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ABSTRACT 

We have established a computerized data base for use in 

human skel eta1 identification research. The data base contains 

information obtained from 715 individuals whose skeletons were 

sent to forensic anthropol~gists for identification or study. 

. . h a m  i r r ~ r t  r d i t i  

race and sex. Documentation for each skeleton consists of age, 

sex race, height, weight and additional information about the 

individual that may be available. Measurements and observations 

from each skeleton were entered and stored in the data base. 

Our data base is broadly representative of the contemporary 

U.S. populat~on as it is seen by forensic anthrapalagists. A s  

such it diff ers considerably from skeletons in anatomical 

col lections, upon which most current forensic research rests. 

Demographical ly, forensic skeletons represent younger individuals 

from a mare diverse ethnic background than those found in 

anatomical collections. Ethnically, our sample is 67 % White, 

19 % Black, 6 % Hispanic and 3 % Native American. Metrically, 

forensic skeletons are larger and more variable. We have used the 

metric data to revise sex and race identification standards. The 

new standards are more suitable for use in forensic practice than 

those current1 y avai lable. 
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HISTORY AND BACKGROUND 

I n t r o d u c t i o n  

I d e n t i f  i c a t i a n  a f ske l  e ta1 remains by f o r e n s i c  

anthropologists.,  has long played an impor tant  r o l e  i n  t h e  

c r i m i n a l  j u s t i c e  system. Anthropo log is ts  have been a c t i v e l y  

i t s  i n c e p t i o n  i n  1949, r e s u l t i n g  i n  t h e  eventual  establ ishment o f  

a  separate Phys ica l  Anthropology sec t ion .  I n  1977, f i v e  years 

f 01 1 owing t h i  5 development, t h e  American Board of Forensic  

f in th ropo log is ts  was formed t o  oversee t h e  c e r t i f i c a t i o n  of f u t u r e  

p r a c t i o n e r s  i n  t h e  f i e l d .  

A l l  o f  these developments r e f l e c t  a  g rea ter  r e a l i z a t i o n  of t h e  

importance o f  t h e  c o n t r i b u t i o n s  o f  f o r e n s i c  anthropology t o  t h e  

c r i m i n a l  j u s t i c e  system. Dur ing t h e  l a s t  20 years, t h e  f i e l d  of 

f o r e n s i c  anthropology has seen an e:.:ponential increase i n  t h e  

amount o f  work: be ing conducted i n  cooperat ion w i t h  o r  d i r e c t l y  

f o r  law enforcement agencies a t  t h e  fede ra l ,  s t a t e  and l o c a l  

1  eve1 . I t  i s  now common p r a c t i c e  f o r  t h e  law enforcement 

community across t h e  n a t i o n  t o  r e l y  on t h e  e x p e r t i s e  o f  t h e  

f o r e n s i c  an th ropo log is t  whenever i d e n t i f i c a t i o n  o f  human 

ske l  e t a l  remains i s  invo lved.  

While these changes have increased t h e  c o n t r i b u t i o n s  o f  

t h e  d i s c i p l i n e  t o  t h e  c r i m i n a l  j u s t i c e  system, they have a l s o  

accentuated t h e  need f o r  f u r t h e r  research i n  t h e  f i e l d  o f  

f o r e n s i c  anthropology. Th is  i nc ludes  research s p e c i f i c  t o  t h e  

areas o f  age and sex determinat ion,  assessment of  major r a c i a l  o r  

genet ic  a f f i n i t y ,  and s t a t u r e  es t ima t ion  from t h e  human skeleton. 

Correspondingly, success achieved i n  human i d e n t i f i c a t i o n  from 



ske le ta l  remains depends on t he  experience o f  t he  an thropo log is t  

as we l l  as on t.he a v a i l a b i l i t y  o f  adequate sex, race, age, and 

s t a tu re  standards. I n  1984 we proposed t o  cons t ruc t  a  

computerized s k e l e t a l  data bank composed o f  recent  f o rens i c  cases 

as recorded by f o rens i c  an th ropo log is t s  from a l l  reg ions  o f  t he  

country  (Jantz and Moore-Jansen 1984). Since then we have 

developed a  reco rd ing  form, a  standardized manual conta in ing  

gu ide l i nes  Sor t he  record ing  o f  Sorensic s k e l e t a l  cases, and a  

data-base s t r u c t u r e  f o r  t h e  computer izat ion o f  data records. 

During the  past  two years we have v i s i t e d  several  research 

i n s t i t u t i o n s  f o r  t he  purpose o f  record ing  and documenting recent  

s ke l e ta l  cases, a l l  o f  which have been added t o  t he  data-base. 

We have received cooperat ion on t he  p a r t  o f  severa l  p ro fess iona l  

col legues, wh i l e  even more have committed themselves t o  f u t u r e  

p a r t i c i p a t i o n .  While data c o l l e c t i o n  i s  a  gradual and slow 

process, t he  format proposed under t he  terms of t he  data bank 

promises t o  p rov ide  a  dynamic data-base which i s  both f l e x i b l e  

and d i ve rse  i n  i t s  format. Together t h e  data records compiled 

i n  t h i s  f o rens i c  s k e l e t a l  data bank would prov ide  a  s izeab le  and 

demographical l y  rep resen ta t i ve  data-base, otherwise unat ta inable.  

Most of  a l l ,  i t  w i l l  remain t r u l y  rep resen ta t i ve  o f  t he  cu r ren t  

U.S. popu la t i on  as long as new data records  cont inue t o  be added 

a t  a  steady r a te .  

Com~ara t i ve  Anatomi c a l  Col l e c t i  ons 

Centra l  t o  research i n  human i d e n t i f i c a t i o n  i s  t he  

avai  1  ab i  1  i t y  oS ske le tons  o f  documented age, s e x ,  race, and 

s ta ture .  I t  i s  from such resources t h a t  met r ic  and nonmetric 



data are obtained to form the basis for the skeletal parameters, 

used to differentiate between sexes, major racial groups, and to 

assess age, and estimate stature. 

Historically, anthropologists have relied on the 

availability of comparative anatomical skeletal collections for 

anthropologists and anatomists across the nation, aware of the 

appl icati ons of such anatomical research coll ecti ons, establ ished 

depositories of human skeletons as part of their respective 

research institutions. T h e  two largest collections are the Terry 

and the Hamann-Todd anatomical col lections. The Terry 

collection, assembled by Robert J. Terry at Washington 

University, St. Louis, contalns appro:.:imately 160r3 White and 

Black skeletons obtained from dissecting room cadavers primarily, 

during the 1920's and 1950% (Stewart 1979) . The Hamann-Todd 

collections assembled by T. Wingate Todd between 1912 and 1958, 

consists of approximately 26(:)(3 skeletons, also of Whites and 

Blacks obtained from dissecting room cadavers. In a recent 

review of past literature in forensic research, we determined 

that over one-half of the pub1 ished researh surveyed, is based 

on materi a1 s from the Terry and Hamann-Todd col 1 ecti ons 

alone (Table 1 ) .  

The principal limitation of collections such as the Terry and 

Hamann-Todd is that they no longer represent the population of 

the United States which of course is the population from which 

skeletons requiring identification are derived. Sources of bias 



Table 1. Ske le ta l  c o l  l e c t i o n s  upon which f o rens i c  anthropology 
research i s  based. ................................................................. 

No. % 
Samples o f  Age 

C o l l e c t i o n  Used Tota l  E thn ic  Group Sex Group 

Terry  43 32.3 Black & W h i t e  M/F Adul t  

Todd 5 (3 22.5 Black & White M/P A d ~ l l  t 

Korean War Dead 8 6.0 Black, White, M Young 
Hispanic and Adu l t  
Mongoloid 

Harvard D issec t ing  6  4.5 White 
Room Cadaver Co l l .  

M/F Adult  

H rd l i c ka  Co l l ec t i on  P= 
J 3.8 Black, White, M/F Adul t 

North American & Foe- 
Ind ians tuses 

Howard Medical Col lege 2 1.5 Black:: M/F Adult  

Unsipeci f i ed Cadaver o r  9 6.8 Black:, White M/F Adul t  
Forensic Co l l ec t i ons  & Mongoloid 

A r c t i c  Eskimo 4 -(. 

G ~ .  (1 Mongoloid M/F Adul t  

P r e h i s t o r i c  Nor th 12 9.0 Mongol o i  d  M/F Adult  
American Ind ian  

Br i t i  sh-Amer i can 2 1.5 Black & White M/F Foe- 
tuses 

European (Belgian, 8 6.0 White M/F Adult  
B r i t i s h ,  Nordic, 
F inn ish,  Hungarian, 
and European 
Unspeci f ied)  . 
Japanese 1 0.8 Mongol o i  d  

Chinese 1 0.8 Mongoloid 

M/F Ad~r l  t 

M Adult  

A f r i can  (East and 2 1.5 Black & Hybr id  
South A f r i c a )  (Colored 

Tota l  153 100% 
................................................................. 



inc lude:  1 )  e thn ic  v a r i a b i l i t y .  While bo th  t h e  Terry  and 

Hamann-Todd co l  l e c t i o n s  cons is t s  o f  Whi t ea  and Blacks only,  t he  

U.S. popu la t ion  i s  much more diverse, i n c l ud i ng  l a r g e  Hispanic 

populat ions,  espec ia l l y  on t h e  Southwest, O r i en ta l  populat ions, 

and of course, Na t i ve  American populat ions; 21 i nd i  vdual s  

composing these samples were born p r i o r  t o  1900 (Stewart 1979). 

The secular  changes i n  Blacks and Whites s ince  t h e  t u r n  of t he  

century,  espec ia l l y  we1 1-known f o r  body he igh t  (Tanner 19781, 

render these c o l  l e c t i  oms 1  ess appropr ia te  f o r  contemporary P l  ack 

and White populat ions.  Changes i n  h e a l t h  and n u t r i t i o n  a l so  

appear t o  have a l t e r e d  morphology (e.g. Angel 1982); 31 t he  

demographic c h a r a c t e r i s t i c s  o f  t he  Terry  and Hamann-Todd 

c o l l e c t i o n s  make them l e s s  appropr ia te  as bases f o r  cu r ren t  

fo rens ic  research. Since they cons is t  o f  skeletons obtained from 

cadavers donated t o  medical schools i n  St.  Lou is  and Cleveland 

respec t i ve l y ,  they are  p r i m a r i l y  o lde r  i n d i v i d u a l s  drawn from a  

lower socioeconomic s t r a t a .  Skeletons t h a t  go through f o rens i c  

l abo ra to r ies ,  on t he  other  hand, come from a  wide range o f  age 

and soc i  oeconomi c  categor ies.  

The Data Bankinu Concaat 

We propose t h a t  t h e  data bank concept as i t  i s  presented by 

t he  cu r ren t  p r o j e c t  w i l l  p rov ide  an answer t o  some o f  the  

problems descr ibed above. Three impor tant  aspects o f  a  data bank 

o f  t h i s  na tu re  :are 1 )  t h e  greater  ease w i t h  which data may be 

compiled r e l a t i v e  t o  the  t ime Qnvolved i n  t he  accumulation o f  

ac tua l  s k e l e t a l  co l l e c t i ons ;  21 t he  p o t e n t i a l  f o r  continuous 

t e s t i n g  and r e v i s i o n  o f  standards f o r  i d e n t i f i c a t i o n  t o  r e f l e c t  



b i o l o g i c a l  changes i n  recent  popu la t ions  I f o rens i c  cases); and 3)  

t h e  greater  manageabi l i ty and easy s torage o f  t he  data. I n  

con t ras t  t o  t he  s u b s t a n t i a l l y  g reater  s torage requirements and 

f i n a n c i a l  investments needed f o r  t h e  cu ra t i on  o f  comparative 

anatomical c o l  l e c t i ons ,  t he  f o rens i c  data bank r equ i r es  on ly  

hardware and software computer f a c i l i t i e s  f o r  storage. 

Add i t i ona l  f i n a n c i a l  investments a re  l i m i t e d  t o  management o f  t h e  

data bank i nc l ud i ng  maintenance, research and development, and 

se rv i ce  t o  p a r t i c i p a n t s  and p o t e n t i a l  users from t he  f o rens i c  

an thropo log ica l  and law enforment community. Proposed serv ices  

which m a y  be prov ided i nc l ude  cont inuous r e v i s i o n s  and 

mod i f i ca t i ons  t o  cu r ren t  standards i n  human i d e n t i f i c a t i o n .  

While t h e  data bank concept has many advantages, t h ree  major 

problems must be d e a l t  w i th .  The f i r s t  concerns t he  choice o f  

in fo rmat ion  t o  be c o l l e c t e d  and t h e  methods and standards by 

which t h i s  i n fo rmat ion  i s  recorded. Due t o  t h e  i n d i v i d u a l i t y  i n  

t he  a p p l i c a t i o n  o f  p a r t i c u l a r  methods and techniques sometimes 

observed among f o rens i c  an thropo log is ts ,  b i  ases or  

i ncons is tenc ies  do occur i n  data and f i n d i n g s  repor ted  by 

d i f f e r e n t  observers. We f e e l  t h a t  in ter -observer  e r r o r  can be 

minimized by t a k i n g  measures t o  t h e  develop appropr ia te  record ing  

procedures. S tandard iza t ion  a f  v a r i a b l e  desc r i p t i ons  f o r  a l l  

types o f  i n fo rmat ion  recorded, as we l l  as o f  s p e c i f i c  record ing  

procedures and f o rma t t i ng  i s  an i n t e g r a l  p a r t  a f  t he  data banking 

p r o j e c t  ,at hand. I n  response t o  t h i s  problem, we developed a  

standard reco rd ing  form con ta in ing  a l l  t h e  data ca ta tegor ies  t o  

be co l l ec ted .  The design o f  t h e  record ing  form was intended f o r  

e f f i c i e n t  reco rd ing  as w e l l  as f o r  l a t e r  computer izat ion. I n  



add i t i on ,  we compiled a  handbook which inc lude  a  s e l e c t i o n  o f  

observat ional  and measurement techniques from the  e x i s t i n g  

l i t e r a t u r e  (Moore-Jansen and Jantz 1986). 

A second problem concerns t he  degree o f  a c t i v e  p a r t i c i p a t i o n  

by fo rens ic  an thropo log is ts .  I n  general, most p r a c t i c i n g  f o rens i c  

an thropo log is ts  a re  r a t h e r  r e s t r i c t e d  w i t h  regard t o  how much 

t ime  they may ~ u s t i f i a b l y  spend on research, i n c l ud i ng  record ing  

of  incoming f o rens i c  cases i n  a  d e t a i l e d  fash ion  such as t h a t  

proposed here. Cur ren t ly ,  we est imate t h a t  t he  record ing  o f  a  

complete or  nea r l y  complete skeleton, us ing  t h e  procedures 

prescr ibed i n  t he  manual, w i l l  t ake  about one t o  two hours. I n  

s i t u a t i o n s  where remains have t o  be ske le ton ized i n  p repara t ion  

f o r  record ing,  s u b s t a n t i a l l y  g reater  amounts o f  t ime  are  

required. Add i t i ona l  t ime may be requ i red  t o  l o c a t e  any 

a v a i l a b l e  documentation i n c l u d i n g  b iograph ica l  data, which 

f requen t l y  must be obtained from severa l  d i f f e r e n t  sources 

(medical records, denta l  records, p o l  i c e  records, f ami 1  y  o r  

personal records) .  Despi te  t he  best  i n tens ions  on t he  p a r t  o f  

a l l  p ro fess iona ls  i n  t he  d i s c i p l i n e ,  i t  i s  i n  our best i n t e r e s t  

t o  cont inue t o  work on reducing t he  t ime  requ i red  f o r  data 

record ing.  Th is  process i s  slow and r e q u i r e  some p r a c t i c a l  

app l i ca t i ons  on t h e  p a r t  o f  d i f f e r e n t  i nd i v i dua l s ,  who i n  t u r n  

are  w i l l i n g  t o  p rov ide  h e l p f u l  comments and c r i t i c i s m s  which may 

help us improve the  record ing  procedure both i n  design and 

format. However, we f i r m l y  be l ieve ,  t h a t  t h e  cu r ren t  vers ion  o f  

the  manual represents both a  s t a b l e  and l a s t i n g  core on which 

f u t u r e  e d i t i o n s  may be constructed. 



A d i f f e r e n t  aspect o f  t h i s  problem inc ludes  t he  r e s t r i c t i o n s  

imposed by t h e  l i m i t e d  number of observat ions recorded. Due t o  

t h e  p rev i ous l y  discussed t ime  cons t r a i n t s  i t  i s  impossible t o  

c o l l e c t  a  da ta  s e t  l a r g e  enough t o  completely rep lace the  

f unc t i on  o f  comparative s k e l e t a l  c o l l e c t i o n s .  However, t he  - 
contents o t  r ne  aata  ballit: as d r s ~ w c z  c 

subs tan t i a l  da ta  base w i t h  numerous p o t e n t i a l  app l i ca t i ons  t o  

human i d e n t i f i c a t i o n  research and p rac t i ce .  Var iab les  and 

v a r i a b l e  ca tegor ies  may be added o r  de le ted  from the  general body 

of t h e  data-bank i n  accordance w i t h  changing needs and emphases 

i n  s k e l e t a l  research. However, t he  present composit ion o f  t he  

data bank i s  considered t o  represent  a s t a b l e  body o f  i n fo rmat ion  

which w i  1  l be maintained r e l a t i v e l y  i n t a c t  w i t h  f u t u r e  rev i s ions .  

A t h i r d  problem concerns t he  d isseminat ion management o f  

data. E f f i c i e n t  management o f  t he  data-base i n v o l v i n g  

maintenance and cont inued a d d i t i o n  o f  data records, i s  s t r ong l y  

dependent upon t he  successfu l  c e n t r a l i z a t i o n  o f  data records, and 

correspondance between t h e  c e n t r a l  data bank and p o t e n t i a l  users. 

I t should be s t a ted  t h a t  when a data reco rd  i s  submit ted f o r  

i n c l u s i o n  i n t o  t h e  data bank, i t  becomes p a r t  o f  a  common data- 

base which w i l l  be made access ib le  t o  a l l  p a r t i c i p a n t s  upon 

request. S p e c i f i c  r i g h t s  t o  p a r t i c u l a r  data records are  

r e1  inquished once t h e  reco rd  i s  submit ted t o  become p a r t  o f  t he  

data bank. 

For special-management and re ference purposes, an o f f i c i a l  

ve rs ion  o f  t h e  data-base i s  assigned once annual ly.  The 

designat ion o f  a data-base ve rs ion  w i  11 prov ide  users and readers 



w i t h  a n  e a s y  r e f e r e n c e  t o  d a t a  u s e d  i n  a p a r t i c u l a r  s t u d y  a n d  

w i l l  p e r m i t  t h e  c o m p a r i s o n  o f  t h i s  a n d  la ter  v e r s i o n s  of  

m o d i f i e d ,  r e v i s e d  a n d  e n l a r g e d  d a t a  sets  f r o m  t h e  d a t a  bank:. T h e  

p r e s e n t  v e r s i o n  o f  t h e  d a t a - b a s e  is t o  b e  r e f e r e n c e d  a s  " F o r e n s i c  

Skele ta l  D a t a  Bank,  V e r s i o n  i.", a n d  w i l l  b e  made a v a i l a b l e  t o  

2 .  

I f  U d L d  

bank w i l l  b e  p r o d u c e d  f o l l o w i n g  t h e  c o m p l e t i o n  o f  t h e  p r e s e n t  

p r o j e c t  i n  e a r l y  1988. A p e r m a n e n t  c o p y  o f  e a c h  e d i t i o n  o f  t h e  

d a t a - b a s e  w i l l  b e  m a i n t a i n e d  i n  its e n t i r e t y ,  t o  p e r m i t  

r e s e a r c h e r s  t o  r e v i e w  c h a n g e s  i n  t h e  d a t a - b a s e  d u r i n g  its 

d e v e l o p m e n t  . W e  recommend t h a t  u s e r "  w i s h i n g  t o  o b t a i n  d a t a  

f r o m  t h e  s k e l e t a l  d a t a  b a n k  m a k e  t h e i r  r e q u e s t s  d i r e c t l y  t o  t h e  

d a t a  bank o f f i c e  r a t h e r  t h a n  u s i n g  s e c o n d a r y  s o u r c e s .  T h i s  w i l l  

a s s u r e  t h a t  t h e  o r i g i n a l i t y  o f  t h e  d a t a  a n d  t h a t  t h e  most r e c e n t  

v e r s i o n  of  t h e  d a t a  bank  is p r o v i d e d .  



DATA AND STRUCTURE OF THE DATA-BASE 

Hardware and Software 

The bas ic  equipment o f  t h e  data bank i s  composed o f  an XBM 

FC-XT personal computer, (64OEb) w i t h  dual d i s k  dr ives ,  a  2OMb 

hard card, and an Epson FX-85 p r i n t e r .  The "dPase 111 P lus"  

data-base management system package f o r  t h e  design and 

maintenance o f  t h e  s k e l e t a l  data-base. "dBase" i s  ab le  t o  perform 

several  essen t i a l  f unc t i ons  o f  bo th  managerial and a n a l y t i c a l  

nature. I t  a l s o  pe rm i t s  da ta  t o  be read i n t o  A s c i i  f i l e s  which 

may be read by more comprehensive s t a t i s t i c a l  packages on 

mainframe computers. For t h e  purpose o f  s t a t i s t i c a l  ana lys i s  we 

re1  i ed on t h e  S t a t i s t i c a l  Ana lys is  Package (SAS),(SAS 

I n s t i t u t e , I n c . ,  19851, which t h e  U n i v e r s i t y  o f  Tennesse Computing 

Center supports. 

Recordina ~ r o c e d u r e s  

The f o rens i c  da ta  bank: represents  a  dynamic data-base o f  

s k e l e t a l  i n fo rmat ion  obta ined p r i m a r i l y  from recent ,  documented 

fo rens ic  cases o r  donated anatomical specimens. Each ske le ton  i s  

recorded on a  speci  a1 1  y  designed f o rens i c  reco rd ing  form 

(Appendix A which upon complet ion i s  submit ted t o  t h e  c e n t r a l  

da ta  bank f o r  i n c l u s i o n  i n  t h e  computerized s k e l & t a l  data-base. 

Present ly ,  each reco rd  i s  composed of more than 172 va r i ab l es  o r  

v a r i a b l e  ca tegor ies  p e r t a i n i n g  t o  q u a l i t a t i v e  and q u a n t i t a t i v e  

d e s c r i p t i o n  o f  den ta l  and s k e l e t a l  mater ia l ,  documentation of t h e  

i d e n t i t y  o f  t h e  i n d i v i d u a l  t o  whom t h e  remains belong, and 

general management purposes. 



When a  record  i s  rece ived f o r  computer izat ion, a  pr imary key 

or  Forensic data number IFDN) i s  assigned un ique ly  i d e n t i f y i n g  

i t .  A l l  record ing  forms a rema in ta i ned  separate ly  i n  f i l e  

fo lde rs ,  which i n  t u r n  are  s to red sequen t i a l l y  by t h e i r  pr imary 

key. 

r r r  

Once t he  record ing  form has been completed, the nex t  s tep  i s  

t o  computerize the  manually recorded data. Using "dBase 111", w e  

developed a  number o f  record  s t r u c t u r e s  composing a  t o t a l  o f  s i x  

r e l a t i o n a l  data-base f i l e s  f . dbf (Table 2 ) .  Each s t r u c t u r e  i s  

composed o f  a  group o f  r e l a t e d  va r i ab l es  or  va r i ab l e  categor ies,  

which make up t he  contents o f  a  s i n g l e  data record. The t o t a l  

number o f  data records w i t h  a  s p e c i f i c  record  s t ruc tu re ,  i n  t u r n  

comprise a  s i n g l e  data f i l e ,  wh i l e  t h e  combined number o f  data 

f i l e s  compose t he  data-base. 

Table 2. Data-base f i l e s  and associated screen formats. 

F i l e  t ype  Data-base Screen format ................................................................. 

I d e n t i f i c a t i o n  f i l e  I D D A T A l .  dbf IDFORMl. f m t  

Documentation/pathology IDDATA2. dbf IDFORMZ. f m t  

Inventory/mater i a l s  IDDATA3. dbf I DFORM3A. f m t  

Inventory /mater ia ls  IDDATAZ. dbf IDFORM3B. f rnt 

Ske le ta l  age changes I DDATA4. dbf IDFORM4. f m t  

Cran ia l  measurements IDDATAS. dbf I DFORMS. f m t  

Pos tc ran ia l  measurements IDDATA6.dbf IDFORM6A. f m t  

F'ostcrani a1 measurements IDDATAb. dbf IDFORM60. f m t  

................................................................. 



To minimize storage requirements and redundancy in information, 

each variable or variable category is unique to one the six file 

structures with the exception of the primary key . The primary 

key, or forensic data bank number (FDN) is the only variable to 

appear in each of the data files comprising the information 

relationship of different data categories from each of the 

separate data files for each particular data record. From this 

data-base of relational files, modified composites of information 

of variable categories can be constructed. 

Figure 1 illustrates the three types of relational files 

which tie into a central identification file (1DDATAl.dbf): 1) a 

documentation/medical history/pathology file (IDDATA2.dbf); 2) a 

skeletal inventory and research materials file (IDDATA3.dbf ; and 

3)  three osteological files composed of qua1 i tati ve and 

quantitative data. 

. Identification File . 
1DDATAl.dbf) 

. 
Documentation Fi le Skeletal Inventory 

(IDDATA2.dbf) . . . . . . . . . . . . . . . (IDDATA3.dbf) 

. 
Skeletal Age Changes Cranial Metrics Postcranial Metrics 

(IDDATfi4.dbf) . . . . . (1DDATAS.dbf) . . . . . (IDDQTA&.dbf) 
Figure 1. Relational structure of data-base files. 



An a d d i t i o n a l  f i l e  s t r u c t u r e  p e r t a i n i n g  t o  d e n t a l  r e c o r d s  

a n d  o b s e r v a t i o n s  r e c o r d e d  d i r e c t l y  f r o m  s k e l e t a l  r e m a i n s  or 

f r o m  m e d i c a l  e x a m i n e r ' s  r e c o r d s  is c u r r e n l y  u n d e r  d e v e l o p m e n t .  

The  d e s i g n  o f  t h e  d e n t a l  f i l e  w i l l  f o l l o w  t h e  r e c o r d i n g  f o r m a t  

p r e s c r i b e d  b y  t h e  FBI-NCIC s t a n d a r d  r e c o r d i n g  p r o c e d u r e s  ( F i e r r o  

a d  I nrlrtp 19FIh). 1 i n + m n ~  r c  n w  *- w a  m+ +h 

s t a n d a r d  r e c o r d i  ng  p r o c e d u r e ,  a n d  w i  11 b e  i n c l u d e d  i n  f o r t h c o m i n g  

v e r s i o n s  o f  t h e  d a t a - b a s e .  

D a t a  e n t r y  i n t o  t h e  s o f t w a r e  d a t a  f i l e s  is d o n e  d i r e c t l y  

f r o m  t h e  r e c o r d i n g  f o r m  o n t o  t h e  c o m p u t e r .  F o r  t h e  p u r p o s e  o f  

d a t a  e n t r y ,  a n d  t o  q a c i l i t a t e  e d i t i n g  a n d  r e v i e w  o f  d a t a  r e c o r d s  

a t  a la ter  t i m e ,  s p e c i a l  d a t a  e n t r y  s c r e e n  f o r m a t s  ( . f m t )  were 

d e s i g n e d  f o r  e a c h  r e c a r d  s t r u c t u r e .  A s c r e e n  f o r m a t  r e p r o d u c e s  

t h e  r e s p e c t i v e  p o r t i o n  o f  t h e  r e c o r d i n g  f o r m  p e r t a i n i n g  t o  a 

p a r t . i c u l a r  d a t a - b a s e  f i l e  o r  r e c o r d  s t r u c t u r e  on  t h e  c o m p u t e r  

s c r e e n ,  p e r m i t t i n g  t h e  o p e r a t o r  t o  more e a s i l y  r e a d  a n d  i n t e r p r e t  

e a c h  r e c o r d .  A d d i t i o n a l l y ,  t h e  v a r i a b l e  c o d e s  or l a b e l s  a s  t h e y  

a p p e a r  i n  t h e  f i l e  s t r u c t u r e s  may b e  m o d i f i e d  t o  b e t t e r  i d e n t i f y  

s p e c i f i c  v a r i a b l e  c a t e g o r i e s  e n t e r e d .  W h i l e  v a r i a b l e  l a b e l s  a re  

n e c e s s a r i l y  a b b r e v i a t e d  i n  t h e  f i l e  s t r u c t u r e s  s o  t h e y  d o  n o t  

e x c e e d  t h e  v a r i a b l e  name l e n g t h  p r e s c r i b e d  b y  t h e  s o f t w a r e ,  more 

1 
m e a n i n g f u l  v a r i a b l e  names  may b e  a p p l i e d  i n  s c r e e n  f o r m a t s  . 

E i g h t  s c r e e n  f o r m a t s  or c o m p u t e r i z e d  r e c o r d i n g  f o r m s  were 

d e s i g n e d  t o  c o r r e s p o n d  t o  t h e  s i x  d a t a - b a s e  f i l e s  (see T a b l e  2). 

F o r  t h e  a c t u a l  v a r i a b l e  l a b e l s  u s e d  i n  t h e  r e c o r d  s t r u c t u r e s  o f  
e a c h  f i l e  a n d  t h e i r  c o r r e s p o n d i n g  v a r i a b l e  names ,  see Appendix  R, 
s o r t e d  b y  v a r i a b l e  l a b e l ,  o r  Appendi:.: C, s o r t e d  b y  v a r i a b l e  name. 
A s s o c i a t e d  d a t a - b a s e  f i l e s  a n d  s c r e e n  f o r m a t s  are l i s t e d  i n  b o t h  
Appendix  B a n d  C. 



While fou r  o f  t he  data-base f i l e s  ( I D D A T A l ,  2, 4, and 5 )  each 

have a  s i n g l e  corresponding screen format o r  computer record  

page, t h e  inventory  f i l e  (IDDATA3.dbf), and t h e  pos tc ran ia l  data 

f i l e  (IDDATA6.dbf) have two screen formats o r  computerized 

record ing  pages each. Due t o  t h e  leng th  o f  t h e i r  respec t i ve  f i l e  

ca tegor ies  on a  s i n g l e  screen format f o r  these two data  f i l e s .  

When us ing  a  p a r t i c u l a r  data-base f i l e ,  t h e  corresponding 

screen format(%) may be i n i t i a t e d  by engaging t h e  appropr ia te  

"dEaseU command language. A t  t h i s  time, i t  i s  necessary t o  

access each data-base f i l e  and corresponding screen format 

independently. If a user wishes t o  rev iew records  of  a  d i f f e r e n t  

data f i l e ,  t h e  prev ious  data-base f i l e s  and screen format should 

be closed, before t h e  new data-base f i l e  and corresponding format 

i s  i n i t i a l i z e d .  

Pata F i l e s  and S t ruc tu res  

As p rev i ous l y  s t a t ed  t h e  data-base i s  composed o f  s i x  data 

f i l e s ,  each w i t h  i t s  own unique reco rd  s t r uc tu re .  A pr imary 

"b iog raph ica l "  o r  " i d e n t i f i c a t i o n "  f i l e  (IDDATAl.dbf), comprises 

the  in fo rmat ion  p e r t a i n i n g  t o  t he  p o s i t i v e  i d e n t i f i c a t i o n  of  

each p a r t i c u l a r  case maintained i n  t h e  data bank. The in fo rmat ion  

contained i n  t h e  b i og raph i ca l  f i l e  i nc ludes  such data  as sex, 

e thn ic  a f  f i 1 i a t i o n ,  age9 he igh t ,  and weight. Add i t i ona l  

i n fo rmat ion  p e r t a i n  t o  t h e  time, p lace  and circumstances of 

death, discovery,  and t ime  s ince  discovery. A complete l i s t  of 

va r i ab l es  and v a r i a b l e  ca tegor ies  o f  t he  i d e n t i f i c a t i o n  f i l e  

(IDDATA1.dbf) i s  presented i n  Table 3. The associated screen 

format (IDFORM1.fmt) i s  i l l u s t r a t e d  i n  F igu re  2. 



Tablr 3. fi list of variables and variable categories comprising 
the identification file (1DDATAl.dbf 1.  ................................................................. 

Var i ab 1 l Name Variable Name ................................................................. 
Forensic Data Bank Number Place of Birth (Municipality) 
Collection /Case Number Place of Birth (County) 
Currtor/&ddress Place of Birth (State) 
Recorder Occupation 
Date Recorded Years of Employment 

TYDP [QWI 
Date of Positive Identific. Blood Type (Rh) 
Sex 
Sex Status/Level of Idsntif. 
Race 
Race Status/Level of Ident. 
Ethnicity 
Name (First) 
Name (Middle) 
Name (Last) 
Age At Death 
hge Range (Estimate) 
hge Group (Gross Estimate) 
Stature in Cm (Living) 
Stature in Cm (Cadaver) 
Weight in Lbs (Living) 
Weight in Lbs (Cadaver) 
Means of Identification ( 1 )  
Means of Identification ( 2 )  
Handedness 
Date Of Birth 

Blood Type (MNSS) 
Blood Type (Kel 1 ) 
Blood Type (Kidd) 
Blood Type (Duffy) 
Number of Births 
Number of Pregnanci es 
Date Reported Missing 
Date of Discovery 
Date ofVDeath 
Time Since Death 
Manner of Death 
Deposit/Exporure 
Depth if Cm (If Buried) 
Estimated Period of Decay 
Decay Status 
Place of Discovery (Area) 
Place of Dircovery (State) 
Place of Dircovery (County) 
Place of Dircovery (Municip 

................................................................. 
See Appendix C for corresponding variable labels. 

=====SP=~=E======I====III FORENSIC W T A  PCWjE ONE =IIII=UPID=~~=I====I~E. 
FDN: ID#: RECORDER: IDSTATUS: SEX : 

CUR: DATE RECI / / DATEOFID: / / RACE: ................................................................................ 
FNAME: MNAME: LNAME: 

---------AGE--------- ;--STAT--- ---w~HT--- -MEANS OF IDENTIFICQTION- 
AT T I M E  OF DEATH: AL IVE:  ALIVE:  MNSOID#i:  
RANGE: GRP : CADAV? CADAV : MNSOIDX2: 

HANDEDNESS: ----- PLACE OF BIRTH----- -------- OCCUPATION------- 
BIRTHDhTE : / / MUNICIP: OCCUPAT : 
ETHNIC BRP: COUNTY : STATE: YEARS OF EMPLOYMENT: 

BLOOD TYPE NO. OF BIRTHS: PREGN: --------- DEPOSIT / EXPOSURE--------- 
D/E: 

AEO : DATE REP. MISSING: / / DEPTH I N  CM ( IF  BURIED): . 
RH : DATE OF DISCOVERY: / / PERIOD OF DECAY: ESTIMATE: 
HNSS : DATE OF DEATH: / / 
KELL: --------- PLACE OF DISCOVERY--------- 
b.: I DD : TIME SINC DEATH: AREA: 
DWF : W W E R  DF DEATH: STATE CO: CCM: 

===~~===I=I=====IIIII~II~I=I=III=~IIIIIIIIIII=II~=IUIIIIIIIII~=IIILIU...IIIIIIIPI 

Figure 2. Computer screen format, page one (1DFORMl.fmt). 



A- second data f i l e  r e f e r r ed  t o  as t he  documentation/ 

pathology f i l e  ( IDDATAZ. dbf 1 ,  conta ins  source in fo rmat ion  

regard ing t he  b iograph ica l  sketch presented i n  t he  i d e n t i f i c a t i o n  

f i l e  (IDDATAl.dbf), s p e c i f i c  i n fo rmat ion  p e r t a i n i n g  t o  number o f  

b i r t h s  and pregnancies, and add i t i ona l  general i n fo rmat ion  

mnted m = r i i r a l  h i s t o r y .  Also p a r t  o f  th is  f i l e  

i s  in fo rmat ion  p e r t a i n i n g  t o  t h e  t h e  general cond i t i on  o f  t he  

ske l e ta l  remains and observed pa tho log ica l  les ions .  A spec ia l  

comment f i e l d  pe rm i t s  i n c l u s i o n  o f  s p e c i f i c  i n fo rmat ion  o r  data 

ca tegor ies  which a re  no t  s p e c i f i c a l l y  de f ined i n  t he  record ing  

format. A complete l i s t  o f  t he  va r i ab l es  and v a r i a b l e  ca tegor ies  

comprising t he  documentation/pathology f i l e  (IDDaTA2. dbf 1 i s  

i l l u s t r a t e d  i n  Table 4. The corresponding screen format 

(1DFOKMZ.fmt) i s  presented i n  F igu re  3. 

Table 4. L i s t  of v a r i a b l e s  and v a r i a b l e  ca tegor ies  compris ing 
t h e  documentation f i l e  (IDDATA2.dbf). ................................................................. 
Var i ab 1  e  Name Var iab le  Name ................................................................. 

Farensic Data Bank Number Race Source 
Dura t ion  o f  F i r s t  Pregnancy Age Source 
Dura t ion  o f  Second Pregnancy S ta tu re  Source 
Durat ion o f  Th i r d  Pregnancy Weight Source 
Dura t ion  o f  Four th  Pregnancy Handedness Source 
Dura t ion  o f  F i f t h  Pregnancy Date o f  B i r t h  Source 
Dura t ion  o f  S i x t h  Pregnancy Place o f  R i r t h  Source 
Dura t ion  o f  Seventh Pregnancy Occupation Source 
Dura t ion  o f  E igh th  Pregnancy Blood Type Source 
Dura t ion  o f  N in th  Pregnancy No. o f  B i r t h s  Source 
Date o f  F i r s t  C h i l d b i r t h  No. o f  Pregnan. Source 
Date o f  Second C h i l d b i r t h  Other Sources 
Date o f  Th i r d  C h i l d b i r t h  Medical H i s t o r y  
Date o f  Four th  C h i l d b i r t h  Congenital  Malformat ions 
Date o f  F i f t h  C h i l d b i r t h  Nature o f  Remains 
Date o f  S i x t h  C h i l d b i r t h  Dental  Records 
Date o f  Seventh C h i l d b i r t h  Bone Les i  ons/Antemortem 
Date o f  E igh th  C h i l d b i r t h  Perimortem I n j u r i e s  
Date o f  N in th  C h i l d b i r t h  a d d i t i o n a l  Comments 
Se:.: Source 

................................................................. 
See Appendix C f o r  corresponding v a r i a b l e  labe ls .  



CE====PIDIEIEIII=DII=I=E FORENSIC DATA BANK PAGE TWO r==rrrrrrt=r=====r====~~ E 
FDN: IDNO: RECORDER : IDSTATUS: SEX r 

CURIATOR: DATE REC: DATEOFID: RCICE ................................................................................ 
FREG/WKS -BIRTHS/DATE- ...................... SOURCES----------------------- 
G R A l  : PARA1: / / 5 E X :  DOR: 
GRAZ: FARAZ: / / RACE: POA: 
GRA3: PARA3: / / AGE : OCC: 
GRA4 : F'ARA4: / / STAT: BLOr 

-8 Pmmr / / WGHT* 
BRA6 : PARA6: / / HAND: NPR : 
GRA7: PARA7: / / 
GRAB : FARAB: / / OTHER: 
GRA9: PARAS: / / ............................. GENERAL INFORMfiTION----------------------------- 

MEDICAL HISTORY: 
CONGENIT MALFORM: 
NATURE 0 REMAINS: 

DENTAL RECORDS: 
BONE LESIONS: 

PERIMOR INJURIES:  
ADD I T  COMMENT : 

S l E t = l = P E O l l ~ E E l ~ l S I O P ~ I ~ = I . C = P L I E = I r : L = = E = = = = ~ ~ = ~ ~ = ~ = = = P ~ ~ ~ ~ ~ = ~ ~ = R = ~ ~ = ~ ~ = ~ = ~ I I ~ ~ ~  

Figure 3. Computer screen format, page two (IDFORM2.fmt). 

A second category of informat ion i s  composed of  an inventory 

f i l e ,  i n  which data per ta in ing  t o  the spec i f i c  contents o f  the  

data bank are maintained. This includes an inventory of  ske le ta l  

mater ia l  by element and s ide ( l e f t  and r i g h t ) ,  i nd i ca t i ng  the 

condi t ion of  the  bone as e i t h e r  p a r t i a l  or complete. A general 

inventory i nd i ca t i ng  the completeness of  the  skeleton, the  

presence or  absence of den t i t i on ,  ha i r ,  and other research 

mater ia ls  i s  a lso maintained. F ina l l y ,  in format ion per ta in ing  t o  

the presence of  dental casts, radiographs or photographs, and 

other mater ia ls  used i n  ana lys is  of  the  p a r t i c u l a r  remains, are 

preserved i n  t he  inventory f i l e  . A complete l i s t  of  var iab les 

and var iab le  categories of  IDDATA3.dbf i s  presented i n  Table S. 

Figure 4 and 5 i l l u s t r a t e  the  corresponding screen formats 

(IDFORM3A. f m t  and IDFORM3B.fmt). 



Table 5 .  L i s t  o f  va r i ab l es  and v a r i a b l e  ca tegor ies  compris ing 
t h e  inven to ry  f i l e  (IDDATA3.dbf). ................................................................. 

Var i ab 1 e Name Var iab le  Name ................................................................. 
Forensic Data Eank Number Man. 2nd Premolar (R)  
Cranium Man. 1s t  Molar (L) 
F ron ta l  Man. 1s t  Molar (R)  
P a r i e t a l  (L )  Man. 2nd Molar (L) 
P a r i e t a l  (R)  Man. 2nd Molar (R)  
O c c i p i t a l  Man. 3 rd  Molar (L 
-r 
I ~ l l q r m  a], I \L> Ms -5 .  -!-- - r . I . r -  * 

Tempora 1 (R) 
Zygomat i c (L)  
Z ygomat i c (Fit) 
Pal a t e  (L )  
Pal a t e  ( R )  
M a x i l l a  i L )  
M a x i l l a  (Fit) 
Nasal (L )  
Nasal (R )  
Ethmoi d 
Lacr imal (L )  
Lacr i mal (R)  
Vomer 
Sphenoid 
Mandible 
Mandibular Body (L )  
Mandi bu l  a r  Eody ( R )  
Mandi bu l  a r  Ramus (L)  
Mandi bu l  a r  Hamus (R )  
D e n t i t i o n  
M a x i l l a r y  D e n t i t i o n  (L )  
M a x i l l a r y  D e n t i t i o n  (R)  
Max. 1s t  I n c i s o r  (L )  
Max. 1s t  I n c i s a r  (R)  
Max. 2nd I n c i s o r  (L )  
Max. 2nd I n c i s o r  (R)  
Max. Canine (L)  
Max. Canine ( R )  
Max. 1s t  Premolar (L )  
Max. 1s t  Premolar (R)  
Max. 2nd Premolar (L) 
Max. 2nd Premolar (R 
Max. 1s t  Molar (L )  
Max. 1s t  Malar (R )  
Max. 2nd Molar (L )  
Max. 2nd Molar ( R )  
Max. 3 rd  Molar (L )  
Max. 3 rd  Molar (R )  
Mandibular D e n t i t i o n  (L )  
Mandibular D e n t i t i o n  (R)  
Man. 1s t  I n c i s o r  (L)  
Man. 1s t  I n c i s a r  ( R )  

Postcranium 
Hyoi d 
C l a v i c l e  (L) 
C l a v i c l e  (R) 
Scapula (L) 
Scap~t l  a ( R )  
Humerus (L) 
Humerus (R)  
Radius (L) 
Radi us (R)  
Ulna (L) 
Ulna ( R )  
Hand (L) 
Hand (R) 
Manubr i u m  
Sternum 
R ib  (L) 
R ib  (Fir) 
A t l a s  
Ax is  
Cerv ica l  Vertebrae (3-7) 
Thoracic Vertebrae (1-12) 
Lumbar Vertebrae (1-9) 
Sacrum 
I l i u m  (L) 
I l i u m  (R)  
Pubis  (L) 
Pubis  t R )  
Ischium (L) 
Ischium (R)  
Femur (L) 
Femur (R)  
Fate1 1 a (L) 
F a t e l  l a  (R)  
T i b i a  (L) 
T i b i a  (R )  
F i  bu l  a (L) 
F i b u l a  (R) 
Cal caneus (L) 
Cal caneus ( R )  
Talus (L 
Talus (Fit) 



Table 5. Continued. ................................................................. 
Var i abl e Name Variable Name 

Man. 2nd Inc isor  (L) Foot 
Man. 2nd I nc i r o r  (R) Foot 
Mandibular Canine (L) Skeletal Mater ia l  
Mandibular Canine (R)  Dental Casts 
Man. 1st  Premolar (L) His to log ica l  Sections 
Man. 1st Premolar (R Radiographs/Photoa 

p r r  = 
................................................................. 
See Appendix C f o r  corresponding var iab le  l a b e l ~ .  

= I I = = . L I ~ = I L = = ~ = ~ u ~ L I = ~ I I F ~ E F ( S I C  DhTA - P M  ~E~c~=.~I=II~LLcIP~=.~IIE=IE 
FDN: IDND: RECORDER: I DSTATUS: SEX : 

CURCITOR: DATE REC: DATEOF ID :  RCICE ................................................................................ 
32.SKELETCIL INVENTORY 

------- CRANIUM: ------- 
L X R  L X R  

FRONT: MCIXIL: 
PARIE: NCISAL : 
OCCIP: ETHMO: 
TEMPO: LACR I : 
ZYGOM: VOMER: 
PALCIT: SPHEN : .......................... 
1 - C o m p l e t e / P r e s e n t  I 
2 - F r a g m e n t a r y / P r e s e n t  I 
3 - P o s t m o r t e m  loss I 

4 - A n t e m o r t e m  l o s s  I 
5 - U n e r u p t e d  ( d e n t i t i o n )  I 
6 - C o n g c n i t r l l  y a b s e n t  : 

---- MANDIBLE: ----- 
L R L R 

BODY: RAMU: 

MAX : 
X I I :  
X 12: 
XCA: 
X P I  : 
XP2: 
XM1: 
XM2: 
XM3: 

DENTITION: ---- 
L R L R 

MAN: 
N I I :  
N I 2 :  
NCCI: 
N P I  : 
NP2: 
NMI  : 
NMZ: 
NM3: 

---- POSTCRANIUM: ----- 
L X R  L X R  

HYOI : THOR: 
CLAV: LUMP: 
SCAF: SACH : 
HUME : I L I U :  
RADI  : PUB I : 
ULNA : I SCH : 
HCIND: FEHU: 
MANU : PATE: 
STER: T I B I :  
R IPS:  F IPU:  
ATLA: CRLC: 
AXIS: . TALU: 
C3-7: FOOT: 

Figure 4. Computer screen format, page three (IDFORM3h.fmt). 

~ ~ m l i t t t = = - ~ ~ ~ = . ~ t ~ ~ l i ~ l i ~ ~ ; =  F E N S I C  DATA - PhGE F O U R I P E ~ ~ ~ ~ I I I L I E I ~ P ~ E % O I I = ~ E  
FDN : IDNO: RECORDER: IDSTATUS: SEX : 

CURATOR: DCITE REC: DATEOFID: RACE , ................................................................................ 
RESECIRCH MCITERIALS : 

33. SKEL. MATERIAL: 

34. M N T A L  CCISTS : 

3J.HIST. SECTIONS: 

36. RADI  OOR/PHOTOS: 

I I , ~ I t t l l ~ t ~ ~ ~ t l ~ ~ ~ l i m ~ ~ ~ ~ ~ ~ t t ~ m m ~ ~ ~ t t ~ ~ t t t ~ ~ ~ n ~ ~ t t - ~ t ~ = . I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l i  

Figure 5 .  Computer screen format, page four (IDFORM3B.frt). 



The l a s t  p a r t  o f  t he  data-base i s  composed o f  th ree  ske le ta l  

data f i l e s  i nc l ud i ng  q u a l i t a t i v e  observat ions o f  age r e l a t e d ,  

changes i n  t he  skeleton (IDDATA4.dbf1, c r a n i a l  measuremenCa 

(IDDATAS.dbf), and pos t c ran ia l  measurements (IDDATAb.dbf1. 

I n d i v i d u a l  data records i n  each o f  these f i l e s  may be r e l a t e d  t o  

t he  pr imary key (FDN). The v a r i a b l e  names f o r  t h e  in fo rmat ion  

contents o f  t he  t h ree  s k e l e t a l  data f i l e s  are  l i s t e d  i n  Tables 

6 - 8. The corresponding screen farmat i s  i 1 l u s t r a t e d  i n  F igures 

Table 6. L i s t  of  va r i ab l es  and v a r i a b l e  ca tegor ies  compris ing 
t h e  s k e l e t a l  age f i l e  (IDDATA4. dbf 1.  ................................................................. 

Var i ab l  e Name Var i ab 1 e Name ................................................................. 
Forensic Data Bank Number Endocrani a1 Coronal (L  1 
Basi 1 ar Suture Endocrani a1 Coronal (R) 
Medial C l a v i c l e  Rib Phase, L e f t  1s t  
A t l as  An te r io r  R ib  Phase, R igh t  1s t  
A t l as  Pos te r i o r  Rib Phase, L e f t  2nd 
Axis An te r io r  R ib  Phase, R igh t  2nd 
Ax i s Poster i o r  Rib Phase, L e f t  3 rd  
Cerv ica l  Ver tebra l  R i m  R ib  Phase, R igh t  3 rd  
Thoracic Ver tebra l  R i m  R ib  Phase, L e f t  4 t h  
Lumbar ( 5 t h )  Body-Arch Rib Phase, R igh t  4 t h  
Lumbar Ver tebra l  R i m  Rib Phase, L e f t  5 t h  
Sacrum Element 1 tq 2 Rib Phase, R igh t  5 t h  
Sacrum Element 2 & 3 Rib Phase, L e f t  6 t h  
Sacrum Element 3 & 4 R ib  Phase, R igh t  6 t h  
Innominate Primary Elements Rib Phase, L e f t  7 t h  
I s c h i a l  Tuberos i ty  R ib  Phase, R igh t  7 t h  
I l i a c  Crest  Rib Phase, L e f t  8 t h  
Prox i ma1 Humerus R ib  Phase, R igh t  8 t h  
Humerus Medi a1 Epi condyl e Rib Phase, L e f t  9 t h  
Proximal Radius R ib  Phase, R igh t  9 t h  
D i s t a l  Radius Rib Phase, L e f t  10th 
Pro:< i ma1 Ulna R ib  Phase, R igh t  10th 
D i s t a l  Ulna Rib Phase, L e f t  11th 
Femur Head R ib  Phase, R igh t  11th 



Table 6. Continued. ................................................................. 
Variable Name Var i ab 1 e Name ................................................................. 

Femur Greater Trochanter Rib Phase, Left 12th 
Distal Femur Rib Phase, Right 12th 
Proximal Tibia Todd Pubic Symphysir (L) 
Distal Tibia Todd Pubic Symphysi r (R) 
Mi dl ambdoi d Suture (L) Suchey-Brooks Pub. Sym. (L) 
Mi-4 4 w m  tal i 3 a x l t e - y  - nu--\ 
Suture at Lambda McKernLStewart Ph. I (L) 
Suture at Obel ion McKern&Stewart Ph. I (R) 
Anterior Sagittal Suture McKern&Stewart Ph. I1 (L) 
Suture at Bregma McKern&Stewart Ph. I1 (R) 
Midcoronal Suture (L) McKern&Stewart Ph.111 (L) 
Midcoronal Suture (R) McKern&Stewart Ph.111 (R) 
Suture at Pterion (L) Gilbert&McKern Ph. I (L) 
Suture at Pterion (R) Gilbert&McKarn Ph. I (R) 
Spheno-f rontal Suture (L) Gilbert&Mckern Ph. I1 (L) 
Spheno-f rontal Suture ( R )  Gilbert&McKern Ph. I1 (R) 
Inf. Sph.-temp. Sut. (L) Gilbert&McKern Ph. I11 (L) 
Inf. Sph.-temp. Sut. (R) Gi lbert&McKern Ph. 111 (R) 
Sup. Sph.-temp. Sut. (L) Auricular Surface (L) 
Sup. SPh.-temp. Sut. (R) Aur i cul ar Surf ace (R) 
Endocranial Sagit. Suture Dorsal Pubic Pitting (L) 
Endocran. Lamb. Sut. (L) Dorsal Pubic Pitting (R) 
Endocran. Lamb. Sut. (R )  

................................................................. 
See Appendix C for corresponding variable labels. 

----==----I-------------- ---- -------------- FORENSIC DATA BANI::, - PAGE FIVEp==============%=a=====E -,-- 

FDN: I DNO : RECORDER : DATEOF ID: SEX : 
CURATOR: DATE REC: I DSTATUS: RACE ................................................................................ 

~~~~~~~~~~~~ EPIPHYSEAL CLOSURE------------ ------ 8O.RIB PHASE MORPHOLOGY----- 
38.BASILAR: 47.LUMRIM: 56.RADPROX: L R REF Reference: 
39. MEDCLAV: 48. SAC 1/2: 57. RADDIST: RIB# 1: Enter initial 
40.C-1 ANT: 49. SAC 2/3: 50. ULNPROX: RIB# 2: of 1st author 
41.C-1 POS: SO.SAC3/4: 59.ULNDIST: RIB# 3: last name and 
42.C-2ANT: 51.INNPRIM: 40.FEMHEAD: RIB# 4: last 2 digits 
43. C-2 POS: 52. ISCHTUB: 61. FEMGRTR: RIB# 5: of year. 
44.CER RIM: 53. ILIACRE: 62.FEMDIST: RIB# 4: 
4S.THORIM: 54.HUWPROX: 63.TIBPROX: RIB# 7: -4ELV I C AGE-- 
44.LSBOAR: - 55.MEDEPIC: 64.TIBDIST: RIB# 8: L R 

RIB# 9: 91.TODD: 
---------CRANIAL SUTURE CLOSURE----------- RIBU10: 82. SUCH: 
ECTOCRAN L X R L R ENDOCRAN RIBI11: 83. M-Sl : 
65. MIDLAW: 7O.WIDCOR: 75. SAGI: RIB#12: H-S2: 
64. LAMBDA: 71. PTERIO: 76. LAML: W S 3  : 
67.OBELIO: 72 SPHFRO: 77. LAMR : L R 64.0-W1: 
68. ANTSAG : 73. ISPTEM: 78. CORL: 85. AUR SUR : 0-M2: 
69. B R E W  : 74. SSPTEH r 79. CMlRr 06.DOR PIT: G-M3: 
I p t l l l l l l l ~ l l l l I I I I I U I U I U l u t l I ~ l I ~ ~ I I D ~ ~ ~ l I I  

Figure 6. Computer screen format, page five (IDFORM4.fmt). 
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Table 7. L i s t  o f  va r iab les  and va r i ab le  ca tegor ies  comprising 
t he  c r a n i a l  data f i l e  (1DDATAS.dbf). ................................................................. 

Var i abl  e Name Var i abl  e Name ................................................................. 
Forensic Data Bank Number F ron ta l  Chord 
Max i mum Crani a1 Length Pa r i  e ta1 Chord 
Maximum Cran ia l  Breadth Occ ip i t a l  Chord 
Bizygomatic Breadth Foramen Magnum Length 
Basion - Bregma Height Foramen Magnum Breadth 

Basion - Prosth ion Height Mastoid Height (R) 
External  Pa la ta l  Breadth Mand. Symphysi s Height 
External  Pa la ta l  Length Height o f  Mand. Body (L) 
B iau r i cu la r  Breadth Height o f  Mand. Body (R) 
Upper Fac ia l  Height Thickn. o f  Mand. Body (L) 
Minimum Fron ta l  Breadth Thickn. of  Hand. Body (R) 
Upper Fac ia l  Breadth B igon ia l  Breadth 
Nasal Height Bicondyl ar Breadth 
Nasal Breadth Minimum Ramus Breadth (L) 
O r b i t a l  Breadth (L) Minimum Ramus Breadth (R )  
O r b i t a l  Breadth (R )  Maximum Ramus Height (L) 
O r b i t a l  Heighth (L)  Maximum Hamus Height (R)  
O r b i t a l  Height (k) Mandibular Length 
P i  o r b i  t a l  Breadth Mandibular Angle 
I n t e r o r b i t a l  Breadth 

................................................................. 
See Appendix C f o r  corresponding va r i ab le  labe ls .  

ZIIE~====P=PPIP~==~~==PP==FORENSIC DATA BANK - PAGE SIX~=PP~=PEI~IIP~PII=IE==E 
FDN: IDNO: RECORDER : I DSTATUS: SEX : 

CURATOR: DATE REC: DATEOF ID :  RACE .............................................................................. ___________________-- CRANIAL AND MANDIBULAR MEASUREMENTS--------------------- 
XXX L XXX R 

1.MAXIMUM CRANIAL LENGTH: 13.NASAL HEIGHT: 
2.MAXIMUM CRANIAL BREADTH: 14.NASAL BREADTH: 
3. B I ZYGOMAT I C  BREADTH: I S .  ORBITAL BREADTH: 
4.BASION-BREGMA HEIGHT: 16.ORBITAL HEIGHT: 
S.CRANIAL BASE LENGTH: 17 .B IORBITAL  BREADTH: 
6.BASION-PROSTHION LENGTH: 1B.INTERORBITAL BREADTH: 
7.MAX. ALVEOLAR BREADTH: 19.FRONTAL CHORD: 
B.MAX. ALVEOLAR LENGTH: 20.PARIETAL CHORD: 
9 .BIAURICULAR BREADTH: 2 l . O C C I P I T A L  CHORD: 

10.UPPER F A C I A L  HEIGHT: 22.FORAMEN MAGNUM LENGTH: 
11.MIN. FRONTAL BREADTH: 0O.FORAMEN MAGNUM BREADTH: 
12.UPPER F A C I A L  BREADTH: 23.MASTOID LENGTH: 

L XX R L XXX R L XXX R 
24 .CHIN  HT: 27 .B IGONIAL  DIAM: 30.MAX RAMUS HT: 
25. BODY HT: 28. BICONDYLAR BR: 31.MAND LENGTH: 
26. BODY TH: 29.MIN. RCmUS BR: 32. HAND ANGLE : 

~ ~ ~ ~ ~ D U I I I I I ~ I ~ ~ I . L I I ~ ~ I ~ I ~ I I I ~ I ~ ~ I I I U I ~ ~ U I ~ I I ~ I ~ ~ I I ~ ~ I ~ ~ ~ L :  

Figure  7. Computer screen format, page s i x  (IDFORMS. f m t )  . 



Table 8. L i s t  o f  v a r i a b l e s  and v a r i a b l e  c a t e g o r i e s  compr is ing 
t h e  p o s t c r a n i a l  da ta  f i l e  (IDDATA6.dbf). 

................................................................. 
Var i a t  1  e  Name V a r i a b l e  Name 

................................................................. 
Forens ic  Data Bank Number R i g h t  I l i a c  He igh t  (R 1 
C l a v i c l e  - Epiphyses (p /a )  ( L )  I l i a c  Breadth ( L )  
C l a v i c l e  - Epiphyses (p /a )  (R )  I l i a c  Breadth (R )  
C l  a v i  c  1  e  Ma:.: i mum Length (L )  Pub is  Length (L )  

Maximum ! e n g t h  C l a v i c l e  <k) P M i c  I o m t h  ! R! *. ... . .  .. . 
i c l r  3 d g l ~ .  uiam. n i u .  (1-1 l s c n i a l  Lengrn (LI 

C l a v i c l e  Sag i t .  Diam. Mid. (R )  I s c h i a l  Length (R)  
C l a v i c l e  Ver t .  Diam. Mid. (L)  Femur - Ep iphys i s  (p /a )  ( L )  
C l a v i c l e  Ver t .  Diam. Mid. (R1  Femur - Ep iphys i s  (p /a )  (a) 
Scapula - Epiphyses (p /a)  ( L )  Femur Max i m u m  Length (L )  
Scapula - Epiphyses (p /a )  ( R )  Femur Max i m u m  Length (R )  
Scapula Anatomical He igh t  ( L )  Femur B i  condyl  a r  Length (L )  
Scapula Anatomical He igh t  ( R )  Femur B icondy l  a r  Length ( F: ) 
Scapula Anatomical Breadth ( L )  Femur Ep icondy la r  Breadth (L )  
Scapula Anatomical Breadth ( R )  Femur Ep icondy la r  b read th  ( R )  
Humerus - Epiphyses (p /a )  ( L )  Femur Max. Head Diameter (L )  
Humerus - Epiphyses (p /a )  (F:) Femur Ma;.:. Head Diameter ( R )  
Humerus Maximum Length (L )  Femctr S a g i t t a l  Sctbtr. Diam. (L )  
Humerus Ma:.: i mum Length ( R )  Femur S a g i t t a l  Subt r .  Diam. ( R )  
Humerets Ep icondy la r  Br. ( L )  Femctr Transv. S ~ t b t r .  Diam. (L) 
Humerus Epi  condy la r  Er . (R 1 Femctr Transv. Sctbtr. Diam. ( R )  
Humerus Ver t .  Head Diam. (L )  Femur Sag i t .  Midsh. Diam. ' (L )  
Humerus Ver t .  Head Diam. (R) Femur S a g i t .  Midsh. Diam. ( R )  
Humerus Max. Diam. Midsh. (L )  Femur Transv. Midsh. Diam. I L )  
Humerets Ma:.:. Diam. Midsh. (R)  Femur Transv. Midsh. Diam. ( R )  
Humerus Win. Diam. Midsh. ( L )  Femctr M i  dsh. Circumference (L )  
Humerus Min. Diam. Midsh. ( R )  Femur M i  dsh. Circumference ( R )  
Radius - Epiphyses (p /a )  ( L )  T i b i a  - Epiphyses (p /a )  ( L )  
Radius - Epiphyses (p /a )  ( R )  T i b i a  - Epiphyses (p /a )  ( R )  
Radius Ma::. Length (L) T i b i a  Length ( M a l l e o l a r )  ( L )  
Rad i cts Ma:: . Length ( R )  T i b i a  Length ( M a l l e o l a r )  ( R )  
Radius Sag i t .  Diam. Midsh. ( L )  T i b i a  Max. Prox imal  Breadth (L)  
Radius Sag i t .  Diam. Midsh. CR) T i b i a  Max. Prox imal  Breadth ( R )  
Radius Transv. Diam. Mid. ( L )  T i b i a  Ma:.:. D i s t a l  Breadth (L )  
Radius Transv. Diam. Mid. (R )  T i b i a  Max. D i s t a l  Breadth (R)  
U lna - Epiphyses (p /a )  (L )  T i b i a  Max. Diam. Nut. Foram. (L )  
U lna - Epiphyses (p /a )  ( R )  T i b i a  Max. Diam. Nut. Foram. ( R )  
U lna Maximum Length (L )  T i b i a  Trv. Diam. Nut. Foram. (L )  
U lna Maximum Length ( R )  T i b i a  Trv. Diam. Nut. Foram. (R)  
Ulna Dorso-Volar Diam. (L )  T i b i a  Circumf. Nut. Foramen (L )  
U lna Dorso-Vol a r  D i  am. ( R )  T i b i a  Circumf. Nut. Foramen (R)  
U lna Transv. Diam. (L )  F i b u l a  - Epiphyses (p /a )  (L)  
Ulna Transv. Diam. (Ft)  F i b u l a  - Epiphyses (p /a )  ( R )  
Ulna Phys io l  . Length (L )  F i  b u l  a  Maxi m u m  Length ( L )  
U lna Phys io l  . Length (R)  F i b u l a  Maxi mum Length ( R )  
Ulna Min. Circumference (L )  F i b u l a  Max. Diam. Midshaf t (L )  
................................................................. 



Table 8. Continued. ................................................................. 
Variable Name Var i ab 1 e Name ................................................................. 

Ulna Min. Circumference (R) Fibula Max. Diam. Midrhaft (R)  
Sacrum - No. of Segments Calcancus - Epiphyses (p/a) (L) 
Sacrum - Anterior Height Calcaneus - Epiphyses (p/a) (R) 
Sacrum - Anterior Super. Br. Calcancus Maximum Length (L) 
Sacrum - Diameter of S 1 Calcaneur Maximum Length (R) 

# B 
L ; 

Innomin. - Epiphyres (p/a) (R) 
Iliac Height (L) 
................................................................. 
See Appendix C for corresponding variable labels. 

===II=========I==EPP=PP==FORENSIC DATA BANK - PABE SEVEN==~=PI=LIII~==EP~PIPIIIE 
FDN : I DNO : RECORDER: IDSTATUS: -. SEX : 

CURATOR: DATE REC: DATEOF I D : RACE .............................................................................. ..................... POSTCRANIAL MEASUREMENTS-------------------- 
L R L R CODES 

CLAVICLE EPIPHYSES: RAD I US EPIPHYSES: F O R  
33.MAXIMUM LENGTH: 43.MAXIMUM LENGTH: EP I PHYSES 
34.SAGITTAL DIAMETER: 44. SAGIT. DIAM. MIDSH: ------ 
3S.TRANSVERSE DIAMET: 4J.TRANSV DIAM. MIDSH: 1 -Prerm t 

L R L R 2 - 1 4 b e m t  
SCAPULA EPIPHYSES: ULNA EPIPHYSES: 
36. ANATOMICAL BREADTH: 46.MAXIMUM LENGTH: 
37.ANATOMICAL LENGTH: 47. DORSO-VOLAR DIAM. : 

48.TRANSVERSE DIAM.: 
L R 49 .PHYSIOLOGICALLT :  

HUMERUS EPIPHYSES: SO. M I  N. CIRCUMFERENCE: 
38.MAXIMUM LENGTH: 
39.EPICONDYLAR BR: SACRUM # OF SEGMENTS: 
40.MAX. HEAD DIAMETER: S1.ANTERIOR LENGTH: 
4l.MAX. D I A M  MIDSHAFT: 52 ANT. SURF. BREADTH: 
42.flIN. D I M  PlIDSHlIFTr SS.MX. m D T H  (8-1): 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I I I I I I I I I I ~ I I I I I I ~ ~ I I I I I I I ~ I ~ I I I U I U I I ~ N I I ~ I ~ U ~ U ~ I D I =  

Figure 8. Computer screen format, page seven (IDFORM6A.fat). 



PI=II=II==II=IE==I=P=- -E FORENSIC DATA BANE - PAGE E IGHT r = = = n n a r = r r r r m = = ~ = = " r E  
FDN: I DNO: RECORDER: I DSTATUS: SEX : 

CURATOR: DATE REC: DATEOF ID :  RACE ................................................................................ --------------- POSTCRANIAL MEASUREMENTS C0NT.'----------------- 
L R L R CODES 

INNOMINATE EPIPHYSES: T I B I A  EPIPHYSES: FOR 
S4.HEIGHT OF INNOM.: 67.CONDYLO-MALLEOL BH: E P I  PHVSES 
5 S . I L I A C  BREADTH: 6B.NAX PROX EPIPH. BR: -------- 
. C L D ) I P T C  I C*IPTU. &o--t 

57 . ISCHIUM LENGTH: 70.MAX D I A M  NUT FORAM: 2-Absent 

FEMUR EPIPHYSES: 
58. MAX IMUfl LENGTH: 
59.BICONDYLAR LENGTH: 
60. E P I  COND. BREADTH: 
6 1. MAX HEAD D I AMETER: 
62. A / P  SUBTROCH. DIAM: 
63. TRV. SUBTROCH. D I  AM: 
64 .SAGITTAL  D I A  HIDSH: 
65.TRANSV. D IAM MIDSH: 
66.CIRCUMF. HIDSHAFT: 

_------------II- 

L R 7 1 . T R V D I A M N U T F O R A M :  
72. CIRCUMF. NUT FORAM: 

L R 
F I BULA EPIPHYSES: 

73.MAXIMUM LENGTH: 
74.MAX. D IAM MIDSHAFT: 

L R 
CALCANEUS E P I  PHYSES: 

75.MAXIMUM LENGTH: 
76.MIDDLE BREADTH: -- - - - - - - - -  ------ 

F igure  9. Computer screen format, page e i g h t  (IDFORM6B. f m t )  . 

I t  i s  appropr iate t o  mention t h a t  a record w i t h  no 

in format ion pe r ta i n i ng  t o  a p a r t i c u l a r  data f i l e  i s  not  entered 

i n t o  t he  l a t t e r .  Empty data records w i l l  on ly  take up space and 

reduce t he  e f f i c i e n c y  of t h e  data-base. f iccordingly, a l l  records 

a re  entered i n t o  t he  main i d e n t i f i c a t i o n  f i l e  (IDDfiTAl.dbf), 

wh i le  t he  c r a n i a l  measurement f i l e  (IDDfiTfi6.dbf) conta in  o n l y  

records f o r  which c r a n i a l  measurements were recorded. f iccordingly 

the  number o f  data records comprising each o f  t he  f i v e  r e l a t e d  

data-base f i l e s  i s  i n v a r i a b l e  l e s s  than t h e  number recorded i n  

the  main i d e n t i f i c a t i o n  f i l e .  



DATA SUMMARY AND DEMOGRAPHIC STRUCTURE OF 
CONTENTS OF THE DATA BASE 

General contents  

A t  t h e  t ime of t h i s  w r i t i n g  715 records, i n c l u d i n g  f o rens i c  

cases, anatomical specimens, and donated s k e l e t a l  ma te r i a l s  of  

i 7  u ' n f k r u w t  -it 

l a b o r a t o r i e s  o r  depos i t o r i es  o f  recent  s k e l e t a l  remains, o r  

s ke l e ta l  records  from across t h e  na t i on  (Table 9). The m a j o r i t y  

of t he  repor ted  cases stem from the  f o rens i c  data records 

gathered by the  l a t e  D r .  J. Lawrence Angel, dur ing  h i s  tenure as 

f o rens i c  an th ropo log is t  a t  t he  Nat iona l  Museum o f  Natura l  

H is to ry .  Other major c o l l e c t i o n s  p rov i d i ng  s i g n i f i c a n t  

c o n t r i b u t i o n s  i nc l ude  t h e  Ma:,:well Museum o f  Anthropology, 

A1 buquerque, New Mewi co, t he  Anthropology Department a t  t h e  

U n i v e r s i t y  o f  Tennessee, Knoxv i l l e ,  t h e  Human I d e n t i f i c a t i o n  

Laboratory a t  t he  U n i v e r s i t y  o f  Ar izona Museum, t he  Oklahoma 

S ta te  Medical Examiner's O f f  i ce ,  Lou is iana S ta te  U n i v e r s i t y  

Forensic Laboratory,  and the  Anthropology Department/ U n i v e r s i t y  

o f  South Carol  i na. Several smal l  e r  depos i t o r i es  pe rm i t ted  us t o  

t o  come and reco rd  a v a i l a b l e  s k e l e t a l  mater ia l ,  o r  submit ted 

records on t h e i r  own. 



Table 9. List of laboratory and research collections and the 
number of data records obtained for the data bank from 
each. 

................................................................. 
Name of Deposi tory # of Records Submitted ................................................................. 
Colorado Col 1 ege/Anthropol ogy, CO 4 
Cook: County Medical Examiner, IL 9 
Central Identification Laboratory, HI 1 
Hawaii Medical Examiner, HI 1 
hl 
3 3  

T h I  - 
New Jersey Medical Examiner, NJ 1 
National Museum of Natural History, DC 420 
New York Medical Examiner, NY 1 
Oklahoma State Medical Examiner, OK 27 
Louisiana State Univ./Anthropology, LA 39 
San Diego Museum of Man, CA 4 
Texas Tech Univ. /Anthropology, TX b 
Univ. of Arizona Human Id. Laboratory, AZ .-a.T L .-\ 

Univ. of New Me::ico/Ma:cwell Museum of Anth., NM 72 
Univ. of South Carolina/ Anthropology, SC 25 
Univ. of Tennessee/Anthropology, Knoxville 85 
Univ. of Ulm, West Germany 1 
Virginia Polytechnical University .-! L. 

Southwest Texas State University 1 ................................................................. 
Total 715 
................................................................. 

Data Classification 

Each data record has been designated to one of three 

general levels of classification pertaining to the degree to 

which the associated material has been identified. Each level 

descibes the extent to which a particular case is documented and 

its potential for further applications in forensic research. 

These levels are referred to as the "Identification Status" of a 

particular record. Identification status I may be described as 

representing known or documented individuals for which positive 

identification has been achieved. Documentation pertaing to sex, 

age, and ethnic affiliation, stature, weight, and so forth, 

including appropriate sources of documentation is provided to 

the extent that these data are available. Of the 715 data 



records c~trrently comprising the forensic data bank:, 305 records, 

or 45% of the total number of cases, have been designated to this 

category of records. Identification status 11, refers to data 

records which represent tentative1 y or circumstantial 1 y 

identified forensic cases. While records designated to this 

. . 
category ao not reiiect positiveiy itiu~~tiiird indivkhex'rz, -sex- 

and/or race determination is substantiated from soft tissue, or 

other circumstantial evidence. An additional 181 records, or 

25% a+ the total number of cases, have been designated to this 

category, bringing the total number of cases for which sex and/or 

race i documented to 485. Identification status I 1 1  

represents morphologically assessed, unidentified forensic cases. 

Together they comprise a series of records which potentially 

could be identified at a later point in time, at which time their 

identification status would be upgraded. While the records 

comprising this category may have some potential research 

function, they have not, and will not become part of the data- 

base used to revise, or develop human identification standards 

from skeletal materials. The remaining 229 records composing 32% 

of the total number of cases comprising the contents of the first 

version of the forensic data bank have been designated to this 

category. 

Sex and Race Comaosi ti on 

The number of data records comprising the presently 

available forensic data-base favors males almost S to 2 over 

females. Of the 485 known or documented data records, 201 

females represent 41.5 % of the total sample as opposed to the 



284 males representing 58.5 % of the reported cases. When the 

sex ratio is examined in terms of ethnic affiliation, it is 

revealed that an exceptionally large white male sample is 

primarily responsible for the marked imbalance in the 

representation of the sexes in the sample. While the ratio of 

W h i t e  WIP" a& I = r n & - C . r r r r . r l y  . . tpn= 

overall sample, the difference is much less in a1 1 other ethnic 

groups, although males continue to be favored for most all groups 

Table 10. Se:.: and ethnic composition of data bank sample. ................................................................. 
IDENTIFICATION STATUS 

........................................ 
I I I Comb i ned 

Ethnic ------------ ------------ ------------ 
Gr octp Female Male Female Male Female Male Total 

Amer i ndi an c\ 
L 1 0 (1) 3 L 13 15 C) 

Elack 24 24 17 26 41 5 0 91 
Hispanic I=. J 15 1 6 6 21 27 
Mongoloid 2 5 O 1 2 6 8 
White 89 122 57 64 146 186 332 
Others 1 3 0 L C) 1 5 

-7 

6 
Unknown 2 L 1 1 3 T .-a 6 

Tot a1 125 181 76 1 (33 3:) 1 284 485 
................................................................. 

The ethnic diversity of the forensic data-base is also 

documented in Table 10. A total of White malesand females or 

approximately 68.4 % of the total number of known cases comprise 

the largest ethnic group in our sample. It is followed by 

smaller samples of Blacks (18.8 % > ,  and Hispanics (5.6 % ) .  Two 

small groups including Amerindians and oriental Mongoloids 

comprise 3.1 % and 1.7 % respectively. Six additional cases 

(1.2 % )  were assigned to a composite group ("Other") due to their 



small number, including among others, one Nicaraguan national, 

two F'~rerto Ricans, and one F'hilippino. Ethnic affiliation was 

not recorded for i cases (1.2 % I ,  despite positive or 

circumstantial identification. 

In general it can be stated that while the forensic data bank 

sample represents a variety of ethnic groups, C b l k r e  1s can 

apparent underenumeration of some groups. Future efforts in data 

recording must address these shortcomings and seek to prioritize 

data collection strategies with the purpose of increasing sample 

sizes far ethnic groups other than U.S. Whites. 

pa@ Structure 

The age structure of the forensic skeletal sample maintained 

in the data bank forensic represents a unique deviation from most 

comparative research col l'ections of today. Whi le the latter are 

often marked by a tendency towards greater emphasis on middle to 

older age groups, the forensic sample maintains a relatively 

balanced representation of most age groups. O f  482 cases for 

which a general age classification is known, we recorded 159 

adult females, and 261 adult males (age 18 or older). An 

additional 26 females and 8 males were classified as subadults. 

Eighteen female and 8 male children, and 1 foetus of each sex 

complete the sample (Table li). 

It is interesting to note the marked dominance of females 

over males among children and subadults both. It is equally 

interesting how this trend reverses itself in the adult category. 

While females comprise 72.6% of all subadult categories in Table 

11, as opposed to only 27.4% males, adult males make up 62.1% of 



the  age group of 18 years or  o lde r  i n  con t ras t  t o  on l y  37.9% 

f emal es. 

Table 11. Demographic age s t r u c t u r e  by sex f o r  cases o f  
i d e n t i f i c a t i o n  s t a t u s  I and 11. ................................................................. 

Sex Adu l t  S~tbadul t Chi 1  dren Foetus/ In f  an t  
------ ----- -------- -------- ------------- 
Femal e 159 26 18 I 

Ma1 e 261 8 8 1 
................................................................. 
Tota l  420 a4 26 2 .... 
................................................................. 

A d e t a i l e d  i l l u s t r a t i o n  o f  t he  age s t r u c t u r e  o f  t he  sample 

o f  541 i d e n t i f i e d  cases, f o r  whomagea t  t ime o f  death i s  

documented, i presented i n  Table 12. While r e a l l y  young 

c h i l d r e n  are  markedly absent from our sample, the re  i s  a  steady 

increase i n  representa t ion  of each age group o f  o lder  c h i l d r e n  

and subadul ts. 

The l a r g e s t  number o f  records inc ludes t he  age groups 

between 18-30 years, whereafter we see a dec l i ne  i n  number o f  

cases i n  each age group. However, t h e  dec l i ne  soon reaches a 

p la teau  and mainta ins i t s e l f  i n t o  t he  seventh decade. The 

suggestions p rev i ous l y  discussed w i t h  regard t o  sex d i f f e rences  

i n  t h e  age s t r u c t u r e  are  borne out  by t h i s  i l l u s t r a t i o n .  O n l y  i n  

t h i s  t a b l e  i s  one b e t t e r  ab le  t o  i n t e r p r e t  t h e  poss ib le  causes 

f o r  t h e  observed d i f fe rences.  It i s  immediately apparent t h a t  

young females age 17 o r  younger represent  a m a j o r i t y  o f  f o rens ic  

cases o f  t h i s  age group (30 females o r  71.4% vs 12 males or  

28.6%). While young males begin t o  match females i n  number 

du r ing  t h e  18-20 year age i n t e r v a l  I19 females o r  94.3% vs 16 



males or 4 5 . 7 % ) .  i t  is n o t  u n t i l  t h e  l a t e r  a g e  g r o u p s  t h a t  males 

g o  on t o  r e p l a c e  f e m a l e s  a s  t h e  more  commonly o c c u r r i n g  s e x  

w i t h i n  t h e  f o r e n s i c  s a m p l e .  

T a b l e  12 .  Demograph ic  a g e  s t r t t c t u r e  b y  r e p o r t e d  a g e  a t  d e a t h .  ................................................................. 
IDENTIFICATION STATUS 

I  I I Combi n e d  ------------ ------------ ------------ 
Age i n  Years F e m a l e  Male F e m a l e  Male F e m a l e  Male T o t a l  ------------ ------ ---- ------ ---- ------ ---- ----- 

T o t a l  1 1 4  1 4 6  -8 d 4 6  1 4 9  192 34 1 TC 

The a g e  g r o u p s  r a n g i n g  f r o m  21-45 y e a r s  are i n  t u r n  

d o m i n a t e d  b y  males (101 males or  6 2 . 4 %  v s  61 f e m a l e s  or 37.6%). 

B o t h  s e x e s  e x p e r i e n c e  a r e d u c t i o n  i n  r e p r e s e n t a t i o n  i n  t h e  

f  01 l o w i n g  d e c a d e s .  Whi l e  males a n d  f e m a l e s  are a p p r o x i m a t e l y  

e v e n l y  r e p r e s e n t e d  i n  t h e  a g e  g r o u p  46-60 (31 males or 5 4 . 4 %  v s  

26 f e m a l e s  or 4 5 . 6 % ) .  t h e  o l d e s t  a g e  g r o u p s  r e p r e s e n t e d  ( a g e  61+  

y e a r s ) ,  is g e n e r a l l y  d o m i n a t e d  b y  males ( 4 5  males or 71.1% v s  13 



females or 28.9%). The dominance of the male sex observed in the 

older age groups is equivalent in magnitude to that exhibited by 

the female sex in the younger age groups. 

Assuming that our forensic sample is indeed representative of 

the general forensic population it is tempting to suggest that 

r MUI I I~  Q r m r  t $ l  b 
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regard to the general population from which forensic samples. We 

may conclude that young females, including Runaways, prostitutes, 

and ordinary young women or teen-agers are more likely victims of 

crime, and in relative terms comprise a high risk group, 

forensically speaking. Males, on the other hand, become part of 

the forensic scene at a somewhat later time, but soon thereafter 

become the dominant gender among the victims comprising todays 

f orensi c cases. 

The age structure of the forensic cases comprising the 

forensic data bank distinguishes these data from comparative 

anatomical col lections. The larger number of younger 

individuals, and a rather balanced sample maintaining itself for 

all age groups, as opposed to an age structure emphasizing middle 

adult to older individuals, as is commonly observed in 

comparative skeletal collections of primarily donated materials. 

While the differential age composition between sexes may 

reflect specific patterns of criminal activities, little may be 

realized from the age composition among ethnic groups. 4 general 

illustration of the age structure of ethnic groups available in 

the forensic sample is illustrated in Table 13. 



Table 13. Demographic age structure by race for cases of 
identification status I and 11. ................................................................. 

Race Adult Subadul t Children Foetus/ Inf ant ---------- ----- -------- -------- ------------- 
Amerindian 12 1 0 0 
El ack 78 3 8 0 
Hi spani c 24 4 0 0 
Mongol oi d 8 0 Q 0 
w i i i r e  CI .-. 4 - 

L W  rc 
Other 9 6 0 0 

Total 420 34 26 2 

It is apparent from this illustration that there is no 

assolciation between ethnic affiliation and age in the forensic 

sample, and that each group is relatively proportionately 

represented within each age category. 

Soci oeconomi c and Geo~ranhi c kepresentati on 

An important goal of the forensic data bank is to provide a 

skeletal data-base representative of the present ethnic 

diversity of the U.S. population, and the different demographic 

structure of a present day ( forensic ) population. The intent 

is to accumulate a forensic skeletal sample large enough and 

diverse enough to reflect of different socioeconomic groups of 

the general population from different geographical regions of the 

of the United States. A wide variety of socioeconomic strata 

is reflected by the reported occupations of the individuals 

comprising the data-base. The current data-base represent a 

composit of blue-collar workers, farm and ranch laborers, white- 

col lar workers, self-employed business people, clergy, 

professionals and technicians. Civilian and military groups, as 



well as criminal and non-criminal elements are all represented. 

Some of the occcupations recorded in our sample include Factory 

worker, Auto Painter, Cabinet Maker, Waitress, Cowboy, Nightclub 

Dancer, Prostitute, "Racketteer", "Drug-dealer", Salesman, 

Professional Soldier, Accountant, Clerk, University Professor, 

professions" such as "Student" and "Hi tchhi ker", and other groups 

including "Mental Patient", "Transient", and "Recluse" are 

represented, to mention only a few. s 

The geographical distribution of the forensic comprising the 

data bank is illustrated in Table 14. In reviewing this table it 

is important to mention that the geographical distribution 

illustrated here is one of where a particular case was 

discovered, and not place of origin or birth. This is done due 

to the frequent lack of information regarding birth place among 

the cases presently in the data bank. States such as New Mexico, 

Tennessee, Ari tona, Louisiana, South Carolina exhibit large 

numbers of cases primarily due to specialized efforts to 

inc~rporate the data from already existing collections into the 

data bank. Table 14 lists the number of males and females of the 

two identification categories pertaining to "known" individuals 

from each state. A list of the total number of males and females 

for the two classification levels combined, and a total number of 

cases, males and +emales combined, conclude Table 14. 

The totals of Table 14 reflect in some respects our efforts 

to record skeletal materials from already established collections 

of recent forensic cases. Six states, including New Mexico, 



Tennessee, Loui s i  anna, South Carol ina,  Arizona, and Oklahoma were 

ta rgeted due t o  the  a v a i l a b i l i t y  o f  f o rens i c  s k e l e t a l  c o l l e c t i o n s  

i n  these states.  As such, the  geographical d i s t r i b u t i o n  does 

e x h i b i t  some biases. While the  White sample i s  obtained from a l l  

reg ions  o f  t he  country, Blacks are  l a r g e l y  rep resen ta t i ve  o f  t h e  

South. Hispanics represent  t h e  Southwest w i t h  on l y  a few 

exceptions, wh i l e  t h e  Amerindian sample represent  t h e  P l a i n s  and 

Southwest regions. However, w i t h  t h e  c o n t r i b u t i o n  o f  data 

records from p a r t i c i p a n t s  i n  general , ,  t h e  geographical 

representa t ion  o f  t h e  sample i s  becoming i n c r e s i n g l y  d iverse.  

While t he  cases compris ing t h e  data bank are  der ived from 

fo rens ic  cases from the  con t inen ta l  U.S., we have rece ive  a  

handful  o f  data records  from ou ts ide  t he  Un i ted  States (Table 

15).  With a  couple o f  exceptions, a l l  o f  these cases represent  

U.S. c i t i z e n s  o r  r es i den t s  and as such may be considered t o  

appropr ia te l y  r e f l e c t  t he  U.S. popu la t i on  as a  whole. 

Pata Summarv - Skel e ta1 Elements 

Ske le ta l  da ta  and documentary i n fo rmat ion  a re  avai  l a b l e  t o  

vary ing  degrees f o r  a l l  t h e  cases presented i n  t h e  above. I t  i s  

not  poss ib le  t o  d iscuss here a l l  o f  t he  v a r i a b l e  ca tegor ies  f o r  

which we have accumulated data o r  in fo rmat ion .  Presenta t ion  of  

complete data s e t s  o r  i n ven to r i es  can be fu rn i shed  on a  d i s k e t t e  

o r  otherwise, and go beyond t he  purposes o f  t h i s  repor t .  



Table 14. Geographic distribution of forensic cases known for 
sex and race within the U.S. ................................................................. 

IDENTIFICATION STATUS ........................................ 
I I I Comb i ned ------------ ------------ ------------ 

State Female Male Female Male Female Male Total 
----------- ------ ---- ------ ---- ------ ---- ------ 
A 1- 

Alaska 
Arizona 
Ar kansjas 
California 
Col orado 
Connecticutt 
Del aware 
D. C. 
Fl or 1 da 
Georgi a 
Hawai i 
Idaho 
Illinois 
Indiana 
Iowa 
t:::ansas 
t:::en t uc L: y 
Loui si anna 
Mary1 and 
Massachussetts 
Mi ssi ssi pp1 
Mi ssour i 
Montana 
Nevada 
New Hampshl re 
New Jersey 
New Me:.: i co 
New York: 
North Carolina 
Ohio 
Okl ahoma 
Oregon 
F'ennsyl vani a 
South Carolina 
South Dakota 
Tennessee 
Texas 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 



Table IS. Geographic distribution of forensic cases known for 
sex and race from outside the U.S. ................................................................. 

IDENTIFICATION STATUS ........................................ 
I I I Combined 

State Female Male Female Male Female Male Total 

Argentina 0 1 0 0 0 1 1 
Mexico O 2 0 C) 0 2 2 
Puerto Rico 0 1 0 ,  1 0 2 2 
South Vietnam 0 1 O 1 0 2 2 

However, we do wish to make available some general 

indications of the contents of the data bank some of which have 

not been addressed in the present report. I 1  lustrated below are 

the contents presently arcum~llated for some of the main variables 

or variable categories. Quantitative data pertaining to 

skeletal elements are summarized in term of crania and postcrania 

(Tab1 e 16) . Thus far we have succesf ull y accumulated data records 
on 432 crania and 377 postcrania all of which are designated as 

identification status "I" or "11". While crania are more 

numerous, the male/female ratio is approximately the same in 

both. 

Table 16. Data summary - crania and postcrania. ................................................................. 
IDENTIFICATION STATUS ........................................ 

I I I Combi ned ------------ ------------ ------------ 
Element Female Male Female Male Female Male Total ---------- ------ ---- ------ ---- ------ ---- ----- 
Crania 114 159 72 87 186 246 452 

F'ostcrani a 93 132 65 87 158 219 377 



I n  t he  postcrania,  we have i nd i ca ted  t he  t o t a l  number o f  

complete bones f o r  a se lec ted  number o f  elements (Table 17). 

Many add i t i ona l  elements i nc l ud i ng  t he  sacrum, innaminates and 

o thers  were no t  inc luded i n  t he  present ana lys is ,  bu t  a re  

ava i l ab l e  i n  numbers s i m i l a r  t o  those l i s t e d  f a r  o ther  elements 

Much a d d i t i o n a l  pos tc ran i  a1 data are  avai  1 ab le  f o r  p a r t i a l  

o r  fragmentary elements, a l l  o f  which a re  t oo  numerous and too  

va r ied  t o  i nc lude  here. As i n  t he  crania,  Whites are  most 

commonly represented, fo l lowed by Blacks a t  a much lesser  

magnitude. 

Table 17. Data summary - pos tc ran ia l  elements*. ................................................................. 
B 1 a c I.:: White Other Tota l  

Eone Female Male ------ ---- 
Humeri i 13 29 
Radi i 12 27 
Ulnae 1 1  CI ~6 
Femora 18 22 
T ib iae  14 26 
F i  bcrl ae 14 24 

Female Male Female Male ------ ---- ------ ---- 
74 102 3 14 
68 94 2 16 
66 94 3 14 
78 102 .-a T 17 
72 96 2 13 
h7 94 .i 12 CI 

Female Male ------ ---- 
9 (2 145 
82 137 
8 (3 134 
99 141 
88 135 
83 130 

................................................................. * Number i nd i ca ted  i s  t h e  l e a s t  number o f  complete i nd i v i dua l s .  
To maximize number o f  i nd i v i dua l s ,  r i g h t  s ides  were subs t i t u t ed  
f o r  l e f t  when t he  l a t t e r  i s  missing. 

Add i t i ona l  groups inc lude  Hispanics and Amerindians, 

Mongoloids and others.  However, due t o  t h e i r  r e l a t i v e l y  l i m i t e d  

sample s izes,  they were pooled i n t o  a s i n g l e  composite group i n  

Table 17. 

Data Summary - S ta tu re  and W e i ~ h t  

I n #  ormation p e r t a i n i n g  t o  s t a t u r e  and weight were commonly 

not  a v a i l a b l e  f o r  s k e l e t a l  remains processed p r i o r  t o  t he  



i n i t i a t i o n  o f  t he  Data Bank p ro j ec t .  Thanks t o  t he  spec ia l  

e f f o r t s  on the  p a r t  o f  pa r t i c i pan t s ,  some in fo rmat ion  was 

obtained f o r  a  number af these cases. Data records of more 

recent  fo rens ic  cases con ta in  t h i s  type o f  i n fo rmat ion  i n  much 

greater  numbers and an e x t r a  e f f o r t  on t he  p a r t  o f  p a r t i c i p a n t s  

t o  f u r n i s h  these data i s  acknowledged. The number o f  records 

p rov id ing  in fo rmat ion  p e r t a i n i n g  t o  s t a t u r e  and weight, i nc lude  

in fo rmat ion  as recorded du r ing  l i f e  or o f  a  cadaver, a r  both. 

The f req~tency  by which s t a t u r e  and weight da ta  occur f o r  

documented and c i r c u m s t a n t i a l l y  i d e n t i f i e d  cases i s  i 1 l u s t r a t e d  

i n  Table 18. A t  present, t h e i r  numbers alone do not  p rov ide  

s u f f i c i e n t  samples from d i f f e r e n t  e t hn i c  groups t o  j u s t i f y  

r e v i s i o n s  o f  cu r ren t  standards p e r t a i n i n g  t o  t h e  es t imat ion  of  

s t a t u r e  from s k e l e t a l  remains. Yet they prov ide  a  f i r m  bas is  on 

which t o  f u r t h e r  expand, eventual  l y  p rov i d i ng  sample s i zes  

s u f f i c i e n t  f o r  f u r t h e r  s t a t u r e  research i n  fo rens ic  anthropology. 

Table 18. Data summary - s t a t u r e  and weight f o r  data recards o f  
i d e n t i f i c a t i o n  s t a t u s  I and 11. ................................................................. 

b l  ac i:: White Other Tota l  
----------- ----------- ----------- ----------- 

Sta tu re  Female Male Female Male Female Male Female Male -------- ------ ---- ------ ---- ------ ---- ------ ---- 
L i v i n g  19 13 41 66 5 5 65 84 
Cadaver 1 5 15 28 3 9 19 42 

Weight Female Male Female Male Female Male Female Male 
L -------- ------ ---- ------ ---- ------ ---- ------ ---- 

L i v i n g  14 1 1  34 52 0 4 48 67 
Cadaver (1) 3 13 19 1 7 14 29 

Data Summary - Ske le ta l  A Q ~  Chanaes 

One p a r t i c u l a r  i n fo rmat ion  category comprising a  l a r g e  p a r t  
t 

of  t he  data assembled f o r  each data record  pe r t a i ns  t o  



q u a l i t a t i v e  observa t ions  o f  age r e l a t e d  o r  metamorphous changes 

i n  t h e  ske le ton.  Whi le none o f  these  v a r i a b l e  c a t e g o r i e s  

have been i nco rpo ra ted  i n t o  t h e  scope o f  t h e  p resen t  r e p o r t ,  t hey  

remain impor tan t  t o  f u t u r e  f o r e n s i c  research.  Whi le  our d a t a  

c o l l  e c t i  on e f f o r t s  have concent ra ted on m e t r i c  and documentary 

d=ct,~. ,  t= f - -==yd & g g i m m c  r n e ~ d r n ~ r  p n l c  

s k e l e t a l  observa t ions  whenever poss ib le .  Yet t h e  f r equenc ies  i n  

which da ta  reco rds  c o n t a i n i n g  these da ta  occur a r e  r e l a t i v e l y  

r e s t r i c t e d .  Two exp lana t i ons  may be presented t o  account f o r  

t h i s  shortage:  1 )  Epiphyseal  c l o s u r e  1 s  commonly n o t  recorded f o r  

a d u l t s  i n  which a l l  epiphyses have c losed  complete ly .  As a  

r e s u l t  t h e  do n o t  become p a r t  o f  t h e  data-base. A d d i t i o n a l l y ,  

c e r t a i n  v a r i a b l e  c a t e g o r i e s  i n c l u d i n g  s u t u r e  c l o s ~ t r e ,  a u r i c u l a r  

su r face  ag ing s tandards and c e r t a i n  pub ic  ag ing  s tandards have 

o n l y  been r e c e n t l y  developed, and cou ld  n o t  be asce r ta ined  f rom 

e a r l i e r  da ta  r e c o r d s  such as those mainta ined by Dr. Angel. 

However, t h e  s tandard r e c o r d i n g  procedures reques t  these da ta  f o r  

a l l  cases, and more r e c e n t  c o n t r i b u t i o n s  have adhered t o  t h i s  

p o l  i c y ;  2) Only about one h a l f  o f  t h e  d a t a  reco rds  have been 

computerized f o r  t h i s  p a r t i c u l a r  ca tegory  o f  data.  Once a l l  

r eco rds  c o n t a i n i n g  these  da ta  have been recorded we expect  t o  see 

a marked i nc rease  i n  t h e  f r equenc ies  o f  a t  l e a s t  some o f  these 

da ta  ca tegor ies .  

Data bank con ten ts  f o r  n i n e  v a r i a b l e  c a t e g o r i e s  se lec ted  

from t h e  d a t a  ca tegory  o f  age r e l a t e d  and o t h e r  metamorphic 

changes i n  t h e  s k e l e t o n  a r e  l i s t e d  i n  Table 19. Whi le we expect  

t h e  v a r i a b l e  c a t e g o r i e s  i n c l u d i n g  ep iphyseal  c l o s u r e  and pub ic  



symphysis aging (Todd) to increase significantly with the 

completion of the computerization of the remainder of the data 

records, continued data collection is required to provide 

sufficient research data for forensic anthropologist. However, 

once again, we emphasize the importance of the foundation that 

these data present for future accumulation of skeletal data 

records pertaining to research of age changes in forensic research. 

Table 19. Data summary - skeletal age observations from 
total forensic data bank sample. ................................................................. 

Variable Category No. of Cases ................................................................. 
Epi physeal Closure 120 

Ectocranial Suture Closure I (:)a 

Endocranial Suture Closure 46 

Todd Pubic Symphysis 76 

Suchey-Brooks Pubic Syrnphysis -.. 2.t:) 

McKern and Stewart Pubic Symphysis 2.3; 

Gi 1 bert and McKern Pubi c Symphysi s 17 

Auricular Surf ace Morphology 43 

Dorsal Pubic Pitting 69 ................................................................. 



CRANIOMETRIC VARIATION 

Modern Forensic cases: Basic craniometric data 

One of our principal goals was to assemble metrical data 

from modern forensic cases which would be more representative of 

the population producing skeletons seen by forensic 

anthropologi sts. We have previously observed that one nf t h ~  

strengths of our sampling framework is that the sample is drawn 

directly from the population to which it is to be applied. That 

also turns out to be a limitation in the sense that the 

demographics of forensic cases are heavily biased toward whites, 

making it di-ffcult to assemble samples of non-whites adequate for 

statistical treatment (see page 29). Tables 20 through 23 give 

the means and standard deviations for males and females of four 

groups, Blacks, Whites, Amerinds and Hispanics. 

These means are based on all individuals with identification 

status of either 1 (positive identification) or 2 (raceisex 

identification from soft tissue). These data form the bases of 

analyses to follow. It is clear that in certain instances, 

particularly Amerindian and Hispanic females, the sample sires 

are inadquate, but they are presented for completeness. 

Comoarisan to Anatomical Collectionq 

Most se:</race standards in use today were derived from 

skeletons in anatomical collections, primarily Terry Todd. Since 

these collections were assembled in the early 1900's from local 

areas (St. Louis and Cleveland respectively), they may not 

adequately represent the contemporary U.S. population. We are now 

in a position to test the representativeness of the anatomical 

collections by comparing them to our forensic cases. 



Table 20. Means and standard dev ia t i ons  o f  c r a n i a l  
measurements:Black and White males. ........................................................... 

Blacks Whites ------------------- ------------------- 
Var iab le  N Mean S. D. N Mean S.D. ............................................................. 
Age 29 43.31 18.86 123 41.43 17.46 

Ma):. Length 34 186.38 6.36 132 187.14 7.18 

B i  zygomati c 7- . 131.67 7.71 125 130.25 5.81 

Basi on-bregma 35 137.11 7.16 125 140.94 5.63 

Basi on-nasi on 33 103.85 6.17 126 104.42 5.12 

Basi on-prosthi  on 3 0 102.67 6.40 109 96.05 5.95 

Ext. a l veo la r  b r .  -0 .3 & 67.59 4.23 112 61.63 4.97 

Ext. a l veo la r  19th 31 C ~7.23 3.69 110 C-3 ~ ~ . 9 7  3.78 

Nasi on-prosthi  on 32 71.47 5.55 114 71.04 5.53 

Min. f r o n t a l  33 98.12 4.41 125 97.65 5.81 

Nasal he igh t  33 51.58 3.52 117 Yr) -. 
JL. a9 2.44 

Nasal breadth 34 26.09 2.44 119 24.09 2.28 

O r b i t  breadth 27 41.39 2.60 70 41.01 1.88 

Orb i t  he igh t  31 94.84 1.88 1 1  1 33.64 2.06 

E i o r b i t a l  breadth 28 101.43 4.44 93 97.60 4.24 

I n t e r o r b i t a l  br .  27 22.74 2.85 91 19.79 2.81 

Fron ta l  chord 31 112.65 4.99 I21 114.67 4.81 

Par i  e ta1 chord 32 116.06 6-31. , 123 116.85 6.53 

O c c i p i t a l  chord 32 98.84 5.72 120 . 99.76 5.31 

Foramen magnum In .  32 36.16 2.42 120 37.07 2.52 

Foramen magnum br .  31 29.45 2.64 117 31.53 2.30 

Mastoid 1 ength 34 &~.24 4.16 122 , 31.83 3.11 7- 

.............................................................. 



T a b l e  21. Means  a n d  s t a n d a r d  d e v i a t i o n s  o f  c r a n i a l  
m e a s u r e m e n t s : B l a c k  a n d  W h i t e  f e m a l e s .  ........................................................... 

E l  a c  k s  W h i t e s  ------------------- ------------------- 
V a r i a b l e  N Mean S. B. N Mean S . D .  ............................................................. 
Age 22 39.91 18.09 89 38.65 16.86 

Max. L e n g t h  25 179.00 5.25 100 178.40 6.57 

-- .- a -" 
- a  -7 17 40 / 1  

Bi  z y g o m a t i  c 24 122.00 3.82 98 121.50 4.40 

P a s i  on -b regma  24 127.46 7.60 99 134.31 6.18 

E a s i  o n - n a s i  o n  24 98.46 4.67 99 98.75 4.51 

B a s i  a n - p r o s t h i  o n  23 10(:).48 6.91 89 91.91 4.87 

E x t .  a l v e o l a r  b r .  21 62.29 4.44 89 58.53 3.45 

E:it. a l v e o l a r  l g t h  21 56.95 3.68 9 (:I SO. ?2 2.86 

N a s i  o n - p r o s t h i  o n  23 67.3(:! 4.38 9 0 66.79 4.31 

Min. f r o n t a l  23 93.26 4.27 99 93.72 E d.13 

Nasal h e i g h t  21 49. 14 2.50 92 49.30 2.90 

Nasal b r e a d t h  23 -I= L&. 74 3.(:16 93 22.44 1.73 

O r b i t  b r e a d t h  2 (1) 38.85 1.66 87 39.80 1.96 

O r b i t  h e i g h t  23 34.70 1.64 96 33.43 2.13 

B i o r b i  t a l  b r e a d t h  22 94.59 5.32 85 94.01 3.74 

I n t e r o r b i  t a l  b r .  .7 
L (3 2(3.7S 2.77 84 18.96 2.03 

F r o n t a l  c h o r d  21 107.62 4.96 98 109.04 4.87 

P a r i e t a l  c h o r d  C) LO 109.93 5.38 98 109.04 4.88 

O c c i p i t a l  c h o r d  2 (2 96.70 6.25 95 97.13 5.28 

Foramen  magnum I n .  20 34.95 2.37 95 35.69 2.49 

F o r a m e n  magnum b r .  19 28.63 2.06 94 30.20 2.01 

M a s t o i d  l e n g t h  21 27.62 3.12 98 27.48 3.63 .............................................................. 



Table 22. Means and standard dev ia t i ons  o f  c r a n i a l  
measurements: Amerindian and Hispanic males. ........................................................... 

Amerindians H i  ~ p a n i c s  
------------------- ------------------- 

Var iab le  N Mean S. D. N  Mean S. D. ............................................................. 
Age 6 39.00 8.81 12 37.92 18.52 

Max. Lenght 9 172.33 10.61 16 178.56 5.70 

Bizygomatic 9 137.11 5.71 16 127.81 5.43 

Basi on-bregma 9 136.56 4.80 17 135.35 4.91 

Basi on-nasi on 9 99.56 6.17 17 100.76 3.67 

Ext.  a l veo la r  b r .  9 67.78 3.49 16 64.19 4.89 

Ext.  a l veo la r  l g t h  9 ET d.b.78 3.73 16 53.31 3.215 

Nasi on-prosthi  on 9 71.11 5.55 16 71.56 3.58 

Min. f r o n t a l  9 93.67 4.12 16 93.00 4.87 

Nasal he i gh t  9 52.22 3.49 16 52.56 3.27 

Nasal breadth 9 25.78 2.64 16 23.81 1.83 

O r b i t  breadth 4 41.00 2.16 9 39.78 1.09 

O r b i t  he i gh t  9 36.11 5.13 16 34.75 2.14 

B i o r b i t a l  breadth 4 96.75 3.69 9 94.33 4.50 

I n t e r o r b i  t a l  b r .  4 20.0(1 1.41 9 19.44 1.94 

Fron ta l  chord 9 110.22 6.65 16 111.19 3.85 

P a r i e t a l  chord 9 104.44 5.34 16 107.13 5.82 

O c c i p i t a l  chord 9 97.67 5.48 16 97.50 7.00 

Foramen magnum In .  9 33.78 2.99 16 35.31 1.96 

Foramen magnum b r .  9 29.89 1.62 16 30.38 2.19 

Mastoid l eng th  9 31.78 4.32 15 32.13 2.67 ............................................................... 



Table 23. Means and standard deviations of cranial 
measurements:Amerindian and Hispanic females. ........................................................... 

Ameri ndi a n ~  Hi spani cs ------------------- ----------------...-- 
Variable N Mean S. D. N Mean S. D. ............................................................. 
Age 1 59. (I(:, - 4 33.25 29.17 

Max. lenght 2 175.50 7.78 4 170.25 4.19 

Bi sygomat i c 2 120.00 8.49 4 126.25 3.78 

Easi on-bregma L CI 133.5C) 0.71 4 131.75 5.12 

Basi on-nasi on 2 97.50 2.12 4 98.76 3.51 

Basi on-prosthi on 2 92.0Cr 5.66 4 96.25 9.30 

Ext. alveolar br. 2 60.00 1.41 4 63.00 2.45 

E:.:t. alveolar lgth 2 52.0(:) 0.(30 - 3 52.0C) 2.66 

Min. frontal 2 88.50 0.71 7 4 92.33 7.57 

Nasal height 

Nasal breadth 

Orbit breadth 

Orbit height 

Eiorbi tal breadth 

Interarbi tal br. 

Frontal chord 

Parietal chord 

Occipital chord 

Foramen magnum In. 

Foramen magnum br. 2 27. 00 0. O(> 3 29.67 1.15 

Mastoid length 2 29.50 3.54 4 26.00 2.94 .............................................................. 



Cran ia l  dimensions a re  a v a i l a b l e  from two sources; t i l e s  and 

E l l i o t  (1963) g i v e  summary s t a t i s t i c s  f o r  Blacks and Whites drawn 

from t h e  Terry  and Todd c o l l e c t i o n s  and Corrucc inni  has k i n d l y  

supp l ied  us w i t h  h i s  summary s t a t i s t i c s  o f  t h e  Ter ry  c o l l e c t i o n ,  

Tables 24 and 25 show a comparison o f  Terry/Todd and Terry  

poss ib le,  I n  whites, i t  can r e a d i l y  be seen t h a t  t h e  two 

d i f f e rences  consi s t e n t  over sexes and samples a re  bas i  on-bregma 

he igh t ,  and basion-nasion length.  For bo th  measurements, t he  

fo rens ic  cases exceed t h e  anatomical co l l e c t i ons .  There i s  as 

we l l  a tendency f o r  f o rens i c  cases t o  have longer c ran i a  ove ra l l ,  

e spec ia l l y  males, and t o  have narrower faces and vau l ts .  Forensic 

c ran i a  o f  bo th  sexes have wider pa l a tes  than both  anatomical 

c o l l e c t i o n s  and t h e  mastoid lengths  are  greater  than those 

repor ted  f o r  Terry/Todd. 

Craniometr ic  d i f f e rences  between f o rens i c  Blacks and Blacks 

i n  anatomical c o l l e c t i o n s  a re  i n  many respects  s i m i l a r  t o  those 

seen i n  Whites, bu t  l e s s  cons is ten t .  We observe t h e  longer  and 

h igher  c ran ia ,  b u t  i n  males basion-bregma i s  s i gn f  i c a n t l y  

d i f f e r e n t  from t h e  anatomical co l l e c t i ons ,  wh i l e  i n  females i t  i s  

basion-nasion. Pa la tes  i n  t h e  Black f o rens i c  c ran i a  a re  wider, 

bu t  t h i s  a t t a i n s  s i g n f  icance on l y  i n  Terry/Todd males. Mastoid 

l eng ths  a re  greater  i n  f o rens i c  c ran ia .  



Table 24. Comparison o f  fo rens ic  c ran i a  t o  G i l e s  & E l l i o t ' s  
Terry/Todd sample: Whi t e s  ............................................................... 

Ma1 es Femal es .................... ....................... 
D i  mensi on D i f f  SE D i f f  /SE D i f f  SE D i f f /SE  ............................................................... 
Max. l eng th  5.811 1.007 5.768%6$ 6.947 1.009 6.883StS 

Max. breadth -1.731 0.877 -1.973$ -1.515 0.808 -1.874 

i L 7 3  .-. X.l CI 
L . Y * L  w. w A. 

Basi on-bregma 6.624 0.807 8.207$$1 6.860 0.846 8.105ttS 

Basi on-nasi on 3.821 0.659 5.7946tt 3.660 0.674 5.428tXS 

E:,:t. pa l a t e  b r .  1.767 (3.648 2.728t6 1.501 0.593 2.5326 

Nasal breadth -0.175 0.315 -0.536 -0.679 0.320 -2.1226 

Mastoid Length 9.761 0.418 8.997tts 2.266 0.485 4.6753ff .................................................................. 
: E l  acC::s .................................................................. 
Max. l eng th  0.489 1.320 0.371 1.160 1.276 0.909 

Max. breadth -0.118 1.148 -0.103 -0.373 1.123 -0.392 

Bisygomatic b r  -1.506 1.478 -1.073 -2.400 0.939 -2.556% 

Easi on-bregma 5.021 1.357 3.699*%% 0.778 1.703 0.457 

basi  on-nasi on 2.381 1.206 1.974 2.151 1.074 2.003t 

Ext. p a l a t e  br .  2.207 0.855 2.583t -0.514 1.038 -0.495 

Nasal breadth -1.139 0.494 -2.305% -0.408 0.678 -0.601 

Mastoid l eng th  1.913 0.781 2.452% 1.272 0.747 1.703 .............................................................. 
6 F' .< (:l.(:)E5 66  P <: 0.01 S t %  P < 0.001 



Table 25. Comparison of forensic crania t o  a Terry collection 
sample: Whi t e s  ............................................................... 

Ma1 e s  Females .................... ....................... 
Dimension Dif f SE Diff /SE D i f f  SE Diff/SE ............................................................... 
Mac. length 2.962 1.179 2.512% 0.932 1.106 0.843 

Max. breadth -2.094 0.862 -2.4306 -0.405 0.840 -0.482 

Bizygomatic b r .  -1.935 0.765 -2.5553 -1.661 0.779 -2.1343 -- 3 - A ~ ' 7 F X ? T f n ! l *  I.., Z.+€rm#% 

Basi on-nasi on  2.174 0.635 3.425XSt 2.146 0.723 2.970*3 

Pasi on-prosth . 1.410 0.870 1.621 4.476 0.857 5.223tdd 

E x t .  pa la te  b r .  5.076 0.730 6.957tft 5.200 0.784 6.6313Sd 

E x t .  pa la te  1. 0.22t:) 0.529 C). 416 1.600 0.571 2.802bt 

Nasi on-prosth. 1 .477 (1). 693 2.13Ot 3.450 0.719 4.7983St 

Min. f ront .  br. 0.804 0.796 1.009 -0.476 0.782 -0.609 

Nasal hei g h t  -0.282 0.426 -0.662 -0.083 0.482 -0.171 

Nasal breadth 0.911 0.282 Z1227tf -(l1253 0.299 -0.847 

Inter-orbit b r .  -1.014 0.367 -2.7601 -1.052 0.379 -2.772** .................................................................. 
: El acC::s .................................................................. 
Max. 1 ength 0.271 1.278 0.212 0.518 1.251 0.414 

Maw. breadth -0.549 1 -259 -0. 437 -1.718 1.102 -1.559 
b 

Bi z ygomat i c b r  I .  2 8  1 .453 -0. 143 -2.638 0.944 -2.7963 

Basi on-bregma 4.943 1.338 3.694f66 -0.253 1.672 -0.151 

Basi on-nasi on 2.485 1.149 2.1633 2.434 1.037 2.347% 

Basi on-prosth. -0.272 1.318 -0.207 3.502 1.553 2.2556 

E x t .  pa la te  b r .  1.695 0.912 1.859 -0.136 1.103 -0.123 

E:zt. pala te  1. -0.673 0.766 -0.878 1.820 0.892 2.041f 

Min. f ront .  br. 0.414 0.920 0.450 -1.558 1.064 -1.464 

Nasal height -0.132 0.678 -0.194 0.348 0.641 0.543 

Nasal breadth 0.270 0.472 0.972 0.995 0.679 1.465 

Inter-orbi t b r .  -1.443 0.624 -2.3123 -1.774 0.691 -2.5696 .............................................................. 
b P < 0.03 $3 F < 0.01 33t P < 0.001 



It i s  apparent t h a t  modern f o rens i c  c ran i a  e x h i b i t  

cons is ten t  v a r i a t i o n  when compared t o  anatomical c a l l e c t i o n s  

which have been t he  bas is  o f  c ran iomet r ic  race and sex standards 

f o r  decades. Two explanat ions come t o  mind: ( 1 )  t h a t  Ter ry  and 

Todd co l l ec t i ons ,  represent ing  Blacks and Whites o f  the  S t .  Lou is  

e r r -  1 t, 
W * ? P  -'I 8 r  

-.- r 

Blacks and Whites n a t i o n a l l y ;  (2) t h a t  Ter ry  and Todd, 

represent ing  Elacks and Whites born p r i m a r i l y  i n  t he  l a s t  decades 

of t he  n ineteenth century,  a re  no t  rep resen ta t i ve  o f  contemporary 

populat ions.  

I t  i s  not  poss ib le  t o  p rov ide  d e f i n i t i v e  evidence f avo r i ng  

one of these hypotheses over t he  other ,  and they a re  no t  

necessari 1  y mutual l y  e:.:cl us ive.  To our I.::nowledge, the  Terry  and 

Todd samples have no t  been compared morphometr ical ly f o r  evidence 

of reg iona l  v a r i a t i o n .  I t  does seem, however, t h a t  the  second, o r  

secular  t rend  hypothesis  i s  most cons is ten t  w i t h  t he  evidence a t  

hand. The lower v a u l t s  and shor te r  bases seen i n  Blacks and 

Whites o f  both sexes i n  bo th  anatomical c o l l e c t i o n s  support  t h e  

no t i on  t h a t  t h e  temporal d is tance from recent  popu la t ions  i s  t h e  

impor tant  element. Moreover, t he  p a t t e r n  o f  d i f f e rences  between 

e a r l i e r  and modern popu la t ions  is s t r i k i n g l y  s i m i l a r  t o  t h a t  

observed by Smith, Garn and Hunter (1986) between generations, 

comparing f a t h e r s  t o  t h e i r  sons and mothers t o  t h e i r  daughters. 

We p rov i s i ona l  l y  conclude there f  ore, t h a t  we are  wi tness ing 

secular  change i n  the  cranium analogous t o  the  much b e t t e r  known 

secular  change i n  a d u l t  he igh t  (e.g. Meredi th 1976 1 .  It i s  

important t o  emphasize t h a t  t he  c r a n i a l  d i f f e rences  are  no t  

conf ined t o  s ize,  bu t  i nc lude  shape as we l l .  



It is clear that the differences between the anatomical 

collections and modern forensic cases have important implications 

for the metrical race and sex standards which rest primarily on 

the anatomical collections. We have already dealt with this issue 

as far as the popular Giles and Elliot (1962) discriminant 

1 w C -  ~ u - n - . l ~ n  I O W I  Q r r  
? " - "  - .  

results show that Giles and Elliot discriminants tend to 

misclassify a disproportionate number of Elacks (particularly 

males) as Whites. 

The question of sex discrimination has not as yet been 

examined. We do not intend to undertake an extensive examination 

of the question at this time, but it is essential to obtain some 

notion of whether bias exists. To that end we have tested two of 

Giles and Elliot" (1963) sex discriminats, numbers 1 and 19 for 

whites and numbers 2 and 26 for Elacks. Numbers 1 and 2 use 

cranial length, width, height, basion-nasion length, bizygomatic 

breadth, basion-prasthion length, nasion-prosthion height, palate 

breadth and mastoid length. Numbers 19 and 20 use cranial length, 

basion-nasion 1 ength, bizygomatic width, basion-prosthion length 

and nasion-prosthi on height. 

Table 26 gives the classification Table for our forensic 

sample. The white forensic sample compares favorably with Gi les 

and Elliot's results for both functions as far as overall correct 

classification is concerned, the correct classification rate 

coming within 1% of theirs. However, it is apparent that the 

miscl assi f ication rate is asymmetrical for sexes, males being 

correctly assigned more often than females. The departure from 



equal misclassif ication is signf icant by chi square at F < 0.05 

for all except function except number 20. 

Table 26. Sex classification of forensic sample on 
Giles and Elliot" discriminant functions. 

D.F. No. Race Males % Females % Total X 

The measurements involved in functions 1 and 19 are 

generally larger in the forensic sample than in the TerrylTodd 

sample employed by Giles and Elliot. Since ses discriminants 

captilize on size differences, the larger crania af madern 

populatians result in too many females classifying as male and 

too few males misclassifying as female. Adjusting the 

sectioning point would make Gi les and Elliot's discriminants 

appropriate for modern cases. 

The test on Blacks is less satisfactory because sample sizes 

are smaller. blacks behave differently than Whites, males rather 

than females tending to misclassify at the highest rate. The 

overall misclassif ication is about 5 % below that obtained by 

Giles and Elliot. The black results may be explained in part by 

recalling that size differences between modern forensic cases and 

Terry/Todd are less pronounced than in Whites. 

Craniometric Variation amona Grouns 

The present population of the U.S. is ethnically diverse and 

becoming more so all the time, yet the statistical tools for race 



classification force investigators into a White-Black-Amerindian 

framework for assessing racial or ethnic affinities of forensic 

crania. We had hoped to be able to broaden considerably the 

ethnic base upon which race discriminants rest. This turned out 

to be difficult due in part to the demographics of forensic 

among Whites, Blacks and Hispanics, the latter figuring more 

prominently in case loads of forensic anthropologists in the 

Southwest U.S. We also have esamined a small number of recent 

Amerindian crania, primarily from the Southwest U.S. 

The White, Black, Hispanic and Amerindian samples were 

subjected to canonical discriminant analysis using the CANDISC 

subroutine in the SAS package. We selected a subset of 14 

variables which would maximize sample size. Table 27 shows the 

Mahalanobis distances among groups and the probability associated 

2  
with each distance (note:these distances are D and not D ) .  

Table 27. Mahalanobis distances among groups. 
Males are above the diagonal, 
females below. ............................................. 
AMIN WHITE BLACK HISF' ............................................. 

AMIN 0. 0CZ 3.73Xt 3.51tX 2.76 

WHITE 3-27 0.00 2.48dS 2.0idS 

BLACK 4.54 3. l o t *  0.00 2.44td 

Female Amerindians and Hispanics have ~ u c h  small samples 

that their distances are not demonstrably different from each 

other or from Blacks and Whites. The distance separating female 



Blacks and Whites is highly significant. In males, Amerindians 

differ significantly from both Whites and Blacks but not from 

Hispanics. Hispanics also differ from Whites and Blacks. The D 

value shows Hispanics to be slightly closer to Whites than to 

Amer i ndi ans. 

group distances in a small number of dimensions. The analysis 

yielded three signficant canonical axes. Figure 10 shows the 

sample means on CAN 1 and CAN 3. CAN 2 is not shown since it is 

primarily concerned with separating sexes. Table 28 shows the 

correlation of original variables with canonical scores to a1 low 

interpretation of variable contribution to canonical scores. 

It is evident from figure 10 that CAN 1 is primarily 

concerned with separating Whites from Blacks, while CAN 3 

separates Amerindians from Whites and Blacks. Hispanics are 

intermediate on both axes, presumably a craniometric reflection 

of their hybrid status. Table 28 shows that nearly all variables 

are related to CAN 1: only nasion-prosthion height approaches a 

zero correlation. The positive values on basion-prosthion, nasal 

breadth and orbit height indicate that Blacks have greater values 

than Whites, while the negative values, especially on basion- 

bregma, frontal chord, basion-nasion and cranial length indicate 

that Bl ackc have small er values. Metrically, black-Whi te 

differences can be characterized as follows: White crania are 

longer and higher in the vault, less prognathic with higher, 

narrower noses. These characterizations are in accord with well 

establ ished notions on the nature of Black-White cranial 

differences (e.g. Krogman and Iscan 1986). 





Table 28. Cor re la t i ons  of o r i g i n a l  va r i ab l es  w i t h  canonical  
d i sc r im inan t  scores. ............................................................ 

Var iab le  CAN 1 CAN 2 CAN 3 ............................................................ 
Glab. occ. l g t h .  -0. 352 0.585 -0.548 

Max. cran. br .  -(:I. 290 0.382 0.400 

Basion-Bregma h t .  -(:I. 

Basioin-nasion l g t h .  -0.368 

Basion-prosthion 19th. 0.388 

Nasion-prosthion l g t h  -0.097 

Min. Front .  b r .  -(I). 216 

Nasal ht. 

Nasal b r .  

O r b i t  h t .  

F ron ta l  chord 

P a r i e t a l  chord 

O c c i p i t a l  chord -0. 203 0.244 -0.081 ............................................................ 

The c o r r e l a t i o n s  i n  Table 28 show t h a t  Amerindians d i f f e r  

Srom both Blacks and Whites i n  having shor te r  wider vau l ts ,  and 

wider faces. The minimum f r o n t a l ,  however, i s  smal ler,  and t he  

h igh  load ing  f o r  p a r e i t a l  chord i n d i c a t e s  t h a t  t h e  smal ler 

c r a n i a l  l eng th  i s  p r ima r i  l y  a consequence o f  5mal l e r  pa re i t a l s .  

These pa t t e rns  too, a re  i n  accord w i t h  es tab l ished ideas  of 

c r a n i a l  v a r i a t i o n .  



Race Discrimination 

In addition to documenting craniometric variation among 

groups, it is also desirable to ascertain the extent to which 

crania can be assigned to their correct group using a vector of 

measurements. This effort will be plagued by the limited sample 

it - w ~ l l  ba 

feasible to calculate only a White/Black discriminant, but for 

males we attempt a preliminary 4 group function. First, however, 

we present a White/Black function for both sexes, since these two 

groups are better sampled and since race identi.f.ication 

frequently centers upon White vs. Black. - , -- 

We first obtained a reduced measurement set using the 

STEFDISC subroutine in the SAS package with backward elimination. 

A level of 0 .05  was set for a variable to remain. Tables 29 and 

30 show the results of the stepwise elimination for males and 

females respectively. 

Table 29. Results of bac1::ward elimination for Black and 
White males. ........................................................... 

Step Var i ab 1 e Removed F P W I L K S V C A  c0RR2 ........................................................... 
(1) 0.519 0.481 

2 Frontal chord 0.12 0.73 0.520 0.480 

3 Parietal chord 0.26 0.61 0. 52 1 0.479 

4 Max. cran. length 0.19 0.66 0.522 0.478 

5 Pizygomatic br. (3.68 0.41 0.525 0.475 

6 Occipital chord 0.68 0.41 0.528 0.472 

7 Nasal height CI 
d. 1 1  0.15 0.538 0.462 



Far males seven variables are removed leaving seven in the 

reduced model. The seven remaining variables consist of the three 

measurements from basion, two widths (cranial and minimum 

frontal), nasal breadth and orbital height. The vault chords are 

among the first variables removed indicating their limited value 

LAMBDA to increase only slightly, indicating that it is nearly as 

efficient as the full model. 

Table 30. Results of backward elimination for Black and 
White females. ........................................................ 

Step Variable removed F F' w ILKSVAN C O O H R ~  ............................................................. 
a 0.317 0 .  683 

1 Parietal chord 0.00 0.96 0.317 0.683 

2 Occipital chard 0. 10 0.76 0.318 0.682 

3 Minimum frontal br. (3.40 0.53 0.319 (3.681 

4 Max. Cran. length 0.40 0.53 0.321 0.679 

6 Nasal height 0.24 0.63 0.324 0.677 

7 Frontal chord 0. 53 0.47 0 .  325 0. 675 

8 Birygomatic br. 1.82 0.18 0.331 0.669 ........................................................ 

Females present a similar pattern of variable removal but 

proceed one step further. Thus the final model in females 

includes one less variable than males. A s  in the males the 

increase in WILKS' LAMBDA and decrease in the squared multiple 

correlation is gradual and small. Noteworthy is the smaller 

female W1LP:S' LAMBDA, indicating a higher discriminating capacity 

for females. 



Table 31 shows t he  d i s c r im ina t i ng  c a p a b i l i t y  o f  t he  f u l l  and 

reduced models. The percent co r rec t  column i s  an est imate based 

on the  assumption o f  normal d i s t r i b u t i o n  (Davies 1971:25'1). 

There are  two fea tu res  worthy o f  note; F i r s t ,  as suggested by 

WILKSVLMMBDA above t he  females e x h i b i t  much h igher  r a t e s  o f  

Pa=. SPY 

misc l ass i f y  as Whites more o f t e n  than v i c e  versa. 

Table 31. E f f i c i e n c y  o f  Black-White c r a n i a l  d i sc r im inan t  
f unc t i ons  f o r  f u l l  and reduced models. ................................................................. 
D2 

~ / 2  i! White % Bl ac k % .................................................................. 
MALES 

------------_______----------------.------------------------------- 

Fu l  1  E J. 27 1.15 87.5 87/98 88.8 22/28 78.6 

Reduced 5.06 1.13 87.1 113/132 85.6 23/29 79.3 

.................................................................. 
FEMALES .................................................................. 

F u l l  13.59 1.84 96.7 79/80 98.8 17/19 89.5 

Reduced 12.64 1.78 96.3 86/88 97.7 18/21 85.7 .................................................................. 

Both of these might reasonably be a t t r i b u t e d  t o  t h e  smal l  

samples a v a i l a b l e  f o r  Blacks, al though t he  one f o r  males i s  no t  

a l l  t h a t  bad. The sex d i f f e r e n c e  i n  c l a s s i f i c a t i o n  i s  something 

t h a t  as f a r  as we know has no t  been p rev i ous l y  observed, 

al though i t  has no t  r e a l l y  been searched f o r .  The bas i s  f o r  i t  can 

be apprec iated v i s u a l l y  from f i g u r e  1C) above, where t h e  

d is tance between Black and White males i s  l e s s  than than between 

Black:: and White females. 

The unbalanced m i sc l ass i f  i c a t i o n  could be cor rec ted  by 

ad j us t i ng  t he  sec t i on i ng  po in t .  There are  two p o s s i b i l i t i e s  which 

may exp la in  t h i s  observat ion. F i r s t ,  t he  covariance mat r ices  o f  



the two groups may be unequal, which in turn calls for a 

quadratic discriminant function. Second, we may be seeing 

evidence of social race classifications which do not agree with 

biological ones. This is clearly a matter for more in-depth 

investigation when larger samples became available. 

Table 32 gives the discriminant coefficients, group means 

and sectioning paints to be used in classifying an unknown 

cranium. If an unknown falls above the sectioning point, it 

should be classified Hlacl::, below, White. Because the Black: 

samples, particularly females, are small, we consider these 

functions provisional. However, the direction and magnitude of 

the coefficients is similar in the sexes, indicating that the 

male and female functions are identifying similar race 

differences. This a1 lows a certain conf idence that the functions 

have identified real race differences and are not merely 

captol izing on sampling error to achieve discriminatian. As mare 

E1acC:s enter the data bank::, we will taC::e the opportunity to 

recampute these f uncti ons on 1 arger samples. 

Our final effort in race discriminatian consists of a four 

group function for males to ascertain the extent ta which Blacks, 

Whites, Indians and Hispanics can be discriminated. This effort 

is preliminary due to limited sample sizes, but should indicate 

the potential for allocating such crania into their correct 

groups. We also carried out a stepwise backward elimination to 

choose an optimal variable set using the above mentioned four 

groups. The results were similar to the Black-White analysis for 

males described above, and the same set of seven variables was 



selected. We present only the seven-variable discriminant for the 

four group function. 

Table 32. Discriminant coefficients, group means and 
sectioning points for Black-Whi te 
classification 

Variable Ma1 e Femal e ...................................................... 
-4 - 

basi on-bregma -0,066245 -0.036871 

Easi on-nasi on -0. 122604 -0.127035 

Basion-prosthi on 0.152699 . 0. 198088 

Minimum frontal (:).077 145 - 
Nasal breadth (-7.156295 0.249499 

Orbit height (3.2058 i 8 0.227995 
....................................................... 

Black:: mean 3.031 190 6. (:)24926 

White mean 0.780894 2.469136 

Sectioning point 1.90604 4.24673 1 ....................................................... 

Table 33 shows the discriminant functions required to 

classify a cranium, and Table 34 gives the classification results 

for our calibration sample. It should be emphasized that the 

procedure for classifying an unknown cranium differs somewhat 

from the one using sectioning points in the two group 

discriminant functions discussed above. These functions are 

purely classification functions and cannot be used to display 

-1  groups in reduced dimensions. They are defined a5 W l X j ,  where W 

i the pooled within group covariance matrix and X . is the mean 
2 

vector for group j. The SAS manual can be consulted for 

additional detai 1s and references. 



An unknown specimen is classified by multiplying its 

measurements by the corresponding coefficients far each of the 

four functi'ons given in Table 39 and adding the constant. The 

specimen has the highest probability of classifying into the 

group for which the classification function yields the highest 

Table 33. Classification functions for males of four groups. ................................................................ 
Variable Ami n Bl ac k White Hispanic ................................................................ 
Max. Length 1.831119 2.180459 2.227659 2.03643 1 

Max. breadth 3.236397 2. 821663 2.941361 2.919222 

Basi on-prosth. 1.148314 1.230417 0.860304 1.044055 

Minimum front. 0.533636 0.845406 0.733256 0.632866 

Nasal breadth 1.834466 1 .83 1 405 1 . 460920 1.485264 

Orbit ht. 4.551944 4. 3477(:>3 3.979907 4.330488 

Constant -593.678986 -603.2424 18 -595.38693 1 -568.74931 9 ............................................................... 

The classification matrix (Table 34) reveals some 

interesting patterns. The diagonal gives the number (and percent) 

correct classification far teach group. Overall, it is 119/157 

(75.8 % I .  Blacks classify correctly least often, Hispanics the 

most often. Blacks misclassify about equally into Whites and 

Hispanics, although Hispanics misclassif y only as Blacks. Larger 

Hispanic samples sizes would undoubted1 y result in 

misclassif ications into other groups. However, the 

misclassfications are a reflection of their intermediate status 

(see Figure 101. Whites misclassify most often into Hispanics, 

next into Blacks and finally into Amerindians. 



Table 34. Classification matrix of four male groups. ............................................................... 
From group To Group ............................................................... 
Ami n Ami n El ac 1:: White Hi sp Total ................................................................. 
Ami n 7 (77.8) 1 (11.1) 1 (11.1) 0 (0.0) 9 

Whi t~n 7 (1.9) 7 (6.8, 743 (75.7) 16 (15.5) 103 

Hi spani c (3 ((3. 0) 2 (12.5) 0 (0.0) 14 (87.5) 16 ................................................................ 

Sex Di scr i mi nat i on 

The cranial measurements we have assembled thus far permit 

updated sex discriminants to be calculated which should be more 

appropriate far forensic work than existing discriminants. Using 

the White sample, we first calculated a sex discriminant using 

the 14 variables referred to above. Then we estimated a reduced 

set using the STEPDISC subroutine in the SAS package. Backward 

elimination of variables was used, which begins with all 

variables in the model and removes at each step the variable 

allowing the smallest increase in MILKS' LLMEDA and which meets 

the criterion to remain in the model. We used the relatively 

restrictive criterion of F=.01 to remain. Table 35 shews the 

results of the stepwise analysis. 

It is evident from the Table that removal of the first 6 

variables has virtually no impact on the discriminating ability 

of the model as shown by WILKS' LAMBDA or the squared canonical 

correlation. There after, the discriminatory power of the model 

diminishes slightly with each step. The final step, which removes 

orbit height has the greatest effect, but the final reduced model 

is still nearly asgood as the full model. The final model 



consists of five variables, maximum cranial breadth, bizygomatic 

breadth, nasal height, frontal chord and pareital chord, all of 

which have probabilities of .:: 0.003 to remain in the model. 

Table 35. Summary of backward elimination statistics for 
- Whites (N=98 males and 80 females) ............................................................. 

.............................................................. 
(1) 0.382 0.618 

i Easion-nasion length 0.06 0.81 0.582 0.618 

3 M a x .  length 1 (2.72 0.383 (1) . 6 1 7 
4 Occipital chord (3.13 0.72 0.383 0.617 

5 Basion-bregma ht. (2.07 0.79 C1.383 0.t517 

6 Min. frontal br. 0.19 0.67 0 . 384 0.616 

7 Nasal br. (1.64 0.43 (:). .s85 0.615 T 

9 Orbit ht. 3.94 0.(:)5 0.598 0.602 

Table 36 shows the discriminatory power of the reduced 

model. The percent correct classification column is an estimate 

based on the assumption of normal distributions (Davies 

1971:291). It is probably the best estimate of the discriminant's 

performance for specimens outside the calibration sample. The 

empirical classification rate is derived from the calibration 

sample and will be slightly biased toward higher correct 

classification. The empirical classification is about 1.5 % above 

the estimated rate. 



Table 36. Sex D isc r im ina to ry  power o f  reduced model. ............................................................. 
D2 D/2 % Ma1 es % Females % ............................................................. 

Our sex d i sc r im inan ts  a l s o  s l i g h t l y  outperform G i  l e s  and 

c a l i b r a t i o n  sample c o r r e c t l y  and y ie lded  an est imated co r rec t  

c l a s s i f i c a t i o n  r a t e  o f  86.6. While t he  d i f f e rences  a re  smal l  and 

probably i n s i g n f i c a n t ,  we have been ab le  t o  achieve i t  w i t h  f i v e  

va r i ab l es  wh i l e  G i l e s  and E l l i o t  requ i red  e igh t .  Also important 

t o  no te  i s  t h a t  f rom our stepwise s e l e c t i o n  procedure, t he  

va r i ab l es  chosen a re  two breadths, and t h ree  s a g i t t a l  dimensions, 

no va r iab les  from f rom basion being re ta ined.  Two o f  our 

var iab les,  f r o n t a l  and o c c i p i t a l  chords, a re  no t  commonly taken, 

but  a re  r e l a t i v e l y  easy and r e q u i r e  no spec ia l  instruments. Three 

of  t he  f i v e  measurements are  v a u l t  dimensions, emphasizing i t s  

importance i n  sex dimorphism. 

Table 37 presents  t h e  d i sc r im inan t  func t ion  c o e f f i c i e n t s  f o r  

the  reduced model, a long w i t h  t h e  sex means and sec t ion ing  po in t .  

We have e lec ted  t o  present  t he  d i sc r im inan t  scores i n  o r i g i n a l  

u n i t s  r a t h e r  than cen te r i ng  them s ince i t  avoids t he  constant. 

We consider t h i s  sex f u n c t i o n  t o  be t h e  best  and most 

appropr ia te  a v a i l a b l e  f o r  sexing c ran ia  o f  Whites i n  fo rens ic  

contexts.  I t  i s  based on a  la rge ,  geographica l ly  d i ve rse  sample 

of contemporary Americans. Using f o rens i c  cases avoids the  

quest ion of whether a  r e s t r i c t e d  sample, such as t he  Ter ry  o r  

Todd c o l l e c t i o n ,  w i l l  y i e l d  r e s u l t s  genera l i zab le  t o  t h e  l a rge r  



forensic context. It is appropriate to test our function as 

addi t ional materi al becomes avai 1 able. 

Table 57. Sex discriminant for whites. Crania-with 
scores above the sectioning point are 
classed as males, below as females. ................................................... 
Variable Coefficient ---------------- 
Max. breadth -0.06442 

Bit ygomat i c breadth 0.17926 

Nasal height 0.13242 

Frontal chord (2.07915 

F'ari eta1 chord 0.03789 ............................................ 
Male mean 34.7868 

Female mean 32.3058 

Sectioning point 33.5463 ............................................ 



The pos tc ran ia l  ske le ton  f i g u r e s  most h e a v i l y  i n  sex 

determinat ion and s t a t u r e  est imat ion.  Pos tc ran ia l  data are  no t  as 

we l l  represented i n  our data base as a re  c ran i a l ,  bu t  a re  

s u f f i c i e n t  t o  enable us t o  evaluate t h e  representat iveness o f  t h e  

a. 

The bas ic  s t a t i s t i c s  summarizing t h e  pos t c ran ia l  me t r i c  data are  

g iven i n  Tables 38 and 39. These a re  l i m i t e d  t o  Whites and 

Blacks, o ther  groups con ta in ing  i n s ~ t f  f i c i e n t  numbers a t  , this 

po in t .  

Com~ar i  son t o  hnatomi c a l  Col 1  e c t  i ons 

The anatomical c o l l e c t i o n s ,  e s p e c i a l l y  t h e  Ter ry  c o l  l e c t i a n  

form t h e  bas i s  o f  many o f  our me t r i ca l  sex ing c r i t e r i a  (see 

Erogman and Iscan 1986 f o r  rev iew) .  A 5  i n  c ran ia ,  t h e  quest ion o f  

t he  degree t o  which ske le tons  i n  anatomical c o l l e c t i o n s  represent  

contemporary people being seen by f o rens i c  an th ropo lag is t s  may be 

ra ised.  We have compared our measurements t a  those presented by  

Iscan and M i l  l e r -Sha iv i  t z  (1984a1 f a r  Black and White femora, 

Iscan and M i l l e r - S h a i v i t z  (1904b; 1 9 8 4 ~ )  f o r  Black and White 

t i b i a e ,  and Thieme and Schu l l  (19571 f o r  b lack  Humeri. A l l  

present data on samples der ived from t h e  Ter ry  c o l l e c t i o n .  Table 

40 shows t h e  d i f f e r e n c e  between means, t h e  standard e r r o r  and the  

d i f f e rence  d i v i ded  by t h e  standard e r r o r .  I n  a l l  cases t h e  

d i f f e r e n c e  i s  der ived by sub t r ac t i ng  t h e  Ter ry  c o l l e c t i o n  mean 

from t h e  f o rens i c  means, t h e  l a t t e r  as shown i n  Table 40. 



Tab1 e 38. F'ostcrani a1 means and standard devi  a t i  i ons: 01 acks ........................................................... 
Ma1 es ------------------ Femal es ------------------ 

Humerus N Mean SD N Mean SD ............................................................. 
Max. l eng th  29 340. 52 23.68 13 310.31 18.87 

Epi condyl a r  b r  . 27 65.15 4.74 1 1  =I= .~d. 27 2.19 

Max. head diam. 26 47.54 3.66 12 40.92 2.43 

Max. diam. mid. 26 24.04 2.24 13 20.23 2.05 

M i ? .  d4-i q 1 clr. 7 . 4  m RCII( 4 7  - a , - ,  11 
LY A'&. 4 + & . L A  A 3  A d o  C J 7  A m  T-? .............................................................. 

Radi us .............................................................. 
Max. 1 ength 27 264.13 17.22 12 234.75 13.22 

Sag. diam. mids. 7 14.29 0.95 5 11.00 0.71 

Transv. diam. mids. 7 18.29 1.25 5 14.00 0.71 .............................................................. 
Ulna .............................................................. 
Max. l eng th  26 283.19 17.60 1 1  252.09 14.39 

Dorso-vol ar d i  am. 8 20.50 1.2(3 ~ L) 14.6(:, 1.95 

Tranvs. diam. 8 15.88 1.64 5 1 (3 . 66 0.55 

PhysioL . leng th  7 271.14 12.08 I= J 219.60 13.72 .............................................................. 
Femur .............................................................. 
Max. l eng th  27 475.48 29.51 18 456.72 33.50 

Bicondylar  l eng th  26 471.65 29.84 16 448.63 32.59 

Epi condyl ar b r  . 25 84.52 5.48 14 75.29 3.7% 

Femur head d i  am. 26 48.31 3.82 17 41.94 2.22 

A-P subtroch. 25 29.08 2.77 18 25.89 2.08 

Trans. subtroch. 25 52.88 3.(:1(3 18 29.44 2.41 

A-P midshaf t 25 31.6(:) 2.74 16 27.75 1.98 

Trans. midshaf t  -I= L.J 28.36 1.68 16 24.06 1.88 

Circum. midshaf t 7 99.29 5.99 9 83.55 5.52 .............................................................. 
T i b i a  .............................................................. 
Cond.-mall. 19th 26 405.62 31.67 14 371.07 29.96 

Proximal breadth 23 79.39 3.91 12 69.50 3.32 

D i s t a l  breadth 22 I=.T d.,.. 27 4.08 14 46.50 3.01 

Max. diam. nut .  f .  24 38.13 2.37 15 31.93 2.76 

Trans. d ia .  nu t . f .  23 28.04 3.20 15 23.79 2.37 

Circum. nut.  f .  8 109.38 7.01 7 87.43 6.73 .............................................................. 
F i b u l a  .............................................................. 
Max. l eng th  CI ~4 398.67 31.18 14 360.93 28.85 

Max. diam. midsh. 8 16.38 1.41 6 13.50 1.22 .............................................................. 



Table 39. Pos tc ran ia l  means and standard d e v i a t i  ions: Whites ........................................................... 
Ma1 es Femal es ------------------ ------------------ 

H~cmer us N Mean SD N Mean SD ............................................................. 
Ma:.:. l eng th  102 354.38 19.60 74 306.68 13.79 

Epi condyl a r  b r  . 94 64.17 3.61 72 55.69 2.79 

Max. head diam. 95 49.15 2.56 71 42.44 4-, 
A .  16 

Max. diam. mid. 98 23.19 2. b4 75 19.59 1.63 

M-~ 9F3 1 R . R A  1.70 74 15.27 1.44 ............................... 
Rad i us .............................................................. 
Max. l eng th  94 250.60 13.99 68 225.79 15.07 

Sag. diam. mids. 61 13.16 2.11 28 11.00 1.91 

Transv. diam. mids.61 16.21 2.20 27 13.33 2.06 .............................................................. 
Ulna .............................................................. 
Ma:.: . 1  engh t 94 268.32 14.37 66 242.88 14.49 

Dorso-vol a r  d i  am. 32 17.28 2.13 15 14.93 1.55 

Tranvs. diam. 32 13.94 1.70 15 10.67 (:I . 98 

Physio l  . l eng th  29 238.59 11.56 14 218.86 13.76 .............................................................. 
Femur .............................................................. 
Max. l eng th  1 (:I 2 471.87 25.00 78 437.00 20.04 

Eicondylar  l eng th  95 469.17 24.61 71 433.99 20.04 

Epicondylar b r  . 91 84.73 4.98 68 74.60 3.69 

Femur head d i  am. 99 48.80 2.68 71 42.37 2.39 

A-P subtroch. 1 08 28.49 2.21 80 25.29 1.82 

Trans. subtroch. 108 32.04 2.47 80 28.50 1.76 

A-P midshaf t 1 C K I  30.72 2.46 78 27.05 2.01 

Trans. midshaf t  100 27.66 2.28 78 24.51 1.78 

Circum. m i  dshaf t 30 90.43 4.58 14 79.79 3.98 .............................................................. 
T i b i a  .............................................................. 
Cond.-mall. l g t h  96 386.21 23.85 72 557.28 19.29 

Proximal breadth 79 79.00 4.07 61 68.80 2.87 

D i s t a l  breadth 76 52.80 3.11 60 46.83 2.77 

Max. diam. nut. f. 95 36.06 2.85 74 31.12 2.31 

Trans. d ia .  nut.+. 82 25.37 2.31 71 21.83 1.88 

Circum. nut.  f .  29 96.79 5.32 13 82.76 4.49 .............................................................. 
F i b u l a  .............................................................. 
Max. l eng th  94 381.29 22.57 67 349.94 18.70 

Max. diam. midsh. 28 15.75 1.69 11 13.54 1.37 .............................................................. 



Table 40. Comparison 
C o l l e c t i o n s :  Whites 

means f o r e n s i c  and anatomical  

Ma1 es Femal es 
-------------------___I ....................... 

Measurement D i f S  SE D i  S f  /SE D i f  f SE D i f+ /SE .................................................................. 
Femur .................................................................. 
Max. 1 eng t h 20.263 3.992 5.075ttt 11.930 3.933 3.033888 

Head diam. 0.598 0.431 1.387 0.166 0.421 0.395 

A-F' midsh. 1.740 0.428 4.0688tt 1.981 0.392 2.501ff 

Epicond. b r .  1.787 0.757 2.3628 0.543 0.669 0.811 ................................................................. 
T i b i a  ................................................................. 
Cond. ma l l .  15.178 4.595 3.303886 7.128 4.609 1.546 

F'ro:timal b r .  3.500 0.733 4.7761t 0 .  393 0. 664 0.592 

D i  s t a l  b r .  5.003 0.623 8.0338 f f 3.273 0.566 5.783tfl 

A - F ' n u t .  f o r .  1.463 0.598 2.446% O.532 0.513 1.(:)38 

Tran. nut. for-1.264 0.677 -1.866 -1.839 0.574 -3.206ft .................................................................. 
ELACt:::S .................................................................. 
Femur .................................................................. 
Max. l e n g t h  -2.239 6.698 -0.334 19.392 8.460 2.292% 

Head diam. 0.528 (:). 823 0. 642 -(>.(:)29 0.616 -0.047 

A-F' midsh. 1 .680 0.699 2.404% 0.700 0.560 1.249 

Trans. midsh. -1.118 0.537 -2.0821 0. 160 0.542 0.293 

Epicond. br. 1.28(:) 1. 232 1 . 039 -0.694 1. 100 -0.631 ................................................................. 
T i b i a  ................................................................. 
Cond. m a l l .  1.135 8.230 0.138 5.441 8.688 0.626 

Proximal  b r .  2. 161 1.045 2.069t 1.420 1.106 1.284 

D i s t a l  b r .  5.343 1.035 5. 1618tt 3.400 0.917 3.706Stt 

A-P nu t .  f o r .  2.675 0.645 4.144$t -0.467 0.830 -0.562 

Tran . nu t .  f o r  (1). (1163 (I. 826 0.077 -0.997 0.71 1 -1.401 .................................................................. 
Humerus .................................................................. 
Max. l e n g t h  1 .537 4.78(:) 0.322 4.418 5.556 0.795 

Head diam. 1.258 (11.981 1.282 -1.487 0.740 -2.009$ .................................................................. 
f P .< 0.O5 * t F' .i: 0 . (:> 1 #8$ P .::: (2.(3(>1 



Table 4Cr shows two impor tant  d i f f e rences  f o r  wh i te  femora 

and t i bae .  The f i r s t  i s  s ize .  Modern femora and t i b a e  exceed 

those o f  the  Terry  c o l l e c t i o n  f o r  most dimensions. Th is  i s  t r u e  

f o r  lengths  as we l l  as measures of r o b u s t i c i t y .  R o b ~ t s t i c i t y  

d i f f e rences  are most apparent i n  the  d i s t a l  and proximal breadth 

of t he  t i b i a ,  l e a s t  apparent i n  femur head diameter, where they 

do no t  a t t a i n  s t a t i s t i c a l  s ignf icance.  I n  general, modern-Terry 

d i f f e rences  appear g reater  f o r  males than f o r  females. 

The other  d i f f e rence  concerns shape of  t he  bone shaf ts ,  t he  

femur a t  midshaft  and the  t i b i a  a t  t he  n u t r i e n t  foramen. The 

e f f e c t  i s  most marked i n  the  femur, where modern femora are  

longer i n  the  A-P dimension, bu t  narrower t r ansve rs l y  when 

compared t a  Ter ry  femora. Thus t he  modern femur cross-sect ion 

could be descr ibed as more e l l i p i t a l ,  wh i l e  Ter ry  i s  more round. 

The same d e s c r i p t i o n  t o  a  l esse r  ex ten t  app l i es  t o  the  t i b i a  

c ross  sec t ion .  

The*  sample s i z e  o f  Blacks i s  much smal ler  and the  

comparisons accord ing ly  must be regarded as p re l im ina ry .  The on ly  

i n d i c a t i o n  o f  a  l eng th  d i f f e r e n c e  comes from the  femur i n  

females. I n  males t h e  modern-Terry d i f f e rences  i n  s h a f t  shape of 

t he  femur, and t o  some ex ten t  t h e  t i b i a ,  p a r a l l e l  those seen i n  

Whites. 

I t  i s  apparent f rom t h e  foregoing, a t  l e a s t  f o r  Whites, t h a t  

skeletons i n  standard anatomical c o l l e c t i o n s  d i f f e r  from modern 

f o rens i c  ske le tons  i n  a  number of ways. It i s  impor tant  t o  

consider b r i e f l y  why these d i f fe rences e x i s t ,  and t o  ask whether 

sexing c r i t e r i a  based on anatomical c o l l  e c t i ons  are  s ign f  i c a n t l y  

biased as a  r e s u l t .  



The greater lengths of bones of modern forensic cases can 

reasonably be considered a component of the well known secular 

increase in height (e.g. Meredith, 1976). However, it is 

important to emphasize that much more is known about secular 

changes in height than about its components as seen in the long 

It - 

between World War I 1  and Korean war dead. However, the latter had 

signficantly longer tibiae, indicating variation in proportional 

contributions to height. The femur and tibia lengths of our 

modern forensic Whites are only marginally greater than the 

Korean War dead reported by Trotter and Gleser (1958) (473.3 vs 

471.5 and 386.9 vs 384.6 for femur and tibia respectively). The 

Korean War dead represent a segment of the American population 

onlv slightly earlier than the forensic sample, so it is 

reassuring to observe the similarity in values despite very 

different sampling strategies. 

The shape differences in femora and tibia shafts represent a 

less well known phenonomon so the causes are less easily 

discerned. A fruitful area of inquiry would be biomechanical 

and/or nutritional changes (Angel 1976). 

Our concern 'at the moment is whether sexing criteria based 

on anatomical collections are applicable to modern forensic 

cases. To that end we have applied sex discriminants for Whites 

based on the Terry collection to the forensic cases. The results 

are shown in Table 41. 



Table 41. Sex discriminants derived from the Terry collection 
applied to forensic sample. ................................................................ 

Calibration* ForensicSt ..................... .................... 
Variables Male Female Total Male Female Total ................................................................ 
Femur 
( 

Distal breadth 89.3 89.1 89.2 92.9 82.8 88.3 

Distal breadth 
Head diameter 89.3 92.7 90.9 92.8 93.0 92.9 

Head diameter 
Transv. diameter 91.1 92.7 91.9 86.3 93.4 89.6 

Proximal breadth 
Distal breadth 85.0 84.6 84.8 96.6 72.0 823.3 

Cond. mall lenuth 
Proximal breadth 82.5 87.2 84.8 
-----------------__-------------------,----------,--------------- 

* Calibration sample is from the Terry collection. Femur dis- 
criminants are from Iscan and Miller-Shaivitz (1984a) ; Tibia 
discriminants are from Iscan and Miller-Shaivitz (1984bf. 

** Sample sizes in the forensic sample vary slightly around 
72 males and 58 females for the femur and 61 males and 51 
females for the tibia. ................................................................ 

Compar i son of the total percentage of correct 

classifications shows that the Terry collection discriminants 

perform about as well on forensic cases as they do on the Terry 

skeletons themselves, in some cases even better. In looking at 

the sex specific results it is apparent that the discriminants 

yield unbalanced classifications on the forensic sample. Both 

tibia functions disproportionately misclassif y females as males, 

while in the femur the imbalance is variable. The modern-Terry 

differences identified above (see Table 40) affect classification 

rates, in some cases rendering them unacceptable. 



Sex Diicriminants Based on the Forensic Sample 

Our sample sizes are large enough to yield reliable 

discriminants for Whites, but wi 1 1  not calculate sex discriminats 

for other groups at this time. As with the cranium, we attempt to 

construct an optimal measurement set using the SAS STEPWISE 

+ h  

probability of 0.01 to stay in the model. This analysis was 

conducted on the femur, tibia and humerus using all of the 

variables in Table 39 except for circumferences. Table 42 shows 

the results of the stepwise analysis. 

There are several important observations to be made from the 

stepwise results. All three bones allow variables to be removed 

without significantly degrading discriminating efficiency. For 

the f emctr, both ma:.timum and bicondylar length are retained as 

sign+ icant discriminators even though intcti tively one might 

suppose they are a measure of nearly the same thing. Presumably, 

sex differences oS distal condylar angle is what is important in 

bicondylar length. Also, femoral midshaft and subtrochanteric 

diameters fai 1 to remain in the model, removing support for the 

assumption that they are efficient sex discriminators. 

MILKS" LAMBDA allows us to evaluate the discriminating 

efficiency of the three bones. From best to worst the rank order 

is humerus, tibia and femur. This order is the reverse of effort 

invested in developing sexing criteria and suggests that sexing 

postcranial remains wi 1 1  be more successfully carried out with 

the humerus than other bones. 



Table 42. Summary of stepwise e l  iminat ion of var iab les  f o r  femur 
t i b i a  and humerus f o r  sex discr iminat ion:Whites ................................................................ 
Step Var iable removed F P WILKS CAN C O R R ~  ................................................................. 
Femur (Ma1 es=87; Femal es=67) 
------------------------------------------------------,------------, 

O 0.336 0.664 

1 A-P Midshaf t 0.11 0.74 0,336 0.664 

2 Transverse midsh. 0.39 0.53 0.337 0.663 

-C 

21 Transverse subtroc. 0.28 0.28 0.337 0.662 

4 A-P Subtroch 1.39 0.24 13.341 0.659 ............................................................. 
T ib ia  (Hal es=72: Femal es=56) .............................................................. 

1 Cond. mal l  length  (1.37 0.54 0.303 (:I. 697 

2 D i s t a l  breadth 0.50 0.48 1:). 304 0.696 

3 Transv. nut. f o r .  (1.92 0.54 0. 306 0.693 
----_-_____-_______------------------------------------------- 
Humerus (Ma1 es=9O; f emal es=69) .............................................................. 
0 0.262 ('3.738 

1 Max. length  0.05 0.82 0.262 0.738 

2 Max. midsh. diam. 1.38 C1.24 0.264 0,736 ............................................................. 

We have ca lcu la ted the  d iscr iminants  us ing t he  reduced 

models f o r  each bone. The d isc r im ina t ing  s t a t i s t i c s  are presented 

i n  Table 43. As w i t h  crania, the  performance of  the  func t ion  was 

estimated using D/2 under the  assumption o f  normal i ty .  I t  can be 

seen from t a b l e  43 t h a t  the  empi r ica l  c l a s s i f i c a t i o n s  are very 

s i m i l a r  t o  t h e i r  expectation. The unexpected fea tu re  of the 

c l a s s i f i c a t i o n  r a t e s  i s  t h a t  they are markedly unbalanced; near ly  

a1 1 the  m isc lass i f  i c a t i o n s  are males as females. For both 



humerus and femur all females are correctly classified, and only 

two females misclassify on the tibia. 

Table 43. Sex discriminating efficiency of humerus, femur and 
tibia: Whites .............................................................. 

Humerus Tibia Femur 

Number of females 65 61 67 

'7 
Mahalanobis D" 11.295 8.676 

Estimated percent 95.4 93. (3 91.8 

Empirical : Males 91.0 9 1 . (:I 90 . 9 
Femal es 160.0 96.7 1 00. (1 

Total 94.8 93.5 94.8 ............................................................ 

One normally expects misclassif ications to be approximately 

symmetrical, so it is interesting to inquire into the present, 

apparently anomolous situation. The possibility first coming to 

mind is that the variances and covariances in the sexes are not 

equal. That this is probably the case can be observed from table 

x x ,  which shows that male standard deviations are uniformly 

larger than those for females for the variables used in the 

discriminant function. Inspection of the group covariance 

matrices (not shown) bears this out. These data then do not meet 

the assumption of equal covariance matrices for linear 

discriminant functions. Presumably a quadratic function would 

yield a better model, something we have not yet had the 

opportuni ty to explore. 

We present the linear discriminants since in spite of 



unequal variances and covariances, since their performance is 

superior to existing functions. Table 44 presents the 

discriminant coefficients, along with the sectioning points, 

means and standard deviations of the discriminant scores. The 

scores are presented uncentered, since this avoids the constant. 

Table 44. Means, standard deviations and sectioning points 
for sex discriminants. ............................................................ 

Males Females ---------------- ---------------- 
Bone Mean S.D. Mean S.D. S.P ............................................................... 
Humerus 23. 00(:1 1.113 19.639 0.817 21.319 

Tibia 22.431 1.129 19.486 0.805 20.959 

Femur 22. (383 1. 104 19.302 0.844 20.692 .............................................................. 
Humerus: Z =  0.1181 (Distal breadth) + 0.221 (head diam. ) + 

0.24148(Min. midsh. diam.) 

Tibia: Z= 0.2302(pro:.:. breadth) + (:).1174(A-P nut. for. ) 

Femur: Z= -0.1268(Max. length)+O. 13144(Bicond. length) + 
0.0991 (distal breadth) + 0.24457(head diam. ) ............................................................... 

Stature Estimation 

Our original intention was to utilize the long bone lengths 

along with statures in life to calculate new regression formulae 

for estimating stature. We have been able to assemble a small 

sample of heights in life but it is insufficient to calculate new 

regressions. An even more serious problem is the one of obtaining 

an accurate estimate of height in life. These tend to come from a 

variety of sources such as driver" licenses, missing persons 

reports, and statements from relatives. In addition, we have 

obtained a number of cadaveral lengths. Obviously these sources 

will vary considerably in their reliability, with none 

approaching the reliability of measured stature. 



We have begun a program in Tennessee to obtain heights from 

driver's licenses from the Department of Safety. This will 

eventually result estimates from a common source. Driver's 

licenses do not necessarily yield an accurate height, but at 

e lea* rn varrarian around m=a%ur tad  stature ran m i  & P ~ I  

(Willey and Falsetti 1987) .  

A final point regarding stature estimation is that it does 

not seem as critical as some of the foregoing, since Trotter and 

Gleser-% (1958) sample is seen to be very similar to modern 

forensic cases as far as long bone length is concenred. 



SUMMARY AND CONCLUSIONS 

Forensic anthropologists have the opportunity to study the 

skeletons of contempoaray Americans when they are brought into 

forensic laboratories for identification. When such skeletons are 

inmnti+imu. + ~ P V  a r m  nnrmal l v  rprurnpq for m r  i d i  ,-*e have 

established a data base to preserve information obtained from 

forensic cases, since this is the only source of information 

about skeletal variation in contemporary Americant. 

We have produced a manual containing guide1 ines for 

observing and recording skeletal data in a systematic and uniform 

fashion. This manual has been distributed to forensic 

anthropologists in the U.S. They in turn record information and 

forward the information to the Department of Anthropology, 

University of Tennessee for computerization. 

The data base is managed using dbase I 1 1  plus on an IBM XT 

computer. The data reside in six files, each with its own 

organization. The files may be briefly described as follows: ( 1 )  

an identification file, containing information such as age, race, 

sex, height, weight and circumstances of discovery. (2) A 

documentation file containing mainly sources of information 

contained in the identification file. ( 3 )  An inventory file, 

containing an inventory of the skeletal parts representing the 

individual. (4) A skeletal age file containing status of skeletal 

maturity indicators, such as epiphyseal and suture closure, pubic 

symphysis phases, rib phases and auricular surface phases. ( 5 )  A 

craniometric f i le, containing standard measurements of the 

crania. ( 6  A postcraniometric file containing standard 



measurements of the postcranial skeleton. 

Information about any individual in any file can be 

retrieved with reference to a unique identifying number assigned 

to each each case. At the present time, the data base contains 

information on 715 individuals, 485 of which have either been 

positively identified, or at least identified as to race and sex 

from soft tissue. 

Our rationale in establishing a data base is that the 

anatomical collections upon which most forensic research rests 

are inappropriate for this purpose. Anatomical collections 

consist of individuals born in the late 19th or early 20th 

century and they tend to be demographically homogeneous. By 

contrast, the skeletons in our data base are drawn from a wide 

range of age, ethnl c and soci oeconomi c categories. 

Our sampling strategy yields a sample reflecting the kinds 

of people whose skeletons require identification. This is at once 

a strength and a weakness. The strength is that the sample 

is drawn directly from the population of interest, making it the 

most appropriate sample available upon which to base forensic 

research. The weakness is that it reflects the demographic 

characteristics of forensic cases, making it difficult to 

assemble statistical 1 y adequate samples of certain groups. For 

example, at the moment our data base contains information about 

skeletons with race/ethnic identification as follows: White 67 %, 

Black 19 %, Hispanic 6 % and Native American 3 %. The age range 

is wide, from foetus to old age. Both sexes are well represented, 

although males outnumber females at most ages. At present, 

forensic cases originating in 42 states, the District of 



Columbia, and 4 foreign countries are contained in the data base. 

Metric comparison of the forensic to anatomical skeletons 

shows that forensic cases are different in a number of respects. 

Forensic crania have higher and narrower cranial vaults and 

Oio 2-1 

col lecti ons. We have shown that race and sex identification 

cri tera based on anatomical collections do not yield re1 iable 

results when applied to forensic cases. 

Postcrani a1 1 y, forensic cases have longer and more robust 

long bones. Sexing criteria based on anatomical collections are 

inappropriate for modern forensic cases. 

We have used the metric data in our data base to revise sex 

and race identification criteria and examine morphological 

re1 ationshi ps among groups. being based on modern forensic cases, 

they are the most appropriate standards for forensic 

practitioners to employ. In some cases, especially those 

involving Amerindians and Hispanics, the criteria must be 

regarded as preliminary as we await accumulation of larger 

samples. However, our preliminary results show that Hispanics 

exhibit morphological relationships intermediatge between Whites, 

Indians as might be expected from their hybrid status. 

Cranial race and sex discriminants calculated from our data 

start from a larger set of measurements then previous ones. We 

show that the measurements involved in race classification are 

different from the ones which classify sexes. The Black- White 

discriminant function classifies males about 80 % correctly and 

females about 85 %. 



Our cranial sex classification function for Whites is able 

to classify sexes correctly at a rate of about 90 % using only 

five easy to take measurements. 

We calculated sex discriminant functions for whites using 

the femur, tibia and humerus. We discovered that the humerus is 

Lid% 5 1  . t - icati . on, the femur the 

worst. Correct sex classifcation exceeds 90 % for all three long 

bones, and approaches 95 % for the humerus. 

Conclusion 

After two years of operation, it is clear that the data 

banking concept as applied to forensic anthropology is capable of 

yielding a data base which can serve several purposes. It will 

offer forensic anthropologists metrical data that accurately 

describe the population they routinely work with. Ultimately, it 

wi 1 1  provide more insight into biological variability of several 

kinds then can ever be achieved through anatomical collections. 

Looking ahead, it seems that our greatest need is to f i l l  

out the samples of less numerous groups, and to enhance our 

sample of aging criteria. Future data collection will alsa focus 

on the preadult age categories. 

It should also be stressed that the ability to obtain large 

samples from Whites will make it possible to investigate certain 

questions in considerably depth. For example adult age changes in 

crani a1 morphology or regional geographic variation may be future 

analyses which can further refine identifcation capabilities. 

Finally, we are now at the stage in the evolution af the 

data bank where it can be used as a research and identification 

tool by forensic anthropologists. Our next task, therefore, is to 



make i t s  po ten t ia l  known t o  users, and take the necessary steps 

t o  make i t  a v a i l a b l e  t o  them. 
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