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REACTIONS OF TnE CERVICAL SPINE DURING 
FRONTAL IMPACTS OF BELT PROTECTED CADAVERS 

D .  KALLIERIS, B .  MEISTER and Gg . SCHMIDT 
Institute for Forens ic Medicine, University Heidelberg 

A . Introduction 

No evidence doe s  exist about the endangering of the cerv ical 
spine of injuries affected by safety belts . 
According to BOHLIN ( 1 9 6 7 )  the injury dimini shing effect of 
sa fety be lts in relation to the cervical spine is  100 percent 
for fatal and 20 percent for s l ight damages . 
PATRICK et al ( 1 9 7 4 )  seem to cons ider the injuries of the cer
vical spine not to be a major problem . 
According to a new inve stigation made by DANNER ( 30 000 real ac
c idents )  cervical spine and thorax injuries of restrained per
sons are decrea s ing according to their seriousness, but are in
creasing in quant i ty . 
HINZ ( 1 9 7 1 ) , CLEMENS and BUROW ( 1 9 7 2 ) , SCHMIDT et al (1 9 7 4 } , 
KALLIERIS and SCHMIDT (1 9 7 4), on the other hand were able to notice 
in many cases serious up to highly dangerous damages during con
trol led test conditions carried through with cadavers . 
Tolerance criteria can only be found if the dynamical behavior 
and the multiple strain s ituations of the cervical vertebral 
column are more closely investigated . 
During such inve st igations tests with volunteers, animal s ,  ca
davers, and dummies provide partial a spects in each case . 

Own Investigations 

Latest results and improved methods in order to record cervical 
vertebra column injuries are going to be described as follows . 
In a further chapter, by the aid of examples, optical evaluations 
will  be discus sed as a pos s ib i l i ty of the investigation of re
actions of the head - cervical vertebral column system . 

Material and Method 

F i f ty-f ive cervical vertebral columns have been inve stigated 
wh ich orig inated f rom s imulated frontal crashes in passenger 
pos ition . 

Thereby the fol lowing test arrangements have been selected : 

3 -point-belt, automat i c  retractor ( 1 7 %  elongation at 1 1 3 5  kp) ; 
sled velocity 50 km/h, 3 1  tests . 
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3-point-belt, automatic retracto r ,  force l imitor , preloading de
vice ( 6% elongation at 1000 kp) , sled veloc ity 6 5  km/h , 3 tests . 

2-point bel t ,  autom�tic retractor ( 1 7%  elongation at 1 1 3 5  kp) , 
combined with a kneebar , sled velocity 50 km/h , 4 tests . 

2-point-bel t ,  automatic retractor , force l imitor , preloading 
device ( 6 %  elongation at 1000 kp) combined with a kneebar , 
sled velocity 4 0  km/h , 3 tests ; sled velocity 50 km/h ,  1 2  tests ; 
sled veloc ity 6 5  km/h , 2 tests . 

The medium sled deceleration lay between 19  g and 2 5  g ,  the 
shoulder belt forces between 3 70 kp and 1020 kp . Not embalmed 
cadavers in the age range 1 2  to 7 9  years have been used whereby 
the 1.aydays after death amounted from 20 to 90 hours .  The süb
jects have been stored in a cold-storage chamber at 3°

-5oc and 
have been brought at 1 50-2ooc prior to the test . 

Thereby the rigor mort i s  was only treated in such a manner to 
obtain a seating pos ition whereby the cervical spine remained 
unconcerned to a great extent . Prior to the test the r igor 
morti s  of the neck has been checked and classif ied in four 
severity degrees .  During the �est the cadaver was dres sed in 
elastical cloth for esthetical reasons ( F ig . 1 ) . 

F ig .  1 :  Test subj ect with optical targets . 
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Dur ing the di s section the whole reg ion , only with the skin pre
pared o f f , from the occiput to the S th thorac i c  vertebra had 
been taken from the c adaver . The mu scular system was prepared 
in l ayer s , the cervical vertebral column was x- rayed with and 
without soft-ti s sue material . 
I n  21 cases the preparation has been sub sequently macerated . In 
34 c a s e s  the frozen muscle-f ree spec imens we re sawed up in three 
sec tional plane s .  

Re s u l t s  

Becau s e  the i n j u r i e s  o f  the cervical vertebral column d i d  not 
show d i f ferences in relation to the used b e l t  sys tems in princi
ple , a synop s i s  o f  the i n j u r i e s  of the single structures wi ll be 
made in order to g i ve an impre s s ion about the mul tiple k inds of 
i n j ur i e s  and strain pos s ibi l it ie s  ( F i g . 2 ) ,  f indings of 34 f rozen 
and sawed up spec imens . 
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F i g . 2 :  Frequency and Loca l i sation of Spinal I n j ur i e s  (C 1 to 
Th 4 ;  34 spec imens , prepared and sawed up ) . 
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No . 1 to 6 :  Muscular Hemorrhag e s  and Lacerations 
1 - 2 - 3  = super f  i c i a l -medium-deep layer l e f t  
4 - 5 - 6  = deep-medium- superf i c i a l  layer right 

No . 7 to 9 :  Rupture s of L igaments 
7 - 8 - 9  = supra spina le- interspinale - f  lavum 

No . 10 to 1 3 : Hemorrhage s o f  the F oramina Interver tebral i a  and 
the Vertebral Are Joints 

10 � 1 1  = for . interver t .  right- left 
1 2 - 1 3  = vertebral arc j o i nt s  left-right 

No . 1 4 : Ruptur e s  of I ntervertebral D i s c s  
No . 1 5  and 1 6 : Ruptur e s  o f  Longitudinal L igaments 

1 5 - 1 6  = l i g . long . anterior-po sterior 
No . 17 to 2 4 : Fracture s 

1 7 - 1 8  = 

1 9 - 20 = 

2 1 - 2 2  = 

processus transve rsus l e f  t-right 
vertebral arc fracture l e ft-right 
arc and j oint proc e s s u s  fracture left-r ight 

2 3  
2 4  

= processus spinosus 
= corpus vertebra 

No . 2 5 :  E pidural Hemorrhage 

Muscle I n j ur i e s  

In order to s impl ify the cornpl icated anatomy o f  the cervical 
sp ine somewhat , a d i f f erenc e  w i l l  be only made betwee n  a super
f ic i al , medium and deep layer of musc le s .  The muscular s y stem 
of the surface ( a l l  f lat ventrally innervated sp inal and neck 
mus c le s )  only occasiona l l y  showed s l ight i n j u r i e s .  I n  mo st c a s e s  
a d i rect impact i n  the secondary phas e  could b e  proved .  
An explana t ion for th i s  i s  because the ma in stra i n  appea r s  
vertical re spectively sl ightly transvers a l  t o  i t s  ma in f iber 
direction , the muscle i t se l f  broadens at tension and bending 
strain . 
The medium layer ( s trong c ro s s  sec t ion , mus c l e  w i th vertical 
f iber d irection extending over several vertebra s )  shows the mo·st 
frequent i n j u r i e s  in a l l  seve r ity degre e s ; in the ma in po int the 
he ight loca l i sation i s  grouped around C 6 to Th 2 .  Only in the 
medium and deep layer ( the sma l l , right next to the bon e s  ad
j o ining musc l e s  as well as the short mus c l e s  between o c c i put and 
upper cervical vertebral column) showed mu scular l ac erations , 
tho se too occurred only in the tra n s i tion of c ervical vertebral 
column and thorax . I n  the region o f  the neck and head j o ints , 
the deep mu scle i n j ur i e s  are a t  the mo st sl ight hemorrhages at 
both sides or at the left s ide only . The rea son for this i s  that 
in the pro c e s s  of bend i ng over when asymme tri c a l l y  re stra ined in 
pas senger po s i t ion by the di agonal shoulder be l t  an increas ing 
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rotation o f  the head to the right side occur s ,  which to a great 
extent stops the anteflexion of the head - neck trans ition . 

I njur ies o f  the L igamentous System and the Intervertebral Discs 

Lacerations of the l igamenta supra- and interspinal ia a l so oc
curred most f requently in the area of the cervico-thoracic 
trans ition whereby the muscular system was not involved in each 
single case , but regularly combined with fractures and/or in 
connection with lacerations of the intervertebral discs were 
found in connection with lacerations of the ligamenta f lava . In 
almost all cases the intervertebral discs were dorsally lacerated 
The 3rd , 4 th , and 5 th intervertebral disc was mostly concerned , 
in about ha l f  the cases the posterior longitudinal ligament was 
involved . Series or mult iple ruptures occurred more frequently 
than single lacerations , adjacent accompaying bony injuries 
have been noticed only with subjects beyond 4 5  year s .  

Bony I njuries 

Compre s s ion-dependent fractures in the area o f  the upper thoracic 
vertebral column occurred as infractures up to dislocated tear
drop fractures of the anterior end plate . Bes ide thi s ,  multiple 
lacerations of the processus spinosus occurred mostly at the 
lower cervical spine , also some fractures o f  vertebral arcs with 
or without the involvement of joint processus ; however , no 
i solated fractures o f  the jo int proces sus were noticed . I n  nine 
cases there wa s a fracture of the right 7 th transverse processus 
which could be ref erred to a direct compression caused by the 
shoulder belt . 

Injur ies o f  the Vertebral Joints , the Foramina Intervertebralia 
and the Canalis  Vertebra l i s  

Besides of mus cular injurie s hemorrhages i n  the vertebral joints 
and in the foramina intervertebralia were the most frequent 
f inding occurring mo stly at the lower cervical level . An im
portant extent o f  loca l ized hemorrhages in the canalis  verte
bral is were altogether seldom . In this place it should be in
dicated that the f indings of nervous tissue injuries patho
anatomical are very unsat is factory (ERDMANN 1 9 7 2 )  . 

Grades o f  Injuries 

When classifying postmortal injur ies we thought it convenient to 
a s sume as working hypothesis tha t not embalmed cadavers shortly 
after death can be equated with l iving persons at real acc idents . 

This appears to be true only for le.sions of bones and l igaments 
( ROBERTS and LISSNER 1 9 6 4 , GREENBERG et al 1 9 6 8 ) . With the ever 

rnore increas ing deta iled analyses o f  real acc idents the question 
of the trans ferabil ity in regard to the behavior of cadaver tis
sue s without blood pressure may be answered by cornpari son in the 
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future . We have tried to transfer the up to now mo s t  compre
hens ive de fined A I S  scale on patho-anatomical f indings about 
cadavers . The A I S  scale and CRIS scale , however ,  i s  ori ented 
accordi ng to c l inical points of view . 

We have tried to interpret them in a patho -anatomical c l a s s i f  i 
cation : 

Severity Degree : 

I :  M inor and moderate muscular hemorrhages mostly i n  form 
of sma l l  stripes wi thout cons iderable d i stor s i on o f  
j o ints , indicating that cervical stra i n  has occurred 
according to " wh i p l a sh without anatomical or radio
log ical evidence " .  

I I : Cons iderably mu scular hemorrhages and ruptures ,  
hemorrhages and l igamental dehi scenc e s , hemorrhages o f  
the vertebral a r c  j o ints and foramina intervertebral i a  
not continued into the cana l i s  vertebra l i s , i solated 
sma l l  ruptur e s  o f  vertebral d i s c s , i solated fracture s o f  
s p inosus o r  transversus proce s sus . 

I I I : F racture s o f  vertebral arcs combined with lacerations o f  
the dorsal l igamentous system , compres s ion fracture s ,  
s evere ruptures o f  i ntervertebral d i s c s  combined w i t h  
lacerations o f  the l igamentum long i tudinale posterious ,  
wh ich means a cons iderable reinf orced opening or trans
versal d i s placement . 

IV : Complete segmental d i sengagement , deniscent ruptures o f  
vertebral d i sc s  combined with compre s s ion fractures o r  
fractures o f  end p l a tes . Considerable d i spl acements o f  
great bone fragments , be s ide the mul t i p l e  comb ina t i ons 
of severi ty degree I I I . 

As di s t i ngui shed from the r e s u l t s  of CLEMENS and BUROW ( 1 9 7 2) ,  
we never observed i n j ur i e s  which could be c l a s s i f  ied a s  prima r i l y  
fatal from the patho -ana tomical f inding s ( higher degrees of the 
A I S ) • 

With regard to the above mentioned inve s t igat ions o f  real ac
c idents modesty seems to be sui ted in the d iagno s i s  o f  prima r i l y  
fatal i n j ur i e s  produced post mo rtal . 

The s ingle test arrangements or impact veloc i t i e s  seemed to have 
a l e s ser e f fect on the severity degree of the cervical spine 
than the age ( F ig . 3) . Due to the sma l l  amount of tests , varying 
test arrangement s ,  in this case , have not been taken into a c 
count . 
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n= 3 n=2 n= 13 n= 13 n= 6 n =  1 1  n= 7 

degree of injury 
• 4 

0 3 

Wj 2 

UJ 1 

0 0 

< 19 

F ig .  3 :  D i spe r s i on of the I n j ury Degrees o f  the Respect ive 
Age Groups Expr e s sed in Percentage 

a . Me thod of Determi nation of the C ervical Spine - Stra i n  at 
S imu lated Frontal Impact 

An exact strain measuring of a cervical vertebral colurnn during 
a test could result from a direct mounting of min iature ac
c e l e rometers ( l inear acceleration , angle acceleration) o r  strain 
dev i c e s  ( rear , latera l , re spect ively in various leve l s )  ( BEGEMAN 
et al 1 9 7 3 ) . 

Thereby the stab i l ity o f  tho se mea su r i ng elements has to be 
guaranteed . Howeve r ,  the mounting could no t take place w i thout 
an e s sentia lly prepara tion-dependent de s integrat ion o f  the soft 
t i s sues surrounding the bony structure s ,  and even the f i rmnes s  
o f  the smal l  bony components be more or l e s s  impa ired . 

The compa r i son o f  acce lerations and forces above and below the 
a rea to be inv e s tigated offers a second possibi l i ty as described 
and performed by MERTZ and PATRICK ( 1 9 7 1 ) . This s tr a i n  deter
m inat ion wh ich is composed of d i rect mea surings and indirect 
c a l culat ions has the advantage o f  no t inf luenc ing the f irrnnes s  
and kind o f  reaction o f  the cervi c a l  spine at a l l ; the r e sul t ,  
howeve r ,  can a t  the mo st be an ove ral l  tolerance o f  a l l  
s tructure s connected with the neck wi thout a differentiat ion of 
its mo st infirm l imbs . 
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The h igh- speed c inematographical evaluation of f ers a f urther pos
sibi l i  ty . I t , up to now , was of ten appl ied during impactor tests 
(KROELL et al  1 9 7 4 )  or a l so to check directly measured procedures 
at simulated frontal col l i s ions ( EWING et al 1 9 6 8 , 1 9 6 9 ; HENDLER 
et al 1 9 7 4 ) . Here too , no inf luence is taken in regard of the 
systern to be investigate d .  The principle is the optical pursu i t  
of s i ng le marking point s ,  instal led on the body surface , i n  de
pendence on the time . Here too , an essent ial prerequi s ite is the 
re lat ive stabil i ty of the optical targets which at least should 
no t be greater than the common error rate of optical evaluations 
in general . 

The displaceabil i ty problem o f  surface markings and the de
struction of ti s sue when directly ins tall ing measuring elements 
can be eluded in the mo st elegant manner by means of x-ray c ine
matography . Hereby , the reg ions of possible inj uries are 
visible during the whole impact phase . X-rav cor. tras t  i ll u s tra t i o n s  
of the vessels  g ive information about the behav ior of the sof t  
t i s sue s ;  the moment and the chronolog ical sequence o f  in j uries 
become evident .  Up to now , inves tigations of this k ind have 
been predominantly carried through with animals ( SHATSKY et a l  
1 9 7 4 ) . 

Own Inve stigations 

At the instal la tion in He ide lberg the strain o f  the cervical 
sp ine can be inve st igated by a l aterally  mounted h igh-frequency 
camera at 90° respectively by optical evaluation of the impact 
phases of the entire test at a framing rate of 1000 / sec . The 
mornent of the crash is marked by f l a sh - l ight , the time is re
corded by a time-scale on the f i lm-edge as wel l  as by a speed
constant time-ind icator ins talled in the f ield of view of the 
camera . 

The di splacement plots of the targets which are instal led on the 
cadaver to be obse rved in re lation to each other and in relat ion 
to the points 5 and 6 ,  those are f i rml y instal led on the sled , 
are shown in ; igure 1 .  Compari sons of the cadaver ' s  targets 
among one another serve for the angle determination . Of  interest 
is thereby the angle between head and upper cervical spine ( point 
1 and 2 ) , the angle between head and the entire neck (point 1 and 
3 )  and the f lexion at the transition of the cervical spine and 
the thorax . 

The high- speed f i lm ,  by means of a mirror , has been pro j ected 
through a mot ion analyzer on a sensor f ield ( flat plate) • A 
free movable sensor provided wi th a l ine cross and pre ss keys 
serves for the local i zat ion of the targets on the sensor field . 
Out of the electronical s ignal s  o f  the sensor and the sensor 
f ield the momentary po s i tion of the sensor in rela tion to a prior 
determined free el igib le reference-point is investigated . The 
coordinate values resu l t ing from each s ingle targe t are s imult
aneously printed down by telewri ter and punched on a perfora ted 
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tape . By us ing a suitable computer program wh ich contains cor
responding mathematical f i l ter functions , displacement plots , 
angle and angle veloci ties (as  wel l  as ang le accelerations)  o f  
the provided po ints o n  the subject have been calculated b y  means 
of a Hewlett Packard 9 8 10 A calculato r .  The curves have been 
recorded by a 9 8 6 2  A calculator plo tter . 

In order to under.stand the fol lowing curves some limited pre 
requis ites have to be pointed out : 

1 .  Prior to the impact the distance between each target is 
measured to the sagi ttal plane of the sub j ect respectively the 
camera for the evalua tion . I t  is supposed that the po ints are 
no t leaving the parallel planes to this sag ittal plane . 

2 .  During the impact there is no shifting o f  the photögraphical 
targets on the skin . 

3 .  Optical contortions were not taken into considerat ion by a 
central picture section w i th a diameter o f  1 m .  

Re sults 

With the aid o f  4 cases evaluated in this k ind , the above 
mentioned considera tions will be made evident . At firs t ,  it 
deals  about the compari son of two 3 -point-belt tests with im
pact velocities o f  30 km/h and a medium sled deceleration of 
19 g .  The cadavers for the test were characterized as fol lows : 

T 10 : Age 3 4  years , Weight 5 3  kg , Height 1 7 9  cm . 

T 1 1 : Age 4 8  years , We ight 8 1  kg , Height 1 7 4  cm . 

Fol lowing injuries have been found at the cervical spine of 
tho se subj ects : 

At T 10 moderate hemorrhages of the medium and deep muscle 
l ayers of the cervi co-thoracic transi tion on both sides ; minor 

We want to thank the Fa . Daimler Benz AG , especia lly Prof . Dr . 
Reide lbach for his f riendly support during the evaluation o f  the 
films whic h is very gratefully acknowledged . 
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mu scular hemorrhages between occ iput and upper cervical spine ; 
hemorrhages on the right s ide of the foramina intervertebralia 
C 6 /C7 up to ' Thl / 2 ,  as we ll as a very thin blood layer in the 
canal i s  vertebra l i s  at the same level . Injury degree : I I .  

At T 1 1  mode rate musc le hemorrhage s  above the medium and the 
be low cervical spine , s imilar the one at T lo ; a s  we l l  as 
hemorrhages of several foramina intervertebralia  and vertebral 
j o ints with an additiona l laceration of the whole dorsal l iga
mentous system and incomplete disc rupture at C7/Thl as we l l  as 
laceration of all dor sal l igaments and complete laceration of 
the intervertebral di sc be tween Thl/Th2 . Injury degre e : I I I . 

At T 4 s imilar injuries as T 10 . Injury degree : I I .  

A t  T 9 s imilar injuries as T 11 . Injury degree : I I I . 

Fig . 4 shows the di splacement plots o f  both co l l i s ion tests . 
The movement pattern for the head ( P l )  and upper cervical verte
bra co lumn ( P 2 )  is nearly the same . The maximum di solacement 

100 

-100 

- 100 

. \ - P l JOO Fll' (\�PI 
\ PJ 

- '°° ni ---:._]-... 

-500 
f T(mm) 

P1,. 
, 

' ' 

., _ _ _ _  , 

- -

500 600 

"„ .„Pll'IJ 

",\\ �Tc$!-N11mbt• ' 
\ 

1 

' 

Fig . 4 :  Di splacement plots of photographic targets , 
mounted on the head , neck , and shoulder o f  
tes tnumber 1 0  and 1 1 . 

of both po ints is about 5 cm larger for T 10 and was reached 
within 92 ms a f ter the impact ; within 105 ms for T 1 1 .  A body 
seize exceeding 5 cm and a seating height exceeding even 8 cm 
of sub j ect T 10 is conc lus ive for th i s  max imum displacement , 
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whereas the less body we ight appearantly didn ' t  inf luence the 
plots . However , shoulder-belt forces of 4 4 6  kp ( T  10) res
pectively 5 3 9  kp (T 1 1 )  occurred proportional ly to the body 
weigh t .  They seem to have a lesser effect on the kinematical 
behavior of the cervical spine in relation to the path curve , 
but on the other hand a greater e f fect on the time hi story . A 
special difficulty appears at the path l ine of po int 3 because 
of the interf erence with additional movements of the shoulder 
reg ion a f ter the shoulder-belt force has reached its maximum . 
For this rea son we corrected the curves at the best possible 
way by means of auxil iary points and templates . Fig . 5 shows 
the angles of the axis Pl/P2 , Pl/P3 and P 2/ P 3  as against a sled
fixed axis in dependence on the time . I t  can be no ticed that 
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F ig .  5 :  Angle - Time History o f  the axes Pl/P2 , Pl/P3  
and P 2 /P3 a s  against the sled- f ixed axis Fl/F2 
( T estnumber 10 and 1 1 ) . 

the optical targe ts up to about 40 ms are practica lly moving 
purely trans latory . In the period o f  4 5  ms up to 100 ms a near
ly linear increase of the angles of a l l  axes takes place ; occur
ring para llel at both tests . The max imum f lexion angles for all 
axes were reached for T 1 1  at approximately 1 30 ms , for T 10 at 
140-160 ms . This means the ending of the primary impact phase 
at that time , the subsequent decrease of the angles corresponds 
with the secondary moving back . The corre sponding angle ve lo
cities have been madc evident in F ig .  6 .  During both tests the 
top velocity ha s bee1 observed at nearly the same time , i . e .  
9 0  ms after the impact . The maximum for T 1 1  ( srnall displacernen t ,  
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low seat ing pos i tion , increased body we ight , body height and 
shoulder-belt forces)  however lies  higher than the one for T 1 0 . 

60 Ä.- - v (rad/s) 

50 

tO 

30 

20 

.10 

0 

- 10 

-20 

1/3, f\• 

20 30 tO 50 

/213 
__ •••• „ .. 11\ 

'213 111) 

te:�t -nurnt>cr 

\ . ' / 

100 

- t fmSJ 
\ 

... 

"'" ..... „ .... „ „' .......
. _ .... , ... . „ .,„., 190 "' - -.... --- .:..·„ ... ·�· .. ............ . 

150 
„ ... _ ... ... ··., „„ „·.„_ . • 

Fig . 6 :  Angular Veloc ity - T ime History o f  the axes 
P l /P 2 ,  Pl/P3 and P2/P3  as against the sled
f ixed axis F l /F 2  (Te stnumber 10 and 1 1 ) . 

The fol lowing 2 tests are deal ing with a 3 -po int bel t  test ( T  9 :  
F age 2 4  years , we ight 5 7  kg , height 1 6 1  cm) and a 2-po int bel t  

test ( T  4 :  ; age 2 2  year s ,  we ight 5 7  kg , heigh t 1 7 1  cm) . 

With the seating he ight of T 9 exceeding that o f  T 4 by 1 1  cm , 
a difference o f  the max imum di splaceme nt in x-direction results 
both for Pl and P2 of T 4 ,  re spect ively 4 , o cm . In z -direction , 
the 3-point-belt tests show more than double displacement than 
tha t of the 2-point-bel t  test ( F i g .  7 ) . 

Aga i n ,  there is  a purely tran slatory di splacement of Pl/P3 during 
the first 50 ms ( F ig . 8 ) . An approximately linear increase of the 
angles up to 9 5  ms excluding the spinal axis ( P 2 / P 3 )  of T 9 ,  
whereas the max imum angular displacement occurs at about 110 ms 
af ter the impact . Aga i n ,  all  maxima o f  T 9 are above tho se of 
T 4 .  

At the angle velocit i es there is  a chrono logical dissociation o f  
the max imum height s .  Yet again , the maxima o f  the te st with the 
more serious inj uries (T 9) even l .ie considerably beyond those 
of T 4 (F ig . 9 )  . 
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Fig . 7 :  Displacernent plots o f  photographic targe ts , 
rnounted on the head , neck , and shoulder o f  
testnurnber 4 and 9 . 
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Fig . 8 :  Angle - Time Hi story of the axes Pl/P2 , 
Pl/P3 and P2/P3  a s  against the sled-f ixed 
axis F l /F 2  (Testnurnber 4 and 9 )  � 
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F ig . 9 :  Angular Velocity - Time History of the axes 
Pl/P2 , Pl/P3 and P2/P3 as against the sled
fixed axis Fl/F2 (Testnumber 4 and 9 ) . 
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Fig . 10 shows the time history of the absolute f lexion angle in 
the cervico-thorac ic trans ition , the po int of the greatest vul 
nerability of the cervical spine during the frontal impact .  
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Fig . 10 : Time - Hi story of the angle P2-P3-P4 (Fig . 1 )  
during the impact phase . 
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Again both tests showed a similar proce s s ;  at the 2-point-kneebar 
test (T 4 )  however ,  the absolutely smallest max imum flexion angle 
has been reached . 

During impac t  ve locities o f  4 0  km/h , the maximum f lexion angles 
were atta ined at approximately the same time ; whereas for T 9 
a maximum flexion angle exists for a period of 3 5  ms ; for T 4 
the flexion angle is  about by hal f shorte r .  The maximum angle 
al terations were observed at 90 - 100 ms . A prel iminary cal
culation of the angle ve locity showed the maximum value for T 9 
at 9 8  rad/sec ; T 1 1  at 5 4  rad/ sec ; T 4 at 2 6  rad/ sec ; T 10 at 
2 3  rad/sec . This sequence corresponds with the severenes s  of the 
cervical spine inj uries establ ished in each case . 

We hope that this conformity wi l l  be corroborated in our future 
tests . In th is case the angle ve loci ty of the cervico- thoracic 
trans ition could already represent a sufficient criteria for the 
strain in thi s  reg ion . The greater the optical resolution , the 
more exact could the cervical spine be separately observed in 
i ts single level s ;  in the ideal case by x-ray cinematography . 
S tatements about the tolerance o f  each segment of the cervical 
spine could then be attained.  

Not only the abso lute tolerance l imits but a l so the critical 
phase of the occupant cincematic , which causes the injuries , 
is  of great interest for us . We shall  try to investigate this 
critical phase by comparison of the maximum strain with the 
belt- induced movement of the test-body . Collision t�sts � in the 
kind carried through by us , can be used to purely imperical im
prove the restraint systems by alterations seeming meaningful 
to us . 

Summary 

1 .  F if ty-nine frontal barrier tests with human cadavers were . 
carried through by the use of 3 -point-standard belt with auto
ma tic retractor ( 3 4 cases) ; 3 -point-bel t  with force l imitor and 
preloading device ( 3  cases) ; 2-point-belt with kneebar ( 4  cases ) ; 
and 2-point-be l t ,  automatic retractor with force l imitor and 
preloading device ( 1 8  cases ) .  The impact speed wa s 30 km/h ( 2  
tests ) , 40 km/h ( 5  tests ) , 50 km/h ( 4 7  tests) , and 6 5  km/h 
( 5  tests ) . 

2 .  The observed inj ury degrees ( patho-anatomical interpreted 
AIS scale ) run up to O at 3 cases , to 1 at 4 cases , to 2 at 
1 3  cases , to 3 at ? 9  cases , and to 4 at 10 cases . The severity 
degree wa s inc reasing according to the age of the sub j ects . 

3 .  At 4 tests , di splacement plot s ,  angle-time-historie s , 
angle-veloc ity-time-hi stories of the cranial -cervical and the 
cervical-thoracic axü; have been investigated by optical 
evaluation of h igh- speed �ilms . A greater di splacement occurred 
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a t  a greater seating height, however, not a t  a greater body 
weight . During the f irst 40 ms ( 30 km/h impact veloc ity) respect
ively 50 ms ( 4 0  km/h impact velocity )  a purely translatory move
ment of the cervical spine takes place . Maximum flexion angles 
have been atta ined at 30 km/h after 1 30 ms - 1 60 ms ; at 40 km/h 
at 1 10 ms . The angle veloc i ties were higher for more serious 
injured cervical spines than that for s l ightly inj ured ones . 

4 .  Velocities of 9 8 ,  5 4 ,  2 6  and 2 3  rad/sec have been calculated 
for the angle of the cervico- thoracic transit ion . 
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