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Abstract 

Based on two independent accident studies of a 10 year research period with 
a total of 45,ooo car accidents basic data on the occurrence of neck injuries 
are presented. 
The risk deterrnination of neck injuries by frequency and severity for front, 
side and rear end crashes is analysed. 

The paper includes a review of literature and the results of neck injury 
occurrence are canpared. 
The distribution of neck injuries with seating position, sex, age and the 
correlation of neck injury and overall injury severity is discussed. 
Results of the effect of head restraints and safety belts are presented. 

1 .  INI'R'.)DUCTION 

Neck injuries constitute one of the rrost prevalent traumas to car occupants in 
accidents. This type of injury shows two characteristic focal points : on the 
one hand, the extremely frequent minor injuries may cause long lasting pain 
but norrnally no permanent disability; on the other hand, severe neck injuries 
include the risk of possible damage to the cervical spinal cord and there does 
not seem to be a precise border with crash intensity, especially for unbelted 
occupants. 
In view of these facts it is rernarkable that only relatively few papers deal 
with neck injuries in real accidents . 

This paper aims to present basic data on the occurrence of neck injuries in 
real accidents and their causation according to types of car iropact. The results 
found from large scale material are canpared with already existing results in 
order to come to a risk determination representative of car crashes in total . 
Factors influencing neck injury, such as seating position, sex and age of car 
occupants , are shcwn. The significance of neck injuries with regard to the 
overall injury severity of car occupants is discussed. Finally the paper out
lines the eff iciency of the safety systems head restraints and safety belts 
in reducing neck injuries . 

2 .  BRIEF REVIEW OF EXISTiliG RESULTS REGARDiliG NECK INJURIES 

The existing works rnay be classif ied into studies dealing with the classifica
tions of neck injury kinematics and with the injury risk fran medical or from 
technical engineering aspects . Results fran some selected papers are discussed . 

2 . 1  General classifications 

General types of neck injury mechanism are shown in /1 -3/. The neck injury 
occurrence is classif ied by type of force load /2/ or by direction of force 
/3/ to the neck (Table 1 ) .  

7 8  



Sane rnedical aspects of classif ications of neck injury severity are discussed 
in /2 , 4 , 5 , 6 , 8/ dealing especially with problems of the diagnosis of neck in
juries . Problems result rnainly frorn the assessrnent of non-rninor neck injuries 
without fractures or dislocations . 

2 . 2  Sorne biornechanical results 

Bianechanical analysis is rather difficult to carry out as human volontary 
tests rnust be lirnited to non-injurious level and the results have to be trans
lated to cadaver tests or rredical analysis of segrnents of the cervical spine . 

/7/ shows tolerance lirnits for the neck rroverrent angle between head and upper 
dorsal spine segrnent which can be sustained without injury: 

- anteflexion 6o-7o0 

- retroflexion in a-p-direction 8o-9o0 

- lateral flexion of neck 6o-7oO. 

It was found /43/ that with integrated head restraints , supporting the head 
very closely ,· a 7o kph rear end impact without resulting in substantial injury 
rnay be sustained. The variation of g-load with varying distances of the head 
frorn the head support was found to be very significant. If no distance head/ 
head support exists , a level of 1 o  g resulted fran a So kph rear end inpact ; 
using a distance of rrore than 2o cm at the sarne crash intensity, a level of 
80 g with a short maxirnum value of 230 g resulted. This clearly shows the bio
rnechanical problems of neck injuries , as these are not only influenced by 
rroverrent characteristics but also by the type of supporting or irnpacting sur
f ace and its relative distance . 

2 . 3  Frequency of neck injury 

Table 2 shows existing results on neck injury occurrence in real accidents 
/4 , 9-28/. 
It is very rernarkable that the percentages of neck injury frequency differ 
extrerrely frorn about 1 to 29% and that no generally valid ratio rnay be deduced. 
These differences of neck injury occurrence in the existing samples result frorn 
the fact that representative material rnust both include large numbers to show 
the risk of rninor/rroderate neck injuries adequately and, on the other hand , 
in-depth studies of critical/fatal neck injuries are necessary to cover these 
rrost important risks too; another difficulty results frorn the fact that neck 
injuries are highly correlated with the type of impact and therefore a 
"representative sample" also needs a "nonnalised distribution" of collision 
types . 
Since till now alrrost all accident studies show a specif ic characteristic of 
accident sampling or of crash intensity , it is not yet possible to cornpare 
exactly the risk factors · already existing for neck injuries . 

2 . 4  Influence of type of inpact 

Most of the studies such as / 1 7 , 1 8 , 20 , 28/ are directed to special types of 
impact , such as frontal collisions , rollovers etc • .  Therefore , very few results 
exist regarding the distribution of neck injury occurrence versus type of irn
pact . The predorninant discussion of frontal and lateral impacts and rollover 
accidents shows that these types of impacts are regarded as causing rrost of 
the severe neck injuries, whereas neck injuries in rear end impacts are 
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reported to be rrostly of minor/moderate degree only /29 , 44/. 

2 . 5  Influences on neck injury occurrence 

The influence of the seating position is discussed in different works . A 
slightly higher risk for the driver than for the right front passenger was 
found in /21 , 22 , 30/ . Conversely, other works /1 5 , 1 8 , 28 and 31 / show an elevated 
risk for the right front passenger. A canparison also including the neck injury 
severity with driver and right front passenger could not be found . Whereas . 
no uniform result exists regarding the front seat passenger, it is reported by 
several authors that rear seat occupants incur a far lower risk to neck in
juries /4 , 1 5 , 3o , 3 1 / .  

Feinales were found to have a higher risk for neck injuries /3o , 3 1 / ;  i n  /31 / it 
was found that this difference exists only for minor/rroderate neck injuries , 
whereas the occurrence of serious and critical neck injuries is about balanced 
for males and females . 

Surprisingly , no results regarding the distribution of neck injury frequency and 
age could be found , especially concerning older people. Children up to 1 o  years 
have a substantially reduced neck injury risk /32/ ,  with increasing age and 
therefore greater height, the neck injury risk goes up and corresponds nore 
and rrore to the values kn0NI1 from adults . 

2 . 6  Effect of safety measures 

All existing studies underline the importance of head restraints for reduction 
of neck injuries in rear end impacts . But only few results are available to 
quantify this reduction /7 , 3o , 3 1 , 44/. The level of neck injury reduction seems 
to be about 1 5% /3o/ to 20% /31 / .  
/31 /  shows that in rear end impacts without head restraints a disability to 
work for rrore than 3 weeks resulted in 25 . 8% ,  this share being reduced in 
identical car crashes with head restraints to only 1 6 . 6% .  

In /37, 38/ experi.m=mtal cadaver tests showed the importance of the head re
straints supporting the head about at its centre of gravity. Head restraints 
having a far lower positioning are not effective and lead only to another po
sition of the neck injury at lower segments of the cervical spine . These papers 
also include corrprehensive discussions of seat- and head restraint- characteri
stics . 
A substantial reduction of serious/critical neck injuries was found with belted 
occupants /22 , 28 , 29 , 31 , 34 , 42 , 45 , 47 , 53/ . On the other hand, the frequency of 
minor neck injuries with belted occupants is slightly higher /1 8 , 28 , 29 , 31 , 42 , 
46 , 48 , 49 , 50-52/ .  It does not seem to be possible up to now to establish final 
reduction quotas of neck injuries AIS 3/6 by belt use as these neck injuries of 
belted occupants were found only in some single cases . But a reduction of at 
least 60% of the neck injuries AIS 3/6 by belt use seems to be reliable. It is 
reported in several works that serious neck injuries of belted occupants are to 
be found only in cases with head impact and no critical neck injuries were 
found by rotational rrovement only /25 , 28 , 33-36 , 42/ .  

3 .  THE ACCIDENT MATERIAL OF THIS ·REFORI' 

The aim of this paper - to present basic data on the characteristic occurrence 
of neck injuries in real accidents - was achieved by comparing results from 

80 



two large-scale accident studies .  

- 28, 936 car accidents with personal inJury from the research period 1 969 
to 1 974 (later on called "material 1 " ) and 

- 1 5 ,ooo car accidents with personal injury from 1 974 up to now (called 
"material 2 " ) . 

Normally, the older research material 1 frorn 1 969/74 is no longer used, as the 
car population has changed. But as neck injuries primarily depend on the type 
of impact in the car interior and not on the rnake of the car, it is pennissible 
to use also material 1 for additional information . Both sets of accident ma
terial are based on unrestrained occupants . 
As material 1 has about twice as rnany cases as material 2 ,  it was possible to 
detennine injury risks of o . 1 % ,  which later on is shown to be the occurrence 
rate of critical neck injuries . With this result in rnind, even large scale 
accident material should be handled with care in the significance of 
critical/fatal neck injuries; only a few cases included by chance in the ma
terial rnay change the percentage considerably . 
Finally, an advantage of this comparison of two independent sets of material 
is the possibility to show long tenn trends of neck injury occurrence . 

Both sets of material are analysed by the sarre evaluation procedure , described 
in /39 , 4o/. 
The accidents were evaluated by a tearn of HUK-engineers in conjunction with 
doctors in a retrospective rnulti-phase analysis ; this enables the direct canbi
nation of large scale material with in-depth analysis included. The accidents 
included are rnainly based on insurance cases in which at least one person 
suffered a rninor injury AIS 1 ;  in recent t.i.Ires rrore and rrore other independent 
basic material fran direct police infonnation and from cooperation with hospi
tals has been used. 
Starting fran the insurance files , the engineer tearn collects all data available 
on this accident which are established by any institution: the files include 
therefore existing police reports , in-depth rnedical reports on injury and re
habilitation, experts.'· reports on car darnage , accident reconstructions etc . .  
These data are supported by photo docurnentation and interviews with the persons 
involved . 

The overall injury severity and other injury data are known for all occupants 
involved. The detailed injuries to the various parts of the body - a canprehen
sive medical report b=ing a pre-requisite for this - are known for every 
occupant in the "car not causing the accident" .  For the other party, the 
occupants ' injuries are known frorn a medical report only in 60% of the cases . 

This results fran the basic "insurance cases" and fran the protection of per
sonal data by law. The detailed injury results are therefore mainly based on 
occupants of the "car not causing the accident" and this calls for a weighting 
procedure to arrive at a representative accident distribution (can�e Table 5) • 

The injury severity is coded, using the AIS classification /41 / .  Table 3 shows the 

distribution of occupant injury severity in both sets of material. The research 
material of this study covers frontal , side and rear end impacts in car-to
vehicle accidents; rollover cases , rrostly resulting fran single car accidents ,  
are excluded as they show a different . characteristic, which is analysed in a 
special report. 
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4 .  THE SIGNIFICANCE OF NECK INJURIES IN RFAL ACCIDENI'S 

4 . 1 Occurrence by frequency 

Table 4 sh<:Ms the neck injuries included in both sets of material and their 
distribution by t� of irnpact. 
As the distribution of neck injury in Table 4 is based on the irrpact t� dis
tribution of the "party not causing the accident" - a weighting procedure is 
necessary to cane to the total neck injury occurrence in a "normalised sample " . 
Table 5 sh<:Ms the distribution of types of irnpacts representative of the na
tional statistics of car to car crashes . The normalised figures of "neck 
injury distribution" sh<:M that neck injuries are sustained by about 1 5-21 %  
of the drivers and right front passengers related to the national car crash 
totals (rear seat occupants are excluded as these data are not available in 
the older material 1 ) . 
The significantly different average values of neck injuries in the older and 
the newer accident material cannot be explained. But - as sh<:Mn later - this 
difference is mainly based on minor neck injuries AIS 1 and it might be 
possible that this t� of injury - to which great attention is paid today -
was regarded nore as a secondary phenomenon about 1 o years ago and, therefore, 
was not always noted in medical reports .  A contributory factor might also be 
that the personal assessment of minor injuries has changed. 
Table 5 sh<:Ms that about one-third of all neck injuries (AIS 1 and above) re
sul t from frontal irrpact; side irrpacts cause about 27% and rear irrpacts about 
40% of all neck injuries in non-rollover car crashes. It should be noted that 
these values are very sensitive to the distribution of "type of irrpact" 

4 . 2  Resulting risk according to t� of irrpact 

4 . 2 . 1  Frontal irnpact (Table 6) 

The differences of neck injury frequency between material 1 and material 2 is 
also reflected in frontal collisions . In material 2 ,  which is to be regarded 
as significant for today, much higher percentages were found: 1 2 . 3  for the 
driver and 1 3 .o for the right front passenger . 
The difference between material 1 and 2 covers mainly the minor category AIS 1 ,  
the distribution of the other injury categories AIS 3 to AIS 6 being alrrost 
identical . 
In both sets of material the right front passenger incurs a slightly higher 
risk of neck injury, both for minor and for serious injuries . An outstanding 
result is the significantly reduced occurrence of neck injuries of rear seat 
passengers , with 5 . 7% .  

4 . 2 . 2  Side irrpact (Table 7) 

Again, the newer material 2 sh<:Ms slightly higher frequency of neck injuries 
with 1 4 . 6% for drivers and 1 2 . 6% for right front seat passengers . This 
dif ference to material 1 results from minor injuries AIS 1 • 

The neck injury risk for drivers and right front passengers is about balanced, 
sh<:Ming no uniform trend. This is to be explained by the fact that - unlike in 
frontal or rear end irnpacts - the injury risk in side collisions depends on the 
near-side or off-side seating position relative to irrpact. 
This effect was analysed in material · 2  (Table 8) . The highest percentage of 
neck injury frequency in side collisions - 1 9 . 7% - results from the off-side 
driver, if no other passenger is in the car. In this case, the driver is 
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thrown laterally through the car and hits the right side interior of the 
comp:ni:nent. This rrovement causes the high injury risk observed both by 
f lexion and by direct force load. At high risk are also the impact side 
occupants , who shCM a neck injury risk of 1 o . 1 %  or 1 5 . 4% respectively and 
comprised together with cross-thrown drivers all serious neck injuries re
gistered in this sample. 

The risk of the opposite side occupants is lc:Mer, with 7 . 6% or 1 4 . 6% respecti
vely dominated by AIS 1 neck injuries . The total lack of serious injuries to 
off-side occupants should not be misunderstood . As the average risk of criti
cal/fatal neck injuries is about o . 1 to o . 2% ,  it is influenced by chance, 
if accident material of about 500 opposite side passengers includes one or 
rrore serious injuries. This example shows that even in large-scale accident 
material the comparison of percentages should be handled with care and that 
mainly the trends of the existing risk distributions should be discussed. 

Again, the substantial reduction of neck injury risk of rear seat passengers 
with 7 . 1 %  (table 7)  was to be found. This result is very surprising, as the 
rear seat passenger in side collisions is inf luenced by the force load of 
impact/opposite side mechanism as· well as the front seat passenger . 

4 . 2 . 3  Rear-end impacts .(Table 9) 

Both independent sets of accident material shCM identical distribution of neck 
injury frequency and severity. Drivers incur an injury risk of about 5 1 % , and 
right front seat passengers of 56% . Again , a significant reduction of neck 
injury frequency was to be found in rear seat occupants ( 1 8 . 5% ) . 
A major cause for this reduction might be that 29 . 7% of rear seat occupants 
are children of less than 1 o  years /39/ ; another 22. 7% are children and 
younger adults from 1 o  to 1 9  years . This forms a total of 52 . 4% younger people 
on the rear seat, whereas this ratio on the right front passenger seat shc:Ms 
only 1 7% .  Especially for children , the relative height of the seat back is so 
high that a full support of the head exists . 

Both sets of accident material shCM that rear-end impacts mainly result in neck 
injuries AIS 1 and 2 .  Critical or even fatal injury risks are relatively lCM. 
From this it results that injuries of this high level must not necessesarily 
occur in material 2 .  
An in-depth analysis of the neck injuries AIS 4/6 in material 1 shc:Med that 
these injuries are rrostly connected with a direct force load on the head/neck 
area when the occupant contacts the car ' s  interior. 

5 .  DISCUSSION OF INFLUENCING EFFECTS 

5 . 1  Injury risk by seating ;position 

As already discussed, the right seat passengers in the comparable front or rear 
end impact incur a slightly higher injury risk than the driver. This difference 
is rrostly caused by minor and rroderate injury severity with sane indication 
from frontal impact that also for critical/fatal injuries the right front seat 
passenger seems to sustain a higher risk. A confirmation that this difference 
is not caused by chance, but seems to be based on a technical or a biomechani
cal cause, results from the totally different distribution in side collisions 
with their dominating effect of impact/opposite side mechanism. 
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A final explanation of this different risk of driver/right front passenger is 
not yet possible. 'IWo factors rnay contribute: 

- In frontal collisions even the unrestrained driver receives a certain 
restraining effect from the steering wheel/steering colurnn . This may 
lead to a reduced direct force load on the head/neck area. 

- About 70% of the drivers are male and 30% fernale , whereas right front 
seat passengers show a converse distribution with 23% males and 77% 
fernales /39/. As found already in /31 / ,  females incur an elevated risk 
of neck injury AIS 1 -2 compared with males and this rnay influence the 
discussed "different injury risk" by seating position. 

Rear seat occupants show a significantly lower risk of neck injuries in any 
type of impact 2-3 fold lower ccmpared with front seat occupants . This may 
be partly influenced by age and height distribution , but also a strong 
influence of injury mechanism seems to exist . 

5 . 2  Characteristics of neck injuries in males and fernales 

Special interest was directed to the question of whether a different risk 
distribution of rnales and fernales holds true also for the saire seating position 
and for the saire type of impact. Table 1 o  shows that fernales in general incur 
an elevated risk of neck injuries. As fernales are rrostly passengers , it is 
often supposed that they show less counteraction to impact and this contri
butes to the higher risk . If this were true , no differences of neck injury 
risk regarding male or female drivers should be expected in frontal collisions . 
But according to Table 1 1  fernale drivers again show an elevated risk as 
cornpared to rnales . An effect of tension of the neck muscles counteracting the 
impact is therefore not to be found . This leads to the supposition that the 
elevated risk of neck injuries for females is correlated generally to the 
characteristics of the fernale neck rnuscles and ligairents . 

Table 1 2  confirms this very clearly - both from the older material 1 and from 
the newer material 2.  Alnnst the total difference of male/female neck injury 
risk is restricted to minor injury AIS 1 with saue difference in AIS 2 ,  too . 
Serious neck injuries of AIS 3 and above show exactly the same percentage , in
dicating that the risk of a neck fracture seems to be identical for males and 
fernales . 

5 . 3  Influence of age 

Medical studies of neck injury occurrence indicated that elderly people , due 
to their reduced biamechanical resistance , incur a higher risk of neck injury. 
Furthenrore, the injury risk is elevated if a pre-damage of the neck exists 
already - this factor being higher with increasing age, too. 

Table 1 3  shows the distribution of neck injury frequency and resultant severity. 
The basic age distribution is formed by reasons of data processing fran " in
jured front seat occupants" .  Therefore, it should not be excluded that 
elderly people are injured nore often and are thus overrepresented in this 
"basic age distribution" .  
It was expected that neck injury has a higher correlation to age than other 
injuries and that therefore - even on the basis of injured occupants - the 
occurrence of neck injuries should rise with increasing age . 

84 



But as shown in Table 13, this did not result , on the contrary, the age group 
of So years and above shcwed less neck injury frequency if injured in any body 
region than the age group 3o to 49 years , which represented the peak values 
of neck injury frequency. 

Nevertheless , comparing the resultant neck injury severity, a slight increase 
of non-minor injuries was to be found with higher age . 
In conclusion it is to be stated that in this material the expected strong in
fluence of age on neck injury occurrence could not be found, but it rnust be 
barne in mind that this table is based on injured front seat occupants only and 
includes all types of impacts and all categories of accident severity. 

5.4 Neck injury severity versus overall injury severity 

To get a feeling of the significance of neck injuries in total accident 
occurrence , the neck injuries. according to frequency and severity are cross
tabulated against the overall injury severity . 

Table 14 shcws that out of a total of 860 cases with neck mJuries in frontal 
irnpacts , 783 cases recorded the neck injury as the rrost severe injury to any 
body region . It should be borne in mind , hcwever, that about 9 1 %  of these 
"dominating neck injuries" are of the AIS 1 level only. The critical OSI 
level AIS 4/5 is influenced by neck injuries in about 12% . 
The occurrence of fatal neck injury found in all fatalities in frontal impacts 
with 6 . 0% is too low. As only in about 20% of the fatalities an autopsy was 
made, it might be that corresponding fatal neck injuries are not reported. 
Experience of a study of 1 1 5  cases with autopsies in every type of car impact 
shcwed that neck injuries in about 1 0% cause fatalities of car occupants /32/ . 

In side impacts (Table 1 5) the numbers became relatively lcw and therefore they 
should not be regarded as reliable . The distributions observed , hcwever ,  are 
indicated as they may offer a basis of comparison with other studies .  
In a sample of 2 , 262 cases with side impact, out of a total of 465 cases with 
neck injuries, 438 cases recorded the neck injury as the most 
severe injury, and this ratio is slightly higher than the comparative figure 
in frontal irnpact. Neck injury occurrence in side collisions should be analysed 
in more detail. 

Totally different results are obtained in rear end irnpacts (Table 1 6) . From 
3,088 injured front occupants , 2 ,478 persons (8o.2%) suffered their rrost severe 
injury to any body region from a neck injury . The risk in rear end collisions 
is greatly dominated by neck injuries . But it must be borne in mind that this 
is true only for the categories AIS 1 -3 ;  critical and fatal injuries in rear 
end collisions are rrostly caused by injuries to other body regions . 

5.5 Influence of safety systerns 

The results of this study, based on unrestrained occupants in cars - 20% of 
which are equipped with head restraints - should contribute to a realistic 
discussion of safety measures regarding the effect of belt and head restraints . 
From the risk quota observed here "expected values " of neck injury occurrence 
in accidents with belts and head restraints may be deduced. 

The results of this study, shcwing the predominant occurrence of critical/fatal 
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neck injuries in front and side collisions , should not be rnisinterpreted so 
as to lc:wer the irnportance of head restraints . It rnust be borne in rnind that 
rear end impacts very often lead to a ternporary and even sornetimes a permanent 
disability. 
AIS 1 neck injuries , too, for exarnple rninor whiplash injuries , are often re
ported to require a long process of recovery. 
Against this background, results frorn /31 / gain in irnportance, according to 
which the risk of neck injuries is reduced by head restraints by about 20% . 
Difficulties in analysing the effect of head restraints in real accidents re
sult from the fact that even when retroflection is avoided a neck injury of 
rninor degree rnight occur through the impact at the head restraint. 

An adeguate analysis of the effect of head restraint should include both the 
shifting effect of neck injury severity frorn a higher to a lc:wer AIS category 
and the reduction of the duration of the inability to work . The result of 
this work shc:wed that research of this kind is urgently reguired. 

A significant effect on neck injury occurrence results frorn safety belts . By 
the restraining ef fect the direct force load on head/neck area is substantially 
reduced /42/ and this leads to an about two- or three-fold reduction of 
serious/fatal neck injuries . An exact figure cannot be presented at the rnornent 
as it is extrernely difficult to establish two rnatched sarnples of equivalent 
crash intensity with and without belts with regard to critical neck injuries . 

The restraining effect of belts in frontal collisions was found to increase 
the frequency of rninor neck injuries at AIS 1 level by about 20% /31 , 42/ .  
This slight overrepresentation of rninor neck injuries is a srnall price to be 
paid for the decisive reduction of severe , critical and fatal neck injuries . 

SUMMARY 

Basic data on neck injurJ occurrence in real accidents are presented on the 
basis of 1 5 ,ooo car crash�s with personal injury frorn 1 974 up to nON, supple
rnented by additional material of 28 , 936 car crashes frorn the research period 
1 969/74. The cornparison of this independent material proved to be very useful , 
as the rates of occurrence of critical/fatal neck injuries with their lON 
percentages becarne rrore reliable and long-tenn trends of neck injury occurrence 
could be observed. 
Neck injuries occur in about 20% of car crashes on average . The recent research 
material shOW'ed rrore rninor neck injuries (about 5% ) than the cornparable 
sarnple 1 o  years ago. A partial explanation of this phenanenon rnight result 
frorn the special attention to neck injuries in the last f ew years and a differ
ent personal assessrrent of rninor neck injuries today . 

The discussion of the frequency and severity of neck injuries versus irnpact 
type and seating position is directed mainly to the occurrence of serious , 
critical and fatal neck injuries in representative accident material . Frontal 
and side collisions dorninate regarding neck injuries AIS 3-6 , whereas rear end 
collisions rnostly cover rninor/rroderate neck injuries. 
If in frontal or side collisions a neck injury occurs , this injury is at the 
sarne level as the overall injury severity in about 20% of the cases ; neck 
injury and OSI 3-6 are at the sarne level in about 7% in front and side impact . 
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Of all rear end irrpacts about 8o% are daninated in their lower injury catego
ries by neck injuries ; critical/fatal injuries rrostly result from injuries 
other than neck injuries . In general , about 1 0% of all fatalities are caused 
by neck injuries . 

In side collisions high risk exposure was found for the impact side passengers 
and especially for the opposite side driver alone and unrestrained in the car 
who is therefore subjected to a cross-throwing rrechanism with serious impact of 
the side interior. 

The right front passengers incur a slightly elevated risk as canpared with the 
driver. The rear seat occupants show a significantly two- to three-fold lower 
risk as co:rrpared with front seat occupants . 
The neck injury risk of females is increased canpared with males and this holds 
true even for the sarre type of impact and seating position. This difference in 
neck injury risk is restricted only to a minor/moderate degree , rrore severe 
injuries of AIS 3 and above being identical for rnales and fernales . The in
creased risk of neck injuries seems to be correlated therefore with the 
characteristic of the fernale neck muscles and ligarrents . 
Younger people have a substantially reduced risk of neck injury frequency. 
Related to injured front occupants , the frequency of neck injuries was found 
to be about balanced fran the age of 3o years and above; no strong indication 
of substantially increased neck injury frequency in older people could be 
found. But with increasing age , the resultant injury severity showed a slight 
increase of non-minor injuries . 
The reduction of neck injuries by head restraints is assessed at about 20% ; 
this value rnay be regarded as a lower limit. 
The rrost significant effect in reducing critical/fatal neck injuries can be 
achieved by safety belts , as these serious neck injuries at least in half of 
the cases occur in frontal collisions and are dominantly caused by direct force 
load on the head/neck areas . 
A reduction of at least 60% of these critical/fatal neck injuries in frontal 
collisions by belt-use seems reliable . Research in this field is urgently 
required; the results of this report aim to contribute to a realistic 
assessment of neck injury risks and possible safety rreasures. 
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TYPE OF FORCE LOAD 

EXTENSION - TENSION FLEXION - COMPRESSION EXTENSION - COMPRESSION 

tA-� , !_� w_� . 1:� 
� 

c . 

Table l .  Typical l n j ury MechanlRms / 3 /  

AUTHOR YF.AR rRE0lJEl1CY or NECK INJURIES TYPE OF ACCIDENT 

Kulo...,111k l  1 1 '; 6  2 8 .  � \ ,  rel.HP.d to number of i n ju red -

/ 1 1 / ocrupants 

Braunstein 1 9 5 7  � .  8 \ .  r e l a ted to number of 1njured -

/10/ occupt1nts 

)( u l tus- 1 9 5 9  d r i  vf'r: 7 \ .  r i�h t front: 9 \ ,  rear :  9 \  a l l  kinds of cor 
m l n l s t c> r i u m  8,1 \ .  r � l at ed to number ot in j ured ACC1dent� 

Norc! rhe t n/ ocrupants 
WE>st fft len 
/ 9 /  

VOLVO 1 % 5/�� dr1 ver : 1 9\ .  riqht f r o n t :  1 8 \  a l l  k inds „ [  car 
/ 2 2 /  acc1d�nts 

Nah um 1 9 6 6  2 ' -

/26/ 

Mackay 1 96 7  driver: 1 .  8 \ .  rlght fron t :  o .  7 \  a l  1 Y.ind !' O{ cor 
/ 1 3/ accidents 

States 1 968 front seat occupante 1 5 .  6 \ .  rea r : 1 , 4 \  co r sid� 1mpnct 
/ 4 /  

J<rleq 1 9 6 8  with seat be l t :  1 3 .  8 \ ,  -

/ 2 3 /  wtthout sea t be l t : 1 6 .  ) \  

Gögler 1 970 7 • •  ' -

/ 1 4/ 

Na.hum 1 9 7 0  2 .  4 ' a l l  kinds o f  ca r  
/ 2 7 /  acciden t s 

O ' tl e l l  1 1 9 7 1  d r 1 w ? r ,  wlth head re st. r ai n t :  2 4 \ . r�a r eud tmp.i,ct 
/ 2 4 /  "' i  thout hei!rl r e s t r a i n t :  2 9 \  

Htoht ws t h  SC .ill t he l t : 7 \ .  rol lover t d / 1 9 7 2  without seat be l t : 1 3\ 

Göglcr 1 9 7 2  � ' .  rP.latcd t o 3 2  5 occup ant s AIS - 6 -

/ 1 2/ 

Grattan 1 9 7 3  3 .  5 ' -

/ 1 6/ 

Grat tan 1 9 7 4  d rt v e r :  2 .  · 4\ ,  r l q h t  f r o n t :  3 .  4 \ .  a l l  kinds of c a r  
/ 1 5/ r e ll r :  1 .  8\ acci dl"nts 

lf a r t emann 1 9 7 6 7 .  9 ' COI s t de i mpac t. 
/20/ 

Bourret 1 9 7 7  4 . 8  
/ 1 8/ 

' frontal impact 

Hartemann 1 9 77 d r t v e r :  1 .  2 \ .  right front: O, 5\ front A l i mpACt 
/ 2 1 /  

W a l z  1 9 7 7  9 , 3 ' o l l  k ind s of c o r  
/25/ Acctdcnt1:. 

Huclk(' 1 9 7 7  W l  th eeat b e l t :  2 6 . 5 \ ,  
. 

f ront al lmp"llC t  
/ 2 8 /  . . . 2 o ,  3\ . rol lover 

""lthout seat b e l t :  1 3 . 6 \  frontal t mpact 
. . . I A ,0\ rol lover 

Shank s 1 9 79 5 .  1 \  a l l  kinds o f  cor 
/ 1 9 /  accJdc>11ts 

REf-1.ARJ<S 

h o s p i t a l J z e d  per�on� o n l }· 

-

500 cor l!.CC"idf'lltS 
8 4 8  injulT'd oc-:upant::i 

2 8 . 700 car accid�nts 
3 7 . 5 1 1  i11Jured or:cupants 

-

4 2 5  c o r  accidcn t.s 

7 4  1Jccupan t s I M  s i d e-

Jmp.tCtf'd Cl\C!J 

-

3079 :: a r  oc-:upnnts 

�04 C A r :; ,  9 1 1  o-:cupants 

& 7 .000 ca sc ">  
5 . 66 3  rear end 1mpact& 

1 J 9  I o l  lover c"'ses 

2 :! 5  occupnnts 

JQJQ -:a r �-:'C \ j ,,. n t i:i  

cor a c c t d e n t s  wl th 1 i 2  
occupantn: AlS . � 

8 7 9  t n i urPd C\CCupa nt �  

4 1 9 1 n j u r e d  occ;upant� 

606 i n J ured occupant!' 

200 car f ron t �e"t 
occurant s ,  A I S  . 2 

' 1 0 1 n j u r e d  occupa n t s w 1 t h  
S P a t  b e l t  

4 1 6 5  front S""i'lt OCt.:Uptmts "' ·„1 thout !Crvere1fatal l n J u:- 1"� 

7 4  111cc!d"?n t s ,  84 1 n } ured 
occupA n t � .  /\ l S  " ] 

Table 2 .  Frequency oC Neck J n j ury Occurrcnce - Rcvie"" ol sclected Publicatlons C rom R � a l - L J ! c  
AccJ dent Ar1alysis 



TYPE 
OF 

HUK RESEARCH MATERIAL l HUK RESEARCH MATERIAL 2 

1959m 19i4 AND UP 
SEVERITY 

28.936 ACC I DENTS 15.000 ACCJ DENTS OF 
IN.JURY 50.46ll CAR OCCUPANTS • 100 % 19.387 CAR OCCUPANTS • 100 % 

<AIS) OVERALL JNJURY SEVERITY OF OVERALL INJURY SEVER 1 TY OF 
SEVER 1 TY NECK I NJURY SEVERJTY NECK INJURY 

NUMBER % NUMBER % NUMBER % NUMBER % 

0 
l0.S34 

(UNI NJIJREO) 
21 , O  41.559 8 2 , J  4.5{)7 2 3 .  2 12.257 7 3 . 6  

l 
(MI NOR) 30.lßl 60 , 5  8.005 1 6 , 0  ll.9":?2 6 1 .  9 4.007 2 4 .  1 

2 

(MODERATE) 
6.87] 1 J .  5 672 1 , J  2.016 1 0 ,  4 338 2 , 0  

3 

(SEVERE) 
J.51() J ,1 !l) 0 , 2  515 2 , 6  15 0 ,  1 

4/5 
383 

(cR I T  1 CAL) 
0 , 8  32 o .  1 rn O ,  7 l3 0 ,  1 

6 %6 
(FATAL) 

1 , 1  119 0, 1 7.lJ 1 .  2 9 0 , 1  

Table 3 .  Accident Material o f  this Report. Distribution o f  Overall 
Injury Severity and of the Neck Injuries recorded in both 
SnmpJes 

MATERIAL l MATERIAL 2 

I MPACT P ISTll lBUTIOO CMS FRCtlT FRCtlT DISTlllBUTIOO CAAS FRCtlT FROIT l:JF TYPE OF CX:Clß>llllTS OF TYPE OF OCOJPANTS 
lfi'ACT INVOLVED OCOJPll/ITS WIT\1 lfi'ACT 

JNVOLVED OCOJPAllTS WIT\1 
t.1erv !IJ Hr>"' t.te:rv 1 •1 •tn" 

FRCtlT 4 S , 8 \  13. 107 20. 197 U36 4 5 .  1 \ 4 . 7n 6 . 873 798 

S I DE 2 8 , 0 \  8.015 12. 150 1 . 244 2 2 '  1 \ 2 . 342 3 . m  487 

REAR 2 6 , 2 \ 7.515 11. 102 5 . 836 3 2 , 8 \  3.476 4 . 300 2 . 913 

TOTAL 
100\ 2 8 . 637 43. 449 8. 516 100\ 10.597 14. 992 4 . 198 

Table 4: Distribution of Types of Impact versus Occupants involved 

MATERIAL 1 MATERIAL 2 

TYPE REPRESEN- NORMAL IZED D I STR I BUTION OF NORMALIZED DISTR IBUTION OF 
TATI VE 

OF D J ST R I BU- FRONT FRONT OCCUPANTS FRONT FRONT OCCUPAHTS 
TJON OCCUPANTS WJTH NECK INJURY OCCUPANT! WITH HECK JNJURY 

IMPACT [39] % NUMBER % NUMBER 

FRONT 58 . 1 \ 25. 621 1 .  822 2 9 .  1 8 . 860 1 . 028 3 2 , 5  

S I D E  2 7 .  4 \  1 1 . 890 1 . 217 1 9 .  4 4 . 109 849 2 6 , 8  

REAR 1 4 ,  S\ 6. 144 3. 230 51 • s 2 . 122 l . 288 4 0 ,  7 

TOTAL 1 00 \  43.655 6 . 269 100 15. 091 3 . Hi5 1 00  

..... I ...... / 
AVERAGE R J S K  OF NECK � � JNJURY OCCURRENCE 

Tablo S .  Normalized Distribution of Neck Injury Occurrence accordinq t o  a Distri
bution of Impact Types representative of Car Accidents 
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FRO!IT rnrACT - MATERIAL 1 

SEVER!TY OF NECK !NJURY ( A r s J  
NECK 

SEAT!NG TOTAL 
POS I T I ON (OS ! 0-6) 1 2 3 11/5 1 6 

! llJLIRY 
TOTAL 

13.107 795 76 10 2 1 14 897 DR I VER 
100 ' 6 ,07 ' 0 , 5 8  ' 0 , 0 8  ' 0. 1 2 ' 6 ,  8C \ 

FROllT SEAT 7 . 090 463 52 9 6 1 9 539 

PAS S ENGER 1 00  ' 6 .  5 )  ' 0, 1) ' o .  1 3  ' 0, 2 1 ; 1 ,  60 ' 

FROllT !MPACT - MATERIAL 2 

SEVER!TY OF NECK ! NJURY ( A r  s J  
NECK 

SEAT 1 HG TOTAL 1 ) NJURY 
POS I T I O N  ( O S I  (1-6) 1 2 3 4/5 6 TOTAL 

D R I V E R  4 . 779 537 43 3 2 1 2 537 
100 ' 1 1  ' 2 4  \ 0 . 9 0  ' 0 , 06 \ IJ,oll ' 1 2 , JO \ 

FRONT SEAT 2 . 099 233 27 1 5 1 2 273 
PASSENGER 100 ' 1 1 .  34 ' 1 ' 2 9  ! 0 , 05 ' 0 , 3 3 \ 1 )  .oo ' 

REAR SEAT 743 38 3 J - 1 - 42 
PASSENGER 100 ' 5 .  1 1  ' o .  40 ' o ,  1 3  ' ----

5 ,  10 \ 

Table 6 .  Neck Injury Occurrence in front ImpActs versus Seatinq Position 

S ! DE IMPACT - MATERIAL 1 

SE VER ! T Y  OF NECK !NJURY ( A r s )  

SEAT! NG TOTAL 
NEC� 

1 I NJURY POSITION  ( o s r  0-6) 1 2 3 4/5 6 TOTAL 

8.015 743 
D R I VER 

63 17 3 1 6 832 
1()() \ 9 , 2 7  ' 0 , 7 9 ' 0 '  2 1  ' O, 1 1  \ 1 0 ,  40 ' 

FRONT SEAT 11 .135 361 39 3 3 1 -6 417 P4SSENGER 100 ' 8 , 7 3 ' 0 , 9 4  ' 0 , 07 ' 0 '  22 ' 1 0 . 00 ' 

S I DE !MPACT - MATERIAL 2 

SEVER!TY OF NECK INJURY ( A r s )  
SEATING TOTAL 

NECK 

1 INJUn POSITION < o s 1  0-6) 1 2 3 4/5 6 TOTAL 

2 . 342 315 25 l 1 1 l 343 DRIVER 
1 00  ' 1 3 , 4 5 ' 1 ,07 ' 0 , 0 4  ' o . o e  ' 1 4 , 6 0 ' 

FRONT SEAT 972 111 10 - =--� 122 PAS S ENGER 100 ' 1 1 ,  42 ' 1 , 0 3  ' - o .  10 ' 1 2 . 6  ' 

REAR SEAT 364 23 3 - - 1 - 2E PASSEtlGER 
100 ' 6 .  3 2  ' 0 , 8 2  ' - - - 7 ,  10 „ 

Tc!lble 7 ,  Neck Injury Occurrence in Side Impacts versus Seating Position 
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LEF1 S I DE IMPACT - MATERIAL 2 

SEVERITY OF NECK INJURY ( A I S )  

NECK 
SEATING TOTAL l llJURV 
POSITION ( 0 5 1  0-61  l 2 3 4/5 6 TOTAL 

l .  515 215 17 - l l m 
1 .  S, - DRIVER 

100 \ 1 5 ,  40 ' 

o. s. - FRCl>IT 526 70 7 - - - 77 
SEAT PASSENGER 

100 1 1 4 , 6 0 ' 

o. s .  = OPPOSllC S I DE  ! 
f'OSI Tl()I OF CJ>R OCC\J'ANT RELATED TO ll"PACT 

1 .  s. = 111'ACT Sltf: 

RI GHT S I DE IM'PACT - MATERIAL 2 

SEVERITY OF NECK INJURY ( A I S )  
NECK 

SEAT ING I NJURY 
POSITION Cos1  0-6l l 2 3 4/5 6 TOTAL 

lillli FRCt IT 446 33 l - - - 34 
SEAT PASSE/r,ER 100 ' 1 ,  60 \ 

O. S. - DRIVER 
331 67 7 l - - 75 

tlJ.JlWI FRQIT 
SEAT PASSEllGER 100 ' 1 9 , 7 0  \ 

1 • s . - FRCl>IT 446 41 3 - - - 45 
SEAT PASSENC.ER 

1 0 ,  10 \ 100 \ 

T n b l e  8 .  Th� Influence of Impact/Oppo s i t e  S i de Position of Occupants 
in SJ de J mpact!I 

REAR END IMPACT - MATERIAL l 

SEVER I TY OF NECK I NJURY (AI S )  
NECK 

SEATING TOTAL 1 INJURY 
POS I T I ON (OSI  0-6) l 2 3 4/5 6 TOTAL 

7 . 515 3 . 533 282 27 12 1 l 3 . 860 
DRIVER 

1 00  \ 4 7 , 0 8  \ J . 75 ' o . J �  ' o, 1 '? ' 5 1 .  40 ' 

FRONT SEAT 3 . 587 1 . 824 136 12 2 1 2 1 . 976 
PASSENGER 100 ' 50 , 85 \ 1 , 70 ' 0 .  J J ' 0, 1 1  \ 5 5 .  10 ' 

REAR END I MPACT - MATERIAL 2 

SEVE R I TY OF NECK 1 NJURY ( A I S )  

1 
NECI. 

SEATl llG TOT6L I NJURY 
POSITION Cos1 -6) l 2 3 4/5 6 TOTAL 

D R I VER 3 . 476 1 . 642 m l - 1 - 1. 780 
100 \ 4 7 , 2 4  \ ) ,  94 \ O , O J  \ - 5 1 .  20 ' 

FRONT SEAT 1 . 324 692 49 
PASSENGER 

� 
L - 1 - 7113 

1 0 0  \ 5 2 , 2 7  \ J , 70 ' o .  1 5  \ - 5 6 .  10 \ 

REAR SEAT 540 91 9 - - 1 - lOG 
PASS ENGER 100 ' 1 6 , 8 5 \ 1 .  6 7 \ - - 1 2 . so • 

T�ble 9 .  Neck lnjury Occurrence i n  Rear End Impacts versus Se�tinq 
Position 
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MATERIAL 2 

l.IWllliED FRON 1 llWlllif.D FR OHl !IECK TYPE OF SEA T OCCU'ANTS SEAT oca.PANTS 
IMPACT SEX 

TOJA6 
(OSI - ) (OSI 1-6) NUHBER 

HALE 2 . 8ß5 1131 
100 

FRONT 5. 133 
FEMALE 2 . 248 429 

100 

HALE 332 138 
100 

1. 372 

FEHl\LE 540 141 
100 

S I D E  

HALE 405 76 
1 00  

!l90 

FEMALE 485 110 
1 00  

HALE 1 . 486 1.171 
1 00  

REAR 3 . 088 

FE MALE 1 . 602 1352 
100 

Table 1 0 .  Neck Injury Frequency of Male& and rerooles in 
d i f ferent Types of Car Impacts 

MATERIAL l 

INJURY 

% 

1 4 .  9 

1 9 . 1  

1 6 .  6 

2 6 .  1 

1 8 , 8  

2 2 , 7  

7 8 , 8  

8 4 .  4 

IN..U!EO lllJUlED SEVERllY OF NECK li'UJIY NECK IHJLRY 
(AIS) FR(M" SEAT FR(M" SEAT 

OCCU'NITS SE)( OCCU'ANTS 
TOTAL 

<os1 1-fü (051 F6l l 2 � 3 Nll1lER % 
21 . 403 4 . 068 340 95 4 . 503 21 ,o 

HALE 

100 1 9 , 0  1 .  6 0, 4 

35.m 
14.442 3 . 692 309 60 4 .061 2 8 .  1 FEMALE 

100 2 5 , 6  2 .  1 0 , 4  

MATERIAL 2 

lfUffll IHJLRED SEVERllY OF NECK l�URY 
(AIS) 

HECK IHJlRY 
FR(M" SEAT FRONT SEAT 
OCCU'ANTS SEJ< OCCU'ANTS 

TOTAL 
(os1 1-6) (OSI Hi) l 2 � 3  tf.t1lER 

5 . 608 l . 6G5 141 10 1. 816 
MALE 

1 00  2 9 , 7  

10.483 
2. 5 o .  2 

4 . 875 1.870 150 12 2 .032 
FEHALE 

1 00 3 8 .  4 3 ,  1 0 , 2  

Table 1 2 .  Distribution o f  Neck. l n j ury o f  Males and Fema les 
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1. 

l 2 .  4 

4 1 .  7 

MAlERIAL 2 

I NJURED INJURED 
TYPE OF DRIVERS SEX DRIVERS NECK llU.RY 
111PACT TOTAL 

<os1 1-6) <os1 1-6> NUMBER % 

MALE 2 . 441 379 1 5 , 5  

· FRONT 3. 351 

FEMALE 910 208 2 2 . 9  

HALE 1 . 346 1 . 078 80, 1 

REAR 2 . 149 

FEMALE 303 702 8 7 .  4 

Tahle 1 1 .  Neck Injury Frequency of Hale/Female Drivers i n  
Front and Rear End Impacts 

MATERIAL 2 

1 NJtJlEll FRCM NECK SEVERITY OF NECK IHJlRY (Als) 
SEAT OCCU'Plll!i IHJLRY 

AGE 
TOTAL 

(os1 l-6l 
TOTAL l 2 3 

100 1 6 ,  8 

10 - 19 814 137 126 10 1 
1 00  9 2 , 0  1 3 ,  7 1 .  3 

100 3 0 , 0  

20 - 29 3 . 385 1 . 010 940 60 4 

1 00  9 3 , 1  5 , 9  0 , 4  

100 3 5 , 8  

3 0  - 39 2 . 730 978 903 71 1 

1 00  9 2 . 3  7 , 3  0 ,  1 

1 00  3 4 , 8  

4 0  - 49 1 . 584 552 496 53 1 

1 00  8 9 , 8  9 , 6  0 , 2  

100 30, 8 

l> 50 1. 789 552 485 63 1 
100 87 , 9  1 1  ' 4  0 , 2  

Table 1 3 .  Frequency and Resultinq Severity of Neck Injuries 
versus different Aqe Groups 

4 - 6 

-

6 

o. 6 

3 

0 ,  3 

2 

o .  4 

3 
0, 5 



S I DE IMPACT 

OllERAlL ll'UJlED 
INJURY FRCffl SEAT NECK 

SEVERITY OCCU'ANTS ll'UJlY 

(051) TOTAL TOTAL 

1„840 400 
l 

1 00  

2 
298. 57 

100 

89 5 
3 1 00  

4/5 
19 l 

100 

16 2 
6 

100 

TOTAL 2 . 262 465 

FRONT IMPACT - MATERIAL 2 

OllERAlL lNvVlED NECK SEVER!TY Of NECK IN.Am (AIS) 

lHJlllY FRaO' SEAT lKJUlY 
�lTY OCCU'ANTS 

Cos1> TOTAL TOTAL 1 2 3 415 6 

l 3 . 810 702 702 - - - -

1 00  1 8 , 4  

937 122 - � - - -

2 
1 00  0 

258 20 14 2 tJ - -

3 
1 00  

61 11  J l - [] -

4/5 
1 00  

67 5 - l - - c:J 6 
100 

5.133 
CASES W!TH NECK IUJURY 

TOTAL 860 AT SAME LEVEL AS OVERALL 
INJURY: 783 

Table 1 4 .  Distribution o f  Neck Injury Severity in Front Impact 
veraua hi9he1t Injury severity to any Body Area 

- MATERIAL 2 REAR END IMPACT - MATERIAL 2 

SEVERITY Of NECK ll'UJlY (Ars) OVERALL ll'UJlED SEVERITY Of NECK ll'UJlY (AJS) 

INJ\.RY FRCffl SEAT NECK 

SEVERITY OCCU'ANTS INJLllY 

l 2 3 415 6 (051) TOTAL TOTAL 1 2 3 415 6 

400 - - - - 2 .  791 2 . 293 IG1 2' - - -

l 
" , 1 00  8 2 .  1 

. 23 EJ - - - 277 221 37 EJ - - -

2 
100 4 

-
3 1 l - - 13 6 3 - 3 - -

1 , 1  
3 

100 
2 3 '  1 

- - - [J - 6 3 3 - - - -

4/5 
100 

- - - - [] l - - - - - -

6 
100 

CASES WITH NECK INJURY 
AT SAME LEVE� AS OVERALL 

INJURY: 438 
3 . 083 2 . 523 

CASES W I T H  NECK !NJURY 
TOTAL AT SAME LEVEL AS OVERALL 

INJURY: 2 . 4  78 

Table t S .  Di stribution of Neck Jnjury Severity in Side Impact 
versus h J qhest lnjury Severity to any Body Area 

Table 1 6 .  Distribution of Neck Injury severity in Rear End 
Impact versus hJ9heat Injury Severity to any Body Area 
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