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SUMMARY 

During t h i s  i n i t i a l  reporting period our invest igat ion has concentrated 

on an e f f o r t  t o  es tabl i sh  the b i o s t a t i s t i c a l  design, l i t e r a t u r e  survey and 

in-depth examination of previous studies and techniques, t o  define and design 

the techniques and methocis to  be u t i l i zed  f o r  anthropometry, radiography, 

eleclron~yography, s trength measurements, photometrics, and data analys is ,  

t o  es tabl i sh  a su!ljcct ~oc.9, and t o  design, construct  or order and 

, t e s t  the experimental equipiiier:t. A br ief  suninlary of major task accom- 

p l  ishments t o  d a t ~  r e f l e c t  the followinq progress : 
d 

1.  A l i t e r a t u r e  search has revealed 1054 pert inent  references which 

are  attacked and ident i f ied  by f jve  major subjec ts ,  A comparative analysis  

of the r e su l t s  of previous cervical motion studies has been tabulated. 

2, A subject  pool f o r  the majority of the 18-24 year  old subjects  has 

been establ  ished, and consent and brief ing forms have been designed. Medical 

screening i s  being accomplished by a medical h is tory  form and c l i n i c a l  exam- 

ination of x-rays. Experience t o  date indicates t h a t  about 25% of volunteers 

have been eliminated f o r  fu r the r  t e s t s  on the basis  of medical r i s k ,  

3,  The b i o s t a t i s t i c a l  design of the experiment has been reanalyzed and 

found t o  be s t a t i s t i c a l l y  va l id .  

4. I n i t i a l  anthropometry descript ions and surface landmarks ihave 

been es tab1 i shed. 

5 .  The radiography laboratory and Picker x-ray equipment has been modi- 

f ied  f o r  t h i s  study, a s o f t  and a hard s e a t  constructed f o r  i n i t i a l  comparative 

purposes, and seven subjects  have had a complete cervical  s e r i e s  taken and 

evaluated. Problems involving x-ray f i lm s i z e ,  subject  posi t ioning,  and 

l a .  i i J l c l r - k  -8.., a n a l y s i s  arc\ be ing  i n v e s t i ~ ~ a t e d .  

6. The cervical measurement laboratory i s  nearly compl eted.  Most 

equiptilent has bcen d e s i g ~ e d ,  constructed and ins t a l  1 ed, however several 



c r i t i c a l  items ordered have not been obtained. We have been successful in 

upgrading the necessary major equipment requirements, a recorder, by agree- 

ment t o  share costs between the College of Engineering and. HSRI, and a 7- 

channel Ainpex PR-*509 FM tape recorder has been ordered. This allows us to  

s t re tch  the $4500 budgeted  for th is  item t o  obtain $8600 worth of equip- 

ment, wh-ich will considerably improve our data taking capabil i ty.  The 

only delay -to date from our scheduled proje'ction may involve f inal  delivery 

of t h i s  -item, irivol ving 1nn.tua.1 Un iversi ty o f  Michigan arid I .  I .  t-I.S. agreement 

' re la t ive  t o  ctisposit-ion and deliveiny tirne. Arrangements are being made to  

, attempt t o  o b t a i n  sirrri Iar e ~ u i  pnierit on temporary loan. 

7 .  In i  ti(?? r;i~t.he!iiat;ical mde l  ing s h i c i i e s  hav4 been completed cind re- 

sul ts  indScatc the following conc'l usions : 

a.  Neck inuscle strength has been isolated as an important vari- 

able affecting head-neck kinematics and dynamics. Because of t h i s ,  muscle 

response tirne should be considered important i n  the measurement program. 

b. The strength of neck motion limiting structures has allso been 

isolated as an important variable. Although outside the scope of the current 

project,  i t  i s  possible that  these quanti t ies could be estimated using ca- 

daver ma t e r i  a1 , 

c. The range of motion of the neck in extension has been found 

t o  influence the maximum angulation occurring during impact and, as such, 

i s  an important quantity t o  be determined, part icularly from the x-ray s tudies ,  

d .  The weight of the head and the location of i t s  center o f  

gravity have both been found to  influence the angulation of the head with re- 

spect to  the torso. The effect  of t h i s  i s  to  increase the forces which must 

be exerted by the neck musculature to  r e s t r i c t  head motion during impact. 

e .  'The momcint o f  intirtia o f  the head exerts an inf'lucnce consid- 

erably snialler than t h a t  exerted by mass or center of gravity. 



f. Differences i n  the kinematics and dynamics of a small woman 

compared with a large man are more l ike ly  to  be related t o  strength properties 

of the rnirsculature and joints  as well as the way tile forces are distr ibuted 

over the body t h a n  t o  body s i z e  alone. 

8 ,  Ti i ree  c l i f f ~ r n t ~ t  ddf;a analysis pragralns will be used i n  addition 

t o  the mathernati cal niodel ing. These i n v o l v e  the tfewlett-Packa.rd 2,) 1,s-A. computer 

for photogrammetry and  a n a l o g  s i g n a l  analys is ,  and the University of Michigan 

XUM 360-67 Computer Systeni f o t *  s t a t i s t i c a l  analysis of anthropometry and 

t e s t  rcsul t s  . 



I ,  INTRODUCTION 

Rear-end coll'isions commonly r e su l t  in neck injury t o  the occupants. 
' 

However recent f i e l d  and c l in ical  investigations indicate t ha t  there i s  a 

significant  preponderance of "whl pl ash" symptoms among 'females . l i t t l e  infor-  

mation i s  knoxn concerning variat ion in head mass or  center of gravity of 

the seated odcupntit or variation of neck muscle strength as related to  age, 

sex,and physiqbs d i i  l 'ercnccs, and no previous study has related variat ion 

in neck musclc rc2snnnse t i m e  t o  external acceleration stimulus. Such in- 

.forili~@Ion I . ; c I : '~~  $p:c?r' t o  be o f  b a s i c  importance in considcraticjn of sensi - 
L i v i  t y  1.0 i~~,~;:i- rt:xr iii i i:;ri- i ~ y p e ? * F l  cxion injury,  

The primnvqy objective of t h i s  study i s  to  determine the  range OF phys- 

ical variation -in functl'or~ and s t ructure  of the human neck, with variables 

of age, sex, and s t a tu re ,  as a basis f o r  irnproved head protection design in 

vehicular occupant hyperextension-hyperfl exion accidents. Specific t e s t s  

and measurements are  being designed and will be conducted to  resu l t  in f ive  

major types of information re la t ing t o  the range of physical and sexual 

variation of the neck in a representative U.S. population. Neck measurements 

to be determined include anthropometry, muscle s t rength ,  voluntary range of 

extension and flexion cervical motion, and muscle response time. !>!athematical 

modeling will be used to  predict dynamic s ens i t i v i t y  t o  changes in the 

parameters developed. 

The following informal technical progress report  provides a brief  review 

of the i n i t i a l  90-day period of t h i s  investigation.  The s ta tus  of accomplish- 

ments t o  date r e f l e c t  the preliminary work necessary t o  undertake the subject  

measurelilents. Ernphasis has been placed upon des ign  and construction of t h e  

necesszry equiisi;ict~t, cstabl.ish~i\cnt of procedures, and preparat;ions fo r  tile 

t e s t s .  Some prnelirninary tes t ing of subjects has suggested rnodifications and 

c h a r i ~ c l ;  t o  techn i q w s  atid protocol which w i 1 1 etltldnce t h e  ovcral 'I program, 

and further refinement will probably continue with the i n i t i a l  s e r i e s ,  



I I ,  TASK PROGRESS 

1.  Literature -- Survey 

There appears t o  be a voluminous body of 1 i te ra ture  related to the 

neck, although the majority of papers pertain to  c l in ical  aspects of trauma 

and treatment. During this  i n i t i a l  period we have concentrated on n o t  only 

locating references b u t  also retr ieval  of each paper, and have obtained copies 

of i\iany of the papers I i s ted  t o  date, The 1054 references located so f a r  are 

attached in the Bibliography in Appendix I .  A t  th is  point they have keen 

div-idcd in to  f i v e  general categories;  motion/mobi'l -i ty, mechsnisms of injury,  

in jur ies l f rac tures ,  anatoiny/radiogurapbl,y, arid experimental strength and s t r e s s .  

Due t o  t h e  b u l k  o f  t hese  i t  seems l ikely  t h a t  we will further categorize for  

more e f f i c ien t  u t i l i za t ion .  

So f a r  we have found 18 di f ferent  studies of "normal" cervical motion, 

as sumarized in Table I .  Many other motion studies in the l i t e r a tu r e  were 

not considered because they uti l ized subjects with previous history of neck 

injury and could generate abnormal motion readings. Only two studies found 

i n  the "normal motion" l i t e r a tu r e  use both male and female subjects over a 

wide age span, while the r e s t  report measurements based upon a s'ingle sex, a 

7imi ted age range and a selected sample. 

I t  i s  d i f f i c u l t  t o  compare resul ts  because of the di f ferent  techniques, 

measurements, and end-points employed by the various investigators . Extensions 

and flexion l imi ts  have only been identif ied in ten studies although a l l  studies 

l i s t ed  a range of motion measured in the sag i t t a l  plane alone. Combining the 1754 . 

total  subjects fo r  a77 previous studies identif ied to  date,  resul ts  in a mean 

range of sagi t ta l  motion of 129".  B u t  i t  i s  obvious from examination of previous 

work t ? a t  no thorough  study o f  the b a s i c  paraizeters outlined i n  this investigation 

have been conducted fo r  a large number of subjects representative of the general 

population and including bo th  sexes fo r  a w i d c  2qe-span, These data provide 

additional confidence in the basis for  our i n i t i a l  proposal. 

5 



2 ,  Biostat ist ical  Design Considerations ---.-.----.--- --.--.---- - - - -  

At this  time no further s t a t i s t i c a l  d a t a  have been gath,ered t o  change 

the design of the popu la t ion  survey. In other words, there i s  no prior 

reason for decreasing or increasing the cell  s izes for each population 

s t ra t i f i ca t ion .  Because d a t a  o f  oll2ers ]nay l ~ e  disclosed a t  a l a t e r  date;  

however, the population survey will be conducted in two phases. F i r s t ,  

a l l  ce l ls  w i l l  be f i l l e d  w i t h  a minimum o f  10 s u b j e c t s .  An analysis of 

1 variance will be conducted on these data t o  determine the 1 ineari ty of the 

, e f f e ~ t s  o f  399 and s t a tu re  in b a t h  scxes for  each of the various dependent 

randoi,~ var iab7 cs , T:!,, dilr: r , c t ~ r i l .  vr;k-jab1 c; which c a n  "u measured are :  

*Ccrvvical (tlcutral position) Flexion and  Extension Isolnetric . 

Strengths 

"Cervical Flexion a n d  Extension Vol i  tional Range-of-Motion 

*Geometric Configuration of Cervical Neck Vertebrae for Neutral 

and Extreme Positions 

"Cervical Flexor. and  Extznsor Neural Stretch Reflex Times to  a 

Control 1 ed Neck Jerk 

*Cervical Flexion and Extension Acceleration Responses 

*Cervical Anthropometric Dimensions t o  a Control 1 ed Neck 

Jerk 

If from the f i r s t  phase analyses of data i t  i s  found that  some 

specific c e l l s  have data t h a t  s ignificantly deviate from ei ther  l inear ef fects  

in the independent variables, or  an effect  which cannot  be explained based on  

l ~ h e  d a t a  wi l l  be tested for  Norn~al i t y  (Kolomogorov-Smirnov Test) ,  and  
conr tant  c e l l  v j r i a n r e s  (Chi-Sqttare TPS t ) ,  before performing the analysis of 
varidncc. Ap;7ropria t~ t r , l r i~f~~r~l l i l t  IOHS of  t i l e  data w i  l I be invoked depending 
on the results  o f  these t es t s .  
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Sex N 
> -  - 

M 31 

M 34 

M 22 

n. 5 , 

. M  10 

M 3 

. M 198 

. M  1 

M 87 

TABLE I . . 
A SUMMARY OF PREYIOVS CERYICAL MOTION SNOIES IDENTlFIEO TO DATE 

La te ra l  
F lexlono Extensiono Total° Flexiono Rotat lono 

Col lege  swimners 

College Baseball Players 

College Basketbal l  Players 

, College Shot Pu t te rs  - 

Weight L i f t e r s  

College Gpnas ts  

Ures t l  ers 

Measurements began at.c 2/3 - 33- added t o  compensate 

Subjects urged t o  achieve 
maximum measurement 

tfeasurements began a t  c 1 /2  - 22- added t o  cowensate 

* Measurements began a t  c 1/2 - 22- added t o   omp pens ate 



other published data,  then the ren~aining sampling will be biased t o  include 

more than two subjects i n  each of the questionable c e l l s .  This f lex- 

f b i l i t y  in .the design wil l  a l l o w  a ' ' re tes t"  of t he  important f i r s t  phase 

r e su l t s ,  thus serving z.s a cornplin~entary eval uaticn which will give added 

inferential power t o  t h e  t o t a l  r e su l t s .  

Thus tile populatiui~ san~ple will  resenible the layout in Table 11. 

TABLE: I I ,  

REV IStD F)OF'ULfiTTON SAW" lE  (PI.IASE O N E )  

F'ercen t i 1 e .--------- -- SEX 

itlale (ages) Sta-ture -_-- ----" ----_-- Ferna l_--hes ) 

18-24 35-44 65-74 18-24 35-44 65-74 

The proposed 36 remaining subjects would be selected based upon resul ts  

of analysis of the above 180 subject data. 

I t  should also be noted tha t  i f  there i s  enough var iab i l i ty  in other 

secondary population data (e.g.,  race, health,  or occupational fac to rs ) ,  or 

within the dependent variables, co-factor analyses will be performed 

t o  determine the nlagni tude of any possible s t a t i s t i c a l  corre la t io l~s  . 
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abnormal i ty ,  degenerative bone disease ,  or  evidence of previous trauma which 

might make fu r the r  tes t ing a hazard t o  the subject ' s  health. The subject  i s  also 

measured pr ior  to  taking the radiographs to insure t ha t  his ( o r  her)  height i s  

wi t h i n  the selected range requr"remen"c. 

A t  present t h c r e  are  thus three stages to  subject  selection and tes t ing:  

(1 ) the volunteer i s  located (based upon experimental design c r i t e r i a )  and asked 

t o  f i l l  out t he  hca'ltll questionnaire; ( 2 )  .if he passes i n i t i a l  medica'l screening 

'he then i s  measured for stature and has a s e t  of f i v e  x-rays- taken; (3)  

a f t e r  s u c c e s s f u l  medical screening of the x-rays the subject  subsequently 

part icipates i n  t he  rer:aindcr o f  t,he t e s t s ,  We are  ittempting to  maintain 

r ig id  cl-in.ical cunlrols for the protection o f  the subject ,  and he i s  .not 

allowed "c take part  I n  the t e s t s  unt i l  our medical colleagues are  s a t i s f i ed  

on the basis of both his  med*ical history and cervical x-ray films. We a l so  

plan t o  careful ly  document the actual loads and motion's t ha t  the subject  i s  

exposed t o  in the strength t e s t s  by use of a h i g h  speed rapid sequence Polaroid 

camera, which will instantaneously provide eight  sequential motion frames on a 

s ingle  exposure. Such documentation could be of important medico-1 egal s i gn i f i  - 
cance silould some subject decide subsequent t o  t h i s  t e s t  t h a t  hc had r'ncurred 

any trauma . 
We presently have an adequate number of subjects  f o r  the next few months, 

b u t  ant ic ipate  t ha t  of der subjects wil I be more d i f f i c u l t  t o  obtain. We also 

recognize t ha t  f o r  the older extremes i t  will be d i f f i c u l t  t o  f ind subjects 

without degenerative bone disease and , t o  be more representat ive,  we Inlay have t o  

reassess the medical screening procedures establ i shed. 



Figure 1, I n i t i a l  Letter Sent t o  S u b j e c t s  

Dear S u b j e c t :  

~ n c l o s e d  i s  a b r i e f  med ica l  q u e s t i o n n a i r e  which w i l l  s e r v e  
a s  a p r e l i m i n a r y  s c r e e n i n q  f o r  o u r  s t u d y  on neck r e s p o n s e s .  
The s tudy  i n  which you a r e  b e i n g  c o n s i d e r e d  a s  a c a n d i d a t e  i s  
be ing  conducted for .the Insurance I n s t i t u t e  f o r  I-Iigl-irvay S a f e t y  
by The U n i v e r s i t y  of  t l i c h i g a n ,  I n d u s t r i a l  Eng inee r ing  Department 
and Highway S a f e t y  Research I n s t i t u t e .  A l l  d a t a  w i l l  be  
coded s o  that your  i n d i v i d u a l  i d e n t i t y  i s  p r o t e c t e d .  

The purpose of t h e  s t u d y  i s  t o  determi,ne i n f o r m a t i o n  on 
v a r i o u s  neck ~?nrnmetcss such as s i z e ,  st:,rength, r ange  o f  mot ion ,  
c t c .  Frori~ t h o s e  Gats, ~c can d e s i g n  i.inprtsvements t o  b e t t e r  p : r o t e c t  , 

people  i n  au.to?::,~jjhj.! c-! n c r - i d c n t s  . 
The pracedcrc vrii.,X i . :-~volve two s e s s i o n s .  I n  t h e  f i r s t  

exc?mi~lat.i.on sc.vilr,:;i. k;.--~:;3\;!7 a?:' your ricck w.i .L1 be. talcen. (Time 
invol.ved about L h o u r .  ) '.T;tiase of y o i ~  q u a l i f i e d  wil.1 be c o n t a c t e d  
t o  cone . t o y  a second serics cf rnea'surerni3nt.s pho"cg.uaphs, and. 
tes ts  r e q u i r i n g  about. 3 h o u r s .  S i n c e  a t  t h i s  t i m e  w e  a r e  
u n c e r t a i n  a s  t o  whether you will be invo lved  i n  t h e  comple te  s e r i e s ,  
w e  have includecl o n l y  a brief s k e t c h  of t h e  p rocedures . -  Upon 
i n i t i a t i o n  i n t o  t h e  fo rma l  t e s t i n g  a f u l l  d e s c r i p t i o n  w i l l  b e  
g i v e n .  

Once you a r e  a c c e p t e d  as a s u b j e c t ,  you w i l l  r e c e i v e  
monetary compensat ion f o r  your time g i v e n  t o  t.he s t u d y .  If a t  any 
t i m e  d u r i n g  t h e  t e s t s  you f e e l  uncomfor t ab l e  o r  w i sh  t o  
t e r m i n a t e  a s  a s t i b j e c t  you w i l l  b e  f r e e  t o  do s o  and w i l l  b e  
compensated Ear t h e  t ime  you have g i v e n .  The s c h e d u l i n q  o f  t e s t s  
w i l l  be  a r r anged  a t  pour  convenience  and t r a n s p o r t a t i o n  can  be  
provided  f o r  those  who need i t .  The t e s t s  b r i l l  t a k e  p l a c e  a t  
t h e  Highway S a f e t y  Research  I n s t i t u t e  l o c a t e d  an  Nor th  Campus. 

P l e a s e  f i l l  i n  t h e  q u e s t i o n n a i r e  with c a r e  and r e t u r n  i t  a s  
q u i c k l y  a s  p o s s i b l e  t o :  

L a u r e t t a  MacColman 
Highway S a f e t y  Research  I n s t i t u t e  
Biomedica l  Department  
Room 4 2 4  
Huron Parkway and B a x t e r  Road 
Ann Arbor ,  Michigan 48105 



You will be coi1tac:ted soon a f t e r  w e  have received t h e  
completed questionnaire to arrange x- ray  s c h e d u l i n g .  

S i n c e r e l y ,  

Head, i3j.onieiii.cai. Depnri;.ment Resident in Radiology 
Iisi<I - . Unj-vers i ty  Hosp i ta l  
Pr . i .ncif1~1.  Invr.s.ti qijt.(>i" 



Figure 2. Health Questionnaire Form for I n i t i a l .  
Medical Screening o f  Subjects ;  ' 

P r i n t  Your Name Date Te le~hone No. 

Your Home Address - Soc. Sec..No; , 
Number St reet  C i t y  

k u a l  Type o f  Work B i r thdate  

Height Weight Subject No. 

DIRECTIONS: Answer a l l  questions. I f  you are uncer ta in  as t o  how t o  best ansker a quest ion please mark 
a Yes o r  No and explain f u r t he r  e i t h e r  a r  space provided a f t e r  quest ion or  a t  the end o f  
the quest ionnaire w i t h  the l e t t e r  and number marked. 

1. Do you have p d r i ve rs  l i cense? ............. Yes No A .  

How many miles do you d r i ve  a year 1. Do you'need glassrs f o r  readigg o r  othler 
. app rox im te l y  c lose work? ................................ Yes No a 

2. Was your eyesight changed recent ly?  ......... Yes No 2. Do you need glasscs f o r  seeing things 
a t  a distance? ............................ Yes No 

3. Do you hear r i n g i n g  o r  buzzing i n  
your ears? .................................. Yes No 3. Has your eyesight ever blacked out  

c m p l e t e l y ?  ......................... .. .. Yes No 
4. Do you have severe pains i n  your chest? .... Yes No 

4 .  Do you ever see things double o r  b l u r red?  .. Yes No . If yes, exp la in  
5. Do your eyes con t i nua l l y  b l i n k  or  water? . . Yes No 

6, 'Do you ever have severe pains i n  o r  behind 
5. Do you get  shor t  o f  breath  ton1 before your  eyes? ................................ Yes No 

. anyone e lse? ................................ Yes No 

I f  yes, exp la in  " 
7. Do you o f t e n  see spots before your eye:;? .. 
8. Are your eyes o f t en  red o r  inf lamed? ,L..... 

Have you l o s t  more than 10 pounds i n  the 
pas t  3 months? ............................. Yes 

.................. 9., Are you hard o f  hearing? 

... No 10. Have you had f r e q ~ e n t  severe ear aches'? 

Do you have severe pains i n  your 
abdonen (s tornach)? ......................... Yes 

D i d  a doctor ever say you had ....... diabetes (sugar i n  blood and u r i ne )?  Yes 

DDes severe rheumt ism (o r  a r t h r i t i s )  
i n t e r f e r e  w i t h  your work? .................. Yes 

Are you now under a doctor 's  care? Yes 

If yes, doctor 's name and address 

11. Have you ever had a running ear? .......... 
No 

+r 6 
No 

1. Have you ever been hoarse f o r  more that1 a 
month? ..................................... 

No 

No 
2. Have you ever had frequent o r  severe 

nose bleeds? .............................. 
3. Have you had any x-rays, espec ia l ly  a ..... ....................... chest x-ray? .. 

. . 
If ye;, &en - - 

4. Did your  chest x - ray  show anything wrong 
i n  your chest? ............................. 

Yes No 

Yes No 

yes' No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

Yes No 

(Wodified from the Cornel l  Medical Index f o r  the R.I.W.U, mul t iphas ic  tes t ing,  June 1951) 



P r i n t  Your Name Subject No. - 
5. Here you ever i n  an atuomobile , 6.. Do you su f f e r  from weak o r  pa tn fu l  

accident where you might have feet7 ... Yes No ............................ ......... 
suffered "whiplash" or  neck 
I n j u r y?  ................................... Yes NO . 7. Do you have pains i n  the back o r  neck t h a t  make 

I t  hard f o r  you t o  keep up w i t h  your dai!y 
C ..... ..... .................... *ac t i v f  t i es?  .;. .:. Yes No 

1. Has a doctor ever sa id  you blood pressure I f  yes, explain 
was too high or too low? Yes No - . ................. 

2. Does your heart  o f ten beat very ................................ . rap id ly?  

IF yes, explain 

. 3. 'b you ever have d i f f i c u l t y  i n  ..................... get t fng your breath? 

D 

1. Do you ha* ahy d i f f i c u l t y ' i n  .......................... . swallowing? 

2. Are you o f t en  s i ck  t o  your ................... stomach w i t h  vomiting? 

Yes No 8. Are you troubled by a s t r i ous  bod i l y  d i s a b i l i t y  - 
o r  deformity? ................... ...;... .... .Yes No 

. . 
If yes, explain 

Yes No F 

1. Do you have frequent severe headaches? .......... Yes No 

I .  
. 

2. Do yqu o f ten have.spells o f  sever; dizri.iiess? ... .Yes No 
Yes No 

3. Have you fa in ted mcre than twice i n  ybur 
. .  l i f e ?  ................... .. ............,...... Yes No 

Yes No 
i f  yes, explain 

3. Do you o f ten have ind igest ion? ........ ! . Yes No 

I f  yes, exp la in  - 
4 .  Are you ever aware of numbness o r  t i n g l i n g  i n  .......................... - any pa r t  o f  your body? Yes No 

1. Have your join ' ts ever been pa in fu l l y  
swollen? ............................... Yes No 

I f  yes, explain 

I f  yes, explain - 5. Was any pa r t  o f  your body ever paralyzed? ....... Yes No 

I f  yes, explain 

2. Do your muscles and j o i n t s  always fe t l  
s t i f f ?  .................................. Yes No 

If yes, exp la in  - 
t 

............... 6. Were you ever knocked unconscious? Yes No 

If yes, explain 

. 3. Do you usua l ly  have severe pains i n  
'the arms o r  legs? ....................... Yes NO 

If yes, 'explain - 

4. Are you cr ipp led w i t h  severe rheumatism 
(or a r t h r i t i s ) ?  ......................... yes NO 

If yes, exp la in  - 

5. Does rheumatism run i n  your f a im i l y  7 ... Yes No 

i' 

7. Have you ever not iced a twitchin'g o f  any p a r t  o f  . 

your body? (other than eyes) ..................... Yes No 

If yes, explain - 
8. Did you ever have a convulsion (epi lepsy)? ....... Yes No 

9. Has anyone i n  your family ever had convulsions 
(epi lepsy)? ..................................... Yes No 

. . G . . 

................... 1. Are you d e f i n i t e l y  overweight? Yes No 

2. Are you d e f i n i t e l y  underweight? .................. Yes No 

If yes, explafn - 3. Hai  there been anytrecent change i n  your 
weight? ........ .;. .....,........................ Yes No 



Pr in t  Your Name - Subject No. - . . 
I 

4. Have you ever had a ser ious operat ion? .. . . Yes No 
If yes, exp la i n  

5. Have you ever had a ser ious i n j u r y ?  ........ Yes No 

If yes, exp la in  

6. Do you o f t en  have small' accidents 
o r  i n j u r i e q ?  ............................... Yes, No 

If yes, exp la i n  

1. Are you considered a nervous person? . . . . . . . Yes No 

Addit ional  Coments: (Please inc lude dates, symptoms, frequency of occurrence, and any o ther  re levant  datd.) 



Figure 3. Sub jec t  Consent Form 

S17BJECT CONSENT FORM 

I ,  t h e  ~:nc?ersi.cjr!cd, unde r s t and  "cat t h e  purpose  of this 
s t u d y  i s  t o  determine bas i c  i n f o r m a t i o n  on t h e  human n e c k  
neces sa ry  fo r '  improved p r o t e c t i o n  of ' t he  occupant  i n  au tomot ive  , 

"y%g?r*.cic .tc:?;:.:;; I n  i~!;.l'.ch il w j l . 1  b ~ :  asked ta be a acc:ider:.t:s , iJt., ,... "l.:. 
subject i r i c l u d e  antl:rc~po;!~c"ij~c: measuremcx~ts , l ~ e c k  musc1.e s t r e n g t h ,  
v o l u n t a r y  ?rin(::c! (25 ::::,iinl:, and. vvaariatior: 1i.n rrluscle r e s p o n s e  t i m e .  

.<" S acl.;nov!l.cd=e thnt i h21.r~ T.@CIC:; .VC~ a C C ) P ? ~ I I . C ~ C  b r i e f i n g  o f  these 
tesZ.s, a:;) sa:ti :;fi.e<i i-Eiai: 'i' ~ : r ! : l ~ r s t a n d  what j.s i n v o l v e d ,  and 
e n  0 1 - r :  - 1  I: IIL?,VC ~0111plefiec1 t h e  h e a l t h  
c l~xes t ionna i r e ,  ar-:ti a!? a?.,7are t h a t  my par.&j.cipa.tj.on wi l l .  be  subject 

- , .  ., to r!ipc;:.c.:i!- :ir:.;-,.ci21:-,:; l,(-;:-.:~ .r.s t.o c!ny i-~-i!;.l:c)ry o r  s u b s c q u ~ n t  x-ray 
findinq:; ~.riij.i:h !ni.cjhir 1:-1akr? j:i; i.na<lvisabJ.e f o r  me t o . , c o n t i n u e ,  I 
realize t h a t  sor!ii? ~ii.sco~~iiCo;-i: uu: muscle s t r a i n s  c6u.lcl r e su1 t " f ro rn  
my p;ir.ticipailioi.i, al.t;i:oucjh "iic: experimental procedures  and 
appa ra tus  have been designed t o  rr,inirni.ze t h e s e  h a z a r d s .  1 a l s o  
unde r s t and  t h a t  1: w i l l ,  be a l l owed ,  a t  any t i m e ,  t o  s t o p  f o r  r e s t  
o r  t o  d i sco r l t i nue  my p a r t i . c i p a t i o n  i n  t h i s  s t u d y  w i t h o u t  p r e j u d i c e  
or change j-n 111y pay. I f u r t . h e r  acl;now3_edge t h a t  a11 the data are 
c o n f i d e n t i a l  and I agree t o  a l l o w  p u b l i c a t i o n  o f  any o r  a l l  o f  
t h e  d a t a  c o l l c c t c d  on t h i s  d a t a  i f  p r e s e n t e d  i,n a coded form n o t  
i d e n t i f y i n g  me. 

--- 
b i g n a t u r e  of S u b j e c t  D a t e  

. , . s . . 

m a t u r e  of Witness Date 



Stature i s  one of the three primary factors of subject selection and 

we have been taking t h i s  measurement on a l l  subjects a t  the time of t he i r  

i n i t i a l  x-ray screening (Table 111). Since some subjects may not be medically 

' accepted f o r  subr,i:yuc!nt t e s t s ,  t h e  balance o f  tile anthropo~:et\~y on each 

subject was scheduled t o  be taken when' they report  f o r  .t;he cervical t e s t s .  

At the present:  t i ~ c  tl.rC reco~isideri i ig  th i s  schedul .ing and may do a'll 

anthropoi~ietry c;ii)eil i n i  t i a l  x-rays arc  taken. 

There has Si-l~i.i ii!ui:h considera,tior~ o f  t i l e  speci f ic  anthropometric mea- 

suremznts ilrr,cssary, 2nd the appended l i s t  i n  l a b 1  e I V  indicates the rnea- 

surenients selected t o  dtitc, O n l y  three are taken in the standing position, 

and some 32 are  t d k e n  in the seated positloti. This l i s t  i s  heavily weighted 

w i t h  additiana.1 head measurements, which i s  be1 ievcd to be jus t i f i ed  from 

the resu l t s  of the mathematical modeling which concluded t ha t  head weight 

and .l ocatisn of i t s  center of gra.vi t y  both a f f e c t  the dyt~a~ni cs angulat-ion 

of the head with respect to the torso,  

l i s t e d  i n  part  C of Table IV are  eight  additional measurements necessary 

i f  skinfold ( f a t )  measures are to  be obtained. These measures are  used as an 

assessment of body physique a f t e r  the Heath-Carter technique (Heath and Carter, 

1969), which allows a universal rat ing scale  and c r i t e r i a  applicable t o  both 

sexes a t  a11 ages. The d i f f i cu l ty  i s  tha t  many of these measures cannot be 

taken unless the subject i s  pa r t i a l ly  disrobed and we are  uncertain as t o  

whether t h i s  will create problems with the older subjects. We previously have 

had no d i f f i cu l t y  in taking such measurements on both male and female subjects 

(Snyder e t  a1 , 1971 ; Schannc, 1972) i n  the age bracket. 



TABLE I I I ,  

SUBJECT SELECTION* 

: MALES -- AGE --- --.-- STATURE PERCENTILES 

10 65 -~ 74 6 0 , 0  t o  64.8" 
10 

(1 -20 %i l e )  
66.2 t o  6 7 , 5 "  

10 
(40-60 X i  1 e )  

68.3 l o  72.0" (80-99 %i  1 e )  

FEl.2Al.t:S --- . . 

10 l e  -- 24 58.4 t o  61 .6"  
7 0 

(1-20 %i l e )  
E3,0 t o  64.5" 

10 
(40-60 X i l e )  

65.9  t o  69.3" (80-99 % i l e )  

1 0  65 - 74 . 55.8 t o  59.5" 
10 

( I  -20 X i  l e )  
5 ,  

10 
61.1 t o  62.1" (40-60 %i 1 e )  
6 3 J  t o  67.0" (80-90 % i l e )  

*Based upon U.S. Department o f  H e a l t h ,  Education and Welfare 
"lrleight, Height,  arid Se lec ted  Body Dimensions of Adul ts .  United S t a t e s  - 
1960-1962. National Center  f o r  Heal th  S t a t i s t i c s  No. 1000. S e r i e s  11. 
Number 8. Tab1 e 2,  p .  27. 

. . 



TABLE I V .  
ANTHROPQMETRY 

A. STANDING 

R .  SEATED -- 
S i t t i n g  Height  (slumped) 
S.i.tti.nq Eye  J-:~?,:icl?t (s3.1~1n.ned) 
Si.t,tinc.j He igh t  (erect.) 
S.i-L t i l l u  E l r e  iiei qht .  (erec-k) 
S i t t i n q  C e r v i c a l e  Heisht 
Sj.t.t,.i.rjq : . ; ~ j , ~ ~ ~ : ~ : ~ ~ ! ~ t . ~ - ~ ~ n ; ~ ~ l ~ ~  . I ? . . ) '  it...sqh.t 
N:;::;.il Raot Dc?r,l;cr;sio:r~ 
R i q h t  Tragi.on. 
i ; ~ : E * i  T:t:t:(<i :)Ii 
Si.t:tj.ncj 12.ic;ht Shoulder (acromiol~) He igh t  
S i te t i f ig  IJef t Sho11.1.der (acromion)  He igh t  
Bia.cro~n.ia1 Bread"ih 
Slaoul..dex Breadt l ;~  (3.i.d.e 1.toj.d) 
Am.t.erior Neck 1,enytl-i 
P o s t e r i o r  Neck Length 
L a t e r a l  Neck Breadth  ( m i d )  
A . n t e r i o r - P o s t e r i c  Neck Breadth  (mid) 
S u p e r i o r  Neck Ci rcumference  
I n f e r i o r  Neck Ci rcumference  
Head Ci rcumference  
Head E l - l i p se  Ci rcumference  ( B e n n e t t )  
Head Breadth  
Head Length 
Head Ilej-ght; 
S a g i t t a l  Arc 
Coronal  Arc 
B i t r a g i o n  Diameter  
Minimum F r o n t a l  Diameter  
Minimum F r o n t a l  Arc 
B i t r a g i o n  Minimum F r o n t a l  Arc 
B i t r a g i o n  I n i o n  Arc 
P o s t e r i o r  Arc 

C .  SKINFOLD ( F a t )  MEASURES - 
' 1. Biceps F l exed  Ci rcumference  ( r i g h t )  

2 .  Ca l f  Ci rcumference  ( r i g h t )  
3 ,  Femoral B i e n i c o n d y l a r  Dia~?,eter ( r i g h t )  
4 .  Humerus B i - e ~ i c o n d y l  a r  Diameter  ( r i g h t )  
5 ,  Kiaht T r i c e p s  S k r n f o l d  

- 6 ,  ! ' l i : l i t  S!~l-~sc~c~r)al;ir .  :21cirifcld 
7 .  Riqht  S u n r a i l i a c  S k i n f o l d  
8 .  Riqht  P c ~ s t c r i o r  Mi-d-Calf! 



D. CALCULATIONS 

1. Angle of Shoulder Slope 
2. Floments of .Inertia 
3. Head Cen.ter of Gra-vi ty  
4. Head Weigh.L/?4ass 

(To he consjdered, Problcrn involves mast recruire minimurn 
clothing to obtain and additi.onaL subject p r o h l e ~ n .  ) 

Seated Hi:) 13readth 
Seated f1e.icjh.k of R i g h t  .Anterior Iliac S p i ~ ~ . e  
Seat Sur face  - T r o c h a ~ ~ t e r i o n  (ver t i -ca l  , seated) 
seat  ~ ~ , - ~ k  -. r r 5 y - . . .  i . . l . ~ i ~ i ~ ' ? l i i : ~ ~ i ~ r i  7 (horizontal. , sea.tcd) 
Sikt . i , r ;y  K ~ P P  :jc;i,r:ht 
Sitting Knee. i.lc:ic;h"c: (maxi.murn c?.carancc) 
n !->:..I I:+,: GC.;;; -. T'T, -,::% '[.,,:. yLCf t]l 
(')lin.->iec;k 1,fit ej;sec.i; 



Similarly , i t  would be desirable to obtain certain measurements which, 

while not essential  f o r  th i s  study, would allow speci f ic  comparison with other 

populations. Some of these a re  a lso  1 i s t ed  i n  Table IV and are  currently 

under consideration. 

In t h e  p a s t  i t  has been found essential  t o  have a c lea r  def in i t ion of 

the spec-if'ic ,techn-ique fo r  ea.ch anatoniical landniark t o  be measured, s ince 

there are many s ignif icant  differences in dcfini  tions fo r  the same 1 andmark. 

A s t a r t  has been n:ade, as indicated in T a b l e  V ,  to provide speci f ic  clescrip- 

tl'ons of cacls I and r ra r k ,  Phcje  descriptions will h e  refined and a f inal  l i s t  

completed prior t o  i n - i t i n t i n g  Phase 11 measurement o f  subjects in April.  

Siiqce t;rs, i idcLci , ; tn i s  resporisible for subject  selection and taking the x-rays, 

she will  also h e  trairled in t a k i n g  the anthropometry. I t  i s  desirable t o  have 

a s ingle  investigator take a l l  measurements t o  avoid inter-measurer er rors .  

Radiographic markers have been placed in several locations in the i n i t i a l  

subjects ,  Locations a t  the temporomandibular j o in t ,  C2,  and inion have been 

e1,iminated. A t  present those located a t  nasion and tragion cannot be 

visual-ized adequately due t o  the present x-ray f i l m  s i z e .  Probable radio- 

graphic and pl?oto~etr ic  markers art. shown in Table VI. 



TABLE V .  

DESCRIPTION OF' ANTHROFOMETRTC DIMENSIONS 

A ,  S u b j e c t  i n  S t a n d i n g  P o s i t i o n :  

1. WEZGJI'T - Taken on s t a n d a r d  med ica l  -."ll 
t y p e  sca1.e t o  nearest o n e - h a l f  pound. 
S u b j e c t  u r ~ c l o t h e d  e x c e p t  f o r  s h o r t s  
( p l u s  h a l t e r  f o r  women). 

2. SZ'S?TI!I?F? - Thc' s~z ' l? jcc t  !ri:iin.tains all -~ -.-"" .--,. . . 
e r e c t  s t a r i d i  ng ~ ; : : o s t u r ~ t ,  feet:, t o g e t h e r ,  
aqr:s t~ancji.r:c! 2 1 . t  h i s  s i d e ,  :ic)ol,:j.x~g 
s t r a i g h t  a-head with head held  i n  t h e  
J;'~:r\n?.-.f a]-!: pJ.;lije , ?k t~j-li.ch is de.ter1ninc.d. 
hy l i n i n q  - up .. t h e  i n f r a o r b j - t a J  marg ins  
w i t h  .tfay.i.on i.n t h e  sa.lTle hdr izontca l  . 

p l a n e .  The ver t ica l .  d i s t a . n c e  i s  
measured w i t h  the an th ropomete r  f rom 
the f l o o r  t o  t h e  h i g h e s t  p o i n t  on  t h e  
s u b j e c t  ' s head. with t h e  an th ropomete r  
arm f i r m l y  c o n t a c t i n g  t h e  s c a l p .  

3. CERVZCALE - The s u b j e c t  m a i n t a i n s  an .--- 
e r e c t  p o s t u r e ,  f e e t  t o q e t h e r ,  arms 
hanging a t  his s i d e ,  l o o k i n g  s t r a i g h t  
ahead w i t h  head  h e l d  i n  t h e  F r a n k f u r t  
P l ane .  The v e r t i c a l  d i s t . a n e e  i s  
mea-sured w i t h  an an th ropomete r  f rom 
t h e  f l o o r  t o  t h e  p a l p a b l e  s p i n o u s  p r o c e s s  
of t h e  s e v e n t h  c e r v i c a l  v e r t e b r a .  

*Frankfurt P l a n e  or f i o r i z o n t a l  (P.1-1. ) . The ul.ane d e t e r m i n e d  by t h e  
. ~ o i : :  ts c:: .t.b?e :i::f rac-;r!,;3' .t;i 1 ; n ~ ~ ~ - c r <  ns and t.11~ t r s q i o n  . 



I .  SITTING HFIGZIT (s lumped)  - The s e a t e d  
t o  assurne vormal: 

slumped s i t t i n g  p o s i t i o n ,  w i t h  arms 
r e s t i n ?  on upper l e g s ,  f e e t  t o g e t h e r  and 
lower  legs at r i g h t  angles .to upper 

n legs. .i.he vt ir t ica.1 disCar:ce is 
* measured from the s,i.tti.rlq surface t o  t o p  

of  head ( v e r t e x ) .  

2 , SSTTIN/' ?:YE FiE:T(;iT!i" ( s lumped)  - 
,.,__,__I_ ._._. -... "" 

'Z1l[le seated :;ubjec:C: is i~l..?.ot,~~?ied to a.ssumz 
normal, sl.ijy?~:!d si ttS n u  . rnof-; i t i .c~n,  . wi .th 
aj-lr,:; y..c::; l:j,lig c);] lJ1i~:;c:r :Lcb!C;5; feet. 
t a q e t h e r , a n d  i o i ~ ~ e r  legs at riqht 
angles to uppcr Legs. 'The v e r t i c a l  
d i s t a n c e  is measured from t h e  s i t t i n g  
surface t o  the i n n e r  col:nz.r (internal 
canthus) of the riqht e y e ,  

3 ,  S I T T I N G  HEIGHT ( e r e c t )  - The 
* - - - I I I v -  

subjec t  s i t s  erect w i t h  arms r e s t i n g  
on upper l e g s ,  f e e t  t o g e t h e r  and 
lower legs a t  r i g h t  a n a l e s  to upper 
l e g s .  The head  i s  h e l d  i n  t h e  
F r a n k f u r t  P l a n e .  The v e r t i c a l  d i s t a n c e  
i s  measured w i t h  an an th ropomete r  
f rom t h e  s i t t i n g  s u r f a c e  t o  v e r t e x  
w i t h  t h e  an th ropomete r  arm f i r m l y  
t o u c h i n g  t h e  s c a l p , .  



4 .  SITTI'NC EYE E3IGEiT (erect) - The 
_l__l____l_ll_l_." -----.* - 

subject sits ercc.t, w i t h  arms restj-nq - 
on upper leqs, feet toge.tl-ler and Lower 
legs at right angles to upper legs. 
The head is held in the Frankfurt 
Plane. . The v e r t i c a l  Ci..'LsL:ance is 
measured w.i.t.11 a.n ant.hxopc)i~iet.er from 
the si.tti.nq surcace .to t.he i.nner 
corrler ( i ~ i t e r 2 a L  c;rn.th~ns) of the 
right eye. 

5 ,  SITS'liL'I; C:I:"!"\ijC;?.J!E JIS.:IC:Firil - yl l le  
-.---. - ...,--...-. .-. " --.-. .. .- - ... 

a stii:,j ec t .L,S ! +.  - e~e(3i.., w i t 1 . i  arms rcstj. .ns on 
upper Lep :;, f ee t ,  t.r)rrr?t.her and  101,:er 
1.c:q:; s:I: r i r ; l ; t  ;L;~C;:C::, t i 3  a;:)i)t!r L q g s  , 
~ h c  head is held in the Fr,ankfu.rt 
P.l.a!re, 'Tho vertical distance i.s 
measured wjth an anthropometer from 
the s ' i - t t i n y  s u r f a c e  to the pal.pable 
spinous process of the seventh 
cervical vertebra. 

6. SITTING SUPRASTERNALE HEIGHT - ----------..---- 
The subject sits erect with buttocks 
against seat back, arms resting 
on upper legs, legs spread slightly, 
and head held in the Frankfurt Plane. 
Facing the subject, the vertical 
distance is measured with an 
anthropometer from the sitting 
surface to the superior margin of the 
jugular notch of the manubrium. 



7 .  NASAL ROOT DEPRESSION - The 
-.-- 

s u b j e c t  si.t.s e r e c t  ~ i t , h  hut.i:ocks 
vgairis t s e a t  back ,  arms r e s t i n g  

- 
on upper  Legs,  Legs spread s l i g h t l y ,  

, . a n d  head. 1-~eld i .n  . the I.'ra;:iI:fu.rt 
P lan ,c .  Fac ing  tlae sctbject., t .he  
veris..i_cal. d. i .stance i s  measured 

. w i t h  an a.n.ttl.ropometer from t h e  , 

s i t t i n g  suir.tace t o  Ehc po!int of  
g r e a t e s t  indientatior) .  wPLem:e t h e .  
b r i d g e  of .the nose j o in s  t h e  
s u g r a o r b i t a l  r i d y e  of  t h e  
forehead. 

8 .  RIGFIT. 'I:'?.AGION - The subject .---I--XX-. 
s i t s  e:rckl; 7 ~ 7 j .  th hu.t. to'cks ar;j;zinst 
s e a t  back,  arms res.tj.riy on upper 
l e g s ,  l e g s  s p r e a d  s l i g h t l y ,  2nd 
head h e l d  i n  the F r a n k f u r t  P l a n e .  
The v e r t i c a l  d i s t a n c e  i s  
measured w i t h .  an anthropometeer 
on t h e  r i g h t  s i d e  of t h e  s u b j e c t  
from t h e  si : t t ing sur face  t o  t h e  
a n t e r i o r  L i m i t  o f  t h e  
c a r t i l a g i n o u s  n o t c h  s u p e r i o r  t o  
t h e  t r a g u s  of  t h e  r i g h t  c a r .  

9,  LEFT TRAGION -  he s u b ' e c t  s i t s  
P 

e r e c r w i t h  b u t t o c k s  a q a i n s z  s e a t  - 
back,  arms r e s t i n g  on upper  l e q s ,  
l e g s  s p r e a d  s l i g h t l y ,  and head -  h e l d  
i n  t h e  F r a n k f u r t  P l a n e .  The 
v e r t i c a l  d i s t a n c e  i s  measured with 

. a n  an th ropomete r  on t h e  l e f t  s i d e  of 
t h e  s u b j e c t  from t h e  s i t t i n g s l r f a c e  
t o  t h c  a n t e r i o r  l i m i t  of t h e  
c a r t i l - a g i n o u s  no tch  s u p e r i o r  t o  t h e  
t r a g u s  of t h e  l e f t  ear. 



10, SITTING RIGHT SHOULDER - -----".--. 
(acronnion) i-IE:CGI-ItT - ?'tie subject maintains 
an erect posture, with arms hanging at 
sides and resting on upper legs, feet 
together and resting on a surface so 
t-hat the knees  are ben t  at ab0u.t right 
angles. The vertical di.stance is 
measured from behind t h e  subject using 
an anthropor.eter f rolii the sii : t i .ng surfs-ce 
to the su.peri.or I.a:tc-?ral. border palpable 
on the ma-rgin of the acromion process 
of the rightsslza.pula. (acrornicn) , . 

-- 

11, SITTING IJT;1T!? SIIOljLI',?:R (acrorr~.i.on) ------.------------.- -- -.--. - ---- 
HEIGHrI.' - 'i'hc sub:ject ma.intai.ns an erect 
posture, vi th arms hamqincj at s i d e  and 
restin?? on upper legs, feet together 
and resting on a surface so t.haC the 
knees are bent at. about right angles. 
The vertLc:al distance is measured from 
behind t-he subject using an. 
antliroporneter from the s i t t r i .ng  surface 
to the superior lateral border 
palpable on the margin of the acromion 
,process of the left scapula (acromion). 

1 2 .  BIACROMIAL BREADTH - The subject -- 
maintains an erect posture, with arms hanging 
at side and resting on upper legs, looking 
straight ahead. Facing the subject, the 
horizontal distance is measured with an 
anthropometer between the superior lateral 
border of the acvomial processes of the 
left and right. scapula. 



1 3 ,  SIlOUL,UER BREADTH ( B i d e l t - o i d )  - ---.----------------.-- 
The s u b j e c t  s i t s  e r e c t ,  h i s  upper  
arms hanq inq  a t  h i s  sides, and h i s  
fo rea rms  cx tended  h o r i z o n t a l l y .  Using 
the, antllroporneter, t h e  distance i s  
mcasu~~ed h o r i z o n t a l l y  a c r o s s  t h e  
rnaximuni iatcral p r o t r u s i o n  o f  t h e  
d e l t o i d  musc le s .  

14 . ANTERIOR NECK 1,ENG'i"i-l - The su.b j e c  t -----.-..--"". s-.---.-...--..--<-..--"- 

' s i . t t i n g  i n  c r e c t . p o s t u r e ,  S u r f a c e  dli.stance 
f rorn supuas;;te~rrl;:ir~? t o  thc j u n c t u r e  of  t h e  
c h i n  arid neck j.s mc!asi?,red wit11 sliding 
c i l i p c r s .  

15 .  POSTERIOR NECK LEMGTII - The s u b j e c t  .----<--..-"-.-..----.---..-- 
i s  s e a t e d  i n  e r e c t  p o s t u r e .  S u r f a c e  
d i s t a n c e  i s  measured from c e r v i c a l e  t o  
t h e  l o w e s t  p o i n t  of occ ip i . t a .1  r e q i o n  ( a t  
o r  below i n i o n )  w i t h  s l i d i n g  c a l i p e r s .  

1 6 .  LATERAL NECK BREADTH (mid) - The ----...-- 
subjeZ i s  s e a t e d  i n  e r e c t  p o s t u r e .  
Diameter  i s  measured w i t h  a n t h r o p o ~ n e t e r  
a t  mid-poin t  of neck from l e f t  t o  
r i g h t  s i d e .  



17. ANTERPOR-POSTERIOR NECK BREADTH (mid) - --------.--- --.-y---w 

The subject is seated in erect posture. 
Dia~neter is measured with anthroporneter 
at: mid-point of neck from front to rear. 

18. SUPERIOR NECK CIRCUMFERENCE - 
m----*.-.---,------- 

The suhject is seated in erect posture. 
The horizorltal ci.kc:u~r:ference fi:oll~ jurlctu.re 
of chin and neck to lovrest pointof 
occipital region '(at or heiow inion) 
is measured w:.i 4-11 t ape .  

19. INFERIOR NECK CIRCUMFERENCE - ------.-------.-----"-..~.--- 
The subject is seated in erect posture, 
The horizontal circumference from juncture 
of chin and neck to lowest 
point of occipital region (at or below 
inion) is measwed with tape. 

20.  HEAD CIRCUMFERENCE - The subject 
is seated in erect posture. The maximum 
circumference of t h e  head is measured 
with a steel tape passing over the 
brow ridges and held perpendicular to 
the mid-sagittal plane (but not 
necessarily horizontally). 

.21 . EfCAD ELLIPSE Cl"FCIT?lPEF!:NCC (13cnnc tt) - 
.---F------* ----I--------..- 

The suujcct 1 s  seated I n  erect posture. 
The head circumference from mentor1 ( c h i n )  to 
point on back of head at maximum distance 
is mca:;urcd with a stcel tC:pe. 



2 2 .  HEAD BREADTH - The sub jec t .  i s  ----------- 
s e a t e d  i n  a n  erect pos ture .  T h e  
maximum b r e a d t h  of t h e  head i s  
measured w i t h  t h e  s p r e a d i n g  
c a l i p e r  p e r p e n d i c u l a r  to t h e  mid- 
sagyj.t:.al. p la-ne  o:F t11e head.. 

23, EIEAD LEN(:'I";i - T h c  su!)ject is -..-.."-.-.------"-.-- ".- 
seated i.n a n  e rec t  pos.t:i?r'e. The 
maxirnuix l e n g t h .  of t:hc hillad is 
rfieasrlrrd f u o r ~ .  c~lal:ji:l?,1 to t.h.e 
occ:ini tal  r-ecri.o:i in Lhc3 mid- 
" '"gy it ./' I' -: - 
L) c c ~ ~ .  I J .C~:~C oL t:il(? k i e ~ i i  ~ k h  
the sp read ing  t:a l.i..p;rer. 

2 4 .  HEAD HEIGHT - The s u b j e c t  i s  
"..-----* 

seated i.n an e r e c t  pos t"ure ,  The 
v e r t i c a l  d i s t a n c e  i s  measured 
from tragivn to the h i g h e s t  
p o i n t  a£ t h e  s k u l l  w i t h  t h e  
anthropometeG. 



25. -.- SAGI'TTAL "".....- ..-... ..* A R C  ---. - The subject i s  seated 
i n  an erect  posture, Tile arc  measured with 
the tape i n  t he  mid-sagittal p lane  o f  the 
head, f rom g'lahel'la t o  the  lowest p o i n t  on 
the base of t h e  skull  t h a t  can be f e l t  by a 
firm touch a m i d  t h e  nuchal riiusculature ( a t  
i n i o n  or b e l o w j  . 

26,  -.m--.---.w..a-..- CORONAL ARC -, - The s u b j e c t  i s  seated in 
an erect  r ; .oj t i i iAe ?oc:':?ng s.traic;ht ahead. . , I't-~e a r c  i s  i ; i e a s u r ~ d  .lri3;i: y i g i ~ t  t o  l e f t  tra- 
y j ~ n  (c\jc.;i. . t i le I!;[;i:j of .{:.il~: :j-:ljl"i \,!jth the  s t ee l  
t a p e  i n  a v e r t i c a l  p l a n e .  

27. BITRAGSON DTAMfTER - 'The subject i s  
"-- - ""-.-- --- -.--- 

sea ted  i n  an ercci  posture, Tne di;ltnei;er 
between right  and l e f t  t rasion i s  measurcd 
with 1 i g h t  contact and h o l d i n g  the spread- 
i ng cal : per i n  a h o r i  zont ,a l  plane. 

28. MINIMUM FRONTAL DIAMETER - The subject  -------- 
i s  seated i n  an erect  posture. The minimum 
diameter i s  measured with the spreading cal-  
iper  across the temporal c res t s  a t  t h e i r  
point o f  greatest  indentation. Care must 
be taken t h a t  the measurement i s  made on 
the cres ts  and not over the temporal muscles. 



29. MINll4Ul"r--FRONTA!- -.-, .-~----- - -..-.-- --.,---. ARC --- - The subject  i s  
seated- i n  an erec t  posture. The arqc i s  
measured across the'  forehead, above the  
brow riclger; , w i  'th the tape passi ny across 
the c res t s  o f  the -I;enlpc!iqal 111uscles a t  
their  p ~ i r ~ t s  of grcates t i ridentati on t o -  
ward t i l e  ruicl-sagi t t a l  p lane  of the head. 

30, BT"~KkG!C)i~ic-~.llN!~~iU~~l Fi";GN'r/i, l" - Tile 
" ---.-,* -* -.,*--. *-- ..---..-..-,.,,-... " -.-,.,,-. """-----.- ---. 

s t i t i j e~ t  i s  seatczd -in 8r.i ci3r.ci- j:os.l:ure, 
The arc 5s ineasuued fro!?\ r ight  t o  l e f t  
tracjjt;)n ;l.'i.i,l'l 2 s.icc!l t,,apc over tfic reqi as; 
of the  min.itiiuni frontal  a rc ,  

31. BJTRAGIO!.i-I!?1ION A R C  - The subject i s  
-..---..--.-m----.--v- 

seated in a n  erecc pasture. The a r c  from 
r ight  t o  l e f t  tragion i s  measured with the 
s tee l  tape passi ng aver i n i o n .  

32. ------- POSTERIOR A R C  - The subject  i s  seated 
i n  an erec t  posture. The arc i s  measured 
from r ight  to l e f t  tragion with the s tee l  
tape pass ing  over the lowest point of the 
skull where the nuchal musculature at taches,  



C. S k i  nfol  d Eleasures 

1 . B_1&j: P S I: ~~~~.~~--~~~&)@~~,fi~:,fi~g.-~j~j~eh_~ - 
The seated subject i n a i  n t a i  ns an erect  p ~ s -  
ture w i t h  h i s  arms hanging f r e e l y  a t  .the 

. - ". - sid., 1.i-113 subjec t  t. l e xcs  h i s  r.ig1l.t arm a t  
l eas t  Elroo, ti~aicclis a f i s t  wi l l "  l c  i.joldirig h i s  
uppt:r ai-rn horizui- l tal  t o  t.1-.1c f ? o o i A ,  and f l e x e s  
his t)i ceps t o  t h e  r i : , i x i m ~ ! ~ ~ i ,  The int.tasur.cincl?t 
i s  made w i t h  s s t e e l  t ape  a t  t h e  maximum c i r -  
cunrference o f  the irpper r ight  ariil. 

2: C.4I.F C T ~ ~ : C ~ ~ O I ~ " ~ : R E Y C E  - The s ta!:tling strb- 
-,-..A,.-p. ...--.-.- --"" .--. *.-----..... 

ject  i ; ; a i r ; t a i  K:; a n  t r \ * e c o c ~ s t a v c  vii.th his 
_ l -  I .  , wei9if.i; eijuc; 1 l y  , s ~ f ~ i u ~ / ~ e d  'li:ys 5 1  igi-~?:;'iy 

apar t ,  . l!ie snirximuis~ c4 rccirn-r'erej~ce o f  the , 

right c a l f  i t ;  ne;s~ir.ed w'iti.1 a s,teep t ape ,  

3. FEMORAL B I E P I C O N D Y L A R  DIAMETPR - The sub- 
--.---.-̂ "-* -.-.---.-*- ---- ----" 

.iect maintains an erect  ~ o s t u r e  w r  " c ~  f e e t  " -  

spread s l i g h t l y  apart .  Using an anthrapometer 
the horizontal distance i s  measured between 

. t h e  meclial and l a te ra l  cpicor~dyles of the 
right feriiur. 

4. HUMERUS BIEPICONDYLAR D I A M E T E R  - The 
d i  s l a E b e t b ~ e e n  the l gtera'l axm'edia l  
epicandyles 07' the r igh t  humerus i s  measured 
with a s l  f ding ca l ipe r  with the arm hanging 
f reely  a t  the s ide .  



5. RIGHT TRICEPS SKINFQLD - The p a i n t  o f  
-pw-T---*-- ~-" "-. -"-*- 

measurenient I r; loca tecr on the dorsal as- 
p e c t o f  the r.igltt arm a f  the s.l;anding sub- 
j e c t ,  m-irlwa,y betweerr the acrorr~icjn and t i p  
of .the ~ihr3\~1 (0 '1  ecr~nori j  when the forearnr 
i s  flexed a t  91)". 'Tho subjects ar111 i s  t t e n  
extended . t ~ j  liar~g free1 y ,  the r; k i  n fo? d i s 
1 i f t e d  psra'l'lcl t:o .\ilc l o n g  a x i s  o f  the arin 
by f.ir*n;ly gra:,pi i '~g a F o l d  i.jet\.:ecn t h e  thiii:;b 
and Forefinger abcut 'I centimeter from ttle 
p o i n t  t o  yh ic !~  t h e  l.angc ca'l r^per. -is app l  i e d .  
A reading i s  nldde \$ / i t h in  3,secands a f t e r  
appl-ica2;.ini-1 o f   ti!^ i:n?ij;c!l-, ar,d "ci-C? average 
.is , taken of severa ' i  rt-1;:iit.i ngs  , 

6. R I G F I T  SlJ'i';SG'APiJl.jiR Si<TNFOLD -= This s f t e  ' 
-,?" -*-,-. ..--, ".,>...~.,--x-.."-..----,- -.."-.--..---.- 

i s  1 acatt!Ton the stand-i ng s i r b j  e c t  be'l ow 
the -ir'i-i'eriar a n g l e  o f  the right scapula, 
The skinfold i s  lifted in a d i rec t ion  pa.r- 
a1lel .to t h e  r ibs ,  with tlic skinfold angled 
upward ~eci is l  l y  and dubinward 'latera11,y a t  
a b o u t  4.5 degrees from the hor.izonta1.. A 
reading i s  ma.de with t h e  Lange c:aliper w i t h -  
in 3 seconds a f t e r  application af the ca l ipe r ,  
and the  avera.ge i s ,  taken o f .  several read.ings. 

7 .  -- RIGHT SUPRAILIAC SKINFOLD - This s i t e  
T--""----- i s  located on i r ~ e  standing subject  superior 

t o  the  l a t e ra l  aspect of the  i l  iac  c r e s t  on 
the r igh t  s ide ,  The skinfold i s  l i f t e d  
paral lel  t o  the pelvis  and angled s l i g h t l y  
upward rnedially. A reading i s  made with 
the Lange ca l iper  within 3 seconds a f t e r  
application of the ca l iper ,  and the  average 
i s  ta.ken of several readings. 



8. RIGtiT POSTERIOR MID-CA1.F - This s i t e  i s  
-" .------. *+...-." ---..,- -" -. 

1 oca tc6  on C t ~ e  s t a i x i  r ~ g  suTject  hal-F way 
between LI-le pop1 i teal a r ~ d  a1 t e r a l  nial 1 eol us 
of tile dorsitl aspect: of  t h e  'lower l eg ,  mid -  

. way between thc ankle arici icnec, The sltin- 
7 .' 4: 4.. f o l d  'is I i t  ,,CQ para'iie'l .!a the l e g ,  and a  

t i g h t  skill ;idi;esirsn i s  ca!ast cornmon1,y found 
tlerc. A rcadi i ig  ir; ir:z!je :'/'ith .the Large 
cal  j per P!.. i 1 . 1  , I \  .' i fi . 3 secoflcis b~f.t,ei.‘ app'l i ca t . i  011 

of the c a l i p e r ,  and  the average i s  taker1 of 
sevsra'l read.-i rigs, 

SEC'-"I~ i l ! . . ,~  f-ilis B%F:/.,'JT'H - l'hc subject  i s  seated 
---.---.--." ""-. "- .- ~ -.---,.- 
in eiAcct nosti.ire. Tho hiirizi~trtal distance . , i /!-fi355ren lc;l ci-! ai:.ti:i6cpn::,el;ey aciloss 
the maxin~uni i?rei;dth 3.F t;hc h i p s ,  a p p l y i n g  
on ly  7 i 'ght c o n t a c t  pressure, 

SEATED H E I G H T  OF RIGHT ANTERIOR ILIAC SPINE - -------------------"------".---.-.----"- 
The s u b j e c t  i s  seated i n  e r e c t  posture. The 
vertebral d i s t i n c e  i s  measured w i t h  an anthro- 
porneter from the s i t t i n g  surface t o  the an- 
t e r i o r  superior i l i a c  spine of the right 
ileum. 

SEAT SURFACE-TROCHANTERION (Vert i cal , Seated) - -- 
T 11 e  s u b j e c t s ~ s s e ~ c ~ ~ ~ b ? c . ~ k ~ ~  
the  s e a t  back, arms rest ing on upper legs,  
and laxer legs together and a t  a 90" a n g l e  
t o  the upper legs. The ver t ica l  distance 
i s  ixasured w i t h  an arithropmeter froin 
trochanterion, located w h i l e  the subjec t  
i s  seated, t o  the superior surface of the  - 
sea t ,  1 bc: ,, c 3t.dtt ?,?.  back  r.n?le i s  13" back  f rori 
the ver t ica l  and t t ic  s e a t  pan  angle i s  fj C' 

u p  from the h o r i z o n t a l ,  



SEAT BACK-TKOCHAVTERION ( t i o r i zon t a l ,  Seated) - 
------.--s-*-m---- -*.- ".""--,= -.-- -- -.---. -.-.- 
The subject  s i t s  erect  w i t i ~  biittocks aqainst  
the  s e a t  back, arms res t ing  on  upper legs,  
and lower legs together and a t  a 90' angle 

~ to  upper legs .  [ h c  harlzonta? d is tance  i s  
measiirecl w- i th  a n  a;itIi~og(.;~n~d~t;er f ~ o r i ~  troclirrn- 
t e r i o n ,  loca , ted  c;iiiZ"l c .the s u b j e c t  i s  sea ted ,  
to t i l e  an.i;c.iM.ioi.* er:!ge of Uiie seat, i~ack.  'The 
s e a t  back  an; lc  i s '13" b:ici! fu.o:ri t he  vert-i- 
cal arid t i l e  s e a t  pari a n g l e  'Is 6" u p  f ~ o i i l  the 
horizontal . 

SI'TTSNG KNEE- I - IE IGt iT  - The s u b j e c t s - i t s  erect; ' . -.-------.-.. ...","--~ '..* . " i"l .i JL!.) I " .'. '. I , 
I . ~ , . ,  , . L U C I ~ ? ,  ( I : _ ? ,  i &. i t?  sea l; b a c k ,  arms 

resting on upper l e g s ,  and  lawe,r legs together 
and a t  h 90" ar?ylc .to upper legs ,  Ti la ver.lital 
distance i s  n~easurcd w-i t h  an ant t l~oporrzeter  
from the  f loor  t o  the superior p o i n t  o f  the 
patel l a .  

S I T T I N G  KNEE HEIGI4T (Maxi ma1 Clearance) - 
-' .'~----'------------------.--.--,- 

subjec t  s i t s  e r e c t  with buttocks against  
the sea t  back, arnis res t ing  on upper legs ,  
and lower legs together and a t  a 90" angle 
t o  upper 1 egs, -The vertl'cal distance i s  
measured w i t h  an anthropometer from the  
f loor  t o  the highest point of r i g h t  
knee. T h i s  point w i l l  be superior  t o  the 
preceding measureinent and provides maximuni 
knee clearance d.is tance. 

BUTTOCK-KNEE lfNGTW - The subjec t  s i t s  erect  
~ ~ T t T G Z E ~ " T ' ; r " f i t l y  for~:ard f r o : i ~  t t l~  s e s t  
back ,  arirls r e s t i r i g  on upper legs ,  and lower 
legs a t  a 90" angle to uppcin legs .  The 
h o r i z o n t a l  d i s t a n c e  i s  measured with an an- 
thropclrleter froill t h e  r ioh t  b u i l r ~ c k  t o  t h e  
n ~ o s t  an te r io r  aspect  o t  the viyilt kneecap. 



CHIN-NECK INTERSECT - The s u b j e c t  m a i n t a i n s  ----.-- ---- -." 
an  e r c c t  p o s t u r e ,  f e e t  tuge,t.i.ier, au'rns hang ing  
a t  h i s  s i d e ,  ' looking s t r a i g h t  ahead w i t h  head 
he ld  i n  t h e  F r a n k f u r t  Pla.ne, The veu'tical, 
dis tance i s  rneastlred with a n  antiilrupometer 
from t he  f ' luov t o  t i i e  p o i n t  o f  i r i terscct inn 
af' t h e  c h i  n arid neck a t  ?;lie mid-.l.ine, TI.1-i s 
i n t e r s e c t i o n  i s  1or;atecl b y  observ-ing t h e  

, subjectfrrcn .the 1;ide a t ~ d  n ~ a r k i r r g  t he  .k l 'ghest 
p o i n t  on t h e  w c k  inl:f:rsect,eci. by t,i.ie c : h i n ,  



T A B L E  VI. 

DESCRIPTION OF SURFACE MARKER LOCATIONS USED AS R E F E R E N C E  POINTS 
FOR PHOTOMETRIC AND RADIOGRAPHIC ANALYSIS 

A. ---.-. Fiadingra~hic -.-h" -----. P4arkers -.-- (1 ead shot)  : 

I ..-.--- Cervicalc - The p o i n t  on the surface of the skin a t  which the most 
superior dorsal aspect spinous process of the seventh cervical vertebra 
can be pal i ~ a t e d .  

2.  C E ~  .- 'The po-int on the surface of the sk-in a t  which tile most superior 
dorsal aspect spinous process of the f i f t h  cervical vertebra can be 
pal pa t ~ d ,  

3. -.--- Rl'cjht .--.-----. Tr.apii>n d -.-- - - On the right e a r ,  the cart i laginous notch ;interior 
t o  the swpei-kot. l - i p  of t.he auditory rneatus (posion),  

4. Nasal --.--.--- Root *.--.-.-. ilei~!~c.:ssion ----- .----- -- - The point o f  greates t  indentation where 
a t h e  br,idgi:-: o f  t i - ~ c  nose jc)fris t l i e  supraorbi ta: ridge o f  the forehead. 

5. .- S!rprt?>-;k!!:-ns?c ...- .. .- -- "The siii;clrior margirl o f  the jugular notch o-F the 
mani1br.i Wi, 

1-5. Coinc-idirig w i t h  1ocat.ions described above 

6, Right ---------. Acroniion - The stlperior and externa'l border of the acroniion 
p rocks  o f  the right scapula, 

7 .  -------- Head of the tluaerus - Measured from the r igh t  acromion over t h e  
l a t e ra l  surface o f  t he  arm on a l i ne  projected in fe r io ra l ly  from the 
acrornion t o  the ' l a t e ra l  epicondylea distance of 2 inches. " 



Since the radiography i s  being used as a major tool f o r  c l in ical  selection 

of subjects i t  was important t o  get the Radiology laboratory modified, the 

techniques established,  and Lake i n i t i a l  x-rays o n  prel imi nary subjects as soon 

as possi b ?  e .  Tl1esc.1 goal  s I ? a v ~  been accornpl i shed and tre have completed i n i t i a l  

analysis of t h e  f i r s t  subjects. 

The x-rays are intended tn serve two purposes. Besides use t o  c l i n i ca l l y  

evaluntc any ractcrs t h t ~ " c ! : ! i g h t  incrcasc? risk of injury to  the subjec;t, they 

wi'll be used l"n pi.~otogramr:-~ct.ric analysis t o  o b t a i n  cervical rrleasurcinents such 

' as ver,tebra'l i nterspaces, boi~e-ta-ski n suiA.ftice djrnensi ons , and neck angles . . . 

Cnmparis~n o f  x-,r.;ly arid Z 5  inill piistcgrar;;irnetr.y results  ~ ~ i ' l l  be made. 

Witti the assis.tance of the Picker x-ray sekvice superv.isdr fo r  t h i s  area 

the x-raj/ laboratory equipment has been repos? tioned, with the table  and bucky 

s e t  up on end, This allows fo r  40" and 60" tube-to-film distance as required 

fo r  our needs. Sufficient  casset tes ,  f i l m ,  and devel oping materials have been 

obtained, I n  addition, two sub j ec t s ea t s  have been constructed. A r ig id  sca t  

duplicates the seat  being used in the Cervi ca'l Measurements Laboratory, while a 

1972 Pinto bucket scat  has been modified t o  duplicate the sea t  pan and back 

angle (103")  of the r ig id  chair.  These seats  are equipped with ro l i e r s  to  

allow rapid change in position. Thus the x-ray laboratory has been modified, 

additional equipment constructed, and suppl ies obtained, and i s  fu l ly  

eq~rippcd for  subjects . 
The protocol which has been established consists of the following views: 

1, Anterior-posteiTiOr3 subject seated in r igid chair  (Figure 4 ) .  

2 ,  Right l a t e r a l ,  subject seated in so f t  chair in neutral position 

to  s i~nula te  automobile passenger position. 

3. Right l a t e r a l ,  subject seated -in r ig id  chair in neutral po!sition (Fig.5). 

This dtlpl  icates the autolnotive ( s o f t )  seat  exposure and a1 lows some comparison 

of laborc?tory and vehicle seating conditl'ons, This i s  also duplicated by the 
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Figure 4. Cervical Radiograph, Anterior-Posterior View. 
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F i g u r e  5. C e r v i c a l  Radiograph, R i g h t  Lateral View, Normal S i t t i n g  
P o s i t i o n .  
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posit ion photographed in the measurements 1 akoratory t o  a1 low comparison 

with surface arithroporn2tr-i~ marker analysis ,  

,4. Right " l a t e ra l ,  s u b j e c t s e a t e d  in r l 'g id  cha i r ,  with maximmm voluntary 

cerv.ical hyperflcxion (Figure 6 ) .  This wil l  be dupl icated by measurement 

1 aboratory pho tog raph .  

5. R-ight la ' ta ra l ,  s u b j e c t  seated in rig.id chair-,  w i t h  maxl"mum vo1unta.r~ 

cervical i,yperext.~nsion ( f i  y iire 7 ) .  'Tl3.i~ pus i  t ion  v~i  1 I a lso be d u p l  icated by 

a measurcrnet~t 1 aboratory pi-iotogiAapi~. 

1n.i t i  a'l'iy, zrr an"tci-ior..pusterior odontoid x-ray was a1 so taken, in which 

"cic sub,jrsct 'iov:ers head and opens his  mouth wide. The purpose of t h i s  v iew 

was t o  a l low bet ier  def in i t ion  of the 1 s t  and 2nd cervical vertebrae,,  where 

a r t h r i t i c  cor!cii tr"ons mi y h t .  be most pl 'evalent.  This vjw was f o r  med'ica1 

screening purposes on ly  a,nd has been el  iminated for subsequent subjects .  

Figures 8 a n d  9 show t h e  present arrangement of  the Radiol~gy Laboratory, 

I n  the upper photograph (FSgure 8) the subjec t  i s  seated in the  r ig id  s e a t ,  and 

i n  the  lower photograph (Figure 9 )  note t h e  s o f t  automotive s e a t .  

A numbering code f o r  x-ray iden t i f i ca t ion  has been developed as follows: 

Male = M 
Feinale = F 
Age 18-24 =: A 
Age 35-44, = B 
Age 65-74 = C 
Q-20%il e s t a t u r e  = X 
40-60%ilc s t a t u r e  = Y 
80-99%ile s t a t u r e  = Z 
Subject = 01 t o  12 

For example, subjec t  nurnber one o f  18-24 year  old age group, of 1-20%11e 

s t a tu re  would bs coded as MAX01 Right, i f  male, o r  FAX01 Right, i f  female, 

MCZO1, would indica te  a male in the 65-74 year  old age group, 80-90%ile 

~"t t t l t -e ,  a n d  s p e c i f i c a l l y  i d t l n t i f y  h in l  as t h c  f i r s t  s i ~ b j c c t .  T h i s  code will  

niatch the sub jec t s '  f i l e  and allow s p e c i f i c  iden t i f i ca t ion  while keeping the 

s u b j 2 c t ' s  name confidential , 
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F i g u r e  6 .  Cerv ica l  Radiograph, R i g h t  L a t e r a l  View, H y p e r f l e x i o n .  
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F i g u r e  7 .  Cervical Radiograph, R i g h t  l a t e r a l  View, Hyperextensi  on .  
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Figure 8. Radiography Laboratory View of 
Subject i n  Rigid Seat in Preparation f o r  X-ray. 

Figure 9 .  A View of the  Subject i n  the  
Sof t  Seat  Device i n  the Radiography laboratory.  



In two o f  the F i r s t  three subjects ,  lead shot markers were placed on 

variaus surface I ar~dmarks . Sites  t r i ed  were cervi cal e , C-2,  ri g h t  t ragi  on, 

inion, suprasternal e ,  nasion, and the temporal -mandi bular j o in t .  Whi l e  the 

dorsal neck ~ ~ i a ~ k e r s  are useful t o  indicate the great  amount of skin excursion, 

i t  was fe l t .  t h a t  more accurate bone measures can be obtained direct ly  from 

measurements on t h e  x-ray, 

We have a1 so h a d  d i f f i cu l ty  visualizing the head-neck re1 at ionship fo r  

sunie ~ n d - i v i d u i i l  s p.[i\41-icm'larly i i ~  hypcrf'iexion v-icws where the head i s  almost 

coi~~p'letely o r f  t h e  x-ray p l a t ( ? ,  In t11.i~ respect \f!e intend to  t r y  laiflger s i ze  film 
, 

to obtain more i n  the piclure.  However, th. is wi l l  have to  be balanced against  

add.itl 'orral radiatr'og measures (and possibly fewer views), and a po.ter~.tial 

proble~n of less  contrast .  WE i n i t i a l l y  used 8 x 10 radiographic film s i z e ,  

which has proved t u  be ton small fo r  adequate coverage except f o r  the A-P 

v-iew. We are  presentty trying 10" X 12" film s i ze ,  and on the l a s t  subject  th i s  

has rnadc a l arge improveinent. tlowevcr , l andmarks such as nasiorl and trag'l'on 

are s t i l l  off  the f i lm, and we are considering 11"  X 1 4 "  f i lm s i z e  f a r  subsequent 

subjects. Several techniques of insuring accurate measurement have been t r i ed  

and a t  present a scale of knovrn dimensions i s  being exposed i n  t h e  x-ray view. 

Figures 4-7 are  included t o  indicate typical views f o r  each subject ,  Note 

that  lead shot markers have been used in several instances,  b u t  t h a t  not a l l  

markers a r e  consistently shown i n  the various views. An in teres t ing observation 

is  that,even in the limited number of subjects which have been x-rayed to 

date,we have found considerable variat ion i n  a b i l i t y  t o  exer t  maximum voluntary 

flexion or extension, and t ha t  the resu l t an t  shape of the cervical spine 

curvatures varies between individuals f o r  the s a w  motion, Reproducible 

staridard-izatioui of these siitljezts Tor- ihese v iews ii~ust s t i l l  be examined 

further when x-ray filnis from additional subjects are  avai lable .  



6 .  E l  ec t royo l rauhy ,  . - - . -  StrengtJ --I.----- Pleasurements and Photornetri -- cs 

During t h i s  i n i t i a l  phase of the  study the emphasis has heen upon designing, 

ordering, or constructing necessary Gqui prnent and gett ing the cervical measure- 

ments laboratory s e t  u p  fo r  subsequer~t  tes t ing (Figure 19).  Accompl~isii~iients 

, "c odatc pr.i~narily re-F1ec.t ,these o h j e c t i v c s .  

'The cui-rent statur; o f  the equipment 'to be ut i l ized in the portions of the 

study relaatcd t o  t t ~ c  EIb'IS s t re tch  response rneiisuremcnts, thc neck muscle s t rength ,  

and phatogr3ilii;iet~ techniqiles 'ire as f c 1 1 1 0 w ~ :  

(1 ) --..- Frai:??,:!i?rl: *,,-.-. ",---".., .--.--.-.--.- o f  Text .---.--.- F. ix-?urf?. -*..-a- -...,"~--- Th-is has  be2n desi yned, constructed, 

( 2 )  -I__-Ijl.- Kl"c' l , iO -.._. - Sr:a. i . . ,  ..__ _ . _ _ _ A ,  Desigire:i, b u i  I t . ,  2nd I"nstal1 cd l'n the cerv"ica1 measurements 

laboratory. T h i s  scat  features on adjustable back to  allow for  s t a tu re  d i f f e r -  , 

ences. (Note t h a t  a t o t a l  of four seats  are  being used, and a19 have now been 

consWucted. The others coilsist of  b o t h  hard and so f t  seats  fo r  the Radiology 

Laboratory, the s o f t  s ea t  b e i n g  constructed around a 1372 Pinto autoniotive s ea t ,  , 

and a hard sea t  with flat surface to  he used. in taking seated an'throgornetric 

measurements. ) 

(3)  --- M o u n t a  -- Frarne fo r  measurement trarlsdrr,cers. This has been designed 

and i s  in process o f  construction. 

(4 )  -- Neck Strength Transducer. The design i s  completed and force rings 

and 'strain-gages are  bu i l t .  

(5 )  -Imp111 se  Triggering - Mechanism. Currently under design, and materials 

for  fabricat ion have been obtained o r  are  readily available.  

( 6 )  Headpiece - f o r  impulse loading. A temporary device i s  available fo r  

prel iminary t e s t s ,  however an improved permanent.device i s  under design based 

u p o n  additional requirements, 



Figure 10. Physical Orgat~iza t ion 6fa , the  Cervi cal bleaslrrernents -Laboratory. 

A. Briefing Area 

1. Table - rea.ding and subjec t  brief ings 
2.  X-ray v iewer  

. B. Anthropometry Area 

3.  Dressing area - c h a i r ,  c lothes rack,  screen 
4. Scales 
5. Anthropameter 
6.  R i g i d  chai r  f o r  anthropomctric measurements 

C, Active Measurements Area (Range o f  motion, neck s t r eng th ,  nluscl e 
react ion t i m e )  

7. Test f i x t u r e  - devices mount t o  supports 
8. Rigid chai r  and subject  
9. Equipment t ab le  - tape recorder, ampl i f ie rs ,osc i l loscope 

D .  Photography Area 

10. Graph-check caniera and  1 ights  - stop-act ion 
11 . 35 nlnl  Cdl?iC"iAdS 21id i .i g i l t s  - p h ~ t u g r ~ a r r ~ ~ ~ ~ ~ t r y  



The major pfece of equipr~~ent necessary f a r  t h i s  study has been tleterrnined 

t o  be a 7 'channel (plus voice t r a c k )  Amper, PR-500 f7M Tape Recorder. Since an 

addl'tioiial ilvrriber o f  clianl~els was foirnd 2.0 be requ.ired fo r  t h i s  study over 

the es t i rnat~d iiecdr;:, ~n erst shar-ing agreement between the liighway Safety 

Research l n s t i t u t c  and the College of ~nginber ing,  in which the College of 

Engi r~eer i:ig w I " 1 3  r;t!ntri tlutc son;e $4'1 00 additional funds above t h a t  budgeted, 

wi '11  enable us to magrade th i s  eqi.t.ipn!ent. I\.t the moment the order i s  b e i n g  

h e l d  up pending agrcei*lcnt bct\:eerl the U n i v e r s i  iy of Michigan and thc 
, 

sponsors re la t ive  t o  d i c o o s i  t i c n  a t  the tymjnat ion bf tiiis s t udy .  

Although we have bccn assured 30 Lo 45 day delivery by Ampex th i s  item remains 

the major o b s t a c l e  t o  i n i t i a t i n g  t e s t s .  ]In the interval we are  hopeful  of 

oh-i;ain.itig s-irr~il a r  ecju.ipmen"r;on l o a n ,  b u t  i f  we a rc  not successful ,  t h i s  rnay 

delay our schedule. 

Accelerometers, to be mounted on the headpiece t o  measure angular and 

1 inear accelerat ion,  have been. received fro11 the rnanufac"curer. 

Accelerometers have been ordered in February and we an t ic ipa te  dlel ivery 

by the end of March. These will be mounted on the headpiece t o  rneasulfe an- 

gular and 1 inear acceleration. 

Amplifiers f o r  accelerat ion,  EMG, force ,  and displacement channels are  

being designed and bu i l t  in the Human Performance Laboratory. For inai t ia l  

t e s t s  others are  avai lable ,  and we may modify our amp1 i f i e r s  a t  t h a t  point 

Lo allow be t te r  def in i t ion of parameters. 

(8)  ___ Pho t g r a p h  _ i c Faui gment _lll _ 
For the 35 mm photogrammetry the two necessary cameras and camera. stands 

have been obtained and a r e  mounted in position i n  the cervical measurement 

l abora to ry .  Electronic shutter  releases are  being prepared. Lighting wil l  

be available when needed. 



A Graph-Check high-speed Polaroid camera has been ordered. Through a 

s e r i e s  o f  specia l  lenses eight  exposures i n  sequence are made on a s i ng l e  4 X 5 

, inch black a n d  w h i t e  Polaro id  filni. Similar  equ'ipmenl has been used i n  

kinematic m o t i o n  s tud i e s  and has proven a very useful too l  i n  impact s l ed  

t e s t s ,  vehicle ha~rier c r e s h  t e s t s ,  and human, dummy, and an-imal expei~i-  

mental s l ed  dece le ra t ions .  We plan t o  use t h i s  camera for high-speed 

photogranhi c record iiig o f  ex tension and T i  exion inipul r e  t e s t s  o f  each 

subject "io doc ia~en t  ti.1.e degree of flexion/extension exper.ir?nced. In addit ion 

.it i s  f e l t  t h a t t h i s  docurnat-itation w i g h t  be cifl c r j t i c a l  c l i n i c a l  value should 

a subseqitcnt med.ica1- legal problem a r i s e  i n  wti-ich a sub jec t  m i g i l t a t t r i b u t e  

t ra~~rna  t o  the t e s t s ,  



7. ------ Cervical Pleasurements L a b o r a t o ~  -- ---- Test ---- Protocol 

Modifications to  t h e  deta i led  procedures a rc  s t i l l  being made and i t  i s  

anticipated t h a t  fu r the r  refinements will  be accomplished as a r e s u l t  of the 

i n i t i a l  subject  t e s t s ,  As noted e a r l i e r ,  the subject  i s  t e s t ed  in two phases, 

and i s  not accepted for t hese  t e s t s  until he has been medically cleared by the 

Radiologists on the basis of his health history quest ionnaire (and follow-up 

i f  necessary), anci x - r a y  fillns. The general procedure t h a t  will  be used i s  

as fullot,t-i: 

(1 )  TI^ su:r;ect : ; i l l  rer,c.ive a, tiiorougi~ bricf'lng on the t e s t  prclcedures 

* involved, inc'ltrd'ing h a v i n g  t i l e  subject  inepcat his understanding of the proce- 

dures i n  con-form3n:;e i"ri th Un<versiZ;y f l c d i c a l  School requirements of the Con~mit- 

tee fo r  ~1 + n i c e 1  Resea ich  and invest igat ion Invol ving Huma? Beings. 
. 

( 2 )  - A~ti- ir~p~rfietr j '  k i l l  be taken. (lile a re  presently considering incor- 

porating t h i s  s t ep  e a r l i e r ,  t o  be accomplished a t  the time x-rays a r e  taken). 

A specjal sea t  has been designed and constructed f o r  the seated measuremen.ts. 

(3) landmarks wil l  be placed on the body a t  several locat ions to  be used 

in photogranimetric analysis .  

(4) The s u b j e c t w i l l  be seated in a rigid s e a t ,  which has been dlesigned 

w i t h  an adjustabte sea t  back height to  s t a b i l i z e  the upper to r so  . The remainder 

of the t e s t  procedures (4 ) - (8 )  will  be accomplished with the  subjec t  in t h i s  

r ig id  sea t .  

(5)  35 mm photographs will  be taken o f  the subject  froin two angles,  

r igh t  l a t e r a l  and from the dorsal aspect.  The subject  wil l  be photographed 

in neutral posi t ion,  inaxirnun~ voluntary hyperflexion and hyperextension posi t ions,  

These photographs are  intended to  duplicate the x-rays already taken and wil l  be 

used in photogrammetric analysis .  

( 6 )  The subject  will  be asked t o  exer t  a maximum voluntary isometric 

exertion using f s r s t  f l exor ,  then extensor muscle groups. Maximum voluntary 



forces w-ill be determined as a measure o f  the strength of the muscle groups. 

Each t e s t  will consist  o f  three t r i a l s ,  each t r i a l  o f  4 seconds duration,  with 

30 seconds o f  r e s t  bettreen t r i a l s .  

(7)  The head piece wi l l  be f i t t e d  and EMG electrodes will be placed 

on the skf  n surface over the s"ccrnrnastoid and  scrnfspinalis muscles. A.F.tcr 

the subject i s  acc?imated and  cornfor-tab1 c ,  t raining effects  will be el iminated 

by re'leasing the weight once or twice, wliich sl~ould convince subjects t ha t  the 

t e s t  i s  not harmful, The subjec t  will  then be asked t o  relax the muscles 

o f  the neck (EMG ac t iv i ty  b!- i l l  be nioni tored on an oscilloscope so the weight 

wi 'f 1 be r c l  eased wilc~n l i i e  r ~ ~ s r l  cs are  l rldeeti re1 axed.  ) Several t r i a l s  will 

be recorded i n  b o t h  f l ex ion  and  extension l a a d i r l g  and data on accelerat ions,  

react.ion t i m e s ,  a n d  /lead d i  s1:1l acenicnt vi'il'i be obtained. The Graph-Check 

calnera wil'l a l s o  be u t i l i z e d  to provide a stop-motion sequential docunientation 

o f  this t e s t .  

(8) A t  the comp'let-ion o f  these measurements, the headpiece and electrodes 

will he reii~uved, the subject w - i l l  be asked about h i s  reaction to  t h e  t e s t s  

and how he fee ls  (taking care n o t  t o  ask any leading questions),  and the subject 

will  be thanked fbr his par t ic ipat ion,  paid, and excused. 



A se r ies  of computer exercises i s  being conducted using the HSRf Two- 

Dimensi ona'l Crss h V.ictii i i Sin:ul ntor (Robhins, 19'71 ) t o  determine how individual 

differences i n human anatomy and pkysiol ogy can i  nf 1 uence production or avoid- 

ance of cervical i n j u r y ,  This f i r s t  group of computer exercises uses what 

I imi ted data are  avail ab'l e in order to  i sol dtc those biomechani cal varaiabl es 

w11ici.l a re  mos i: senst t i v e  i 9  r~c Iuc i r i g  o r  *increasing head-neck rclativti motion 

Approxima te'l y f i f t y  compl ete7 y successFu1 computer excrci ses haye been 

conducted u p  t o  the present time and the resu l t s  have been analyzed, The 

t e s t  matrix f o r  'i;h.is se r ies  i s  shown in Table \]TI. Three of the four groups 

of exercises included in the proposal have been completed including neck 

niuscle s t rength ,  vsl untary range of motion, and anthropometry, Variation 

of muscle response time i s  being conducted a t  the present time. 

Determination of Input Data -- -- 
Three types of input data are required fo r  the .exert-ising of mathematical 

models: crash descript ion,  vehicle i n t e r i o r  descript ion,  and occupant descrip- 

t ion.  T h e  crash which i s  used as a baseline corresponds to  a rear-end col- 

l i s ion  w i t h  a f inal  velocity d i f fe ren t ia l  of 30 mph. This approximates one 

car impacting another with a closing r a t e  of 50-60 mph. The chosen pulse 

i s  derived from work conducted a t  HSRI (Melvin, 1971) and i s  shown i n  Figure 11. 

The vehicle i n t e r i o r  i s  described i n  terms of a seat  back, sea t  cushion, 

f l o o r b o a r d ,  toeboard, and 1 a p  be1 t ,  No head r e s t  i s  provided. The sea t  back 

and seat  cushion angles are  chosen to match the Ford Pinto seat  being used in 

t l i e  I~ui>an ~ i c i l ~ t i r c ~ i t ~ n l  r1nr-i o f  tlii 5 pi-ojcct . Thc force-deformat i o n  properties 
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TABLE VII .  

MA1'HFMATI C A I  P4ODEL EXERCISE MATRIX 

Physical Variable Value 

Neck Muscl'e s trcngth I . Muscl es re1 axed, 
2 .  Muscles tensed t o  estimated maximum 

voluntary 1 eve7 . 
3. Muscles 1;ensed t o  0.1 inaxfinlim. 

1 4 .  bluscles tensed t o  0 , 5  maximum. 
...- -- ..-- I -...-A. 5. Muscles tensed ----.------- to  5.0 maximum. 

Anthropornetry (Head wei c j h t )  1 .  Head weight chosen t o  match 50% Sier ra  
dumny , 

2.  Head weight decreased by 50%. 
- increased by 50%. 

Voluntary Range o f  motion 

...-d-----~---.-----.--.-9-.......---...-.--.--.-.---.-....-~.,--.-... 

Anthropometry (Head Moments of 1.  Moment of i n e r t i a  chosen t o  match 50% 
I n e r t i a )  " Sierra  dummy. 

2 .  Moment of i n e r t i a  decreased by 50%. 
- 3. Moment of i n e r t i a  increased by 50%. ---- -. 

1 , Voluntary range of motion in  neck 
extension s e t  a t  7 0 ° ,  

2 ,  Range o f  motion increased tcl 95". 
3. Rannr of motion decreased t o  45". 

;/-*-- -.-.--,----w...-~.-- -.- 

Anthropometry (Percenti 1 e of 1 .  50th percenti le  male. 
occupant) 2.  95 th  percenti le  male 

5th percenti le  female. - 

Strength o f  neck r~:o.tl'orl 1 ii.rri'r;ing 1 ,  Value o f  s top  s e t  a t  'I0 times the 
s-l;rtiii;~rcs ( 1  'l garnen-ki; , bone, va ' l  ue estiiiia.ted f o r  max.iriiui~~ 111tlscl e 
cnr t i  l a g e ,  c t c .  ) s t  r e n ~ " c ~ .  

2 .  Value s e t  a t  2 times value c'f maximum 

- ---------.-- ..-----. - 
Anthropometry (Location of Centers 
of gravi ty ,  e . g , )  

---" ---- 

musc'le. sl;renyth. 
3 ,  Va'lue s e t  a t  50 times va lue  o f  maximum 

muscl c ~ t * : ~ e n g t h .  ------.-.-- - --.------ ---..-- 

'I , Upper torso 1 enyth shortened from 
12.59 i n .  t o  8.39 in .  

2 ,  Upper torso I ' eng th  increased from 
12.59 i n ' t o  16.19.  

3. Distance t o  head c.g. increased from 
4.86 in .  t o  6.48. 

4 .  Distance t o  head c.g.  decreased from 
4.06 in t o  3.24 i n .  -- 
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head-torso interface are  angular head posit ion,  angul a r  head velocity , an- 

gular head accelerat ion,  and  head resu l t an t  I inear a.ccel era t ion.  

When muscle strength i s  varied from a completely relaxed s t a t e  to a value 

f ive  times the estimated maxiinilin human capacj t y  , several observations can be 

made which nlay be related t o  t hc  incidence o r  avoidance of injury.  Angu1a.r 

head posit-ion arlci head vesu'1.tavi.l: l inea r  acce'l erat ion are given in F-igui~es 13 and 1 4 .  

F i  yure 13 i l  lus  t r a tes  that  h i g h  accelerations'  r e su l t  i n  two of the 1110dt!l exercises -- 

n~uscl es re1 axed  arid rliuscl es teriscd 1.0 we-"tenth the estimated capaci t y ,  This 

resul ts  when t he .  head ro ta tes  backward re1 a t i  ve to the torso (without, much 

musc'le foi-.ce u e s i s  t : i i ~q  fhfr: m o t  i o n )  and b e i n g  stopped by neck stri-uturel; re-  

presenting bone,  11:g+171tsnts, e l ; ~ .  Ths's interaction was not observed t o  occur 

when the neck m~rscles w r e  terrsed t o  half the<,- estimated strength o r  greater  

val wes , 

These resul t s  i de i~ t i f y  two factors  of i t i terest .  F i r s t ,  muscle strength 

appears to  be a factor  con.trtbut"ing greatly to  head-neck kine~natics and dy- 

namics. Second, d a t a  a r c  retlu'ired t o  define tile strength of t i ssues  near 

the end of allowable non-injury range of motion. 

Figure 14 shows tile head ang~rl a r  p0s.i t ion fo r  the f i ve  niuscle tension 

variation exercises. In the case where the rnuscles were assumed to  be t o t a l l y  

relaxed, the head moved back, contacted the motion l imi ts  and stayed there 

until  the end of the sirnufation. Similar behavior i s  observed in dummies 

with loose f r i c t i on  jo int  se t t ings .  On the other end of the spectrum the 

head hardly moved with respect to  the torso in t ha t  case where muscle strength 

was s e t  a t  f ive  times the estimated voluntary maximum. The head appealrs t o  
d 

osc i l l a t e  back and forth as i f  on the end of a s t i f f  spring. This type of 

behavior -is sometinies observed -in dul~linies equipped with the new rubber necks. 

Study of angu la r  velocities a n d  accelerations leads to  s imi lar  conclusions. 







Angular head position and head resul tant  G-accelerations were studied 

when the value of the neck stop structures was varied, The muscle strength 

was assumed t o  be zero to  maxjmjze the e f fec t  of these s t ructures .  In the 

baseline case t h e  value o f  peak acceleration nas 70 G's (see Figure 1 3 ) .  

When the strength of th-is stop was increased, the peak increased t o  150 G's 

(greater  than 00 G's fo r  approx-i~na"cly 6 msec) . The peak decreased t o  38 G's . 

when tile s t o p  value was d~creased ,  Al~though the position of the head was 

observed t o  be similar  i n  the tlirec cases, the loadings were not. Th.is 

supports the rieed for  d a t a  (outside the scope of tklis contract) describing 

'tissu'e s trength a t  n~otion l i m i t s ,  Estimates may be pgssible using cadavers. 

The a n g u l a r  range o f  mot(on of the neck was also varied from 45" to  

95". Ilifferenccs were r io ted  .in angul  ar posit ion,  peak G's ; time of-' oczurrence 

of force interaction with the rangc of motion 1 inlit s top,  and duration o f  

G-level above 30 G's ,  The case of zero muscle strength. was again chosen t o  

maximize these e f fec t s .  A summary of rcsul t s  i s  inc'luded in Tab'le VIII. 

Probably the major e f fec t  of varying the neck range of rnotion was increasing the 

TAELE V I I I .  

V A R I A T I O N  O F  N E C K  K A N G E  OF MOTION 

Neck range 
of motion 
(degrees) 

artgulation between head and torso. T h i s  affects  t h e  location of the head within 

Extension of head 
with respect to  
i n i t i a l  positSon 
(degrees) 

the vehicle a t  a given p o i n t  in time a n d  could thus influence contacts w i t h  

vehicle con~ponents and p0ss.i bly with other vehicle occupants. 

Peak resul tant  
head G-1 eve1 

Time of occurrence 
of peak G-level 

(msec) 

Duration 
of head 
G-1 eve1 
above 30 G's 



Care.Ful conipari sons were a1 so  made between simul at ions where the 1 ocation 

of the head center of gravity was varied and where head weight was changed. 

These variables did not ~narkedly a f f e c t  e i t h e r  the n~agnitude o r  shape o f  

the  head res'ultant G - a c c e ' l e ~ a t i o n  curves. As would be expected tile he;,vier 

head showed greater  a n y 1  ation w- i t i l  respect t o  the inl" t i a l  posi t-iorr ( 59 " )  than 
. . 

the ligh-tcr head (25" ) .  I ~ E  r e s u l t o f  t h i s  i s  a prediction t h a t  greater  muscle 

strength his requirrd t o  r e s i s t  t h e  notions o f '  a heavy head in a coll is ion with- 

out increasing the r-isi: o f  i n j i l y y .  T t ~ c  same conclusion car] be reached as 

distarice t o  the head centur-oi"~grev.i  t y  i s  increasrd,  This variation Can be 

real a t $  to i ncre2s.i ng neck 'l crig,i;hs. The i nc;reascd n~oment caused hy perching 

t l i e  head mass a t  "Ctlc t~;; c!.F a " I ( ; I ? ~  IIC.?C/: /nust ~tecessa.ri']y require greater  

muscle siipl^icjr t t o  jusI,.if,y t h e  prccai'*inus pos.it-ion, 

Changing head aocient o f  i11erCia did not have nearly as s-igni.ficant of 

an e f f e c t  as t h e  changes in head mass. When rnonient of i n e r t i a  was decreased 

the angulat-ion o f  the head to the rear  occurred sot~iewhat e a r l i e r  in time. 

Angulation was s l i g h t l y  delayed as moment o f  i n e r t i a  increased , 

The simulations f o r  the 95th percenti le  male and 5th percenti le  ,fernale 

were remarkably s imi la r ,  The ma1 e experienced 1 arger motions and absorbed 

greater forces (not G-levels) due  t o  the grea ter  mass. The s i m u l a t i o l , ~ ~  

were carried out  with variat ions only in body dimensions and weight. Vari- 

ations in muscle strength could be expected t o  occur b u t  they were n o t  in- 

cluded to  keep the variables changed a t  a minin~um in the simulations. On 

t h i s  basis ,  i t  can be concluded t h a t  differences in the kinematics and dynamics 

of a small woman and a large man are  more 1 i kely to  be related t o  strength 

properties of the jo in ts  and muscles as  well as the way the forces are d i s t r i b -  

uted over t h e  body. than to  body s i z e  alone, 



A1 though s.flnul ations where murrcl e response time i s  incl uded have not 

yet  bccn completed, the importance of th i s  variable can already be stressed.  

The importance of neck muscle strength *has al'ready been establ ished. Therefore, 

' tensing or relaxing muscles durii~g the crash event would tippear to  be able t o  

offer  a substaritia'T perturtla'cion on head .kinematics and dynamics. 

Sumniary o f  Concl us'ions 
.SII"IIL ---- 

A sui~;ms:ry o f  the cai~c'lusions react~ed in th i s  computer rxercl'se includes 

the fol lowing i terns : 

1 . Neck i-i~iji,~lc s l;reitgttl has been -Isolatetl as a i l  important variab'le 

a.ffect:ing head-n3ck fc-ineriii:t.ii:s and  ciynami cs . Because of' t h i s ,  nluscl e ioesponse 

tilne sE~oilld be'  coi~sfdered impoul'tant -in t he  ii~casuremcrit program, 

2 ,  The strengt,h o f  neck nlotiorn 1i11iit;ing structuv'cs has also been 

isolated as an imporxant variable. Although outside the scope of the current 

project,  i t  i s  possible that these quaiqtities could he estimated using ca- 

daver ma terfal. 

3. The range oT motion of the neck in extension has been found to  in- 

f l  uence the maximuin angul a t i o t ~  occurring during impact ,and, as such, is  an 

important quantity to  be determined, part icularly from the x-ray studies,  

4 .  The weigl~t of the head arid the location of i t s  center o f  gravity 

have both been found t o  influence the angulation of the head w i t h  respect to 

the torso. The e f fec t  of th is  i s  to increase the forces which must be exerted 

by the neck musculature to  r e s t r i c t  head motion during impact, 
, . 

5. The moment of iner t ia  of the'head exerts an influence considerably 

smaller than that  exerted by mass or center of grav.ity. 

6 .  Differences in t h e  kinematics and dynamics of a small wolnan compared 

with a la rge  Mian are more l i k e l y  t o  be related to strength properties of the 

musculature and joints  as lilell as the way the forces are  distr ibuted over the 

bocly t!ilail t o  body s i z e  a'lnnc, 
6 2 



9, --..---- Data ---- A n a l y s i s  --- 

The ar1.tic-i pated avail a b i l  i t y  of t he  Arnpex 7.-channel tape recorder wi 11 

grea t ly  ev~h~lnce t h e  d a t a - t a k i n g  and analysis  phases of " c ~ c  study. Data 

channel s wj l l  be a l l  ocaled as f o l l  ows : 

(I ) 1 i near accet erat ion 

( 2 )  angul  ar accel erati an 

( 3 )  EMG Prom starnc!mas t o i  (1 n~uscl e 

( 4  ENG f r o n  semi spi n a l  i s  muscle 

(6) force 

( 7 )  t - im iny  k n d  ccir~tral s i  gnzls-code s igna l s  f o r  cornpv-tee analys is .  

. Vuicc track for t e s t  ar:rrumncernci?ts arid o ~ s E ? ~ ~ ! ~ . ' c ~ o ~ I s .  

D a b  aana1ys.i~ wil'l be compukrrized as rnilch as poss-ible, s ince  a large 

nurr~ber of samples w.i' l7 be analyzed, In addition Lo the mathematical inadel , 

thrw d i f fe ren t  cotnputer programs w i  1 1 be used. 

Photo~rammetrv analysr's wi 11 involve t ransfer r ing  information from the --- -.-.-A- 

35 niin f i l n ~  t o  punched paper tape by means of a Data Coder. Lartdrnarks attached 

t o  the r i g i d  framework. and t o  the subject  will be coded onta the  paper tapes 

and analyzed by a conipiiter algorithm. The algorithm ' i s  avai lable  foiP the  

Hewlett-Packard 211!i-A computer. T'he same method can he used t o  analyze 

d.imensiona1 data from the x-rays. 

Analog Signal Analysis involves two algorithms which wi l l  be wri t ten f o r  -- 
the Hew1 ett-Packard 21 15 -A  computer. One will automatical ly  sample s ignals  

from the FM tape,  d i g i t i z e  i t  (using the  HP A t o  D converter which i s  i n t e r  

faced with the computer) and record i t  on computer magnetic tape .  T h e  second 



Algorithm w i l l  sample from the  computer tape,  using the  coded con t ro l  

s ignals  and a~itomatical ly a n a l y z e  the t e s t  da ta .  O u t p u t  w i l l  be printed on 

a I l'ne pr in te r  and wl'll iiiclude accel criltions , displacement, forces,  EIIIG 

. power, and  r e a c t i o n  times, The production of these a1 yarithms wil l  be 

1 argely a r n a t t e r  o f  ari3pt;inq existing swlsroutines and  a1 gorithms t o  tile 

r ~ q l ~ ~ r c ? i ~ ! f ~ i ' i ~ ~ s  O F  ti"ii(; s'i,rlc!\,i, 

StaLtl' s tvical  r\nc\l-j!sss of  anthropomctry and t e s t  resul t s  can t-le accumpl i s  hed 
-----*"-- --.- "".----"- 

using e::istl'ng Vrograms, sl'~;cc: a lii\age b a n k  of '  si .at is t l 'cal  a1 gorithms exi t s  

,for ltie Ilniversl'ty o f  M i c h i g a n  IBM 3 6 0 4 7  Cornpirter System. These  will be 

described i n  sub;eqiacn t reports  as data are c a l l  ccted and analyzed. 
I 



111. WORK TO HE ACCOb!PLIStlED IIURIb'G THE NEXT REPOR'TING PERIOD, 1 A P E I l  - 30 JUNE. 

I t  i s  ant;icipa,ted t h a t  \r;ou'k in the  sccorid qma.rter wil l  primarily 

i n i t i  a1 measure~~lents of subjects ,  and evaluation and  f inal  establ ishment 

o f  techn- iq~iz rcs?fii>e~xer-~ts to be Po"llo\?iecl during t h e  remainder of the study. 

As ir3dici:ted .in Pab'le IX, the f i r s t  Phase of i n i t i a l  design preparation 

has now been corriplctcd c3xcep.i; fo r  l'ns'tiillation o f  the An;pex Recorctcr and 

some Cetavi cal  t"icas:irei:c;~t I-aboratory equ-i pri1en.t on order. Thus t h i s  \rls 1'1 be 

extended and eiiipi!asr's ~i i "19  be on completion of t h i s  task ,  S-ince tr'ia'l 

mcasuyes of '  t i i e  strerryth, aid cervical iiicrt.ion are a'l so dependent upon 

tasks ,  t i l e  l i terature search,  and subject:  sckledul ing , czi.i'l'l contl'nue in to  

thc  s i x t h  quarter. 

From evaluation o f  the x- rays t a k e n  on s u b j e c t s  to  da te  there i s  some 

indicat<on t h a t  revision wil l  be required of t he  scaling method fo r  phota- 

gra~nilretry, B y  ea r ly  F\pu.i"l the ENG, fo rce ,  and  disp'l dcerrieilt channel s wi 11 

have been ver-if-ied, and the headpiece constructed d, which will a1 low ver i f i c -  

ation o f  the acceleron~eters as well as defini t ion of the control s ignals.  

Sorne changes in anthropometry , radiography, and the other techniques will  

undoub,tedly resul t as additional subjects a re  measured. 

The main thrus t  o f  the work during the next 90 days wil l  be to  complete 

ins ta l la t ion and checkout of equipment and techniques, and i n i t i a t e  subject 

measurements during Phase 11. 



TABLE IX 

PROJECTED PROGRA?! MAFIAGEFlENT 

Months 

5 6 7 8 9 10 11 12 13 14 1.5 16 17 18 1 2 3 4 - -  
Phase I .  I n i t i a l  Design Pireparation 2 M I I 

8 

B iostat is t ical  Design 

I ! t 
-L -- Qfrign-.4 Connst.ruction o f  special Measurement devices 

i 1 

I I 

I--- Computer Math Mode\ ing Design I 

+----+ Prel iminary Subject Pool Measurements 

1 
I ---+ 4 Preliminary Trial Measuqes, Tests of T ~ o l s  & Methods 1 

w Quarter ly Report I 1 

1 

Phase TI. Collection of Data 14 M 
l--d I--! k-4 I-+Qudrterly Reports 

Measurement of Subjects 1 

Phase 111. Data Reduction 2 'id 
1-1 Programming 

4 1 

Computer Math Model ing i I------L{ 7 

1 '  
Data reduced and analyzed I 

Phase IV, Preparation of Final Report 1 M 

Final Report 

l-----i 
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