
, ,. , 

R i c h a r d  G .  S n y d e r  
Don B, C h a F f - i  n 
D a v i d  R .  F o u s t  
J a n e , t  Bau111 

Ann Arbor ,  M f c h i g a n  4 8 1 0 5  

~ r o p z ~ e d  f o ~  
I r l su rance  i n s t i t u t e  f o r  H-ighway Safe ty  
W a t e r g a % e  S i x  Humdrea 
W a s n ~ n g t o n ,  D , C ,  2 0 0 3 7  



BIOENGINEERING STUDY OF BASIC PHYSICAL 
MEASUREMENTS RELATED TO SUSCEPTIBILITY TO 

(.ERVI CAL IIYPEREXTENSI O N - H Y  PERFI.EXIOM INJURY 

Four th  Q u a r t e r l y  Technical Repor t  
March 31 , 1973 



'TASLE OF CONTEETS 

Figures 
Tab1 es 

I .  INTRODUCTION . . . . . . . . . . . , . . . , . . , . . . . . . 1 

I I. TASK PROGRESS 

Literature Survey . , . . . . . , . . . , , . . . . . , . 2 
Subject Pool . . , . . . . . . . . . . , . . . : . , . . , 4 
Radiography. . . , , . . . . . . . . . . , . . . . . . . . 6 
Photogranmetry . ,, . , . . . . . . . . . . . , . , . , . . 11 
Anthroponetry . , . , . . . . . , . . . . . . . . . . . . 12  
Reflex Time Measurements . . . , , . , , . , , . . , . . . 16 
Neck Muscle Strength Neasurements . , , , . , , , . . , 25 
Data Analysis App~roachzs , . . . . , , , , . , . . . , . . 28 
Methods of Reporting Results . . , , . , . . , , , , , . . 30 

111. WORK TO B E  ACC0:~IPLISHED D U R I N G  REMINDER OF PRQJECT . , , , , 33 

IV. APPENDIX . . . . . . . . , . . , . . . , . , . , . . . , . , 34 
V.  BIBLIOGRAPHY . . . . . . . . . . . , . . , . . , . . . . . . . 54 

1 Eilotion/Mobi 1 i t y  
2. Mechanisms o f  lnjury 
3. Anatomy/ Radi 01 ogy 
4. Expeimental Strength/Stress 
5. Injuries/Fractures 



LIST O F  ILLUSTRATIONS 

Figure 
1.  Strip-Chart Analysis o f  Neck Muscle Reflex Test 

2.  Typical Resu1t;s of Reflex Tests 

Page 

LIST OF TABLES 

Table 
I .  Disposition o f  Medical Questionnaires 5 

1 Statds of X-ray Portion of Study -- by Sub$?ct Category 8 

111. Range-of-Motion Analysis 10 
IV. Comparison o f  Population Measures 14 

V .  Subject Status -- A1 1 Testing Completed -- by Subject Category 17 

VI. Average Reflex Time of Neck Flexors (Tests in Extension) 22 

VII. Average Refiex Time of Neck Extensors (Tests in Flexion) 2 3 

VIII. Neck Flexor Muscle Strength 26 

IX. Neck axtensor Kuscle Strength 27 



APPENDIX 

ANTHROPOMETRIC SUMYARIES 

A-1 .  Ideight 
8-2. Stature 
A-3. Startding Cervi cale Height 
A-4 .  Erect Si t t ing Height 
A-5 .  Sit t ing C e r v i c a l e  Height 
A-6. Erect Seated Eye Height 
A-7. Lateral Neck Breadth 
A-8. Anterior-Posterior Nezk Bread:h 
A-9. Anterior Neck Length 
A-10. Posterior Neck Length 
A-1 1. S u p ~ r i o r  Neck Circumference 
A-12. Inferior  Neck Circumference 
A-13. H e a l  Circumference 
A-14. Head Breadth 
A-1 5. Head Length 

REFLEX TEST SUMMARIES 

A-16. Average Peak Stopping Force -- Tests in Extension 
A-17. Average Time t o  Peak S t o p p i n g  Forc: -- Tests i n  Extension 
A-18. Average Peak Stopping Force -- Tests in Flexion 
A-19. Average Time to  Peak Stopping Force -- Tests in Flexion 



SUMMARY 

During th i s  f i f t h  reporting period, ~anuary  1 through March 31, 

emphasis has been placed on data acquisition, i n i t i a l  data analysis, 

and preliminary preparations fo r  publication of the results .  Major 

task accomp'ishn~ents during t h i s  period include the following: 

1. Tht! l i t e ra tu re  survey has been essent ia l ly  completed with 

the addition of 200 additional references. A to ta l  of 2312 references 

are currently in the bibliography. Emphasis during the period was 

centered cn rs-exami nat ion of previous1 y-used sources and a review 

i,f the rl,ost recent publications. 

2 .  T ~ E  subject pool has been expanded to  f i l l  the young and 

middle age Groups and t o  provide i n i t i a l  subjects in the elderly 

age group. As expected, the percentage of potential subjects who 

are rejected on the basis of health history has increased somewhat 

with age. The reject;ion ra te  ranges from 14% for  young subjecits 

to  jus t  over 19% fo r  elderly ones. 
3. Flity-three subjects were tested fo r  cervical mobility 

using X-ray ~ n d  photogrammetry procedures. To date, there are 

useful range of motion data available from 119 subjects. However, 

the number of subjects whose X-rays were rejected increased substan- 

t i a l l y ,  with f ive  elderly and three other subjects being not 

acceptable fo r  various reasons. Range of motion analysis to date 

indicates a decrease -in mobility wi th  age and an increase corres- 

ponding to increased stature.  

4. Anthropometr:y from 99 subjects was keypunched and a l l  48 

measures were surnmari;zed by computer. Many of the measures seem to 



be correlated to  agc?, sex, or pl~ysical s ta ture .  I n  the categories 

where sample sizes are sufficiently large, the study populati~on 

correlates very well w i t h  the U,S, population in the key measures 

of weight, s ta ture ,  and erect s i t t ing  height. 

5. Neck muscle reflex tes t s  have been completed with 100 

subjects. Several different characteristic responses t o  the 

controlled-jerk stimulus have been observed. These are probably 

related t o  varying degrees of inherent "stiffness" of the neck 

structures,  Test results are presented from analyses of reflex 

times, maximum head stopping forces, ana time t o  maximum stopping 

forces for  neck extensors and  flexors. f here i s  some indication 

that males lave slower reflexes than femzles and that  reflex times 

become s1ow.r with increasing age. In  gmeral,  the neck flexors 

seem t o  rerct  more slowly than the neck extensors. 

6.  Neck strength t e s t  data from 10C subjects show that qales 

are considerably stronger than females, 2nd  that age ad~er se l~y  

affects muscle strength. The neck extensors are consistently 

stronger than the neck flexors. 

7 ,  Data analyses during the quarter were largely limited 

to i n i t i a l  data reduction a n d  preparatior of data summaries by 

subject category, Five different s t a t i s t i ca l  analysis techniques 

have been identified for more sophisticated treatment of the data. 

8, S i x  potential papers or publications have been identified 

t h a t  can be used to  disseminate the results of the study. Abstracts 

f o r  two papers were submitted and have been accepted. 



INTRODUCTION 

Neck in jur ies  t o  motol" vehicle occupants are a common consequence of 

rear-end cal l  i sions. Such trauma has been characterized as " w h i  p1 ash" or 

hyperextensi on-hyperflexion in jur ies .  However, recent f i e ld  and c l in ical  

inves t iga t~ons  ~ n d i c a t e  that  there i s  a s ignif icant  preponderance o f  "whip- 

lash'' symptoms among females. L i t t l e  information i s  known concerning var- 

ia t ion in head mass or center of gravity of the seated occupant or varia- 

tion of neck muscle strength as related to age, sex, and physique d i f fe r -  

ences, and no previous study has related var ia t io t~  in neck muscle response 

time t o  external acceleration stimulus. Such ;r+?rmation8 would appear t o  

be of basic importance in c:041sideration of sens i t iv i ty  t o  hyperextension- 

hyperfl exion in j u r * ~ .  

The basic objtxt ive o f  th i s  study i s  t o  determine the range of phys- 

ical variation in function and structure of the human neck, with variables 

of age, sex, and s ta tu re ,  as a basis fo r  improvei head protection design 

in vehi cul a r  occupant hyperextensi on-hyperfl exio -I accidents. Specific 

t e s t s  and measurements are being conducted t o  resu l t  i n  several major 

classes of information relat ing t o  the basic cha .acteri s t i c s  of the neck 

in a representative U.S . population. Neck measu *ements being determined 

include both x-ray and body l andmark ailthropomet y ,  the voluntary range 

of cervical motion in flexion and extension, neck muscle reflex time:, 

and neck muscle strength. S ta t i s t i ca l  analysis of the data will identify 

inter-relat ionships , and mathematical modeling i s  being used t o  predict 

dynamic sens i t iv i ty  to changes in the parameters measured. 

Principle a c t i v i t i e s  during -the f i f t h  90-day period of t h i s  investiga- 

tion are reviewed in the follob~ing report .  Emphasis during t h i s  period 

has h e ~ n  upcn d a t a  asquis'ticn, in i t i ; ;  2;:s ~nalysis, arid pianning f o r  

f inal  analysis and reporting o f  the resu l t s .  



I I ,  TASK PROGRESS 

1 . Literature ___I- Survey 

Efforts continued during th is  quarter to  locate additional references 

related to  the neck and i t s  character is t ics .  The general body of l i t e r a -  

ture i s  considerable, a1 though re1 at ively few studies d i rect ly  pertinent 

have been located to date. 

The bibliography format used in previous reports has been continued. 

Additional references located during th i s  period are organized in to  f ive  

general categories: motior~/mobi 1 i ty ;  mechanisms of injury; anatorny/radi- 

ography; experimertal s t re l~g th / s t ress ;  and i njuries/fractures.  Ple contin- 

ue t o  find the majority of references are c l in lcal  reports of cervical 

in jur ies .  These 2re included to indicate the wsde range of cervical injur-  

ies encountered in  medical practice and the widespread in te res t  of the 

medi ca1 professi 03  i n th i s  problem. 

The bibliography has been enlarged by some 200 references in the past 

three months. The to ta l  b i  b1 iography noiv numbers 2312 references. 

Only the newly-acqui red references are included in the bibliography of 

th i s  report.  The bibliographies from the f ive Quarterly Reports will 

be combined and organized into a coniprehensive bib1 iography t o  be pub- 

lished as one of the f inal  reports of th i s  investigation. 

During the quarter ,  a re-examinati on of previously-used sources 

was conducted t o  be certain tha t  a l l  pertinent references had been lo- 

cated. I n  addition, the n~ost recent publications were reviewed to obtain 

the most up  t o  date references. Several useful a r t i c l e s  were located in 

l a t e  1972 and early 1973 publications. 

An additional 15 references were located related to  the study of 

cervical motion and nobi 1 i ty. tlowever , no data were presented in these 



ar t ic les  which has a direct; bearing on our study. The possible excei3- 

tions are several a r t ic les  by J i rout  (noted in this and the previous 

quarterly report) .  However, these have n o t  yet been translated from the 

original Czech, and a determination of their  value will be made subse- 

quently. 

Recent acquisitions have expanded the various categories of the 

bi bf iography as fo 1 lows : rnotion/mobil i ty , 15 new references, for  a total 

t o  date of 222 (of which only 23 provided useful data on normal cervical 

motion) ; mechanism; o f  injury, f i f teen acqui si  tions , t o  bring the total  t o  

117; anatomy/ r ad i~ logy ,  an increase of 28 t o  a total  of 364; experimental 

strength and s t r e s ;  studies, 14 additional references for L total  of 232; 

and clinical reports of injuries and fractures, 129 acquisitions, for. a 

total  of 1377. 

At this time, the b i  bl iography may be considered virtually complete. 

However, any new ceferences retrieved prior t o  the end o f  the study will 

also be included. 



voluntarily withdrew, e tc .  ) . The disposition of questionnaires received 

thus f a r  i s  indicated in Table I below. 

TABLE I 

DISPOSITION UF MEDICAL QUESTIONNAIRES 

Age Group -- Rec'd Accepted - Health Rejected - Rejected 
No. % No. Z other reasons -- Total 

No. 6 
0 No. % 

A t  the end a f  the quarter ,  we required only one short  male and one 

mediun female t o  complete the en t i re  young age !jroup. One medium and 

three short  females will complete the 35-44 year female categories. 

Approved ques t ion~~a i res  on hand wi 11 nearly com?l e te  the medium age 

male categories, ~ n d  i t  i s  anticipated that  fal'low-up of unreturned 

questionnaires will r esu l t  in a suff ic ient  nunbsr to  complete these ce l l s .  

The questionnaire!, received from elderly subjects have so f a r  been repre- 

sentat ive of each group  required. Remaining ef.forts in locating subjects 

will concentrate 2n retirement centers. The two retirement centers con- 

tacted t o  date will allow us to  place a f lye r  advertising the project in 

each res ident ' s  mlilbox. That d is t r ibut icn  alone will contact about 175 

basically heal thy people age 62 o r  older.  In sum, we are  optimistic about 

locating the reqtired numbers of subjects t o  complete the study i n  accor- 

dance with the st . ; l t is t ical  design. 



3 .  Radiography 

Xrray techniques and procedures described in ear l ier  reports were 

continued throughout the quarter, and no procedural changes were inst i tu-  

ted. We had anticipated having t o  reduce the number of x-rays t o  four 

(by el imi nating the dropped-shoul ders view) in order t o  accommodate elderly 

subjects. However, the number of x-rays has so f ~ r  no t  been a problem. 

The prospective subject either declines t o  participate because he wants no 

x-rays a t  a l l  taken, or he ztllows the entire seqitence. 

During this  quarter, a sharp increase was nct2d in the number of sub- 

jects whose x-rays were rejected during the c l ' r ~ i c ~ l  review. This was 

expected as testing began w i t h  elderly subjects, since people whose basic 

health history i s  good may s t i l l  exhibit unacceptable degrees of degenera- 

tive a r th r i t i s .  Dr. Baum, our radiologi s t  consu' tant ,  has devel oped a 

detailed set  of ra~king  cr i te r ia  t o  allow her t o  objectively analyze 

x-rays of older subjects. She i s  permitting further testing on subjects 

who show normal aging effects ,  b u t  rejecting th0i.e who might conceivaibly 

be jeopardized by the reflex time or strength testing. To date, three 

elderly subjects have been rejected because of a r th r i t i c  conditions . 
In the study t o  date, thirteen subjects haw! been rejected on the 

basis of clinical review of the x-rays; five were reported previously. 

The eight subjects n o t  approved during this quarter are noted below, to -  

gether with the reasons for rejection. 



Subjec,t - Reason for rejection 

Short male, age 20 

Short maie, age 39 
Medium size male, age 41 

Short male, age 64 

Medium size male, age 70 

Tall male, age 69 

Medium size female, age 71 
Medium size female, age 66 

Mild scoloisis 
Scoliosis & blocked vertebra @ C 5 - C 6  

Possible old injury $C2-C3 

Mi 1 d 1 ordokyphoscol i os i s 
Severe degenerative a r t h r i t i s  
Moderately severe degenerative a r t h r i t i s  
Possible old compression fracture,  C6 
Moderately severe degenerative a r t h r i t i s  

The status o f  subjects who have completed the x-ray portion of the 

study i s  shown in T;b?e 11. The table i s  organized to show for each of 

the 18 subject categories how niany subjects have been x-ri;fed ( in  

total and duri n?: thi:; quarter) ,and now many subjects have been 

approved for  further testing. In the younger age category, not a l l  of the 

approved subjects conpleted the ent i re  t e s t  sequence. However, a l l  x-rays 

which provide useful data are being analyzed. The format of Table I1  will 

be the common format l~sed for data presentation throughout th is  report. 



TOTALS 

TABLE I I  

STATUS OF X-RAY PORTION OF 

STUDY -- BY SUBJECT CATEGORY 

Notes 1 )  of the  126 aporoved s e t s  of x-rays, 
7 provided no useful da ta .  They were taken 
ea r ly  i n  the study before procedures were 
standardi xed. 

2) O f  the 53 s e t s  of x-rays taken durinq 
t h i s  quar ter ,  8 were re jec ted  for medical reason: 
and 45 were approved. 

K-rays taken 
to date:  11 
l u r i n g q t r :  5 
brays app'd,  
to date:  11 

. - 



Analysis o f  x-ray ( a n d  pho t~grsph ic )  range-of--motion data i s  no\! being 

accomplished using a program from the University of Michigan S ta t i  st-ical 

Research Laboratory. Data from 118 se t s  of x-rays has been analyzed fo r  

th i s  report .  The stat1stic:al summary fo r  to ta l  range of motion in each 

subject category i s  presented, together with corresponding photographic 

data ,  in Table 111. (Note tha t  subject categories are indicated by check 

marks in the proper sex, aye and height columns.) 

Sufficient  data has now been gathered t o  permit some observations. 

F i r s t ,  there appears t o  be l i t t l e  sexual difference in range-of-motion as 

measured from x-ra,ys. With the exception of the shorter  young subjects ,  

i n  which males are more "mobile" than females, the ranges of motio~i of me\; 

and women of similar ages and statures are not s ignif icant ly  d i f fe ren t .  

Second, a1 though the  sample s ize  of elderly s u b j x t s  i s  s t i l l  small , there 

i s  a def in i te  age effect  seen in range-of-motion. Comparison of similar  

sex and s ta tu re  groups reveals an ent i re ly  consistent pattern of decreasing 

range-of-moti on with increasing age. Third, an increase in physical s t a tu re  

tends t o  r esu l t  in an increased range-of-motion. The notable exception i s  

females age 35-44, in which the trend i s  reversed. 

Nork will begin early in May t o  obtain speci f ic  anthropometric measures 

from the x-rays. These will be used t o  increase the sophistication of the 

computer models, provide information fo r  anthropometric dummy neck design, and 

provide data for  radiological analysis by Dr. Baum. 





4, Photcgrarnmetrjr 

The photogrammetry polpti an af the study continued through the quarter  

without the need fo r  procedural changes. The only potential problem noted 

was that  some e lder ly  subjects tend t o  move t he i r  upper torso as they assume 

the extension position. :'lose observation and requesting the su-b- 

j e c t  t o  repeat the posi t io l~  when necessary are  trinimizing t h i s  problem. 

Range of motion data have been measured fron the photogrammetry of 

118 subjects .  Compuierizetf s t a t i s t i c a l  summaries of to ta l  range of \.notion 

were obtained and are presented in Table 111. Thc format used d i rec t ly  

compares the resu l t s  of analysis of the x-ray L P ~  the three photographic 

repeti t ions . The data .are organized by subject category. 

Observations :loted fo r  the x-ray range-of-mtion data tend t o  be 

similar  for  the photograph'ic data. There i s  l i t t l e  sexual differencle; a 

d i s t i nc t  reductiov in range of motion occurs as age increases; and range-of- 

motion shows some tendency t o  increase as s t a t u r l  increases (though the 

tendency i s  l e s s  prsonounced than that  noted in t , ie  x-rays). The e f f ec t  of 

repet i t ions  o n  to ta l  range-,of-motion may also bc observed in Table 111. 

Subjects tend t o  assume the same position when t ~ e y  are  requested t o  move 

t he i r  head forward or back "as f a r  as you can." Par t icular ly  in the cate- 

gories w i t h  la rger  sample s i t e s ,  the range of angular differences i n  to ta l  

range-of-moti on i s  general ly 1 ess than ten degrees. 



5 .  Anthropometry 

Anthropometry has been completed on 100 subjects to  date,  using 

the 48 measurements described in the Third Quarterly Report. Incl uded 

are s ix  e lder ly  subjects ,  three females and three males. The data 

from 99 subjects have been keypunched and s t a t i s t i c a l l y  summarized by 

computer. End-of-quarter summaries by subject category of a l l  48 

measures are  avai :able, and f i f t een  of the 48 have been selected fo r  

presentation in t h i s  report.  These are incorporated as Tables A-1 

t h r o u g h  A-1 5 i I the Appendix, and i ncl ude the foi lowi1ng measur:nents : 

Table No. -- Measurement 

Wei c ih t  
Stature 
Standing Cervicale Hei ghit 
Erest S i t t ing  Height 
Si tk.ing Cervicale Weight. 
Erect Seated Eye Height 
Lateral Neck Breadth 
Anterior-Posterior Neck Breadth 
Anterior Neck Length 
Posterior Neck Length 
Superior Neck Circumference 
Inferior  Neck Circumference 
Head Circumference 
Head Breadth 
Head Length 

In each of the tables ,  ,the data are presented by subject category, in 

a format similar  t o  tha t  used in Table I .  

Review of the infoirmation presented in Tables A-1  thraugh A-15 

reveals some general observations, a l l  of which will be s t a t i s t i c a l l y  

tested as the c e l l s  are  f i l l e d .  Certain measures correlate closely 

t o  s t a tu re ,  such as weight, erect  s i t t i n g  height, cervicale height, 

e t c .  (Tables A-1 through A - 6 )  . These a11 show significant  differences 



between sexes ( w i t h  males larger)  , and step increases with increasing 

s ta tu re .  The most pronounced differences appear t o  occur in the time 

span between the middle age group and the elderly group, and these 

are n o t  s ignif icant  differences. A bet ter  assessment of age differences 

will be made as sample sizes of elderly subjects increase. The second 

group of meascrements (Tables A-7 through A-12) are a l l  used t o  describe 

the neck, Exc2pt f o r  posterior neck length, which tends t o  be random 

in dis t r ibut ion,  these measures show that  males are s l i gh t l y  larger 

on the averaye, there i s  very 1 i t t l e  age difference, 'and only a small 

increasing treild related t o  s ta ture .  The f inal  three measures (Tables 

A-13 through A-15) are the primary head measures -- circumference, 

breadth, and length. These are  similar  t o  the neck measures, in that  

they show a 5 1 ight  sex difference (males be:ng larger) ,  very small age 

differences,  a i d  small differences di rect ly  related to s ta ture .  An 

in teres t ing ob;ervation i s  tha t  an individual ' s  neck length does n o t  

necessarily ir:rease with his  s t a tu re  as might be expected. 

I t  i s  of iontinuing in te res t  to  determine how closely the popula- 

tion we a re  us ng i n  t h i s  study approximates the overall U.S. population 

upon which our s t a tu re  c r i t e r i a  were based. The key population measures 

of weight, s t a t u r e ,  and erect  s i t t i n g  height are compared in Table IV 

fo r  the study population to date and the U.S. population as reported 

by the U.S. Public Health Service. The 50th percentile measurements 

given in Table IV a r e  not weighted, in  order t o  reduce the e f fec t s  of 

uneven sample s izes  i n  the various s ta ture  categories of a given sex 

and age group. I n  the young and middle age female, and young male 



TABLE I V  
COMPARISON OF POPULATION MEASURES 

- 
I f 50th  P e r c e n t i l e  Measurements I 

* U.S. popula t ion f i q u r e s  are 50 th  p e r c e n t i l e  f i q u r e s  f o r  t h e  i n d i c a t e d  sex  and a g e ,  a s  r e p o r t e d  i n  
~ a t i o n a l  Heal th  ~ u F v e y ,  Weight , ~ e i  c ~ h t  and s e l e c t e d  5od.y Dimensions o f  Adu7 t s  : - ~ n i  t e d  S t a t e s ,  
1950-62, Pub l ic  Heal th  S e r v i c e .  T h i s  r e p o r t  was t h e  source  f o r  our  s u b j e c t  s t a t u r e  c r i t e r i a .  

** N i s  t o t a l  number of s u b j e c t s  t e s t e d  i n  t h i s  age c a t e g o r y  t o  d a t e .  



groups, sufficient numtters of subjects have been tested t o  be 

representative o f  the final study population. In these cases, only 

a few pounds or a few millimeters difference exists.  This i s  a 

positive indication that the study population i s  being randomly 

selected from the same sort  of population as that surveyed by the 

U.S. Public Health Service. The large differences in the middle 

age male and elderly male and female groups stem from highly unbalanced 

cell sample sizes,  as ~eference t o  Tab1 es A-1 , A-2  and A-4 will reveal, 

As the cel ls  f i l l  enough t o  allow meaningful comparisons, additional 

measurements (hip breadth, knee height, head and neck measures, etc.  ) 

will be correlated with summaries reported by other investigators. 

Measurement ci:,ta thus verified may be used i n  our computer simulations 

as a accurate representation of the U.S. adult population. 



6.  Ref1 ex Time Measurements 

Testing with a subject has been completed when the data from 

neck muscle reflex time and strength tes t s  have been obtained. 

During the quarter, testing was conlpleted with 54 subjects ( 3 2  

females and 22 males), bringing the total number of subjects tested 

to date to 100. The distribution of these 100 subjects by sex, age, 

and stature categories i s  contained in Table l!. The cel ls  for 

middle age males and elderly males and fevales will be f i l l i ng  

rapidly during the next quarter i s subjects responding t o  the la tes t  

advertisements are tested. 

No new technical problems arose during the reporting period. 

We continued t o  exercise great care, b o t h  i r  placing the electrodes 

and in conducting the t e s t s ,  t o  be certain that a clearly recognizable 

muscle reflex was being el ic i ted.  I n  addi t i m ,  a strip-chart record 

o f  each t e s t  i s  produced. This i s  used immediately t o  verify the 

muscle response and force levels and la ter  t:, analyze the t e s t  for 

yeflex times dnd force levels. 

Three measurements are obtained from t h ?  strip-chart record of 

each reflex time t e s t .  These measurements, consisting of muscle 

reflex t i ae ,  peak stopping force and time t o  peak stopping force, 

are i l lustrated in Figure 1 .  Reflex time i s  the time difference 

between the s t a r t  of head acceleration and the s t a r t  of a notice-. 

able increase i n  muscle activity.  The acceleration forces are 

bi phasi c--an i n i  t i  a1 head acceleration phase, caused by the one- 



T A B L E  V 

SU3JECT STATUS - ALL T E S T I N G  COMPLETED 

--BY SUBJECT CATEGORY 



W- L. Accel 
(Top 

Maximum stoppirg force due 

erat ion 
of Headpiece) 

t o  neck t i s sue  

FIGURE 1 
STRIP-CHART ANALYSIS OF NECK MUSCLE REFLEX TEST 

I 
I + 3 Time t o  Peak Stopping Force 

t--Begi nni ng  of' Head Acceleration b j  Weight 



pourld weight when i t reaches the end o f i  its travel , fol lobved by a 

stopping phase, caused by the neck t i ssues  as the head i s  decelerated 

and brought to  r e s t ,  'The force levels  summarized in t h i s  report  are 

those measured by the dccelerometer mounted a t  the top of the head- 

piece. These f o r m  are twice t o  three times as strong as those 

measured a t  t l e  forehead (and therefore a t  the center of gravity of 

the head). This provides a safety margin in the test ing procedures, 

since forces i l t  the top of the headpiece are n o t  permitted to  exceed 

1.5 G's. T i m t t  to  peak stopping force i s  t h 2  time d;;fference between 
the s t a r t  of head acceleration and the point of maximum stopping 

force. 

Analysis of the t e s t  resul ts  t o  date has revealed several 

characteri s t i  c responses t o  the control 1 ed- jerk t e s t s  . The most; 

typical resul t s  are i l l u s t r a t ed  in Figure 2.  Basically, responses 

produce e i  the? a lovr level of head acceleration of f a i r l y  long duration, 

o r  a hi gher 12vel of acceleration of shor t  duration, or a more complex 

"bimodal" two-phase response in which the EMG and acceleration records 

r e f l e c t  a twc-stage e f fo r t  to  stop the head. The investigators feel  

that  these c i -aracter is t ic  responses are related t o  the physiology of 

the neck structures and have a relat ionship to the inherent " s t i f f -  

ness" o f  the vertebrae, 1 igamental s t ructures  and musculature. 

A " s t i f f e r "  neck with well-developed vertebral column s t ructure  

stiould mitigate a given force input ( the  one-pound weight) over a 

longer period and a t  a lower force l eve l ,  with correspondingly less  

need f o r  strong muscle act ion,  than a lightweight neck with l ess  

suppcr t i t l g  i i s s n e .  T!.!Ss 1:r! f a c t  c w m c  .i.o he the C ~ F C ? :  since m o s t  

problerns in measuring ref lex  tirne occur w i t h  large male subjects .  



1 
I -I-w- Low-strength , 1 ong-duration muscle response 

level (0 .8G typ , )  
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TYPE 1 : Low-level , 1 ong-duration stopping force 
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Two d i s t i n c t  peaks of stopping force 
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TYPE 3: "Bimodal" stopping force 

FIGURE 2 
TYPICAL RESULTS OF REFLEX TESTS 

2 0 



An attempt wil l  be made to  t e s t  t h i s  observation by comparing x-ray 

antllropometry measurements of the vertebral column and external 

measures of the neck tcr reflex t e s t  resul ts  on an individual sub,ject 

basis. A high degree o f  correlat ion wi 11 substanti a te  the observation. 

The relationship between the observed reflex time and the type of 

response will also be explored. 

Data from the muscle ref lex  t e s t s  have been sumarized and are  

presented by subject category in s i x  tables .  The average reflex 

times of the neck flexors (sternomastoid) arid neck extensors (semi - 
spinal is  cap i t i s )  are -in Tables \ / I  and YII, respectively. Corres- 

ponding head stopping forces and times t o  miximum stopping force 

are contained in Tables A-16 through A-19 in the Appendix. 

Allowing fo r  small sample s izes ,  espec,!ally in the older age 

groups, sever21 observiitions can be made r ~ l a t i v e  t o  the ref lex  

time data (Tables VI and VII ) .  There appea .s to  be a sexual variat ion 

exhibited in both f lexors and extensors, wi ;h males having slower 

reflexes than females, f o r  a given age and 5tature group. There 

are also preliminary indications that  muscl 2 reflexes become slcrwer 

as age increases. This e f fec t  was noted t o  some extent  in b o t h  

muscle groups. There i s  no c lear  indication that  physical s t a tu re  

influences the reflex tinie of the neck extensors, However, the 

neck flexors do tend to react  more slowly in t a l l e r  persons. 

Contrasting the two muscle groups reveals t h a t ,  on the average, 

the neck flexors tend to  react  more slowly than the neck extensars. 

Rather large standard deviations have been noted i n  several 

reflex time data c e l l s .  These large variations in reflex time may 

be in part  due t o  the di f ferent  types of character is t ic  responses 



TABLE V I  

AVERAGE REF!,EX TTM': OF N E C K  F!.EXORS 

TESTS I N  EXTENSION (WEIGHT DROPPED BEt ' IND HEAD) 



TA3LE V I I  

A V E R A G E  R E F L E X  T I E  O F  NECK E X T E N S O R S  

F L E X I O N  TESTS ( I J E I G H T  D R O P P E D  IN R O N T  O F  H E A D )  



described ea r l i e r .  If: so, i t  may be necessary to  define reflex 

tirnes in terms of the to ta l  neck response t o  the stimulus. The 

necessity of incorporating th i s  constraint  wil l  be evaluated as 

more refined data analysis i s  carried out. 

The d i rec t  relationship between peak stopping force and titne t o  

peak stopping force i s  i l lus t ra ted  fo r  the neck f lexors in Tables 

A-16 and A-17 and for  the neck extensors in Tables A-18 and A-19. 

I n  general, the lower the average stopping force, the longer the time 

required t o  reach i t .  While the ef fects  of the sex, age, and s t a t u r e  

variables are not especially pronounced, several observations may be 

pertinent. Males tend t o  stop the head more slowly and a t  lower 

force lsvels .Alan females. There i s  a tend( ncy f o r  persons of t a l l e r  

s t a tu re  to be " s t i f f e r "  (as  evidenced by locrer force l eve l s ) ,  although 

th i s  i s  n o t  a?ways reflected in increased stopping times. There i s  

no age e f fec t  apparent a t  t h i s  time. The neck flexors show some 

tendency toward higher stopping forces, b u t  t h i s  might be expected 

since the flexors are longer, more slender muscles than the extensors. 

I t  i s  important to  note that  the observations reported t o  date 

have been made upon a limited number of subjects. As additional 

data are subsequently collected, they may be subject t o  change, 

In f inal  analysis, a71 observations with respect t o  the key study 

variables will be s t a t i s t i c a l l y  tested f o r  va l id i ty ,  



7, Neck Muscle Strength Measurements ---- 
The procedures used t o  measure neck niuscle strength were not 

changed during the quarter. Strength data from 99 of the 100 persons 

tested t o  date have been summarized by subject category and are pre- 

sented in Tables VIII and IX. Table VIII  contains the results of 

neck flexor strength tests  and Table IX contains similar t e s t  results 

fo r  neck extensors. 

On the average, males are considerably stronger than females. 

For given ace and stature groups and for  e i ther  flexor or extensor 

muscles, the males tend t o  average 10 t o  15 pounds stronger t h a n  the 

females. The limited data obtained thus f a r  shows a definite age 

effect  in the elderly group. Both  men an(! women are significantly 

weaker than their  younger counterparts, a ~ d  the effect  i s  seen in 

both muscle groups. There i s  also a s l ight  tendency for  t a l l e r  

people t o  have stronger neck muscles. Finally, in every subject 

category (and in fac t  for most individual subjects),  the extensors 

are stronger than the flexors, with women tending t o  show a somewhat 

greater strength differential  than men. I n  cel ls  with larger sample 

s izes ,  the neck extensors of women averaged 7 t o  11 pounds stronger 

than the flexors; fo io  men, tile difference averaged 4 t o  10  pounds, 

w i  tli extensors being stronger. 



TABLE VIII as 0~3-31-73  

NECK FLEX3R IIUSCLE STRENGTH 

Units in LBS 



TABLE IX 

NECK EXTENSOP. ?!USCLE STRENGTH 

U n i t s  in LBS 



8, Analysis of Test Data 

Analysis of t es t  subject data will be on two levels--init ial  

data summaries and detailed s t a t i s t i ca l  analyses. In i t ia l  data 

summaries for  range of motion, anthropometry, reflex time and strength 

were presented in th i s  report. This type of summary i s  being used 

to provide in i t i a l  indications of possiblc trends and tendencies 

and t o  provide a basis for more detailed i nalysis. 

In order t o  isolate or highlight the significant aspects of 

the variables being measured, several forrls of s t a t i s t i ca l  analysis 

will be employed. First ,  observations matie from in i t i a l  data sum- 

maries will be tested. Second, an analysis of variance will be 

performed t~ determine the significance of the sex, age, and stature 

variables or a l l  of the measures being laken. Third, a factor 

analysis will be conducted to determine t le se t  of anthropome;tric 

measures that best correlates with major functional measures. This 

will provide the most sensitive group of size measurements t o  be 

used as factors in the computerized crash simulation model. Fourth, 

a large number of correlation tests  will )e conducted, t o  include 

a t  least  tlic following: 

a. Range of motion vs selected anthropometri c measures 

b. Range of metion vs reflex times 

c .  Range of motion vs neck muscle strength 

d. Subject pool anthropometry vs U.S. population anthropometry 

e. Anthropometry vs reflex times 

f. Anthropometry vs strength 

g .  Reflex times vs peak stopping forces 



h .  Reflex t imes vs t ime  t o  peak s topping f o r c e  

i . R e f l e x  t ime vs  head d i sp f  acernent 

j. Re f l ex  tin;e vs s t r e n g t h  

k. Peak s topping f o r c e s  vs t ime t o  peak s topping f o r c e .  

F i f t h ,  i n  c e r t a i n  cases, ana l ys i s  o f  covar iance will be conducted 

t o  i s o l a t e  t h e  e f f e c t s  o f  m u l t i p l e  va r i ab l es .  F i n a l l y ,  o t h e r  

types o f  a n a l y s i s  w i l l  be employed as needed i f  they are found t o  

be u s e f u l  i n  i s o l a t i n g  f a c t o r s  t h a t  m igh t  i n f l u e n c e  neck i n j u r y  

s u s c e p t i b i l i t y .  



9. Methods o f  Reporting Results 

In lieu of a formal final report to the Insurance Inst i tute  

for  Highway Safety, the results of the t e s t  program and subsequent 

analyses will be subani tted for  publication in the open scient i f ic  

l i te ra ture ,  Several a r t ic les  or publications are anticipated or 

are bei ny planned, 

A sizable bibliography of neck references has been compiled 

during the past f if teen months. I t  i s  l ikely that th i s  will be 

published as a sepal. i te Highway Safety Research Inst i tute  document. 

If so, an ef for t  will be made t o  evaluate or include abstracts of 

some of the more important references, Tt,is would greatly increase 

the usefulness of the bibliography as a reference work. Peter Van 

Eck would 5e a principal contributor t o  this  publication. 

Several diverse testing techniques were combined and several 

unique testing methods were developed to gather data for th is  

project. Dr. Chaffin, Dr. Snyder and David Foust have discussed the 

possibi 1 i ty of submitting a brief "methodology" paper for pub1 ica- 

tion. The preferred journal for such a paper would be the -- Journal 

of Appl i ed Phys i 01 ogx. 

Results of  the X-ray and external anthropometric studies, 

including the influence of various size factors on neck injury 

susceptibil i ty,  will be the subject of a paper for which Dr. Snyder 

will be the principal author. The American Journal of Physical - 

Anthropology would be a good vehicle for  this  information, b u t  

there i s  a substantial lag time for  publication in this  journal, 

and an alternative would be the Journal of Aerospace Medicine,, 



This journal i s  international in scope and i s  widely read, and i t  

would disseminate the information to a large group of researchers 

who are  interested in occupant protection. Also, publication can 

often be achieved in fewer than s ix  months. 

Range of motion, reflex time and strength t e s t  r esu l t s  will 

be published as a technical paper to be presented a t  the 17th 

Stapp Car C-ash Conference. A n  abs t ract  f o r  a paper en t i t l ed  

"Cervical Rfinge of Motion and the Dynamic Response and Strength 

of the Cervical Muscles," of which D. R .  Foust wi l l  be principal 

author, was ~ubrni t ted t o  the Stapp Conference Ad\c"sory Committee 

on March 1 ,  1973. On April 6 ,  1973, we received notif icat ion 

tha t  the pa?er has been accepted. The d ra f t  i s  t o  be submitted 

by June 29,  1973, and the f inal  manuscript by August 10, 1973. 

The paper wil l  be presented a t  the S t a ~ p  Conference in Oklahoma 

City on Novxiber 12 or 13, 1973. 

The application of our t e s t  r esu l t s  t o  the HSRI Two-Dimensional 

Crash Victjm Simulator i s  the basis f o r  a proposed paper with D .  H. 

Robbins as the principal author. An abstract  for  a paper en t i t l ed  

"A Mathematical Study of the Effect of Neck Physical Paranleters 

on Suscept ib i l i ty  t o  Injury" was submitted to b o t h  the Stapp Confer- 

ence and the S.A.E. General Convention. This paper was a l so  accepted 

by the Stapp Conference, b u t  Dr. Robbins indicates i t  wil l  be with- 

drawn since the datg will not be available in time t o  complete a 

d r a f t  by the end of June. I t  i s  now l ikely  tha t  the paper will be 

published e i t he r  as a Society of Automotive Engineers' technical 

publication or in the Journal of Biomechanics. 



Finally, Dr. Baum i s  anticipating a publication in the f ie ld 

of radiology as a result  o f  her work on the study. The precise 

t i t l e  has n o t  yet been determined, b u t  t h i s  paper will be subrnitted 

t o  a medical journal. 

I n  summary, a t  t h i s  t ine i t  i s  anticipated t h a t  s ix  technical 

publications will result from th is  study. We will keep the sponsor 

informed of changes and progress in these publication plans, and would 

expect t o  forward drafts of sucli technical submissions for your 

information, 



111, WORI< TO B E  ACC;OMPLISHED DURIIiG REMAINDER O F  PROJECT 

All e f fo r t s  furlded under t h i s  project  are now expected t o  be 

completed by the end of August 1973. The target  date f o r  completion 

of the data acquisition phase i s  the end ~f June, with data reduction 

and analysis proceeding concurrently when possible. The months of 

July and August wil l  be devoted t o  detail2d s t a t i s t i c a l  analysis of 

the data and t o  conducting computer runs ~ t i l i z i n g  the Crash Victim 

Simulator Program. The Stapp Conference piper wi 11 re ly  chiefly 

on data sumniaries by subject category, so i t  should not be d i f f i c u l t  

t o  meet the deadline f o r  submission. 

Effort ;  during the remaining portior, of the study wi l l  be closely 

interwoven between data acquisi t ion and t,nalysis. Also, the writing 

e f fo r t s  a t  the end of June wil l  be devoted t o  submission of papers 

f o r  publication. Therefore, we do not ir tend t a  submit a quarterly 

technical report a t  the end of June. Hovever, up-to-date data 

summaries can be prepared quickly and so wil l  be available to  the 

Insurance In s t i t u t e  f o r  Highway Safety if so desired. 



IV. APPENDIX 



TABLE A-1 

14E I GHT* , POUNDS 

"Precise definitions of each anthropometric measurement can be found in 

the -.- T h i  rd Quarterly - R z r t .  .- 



TABLE A-2 

STATURE, cm 



TABLE A-3 

STANDING C E R Y I C A L E  HEIGWT, cm 



TABLE A-4 

ERECT S I T T I N G  HEXEI-IT? cm 



TABLE A - 5  

SITTING CERVICALE WEIGHT, cm 



TABLE A-6 

ERECT SITTING EYE HE I GI-iT , 

1 

TOTALS 



TABLE A - 7  

LATERAL N E C K  BREADTH, CM 



TABLE A-8 

ANTERIOR - POSTERIOR NECK BREAD'TH c m 



TABLE A-9 

A N T E R I O R  NECK LENGTH, CN 

- - -- - -- - 

TOTALS 

- 



TABLE A-10 

POSTERIOR NECK LENGTH, cm 



TABLE A-11 

SUPERIOR NECK CIRCUMFERENCE, cm 

11 

32. 2 

1 . I  
- 

10 

32.8 

1.2 
- 

2 
33.8 

0 . ;7 

10 
38. 8 

2.3 
- 

9 

41 .(I 

3.2 

2 

39.1! 

0.4 

- 

F 
E 
M 
A 
L 
E 

M 
A 
L 
E 

1 1 1 

TOTALS 

I 

8 

32.5 

1.1 

18-24 

N = 10 

31.7 

S = 1.9 

i 
32.4 

1.9 

0 
0 

Ir 

I 7 
35-44 

31.9 

1.3 
-. 

62-74 1 

36.1 

0 

18- 24 

35-44 

62-74 

8 

34.1 

1.2 
I 

2 

43.5 

6.3 

0 

0 

0 

10 

37 2 

1 6  

1 
38 5 

0 

1 

43.2 

0 



T A B L E  A-12 

I N F E R I O R  NECK CIRCUblFEREgCE,  cm 



TAELE A-13 

HEAD C I R C U f i l F E R E N C E ,  c m 



TABLE A-14 

HEAD B R E A D T H ,  cm 

TOTALS 

- 1 



T A B L E  A-15 

HEAD LENGTH, cm 



TABLE A -1  6 

AVERFIGE PEAK STOPPING FORCE 

TESTS I14 EXTENSI OIi 



TABLE A-17 

AVERAGE T I M E  TO PEAK STOPPING FORCE \ \ 

TESTS IN EXTENSION 

Units i n  MSEC 



TABLE A-18 

AVERAGE P E A K  S T O P P I N G  FORCE 

TESTS IN FLEXION 

U n i t s  i n  G ' s  a s  measured a t  t o p  o f  headpiece 



TABLE A-19 

AVERP,GE TIME TO PEl?K STOPPING FORCE 

TESTS IN FLEXION 
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