  t h e  10,151 occupants  ( a c t u a l  n o t  w e i g h t e d )  i n  t h e  

NCSS f i l e  w i t h  medica l  i n f o r m a t i o n ,  131  had such neck i n j u r i e s .  O f  t h e  

131, 63 were k i l l e d ,  w i t h  53 h a v i n g  a  f a t a l  neck i n j u r y .  A sma l l  fiumber 

o f  t h e s e  neck i n j u r i e s  o c c u r r e d  i n  crashes sarnpled a t  l e s s  t h a n  1 0 0 2 ,  

and t h e  we igh ted  o r  r e c o n s t r u c t e d  number o f  n e c k - i n j u r e d  persons 7s 145. 

The f i e l d  notes  f o r  f a t a l  a c c i d e n t  cases f o r  wh ich  f u l l  med ica l  r e p o r t s  

were u n a v a i l a b l e ,  have been s t u d i e d  i n  d e t a i l  by u s .  As a  r e s l i l  t o f  

t h i s  rev iew,  64 a d d i t i o n a l  persons were found  who had s u s t a i n e d  s e v e r e  

t o  f a t a l  neck i n j u r i e s  (most o f  t h e s e  b e i n g  f a t a l ) .  T h e r e f o r e ,  o f  t h e  

62,026 occupants o f  passenger cars ,  209 (0,33%, o r  one p e r s o n  i n  3 0 0 )  

were r e p o r t e d  t o  have s u s t a i n e d  an AIS 3-5 o r  f a t a l  neck  i n j u r y .  T h e  

d i s t r i b u t i o n  o f  t h e  AIS l e v e l  f o r  n e c k  i n j u r i e s  a n d  f o r  d e g r e e  o f  

e j e c t i o n  a r e  shown i n  T a b l e  1. 

TABLE 1 
Neck I n j ~ r y  S e v e r i t y  D i s t r i b u t i o n  

E j e c t i o n  vs. Containment 
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AIS Leve l  1 E j e c t e d  Not 1 E j e c t e d  I i f  E j e c t e d  i TOTAL 
---------------+-----------+---------+--------------t---------- 

i 6  2  3  :7 7 

4  

5  

7 

9 

10 

13 

F a t a l  

0  

3  

62 1 29 1 1 8  I 109 

3 

1 

................................................................. 
i 



As noted i n  t h e  l i t e r a t u r e  rev iew above, t h e  occurrence o f  neck 

i n j u r i e s  i n  f a t a l i t i e s  i s  o f t e n  underreported. A l k e r  e t  a l .  and Bucholz 

e t  a l .  found t h a t  upon c a r e f u l  examinat ion,  21-24% o f  motor v e h i c l e  

f a t a l  l y - i  n j u r e d  occupants had demonstrable neck i n j u r i e s  (4,s). The 

f i n d i n g s  f rom t h e  NCSS da ta  seem c o n s i s t e n t  w i t h  t h i s .  O f  t h e  

f a t a l i  t i e s  f o r  which d e t a i l e d  i n j u r y  i n f o r m a t i o n  was a v a i l a b l e ,  20% (53 

o f  264 f a t a l i t i e s )  were r epo r t ed  t o  have neck f r ac tu res .  

C. E j e c t i o n  (Weighted Data)  

O f  t h e  209 (weighted)  AIS-3 o r  g rea te r  neck i n j u r e d  occupants, 140 

were not  e j ec ted  (67%). O f  t h e  remain ing 69 c a r  occupants, 44 were 

e j e c t e d  f rom t h e  car. O f  a l l  t h e  occupants not  e jec ted ,  on ly  0.2% had 

t h e  more se r i ous  o r  f a t a l  neck i n j u r y ,  compared t o  7.2% o f  those  

e jec ted ,  a  f requency 36 t imes  greater .  

D. S e v e r i t y  Comparisons Wi th  Other  Body Areas (Unweighted Data)  

A comparison o f  t h e  AIS 3-5 l e v e l  o r  f a t a l  neck i n j u r i e s  w i t h  t h e  

worst  i n j u r i e s  elsewhere i n  t h e  body i n d i c a t e s  t h a t  t h e  neck was t h e  

more s e r i o u s l y  i n j u r e d  body area i n  62% o f  these  occupants. 

E. Sex D i f fe rences(Weigh ted  Data)  

One hundred twen t y - f ou r  males sus ta ined  t h e  more severe o r  f a t a l  

neck i n j u r i e s ,  compared t o  85 females (Table  2) .  Th i s  i s  0.32% o f  a l l  

males and 0.29% o f  a1 1 females i n  t h e  r econs t ruc ted  NCSS popu la t ion .  

F. &(Weighted Data)  

No s p e c i f i c  age group i s  immune t o  t h e  more se r i ous  neck i n j u r i e s  

i n  passenger c a r  crashes (Tab le  2) .  I t  appears t h a t  neck i n j u r i e s  a re  

t h e  "mechanized d i  sease" o f  t h e  young adu l t ;  c a r  occupants between 16 

and 25 years  o f  age s u s t a i n  severe t o  f a t a l  neck i n j u r i e s  f o u r  t imes  as 

o f ten  (0.43%) as those  younger t han  16 (0.12%) and t w i c e  as o f t e n  as do 

those o l d e r  t h a n  25 years  (0.23%). 



Occupants i n t h e  age range 16 t o  25 years ,  i n general ,  a re  i nvol ved 

in  more severe crashes t h a n  are e i t h e r  younger or older  p e r s o n s .  One 

measure of t h i s  phenomenon avai lable  in  the  NCSS d a t a  i s  t h e  a v e r a g e  

value of Delta-V ( t h e  instantaneous changes in ve loc i ty )  r e c o r d e d  f o r  

vehicles in  crashes. For a11 16-25 year  01 d o c c u p a n t s ,  t h e  a v e r a g e  

Delta-V i n  t h e  NCSS cases was 16.4 miles per hour, as compared with 14.7 

miles per hour f o r  younger occupants than 16,  and 14.4 n i l e s  p e r  hour 

f o r  those  o lder  than 25. One may i n f e r  t h a t  t h e  " a g e "  e f f e c t  n o t e d  

above--i . e . ,  a higher frequency of severe and g rea te r  neck in j u  r i  e s  t o  

15-25 year  o lds- - i s  r ea l ly  the  r e s u l t  of more severe crashes r a the r  than 

an anatmi  cal suscepti bi 1 i ty  t o  injury.  

TABLE 2 
The More Serious Neck Injuries--AIS 3-5 and Fatal 

....................................................................... 
AGE I MALE i FEMALE I TOTAL 

--- - - - - - - - - - - - - - -+---- - - - - - - - - - - - -+---- - - - - - - - - - - - - - - - -+---- - - - - - - - - - - - - -  

0- 15 

16-20 

3 

2 7 

5 

40 

8 

6 7 

49 

17 

16  

2 

12 

12 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51- 75 

TOTAL 

2 5 2 3 

11 6 

11 

2 

5 

10 

5 

0 

7 

2 

14 12 I 2 6 
I 

124 I 85 I 209 ....................................................................... 



G. Seat Position(Weighted D a t a )  

Drivers predominate in t h i s  ser ies  of AIS-3+ neck in jur ies ,  b u t  

only because drivers predominate in the whole NCSS population. The neck 

injured drivers consti tute 0.32% of a l l  drivers; right front passengers 

with neck injuries consti tute 0.41% of a l l  right front  occupants; and 

rear seat occupants have a neck injury frequency of 0.27%. 

H. Crash Type(Weighted Da ta )  

The type of crash i s  clearly related t o  the occurrence of the more 

severe neck i njuries (Table 3) .  More occupants sustain severe neck 
injuries in frontal or  side impacts, b u t  the rate of such injuries i s  

higher in rollovers than in any other crash type. Such injuries are 

re? atively rare in rear-impacted passenger cars. 

TABLE 3 
Severe t o  Fatal Neck Injuries by Crash Type 

(Reconstructed Population) 

............................................................. I I A 1  1 Occupants ........................ 

Unknown 12,643 10 - (0.1% 83 0.0% 

Ejected Occupants ........................ 
I AIS 3-6 AIS 3-6 

Neck Injuries I -------------- 
Number1 Percent 

Pri nci pa1 I 
Total 

Occupants 
Damage 
t o  Car 

Neck Injuries -------------- 
Number / Percent 

Total 
Occupants 

--------- ---------+------+------- I I ---------+------+------- 

145 

235 

114 

19 

TOP 

Other and 

2 8 

7 9 

89 

2 

(implies / 
Roll over) 

Side 

Front 

Rear 

16 

12 

14 

1 

1.6% 

0.6% 

0.3% 

- (0.1% 

1718 

14,303 

30,395 

2967 

11.0% 

5.1% 

12.3% 

5.3% 



I .  Type and Location of Neck Injuries (Unweighted Data) 

A review of the more severe neck injuries and f a t a l i t i e s  of the 130 
car occupants w i t h  medical reports indicates that the majority of these 
injuries are located in the posterior aspect of the cervical region, 
i .e.,  the cervical spine and spinal cord. These injuries are tabulated 
in Appendix A .  Fractures are the most frequent cervical injury 
reported (76%; 100/131 injur ies) .  Of the 131 more severe injuries 
l is ted for  the 130 car occupants, 53 (40%) led t o  a f a t a l i t y ,  a l l  in the 
cervical spine. There were 8 individuals who had injur ies  of level AIS-3 
or AIS-4 in the anterior neck, w i t h  most of these involving throat 
structures, i ncludi ng fractures or transect ion of the larynx or trachea, 
or lacerations of the neck involving major blood vessels or the i r  
branches. 

J .  Contact Sites Related t o  Neck Injuries (Unweighted Data) 

The origi nal i nvestigator's written reports of a1 1 the severe, 
serious, or fa ta l  neck injury cases were individually reviewed, 

speci f ical  ly t o  identify the contact areas. Not infrequently the 
contact was i ndi cated as "hyperextension. " Review of these reports 
i ndi cated t h a t  most of these "hyperextension" cases actual ly involved 
head contact with the windshield or other i n-car structures. Therefore, 
the contacts more clearly defined the objects struck and  are  used in 
Appendi x A. 

Rarely, i f  a t  a1 1, i s the neck fractured or di sl ocated by di rect 

impact to  the cervical area. The anterior neck structures, however, are 
almost always injured by direct bldnt impacts or impacts causing deep 
1 acerat i ons (Appendix A ) .  

For those not  ejected from the car, the more serious or fatal  neck 
injuries are more often associated with windshield contacts. 
Approximately one-third of the car occupants with such neck injuries had 

head/wi ndshield contacts. Less often such injuries are sustained from 
striking the roof, door, A-pillar, or steering wheel (Table 4 ) .  Other 
car structures are contacted even less frequently. 



Al though  35 n e c k - i n j u r e d  occupants  a r e  1  i s t e d  a s  " e j e c t e d "  o r  

" p a r t i a l  l y  e j e c t e d , "  t h e  m a j o r i t y  o f  t h e  neck - i  n j u r y - p r o d u c i  ng con t  a c t  s  

were i n t e r i o r  v e h i c l e  s t ruc tu l -es .  T a b l e  5 shows t h e  c o n t a c t  areas ( f o r  

unweighted d a t a  w i t h  med ica l  i n f o r m a t i o n )  f o r  t h o s e  e jec ted .  

TABLE 4 
Contac t  Areas f o r  AIS 3-5 and F a t a l  C e r v i c a l  I n j u r i e s  

o f  Non-E jec ted Occupants (Unweighted Data  j 

...................................................................... 
Number o f  I I Number o f  

Con tac t  Area Occupants / / Contac t  Area Occupants 

W i n d s h i e l d  3 0 

Roof * 13 

I / Rear  v iew m i r r o r  3 

1 E x t e r i o r  o b j e c t  3 
I 

Door area 10 I I Hood 2 

A -p i1  l a r * *  8 

S t e e r i  ng wheel 8 

I n s t r u m e n t  Panel  5 

i i I Headres t  1 
I 
j Heater IAC d u c t  1 

Unknown 3 

S i d e  window i l  
Seat  back 4 ( 1  TOTAL 9 5  ...................................................................... 

* "RoofN i n c l u d e s  t h e  i n s i d e  o f  t h e  r o o f  o f  t h e  c a r  [9 cases], t h e  s i d e  
r o o f  r a i l  above t h e  door  open ing [3 cases], and t h e  sun v i s o r  o r  f r o n t  
o f  r o o f  ove r  t h e  w i n d s h i e l d  [l case]. 

* * A - p i l l a r  - t h e  v e r t i c a l  s i d e  w i n d s h i e l d  and r o o f  suppor t .  



TABLE 5 
Contact Areas f o r  AIS 3-5 and Fatal Cervical In ju r ies  of 

Ejected Occupants (Unweighted Data) 

........................................................................ 
Ful ly Ejected Part i  a1 ly Ejected 

Contact Area Occupants Occupants ........................................................................ 

Intruding Vehicle . . 1 

Intrudi ng  Pole or  Tree 2 

Side Window . . . . .  4 

Windshield . . . . . .  3 

Steering Assembly . . 
. . .  R f  g h t  Door Area 

Roof . . . . . . . . .  L 3 

Ground . . . , . . . .  5 

. . . .  Roof S ideRa i l  1 

Unknown Source . . . .  
Sunvi sor  . . . . . . .  1 



V I  . RESTRAINT EFFECTIVENESS 

A. Overview 

Few o f  t h e  130 c a r  occupants w i t h  t h e  more severe o r  f a t a l  neck 

i n j u r i e s  (and w i t h  f u l l  medical da ta )  wore b e l t s  (Table 6 ) ;  on ly  two 

were wearing t h e  lap-shoulder  b e l t  , and two o thers  had on a  l a p  b e l t  

(bo th  k i  1  l ed ) .  These cases a re  reviewed i ndi v i  dual  l y  below: 

A. Lap-Shoulder Be1 t e d  AIS 3-5 Neck Cases 

Case No. 1: A  1974 in te rmed ia te -s ize  Chevro le t  susta ined damage a t  
t h e  l e f t  f r o n t  cen te r  w i t h  an impact d i r e c t i o n  o f  10 o ' c l ock .  
The c a r  crush ex ten t  was severe. The d r i v e r  sus ta ined  a  b r a i n  
concussion and a  d i s l o c a t i o n  o f  t h e  c e r v i c a l  sp ine  (AIS-3) from 
nead con tac t  t o  t h e  A - p i l l a r .  M i  no r  l a c e r a t i o n s  about t h e  head 
were noted. No o t h e r  i n j u r i e s  were repor ted.  The instantaneous 
change i n  v e l o c i t y  a t  t h e  t ime o f  impact (De l t a  V )  was es t imated  
a t  27 mph. The C o l l i s i c n  Deformat ion C l a s s i f i c a t i o n  (CDC) f o r  
t h e  veh i c l e  was 10-LPAW-5. The case number i s  #371207051. 

Case No. 2: A 1977 Volkswagen subcompact r o l l e d  over; t h e  d r i v e r  
sus ta ined  a  c r i t i c a l  neck f r a c t u r e  (AIS -5 )  f rom head con tac t  t o  
t h e  r o o f ,  se r ious  ches t  i n j u r i e s ,  a  moderate l e v e l  b r a i n  
concussion and f a c i a l  l ace ra t i ons .  [De l ta  V=Unknown; CDC 00- 
TDHO-31, Case #471008028. 

B e  Lap Be1 t e d  F a t a l  Cases 

Case No. 1: A  1973 compact Dodge susta ined damage t o  t h e  f r o n t  h a l f  
o f  t h e  r i g h t  s i de  o f  t h e  c a r  w i t h  an impact d i r e c t i o n  o f  2 
o ' c l ock .  The c a r  crush was severe. The f r o n t  r i g h t  occupant 
susta ined a  b r a i n  l a c e r a t i o n ,  a  f r a c t u r e d  c e r v i c a l  sp ine  ( f a t a l )  
f rom A - p i l l a r  impact, and c r i t i c a l - t o - 1  i f e  t h o r a c i c  i n j u r i e s .  
No o t h e r  i n j u r i e s  were noted. [De l ta  V=42 mph; CDC 02.-RFAW-31, 
Case #170305002. 

Case No. 2: A  1971 Ford compact susta ined damage t o  t h e  r e a r  h a l f  o f  
t h e  r i g h t  s i de  . The d r i v e r  sus ta ined  a  f r a c t u r e d  c e r v i c a l  
sp ine  " ( f a t a l )  f r om head con tac t  t o  t h e  door i n t e r i o r .  No o the r  
i n j u r i e s  were repor ted.  [De l ta  V=24 mph; CDC 02-RBEW-31, Case 
#3 71 0  15004. 





C .  Summar,y 

Although neck in ju r ies  of the  more s e v e r e  n a t u r e ,  o r  c e r v i c a l  

f a t a l i t i e s ,  a re  re la t ive ly  infrequent (1,19), one in f i ve  f a t a l i t i e s  i n  

t h e  NCSS data had a neck f rac tu re  of AIS-3 o r  g r e a t e r .  F ~ w  of t h o s e  

wearing be l t s  were so injured. I n  t h a t  many of t h e s e  neck f r a c t u r e  

cases were f ronta l  c r a s h e s ,  i t  would be e x p e c t e d  t h a t  l a p - t o r s o  

r e s t r a in t s  of any type (be l t s ,  airbags) would have markedly d e c r e a s e d  

the  occurrence of the more severe neck in ju r ies .  

As has been reported above, a  severe neck injury o r  f a t a l i t y  was 

found in  a high proportion of those e j e c t e d .  A d d i t i o n a l l y  f o r  t h e  

e jec ted,  a t  l e a s t  some of the  in-car pre-ejection contacts causing neck 

f ractures  would have been eliminated, or  reduced in  impact s e v e r i  t y  by 

the  use of proper r e s t r a i n t  systems. 

Review of the  contained occupant contact areas i n d i c a t e s  t h a t  i n  

many the  objects related t o  the  neck f r a c t u r e  would n o t  have been 

contacted had adequate res t ra i  nts been empl oyed. 



V I I .  N A T I O N A L  PROJECTIONS 

The NCSS data were obtained from s t r a t i f i e d  random samples of towed 
passenger cars i n  e ight  re la t ive ly  small regions of the United S t a t e s .  
The eight  regions were choserr so as t o  reasonably represent t h e  r u r a l  / 
urban d i s t r i b u ~ i o n  of the  nation,  and i t  seems appropri,ate t c a t t e m p t  
national projections of some of the  observations. 

While somewhat more sophist icated p r o j e c t i o n  methods have beer: 
developed f o r  scme of the NCSS fac to rs ,  those with nearly complete data, 
injury deta i l  i s  missing so often as t o  not jus t i fy  the  c o m p l e x i t y  of 
t ha t  method here (20). Rather, a brief discussion of t h e  e f f e c t s  of 
missing data ,  combined w i t h  a simple population e x t r a p o l a t i o n  of t h e  
data,  w"1 be presented. 

A. F a t a l i t i e s  

In a l i t t l e  more than one-half of the NCSS f a t a l i t i e s  an autopsy or 
medical examiner's report was available.  Among these,  53 o r  2 0 %  were 

reported t o  have sustained f a t a l  neck in ju r ies .  The remaining h a l f  of 
the  NCSS f a t a l i t i e s  ( f o r  which autopsy o r  medical examiner reports  were  
unavailable) were reviewed, and a judgment made f rom d e s c r i p t i v e  

information t ha t  in 54 (o r  24%) of these cases the re  was an AIS-6 neck 
f rac tu re .  One way of developing a national projection f o r  t h i  s f a c t o r  
( f a t a l  neck in ju r ' e s )  i s  t o  multiply t he  average of t h e s e  p e r c e n t a g e s  
( 2 2 % )  by the  to ta l  number of passenger ca r  fa ta l  i t i  e s  i n t h e  U . S . a s  

reported by the  Fatal Accident Report i ng System (FARS) of the  N a t  i ona 1 

~ighway Tra f f i c  Safety Administration. For 1977 (essent ia l  ly t h e  same 
year  as the NCSS data presented h e r e ) ,  t h e  number of p a s s e n g e r  c a r  
f a t a l i t i e s  in the  U.S. was about 27,000, and 22% of tha t  i s  5 9 4 0 .  I t  

seems l i ke ly ,  then, t ha t  about t ha t  number of passenger c a r  o c c u p a n t s  
per year d i e  principally as the resu l t  of a broker! neck. A?proxi ma t e l  y 

one-third of these (2000) involve ejection.  



B .  Quadriplegics 

While there  i s  a  substantial  amount of injury data mi s s i  ncj i  n t h e  

NCSS study fo r  both f a t a l i t i e s  (because there  was ofter: no autopsy) and 

f o r  mi nor wounds (because there  was no  medical r epo r t ) ,  i t  i s  be1 i  eved 

t n a t  the  data available f o r  in ju r ies  in the  AIS-3 t o  AIS-5 r a n g e  i s  

substant ia l ly  ccmplete. The obvious inference i s  t ha t  few i f  any of the 

serious neck in ju r ies  f o r  investigated cases should be missing, and t h a t  

those reported shou! d provi de the  basis f o r  a national extrapolat ion.  

The AIS-scale i s  not very precise with regard t o  t he  consequences  

of spinal cord in ju ry ,  although an AIS-5 generally indicates a f r a c t u r e  

plus "cord damage. " For purposes of t h i s  report ,  we wi 11 equate t h i s  t o  
t h e  in ju r ies  reported by Kraus e t  a l .  and o t h e r s  a s  q u a d r i p l e g i a  o r  

quadri paresis-- i  nvolvi ng cervical damage a t  C-4 o r  below. Fractures a t  

t h i s  level (o r  below) without cord damage are coded as AIS-3. Among the  

NCSS passenger car  occupants there  were 11 persons ~ h o  sus ta i  ned A I S -  5 

neck 'n ju r ies  and lived. There i s  some evidence t ha t  t h e r e  may be c f  

the  order of 15% missing cases in the NCSS data--i .e . ,  cases which were 

never reported on although they in fac t  occurred. The NCSS d a t a  under  

study covered a period of 15 months (25% more than one y e a r ) .  Thus a 

f i r s t  estimate of the annual number of AIS-5 neck injury cases would be 
11 times 1.15 ( t o  account f o r  t he  missing cases)  times 0.8 ( t o  a c c o u n t  

f o r  the  15-month-data-taking period),  or  a p p r o x i m a t e l y  10  p e r  y e a r .  

Since the  NCSS regions represent about 2% of the  t o t a l  population of the 

U.S., we project a  t o t a l  of 50 x 10, o r  500 passenger car  occupants each 

y e a r  who s u s t a i n  c e r v i c a l  c o r d  damage and s u r v i v e .  I t  seems 

i n a p p r o p r i a t e  t o  t r y  t o  p l a c e  a c o n f i d e n c e  i n t e r v a l  o n  such a 

projection,  b u t  i t  may be taken as a best estjmate froin these data. 

In terpre t ing t he  data of Kraus e t  a l . ,  we might have e x p e c t e d  an 
annual t o t a l  of 650 cases of q u a d r i p l e g i a  and q u a d r i p a r e s i s  among 

passenger c a r  occupants. The NCSS r e su l t s  stiggest about 500, and t h e s e  

two estimates may be viewed as equivalent. 



Anterior in ju r ies  t o  the  neck are observed t o  be r e l a t i v e l y  r a r e .  

Using tne  same procedure as above, we would e x p e c t  abou t  3 5 0  c a s e s  

nat ional ly ,  these being dis t r ibuted ( ra the r  uniformly) across A I S - 3  t o  
AIS-4. Typical an te r io r  in ju r ies  include tracheal f rac tu re  o r  c a r o t  i d 

a r tery  damage. Again, i t  would be i n a p p r o p r i a t e  w i t h  t h e s e  smal l  

samples t o  propose a confidence interval  on such a s t a t i s t i c .  



VIII, BIOMECHANICS O F  NECK INJURIES 

A. Cervical Spine 

The more serious or f a t a l  i n j u r i e s  of t h e  c e r v i c a l  s p i n e  a r e  
f rac tures  o r  f r a c t u l - e - d ' s l o c a t i o n s  w i t h  o r  w i t h o u t  s p i n a l  c o r d  
i n v o l  vernent. Tile medi cal 1 i t e r a tu r e  has provided a good descri p t i  o n  of 
t he  kinds of in ju r ies  seen from c l in ica l  experience (21-30). There a r e  
a variety of cervi ca1 f rac tu res  and fracture-di  sl ocations, each havi  n g  

i t s  own spec i f i c  mechanism of i n j u r y ,  Ove r -bend ing  f r a c t u r e s - -  
hyperfiexi on (forward bendi n g )  o r  hyperextension (rearward bendi n g )  - -  
each may be one of two types, associated with compressio~ forces,  i . e .  , 
compressive hyperflexion o r  h y p e r e x t e n s i  on o r  w i t h  t e n s i  1 e f o r c e s  

(d i s t rac t ion  hyperflexion or hyperextension). I n  addition t h e r e  may be 
rotat ional  forces involved with each of the above.  L a t e r a l  bend ing  

f ractures  are  a n o t h e r  t y p e ,  p r o d u c i n g  c o m p r e s s i o n  of v e r t e b r a l  
s t ruc tu res  on the  s ide  of the bend ing  and t e n s i l e  f o r c e s  p o s s i b l y  
separating simi'lar s t ructures  o n  t h e  oppos i t . e  s i d e .  A t  t h e  uppe r  
cervical level (C-1 t o  C - 2 )  s pec i f i c  f rac tu res ,  d i f f e r e n t  f rom t h o s e  

found lower down in  the cervical a rea ,  a r e  no t ed .  O f t e n  t h e s e  a r e  
referred t o  as a hangman's f rac tu re  ( 2 1 ) .  

In car  crashes, neck f ractures  a n d / o r  d i s l o c a t i o n s  a r e  a l m o s t  
always the resul t  of excessive forces transmitted through the c e r v i c a l  
spine by the  p o s t - c e r v i c a l  body mass ( t o r s o )  when t h e  head ha s  
decelerated on an i n t e r i o r  car  s t ructure .  I n  r o l  l o v e r  c r a s h e s ,  f o r  
example, the  "neck/roof contact" i s  r ea l ly  a head c o n t a c t  w i t h  neck 

loading by the  to r so  mass . However, as reported by Huelke e t  a l . ,  neck 

f ractures  and fracture-di  s l  ocati ons may occur wi thotit head impact (3C). 

There are  no frequency data f o r  the  various types of neck f ractures  
o r  fracture-dislocations.  No reports are  available indi  c a t  i n g  d i  r s c t  

impact t o  the  neck causing cervical f rac tu res  in car  crashes. The s t a t e  
of knowledge on the  quant i ta t ive  biomechanics of the forces required t o  

cause neck f rac tu re  or d i  s l  o c a t i o n  of t h e  c e r v i c a l  s p i n e  i s  ve ry  
limited. 



The on l y  dynamic exper imental  study a v a i l a b l e  a t  t h i s  t ime  t o  

determine c e r v i c a l  sp ine  i n j u r y  types i n  humans i s  on s u p e r i o r - i n f e r i o r  

impact l oad ing  o f  t h e  c e r v i c a l  sp ine  through t h e  head, as repo r ted  by 

Cu lver  e t  al .  (31). Impact t e s t s  t o  e leven cadavers were conducted w i t h  

a  moving mass impactor. Ce rv i ca l  f r a c t u r e s  were produced i n  many cases 

w i t h o u t  b a s i l  a r  sku1 1  f r a c t u r e s  . The rnechani sm o f  c e r v i  c a l  ve r t eb ra l  

f r a c t u r e s  i n  t h e  t e s t  c o n f i g u r a t i o n  used appeared t o  be t h e  compressive 

a r ch ing  o f  t h e  neck, i nc reas ing  t h e  c e r v i c a l  l o r d o t i c  curve, which 

places loads on t h e  spinous processes, lamina, and facets .  The work 

repor ted  i n  t h i s  study was in tended as a  p r e l i m i n a r y  study and much 

f u r t h e r  work i s  needed t o  f u l l y  exp lo re  t h e  var ious mechanisms o f  

c e r v i c a l  ve r t eb ra l  damage found i n  super i  o r - i  n f  e r i o r  l oad ing  cases. 

The work o f  Mertz and P a t r i c k  has been t h e  on l y  study t o  da te  t o  

suggest human to le rance  values f o r  t h e  c e r v i c a l  sp ine  l oad ing  due t o  

i ndi  r e d  ( i n e r t  i a1 ) l o a d i n g  (32). Based on human vo lun teers  and cadaver 

s l ed  t es t s ,  they  found t h a t  t h e  r e s u l t a n t  bending moment about t h e  

condyles was an excel  l e n t  i n d i c a t o r  o f  neck s t rength.  Al though t h i s  

work was done some years  ago, t h e r e  has been no subsequent work which 

has i n d i c a t e d  l a r g e r  t o l e r a b l e  values o f  t he  neck loading. 

0 .  Throat  

The t o l e rance  l e v e l s  o f  t h r o a t  s t r u c t u r e s  a re  b e t t e r  known. Nahum 

e t  a1 . (1968) t e s t e d  i n t a c t  embalmed cadavers w i t h  1  oads o f  200-250 

1  bs., producing marginal  f r a c t u r e s  o f  t h e  t h y r o i d  c a r t i l a g e ;  c r i c o i d  

c a r t i l a g e s  f r a c t u r e d  a t  1  oads o f  175-225 1  bs. (33). I n  1971, Gadd e t  

a1 . , u s i  ng embalmed cadavers, showed margi na1 f r a c t u r e s  o f  t h e  1 aryngeal 

c a r t i l a g e s  a t  90-100 lbs.  (34). It i s  b e l i e v e d  t h a t  t h e  s t i f f e n i n g  o f  

t h e  embalmed t i s s u e  about t h e  l a r y n x  was respons ib le  f o r  t h e  lower  

f r a c t u r e  1  oads. 



Most recently, Me1 vi n e t  a1 . studi ed the fracture 1 oad 1 eve1 of 
larynges removed from cadavers (35). For the thyroid carti lage the mean 
dynamic fracture load was 40.6 lbs., and fo r  cricoid carti lage, 55.5 

I bs. , significantly lower than the 1968 and 1971 studies. The mean load 
for  imminent structural collapse was found t o  be 100 1 bs. No tolerance 
research studies have been conducted on penetration i njuri es of the 
neck. 



I X .  MEDICAL CONSEQUENCES OF THE MORE SERIOUS NECK INJURIES 

Whi le t h e  inc idence  o f  more ser ious  and f a t a l  neck i n j u r i e s  i n  t h i s  

s e r i e s  i s  r e l a t i v e l y  low (0.23% o f  a1 1 occupants o f  towed passenger 

cars) ,  t h i s  group o f  i n j u r i e s  i s  un ique i n  t h e  h i g h  inc idence  o f  

f a t a l i t i e s  (63 o f  130), be ing  t h e  cause o f  f a t a l i t i e s  (53) and t h e  

p o t e n t i  a1 long- term cos t  and degree o f  d i  sab i  1 i ty. 

The ser ious  i n j u r i e s  o f  t h e  neck inc lude :  (1) f r a c t u r e  and 

f r a c t u r e - d i  s l  o c a t i  ons o f  t h e  c e r v i c a l  sp ine  w i t h o u t  s p i n a l  co rd  

involvement, ( 2 )  i n j u r i e s  r e s u l t i n g  i n quadr ip leg ia ,  (3)  b r a c h i a l  

p lexus  i n j u r i e s ,  and (4) i n j u r i e s  o f  t h e  l a r ynx ,  t rachea, esophagus and 

major  b lood  vessels. 

DIAGNOSIS AND TREATMENT 

A. F rac tu re  and F r a c t u r e  D i s l o c a t i o n s  Wi thout  Sp ina l  Cord Involvement 

Utmost ca re  must be exerc ised  i n  t h e  e a r l y  t rea tment  o f  se r i ous  

c e r v i c a l  sp ine  i n j u r i e s .  D i s l o c a t i o n s  a re  f r e q u e n t l y  uns tab le  and 

sp ina l  co rd  impairment may be induced o r  aggravated by i n j u d i c i o u s  

movement o f  t h e  person. Fo r tuna te l y ,  most rescue squads and ambulance 

personnel a r e w e l l  t r a i n e d  i n  c a r i n g  f o r  these people. The neck i s  

immobi 1 i z e d  by a c o l l a r  o r  wrapping, and e x t r i c a t i o n  and t r a n s p o r t a t i o n  

a r e  accomplished on a board. Adequate X-rays a r e  a r e q u i s i t e  t o  good 

treatment.  A de te rmina t ion  i s  made as t o  t h e  bony trauma i n c u r r e d  and 

i f  poss ib l e  t h e  mechanism o f  i n j u r y  (extension, compression, etc.) ,  bo th  

o f  which he lp  t o  determine t h e  therapy  which fo l lows .  

Immob i l i za t i on  i n  t r a c t i o n  i s  u s u a l i y  requi red,  o f t e n  u s i n g  s k u l l  

tongs. A spec ia l  h a l o  apparatus has been employed i n more recen t  years. 

Th i s  immobi l izes t h e  head, neck, and t ho rax  o r  i n  some cases t h e  head- 

neck, thorax,  and pe l v i s .  The h a l o  a l lows  e a r l y  m o b i l i z a t i o n  o f  t h e  

p a t i e n t  , tendi  ng t o  p reven t  systemat ic  compl i c a t i o n s  which occur w i t h  

pro longed immobi 1 i z a t i  on. I f  t h e  c e r v i  c a l  f r a c t u r e s  a re  accompanied by 

n e i t h e r  i n s t a b i l i t y  n o r  ve r t eb ra l  body displacement, as w i t h  spinous 

process f r ac tu res ,  t h e  neck may be s imply  immobi l ized i n  a brace and 

e a r l y  ambulat ion i s  allowed. When s k u l l  t r a c t i o n  i s  employed f o r  s i x  t o  



eight weeks, the patient i s  kept on a frame or speci a1 bed which can be 
rotated or t i l t e d  t o  allow for  skin care and the prevention of a number 
of compl icat i  ons which arise from prolonged immobi l i  zati on or skin 
pressure. 

In some cases, surgery i s  undertaken t o  decompress the spinal cord. 
Extensive bone removal i s  required. The unstable injured spine i s  
sometimes fused relatively soon af te r  injury, for  fusion often a1 lows 
fo r  early ambul a t i  on. 

A variety of braces are employed following treatment by traction or 
surgery, depending on the amount of healing that has occurred and how 
much immobilization i s  required. The brace i s  worn for  an additional 
six t o  twelve weeks by which time adequate healing should have occurred. 

B. Quadri pl egi a 

Of the several thousand quadri pl egi cs which occur each year i n 
motor-vehicle-related accidents in the United States,  i t  has been 
estimated that  approximately one-thi rd of the survivors have complete 
paralysis. 

Tracheotomy may be required because of respiratory d i f f icu l t ies  and 
problems with pulmonary secretions. A urinary catheter i s  placed in the 
bladder t o  drain the urine. While some automatic function may develop, 
surgery i s  often needed t o  allow urine flow through a spastic bladder 
neck. The urine i s  sometimes permanently drained via a cystostomy (a 
surgical openi ng i n t o  the bladder through the abdominal wall ). 

Following in i t i a l  hospitalization, prolonged rehabilitation i s  
required. Fortunately, the government has estabi i shed regional spinal 
cord injury rehabilitation centers which give the highest level of care 
and attention t o  these victims, preparing them t o  continue l i f e ,  often 
in a productive manner, in the best possible fashion. Ingenious 
prostheses a1 low function which has been otherwise lost .  Modification 
of the quadriplegic's surroundi ngs i s  requi red (ramps, wide door 
openings, etc.). 



C.  Brachi a1 Plexus Injuries 

The brachial plexus i s  composed of nerves arising from the cervical 
cord from the cervical 5 (C5 )  level t o  the f i r s t  thoracic segment ( T i ) .  

These individual nerves join and then divide i n  a complex fashion t o  
form the brachial plexus, before passing into the upper extremity, the 
structures which they supply. 

Brachial plexus injuries occur by direct trauma t o  the nerves in 
the neck which are components of the brachial plexus. Stretch or 
traction on the nerves by forceful la teral  bending of the neck towards 
the opposite side and shoulder depression may injure the upper 
components of the plexus. Forceful sudden separation of the 
outstretched upper extremity from the thorax may damage the lower. 
brachial plexus. The l a t t e r  two types of plexus injury are frequently 
associated with ejection from the vehicle. If  avulsion of the nerve 
roots i s  suspected, myelography (injection of a radio-opaque dye into 
the spinal canal) i s  helpful in making t h i s  determination. 
Electromyography may also be helpful in delineating the extent of the 
damage and indicating the prognosis. 

Until recently l i t t l e  could be done t o  benefit these injur ies  other 
than immobil ization followed by rehabilitation. Tendon transfers from 
functional muscles t o  those paralyzed sometimes improve function. In 
extreme cases, amputation of the paralyzed upper extremity has been 
carried out. With the advent of the operating microscope, repair of the 
injured nerves ei ther  directly or with grafts has been undertaken with 
promi sing results. Prior t o  the advent of the newer techniques, surgery 
on the brachi a1 plexus rarely proved rewarding. 

Stretch injuries of the brachial plexus may result in permanent 
weakness, loss of sensation, pain and altered vasomotor responses in the 
affected upper extremity. The pain may be extreme and i s  d i f f icu l t  t o  
a7 levi ate. 



D. I n j u r i e s  t o  t h e  Larynx, Trachea, Esophaqus, and Major  B lood Vessels 

I n j u r i e s  t o  these  organs u s u a l l y  occur  by d i r e c t  impact, and, i f  

s u f f i c i e n t  f o r c e  i s  appl ied,  c rush ing  o r  r up tu res  o f  these s t r u c t u r e s  

occur by compression aga ins t  t h e  unde r l y i ng  a n t e r i o r  aspect o f  t h e  

c e r v i c a l  s p i  ne. 

The s e m i - r i g i d  l a r y n x  may be f r a c t u r e d  o r  crushed, r e s u l t i n g  i n  

d i f f i c u l t y  w i t h  breath ing.  I n t u b a t i o n  o f  tracheotomy may be l i f e -  

spar ing  i n  t hese  cases. The vocal  cords may be damaged d i r e c t l y  o r  

through i ~ n p a i  rment o f  t h e  la ryngea l  nerves, r e s u l t i n g  i n hoarseness o r  

l o s s  o f  voice. 

The trachea, which i s  t h e  downward c o n t i n u a t i o n  o f  t h e  l a r y n x  t o  

t h e  lungs, may be i n j u r e d  i n  manners s i m i l a r  t o  t h e  la rynx .  The major .  

problem w i t h  i n j u r y  i s  airway obs t ruc t ion .  Tracheotomy may be r e q u i r e d  

acu te l y  o r  even permanently i f  t h e  damage r e s u l t s  i n  s i g n i f i c a n t  

s c a r r i  ng. 

The g rea t  vessels o f  t h e  neck ( j u g u l a r  ve ins and c a r o t i d  a r t e r i e s )  

may be lacera ted ,  p o s s i b l y  r e s u l t i n g  i n  r a p i d  death by exsanguinat ion. 

D i g i t a l  pressure app l i ed  a p p r o p r i a t e l y  by those  f i r s t  on t h e  acc iden t  

scene may be l i f e  saving. B l u n t  trauma t o  t h e  c a r o t i d  a r t e r i e s  may 

r e s u l t  i n  thrombosis [b lood  c l o t ) .  The man i fes ta t ions  o f  c a r o t i d  

thrombosis a r e  v a r i e d  b u t  can be ca tas t roph ic ,  w i t h  herniplegia 

( p a r a l y s i s  on one s i de ) ,  l o s s  o f  speech, o r  death . Surgery on t h e  major  

neck vessels f o r  r e p a i r  o f  l a c e r a t i o n s  needs t o  be c a r r i e d  o u t  promptly. 

L a t e r  surgery may o f f e r  re -es tab l  i shment o f  ce rebra l  c i r c u l a t i o n  through 

thromhectomy (removal o f  a  b lood  c l o t )  o r  by bypass procedures. Trauma 

t o  t h e  vocal cords w i t h i n  t h e  l a r y n x  may l ead  t o  permanent hoarseness o r  

l o s s  o f  t h e  voice. Severe i n j u r y  t o  t h e  l a r y n x  o r  t rachea  may r e q u i r e  

permanent tracheostomy . S c a r r i  ng o f  t h e  esophagus can cause permanent 

d i f f i c u l t y  i n  swal lowing and may r e q u i r e  chron ic  d i l a t a t i o n .  



COMPLICATIONS OF THE MORE SERIOUS CERVICAL INJURIES 

A. Cervical Fractures and Fracture 
Dislocations Without Spinal Cord Involvement 

In spi te  of adequate immobi l ization, i ncludi ng skeletal traction 

and bracing, instabi l i ty  may be present. This could be a threat t o  the 
intact spinal cord and also could prove t o  be a painful condition which 
would necessitate a spinal fusion la te r  on. Even when adequate healing 
has occurred, degenerate changes may occur and result in limited range 
of motion and pain. Uncommnly, as part of the healing process, 

stenosis (closing) of the spinal canal develops with impingement on the 
spinal cord or roots, leading t o  compromise of function and 

pain. Decompression, with or without fusion, would be required in these 
cases. 

Fractures a n d  fracture di sl ocations of the cervi cal spi ne without 

spinal cord injury may result  in only a limited range of neck motion,  a 
sensation of grating, and pain. Fortunately, other than in ccmpensi ble 
situations,  or people with emotional ins tab i l i ty ,  these symptoms rarely 
are disabling. O n  the other hand, quadriplegics retain great 
disabili ty.  The average quadriplegic spends over two years i n  the 
recovery and rehabi 1 i t a t ive  phases. One-third of the complete 
auadripl egi cs return t o  either employment, school, household work, or 
other productive act ivi t ies .  

About half of the incomplete quadriplegics do  the same. The l i f e  
style of these individuals, as well as that of close family members, i s  
drastical ly a1 tered. This contributes to  emotional problems in a1 1 

part i es concerned. 

B. Quadriplegia 

Conpl i cati ons are frequent i n these quadriplegic patients. I t  has 
been suggested that  most general hospitals are not  adequately equipped 
to properly care for  these patients. There are, of course, many factors 
which contribute t o  complications in these patients, some of which are 
d i f f icu l t  t o  control. 



Decubitus u l c e r s  (breakdown o f  t h e  s k i n )  a re  t h e  most common 

comp l i ca t i on  and occur i n  over  80% o f  t h e  cases. Frequent t u r n i n g  o f  

t h e  p a t i e n t  a long w i t h  good general s k i n  care  tends t o  prevent  t h i s  

problem. Uri nary t r a c t  i n f e c t i o n s  a re  a l s o  another f requent  

compl i ca t ion ,  and r e l a t e  t o  t h e  need f o r  t h e  use o f  ca the te rs  i n  t h e  

bladder.  App rop r i a te  a n t i  b i  o t i c  t reatment  tends t o  n e u t r a l  i z e  t h e  

problem, b u t  a n t i b i o t i c s  f r equen t l y  a r e  requ i red  over  p r o t r a c t e d  per iods  

o f  t ime  because o f  t h e  na tu re  o f  t h e  b a c t e r i a  which cause t h e  i n f e c t i o n ,  

i n  t h e  face  o f  t h e  c o n t i n u a t i o n  o f  t h e  same f a c t o r s  which l ead  t o  t h e  

i n f e c t i o n  i n i t i a l l y ,  i.e., u r i n a r y  s t a s i s  and t h e  i n - d w e l l i n g  ca the te r .  

Kidney stones f r e q u e n t l y  a r e  formed and r e l a t e  i n  p a r t  t o  t h e  extreme 

d e c a l c i f i c a t i o n  which occurs throughout  t h e  body o f  t h e  q u a d r i p l e g i c  . 
Pneumonia occurs, e s p e c i a l l y  e a r l y  i n  t h e  course o f  events and r e l a t e s ,  

i n  p a r t  t o  i n a b i l i t y  o f  t h e  i n d i v i d u a l  t o  adequately cough and e l i m i n a t e  

accumulated secre t ions ,  and a l s o  by v i r t u e  o f  a s p i r a t i o n  o f  b lood  and 

l i q u i d s .  Cont rac tu re  d e f o r m i t i e s  o f  t h e  l imbs may develop l a t e  and 

r e l a t e  i n  part t o  muscle s p a s t i c i t y  which may be d i f f i c u l t  t o  overcome. 

Regular pass ive e x e r c i s i n g  o f  t h e  l imbs he lps  t o  prevent  

con t rac tu res .  Thrombophleb i t is  i n  t h e  deep ve ins o f  t h e  lower  

e x t r e m i t i e s  i n  a  1  i f e - t  h rea ten i  ng compl? c a t i  on. The process may extend 

i n t o  t h e  pe l  v j c  ve ins  and necess i t a te  l i g a t i o n  o f  t h e  i n f e r i o r  vena cava 

i n  t h e  abdomen. Pulmonary embolism from t h e  thrombi i n  t h e  ve ins can be 

a  cause o f  sudden death i n  these  pa t i en t s .  Frequent pass ive movement o f  

t h e  lower  e x t r e m i t i e s  a long  w i t h  t h e  use o f  proper  e l a s t i c  support  

s t ock i  ngs tends t o  reduce t h e  occurrence o f  these compl i cat ions.  



X. CONCLUSIONS 

Previ ous studies of highway-i nduced cervi cal i njuries have been 
based on clinical reviews, and not from a known automotive accident 
population. The NHTSA-sponsored National Crash Severity Study has 

provided for  the f i r s t  time an adequate sample of actual crashes so that 
cervi cal i njury freauenci es and severit ies can be estimated. 

The NCSS data set  used fo r  th i s  study represents a population of 
62,026 occupants of towaway passenger cars, and thus the frequencies 

quoted here apply t o  such a group. Of a l l  such persons, one in 300 had 

a cervical lesion in the range AIS-3 t o  AIS-5 or fa ta l .  For contained 

occupants (i.e.,  persons who were not ejected from the i r  cars) t h i s  ra te  
was one in 433. For ejected occupants, the rate was one in fourteen. 
Yet many of those ejected contacted in-car structures t o  sustain the 
cervical injury prior t o ,  or in the process of, being ejected. 

A comparison of the AIS 3-5 level neck injuries with the worst non- 
neck injuries elsewhere in the body indicates that the neck was the more 
seriously injured body area for  62% of these occupants. 

More occupants sustain severe neck injuries in frontal or side 
impacts, b u t  the rate of such injuries i s  higher in rollovers than in 
any other crash type. Such injuries are relatively rare in rear- 
impacted passenger cars. 

Car occupants between 16  and 25 years of age sustain severe t o  
fatal  neck injuries four times as often as those younger than 16  and 
twice as often as do those older than 25 years. Of the 131 more severe 
injuries l is ted for  the 130 car occupants, 53 (40%) had a cervical spine 
fa ta l i ty .  There were 8 individuals who had injuries of level AIS-3 or 
AIS-4 in the anterior neck, with most of these involving throat 
structures, i ncludi ng fractures or transect ion of the 1 arynx or trachea, 
or lacerations of the neck involving major blood vessels or the i r  
branches. 

Rarely, i f  a t  a l l ,  i s  the neck fractured or dislocated by direct 
impact t o  the cervical area. The anterior neck structures, however, are 
almost always injured by direct blunt impacts or impacts causing deep 
lacerations . 



For those not ejected from the car the more serious or fatal  neck 
injuries are more often associated with windshield contacts. This 
association should be viewed with caution, for  in our own (the author 's)  
investigations, we have rarely noted serious or fatal  neck injuries from 
windshield contacts. 

Contacts causing neck injury most often resulted from the movement 

of the unrestrained occupant into the car structure rather than invasion 
of the occupant space by extreme vehicle deformation. Many of these 

severe neck injuries could have been prevented by the use of available 
restraint  systems, or ( in  many cases) by passive restraints.  
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APPENDIX A 

Non-E ject ed Occupants 
Neck Injury Descriptions by Contact Areas 

Windshield 

1 Fracture/separati on of cervi cal vertebrae (AIS 3 )  

2 Fracture/di sl ocation of at1 anto-occi pi ta l  joi n t  with 
laceration of medulla (AIS 6 )  

3  Fracture/di sl  ocation of 2 n d  cervical vertebra (AIS 6 )  

4 Avulsion fracture of C 2  anteriorly (AIS 6 )  

5 Fracture of C2 posterior elements (AIS 3 )  

6  Fracture of posterior C2 with 40% subluxation on C3 (AIS 3 )  

7  Oblique fracture through body of C1 (AIS 3 )  

8 Laceration of right carotid artery (AIS 3 )  

9 Fractured vertebra, no detailed medical data (AIS 6 )  

10 Fractured vertebra, no detailed medical data (AIS 6 )  

1 I Fracture C7 spinous process (AIS 3 )  

12 Fracture C 1  (AIS 3 )  

13 Fracture spinous rocess C6; ring fracture C7 with partial  
nerve loss (AIS 5 ! 

14 Fractureldi sl ocation C6-7; total  lower paralysis (AIS 5 )  

15 Subluxation C2, C4, and C5 (AIS 3 )  

16 Fractured vertebra, no detailed medical data (AIS 5 )  

17 Subluxation C5-6 (AIS 5) 

18 Fractured vertebra, no detailed medical data (AIS 6 )  

19 Deep laceration right i nframndi bular area with severed 
external carotid artery branch (AIS 3 )  

20 Fractured vertebra, no detailed medical data (AIS 5 )  

2 1 Chip fracture C7 vertebral body (AIS 3 )  

22 Linear fracture odontoid process C2 (AIS 3 )  



23 Severe laceration upper neck through mouth  (AIS 3) 

24 Fractureldi sl ocation C5 (AIS 3)  

2 5 Fracture upper cervical vertebra: necrosis of cord (AIS 6 )  

26 Fracture spinous process C1 (AIS 3)  

2 7 Subluxation of C2, C3 with fracture of C2, no cord damage 
(AIS 3)  

2 8 (AIS 3) Fractureldisl ocation C1-3, transect ion of cord 
iaIs 6 )  

2 9 Subluxation C3-4 (AIS 3)  

30 comminuted fracture transverse process C 7 ,  T 1  (AIS 3) 

Door Area 

1 Fractureldi sl ocati on of at1 anto-occi pi ta l  joi n t  (AIS 6 )  

2 Fracture a t las  (AIS 5) 

3 Fracture vertebra, no detailed medical data (AIS 6 )  

4 Fracture C7-T1 (AIS 3)  

5 Fracture vertebra, no detailed medical data (AIS 3)  

5 Fracture l e f t  uncinate process C6 (AIS 3)  

7 F r a c t ~ r e ,  luxation C4 (AIS 3 )  

8 Fracture vertebra, no detailed medical d a t a  (AIS 3)  

9 Subluxation of C2-C3 (AIS 3) 

10 Separation of at1 anto-occi pita1 joint Z(A1S 6 )  

Roof 
7 

1 A t 1  anto-occi pi ta l  di sl ocation, foramen magnum compromi sed 
causing transection of medulla (AIS 5) 

2 Comminuted fracture of C6 (AIS 3 )  

3 Fracture C6 with paraplegia (AIS 5 )  

4 Fracture C5 (AIS 3 )  

5 Fracture, subluxation C3-C4, teardrop fracture C5, 
permanent paralysis neck down--sl ight movement right side 
(AIS 5) 



6 Displaced f r a c t u r e  C5-C6 q u a d r i p l e g i a  (AIS 5 )  

7 F r a c t u r e  C2-C3 (AIS 6 )  

8 Transverse  f r a c t u r e  C2 (AIS 6 )  

9 F r a c t u r e  v e r t e b r a ,  no d e t a i l e d  medical d a t a  (AIS 3 )  

A-Pi  11 a r  

1 F r a c t u r e  C2, Cord t r a n s e c t i o n  s e p a r a t i  ng medula and pons (AIS 
6 

2 Compression f r a c t u r e  C6 (AIS 3 )  

3 Ex tens ive  l a c e r a t i o n s  medulla (AIS 6 )  

4 F r a c t u r e  C1, neuro log ica l  aamage and p a r t i a l  a v u l s i o n  of 
medulla from pons (AIS 6 )  

5 F r a c t u r e  l a t e r a l  M S S  C7 (AIS 3 )  

6 F r a c t u r e ,  s u b l u x a t i o n  of C4 (AIS 3 )  

7 Disp laced  c e r v i c a l  f r s c t u r e  (AIS 3 )  

8 F r a c t u r e  C1 (AIS 3 )  S t e e r i n g  Wheel 

1 Trachea Transec t  i on (AIS 4 )  

2 F r a c t u r e / d i  s1 o c a t i  on C5-CS, ce rv i  ca l  f u s i o n ;  q u a d r i p l e g i a  
(!,IS 5 )  

3 F r a c t u r e  C6 sp inous  p rocess  (AIS 3 )  

4 F r a c t u r e  C2 and C5 (AIS 3 )  

5 F r a c t u r e  l a r y n x  (AIS 3 )  

6 Undisplaced f r a c t u r e  t i p  o f  sp inous  p rocess  C7 (AIS 3 )  

7 F r a c t u r e  l a r y n x  and c r i c o i d  (AIS 40 

8 Subluxa t ion  C3, 4; f r a c t u r e  r i g h t  lamina C3 (AIS 3 )  

S i d e  W i ndow and/or  Frame 

1 F r a c t u r e  7 th  c e r v i c a l  v e r t e b r a  (AIS 3 )  

2 F r a c t u r e  w i t h  displacement  of C2 on C 1  (AIS 6 )  

3 F r a c t u r e  v e r t e b r a ,  no d e t a i l e d  medical d a t a  (AIS 6 )  

4 F r a c t u r e  C5 (AIS 3 )  



Seat Back 

1 Longitudinal fracture of C2 (AIS 3 )  

2 Fracture C2-C3 with cord damage, 15-30% disabi l i ty  (AIS 5 )  

3 Subluxation C3-C4 (AIS  3 )  

4 Cervical spine dislocation (AIS 3 )  

Rearvi ew Mi rror  . 

1 Fracture transverse p r x e s s  C7 (AIS 3 )  

2 Transverse lacerati  on w i t h  muscul a r  and vei nous involvement 
(AIS 3 )  

3 Hairline fracture of odontoid (AIS 3 )  

Side Roof Rail 

1 Fracture C2 (AIS 3 )  

2 Fracture/di sl ocation involving C1 w i t h  partial separation 
of pons from medulla (AIS 6 )  

3 Undi splaced fracture t h r o u g h  pedi cle of C4--possible chip 
fracture of C5 (AIS 3 )  

Unknown 

1 Anterior f racture,  base of sku1 1 lacerating cord (AIS 6 )  

2 Lacerati on of at1 anto-occi pi ta l  joi nt--no nledi cal data on 
fracture (AIS 6 )  

3 Spinal cord lacerated a t  occiput (AIS 6) 

Intruding Object 

1 Dislocation cervical spine, transection of spinal cord (AIS 
6 )  

2 Atlanto-occipi ta l  dislocation (AIS 6) 

3 Fracture C2 (AIS 3 )  

Instrument Panel 

1 Fracture causing separation of atlanto-occi p i  ta l  joint (AIS 
6 

2 Fracture larynx (AIS 3 )  



3 Commi nuted f r a c t u r e  C2, a s s o c i a t e d  cord damage; f r a c t u r e  
ri g h t  
t h y r o i d  c a r t i l a g e  w i t h  hemorrhage (AIS 5 )  

4 F r a c t u r e  C7 v e r t e b r a l  body (AIS 3 )  

I n t r u d i  ng Hood 

1 F r a c t u r e  v e r t e b r a ,  no d e t a i l e d  medical d a t a  (AIS 6 )  

2 Subluxa t ion  C3, 4 ,  5 ;  a n t e r i o r  body f r a c t u r e  of C4, 
quadr i  pl egi  a 
(AIS 6 )  

Headres t  

1 F r a c t u r e  C2 (AIS 6 )  

Heater/AC Ducts 

1 F r a c t u r e  v e r t e b r a ,  no d e t a i l e d  medical d a t a  (AIS 6 )  

Glove Compartment 

i Laryngotracheal  f r a c t u r e  (AIS 4 )  

Sunvi sor /Header  

1 Commi nuted undi s p l  aced f r a c t u r e  of odonto id ,  f r a c t u r e  s p i  nous 
p rocess  of C6 (AIS 3 )  


