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ABSTRACT 

The purpose of th i s study i s  to i dent i fy subs i s tence a s soc i ated 

d i fferences i n  cari es, peri odontal d i sease and attri t ion between two 

aborog i na l  s ke l eta l  samp l es from the Tennessee Va l l ey a rea . The 

hunter/gather samp l e  empl oyed i n  th i s  s tudy dates from the Archa i c  

peri od ( 6000-500 B . C. )  a nd i s  composed of i nd i v i dua l s  from the Eva 

( 6BN12 ), Cherry ( 84BN74 ) and Anderson ( 40WM9 ) s i tes . The Mi s s i s s i pp i an  

Dal l as focus ( 1300- 1500 A. D . ) s i te of  Toqua ( 40MR6 ) practi ced ma i ze 

agri cu l ture . 

Contrasts i n  car i es frequency, l ocation on the tooth, and 

d i stri but ion a l ong t he tooth row were read i l y  apparent .  Cerv i ca l  cari e s  

i n  the posterior tooth row characteri zed t h e  Archa i c  samp l e .  The 

pattern i s  attri buted to the comb i ned effects of food i mpact i on and 

a ttri t ion expos i ng the vu l nerab l e  cerv i x  to bacteri a l ly  produced 

demi nera lyzed aci ds . The Mi s s i s s i ppi an samp l e  i s  cha ra teri zed not on ly 

by a greater ca ri es frequency, but a wi de range of  l ocations on the 

tooth a nd i n  the tooth row . Attri t ion rates di ffer d rama t i ca l l y  between 

the two samp l es . Th i s  i s  attri buted to the d i fference i n  the amount of 

food process i ng undertaken between the two subs i s tence systems . Contrast­

i ng anterior to posterior wear  gradi ents were not i dent i fi ed between the 

Archa i c  and f4i s s i ss i pp i an samp le s . I t  was hypothes i zed that i n  a vari ed 

phys i ca l  envi ronment, such as  that i nhab i ted by the Archa i c  sampl e ,  the 

sel ecti ve pressure was to u se the anteri or teeth as a tool . Anterior 

tooth wea r  forms i nd i cati ve of tooth use, d i fferent i a ted the two 

samp l es . A un i que wea r  form i n  the Mi s s i s s i pp i an samp l e  was i denti fied .  



i v  

Periodonta l di sease i nvol vement between the two subs i stence systems 

showed patterned di fference s .  Bone l os s  and cal cu l us accumu l at i on are 

progre s s i ve i n  the Mi s s i s s i pp i an  samp l e .  The accumu l at ion of ora l  

debr i s concomi tant wi th reduced rate of bone l os s  i s  characteri s t i c  of  

the  Archa i c  sampl e .  T he  about-face i s  attri buted to the med i at i ng 

i nf l uence of attri t i on i n  e l i mi nati ng the s i tes  of food i mpaction . 

Antemortem tooth l os s , the u l t imate consequence of each of the 

above menti oned processes , i s  the s i gn i f i cant  d i fferen ce between the 

l os s  i n  the mol a rs on l y .  Th i s  h igher rate of mo l ar l os s  i n  the 

Mi s s i s s i pp i an samp l e  i s  a ttri buted to the combi ned effects of cari es and 

periodonta l d i sease . 
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CHAPTER I 

I NTRODUCT ION 

The objecti ve of th i s  d i s sertati on i s  a descri pti ve , comparati ve 

and i nterpreti ve study of cari es , peri odonta l d i sease , attri t i on , and 

antemortem tooth l oss  on sampl es of abori g i na l  s ke l etal remai ns from the 

Tennessee Va l l ey a rea whi ch represent two d i fferent subs i stence 

strateg i es . I n  recent years , a sel ect number of studi es focus i ng on 

patterns of i nterpopu l ati ona l di fferences of cari es , peri odonta l 

d i sease , a nd attri t i on between human s kel etal samp l es h ave y i el ded much 

usefu l  i nforma t i on , not on l y  i n  a descri pti ve capaci ty ,  but a l so a s  

i nformati ve auxi l i a ry too l s  i n  the reconstructi on o f  d i et and 

subs i stence ( Hi l l son , 1979 ; Smi th , 197 2 ;  El zay et  a l . ,  197 7 ;  Kori tze r ,  

1977 ) .  The uti l i ty of these three processes i n  th i s  l atter capaci ty i s  

based on the demonstrab l e assoc i at ion wi th the texture and/or ca rbo­

hydrate content of the d i e t .  Al though the anthropol og i ca l  l i terature i s  

f i l l ed wi th sub s i stence as soci ated data , especi a l l y  wi th res pect to 

cari es , the recent research i n i t i ati ves are novel i n  the i r  col l ecti ve 

exami nati on of the three above-ment i oned processes and i n  the i r 

objecti ve of i denti fy i ng speci f i c  subs i stence assoc i ated patterns . Thi s 

parti cu l a r  research ori entati on refl ects the current bi ocul tura l  

approach to  anthropo l og i ca l  data ana l ys i s  wh i ch acknowl edges the 

rel ati onsh i p between b i ol og i ca l , cu l tura l , and envi ronmenta l vari abl es 

a nd ma i nta i ns that b i ocu l tura l i nqui ry y i e l ds more mean i ngfu l i nforma­

t i on about popu l ati ons and the nature of the i r  phys i ca l  and cu l tural 
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envi ronment than the i nformati on g l eaned from a t rad i t i onal  de scri pti ve 

approach (Brown and Streuver , 197 3 ;  Bu i kstra , 1976 ; Bl a ke l y ,  1977 ) . 

Wi th few excepti ons (e.g . , Le i gh , 1925 , 1929 ) , the ori entati on of 

the anthropo l og i ca l  research spec i f i c  to cari e s , peri odontal  d i sease , 

a nd attri t i on has  favored the i r exami nat i on sepa ratel y ,  and a l though 

attent i on pa i d  to these processes d i sp l ays a l ong h i s tory , thei r 

t reatment over the yea rs has not been equal . Cari es , apart from be i ng 

read i l y  i dent i fi ed and eas i l y  quant i fi ed , benefi ts  from a wel l ­

establ i shed i nterpreti ve framework . There i s  a l so a l a rge body of 

epi demi ol og i ca l  a nd anthropo l og i ca l  data demonstrat i ng s ubs i stence 

associ  a ted preva 1 ence and i nci dence . Therefore , the promi nence of 

cari es i n  the anthropo l og i ca l  l i terature i s  u nderstandab l e .  

Attr i t i on and peri odonta l d i sease are progress i ve and mu l t i ­

factori a l  processes . These qual i t i es have obscured d i et and subs i stence 

assoc i a ti ons . Both attri t i on and peri odonta l d i sease have a l so yet to 

benefi t from the adopti on and empl oyment of standa rdi zed quanti fi ca t i on 

techn i ques to fac i l i tate i nterpopu l ati onal  compari sons . The focus of 

attri t i on stud i es has on l y  recent l y  i nc l uded comprehens i ve eva l uati on of 

i nterpopu l at i ona l  d i fferences (e . g . , H i nton , 1981 ; Mol nar ,  1968 , 197la ) . 

Therefore a modest  body of subs i stence assoc i ated wear rates and 

patterns i s  on l y  now becomi ng ava i l abl e .  Unfortunate l y ,  i n  sp i te of the 

potenti al peri odontal  d i sea se ana l ys i s  possesses , a feature wh i ch wi l l  

subsequent ly  be e l aborated upon , i ts rol e  i n  the anthropo l og i ca l  

l i terature has  been peri phera l and wi l l  l i ke l y  rema i n  so  u nt i l prob l ems 

a ssoc i ated wi th i ts quanti fi cat i on and i ts re l at i onsh i p wi th d i et  and 

subs i s tence a re eva l uated and presented . 
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Apart from the i r  assoc i ati ons wi th aspects of d i e t ,  the col l ecti ve 

exami nati on of cari es ,  peri odontal  d i sease and attri ti on i s  warranted 

from the i r  i nd i v i dua l  and comb i ned capaci ty to affect  mas ti catory 

eff i c i ency . Each process  i s  u l timate l y  respons i b l e  for antemortem tooth 

l os s ,  whi ch certa i n ly  a l ters the masti catory envi ronment  as  we l l  as  the 

env i ronment of each of the d i sease processes . These are a l so some data 

to suggest that  a l terati ons i n  the masti catory envi ronment may have 

far-reach i ng consequences for the genera l  hea l th of the i ndi v i dua l  (Numma 

and Qu i nton, 1 970; Kapur and Okubo, 1970; Gejva l l , 1 972 ) .  

Independent of any overa l l hea l th consequences ,  the pattern, rate , 

and eti o l ogy of tooth l oss  certa i nly can be an i mportant ora l hea l th 

s tatus parameter that may profi tably be i nc l uded i n  an i nterpopul ati on 

study of the k i nd here descri bed . Espec i al l y  s i nce l os s  has demon­

s trated i nterpopu l a ti onal  d i fferences rel ati ve to subs i stence s trategy 

( rtacgregor , 1 97 2 ;  Mayha l l ,  1977 ; Anderson ,  1 965 ;  E l zay et a l . ,  1977 ) .  

The compa ri sons to be made are between a hunti ng and col l ecti ng 

subs i stence strategy from the Archa i c  Peri od ( 6000-500 B . C . ) represented 

by the combi ned Eva ( 6BN1 2 }  a nd Cherry {84BN74 }  s i tes sampl es from the 

western Tennessee Va l l ey and the Anderson ( 40WM9 ) s i te samp l e  from 

Mi ddl e Tennes see ( Wi l l i amson County )  and an  agri cul tura l subs i s tence 

economy from the Da l l as  phase Mi ss i s s i pp i an Peri od { 1300- 1550 A . D . ) 

represented by the Toqua s i te (40MR6 } i n  the eastern Tennes see Val l ey .  

The resu l ts of these compari sons wi l l  serve a s  a data base for future 

compari sons wi th other sampl es from the Tennessee Va l l ey a rea as  wel l  as  

provi de a da ta base for hunti ng/col l ecti ng samp l es and  agri cul tura l 

samp l es i n  genera l . 
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CHAPTER I I  

BACKGROUND 

Data rel evant for a col l ecti ve exami nati on of cari es , peri odonta l 

d i sease , and attri ti on need to be arti cul ated and eva l uated . Th i s  

i nc l udes e l aborat i on and substanti ati on o f  statements and probl ems 

i ntroduced i n  the precedi ng chapter .  The present chapter  wi l l  address 

these probl ems as wel l as underta ke a tradi ti ona l survey of the 

l i terature necessary for any descri pti ve and i nterpreti ve study . Th i s  

i nc l udes a bri ef summary of the ori entat i on of the l i terature , s i nce 

these processes  have been assessed separately for the greater part of 

the i r  h i story ;  a defi n i t i on and descri pti on of the processes , i nc l u s i ve 

of a revi ew of the eti ol ogi ca l  factors (espec i a l ly  for attri t i on and 

peri odonta l di sease , s i n ce they are mu l ti factori a l ) ; and an  exami nation 

of the ro l e  of d i et i n  the eti o l ogy and express i on of these processes . 

The chapter  wi l l  a l so i ncl ude a survey of the patterns of assoc i at i on 

between subs i stence , ora l pathology and attri ti on . 

Caries  

Defi n i t i on and Eti ol ogy 

Denta l  ca ri es i s  a progres s i ve demi nera l i za ti on and destructi on of 

the tooth enamel wh i ch i s  the resu l t  of l ocal fermentati on of reta i ned 

food sugars by part i cu l a r  bacteri a l  consti tuents of pl aque (Mandel , 

1979 ) .  I t  i s  one of the most \'li de ly  stud i ed d i seases of mank i nd .  

Al though the modern era o f  ca ries research wa s u s hered i n  by the 



contri but i ons of W .  D .  t·ti l l er ( 1883- 1904 , c i ted i n  Mandel , 1979 ) , who 

demonstrated that the i n i t i a l l es i on was a demi nera l i zati on brought  on 

by glycolyti c  fermentati on of sol ubl e food carbohydrates by ora l  

bacteri a ,  i t  was not unt i l the mi dd l e  o f  the 1950's that the bacteri a l  

et io l ogy of  cari es was i rrefutably establ i shed . Orl and and as soci ates 

( 1954 } , u s i ng germ-free an imal  experi ments , demons trated that cari es 

does not occur i n  the absence of mi croorgan i sms .  Repeti t i on of 

germ-free an imal  experi ments veri fi ed these f i nd i ngs  and now a bacteri a l  

eti ol ogy i s  estab l i shed common knowl edge ( Keys , 1960 ; Fi tzgera l d  and 

keys , 1960 ) . The respons i bl e  organ i sm i s  Streptococcus mutans 

( F i tzgera l d ,  1976 } a l though Lactobacci l l i s and Acti nomyces v i scosus have 

been assoc i ated i n  some forms of ca ri es ( t1andel , 1979 } .  An impress i ve 

body of data demonstrates the ca ri es -conduci ve propert i es of � ·  mutans . 

Th i s  i nc l udes the ab i l i ty to rapid ly  form demi nera l i z i ng ac i ds ( l acti c ,  

formi c ,  and others ) from sucrose and g l ucose ( Wood and Cri tch l ey ,  1966 ; 

Cri tch l ey et a l . ,  1967 ; Gi bbons and Nygaard , 1968 ; Newbrun , 1972 ) , the 

abi l i ty to surv i ve i n  th i s  ac i d  envi ronment ( Brown , 1 973 } , the abi l i ty 

to adhere to the tooth surface ( Gi bbons , 1979 } , and the ab i l i ty to store 

polysacchari des i ntercel l u l arly for subsequent g lycolys i s  (Gi bbons and 

Socransky , 1962 ;  Gi bbons and Van Haute , 1 975 ) .  Important for a d i etary 

a ssoci ati on i s  the fact that � ·  mutans appea rs to be substrate speci fi c .  

Prol i ferat i on and g lycolyt i c  acti v i ty are dependent on the presence of 

g l ucose and sucrose ( Bowen and Corn i ck ,  1967 ;  Bowen , 1970 ; Van Haute , 

1964 ) . 

The ac i ds produced by glycolyt i c  acti v i ty l ower p l aque pH to at  

l east  5 . 5 whereupon demi nera l i z i ng acti v i ty becomes pos s i bl e. The 
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pathogenes i s  of cari es enta i l s  the progress i ve demi nera l i zat i on of  the 

more crysta l i ne components of tooth structure . Wi th the accumu l at i on of 

i ntercrysta l i ne voi ds,  mi nera l l oss  beg i ns to acce l erate . The i nc i pi ent 

cari ous l es i on appears as  an opaque white or brown spot .  I n  t ime ,  the 

surface enamel 1 oses i ts hardness and bacteri a 1 penetrati on becomes 

poss i bl e .  Eventua l ly a macroscop i c  cav i ty becomes apparent (Gray , 197 7 ;  

Mande l , 1 979 ) .  The cav i ty conti nues to expand as  demi nera l i z i ng 

act i v i ty conti nues . Ul t imately , the pu l p  cav i ty i s  penetrated resu l ti ng 

i n  necros i s  of the tooth . 

Di et and  Subs i stence Assoc i a t i ons  

The resu l ts of ep i demi ol og i c  and anthropol og i c  studi es para l l e l s 

the 1 a bora tory and cl  i ni ca l ly deri ved data wh i ch demonstrates that 

cari es i s  as soci ated wi th the consumpt i on of ref i ned carbohydrates . 

Epi demi o l ogi c studi es i nd i cate that the adopti on of the Western d i et 

( i . e . , a l a rge refi ned carbohydrate component ) u n i versa l ly resul ts  i n  a 

s i gn i fi cant i ncrease i n  the ca ries i nci dence ( Barmes,  1977 } .  Thi s 

pattern i s  i l l ustrated i n  the samp l e  i n  Tab l e  1 .  

Th i s  change has been most v i v i d ly  i l l us trated i n  the vari ous Es k i mo 

data record i ng the encorporat i on of processed foods i nto abori g i na l  

d i ets . Skel eta l data ( Pederson , 1949 ) , and data g l eaned pri or to 

s i gn i fi ca nt European contact ( Stefansson , 1914 )  i nd i ca te that the 

abori gi na l Es k imos were essent i a l l y  ca ri es free . Da ta are ava i l  ab 1 e 

from Al aska  (Bang , 1964 ; Col l i ns , 1 932 ; Lei gh ,  1925 ; Moorrees, 1957 ; 

Rosebury and Waugh , 1939 ; Waugh , 1930; Costa , 1980 ) , Canada (Mayha 11, 



Country 

Kenya 

Uganda 

Eth i opi a 

Iraq 

Tha i land 

Vi etnam 

7 

TABLE 1 

CHANG ES I N  AVERAGE CAR IOS ITY PER PERSON W I TH THE 
I NTRODUCT I ON OF REF I NED CARBOHYDRATES 

% U�IFT*/Person for i n di v i duals at age twel ve by year 

. 1  ( 1 952 )  1 . 7  {1 973 ) 

. 4  {1966 ) 1 . 5  { 1972 ) 

• 2 ( 1 958 ) 1 . 6  ( 1975 ) 

. 7 ( 1 967 ) 3 . 5 ( 1 976 ) 

. 7 ( 1 960 ) 4 . 5 {1975 )  

2 . 0  ( 1959 ) 6 . 3 ( 1970 )  

Fr. Polynes i a  . 0  (before 1930 ) 8 . 0  ( 1 970)  

Indones i a  . 7  ( 1973 ru ra l ) 3 . 5  ( 1972 urban ) 

*Decayed ,  mi s s i ng or fi l l ed teeth . 

Source: D .  E .  Barmes , 11Ep i demi ol ogy of Denta l  Di sease , .. Journa l 
of Cl i n i ca l  Peri odontol ogy 4:80-92 , 197 7 .  
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1 97 5 ,  197 7 ;  Mayha l l  et a l . ,  1970; Cu rzon , 1970) , and Greenl and 

{Baaregaard , 1949 ; Pederson , 1938 , 1949 ; Krogh-lund , 1937 ) i l l u strati ng 

that the addi ti on of refi ned carbohydrates to the tradi t ional  d i ets ha s 

para l l e l ed the s i gn i fi cant i ncrease i n  cari es i nc i dence . 

Cari es i s  not unknown among preh i stori c peop l es ; i ndeed l es i ons 

have been i dent i fi ed in vari ous foss i l  homi n i ds (Brothwel l ,  1959;  

C l ement , 1956 ) .  However , the s i gni fi cance of cari es i n  anthropol og i cal 

stud i es focuses on i ts uti l i ty as a d i eta ry i nd i cator and as an 

i nd i cator of subs i stence strategy . A h i gh cari es i nc i dence has been 

consi stently  associ ated wi th an agri cu l tura l  subs i stence economy {see 

Tab l e  2 ) . In marked contrast to the frequenci es obta i ned from 

agri cul tura l i sts {a l l owi ng of course for i nterobserver error ) , hunti ng 

and co l l ecti ng soc i et i es rarely  experi ence cari es frequenci es greater 

than 10% .  These data a re consi stent wi th the hypothes i s  that an  

agri cul tura l  subs i stence strategy makes ca ri ogeni c cu l ti gens ava i l ab l e  

i n  s i gn i fi cant enough quanti t i es to effect the cari es i nc i dence . The 

cari ogen i c cu l ti gen respons i b l e  for th i s  i ncrease i n  the New Worl d i s  

ma i ze (Go l dstei n ,  1948 ; Bu i kstra ,  1977 ; Thomas and larson , 1 979 ) .  

Other Aspects of Cari es Research 

The exami nation of ca ri es i n  the anthropol og i ca l  l i terature i s  of 

course not l i mi ted to document ing i nc i dence . The research ori entation 

has  a l so i nc l uded the consi derat i on and eva l uat i on of factors which 

a l ter the patterns and i nci dence of caries  pert i nent to anthropol ogi ­

cal ly  meani ngfu l i nterpretations . For exampl e ,  rel ative tooth size , 
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TABLE 2 

REPRESENTATIVE  SAI•IPLE OF CARlES INC IDENCE BY SUBS I STENCE 

Popu l at i on 

Hunter/Gatherer 

Nubi a ( Hesol i th i c )  

Abori g i na l  ( s ke l eta l ) 

Abori g i na l  ( s ke l eta l ) 

Abori g i na l  ( l i v i ng )  

Abori g i na l  ( Tasman i a )  

Es k imo ( ske l eta l ) 

Es k i mo ,  Green l and ( l i v i ng )  

Es ka l eut ( s ke l eta l ) 

Al eut ( s ke l eta l ) 

Northwest Coast  

Ind i an Knol l (3000 B . C . ) 

Ol d Copper ( 5600 B . C . ) 

Agri cul tura l i sts 

Nubi a ( Mero i t i c )  

Nubi a ( X-Group )  

Nubi a ( Chri st ian ) 

Egypti an ( s ke l eta l ) 

Europen ( skel eta l ) 

Neol i th i c  ( France ) 

Mongol o i d  ( s kel eta l ) 

Mex i co ( s ke l eta l ) 

Maori s ( l i v i ng )  

%/n Teeth 

1 .  0/ -

2 . 3/ 2653 

1 . 6/ 10 , 561  

4 . 6/ 1 ,844 

5 . 3/662 

. 08/5 , 920 

2 . 2/ 1 7 , 9 1 7  

. 08/2 , 539 

0 . 0/ 2 , 000+ 

. 42/5 , 500 

. 4/912  

. 4/ 2 32 

1 2 . 4/ 161  

1 1 . 9/ 2 , 526 

14 . 8/ 932 

4 . 4/ 2 , 2 19  

96 . 2/6 , 104 

4 . 2/6 , 869 

4 . 1 /826 

4 . 64/3 , 298 

25 . 14/887 

Source 

Armel agos , 1966 

Steadman , 1939 

Campbel l ,  1925 

Campbel l ,  1938 

Steadman , 1937  

Pedersen , 1938 

Pe dersen ,  1938 

Ka l ts ky and Kl ade l l ,  
1943 

Tu rner ,  1979 

Kl atsky and Ka l de l l ,  
1943  

Herra l a ,  196 1  

Heral a ,  196 1  

Armel agos , 1966 

Armel agos , 1966 

Armel agos , 1966 

Kl ats ky and Kal del l ,  
1943 

Kl atsky and  Kl adel l ,  
1943 

Brabant , 1969 

Kl atsky and Kl adel l ,  
1943 

Kl atsky and Kl adel l ,  
1943  

Saunders and  Taylor,  
1938 
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TABLE 2 (CONT I NUED )  

Popu l at i on 

Neol i th i c  Danes 

Greek ( 3 , 000 B . C . ) 

Greek ( 2000- 150 B . C . ) 

Greek ( 1300 A . D . ) 

Greek ( l i v i n g )  

Gran Qu i v i ra NM ( s ke l eta l ) 

Mancos Canyon Pueb l o  
( 1200 A . D . ) 

Mancos Canyon Peubl o 
( 1200 A . D . ) 

M i d i eva l Engl and 

Pueb l oa n  ( Puebl o I I )  

Puebl oan ( Puebl o Ill ) 

Hopi ( Pueb l o I V )  

%/n Teeth 

1 4 . 2/3 , 6 12 

1 2 . 0/267 

6 . 2/ 2 , 585 

26 . 5/3 , 82 1  

1 5 . 9/932 

15 . 2/ 1 ,8 1 7  

6 . 5/353 

4 . 9/266 

1 2 . 0/790 

7 . 1/225  

15 . 0/ 1 , 027  

6 . 3/ 1 , 707 

Source 

Chri stopherson and 
Pede.rsen , 1939 

Ange 1 ,  1944 

Ange 1 ,  1944 

Angel , 1944 

Ange l , 1944 

Swanson , 1974  

N i c kens , 1974  

Robi nson , 1976  

Ta ttersa l l , 1 968 

Ryan , 1977  

Ryan , 1977  

Rya n , 1977  

Adapted wi th mod i f i cat ions afte r :  Chri sty G .  Tu rner I I ,  11 Denta 1 
Anthropol og i ca l  Indi cati ons of Ag ri cu l ture among the Jomon Peop l e  of 
Central Japa n X. Peopl i ng of the Pac i f i c .  Ameri can Journal  of 
Phys i ca l  Anthropol ogy 5 1 : 6 19-636 , 1979.  
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cusp number , and the comp l exi ty o f  occ l usal  fi s su re patterns ha s been 

l i n ked to car ies  susceptabi l i ty. Sma l l er s i mp l er  teeth appe a r  to be 

more ca ri es  res i s tant ( Van  Reenen , 1966; Gra i nger et  a l . ,  1 966 ; Anderson 

and Popov i ch ,  197 7 ;  Greene , 1 97 2 ) . An evol uti onary trend for more 

cari es  res i stant teeth has been proposed from the trends observed i n  

s ke l etal  samp l es  (Greene , 197 2 ) .  Other anthropol og i ca l ly  mean i ngful 

u ti l i zat ion of ca r ies  data i nc l udes a hypothes i s  of di v i s i on of l abor 

among agri cul tura l i s ts in l i ght of sex di fference in cari es i nci dence 

coupl es  wi th ethnographi c  accounts of ma i ze cu l ti va ti on act i v i ty defi ned 

by gende r  (Larson , 1 981a , 1 98 1b ). Ci rcu l ar ca ri e s , a form of cari e s  

a s soc i ated wi th enamel hypopl a s i a , ha s been profi tab ly  uti l i zed i n  a 

bi ocu l tural  exami nat i on of  the i nteract i on of pathol ogy and morta l i ty 

( Cook and Bu i kstra , 1979 } . 

Al though the a rti cu l at i on of  cari es  data wi th other data sets has , 

a s  i l l u strated , y i e l ded cul tura l ly  mean i ngful resu l t s , l i tt l e  a ttenti on 

has been pa i d  to the i n teract i on of cari es  wi th processes of the oral 

cavi ty l i ke a ttri t i on and peri odonta l d i sease . Th i s  is unfortunate 

because what  data there are concern i ng the i nterpl ay of cari es , 

a ttri t i on and peri odonta l  d i sease suggest  that they affect i nci dence and 

the re l at i ve cari osi ty of parts of the mouth ( e . g . , Bu rns , 1979 ) . Thi s  

i s  i mportant becau se the l ocat i on of the cari ous l es i on on the tooth 

surface has  a l tered over t i me a s  demonstra ted i n  the fa i rly  comp lete 

s ke l eta l ser ies  from Bri ta i n  ( Corbett a nd l�oore , 1 97 1 ,  1 97 3 ,  197 5 ;  

Hardwi c k ,  1960; Brothwe l l ,  1959 ) . Pri or to the regu l ar consumpti on of  

l arge quanti t i es of ref i ned ca rbohydrates ,  the cav i ty was  found a l most 
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exc l us i ve ly  i nterst i ti a l ly  at  the cementa-ename l j unct ion . Th i s  

cerv i ca l  cari es i s  cons i dered a consequence of peri odontal d i sease by 

the dental professi on because the l os s  of a l veo l a r  support experi enced 

by peri odonta l l y  i nvol ved teeth exposes the vu l nerabl e  cerv i x  to 

demi nera l i z i ng aci ds ( Carranza , 1979 ). Conti nuous erupt i on experi enced 

by teeth wi thout antagon i sts as wel l as teeth experi enci ng a ttri t i on 

( Tay l o r ,  1 963 ) a l so exposes the cementa-enamel  j uncti on to ca ri es . The 

sugge st i on that peri odontal d i sea se and a ttri t i on affect the pattern and 

i nc i dence of cari es se rves to fu rther demonstrate the va l ue of the i r.  

col l ecti ve exami nat i o n .  

Peri odonta l Di sease 

Defi n i t i on and Introducti on 

Properl y ,  the term peri odontal d i sease refers col l ecti vel y  to 

d i seases of the mouth as we l l  as spec i f i ca l l y  to the common form , 

peri odont i ti s .  Pyorrhea , peri c l as i a ,  a l vea l oc l as i a ,  and peri odon­

toc l a s i a  a l so refer to peri odont i t i s ,  but for t he sake of c l a ri ty and 

s i mpl i c i ty ,  as  we l l  as  by convent ion , the term peri odonta l d i sease wi l l  

be used here to refer to peri odonti t i s  a nd i ts synonyms . 

Peri odontal d i sease i s  an i nfl amatory d i sease of l oca l  ori g i n , 

caused by pl aque , wh i ch beg i ns as  g i ng i v i t i s  ( chron i c  marg i na l  

g i ng i v i ti s )  and progresses to i nvol ve the support i ng t i s sues . Bone l oss 

i s  a l ate s tage in peri odontal  destruct i on , accompl i shed by ei ther 

a l veol a r  recess i on or by vert i ca l  os seous defects ( Carranza , 1979;  

Pri chard , 1965 ). Both resu l t  in the l ooseni ng and exfol i at i on of teeth. 
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Based on  c l i ni ca l  observati on , the destruct i on i s  s l ow and cumu l at ive ,  

t aki ng a s  much a s  twenty years or more before tooth l os s  i s  actual i zed 

(Ke l ly and Van K i rk ,  1966 ) . 

Apart from s i mply acknowl edgi ng the un ive rsa l d i s tri bu t i on of  

peri odontal  d i sease (Rus se l l ,  1960 , 1967 ) ,  some appre c i a t i on of i ts 

i mportance a s  an  oral hea l th prob l em shou l d  be e s tabl i s hed s i nce i t  i s  

not as wel l  known a s  cari e s .  Al though on a worl d-wi de bas i s  the Uni ted 

States ranks  l ow i n  preva l ence ( Russel l ,  1 967 ) , some stat i st i c s  

concern i ng the  dynami c s  of  peri odonta 1 d i sease i n  Ameri ca serves to 

i l l ustrate i ts i mportance . Accordi ng to Kel ly and Van K i rk ( 1966 ) , 75% 

of  Amer i can adu l ts ,  aged 18  to 79 ,  a re effected by peri odontal  d i sease ; 

of these , one -th i rd experi ence advanced ( i . e . , os seou s ) destruc t i on . 

The i nc i dence i ncreases wi th age . Accord i ng to data g l eaned by the 

Nat i ona l Hea l th Su rvey , the proporti on of adu l ts exper i enci ng 

peri odonta 1 di sease at age twenty i s  67% ; i nc reases to 70% at  age 

th i rty-fi ve ;  and affects a ful l 80% by age fi fty (Ke l ly and Sanchez , 

197 2 ;  Ke l ly and Van Ki rk ,  1966 ; Sanchez , 1974 ) .  The percentages are 

even greater i n  other countri es where the onset of peri odonta l d i sease 

apparently occurs at  younger ages ( Russel l ,  1 97 1 ;  Sanchez , 1974 ) .  Thi s  

phenomenon i s  i l l u strated i n  Tabl e 3 .  I t  has a l so been shown that 

peri odonta l d i sea se i s  a s i gn i fi cant factor in tooth l os s  after age 

fi fteen . Spec i fi cal ly , approxi mately hal f of extracti ons  i n  the U . S . 

a re due to peri odonta l d i sea se compared to 38% for car ies  ( Pe l ton 

et  a l . ,  1954 ). In  fact , Carranza ( 1979 ) ma i nta i ns that a l l  adul ts  wi l l  

a t  some t i me i n  the i r  l i fespan experi ence peri odonta l d i sease i nduced 
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TABLE 3 

AV ERAGE PERIODONTAL INDEX SCORE FOR I ND IV IDUALS AGED 40-49a 

Popu l at i on 

Ba l ti more , l�d . (wh i te ) 

Col orado Spri ngs , Col o .  (ages  40-44 ) 

Al a s ka , Es k imos (ma l es ) ,  abori g i na l  

Equador 

Eth i op i a  

B a  l t  i more , l11d . ( b 1 a c k s ) 

Uganda { aged 40-p l us) 

Vi etnam 

Col omb i a  

Chi l e 

Burma 

Jordan 

Tri ni dad 

Mean P .  I .  Score 

1 . 03 

1 . 04 

1 . 17 

1.85 

1 . 86 

1. 99 

2 . 50 

2 . 18 

2 . 2 1 

2 . 74 

3 . 58 

3 . 96 

4 . 2 1 

a Score for an i nd i v i dua l  i s  the sum of the per tooth severi ty 
scores  d i v i ded by the number of teeth exami ned .  

b 

bscore ranges : Beg i nn i ng destructi ve per i odonta l d i sease : . 7- 1 . 9 ; 
establ i s hed destruct i ve peri odonta l d i sease : 1 . 6- 5 . 0 ;  termi na l  d i sease : 
3 . 8-8. 0.  

Source : A .  L .  Rus sel l ,  11The Peri odonta l Index , . .  Journa l of 
Peri odontol ogy 38 : 585-593 , 1967 . 



15 

destruct ion . These s tat i st i c s  are s i gn i fi cant  i n  l i ght of the concern 

i n  Ameri ca for control l i ng cari es , p l aque , for t he va l ue of ora l hea l th ,  

a nd i n  the i mportance of dental therapeuti cs . 

Unl i ke cari e s , peri odontal  d i sease does not have a l arge and 

readi l y  a va i l abl e i nterpreti ve framework upon whi ch to a s sess  the 

condi t i on of the a l veol ar  bone in a s kel etal seri es  v i s -�-vi s d i et and 

subs i s tence . There a re severa l rea sons why th i s  i s  true .  F i rs t ,  there 

i s  acknowl edged to be no sati sfactory system for scori ng peri odonta l 

d i sease (G l i ckman , 1 964;  Marsha l l -Day , 1956 ) .  Th i s  i s  true for soft 

t i s sue i nvol vement as we l l  as  for measures ot bone l os s . A not 

i nconsequenti a l  factor is that the nature of the d i sea se process  makes 

quanti fi cati on di ffi cul t .  However , the most  i mportant  factor appears to 

be a l a ck of standard i zat ion . A number of systems may and have been 

empl oyed wh i ch v ary not on ly  i n  the asses sment of l e vel s of gi ng i va l  

i nfl armnat i on , but  a l so i n  the number of  va r iab l es i nc l uded i n  the 

scori ng system . By fa r ,  the most  epi demi ol ogi ca l  data have been 

as semb l ed u s i ng the Peri odontal Index ( Russel l ,  1 956 ) .  The Nat i ona l 

Hea l th Survey data were scored wi th the P I .  Al though the Peri odonta l 

Index does correspond to the progress of the di sease , i t  tends to 

u nderesti mate the l evel of i nvol vement . The focus of the scori ng system 

i s  the soft t i s sue component and does not i nc l ude scori ng for ora l 

debr i s .  On ly a mouth mi rror i s  used so the bone destruction  i s  not 

recorded un l ess  roentgenograms are avai l abl e .  The data concern i ng bone 

l os s  are i nc i dental and add i ti ona l to the scori ng system. Therefore , 

the P I  i s  not a u sefu l scori ng system for s kel etal  samp l es and the 

epi demi ol ogi c data col l ected u s i ng i t  i s  not di rect ly  comparabl e .  
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Roentgenograms a re an important data source for peri odonta l 

i nvol vement because  they a re a permanent object i ve record of the 

a l veol a r  support . Al though they are the onl y  method ava i l ab l e for 

obta i n i ng crown and root measurements for the c l i n i ca l  sampl e ,  they have 

severa l seri ous l i mi tat i ons i n  ut i l i ty .  F i rs t , they are not rout i nely 

taken , part i cu l arly in  the f ie l d ;  and second , i mproper angu l a t i on 

renders the roentgenogram usel ess , a l though techni ques to overcome th i s  

d i ff i cu l ty have been devel oped ( Bj o rn et a l . ,  1969 ;  Schei et a l . ,  1959 ;  

Bjorn and  Hol mberg , 1 966 ) . By far the mos t  important d i ff i cu l ty wi th 

roentgenograms i s  the type of bone l oss  i t  i s  i ntended to measure . The 

bone l os s  measurement i s  the d i s tance between the cementa-ename l  

j unct i on and  the a l veol ar  crest .  Th i s  quant i fi cat i on of  bone l os s  i s  

rel i abl e i n  conj unct i on wi th soft t i s sue data and among cl i n i ca l  sampl es 

( Schei et a l . ,  1 959 ;  Dav i es and P i cton , 1969 ) .  Howeve r ,  t he extru s i on 

of the worn tooth from the a l veol us  i n  order to occl ude wi th i t s  

antagon i s t  { Tayl or , 1963 ) may i nd i ca te peri odontal  i nvol vement where 

none i s  present . Therefore , for samp l es characteri zed by heavy occ l usa l  

wear ,  th i s measurement by i tsel f  i s  i nappropri ate . Th i s  measurement ha s 

been trans l ated to s kel etal samp les as  the Tooth  Cerv i ca l  He i ght ( TCH ) 

(Davi es et a l . ,  1 969 )  a nd i s  often the onl y  parameter used to measure 

peri odontal  destruct i on {e . g . , Lavel l e ,  1973;  Lavel l e  and Moore , 1969 ; 

Dav i es a nd P i cton , 1969 ; Curzon , 1976 ; Kori tzer , 1 97 7 ;  Tu rne r ,  1 979 ) . 

The u se of th i s measurement wi thout control l i ng for the other factors 

contri but i ng to bone l oss  i s  i l l -adv i sed .  Resu l ts  obta i ned from thi s 

parameter have not a l ways been sati sfactory { e . g . , Kori tzer ,  1977; 
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Turne r ,  1979 ) .  The factors whi ch contri bute to l os s  of a l veo l a r  support 

need to be descri bed and accounted for before rel i ab l e  i nterpreta t i on of 

peri odontal d i sease can be accompl i s hed . 

The second reason per i odonta l  d i sea se does not have an adequate 

i nterpreti ve framework i s  because the focus of  epi demi o l og i ca l  s tudi es 

has been on soc i o l og i ca l  vari abl es affecti ng peri odonta l di sease rate 

rather than di et or subs i stence re l at i onsh i ps or corre l ati ons {e . g . , 

Chung et a l . ,  1970;  McComb i e  and Chua , 1957 ; Green , 1 960 ; Jami son , 1968 ; 

Bos sert and Ma rks , 1 956 ; Benjami n et a l . ,  1 957 ; Marsha l l -Day and 

Shouri e ,  1 949 , 1950 ; Marsha l l -Day , 195 1 , 1 96 1 ;  Ma rsha l -Day et a l . ,  

1 956 ) .  Therefore , the stat i st ics  reflect a mu l t i p l i c i ty of factors and 

a re not s pec i f i ca l l y  l i n ked to subs i stence . 

The th i rd rea son i s  that the rel ati onsh i p  of pe ri odonta l d i sease 

and d i et has not been c l early defi ned and establ i s hed . Therefore the 

l i mi ts of i nterpretabi l i ty have not been outl i ned . The fol l owi ng 

secti ons  serve to present the needed descri pt i ve and i nterpreti ve 

background da ta upon whi ch to deri ve an effecti ve quant i fi cati on system 

and upon wh i ch to ba se i nterpretat i on of the patterns of peri odonta l 

d i sease i n vol vement .  

Et i ol ogy and Pathogenes i s  

Al though there a re probl ems i nherent i n  determi n i ng the spec i fi c 

et io l ogy of pe ri odonta l di sease such a s : the comp l ex i ty of the human 

oral b i ota , techn i ca l  l imi tati ons rel ated to the i dent i fi cation , 

l ocat i on , and cu l tur i ng of ora l  bacteri a ( s peci fi ca l l y  anaerob i c ) ,  and 
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the  l i mi ts of  comparabil i ty of animal model s ( different ora l biota ) ,  the 

col l ective evi dence from the profus i on of l i terature ava i l ab l e  on the 

subj ect i s  that the pri mary etio logi c agent responsibl e for periodontal 

disease i s  bacteri a l  p l aque (e . g . , Bowen , 1 97 6 ;  El l i son , 1970;  Genco 

et a l . ,  1969; Hutchi ns , 197 3 ;  Kel strup and The i l ade , 1974;  Keyes , 1970; 

Li s tgarten , 1 97 6 ;  Socransky ,  1970;  The i l ade and The i l ade , 1 976 ). Thi s  

has a l so become established common knowl edge .  

Bri efly , the  evi dence which impl i cates bacter i a  revol ves around 

severa l  key l ines of investigati on . These i nc l ude : the success of the 

top i ca l  admi nistrat ion of antiobiot i cs i n  control l i ng gingivitis ( Davies 

et  a l . ,  1970;  Gj ermo et  a l . ,  1 970; Johnson and Kenney , 1 97 2 ;  Vol pe 

et  a l . ,  1969 ) , the s uccess  of human ora l bacter i a in produci ng 

gingiv i tis in germ-free ani ma l  experiments ( Fitzgera l d and McDan i el , 

1960 ; Crawford et  a 1 ., 1 97 7 ;  Gus taffson and Krasse , 1 962 ) ,  the 

demonstration of the bacteria 1 prerequ i s i te i n  the ini tiation of 

g i ngiva l  infl ammation ( Fitzgera l d  and l�cDani el , 1960 ; Waerhaug , 1956a , 

195Gb , 1957 ) ,  and , by demons trati ng the pathogen i c  potent i a l  of 

bacterial  p l aque itse l f .  This l ast  po i nt merits e l aboration . 

The bacteria 1 constituent of p 1 a que i s  i nd i genou s to the ora 1 

cavity ( Prichard , 1965 ;  Gordon and Jong , 1968 ) , and these pl aque 

bacteri a have been shown to i n i t i a te infections when introduced i nto 

other parts of the body ( Fri tzel l ,  1 940 ; McMaste r ,  1 939 ) . Pl aque 

bacteria produce a wi de variety of by-products from g lycolyti c activity 

( ca rbohydrate metabo l ism ) ( Brown , 197 3 )  whi ch a re demons trabl y  toxic . 

These i nc l ude endotoxi n  and pepti doglycans , which have been s hown to be 
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i nf l ammatory st imu l ants ( Schu l tz-Haudt et a l . , 1954 ; Schul tz-Haudt and 

Scherp , 1955 , 1 956 ) .  Substances wh i ch are tox i c  to cel l body components 

such as ammoni a  ( Macdona l d  and Gi bbons , 1962 ) ,  protases ( Ca rranza , 

1978 ) , hydrogen su l fi de (Macdon a l d  et a l . ,  1960 ) , i ndol e  ( f4acDonal d 

et  a l . , 1960 ) , ami nes { Socransky et a l . ,  1 964 ) , and  organi c  a c i ds 

( Dewar , 1958; Newman et a l . , 197 4 )  a re produced a s  wel l  a s  enzymes toxi c 

to the i nterce l l u l ar matri x { Dewar ,  1958 ) .  Bacter i a l  ce l l -wa l l 

mucopepti des a nd fatty ac i ds a re tox i c  to osseous t i s s ue e i ther 

i ndependently or as a cofactor i n  the i nfl ammatory process ( Mergenhagen 

et a l . ,  1 967 ; Hausmann , 1974 ) .  In  sum ,  oral bacter i a possesses 

suffi c i ent ammu n i t i on to i n i t i ate pathogen i c  res ponse . 

In  recent years , a better understand i ng of p l aque compos i t i on ha s 

been rea l i zed t h rough i mprovements i n  ana lyt i c  techn i ques { Socransky , 

1979 , 197 1 , 1 97 7 } .  Apparent ly  a sequenti a l col on i za t i on of the 

supragi ng i va l  and subg i ng i va l  ecol og i ca l  n i ches occurs and th i s  

coi nc i des wi th the progress i on of g i ng i va l  i nfl ammat i on. The major  

groups of  bacteri a wh i ch i n i ti ate supra g i ng i va l  p l aque are gram-+ rods 

and cocc i  ( Ri tz ,  1 97 6 ;  Loe , Thei l ade and Jensen , 1 965 ) wh i ch attach to 

the sa 1 i vary g lycoprote i n  of the acqu i red pel l i c l e  ( the protecti ve 

coati ng of the tooth s u rface ) and prol i ferate. Accordi ng to Carranza 

{ 1979 ) , "the i n i t i a l  i nsu l t  to the peri odonta l s tructures i n  g i ng i v i t i s 

may be a s soci ated wi th nox i ous  el ements of l a rge mas ses of the g ram-+ 

bacte r i a  a s soci a ted wi th thi s  suprag i ng i va l  p l aque . "  

The bacteri a l  toxi ns  present i n  bacteri a l  p l aque i nvade the i ntact 

epi the l i a l l i n i ng of the g i ngi va l  su l cus i n i t i at i ng  i nf l ammat i on of the 
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marg i na l  g i ng i va and i nterdental pap i l l a .  The toxi ns d i s so l ve the free 

g i ng i va l  fi bers that attach the g i ng i va to the cementum a nd the 

j unctiona l epi the l i um mi g rates a p i ca l ly  and detaches from the root .  The 

net resu l t  i s  a deepened g i ng i va l  su l cus or " peri odontal  pocket "  wh i ch 

i s  a chroni c  i nfl ammatory l es i on and an important c l i n i ca l  feature of 

peri odontal  d i sease ( Carranza , 1979 ; Pri chard , 1965 ) .  

Maturi ng g i ng i va l  pl aque , bes i des becomi ng more dense , experi ences 

popu l at ion sh i fts ( Loe , Thei l ade , and Jensen , 1965 ) . The protected , 

stagnant and oxygen poor enclosure of the deve l op i ng pocket permi ts 

prol i ferat ion of subg i ngi va l  pl aque characteri zed by anaerob i c  and 

mot i l e  forms ( s p i rochete and fu si form ) whi ch thri ve on the nutri ents 

present i n  the su l cu l ar f l u i d  ( Carranza , 1979 ) .  As the poc ket  deepens , 

i nf l ammat i on progress i ve ly  i nvol ves more t i s s ue e l ements , u l t imately 

i ncl udi ng  the bone i tsel f .  

Degenerat i ve changes i n  the surround i ng t i s sue accompany pocket 

forma ti on . The h i sto l og i ca l ly  observed i n i ti a l t i s sue response to 

bacteri a l  pl aque i nc l ude the c l a ss i c  features of acute i nf l anmati on . 

These i nc l ude an i ncrease i n  vascu l ari ty accompl i s hed by capi l l a ry 

d i l at ion and i ncreased b l ood f low ( Th i l ander , 1 968 ) . Leucocytes from 

bl ood ves sel s a re found i n  i ncreas i ng number  not on ly  i n  t he expandi ng 

su l cu s  and epi thel i a l l i n i n g ,  but a l so i n  the underl y i ng  connect i ve 

t i ssue ( Pa ge et a l . ,  1975 ) .  I n  severe ly  i nfl amed t i ssues , the 

i nfl ammat ion has spread i nto the deep connect i ve t i s sue wh i ch s urrounds 

the b l ood vesse l s a nd i nto the t i s sue between the bund l es of col l agen 

fi bers ( Th i l ander , 1 968 ) . Observed i n i t i a l ly  by We i nmann ( 1941 } ,  and 
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now concensus  (Gol dman , 1957 ) the pathway o f  i nf l ammat i on from the s i te 

of pocket forma t i on to the bone spreads i n  the l oose connecti ve t i s sue 

surroundi ng the b l ood vesse l s al ong the transepta l g i ng i va l  fi bers 

( l ocated i n  the a rea between the epi the l i um at the base of the su l cus 

and the crest  of the i nterdental bone ) . I nf l ammati on reache s  the bone 

through vesse l  channel s  wh i ch perfora te the cortex . 

I n fl ammat i on spreads most  rap i d l y  th rough vascu l ar cancel l ous  bone 

(Gol dman , 1957 ) becau se cance l l ous  bone i s  more react ive , that i s ,  i t  

has  a more rap i d  turnover rate than cort i ca l  bone (Ampri no and Marott i , 

1964 ) .  These observati ons substanti ate Wei nman ' s  ( 194 1 )  i n i t i a l  

observat i on that res orpti on o f  the a l veol ar  crest from the g i ng iva l  s i de 

l eads to destruc t i on , f i rs t ,  of the support i ng bone , then the l amina  

dura . Th i s  pattern has been demonstrated roentgenograph i ca l ly  ( Grant 

et a l . ,  1963 ; Aki yoshi and Mori , 1967 ) .  

The res u l t of th i s pattern of osseous destructi on i s  the 

progress i ve denudi ng of the roots resu l t i ng i n  tooth mob i l i ty and , 

u l t i mate ly , the exfol i at i on of the tooth . Thi s pattern of bone l os s  

proceeds s l owly and  i s  accompan i ed , not unexpectedl y ,  by mas s i ve 

accumu l at i ons of p l aque ( Ca rranza , 1979 ) .  Thi s  l os s  i n  the hori zonta l 

p l ane i s  characteri st i c of peri odontal di sease and i s  often t he only , i f  

not the pr ima ry ,  pathol og i ca l  consequence recorded i n  anthropo l og i c  

l i teratu re .  But , bas i ca l ly  there a re two types o f  bone l os s  as soci ated 

w i th peri  odonta 1 d i sease . The express i on of one or the other i s  

dependent on the l ocat i on of the apex of the peri odonta l pocket . When 

the base of the pocket i s  corona l to the a l veol a r  cres t ,  or suprabony 
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pocket , the bone l os s  i s  hori zonta l . When the ba se of  the pocket i s  

api ca l  to the a l veol a r  cres t ,  or  i nfrabony , the defect i s  vert i ca l . The 

i nfrabony pocket i s  a l ways l ocated beb1een the root and the bone , or i n  

a l veo l a r  bone proper .  I t  i s  i mportant to  establ i sh t hat  the suprabony 

pocket i s  not an early phase of os seous destruct i on ( Ca rranza , 1979). 

Vert i c a l  bone l os s  i s  rap i d  and i s  therefore not associ a ted wi th 

s i gn i fi cant accumu l a t i ons of p l aque ( Carranza , 1979 ). 

Hori zontal  bone l os s  i s  not restri cted to peri odontal  d i sease . I n  

fact , i n  order t o  descri be and d i scus s the form a n d  pa ttern of  bone 

l os s , i t  i s  necessary to be awa re of the contour of  normal bone and the 

phys i ol ogi ca l  devi a t i ons  from i t  so that these devi at i ons are not 

mi s i nterpreted as bei ng part of the pathol og i ca l  process . 

Pattern of Osseous Destruct i on 

Normal  Bone Contour 

In  nond i seased bone , the a l veol ar  p l a te paral l e l s the shape of the 

dental a rch  (H i rschfel d ,  1939; Kraus  et a l . ,  1969 )  a nd the externa l  

contour norma l ly  conforms to  the promi nence of  the  roots ( Ca rranza , 

1979 ) .  The crests  a re wel l -defi ned a nd exh i b i t  a sharp ang l e  a round the 

base of the tooth ( Le i gh , 1925; Ph i l l i pas , 1 952 ). The crests fo l l ow the 

marg i n  of  the cementa-enamel j uncti on (Orban et a l . ,  1 953 ) .  The l i ngua l 

border i s  h i gher than the l ab i a l  (Hi rschfe l d ,  1939 ) . The outl i ne of the 

norma l a l veol ar  pl a te i s  i l l ustrated i n  F i gure 1. 

I rregu l ari t ies  of the a l veol ar  border are a consequence of the 

l ab i l i ty of a l veo l ar  bone ; the most  unsta b l e  of  t he peri odontal  tissues 
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F i gu re 1. No rma 1 Bone Contou r .  

The externa l conto u r  conforms to the promi nence of the  roots (a) 
and the ma rg i n  of the cementa-ename l junct i on (b). The c re sts a re 
we l l -defi ned and e x h i b i t  a s h a rp angl e a ro und the ba se  of the tooth ( c).  
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( Carranza , 1979 } .  Dev i at i ons are affected by ( 1 )  the a l i gnment of the 

dent i t ion , ( 2 )  the root-to-bone angu l at i on , and ( 3 )  the amount and 

d i rect i on of occ l us a l  forces a s  we l l  as  ( 4 )  i nd i v i dua l , d i morph i c ,  and 

popu l a t i ona l  d i fferences in robust i ci ty .  

The a 1 i gnment o f  teeth can be a factor i n  the express i on of 

dev i at i on from the i dea l . Exces s i �e departu re from the curve of the 

i deal  dental arch resu l ts i n  the denudi ng of the roots known as  

deh i scence ( El l i ot a nd Bowers , 1 963 ;  Nabers , 1960 ) . Deh i s cence can be 

i denti f i ed by the kn i fe-edge border of the bone a l ong the denuded root 

surface . A grac i l e  tooth-beari ng port i on of the fac i a l  s ke l eton i s  a 

pred i sposi ng factor because the more spongy bone present i n  robust  

s ku l ls tol erates a greater amount of  movement before perforat i on of  the 

cort i cal  p l ate occu rs (Orban et  a l . ,  1957 ; Whee l e r ,  1958 ) . The ·amount 

of  cancel l ou s  bone a l so seems to be a factor i n  the d i s tri buti on of 

defects a l ong the tooth row { E l l i ot and Bowers , 1963 ) .  A h i gher 

frequency of deh i scences occurs a l ong the anter ior  tooth row a nd more 

often fac i a l ly than l i ngual l y .  

Dehi s cences apparently are not i sol ated phenomena , a l though the i r 

frequency i s  not kno\'m .  They occur i n  approx i mately 20% of denta l 

pati ents re�u i ri ng mucog i ng i va l  surgery ( El l i ot and Bowers , 1963 ) .  The 

presence of deh i s cences i n  these part i cu l ar pati ents may i nfl uence the 

outcome of th i s  type of su rgery .  It i s  di ffi cu l t to a scerta i n  from 

these data what the frequency of deh i scence may be i n  the popu l at i on i n  

genera 1 .  

Al though the et io l ogy of deh i scence ha s never been thoroughly 

exami ned , it  appea rs to be rel ated to occ l u sa l  stres s .  Apa rt from the 
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pred i spos i ng factors ment ioned above , i t  seems that fewer i nc i dences of 

dehi scence a re found i n  edge to edge bi te (El l i ot a nd Bowers , 1963 ) .  

Th i s  agrees wi th the observat ion that the l ab i l e  a l veo l ar  bone i s  l es s  

to l erant o f  l atera l ( i . e . , faci o-l i ngua l ) s tress  (Kraus  et  a l . ,  1969 ; 

Ramfjord and Koh l er ,  1959 ) .  Dehi scence i s  a l so strongl y  assoc i a ted wi th 

attri t i on (Stah l  et  a l . ,  1963 )  a nd hyperfuncti on (Ramfjord , 1959 ) . 

Osteocl astic resorpti on has been observed at the marg i ns of deh i scences 

(Ramfjord and Kohl e r ,  1 959 ;  Ka kehas h i  et  a l . ,  1963 ) i nd i cati ng tha t , 

accordi ng to the pri nci pl es  wh i ch govern the remode l i ng of bone , the 

s i te i s  experi encing compress ion (Carranza ,  1979 ) . 

I f  i ndeed dehi scence i s  rel a ted to occ l usa l  stres s ,  then i t  seems 

reasonab l e  to predi ct that hunter-gatherers wi l l  experi ence a greater 

frequency than western c l i n i ca l  samp l e s . Thi s  i s  ba sed on the un i versa l  

pattern of excess i ve tooth wear found among hunter-ga therer groups and 

the associ ated stress  rel ated deteri orat ion of the temporomandi bu l ar  

joi nt  (Hi nton , 198 1 ) .  Wi th an  ant i ci pated h i gh frequency of phys io log i c  

dev i at ion from the i deal  a l veol ar border ,  the quanti fi cat i on of 

peri odontal  d i sease i nduced l oss of bone hei ght  needs to be carefu l ly 

consi dered . The bucca l or l ab i a l  ma rg i ns shou l d  be avo i ded as  l andmarks 

from whi ch to measure bone 1 oss . The Tooth Cerv i ca 1 He i ght measure 

i ntroduced by Dav i es and P i cton ( 1969 }  uses the mi d-root fac i a l a l veol ar 

border to measure cerv i cal  he i ght .  

Los s  of Bone He i ght  

The most  promi nent destructi ve consequences of peri odontal d i sease 

i s  the l os s  of bone hei ght (Carranza , 1979 ) .  However ,  root exposure 
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a ppea rs to be mu l t i factori a l . Age ,  peri odontal  d i sease , and a ttri t i on 

a re a l l  progres s i ve and cumu l at ive processes . Age has  been a s soci ated 

w i th a reduct i on i n  bone he i ght ( Froe l i ch ,  1965 ) .  However ,  whether th i s  

1 oss  actua l l y  represents senescent change or  advanci ng a ttri t i on 

( Tay l o r ,  1963 ) i s  i ndetermi nate . Cons i stent ly  observed i n  the 

l i terature cons i deri ng age , attri t i on , and peri odontal  d i sease i s  the 

prima ry assoc i at i on of bone l os s  wi th attri t i on ( lave l l e ,  1973 ; Hol mer 

a nd Maunsbach , 1956 ; Davi es and P icton , 1969 ; Mel l qu i st a nd Sandberg , 

1939 ; Barke r ,  197 5 ) . Th i s  i s  s i gn i f i cant part i cu l ar ly  i n  the 

exami nat i on undertaken by Davi es  a nd P i cton { 1969 ) becau se the sampl e 

was not characteri zed by appreci ab 1 e amounts of wear . In an attempt to 

correct for extru s i on re l ated to attri t ion , lave l l e  and Moore ( 1969 )  

se l ected i nd i v i dua l s from a n  Ang l o-Saxon samp l e  and a 17th-century 

Bri t i sh samp l e  posses s i ng mi n i ma l  amounts of wear .  However ,  changes i n  

the rates of attri t i on were not cons i dered and the pos s i b i l i ty that the 

l ater samp l e  may be o l der ( on the average ) than the Saxon samp l e  cannot 

be di smi s sed . S i nce peri odonta l d i sease i nc i dence and severi ty 

i ncreases wi th age , the i ncrease i n  peri odontal  di sease i nc i dence over 

t i me as observed by lavel l e  and Moore may have been s kewed by the l i ke ly  

o l der mean a ge of  the  17th-century samp l e .  

Per i odontal d i sease has a l so been shown to l oca l i ze ( F l emi ng ,  

1 926 ) .  Th i s  means  that certa i n  areas of the mou th a re more suscepti bl e 

to peri odontal d i sease i nvo l vement . I t  has been shown that mand i bu l ar 

premo l a rs a re more res i stant to peri odontal d i sea se than any other area 

of the ora 1 cav i ty (Ma rsha 1 1 -Day and Shouri e ,  1 949 ) .  The areas  wh i ch 
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a re most  s uscept i bl e are the mandi bu l a r  mo l a rs fo l l owed c l osely by the 

i nc i sors ( i b i d . ) .  Th i s  regi onal  d i s tr i but i on of  peri odontal i nvol vement 

can a l so prove to be u seful i n  i dent i fy i ng peri odontal d i sease i n  

s ke l etal  samp les . Tooth c l a sses shou l d  therefore be eva l uated 

sepa rate ly  in order to detect di fferences in peri  odonta 1 di sease 

i nvo lvement between sampl es . 

The Verti ca l Osseous Defect  

The i nfrabony pocket represents l oca l i nfect i ons wh i ch experi ence 

condi t i ons  favorab l e  for rapi d extens i on i nto the bony t i ssues . They 

a re therefore not accompani ed by s i gn i f i cant accumu l a t i ons of p l aque , 

a nd are , as  a l ready establ i shed , not man i festati ons of advanced 

hori zonta l  destruct i on ( Carranza , 1979 ) .  L i terature on the i nc i dence of 

i nfrabony defects i s  1 i m i ted . What s tudi es there are suggest  that 

osseous defects do i ndeed represent s i gn i fi cant c l i n i ca l  prob l ems and 

a re therefore not i nfrequent phenomena . A study of the frequency of 

speci fi ca l ly th ree-\'la l l ed defects , amenab l e  to therapy , from a c l i n i ca l  

samp l e  o f  adu l ts aged 3 0  to 59 i ndi cates tha t 3 8  t o  40% are affected 

(Laranto , 1970 ) . Si nce th ree-wa l l ed defects are on l y  one form of the 

geometr i ca l l y  var iab l e  peri odontal pocket , and s i nce the samp l e  was 

restri cted to defects amenabl e to therapeut i c  i nterven t i on , i t  i s  

certa i n ly rea sonab l e  to assume that the frequency for a l l pockets i s  

much h i gher.  In a sepa rate study , 231 i ntrabony defects were observed 

from 148 s ku l l s  each pos sess i ng no l ess than 28 teeth (Saa ri et a l . ,  

1 968 ) . S i nce the samp l e  represents the ora l ly hea l th i e r  spectrum of the 

popu l a t i on , i t  i s  aga i n  rea sonab l e  to assume that we a re dea l i ng wi th an 
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underest i mate of the frequency of the i nfrabony pocke t .  I n  sum , what 

these few sta t i s t i cs  do reveal i s  that i nfrabony pockets represent an 

i mportant  vari abl e i n  oral heal th and a c l i n i ca l ly  s i gn i f i cant i ndi cator 

of  peri odontal  d i sease . 

The i nc i dence of  os seous defects conforms wi th what we know about 

peri odontal  d i sease : that severi ty i ncreases wi th age ( Saa ri et  a l . ,  

1968 ; Marsha 1 1 -Day , 1 955 ; Sandl er and Stah l , 1959 ) .  The number of  

defects a l so i ncreases wi th age {Saa ri et  a l . ,  1968 ) . 

The l i terature whi ch focuses on the i nfrabony pocket i s  concerned 

wi th detecti on and geometry of the defect .  The pocket i s  c l a s s i f i ed by 

vari ous comb i na t i ons  of  short/deep and narrow/broad , and may be l ocated 

on s i ng l e  or mul t i p l e  surfaces a round the i nvol ved too th . Fami l i ari ty 

w i th , and i denti fi cati on of , the geometry of the defect i s  necessary for 

successfu l  s u rg i ca l  therapy .  

What  the l i terature on the i nfrabony pocket revea l s ,  not 

unexpectedl y , i s  that the geometry of the osseous defects c l ose ly  

fol l ows the geometry of the  bone ( Pri cha rd , 1965 ;  Manson , 1976 ) . 

speci fi ca l l y , crater-shaped defects occur  wherever  trabecu 1 a ted bone 

occurs , most  often i n  the i nterproxi mal  bone of the posteri or teeth 

( Larato , 1 97 0 ;  Pri chard , 1960 ; Saari et a l . ,  1 968 ) . The h i g hest 

frequenci es of  i ncons i s tent marg i ns i s  found on the fac i a l  su rface of  

ante ri or tee th owi ng  to  the th i nness of the faci a l  cort i ca l  p l ate and 

the absence of  cance l l ou s  bone ( Manson and Ni chol son , 1974 ; Saari 

et a l . ,  1968 ) .  Hi gh frequenc i es of  i ncons i stent ma rgi ns a l so occurs 

where the max i l l a ry and mand i bu l ar marg i ns conform to the presence of 

the roots ( Manson and Ni chol son , 1974 ) .  
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Al though i t  i s  c l ear that bone geometry i s  the d i s pos i ng factor i n  

the form of the defects , th i s  certai n l y  s hou l d  not be taken as an 

expl anati on for the i r  occu rrence and frequenc i es .  As i s  true of al l 

pockets , the e ti ol og i c  agent respons i bl e for the i nfrabony pocket i s  

bacteri a l  pl aque and the impacted food substrate . The t h i ckness  and 

f l atness of the poste ri or i nterdental area apparent l y  encourages food 

i mpacti on and the retenti on of prol i ferati ng  bacter ia l  p l aque ( larato , 

1970 ;  Saari et  a l . ,  1968 ; Si b l ey and Pri chard , 1963 ) .  Therefore , i t  i s  

not enti rel y  co i nc i dent that the h i ghest frequency of i nfrabony defects 

occurs i n  the i nte rprox imal area of the poste ri or teeth , spec i f i ca l ly , 

mes i al to M2 and M3 ( larato , 1970; Saari  et  al . ,  1968 ) . Another 

poss i b l e  factor offered by Cohen ( 1959 ) i s  that the i nterdental col may 

be espec i al l y  vu l nerab l e  to i nf lammati on , a l though th i s has been 

d i sputed ( McHugh , 197 1 ) .  

Apart from bone geometry and reta i ned p l aque , another factor  may 

i nf l uence whether or  not a pocket wi l l  become i nfrabony . Al though the 

presence of p l aque i s  demonstrably  essenti a l  to the deve l opment of 

i nfrabony defects , the rapi di ty wi th wh i ch these defects mi grate 

api cal ly  requ i res  more expl anat i on .  Excess i ve occl usal force may p lay a 

rol e  i n  pocket m igrat ion . Si nce hunti ng and col l ecti ng peopl es i n  

part i cu l a r  rout i ne l y  exh i b i t  responses to occl usal s tres s  such as root 

shorten i ng and pul p s tones ( Hylande r ,  1977 ) ,  and degenerative changes i n  

the temporomand i bu l ar j o i nt (H i nton , 1981 ) ,  th i s  assoc iat i on needs to be 

exami ned . 

Essent ia l l y , the peri odont i um exi sts  to support the tooth , and the 

i ntegri ty of the peri odontal s tructu res depends on the funct i onal 
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act iv i ty of the dent i t i on ( Carranza ,  1979) .  Fol l ow i ng the pri nci pl es of 

bone remodel l i ng , the peri odonti um accommodates i tsel f to a l tera t i ons  i n  

the occl u sa  1 demands of the tooth . I n suffi ci ent  s t i mu l a t i on therefore 

wi l l  resu l t  i n  atrophy , j u s t  a s  i ncreased functi onal demand resul ts i n  

the s trengtheni ng of the support s tructure . The adopt ive remode l l i ng of 

the a l veol ar socket to occ l u s  stress con s i s ts of  permanent wi deni ng 

( Wentz et  a l . ,  1958; Ramfjord and Koh l er ,  1959 ; Macapanpan and �le i nmann , 

1 954 ) .  Th i s  i s  a consequence of  both bone l os s  i n  the area expe ri enci ng  

pressure a s  we l l  as  th i cken i ng of the peri odontal l i gament ( Ramfjord and 

Koh l e r ,  1 959 ;  Macanpanpan and Wei nmann , 1954 ) .  In excess , occ l usa l  

t rauma can  damage the  peri odontal s tructures . Thi s  i ncl udes vascu l ar 

damage and hemorrhage , hya l i n i za t i on , a nd necros i s  of  the peri odontal  

membrane { 1<1acapanpan and We i nmann , 1954 ) .  

A causa l  re l at i onsh i p  between trauma i nduced by occl u sa l  stress and 

peri odonta 1 d i sease wa s hypothes i zed by Karo lyi i n  1901 ( a s  c i ted i n  

Waerhaug , 195 5 ;  and Stah l , 1975 ) and was subsequent ly  accepted by a 

number of  others i n  the ensui ng decades (e . g . , Ames ,  1903 ; Quedenfe l d ,  

1908; Sti l l man , 1917 ; l i nghorne , 1938; McCa l l ,  194 1 ;  Beyron , 1952 ; 

Ems l i e ,  1952 ; Granger , 1950 ) . Recent research devoted to the et io l ogy 

of peri odontal  d i sea se and the rol e  of occ l usa l  trauma has un iversa l ly 

negated a trauma et io l ogy (Waerhaug , 1955 ; Waerhaug and Hansen , 1966; 

Stah l , 1 97 5 ) .  However ,  i t  has been suggested that trauma from occl u s i on 

i n  the presence of  peri odonta l di sease may be a factor i n  the 

pathogenes i s  of i nfrabony pockets .  Th i s  hypothes i s  has been cha l l enged 

i n  the l i te rature and i n  order to assess  the presence of  pockets i n  
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s amp les  characteri zed by occl usa l  s tress , t he  l i terature concerned wi th 

thi s  i ss ue shou l d  be exam ined . 

Macapanpan and We i nmann { 1954 ) observed dev i a t i on from the norma l 

pathway of i nfl ammat i on i n  the env ironment of peri odontal d i sease and 

experimenta l ly i nduced trauma . The i nfl amma t i on fol l owed the fi bers of  

the peri odonta l l i gament experi enc i ng tens i on rather than pas s i ng i nto 

cance 1 1  ous bone . Experiments subsequently conducted by Gl i ckman and 

Smu l ow on rhesus  mon keys ( 1962 ;  1968 ) a nd observat i ons on autopsy 

spec imens ( 1 965 )  conf irmed a l i gamenta l pathway , but vi a the f i bers of 

the pressure surface of the i nvol ved tooth . These experiments conf irm 

resu l ts obtai ned earl i er by Box ( 1935 ) who found more pocket deepeni ng  

a nd mi gra t i on of the j uncti onal  epi the l i um i n  teeth experi enc i ng trauma 

from occl us i on .  The resu l ts of the above studi es  suggest that the 

a l tera t i on of t he a l i gnment of the g i ngiva l ( spec i f i ca l l y  transsepta l )  

f i bers experi enced i n  occl usa l  stress  encourages devi a t i on of 

peri odonta l d i sea se i nfl ammat i on to  the peri odonta l  l i gament .  Thi s 

i nterpretati on corresponds \'le l l wi th the observat i on that  i n frabony 

pockets are characteri zed by a l terat i on i n  the a l i gnment of the g i ng iva l  

( transseptal )  fi bers ( Lara to ,  1970 ) . 

Based on the resu l ts of the i r  experiments a nd observa t i ons , 

Gl i ckman and Smu l ow offer an i nterpretive hypothe s i s ( 1969 ) .  Besi des 

encouragi ng the dev i at i on of i nfl amma t i on , they ma i nta i n  that s tress  

wea kens the  peri odontal fi bers encourag i ng the  a p i ca l  mi gra t i on of  the 

j uncti ona l  epi thel i um of the prol i ferati ng poc ket . They a l so ma i ntai n  

that damage i ncurred by stress  duri ng the des tructive phase of occl usal  
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s tress  ( i . e . , thrombos i s ,  osteoc l a s t i c  act iv i ty ,  and u l t i ma te ly  

necros i s )  aggravates t i ssue destructi on resu l t i ng from peri odonta l 

d i sease . Together these factors encourage the devel opment  of i nfrabony 

pockets . 

Ac knowl edg i ng the var iab i l i ty i n  the res ponse of the peri odont i um 

to i nsul t ,  Gl i c kman a nd Smu l ow have a l so i nd i cated that not a l l 

i nfrabony defects are necessari ly  the resu l t  of the comb i ned effect of  

trauma and peri odontal  d i sea se ( 1969 } .  They do ma i nta i n ,  however ,  that 

thi s comb i na t i on i ncreases the l i ke l i hood that a pocket wi l l  become 

i nfrabony . 

G l i ckman and Smu l ow ( 1965 )  concl ude from the i r  exper iments tha t :  

A s  l ong a s  the i nf l amma t i on rema i ns i n  the marg i na l  
g i ng iva , wi thi n the confi nes  of  the g i ng iva l  and transsepta l 
f i be rs , i t  i s  una ffected by the presence of  trauma from 
occl u s i on .  However ,  when the i nf l anmat i on spreads beyond the 
marg i na l  g i ng i va , i t  a nd trauma from occ l u s i on combi ne to 
become i n terre l a ted codestruct ive factors i n  peri odont i t i s .  

The focus  of oppos i t i on to a ro l e  for trauma i n  the gene s i s of i nfrabony 

pockets ha s been the stri ct adherence to the demonstrabl e  and 

acknowl edged i ndependence of the two processes . I t  appea rs that for a 

rol e for trauma to be accepted , an associ a t i on between i t  and peri odon­

ta l destruct i on shou l d  be demonstrated . Data whi ch have been used 

( Stahl , 197 5 )  to a rgue aga i nst  a rol e  i ncl ude the demonstrabl e  stabi l i ty 

of  the peri odonta 1 structure to excess i ve experimenta l ly i nduced 

occl usa l  s tress ( Ramfjord , 1959 ; Comar et  a l . ,  1979 ) .  I n  fact , wi th one 

exception  { Waerhaug , 1955 ) ,  trauma from occ l u s i on has fa i l ed to produce 

a p i ca l  mi g rat i on of the junct i ona l epi thel i um ( Bhaskar  and Orga n , 1955;  

Bre i tne r ,  1942 ; Ostrum et a l . ,  1950 ; Wentz et  a l . ,  1955 ;  Muh l emann and 
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Herzog , 196 1 ;  Safari et a l . ,  1974 ) . The rea son g i ven by Po l son and 

a s soci a tes ( 1976 ) for the i nabi l i ty of  trauma to affect mi gra t i on of the 

j unct i ona l  epi thel i um i s  that trauma affects the subcrestal  peri odontal 

structures wi thout therefore , i nvo l vi ng the supracrestal  marg i na l  

g i ng iva l  i n fl anunat i on .  I t  appears that the et i ol og i c  rol e  o f  t rauma 

from occ l u s i on i s  empha s i zed by the opponents , rather than the 

codestruct ive ro l e  as outl i ne by Gl i ckman and Smu l ow ( 1965 ) .  

The res u l ts  obta i ned by Gl i ckman a nd Smu l ow have not un iversa l ly 

been reproduced . Stahl • s  ( 1968) exami nat i on of four  autopsy s pecimens 

exh i b i ti ng both peri odontal di sease and trauma from occ l us i on yi el ded no 

devi at i on from the expected pathway of i nf l ammati on .  Experimenta l ly 

i nduced trauma from occ l u s i on on rhesus monkeys experi enci ng act ive 

g i ng i vi t i s d i d  not produce mi grat i on of the j uncti onal epi thel i um ( Comar 

et a l . ,  1 979 ) .  lt was conc l uded from thi s exper iment that trauma a l one 

i s  not respons i b l e  for the genes i s  of i nfrabony pockets , but that l i ke 

a l l peri odonta l pockets , the et io l og i c  factor i s  bacteri a l  tox i ns . 

Thi s  focu s  on demonstra t i ng an et i o l og i c  re l at i onsh i p  for trauma 

from occ 1 u s  i on . by i ts opponents appea rs to con s i der i rre 1 event the 

subcrestal  penetra t i on of i nfl ammati on i nto the a rea affected by trauma . 

L i ndhe a nd Svanberg ( 1974 ) d i d  demonstra te deepeni ng of  poc kets i n  dogs  

exh i b i t i ng advanced peri odonta l d i sease . These resu l ts we re cons i dered 

excepti ona l  ( Stah l , 1975 ) , wh i ch i s  i n  keepi ng wi th the oppos i t i on •  s 

eti ol og i c  hypothes i s .  Thi s excepti on ,  · however ,  conforms to the 

codestruct ive hypothes i s  proposed by Gl i ckman and Smu l ow .  

Th i s  l a ck  of  agreement regard i ng the ro l e  of  trauma from occ l us ion 

has resu l ted i n  some confu s i on .  Addi ng to th i s  confus i on , the 
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defi ni t i on of trauma has appa rently been extended to i nc l ude mechani cal 

i rri tat ion . The experimental wedg i ng of an i rri tant ( toothp i ck )  i nto 

the g i n g i va of squ i rrel monkeys d i d  not resu l t  i n  the ap i ca l  mi g ration 

of the j uncti ona l  epi the l i um ( Pol son , 1974 } . These fi nd i ng s , however 

i nappropri ate , have been ut i l i zed to further i nd i cate that trauma does 

not factor i n  peri odontal  d i sea se pathogenesi s ( Stahl , 1 975 ) . 

An expl anatory hypothes i s  i ntroduced by Sattosanti ( 1977 ) ha s 

recently been i nc l uded i n  evi dence for a codestruct i ve rol e  for trauma 

{ Carranza , 1979 ) .  A synopsi s of the maj or featu res of the hypothesi s  

meri ts presentat i on at th i s  t ime . 

H i stol og i ca l ly  observed resorpti on concav i ties  or bays , formed on 

the pressu re s i de of cementa l surfaces of teeth , have been i dent i fi ed 

and assoc i ated wi th sustai ned l atera l  forces of orthodonti c tooth 

movement ( Jones and Boyde , 1972 ; Kvam , 1972 ) .  Th i s  form of root 

resorpti on appears to have a cons i derabl e frequency , occurri ng i n  over 

80% of c l i n i ca l  sampl es i n  at l east three separate stud i es ( Mass l er and 

Mal one , 1954-- i nc i dence 100% i n  700 persons ; Henry and We i nmann , 

1951--90% of 26 1 teeth from 15  cadavers ; Ha rvey and Zander , 1 959--90% of 

the Indi an  samp l e  of i ndetermi nate s i ze ) .  From an exami nati on of 

resorpti on bays and p l aque (ca l cu l us )  di stri buti on and from Zander ' s  

( 1953 ) observati on that ca l cu l us " l ocks i nto" areas of cementum 

resorpt ion , Sattosanti { 1977 ) suggests that the exposure of resorpti on 

bays duri ng the ap i ca l  mi gration of the junctional ep i thel i um i n  chroni c  

peri odontal  d i sea se creates a favorab l e  l ocal  n i che or pocket for the 

prol i ferati on of p l aque bacteri a and therefore a favorabl e envi ronment 
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for rapi d vert i ca l  osseous destruction . I n  l i eu of substant i ati on , th i s  

part i cu l a r  hypothes i s  corre l ates the two proces ses i n  a l og i ca l  way , and 

therefore strong ly recommends a ro l e  for trauma i n  the progress  of 

peri odonta l d i sease . 

P l aque , Ca l cu l us , and Di etary Carbohydrates 

Apa rt from bacter ia  and the i r  tox i c  by-products , p l aque i s  composed 

of an  organ i c  matri x of sa l i va deri ved prote i n  ( sa l i vary g lycoprote i n )  

a nd extracel l u l ar polysacchari des ( Carranza , 1979 ) .  The i norgani c  

consti tuent of p l aque i s  primari ly ca l c i um and phosphate sa l ts .  The 

proport i on of these sa l ts i n  early p laque i s  i ns i gn i f i cant , but becomes 

cons i derab l e  when pl aque becomes ca l cu l u s  ( Carranza , 1 979 ) .  The process 

of th i s  transformati on wi l l  be cons i dered l ater i n  th i s  sect i on .  

Si nce p l aque i s  the eti o l og i c  agent respons i bl e  for peri odonta l 

di sease , i t  fol l ows that i t  has di agnos t i c  potent i a l . The cl ass i c 

experiments undertaken by loe and assoc i ates i nvol v i ng the cessati on and 

resumpt i on of oral hygi ene ( i . e . , mecha n i ca l  p l aque remova l )  among 

samp l es of denta 1 students conv i nc i ng ly  demonstrated that pl aque 

accumu l at i on both preceded and i n i t i ated g i ng i v i t i s ,  a nd that symptoms 

abated wi th the resumpti on of ora l hyg iene ( Loe et a l . ,  1965 ; The i l ade 

et  a l . ,  1 966 ; loe et a l . ,  1967 ) .  More s i gn i fi cantly , the severi ty of 

i nfl ammati on appears to vary d i rectly wi th the amount of bacteri a l  

p l aque (Arno et  a l . ,  1 958; o • Leary and Shannon , 1962 ; Ash e t  a l  . ,  1 964; 

Sanchez , 1 974 , 1 97 5 ) .  Speci f i c  to bone l os s ,  the amount ( as measured by 

a 1 veo 1 a r recess i on observed and measured on roentgenograms ) i s  a 1 so 
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corre lated wi th the amount of pl aque i n  humans ( Schei et a l . ,  1959; 

Cou rant et a l . ,  1 965 ; Suomi et a l . ,  1 97 1 )  and an ima l s  (Baer , 1 968 ) . 

These cons i stently observed patterns wi l l  prove to be most  u sefu l i n  

assess i ng the status of ora l  hygi ene i n  the s ke l etal  samp l es empl oyed i n  

th i s  study .  

The nutri ent subs trate for energy generati on upon wh i ch bacteri a l  

l i fe functi ons ( i nc l udi ng prol i ferat ion ) depend a re di etary carbohy­

drates (Brown , 1973 ) .  The carbohydrate content of the di et has been 

spec i fi ca l l y  corre l ated wi th bacteri a l  growth ( Wi nk l er and Di rks , 1958 ) . 

I t  fo l l ows that carbohyd rate metabol i sm i s  i nt imate ly  assoc i ated wi th 

the amount of bacteri a ,  wh i ch consti tutes four-fi fths of sol i d  p l aque . 

I t  i s  tempti ng to predi ct that the severi ty of peri odonta l d i sease i s  a 

consequence of the amount of carbohydrates i n  the d i et .  However ,  the 

speci fi c ro l e  of food i n  peri odonta l d i sease eti o l ogy i s  not wel l ­

establ i shed as i n  caries , a pathol ogy a l so assoc i ated wi th bacteri a l  

p l aqu e .  The peri odonta l d i sease process  i nvol ves a mu l t i p l i c i ty of 

factors i ncl  udi  ng t i ssue respon se to i nfl ammati on , host response to 

bacteri a l  anti gen , as wel l as hormonal and other systemi c features 

( Carranza , 1 979 ) .  The spec i f i c  i nfl uence of these factors i s  as yet 

unknown . But s i nce the re l at ionshi p between the consumption of 

apprec i ab l e  amounts of ref i ned carbohydrates a nd the prol i fera t i on of 

the car ies-cond uc i ve S. mutans is wel l establ i shed , i t  fol l ows that an 

assoc i at i on between other ora l  bacteri a and carbohydrate consumpti on i s  

1 i ke l y .  

At present , on ly  genera l i zati ons about carbohydrate metabol i sm and 

pl aque pro l i ferat ion wi th respect to. peri odontal  d i sease a re poss i b l e .  
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Th i s  i s  because the rol es of a wi de range of ca rbohydrates have not been 

ful ly expl ored ( Brown , 197 3 )  and because the rol es of spec i f i c  organ i sms 

i n  the d i sease process  are not cl early establ i shed . I n  sp i te of these 

restri ctions , some i mportant associ ati ons may be made . 

The i n i ti a l  col oni zat i on of the tooth su rface i s  accomp l i s hed by 

Streptococcus sangu i s and gram rods ( Loe et a l . ,  1 965 ) .  Apparent l y ,  

d i eta ry sucrose i s  not the preferred metabol i c  substrate for �· sangu i s 

because prol i ferati on ha s been observed i n  a restri cted sucrose 

env i ronment where �· mutans  expectedl y  decreases (G i bbons and Van Haute , 

1 97 1 ,  1973 ;  G i bbons and Bangha rt , 1967 ) .  The oppos i te was observed when 

sucrose was rep l aced -v1i th sorb i tol (Gi bbons and Van Haute , 1 973 ) . 

Certa i n ly  whi l e  the preferred substrate cannot be i mpl i ed from the 

l imi ted scope of these experiments , i t  i s  important to note that the 

bacteri a wh i ch p i oneer the suprag i ng i va l  tooth area prol i ferate i n  a 

carbohydrate medi um wh i ch i s  not spec i fi ca l l y  cari ogen i c .  

As p l aque ma tures , co i nci dent wi th progress i ng g i ng i va l  i nfl amma­

t ion , the prol i ferat i ng pocket , and the openi ng up  of new n i ches wi th 

respect to the deepeni ng pocket , a d i fferent s u i te of organi sms 

cha racteri zes denta l p l aque { Loe et a l . ,  1965 ) . The most promi nent 

forms now a re the spec i es of the genus  Act i nomyce s .  Thi s genus 

demonstrates adaptab i  1 i ty by produci ng polysacchari des from a wi de 

vari ety of ca rbohydrates and therefore , s i gn i fi cantly , does not depend 

on d i etary sucrose ( Jordan et a l . ,  1969 ; Hageage et a l . ,  1 97 0 ;  Rosan and 

Hammond ,  1974 ) .  Th i s  abi l i ty to metabol i ze vari ous substrates may 

account for the fact tha t the growth of suprag i ng i va l  p l aque i s  
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a ssoci ated wi th an i ncrease i n  absol ute number  and percentage of 

Act i nomyces spec i es ( Loesche and Syed , 1 97 5 ;  Syed et a l . ,  1 97 5 ) . Si nce 

the deve l opment of gi ngi v i ti s  i s  a consequence of the i ncrease of thi s  

supragi ng i va l  pl aque , the Act i nomyces consti tuent of pl aque takes on 

eti o l og i c  s i gn i fi cance . Not onl y  i s  the i r  presence coi nc i dent wi th the 

l evel of peri odonta l  i nvol vement , but ( a l though the data on spec i fi c  

bacteri a l  forms assoc i ated wi th peri odontal d i sease are l i mi ted ) , i t  can 

be shown that as much as  40% of the pocket pl aque i s  composed of 

Acti nomyces spec i es ( Wi l l i ams et a l . ,  1976 ) i n  contra st to a < 1 1% 

proporti on i n  the nonperi odonta l ly i nvol ved oral cav i ty ( Gordon and 

Jong , 1968 ) .  More s i gn i fi cantly , experiments cond.ucted u s i ng pure 

Acti nomyces stra i ns have speci fi ca l l y  impl i cated them as  an eti o l og i c 

agent ( Jordon and Keyes ,  1964; Jordon et a l . ,  1 965 ;  Jordon et a l . ,  

1 972 ) .  

The metabol i c  versati l i ty of Acti nomyces suggests that bacteri a 

associ ated wi th peri odonta l d i sease may not be 1 i mi ted to a s i ng l e  

substrate . Th i s  rea l i zati on i ntroduces new comp l ex i ty i nto an  a l ready 

i ntri cate s i tuat i on . Unti l the speci f i c  rol es of the i nd i v i dua l 

bacteri a l  stra i ns found i n  dental pl aque are i dent i fi ed and the i r 

metabol i c  requ i rements ascerta i ned , the i mportance of speci fi c 

extracorporeal  ca rbohydrates i n  the peri odontal  d i sease process cannot 

be determi ned . It can on l y  be concl uded that carbohydrates are 

demonstrably  important for p l aque prol i ferat i on and therefore 

s i gn i f i cant for the i n i t i a t i on of peri odontal d i sease . 

Studi es focus i ng on the consequence of carbohydrate consumpt ion 

v i s -a -v i s  peri odontal d i sease are unfortunate l y  few i n  number .  What 
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data there are corroborate the hypothes i s  that carbohydrates are a 

s i gn i f i cant factor i n  p l aque pro l i ferat ion . laboratory hamsters fed a 

f i ne-textured h i gh ca rbohydrate d i et for a three month peri od were 

observed to experience s i gn i f i cant destruct ion of the peri odonta l 

t i s sues i n  conj unct ion wi th the consequent accumu l at ion of p l aque 

{ 14i tche l l ,  1954 ) .  laboratory ch0\'1 ( prote i n  enri ched ) of equa l l y  fi ne 

texture d i d  not produce equ i va l ent resu l ts { i bi d ) suggest i ng that the 

ca rbohydrate consti tuent of the experi menta l diet was the d i spos i ng 

factor .  Subsequent an imal experiments a l so demonstrated s i gn i fi cant 

pl aque and cal cu l us  prol i ferati on i n  a h i gh carbohydra te d i e t  ( Mi tchel l 

and Johnson , 1 956 ; Baer et a l . ,  196 1 ;  Pl umbo et a l . ,  1 963 ) . 

The ca rbohydrates empl oyed i n  the above-menti oned experimenta l 

d i ets  were ref i ned . I n  th i s  form , metabol i sm i s  more read i ly 

accompl i shed . In  non-Western di ets , parti cu l arly abori g i na l  d i ets , the 

form of the ca rbohydrate i s  comp l e x ,  that i s ,  unrefi ned . In order for 

these d i etary carbohydrates to be ava i l ab l e  for bacteri a l  metabol i sm ,  

they must be reta i ned i n  the oral cav i ty l ong  enough for the starches to 

be broken down to s i mp l e  sugars . Soft texture encourages retent ion .  

Thi s  factor has become important i n  caries  research i n  recent years 

( Bowen , 1 977 ; Al fano , 198 1 ) .  It appears that the form and frequency of 

cari ogen i c  carbohydrate consumption are more s i gn i fi cant i n  the 

i n i t i ati on and progress of cari es than the actua l  amount  ( Bowen , 1 977 ) .  

I t  has a l so been demonstrated experi menta·l ly  that reta i ned comp l ex 

carbohydrates are equa l ly  effect i ve metabol i c  substrates for bacteri a l  

p l aque a s  s imp l e  sugars ( Ca l dwel l ,  1970 ) .  I n  sum , retent i ve 
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carbohydrates prov i de a favorabl e  nutri ent substrate for p l aque 

b i osynthes i s .  

One of the ea rl i est  experi ments ( Ivy e t  a l . ,  1 93 1 )  to i nd i cate an  

assoc i at i on between texture and peri odontal d i sease was performed on 

young gastrectomi zed dogs who were fed a nutri t i ona l l y  adequate but 

textura l l y  soft d i et .  The anima l s  acqu i red s i gn i fi cant l evel s of 

· ca l cu l us and four out of the seven dogs showed c l i n i ca l  ev i dence of 

peri odontal d i sease . A s i mi l ar experiment , a l so empl oyi ng young dogs , 

p roduced comparab l e  resu l ts i nc l udi ng food i mpacti on ,  sta s i s of g i n g i va l  

c i rcu l at i on and  observab l e  prol i ferati on of  the junct i ona l  epi thel i um 

( Burwa sser and H i l l ,  1939 ) .  More recently Egel berg ( 1965 ) compared the 

oral ti ssue of dogs fed hard and soft d i ets . Hi s resul ts confi rmed 

previ ous  exper imental work by demonstrati ng that more p l aque occu rs on 

soft d i e ts than on hard . 

Krasse and Bri l l  ( 1960 ) observed d i s t i nct  d i fferences i n  the ora l 

bacteri a l  compos i ti on between the dogs fed on soft and ha rd d i ets . The 

dogs subs i st i ng on the tough di et exh i bi ted predomi nently rod-shaped 

bacteri a ,  whi l e  the dogs  subs i st i ng on the soft-textured d i et exh i bi ted 

pl aque composed of predomi nantly sp i rochete and fus i form types . As 

i nd i cated i n  an earl i er secti on of th i s  chapte r ,  the l atter sui te of 

bacteri a are cha racteri st i cs  of advanced peri odonta l i nvol vement . 

The resul ts obta i ned from experiments on dogs have been dupl i cated 

for the ferret ( Ki ng ,  1 954 ; Baer , 1956 ) and for rats and hamsters 

( Sognnaes , 1947 ; Mi tchel l ,  1950 ; Mi tche l l and Johnson , 1956 ; Cohen , 

1 960;  Sta h l  and Dre i zen , 1 964 ) . 
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There has  been d i ffi cu l ty i n  reproduc i ng the resu l ts obtai ned from 

the an ima l  experiments i n  human subjects . The s i tuati on i s  not remedi ed 

by the fact that there are few stud i es to dea l  w i th maki ng i nterpreta­

ti ons and assessments d i ffi cul t .  Severa 1 i nvest i gators have i ndeed 

observed s i gn i fi cant d i fferences i n  the ora l  hea l th status i n  subjects 

whose d i ets di ffered from the control popu l at i on on ly  wi th the i ntroduc­

t i on of a parti cul ar coarse food i tem { Habe r ,  1 940;  Ki ng and Gun i son , 

1947 ;  Sl ack and �1a rti n ,  1958 ) .  But other exper imenters have fa i l ed to 

observe any d i fferences {e . g . , Venn i ng , 1965;  Bergenhal tz et a l . ,  1 967 ; 

L i ndhe and Wi cen , 1969 ; Arn i m ,  1963 ) .  Reasons why human subj ect 

experiments have not yi el ded resu l ts obta i ned from an ima l  experiments 

i nc l udes the d i ffi cu l ty of us i ng humans as exper imental subjects . The 

omni vorous human d i et i ncl udes food vari ab l es not control l ed for i n  the 

experiments whi ch produce gustatory st imu l at i on s i mi l ar to those 

obta i ned duri ng v i gorous mast i cati on . An examp l e  of such a food 

vari ab l e  i s  ta rtness . Humans a re a l so not pas s i ve subjects . L i ndhe and 

a ssoc i ates { 1 966 ) have cri ti ci zed Sl ack and Ma rti n  ( 1 958} for not 

control l i ng oral hyg i ene because subjects who a re aware of the i r 

advantaged pos i t i on i n  the experi ment have been ob served to be more 

fasti d ious  about ora l hyg i ene . Th i s  i s  especi a l ly true of ch i l dren 

{ l i ndhe et a 1 . ,  1 966 ; Koch , 1967 ) .  Another d i ffi cu l ty encountered i s  

the undemonstrab l e  effecti veness of abras i ves i n  i n i t i at i ng appropri ate 

resu l ts i n  even the most  i deal of experimenta l s i tuat i ons . Cel ery ,  

appl es , and carrots for examp l e  do not reproduce the same resul ts for 

humans as  d i etary abras i ves i ntroduced i n  a n i ma l  experi ments do ( e . g . , 
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Li ndhe and Wi cen , 1 969 ; Bergenhol tz et a l . ,  1967 ) .  Too many vari abl es 

have not been control l ed in human experiments . Therefore the i ncon­

s i stency of resu l ts obta i ned from experi mentat i on shou l d i n  no way 

negate the f i ndi ngs of oral hea l th status d i fferences among an ima l s 

whose . d i ets di ffer on ly i n  texture . I t  may st i l l  be concl uded that 

texture does i ndeed p l ay a ro l e  in the man i festa t i on of peri odonta l 

d i sease . 

Bas i ca l l y ,  ca l cu l us i s  mi nera l i zed p l aque (Carranza , 1979 ) .  I t  

occu rs supra- and subg i ng i va l ly ,  the l a tter ref l ecti ng presence i n  the 

peri odonta l pocket .  Ca l cu l us i s  the form of ora l debri s encountered on 

s ke l etal samp les . Si nce i t  \'ti l l  represent the eti o l og i c  agent 

respons i b l e  for peri odonta l d i sease , the format ion of  ca l cu l u s  and i ts 

rel at i onsh i p to the consumpt i on of d i etary carbohydrates a re of 

cons i derabl e  importance . 

The transformation of soft p l aque i nto ca l cu l us enta i l s  the bi ndi ng 

of cal ci um i ons to the carbohydrate-prote i n  compl ex of the organi c  

matri x  and the prec i pi tati on of crysta l l i ne ca l ci um phosphates (Mandel , 

1960 ) . The i ons are found i n  su spens i on i n  sa l i va and a l so i n  

crev i cu l a r fl u i d .  These fl u i ds therefore , are the sources for the 

minera l s  ( Stewert and Ratc l i ff ,  1966 ) , and p l aque has the ab i l i ty to 

concentrate these i ons  from two to t\'tenty times the l evel i n  sa l i va 

( Dav i es and Jenk i ns , 1962 ) .  

Seventy to 90% of the ca l cu l us i s  i norgan i c  preci pi tate whi ch i s  

composed pri mari ly  of ca 1 c i  urn and phosphorus . Various meta 1 s are 

present i n  trace amounts . About 76% of thi s i norga n i c  ca l cu l us i s  
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ca l c i um phosphate ; 3 1% i s  ca l c i um ca rbonate and trace amounts of 

magnes i urn phosphate are a 1 so found ( Carranza , 1 979 ) .  The organ i c 

porti on of ca l cu l us i s  of course the consti tuents of pl aque : bacteri a ,  

l eucocytes , desquamated epi thel i a l  cel l s  and the protei n-polysacchar ide 

compl ex of the matri x ( Hamper et a l . ,  1961 ) .  

There i s  a genera l l ack of agreement concerni ng the mechani sm or 

mechani sms by wh i ch ca l c i fi cat ion occurs because of the d i ffi cu l ty i n  

factori ng out eti o l og i ca l  events from those wh i ch are coi nc i dent . 

Accord i ng to Carranza ( 1 979 ) , theories regard i ng the mechani sms whereby 

cal c i f i cat i on occurs fa l l  i nto what he cal l s  two pri nci pal  concepts . 

The fi rst concept focuses on the mechani sms of cal c i um and 

phosphorus preci pi tat i on from the i r  norma l l y  saturated state i n  the 

sal i va .  It i s  hypothes i zed that factors operat i ng to i ncrease the 

satu rated sta te of the sal i va wi th respect to the above-menti oned i ons 

wi 1 1  resul t  in preci pi ta ti on . Supersaturati on has been suggested to 

occur in three ways . Sa l i va may be characteri zed as a col l o i da l  

sol u t i on owi ng to the presence of  g lycoprote i ns (muc i ns ) produced by the 

mucus g l ands of the sa 1 i va ry g l ands ( Ca rranza , 1979 ) .  These sa 1 i va ry 

prote i n s  have the abi l i ty to bi nd cal ci um and phosphate i ons , and 

operates to ma i nta i n  them in su spens i on .  However , the prote i ns settl e 

out i n  stagnant sal i va caus i ng ca l c i um phosphate to preci pi tate (Hamper 

et a l . ,  196 1 ;  Pri nza , 1921 ) .  I t  appea rs that ca l cu l us format i on may be 

a ccompl i s hed by a s i mp le  phys i cal -chemi cal process ,  but i t  i s  not the 

onl y  facto r .  
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Ca l cu l u s  formati on appears to be sensi ti ve to sa l i vary pH l eve l s ,  

preferri ng a more a l ka l i ne envi ronment to a cari ogen i c  one {Gi nwal l a  

et  a l . ,  1968 ) , a feature whi ch further serves to d i st i ngu i sh the two 

d i seases . Mechani sms wh i ch operate to mod i fy pH i nc l ude the rap i d  

rel ease o f  C02 wh i ch occurs at  the i nterface of sa l i va wi th the ora l 

cavi ty where the l atter experi ences l ow co2 ten s i on ( Leung , 1 961 ) .  

I n i t i a l  ca l cu l u s  formation has been observed to form at  th i s  i nterface 

( Leung , 195 1 ; Hodge et a l . ,  1950 ) . Al so , the metabol i sm of the 

above-menti oned sa l i va ry protei ns by p l aque m icroorgani sms rel eases 

ammoni a  wh i ch el evates pH, mak i ng p l aque prec i pi tat i on favorabl e  ( Hodge 

et al . , 1 950 ) . A h i gher content of muci n wou l d  i ncrease the metabol i c  

acti v i ty of p l aque bacter ia  and wou l d  favor a h i gher rate of cal cu l us 

formati on (G i nwa l l a  et a l . ,  1968 ) .  

The thi rd mechan i sm by wh i ch prec i p i tati on may be fac i l i tated i s  

through enzyme acti v i ty .  The sal i va ,  the g i ng i val  epi thel i um ,  bl ood 

from gi ngi va l  hemorrhage and/or the ora l bacteri a are the sources of the 

enzymes phosphatase and enterase ( Leung , 1951 ) .  Phosphate hydrolyzes 

organ i c  phosphate compounds in sa l i va free i ng phosphate i ons . Thi s  type 

of i ncrea se wou l d  favor prec i p i tati on ( Leung , 195 1 ; Ci tron , 1945 ;  

�li l k i ndon , 1 935 ) .  Esterase hydrol i zes  fatty esters i nto free fatty 

aci ds wh i ch comb i ne wi th cal c i um and magnes i um to form soaps whi ch are 

l ater converted to l ess  so l ubl e ca l ci um and phosphate sa l ts ( Baer and 

Burston , 1 959 ) . 

The second concept of cal cu l u s format ion , often ca l l ed the 

epi tact i c  concept , focuses on deri v i ng an et iol og i c  mechan i sm from the 
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observed pattern of ca l c i fi cati on .  Ca l cu l us forms by the g radual 

coal escence of sma l l foc i  to form a cal c i fi ed mass  ( Mande l , 1 960 ) .  I t  

i s  postu l ated that seed i ng agents are respon s i b l e  for the foc i , a l though 

spec i f i c  seed i ng agents have not been i denti f i ed .  The carbohydrate­

protei n compl ex of the p l aque matri x i s  a suspected seed i ng agent 

because i t  bonds wi th the sa l i vary cal c i um to form nuc l ei that 

encou rages fu rther mi nera l depos i ti on (Von de r Fehr and Brudevol d ,  1960; 

Muh l emann and Schroeder , 1964 ) . 

The bacteri a themse l ves have been postu l ated as  pos s i b l e  seed i ng 

agents because ,  as  outl i ned above , they encourage prec i p i tat i on by 

produci ng phosphates , a l teri ng the pH , or otherwi se i nduc i ng matri x 

mi nera l i zati on ( Mandel , 1960 ) .  Others fee l , however ,  that bacter ia  are 

only pass i ve l y  i nvol ved (Gonza l es and Sognnaes , 1960 ; Ri zzo et a l . ,  

1962 ; Wasserman et a l . ,  1958 ) .  Si nce the polysacchari de port i on of the 

matri x i s  l a rgely produced by the bacteri a ,  and the amount of p l aque 

per se i s  a resu l t  of bacteri al  prol i ferati on and metabol i sm ,  the 

bacteri a are certa i n ly  i ntimately  i nvol ved i n  ca l cu l us formati on . I t  

shou l d  a l so be  poi nted out that cal cu l us i s  a l ways overl a i n  by bacteri a l  

pl aqu e ;  therefore , i ts presence (at l east ) a s  a n i dus for p l aque 

prol i ferati on wou l d  a l so strongly impl i cate i t  as an eti ol og i c  factor 

and therefore a s i gn i f i cant i ndi cator of peri odonta l d i sea se 

i nvol vement .  

Epi demi ol ogy 

In the precedi ng sect ions , the comparati ve data ava i l ab l e  to 

potenti a l ly  a i d i n  eval uati ng the Tennessee skel eta l  ma teri a l  has been 
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systemati ca l l y  d i smi s sed . The apparent and acknowl edged shortcomi ngs of 

the s kel etal quanti f i cat i on techn i ques now ava i l ab l e  render data g l eaned 

by them untenab l e .  The epi demi ol ogi ca l  data , based on soft t i ssue 

i nvol vement ,  is  obv i ous ly not d i rectly comparabl e .  Thi s  l ack  of 

comparab i l i ty has a l so been confounded because the sampl es ut i l i zed , as  

out l i ned earl i er in  thi s  sect ion , have been g l eaned exc l us i ve ly  from 

economi c and soc i o l og i ca l  subgroups of otherwi se compl ex soc i et i es .  The 

stati sti cs , therefore , refl ect a mul ti pl i ci ty of factors and a re not 

speci f i ca l ly t i ed to subs i stence . S i nce i t  i s  i mportant  for the 

Tennessee data to be eval uated wi th i n  some sort of i nterpreti ve 

framework , the present secti on wi l l  attempt to arti cul ate the 

epi demi o l og i ca l  data wi th data ava i l ab l e  from hunti ng and col l ecti ng 

soc i eti es . I t  i s  ant i c i pated that a compari son between these samples  

wi l l  estab l i sh a range for the i nc i dence of peri odonta l  d i sease 

( speci fi cal l y ,  g i ng i v i ti s ) . The i nci dence of  g i ngi va l  i n vol vement among 

hunter/col l ector soc ieti es wi l l  be contrasted aga i nst  ava i l ab l e  data on 

the cond i ti on of the a l veol are support and the presence of cal cu l u s  i n  

these same soc i et ies . The net resu l t  of such a compari son wi l l  be an 

est imate of peri odonta l d i sease i nvol vement for hunter/gatherer  

subs i stence strateg i es potent ia l l y  appl i cabl e to  s ke l etal data . Whereas 

frequency stat i s t i cs wi l l  never be compa rabl e  as  l ong as  vari at i on i n  

quanti f i cat ion techni ques  exi st , a n  appreci ati on for the d i fferences i n  

peri odonta l experi ence between subs i stence systems can i ndeed be usefu l . 

Si nce the epi demi o l og i ca l  data wi l l  serve as  an est imate of the 

upper l i mi ts of peri odonta l i nvol vement , i t  i s  i mportant  that the data 
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refl ect equ i va l ent parameters . The survey data found i n  Tabl e 4 

represent data col l ected by the same or s i mi l ar quanti f i ca t i on 

techn i ques . Th i s  i s  important to estab l i sh because di fferent standards 

of quanti f i cati on have proven to yi el d wi del y  d i s pa ragi ng resu l ts .  A 

part i cul arly  notab le  exampl e from early ep i demi ol og i ca l  data i l l u strates 

th i s  poi nt .  Data g l eaned on  chi l dren i n  the U . S . by Messner et a l  . . 

( 1938 ) and Brucker ( 1943 } and data on ch i  1 dren i n  the U . K .  by Camp be 1 1  

and Cook ( 1942 ) report a l ess  than 1 0% frequency for g i ng i v i t i s  i n  

groups rang i ng i n  age from 4 to 16 years . These fi gures are a l most the 

anti thes i s of subsequent observat i ons on ch i l dren of s i mi l ar background 

( see Tabl e 4 ) .  These d i fferences i n  the reported frequenc i es have been 

attri buted to d i fferences i n  d i agnost i c  cri teri a ( Ma rsha l l -Day , 1956 ) . 

Al l owi ng for i nterobserver error , the data found i n  Tabl e 4 are 

i nterna l ly cons i stent (Marshal l -Day , 1956 ) . 

Ow i ng pri mari ly  to the ease wi th wh i ch school ch i l dren may be 

samp l ed , t he bu l k  of epi demi ol og i ca l  data i s  based on subadu l ts .  Si nce 

the quanti fi cati on techn i ques empl oyed i n  epi demi o l ogi ca l surveys 

focuses on i nc i dence and not l evel  of i nvol vement ,  subadu l t  cases are 

a l so appropri ate because advanced i nvol vement i s  rare and qual i tati ve 

assessment i s  unnecessary .  I t  i s  i mportant to restate at th i s  poi nt 

that i nc i dence i ncreases wi th age . Therefore c h i l dren refl ect the l ower 

range of the adu l t  frequency of peri odontal  d i sease i n  the popu l at ions  

from whi ch they were gl eaned . Keepi ng th i s  i n  mi nd , an important fact 

i s  readi ly apparent from rev i ewi ng the data i n  Tab l e  4. Wi th few 

excepti ons ( notab l y , h i gher soc i oeconomi c g roups } ,  the i nc i dence of 
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TABLE 4 

I NC I DENCE OF G I NG I V I T I S  AMONG SUBADUlTS 

Samp l e  

Mi dd l e  c l a s s  boys 
Labore , Ind i a 
a ges  6- 15  

I s l e  of  lewi s 
a ges  6- 16  

Ma l es , poor nutri t i ona l 
statu s , Kangra , Indi a 
a ged 1 3  

lower-mi dd l e  c l a ss , Ka ngra , 
Indi a ,  aged 1 3  

Eng l i sh boys , ages 1 1 - 14 

Gi bral ter , ages 10- 14  

Dundee , Scotl and 
ages 1 2- 14  

Low to mi dd l e -c l a s s  ma l e s 
Lahore , I nd i a  
ages 9- 1 7  

Upper c l ass  g i rl s ,  
Lahore , I nd i a  
ages  9- 17  

Puerto Ri co ,  ages  6- 18 

Suburban schoo l ch i l dren 
ages 5- 14  

V i rg i.n I s l ands , ( Negro ) 
ages 6- 18  

V i rg i n  I s l ands , ( Negro ) 
ages  5- 13  

Mas sachusetts , ages 1 3- 1 7  

Lower c l ass  ma l es ,  Ind i a 
ages 1 1- 17 

%/n I nvesti gato r ( s ) 

68/756 ( Marsha l l -Day a nd Tandan , 
1940 ) 

90/2280 ( Ki ng ,  1 940 ) 

8 1/200 ( Marsha l l -Day , 1 944 ) 

80 . 6 13 ( Ma rsha l l -Day and Shouri e ,  
1944 ) 

77 . 4-87 . 6/403 ( Ki ng ,  Frank l i n ,  and  
A 1 1  en , 1 944 ) 

85 . 2/ 135 ( Ki ng ,  Frank l i n ,  and 
Al l en ,  1 944 ) 

90/ 103 ( Ki ng ,  1945 ) 

99. 4/ 1054 ( Ma rsha l l -Day and Shouri e ,  
1947 ) 

73 . 4/ 179 ( Marsha l l -Day and Shouri e ,  
1947 ) 

60-79/ 1648 ( Marsha l l -Day et al . , 1948) 

63 . 4/804 ( Mass l e r ,  Schou r ,  and Chopra , 
1950 ) 

57/823 ( Marsha l l -Day and Schouri e ,  
1950 ) 

26 . 9/860 ( Harsha 1 1 -Day a nd Schouri e ,  
( 1 950 ) 

29/ 1300 ( Stahl  and Gol dman , 1953 ) 

96 . 9/ 1613  ( Greene , 1960 ) 
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g i ng i v i ti s  i s  greater than 70%. Referri ng now to Tabl e 3 ,  p. 1 4 ,  the 

severi ty of peri odonta l d i sease among adu l ts from samp l es throughout the 

worl d i nd i cates  that adu l ts ( not only experi ence peri odonta l d i sease i n  

h i gher frequency but ) , un iversa l ly  pos sess damage to the peri odonta l 

s tructures . Th i s  damage i ncl udes  bone l os s  as  wel l a s  soft t i s sue 

i nf l anunat i o n .  Th i s  s tatus quo , mi ndful aga i n  of the mu l t i pl i c i ty of 

factors they represent , i s  in stark contrast  to what has been observed 

to occur among vari ous hunter/gatherer soc i et ies . A rev i ew of th i s  data 

i s  appropri ate at th i s  po i nt .  

Austra l i an Aborig i nes 

Campbel l  and Gray ( 1936 ) exami ned 54 i nd i v i dua l s from Macdona l d  

downs i n  easte rn Centra l Austra l i a .  Of these , 2 7  were a s ses sed a s  

exhi b i t i ng good oral heal th . Def i n i te ev i dence of  marg i na l  g i ng i v i ti s  

was found on 23 i nd i v i dua l s .  Onl y  seven of these exh i b i ted ca l cul us , 

and then on l y  i n  s l i ght amount .  No s i gns of advanced i nfec t i on were 

d i s cerned . Comment i ng on how representati ve these part i cu l ar resu l t s  

were , the authors s tated that 11 re l at i ve l y  few i nstances [ of  ca l cu l us ]  

occur[ i ng ]  i n  the several hundred l i v i ng nat i ves  and the many hundreds 

of sku l l s  wh i ch have been exami ned . . 11 A part i cu l a rl y  l arge ( 350) 

samp l e  of  abori g i nes  was subsequent ly  exami ned by Campbe l l  ( 1939 ) . 

Al though these were a l so from Centra l Austra l i a ,  not a l l of  them l i ved 

i n  pure l y  abori g i na l  cond i t i ons . In s p i te of some exte rna l contacts , 

over 50% ( 175/ 17 1 )  showed d i sease free gums . Of the 17 1 w i th peri odon­

tal probl ems , 12 1 had on ly  mi l d  i nf l ammati on .  Onl y  10% of the adu l ts i n  

the 30 to 49 age range exh i bi ted unheal thy g i n g i va , wh i l e  two-thi rds of  
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the over-50 age range d i d .  Campbe 1 1  { i b i d )  a 1 so reports that  of  354 

i ndi v i dua l s  exami ned , only 11 had cal cul us . Three ma l es exh i bi ted 

1 1 S l i ght" amounts , and a l l three were over age 50. Two fema l es 

exhi b i t i ng th i s th i n  perimeter of cal cu l us were aged 40 and 50 .  Si x 

fema l es pos sessed ca l cu l u s  i n  1 1medi um11 amounts and a l l were mi ddl e-aged 

or ol der ( ages 50 , 60 , 45 , 35 , 7 5 ,  40 ) .  

Cran ( 1955 )  a l so observed good ora l heal th among the Yuendumu of 

South Austra l i a .  Deep pockets were rare , even i n  o l d  subj ects . 

Ca l cu l u s  wa s never found i n  l arge quant i t i es , and was a l ways supra­

g i ngi va l . Of 1 18 subject s , 58. 5% experi enced wha t  Cran ca l l ed 11 S l i ght 

marg i na l  g i ngi v i ti s . .. Cran offhandedly rema rked tha t  changes from a 

natura l to a c i v i l i zed l i festy le  resu l ted i n  a gradua l  i ncrease i n  both 

cari es and peri odontal  d i sease ( i b i d ) .  Th i s  s i tuat i on may be exemp l i ­

f i ed by a samp l e  from Haasts  B l uff ,  Centra l Aus tra l i a  (He i thersay , 

1 959 ) . Of the 33  adu l ts over the age of forty that were exami ned from 

th i s  gradua l l y  detri ba l i z i ng grou p ,  8 had advanced peri odonta l d i sease 

as  ev i denced by tooth mobi 1 i ty .  Fi fty-four younger adul ts were 

exami ned . Two showed advanced peri odonta l d i sease  ( one hav i ng 4 mm deep 

pockets throughout the mouth ) .  Appa rently , the sh i ft away from a 

hunt i ng and col l ecti ng subsi stence s trategy i s  a s soc i a ted wi th ora l  

hea l th prob l ems . 

The ske l eta l data are equa l l y  i nd i ca t i ve of good oral hea l th .  

Campbel l  ( 1939 ) , report i ng on a n  earl i er exami nati on o f  abori g i na l  

s ke l e ta l  materi a l , i nd i cated that ca l cu l us , when i t  occurs , i s  nearly 

a l ways expressed as a thi n ri dge of depos i t  fol l ow i ng the g i ng i va l  
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marg i n .  The bucca l surface o f  maxi l l a ry mo l ars i s  the mos t  frequent 

l ocat i on for cal cu l u s ;  l ess frequently , i t  i s  found on the bucca l 

margi ns of  the l ower mol a rs . Of the 140 crani a he reported to have 

exami ned , · 35 showed th i s  l evel  of cal cu l us on the posteri or teeth and 

11 practi cal ly  a l l these occurrences concerned aged i nd i v i dua l s ( i bi d ) . 1 1 

Al though Ni chol l s  ( 191 4 )  based h i s di agnoses of peri odontal i nvol vement  

on the  amount of  root exposure , he reported that marked peri odontal 

1 1destructi on 11 was l i mi ted to aged i ndi v i dua l s .  Apparentl y fi rm a l veo l a r  

processes  a re characteri st i c u p  unti  1 advanced age . Ca 1 cu l u s  was 

detected i n  on ly 1 9  i nd i v i dua l s ,  and on ly  i n  sma l l  amounts . These  

observati ons correspond to what ha s been observed for l i v i ng abori g i nes . 

Wi l ki n son and assoc i a tes  ( 1929 )  observed cal cu l us i n  20 of  56 

s ku l l s  drawn from the col l ect ion of the Anatomy Department , Un i vers i ty 

of Mel bourne . Of these 20 , 1 5  possessed 1 10n ly  s l i ght 11 amounts ; two 

moderate , and on ly  three marked i n  amount .  The age of  the sampl e was 

not ava i l abl e ,  but i t  suffi ces to say that i t  was not characterized by 

s i gn i f i cant accumu l ati ons  of ca l cu l us . Tasman i ans  appear to be equa l ly  

characteri zed by peri odonta 1 hea l th up unt i l advanced age .  Steadman 

( 1937 ) reports that of 53 sku l l s  exami ned , on ly  one experi enced 

11 peri odonta l  brea kdown . .. 

The pattern that i s  emerg i ng from a bri ef  exami nation  of the 

Austra l i an materi a l  i s  that the i nc i dence of g i ngi v i t i s  i s  l ow i n  

compari son to the ep i demi o l og i ca l  data , espec i a l l y  s i nce the abori g i nal  

s amp l es  a re composed of  adu l ts .  The as soci ated cal cul u s  accumu l at ions 

a re i ns i gn i fi cant and represent a trend for hunt i n g  and col l ect i ng 

samp l e s . 
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Bushmen 

Al though the Bush samp l e  exami ned by Cl ement et a l . ( 1956 ) was 

un i que i n  pos ses s i ng a s i gn i fi cant ca l cu l us accumu l at i on a s  a 

consequence of the unusual ly  h i gh mi nera l content of the dri nk i ng water , 

they too were characteri zed by good oral hea l th cond i t i ons .  F i fty 

i nd i v i dua l s of  i ndetermi nate age from the western Ka l ahari were 

exami ned .  Onl y  four  i nd i v i dua l s  d i d  not pos sess g i ng i v i t i s  ( three were 

ch i l dren , one adu l t fema l e ) .  Of these , 8 were 11mi l d 11 cases ; the res t  

were "advanced . "  The e l evated i nfl ammatory s ta tu s  was not doubt the 

resul ts of the cal cu l us  presence becau se mos t  of the adul ts  had fu l l  

compl ements  of teeth . Teeth were mi s s i ng i n  on ly  seven i nd i v i dua l s ;  

f i ve  of these due to broken teeth . I f  we accept the premi se  that tooth 

l os s  among hunters and col l ectors i s  pri mari l y  a consequence of peri odon­

ta l  d i sease ( Ramfj ord , 1966 ; Moore and Corbett , 1973;  Moore and Corbett , 

197 5 ) ,  then i t  may be assumed that the Bu sh samp l e  here reported i s  not 

characteri zed by advanced peri odonta l destruct i on .  Therefore th i s  data 

does not contrad i ct the pattern i nd i cated from the abori g i na l  data . 

East  Afri ca 

Dodds ( 1955 )  s ta tes , " Parodonta l d i sease i s  preva l ent among the 

i nhab i tants  of  Afri ca , but among Ea st Afr i can nati ves i t  i s  l es s  

preva l ent than among the other races . "  The Ea s t  Afri can pastora l i sts , 

most  notab ly  the t-1aa sa i , a re characteri z ed by i nfrequent cases of 

peri odontal d i sease ( Schwartz , 1946 ; Schwa rtz , 1952 ;  Upton , 1945 ) .  Thi s 

f i nd i ng i s  a l l the more s i gn i fi cant i n  l i ght  of the fact that ora l 

hyg i ene among these peopl e i s  un i versa l ly neg l ected ( Schwartz , 1952 ; 
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Upton , 1945 ) .  Al though the Ea st Afri cans are not hunter/ga therers i n  

the s tri ctest sens e , they have been i nc l uded i n  th i s  survey becau se of 

the i r  u n i que h i gh protei n d i et ( Orr and G i l ks ,  193 1 )  whi ch ma kes them 

essent i a l l y  the equatori a l  counterpa rt of Es k imos . 

Es k imos 

Al though pe ri odonta l d i sease detecti on among Es k imos ha s been of  

peri pheral i nterest ,  enough data ex i st to i nd i cate that peri odonta l 

d i sease i s  a l so uncharacteri s t i c  of abori g i na l  E sk i mos . Exemp l a ry of  

thi s  patte rn i s  Baarregaard ' s  menti on of the resu l ts obta i ned from h i s 

extens i ve exami nat i on over a s i x  year peri od of some 1 300 North 

Greene l and Es k i mos ( 1949 } .  He observed that a l though pl aque was common 

among adul ts , i t  was a l ways suprag i ng i va l . Mi l d  g i ng i v i ti s  was common , 

and more i mportantly , severe peri odont i t i s  was rare . 

Baarregaard reported that among the c i v i l i zed Es k i mo ( that i s ,  

those wi th extens i ve contact wi th European goods ) ,  g i ngi v i t i s  i s  

experi enced a fu l l  100% ( i b i d ) .  More importantly , a l though no breakdown 

accordi ng to i nc i dence , severi ty and age were presented , peri odonta l 

d i sease wi th pocket i ng  and bone l oss was common i n  th i s  grou p .  H i l mi ng 

and Pederson ( 1940 } have a l so reported s i mi l ar resu l ts . 

HcEuen ' s  ( 1937 ) exami nati on of ora l  hyg i ene i n  84 adu l ts from 

Baffi n  I s l and revea l ed on ly s i x  had even a s l i ght amount of ca l cu l us .  

Onl y  three i nd i v i dua l s experi enced advanced peri odontal di sease .  

Mayha l l  { 1970 }  exami ned the ora l hygi ene among fou r groups of  

lg l ool i k  E s k imos vary i ng on ly  i n  the amount of  the  nonnat i ve  components 

i n  the i r  d i ets . He conc l uded that genera l ly ,  those on the predomi nan�ly 
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nati ve d i et had l es s  ca l cul us  than those on the pu rchased di et , a l though 

the d i fferences were not stat i sti ca l ly  s i gn i fi can t .  The reason for thi s 

may be due to the l ack  of  sens i ti v i ty of the Oral Hyg i ene I ndex u sed . 

In  a l l groups , l es s  than hal f the crown was covered by debri s .  The 

debri s score , when we i ghted aga i nst  the unaffected teeth i n  order to 

obta i n  a score per i nd i v i dua l , was d i l uted i n  i ts abi l i ty to i l l ustrate 

d i fferences between groups . Neverthel ess , i t  wa s s t i l l  a ppa rent that 

Es k i mos on abori g i na l  d i ets were characteri zed by good oral hyg i ene . 

les s  speci f i c ,  but al so i nd i cati ve of  th i s  trend a re the 

observat i ons made b� Waugh ( 1928; 193 1 )  on the d i fferences i n  the ora l  

heal th o f  precontact and postcontact Es k imos of  labrador .  The  Esk i mos 

experi enc i ng extens i ve contact wi th European goods pos ses sed teeth 11 i n  a 

depl orabl e cond i t i on ; and they appeared to be getti ng worse i n  each 

succeedi ng  genera t i on . .  ( 1928 ) . He further reports that Esk i mos from 

further north i n  the more remote Port Burwe l l reg i on pos sessed  teeth 

that were 11 pract i cal ly  free from decay ..  ( 1928 ) . 14i l d  g i ngi va l  

d i sturbance was apparently common i n  th i s  group among i nd i v i dua l s  twel ve 

years of  a ge a nd o l de r .  Thi s  was attri buted to the presence of 

ca  1 cu 1 u s .  Tooth 1 ass wa s restri cted to the aged , and that was 

attri buted to the encroachment of ca l cu l us on the support i ng tooth 

s tructures  (Waugh , 1928 ) .  Speci fi c  breakdown of frequency and i nc i dence 

by age was not presented . S i nce no spec i f i c  menti on of chron i c 

g i ng i v i t i s wa s made for any i nd i v i dual , i t  may be assumed that 

peri odont i t i s  was rare , i f  not absent .  I t  c a n  therefore on l y  b e  i mpl i ed 

f rom the statements made by Waugh that peri odontal d i sease wa s not a 

maj or oral hea l th prob l em among the outly i ng  Es k i mo of labrador .  
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Precontact s ke l eta l materi a l  a l so seems to suggest that good oral 

hea l th v i s  a v i s  peri odontal  d i sease wa s the ru l e .  Ri tchi e ( 1923 ) , i n  

h i s exami nati on o f  3 4  sku l l s  of the Western a nd Central Es k imo recovered 

from the Canad i an  Arct i c  Exped i t i on of  19 13- 19 18 observed , " s a  1 i vary 

cal cu l u s , even i n  the o l dest  s ku l l s , i s  ent i re ly  absent , as i s  any trace 

of pyorrhea , or resorpti on of the a l veol a r  marg i ns . "  

Al though Curzon ( 1976 ) exami ned the peri odonta l  cond i t i on of museum 

col l ecti on Es k i mo sku l l s  us i ng the Tooth Cerv i ca l  Hei ght  measure , he 

made pas s i ng reference to the presence of ca l cu l us  i n  the 100-pl us 

s ku l l s  u sed i n  th i s  ana lys i s .  Ca l cu l us wa s i denti f i ed on " some" s kul l s  

i nd i cat i ng , a l though i nd i rectly , that ca l cu l us was by no means  

w idespread . Si nce the exampl e cons i sted of museum s peci mens , some 

havi ng been col l ected as  ear ly  a s  1823 , i t  i s  pos s i b l e  that postmortem 

l os s  of ca l cu l us depos i ts resu l ted i n  an underest i mate of  ca l cu l u s  

i nci dence . 

Wi th  res pect to the resu l ts obtai ned from us i ng the Tooth Cerv i ca l  

Hei ght  measure , Curzon ( 1976 ) reports that peri odontal  d i sease i s  

w i despread ( 80% ) even among the young . These res u l t s  pa ra l l e l  Davie s  

and  Pi cton 91969 ) a nd Lavel l e  ( 1970 ) who , to  some extent , ut i l i zed the 

same museum samp les . The conc l u s i on arri ved a t  from these pa rt i cu l a r  

resu l ts i s  that peri odonta 1 d i sea se has a l ways been severe for the 

Esk imo .  Th i s  i s  i n  contrast  wi th the epi demi ol ogi ca l  i nforma t i on we 

have g l eaned so far .  I f  we concl ude that the amount of  root exposure i s  

more a functi on of attri t i on that peri odonta l d i sease , and i f  we 

acknowl edge the h i gh degree of attri t i on characteri s t i c  of Es k imos 
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( e . g . , Hyl ande r ,  1977 ) , then we may assume that the Esk imo ,  l i ke the 

other hunter/col l ector groups surveyed a re essenti a l l y  characteri zed by 

good ora l hea l th status  wi th res pect to l eve l of  peri odontal  i nvol ve­

men t .  

Attri t ion 

Def i n i t i on and Rev i ew of the Li terature 

Dental  attri t i on i s  an ongoi ng dynami c process  of  the weari ng away 

of tooth structure (enamel and denti n )  over the l i fespan of an  

i nd i v i dua l . Apart from the texture of the d i et , pos s i b l e  factors whi ch 

a re known to contri bute to the attri t ioni ng of  teeth i ncl ude food 

prepara t i on techn i ques , arti fi c i a  l ly i ntroduced mechan i  ca 1 abras i ves  

( g ri t ) , and  cu l tura l acti v i ti es wh i ch empl oy the  denti t i on .  The l evel 

of  attri t ion anal ys i s  pos s i b l e  at  the present t ime does not permi t 

re l i ab l e  d i scrimi nati on between a l l  of these factors , so i t  i s  not known 

how important toughnes s of the food bo l us or gri t content i s  i n  

contri buti ng to the pattern of attri t i on .  Current ana lys i s  of tooth 

mi crowear however anti ci pates di scrimi nation  between certa i n  attri ti on 

vari abl es (e . g . , Wa l ker et a l . ,  1978 ) .  
' 

Apart from the above-menti oned factors , b io l og ica l  vari ab l es a l so 

affect the rate of eros ion  of the tooth surface . These factors i nc l ude 

the s i ze and � ha pe of the teeth and the ha rdness of the dental t i s sues . 

Th i s  l atter factor i nc l udes the di fference i n  hardness  between ename l  

a nd  denti n  ( Krau s  et a l  . ,  1969 ) . Ti mi ng and sequence of erupti on wi l l  

affect the dura t i on a parti cu l ar tooth experi ences attri t i on , and the 
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ma l pos i ti on i ng of teeth wi l l  certa i n ly i nf l uence the pattern and degree 

of  wea r .  

Mi ndfu l o f  the many vari abl es wh i ch factor i n  attri ti on , the ma i n  

var i ab l e  wh i ch s pec i fi ca l ly  affects rate of wear appears to be the 

phys i ca l  cons i s tency ( i nc l ud i ng abra s i ve contami nants ) of food ( Ruffer ,  

1 920 ; lei gh , 1925 ;  Gol dste i n , 1948 ; Smi th , 1972 ) .  Al though methods of  

quanti f i cat i on vary from study to  study and  from observer to  observer ,  

the accumu l ated da ta from i ndi v i dua l  case s tud i es have s hown that tooth 

�1ear  rates s how pa tterned vari at i on between g roups pract i c i ng d i fferent 

subsi stence strategi es . Th i s  as soci at i on may be ant i ci pated because  a 

sh i ft i n  food procuremen t  s trateg i es to subs i s tence s tra teg i es based on 

food product ion i s  concomi tant wi th an  i ncrease  i n  c u l tural  soph i st i ca­

t i on i n ,  among other th i ngs , food preparat i on techn i ques  (Steward , 

1968 ) . A rap i d  rate of  attri t i on i s  cha racteri st i c  of  hunt i ng and 

col l ect i ng soc i et i es (e . g . , Campbe l l ,  1925 ; Shaw , 1 93 1 ;  Pede rson , 1938; 

1949 ; Snow , 1948 ; Hyl ander , 197 7 ;  Anderson , 1965 ) .  Other s tud i es have 

demons tra ted that attri t i on ha s decreased wi th i nc rea s i ng urban i zati on 

( Dav i es a nd Pederson , 1955 ;  Brothwel l ,  196 3 ;  Greene et  a l . ,  1967 ; 

14oorrees ,  1 957 ) .  

Al though rate d i fferences have become apparent f�om the 

accumu l at i on of  attri t i on data , most of a ttri t i on research ha s  focused 

on the descri pti on and i nterpretat i on of spec i fi c  or  un i que patterns of 

wear  (e . g . , Cybu l s ky , 1 97 4 ;  Anderson , 1965 ; Hyl ande r , 1977 ) .  L i ttl e 

comprehens i ve comparati ve analys i s  has been undertaken . Th i s  has 

res u l ted , a s  H i nton { 1981 )  ma i nta i n s , in i ntu i ti ve i nterpretati ons of 
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attri t ion patterns . Mol nar • s  { 1 968 , 197 1b , 197 2 )  eva l uat i on of the 

s tatus of attri t i on studi es has demonstrated a need for cros s -cu l tura l  

compari sons of  \'lear  pa rameters . Hi s success  ( 197 1b ) i n  e l uc i da t i ng 

subs i stence re l ated d i fferences has been the model for the recent focus 

on cross-popu l at i on ana lys i s .  

It  has  been observed that rel at i ve anter i o r  to posterior wear 

vari es  between popu l at i ons  ( Steensby , 19 10 ;  t-4erbs , 1968; Brothwe l l ,  

1 972 ) , and wi thi n  spec i f i c  foss i l  homi n i d  g roups ( Smi th , 197 6 ,  1977 ; 

Stewert , 1 959 ;  Tri nkaus , 1978; Brace , 1962 ) .  Based on ethnographi c 

anal ogy (Goul d ,  1968; Lous , 1970; Hyl ande r ,  1977 ) ,  i t  has been suggested 

that hunter/gatherers u se the i r  anterior  denti t i ons  more exten s i ve l y  

than food producers . Thi s pattern has been observed i n  certa i n  ske l etal 

samp l es ( Smi th , 197 2 ;  Anderson , 1965 ; Mol nar ,  1 97 1a , 197 1b ) .  An actua l 

i nterpopu l at i onal  exami nat ion  of th i s  type of wea r  wa s a l so onl y  

recently undertaken (H inton , 198 1 ) .  Therefore an  i nterpret ive  framework 

i s  now beg i nn i ng to become establ i shed . 

Rounded anteri or tooth wear observed for hunters and gathers ( such 

a s  E s k imos , for examp l e )  has been eva 1 uated as  i ndi cati ve of  the 

extens i ve nonmast i catory uses the anter ior  dent i t i on i s  subj ect to i n  

these popu l a t i ons . Cuppi ng of the i nci sor teeth ha s been observed for 

certa i n  agri cul tura l popu l ati ons (Mo l nar , 1968 , 197 1b ) .  A cros s ­

popu l at iona l s tudy o f  anteri or tooth form h a s  i nd i cated that a 

d i chotmous rel at ions h i p  ex i sts between these two forms of  anteri or tooth 

wear ( Hi nton , 1 98 1 } .  

An i n terpopu l at i ona l exami nat ion of observati ons made on pa rt i cu l a r  

popul at i ons  serves t o  corroborate the hypotheses about the mea n i ng of 
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these  patterns  and estab 1 i s hes  the features  as representat i ve of 

part i cu l a r  subs i stence s trateg ies . The few cross-popu l at i ona l  s tud i es 

that ex i st ( name l y , Mol nar ,  1968 , 1 97 lb ; Smi th , 1 980 ; Hi nton , 1981 ) 
represent the establ i s hment  of an i nte rpret i ve framework wi th wh i ch to 

eval uate other samp l e s  aga i ns t .  What i s  now needed i s  a wi der ba se to 

further corroborate these patterns , a nd to determi ne the range of  

vari ab i l i ty wi th i n subs i stence stra teg i es in  order to detect reg i onal  

d i fferences in  attri t i on patterns . I t  i s  anti c i pated that the growi ng  

body of compara t i ve  data  wi l l  be  para l l e l ed by data  from extant groups 

where patterns of tooth wear  ·may be associ ated wi th s pec i f i c  cu l tura l 

act i v i ti es .  

Quant i f i ca t i on 

The most  s i gni f i cant l i mi t i ng factor i n  the establ i s hment of  a 

comparat i ve data base i s  the l ack  of an adequate and un i versa l ly  appl i ed 

quant i fi ca t i on sys tem. Thi s s i tuat i on i s  far from be i ng remedi ed 

because of the comp l ex nature of the tooth a ttri t i on process .  

Di fferences i n  the ha rdness  of the dent i n  a nd ename l a ffect the rate of  

wear once dent i n  has become exposed . The d i fference i n  the shape of the 

anteri or a nd posteri or teeth makes equ i va l ent a ttri t i on l eve l s di ff i cu l t  

t o  a s certa i n .  Therefore , the i nterva l s wi thi n and between teeth cannot 

be sa i d  to be equal . Apa rt from probl ems i nherent i n  the attri t i on i ng 

process ,  there a re numerous quanti fi cati on systems i nd i cted from the 

l i terature , each wi th i nadequa c i es di ff i cu l t  to reso l ve .  In  l i eu of  a 

u n i vers a l  system , a scori ng  system wh i ch best  conforms to the goa l s of  
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the present analys i s  has been adopted • .  A descri pti on of the scori ng 

system i s  undertaken in Chapter I V .  



6 1  

CHAPTER I I I  

THE SAMPLE:  DESCR I PT I ON AND CONTEXT 

The data wh i ch consti tute the bas i s  for the genera l i za t i ons  made 

concern i ng the d i et of the preh i stori c hunter/gatherers and agri cu l ­

tura l i sts of the Tennessee Va l l ey area a re deri ved from a vari ety of 

sources . These i ncl ude the actual  food rema i ns recovered from the s i te 

a s  wel l  a s  food process i ng technol ogy , appropri a te ethnograph i c  i nforma­

t i on ,  and the i dent i fi cat i on of the expl o i tabl e resources of the 

envi ronment and the i r  economi c potenti a l . Together these da ta prov i de a 

necessary i n terpret i ve framework for the oral hea l th status resu l ts .  A 

revi ew of these genera l i zat ions  fol l ows the descri pt i on of each sampl e .  

The Archa i c  Sampl e 

The hunter/ga therer samp l e  cons i sts  of the comb i ned s ke l eta l 

materi a l  from the Eva ( 6BN 1 2 )  and Cherry (84B N74 )  s i tes , l oca ted i n  the 

Western Tennessee Val l ey ,  and the Anderson ( 40WM9 ) s i te i n  the Nashv i l l e  

Bas i n .  The comb i ned samp les  yi el ded 1 2 1  i nd i v i dua l s su i tabl e  for 

ana lys i s .  

The Eva and Cherry s i tes , l oca ted i n  Benton County , Tennes see , a re 

now i nundated by the Kentucky Lake Reservo i r  ( see F i gure 2 ) .  The Cherry 

s i te wa s the l ast  s i te excavated by the combi ned effort of  The 

Uni vers i ty of Tennessee , the Tennessee Val l ey Authori ty ,  a nd the Works 

Progress  Admi n i s trat i on pri or to the fl oodi ng of  the reservo i r  ( 194 1 ) .  

The Eva s i te was excavated i n  the previ ou s  year (Lewi s and Kneberg , 

1 947 ; Lewi s and Lewi s ,  1 96 1 ) .  
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The Eva s i te was l ocated on  the broad f l oodpl a i n  of the Tennes see 

Ri ver approx i mate ly  twe l ve mi l es above the confl uence of the Duck  Ri ver.  

The s i te was a strati f i ed mi dden wh i ch y i el ded f i re-cracked rock , an ima l  

bone a nd s hel l ,  a nd imp l ement c l usters ( Lewi s a nd Le\'li s ,  196 1 ) .  The 

Cherry s i te was a remote up l and s i te l ocated between two tri buta ry 

streams of the B i g  Sandy Ri ver approx imately twenty-two mi l es above i ts 

confl uence wi th the Tennessee Ri ver . Un l i ke Eva , the Cherry s i te was 

characteri zed by subsurface features such a s  storage p i ts and post  hol ds 

( Lewi s and Kneberg , 1947 ; Bowen , 197 5 ,  197 7 ) . 

The Anderson s i te i s  a strati f i ed s i te l ocated i n  �li l l i amson 

County , Tennessee ( Dowd , 1981 ) .  The s i te i s  l ocated on the Ha rpeth 

Ri ver approx i mate ly  two mi l es north of the c i ty of Frank l i n  ( see 

F i gure 2 ) . The exc avati on of the s i te wa s i n i t i ated i n  1979 by the 

�ti ddl e Cumberl and Archeo 1 og i ca 1 Soc i ety ( Dowd , 1 98 1 ) . 

The combi ned s ke l etal samp l e dates from the Mi ddl e to Late Archai c  

peri ods . The Anderson s i te ,  where a total  of 7 3  i nd i v i dua l s  has been 

recovered , produced Mi dd l e  Archa i c  proj ect i l e  po i nts  such a s  Eva , Morrow 

t-1ounta i n ,  Stan ly , a nd B i g Sandy ( Dowd , 198 1 ) .  Two Carbon- 14 dates are 

ava i l abl e for the s i te .  A samp l e  of wood cha rcoa l from the ba se of the 

s i te y i e l ded a da te of 6495 ± 205 B . P . and a date of 6720 i 220 was 

deri ved from a samp l e  of charcoa l fragments i n  a sh  ( Joerschke , personal 

commun i cat ion } .  The l ower two-thi rds of the Eva I I  component , whi ch 

y i e l ded the rema i ns of 16 1  i nd i v i dua l s ,  a l so appears to be Mi ddl e . 

Archa i c  i n  a ge ( Lewi s a nd Lewi s ,  196 1 ;  Magenn i s ,  1977 ) .  Dates for . the 

Mi ddl e Archa i c  range between 4000-5000 B . C . ( Chapman , 1976;  DeJa rnette 
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et a l . ,  1 97 5 ) . The Eva I component yi e l ded 17 i nterments and a l so the 

onl y  Carbon- 14 date for the Eva s i te of 5200 ± 500 B . C .  ( Lewi s and 

Lewi s ,  1 96 1 ) . The data corresponds wel l  wi th the ea r ly  Mi dd l e  Archa i c  

dates for the L i tt l e  Tennessee Val l ey ( Chapman , 1 976 ) . Magenn i s ( 1977 )  

makes an est imate for the ba se of Eva of 6000-5000 B . C . 

Cherry and Eva I I I  appear to be Late Archa i c  ( Bowen ,  1 97 5 ,  1 97 7 ; 

Lewi s and Kneberg , 1959 ) .  Carbon - 1 4  dates for the Late Archa i c  i nd i cate 

a t i me range of 3500- 1000/500 B . C . ( Lewi s and Kneberg , 1 959 ;  Schroedl , 

1 97 5 ;  Morse , 1967 ; Wi nters , 1969 ; Fau l kner and McCol l ough , 1973 , 1974 ) . 

Therefore , 128 of the tota l 246 i nd i v i dua l s  are spec i fi cal ly  Late 

Archa i c .  

The i ndi v i dua l s ut i l i zed i n  the present ana lys i s  wi l l  represent a 

general Archa i c  adaptati on and cover a t i me s pan of ( approx imately ) 6000 

to 1000 B . C . 

Subs i stence Strategy and D iet  

Hunters and  gatherers characteri st i ca l ly  exh i b i t  seasona l s h i fts , 

often cyc l i c ,  i n  food procu rement act i v i t ies  ( Lee and Devore , 1968 ) . 

Thi s  pattern , establ i s hed for extant groups , i s  be i ng rou t i ne ly  tested 

and i dent i fi ed for a rcheo l og i ca l  cu l tures . A promi nent examp l e  for the 

Archa i c  i s  the ana lys i s  of the Ri ve rton Cu l ture ( Wi nters , 1969 ) .  The 

reeva l uat ion of the subs i s tence/settl ement sys tem i n  the Western Va l l ey 

underta ken by Bowen ( 197 5 ,  197 7 )  has i dent i fi ed a hunter/gatherer  

pattern for the Archa i c  i n  that area . Or i g i na l ly , Lewi s a nd  Kneberg 

( 1959 ) i dent i f i ed two cu l tures , but j usti f i ca t i on for th i s  d i s t i nct ion 
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was subsequently questi oned ( Phe l ps , 1964 ) .  I t  now appears ev i dent from 

the pattern of the tool as sembl age that a s i ng l e  cu l tural  phase , the 

Ledbetter ,  i s  warranted ( Bowen , 197 5 ) . 

The contras ts between s i tes , ori g i na l l y  i nterpreted a s  a cu l tura l 

d i s t i nc t i on , appear to i ndi cate di fferences i n  the expl o i tat i on of  l oca l 

resources . The s i tes may be di st i ngu i shed on the ba s i s  of 1 oca t i on ,  

mi dden content , and subso i l  features . The Eva s i te ,  a l ong wi th other 

shel l mi dden s i tes l ocated on the ma i n  r i ver channel appea rs to 

represent a summer occupa t i on ( Bowen , 1 97 5 ) .  The up l and s i tes , of wh i ch 

Cherry i s  representati ve ,  a re l ocated away from ma i n  channel resou rces . 

These s i tes a l so demonstra te storage fac i l i t i es and subs tant i a l  

dwel l i ng s  whi ch , a l ong wi th envi ronmental data , i nd i ca te wi nter 

occupa t i on . These resu l ts ,  though i n  agreement wi th the pattern deri ved 

for the Ri verton Cul ture , do i nd i ca te a l oca l  vari at i on of the 

genera l i zed hunter/gatherer pattern i n  that the seasonal occupati ons 

were more extens i ve ( Bowen , 1975 , 1977 ) .  

Eva l uat i on of the Late Archa i c  i n  the Normandy Re servo i r ,  l ocated 

i n  the Nashv i l l e Ba s i n ,  reaff i rms the appropri a teness of the genera l i zed 

hunter/gatherer mode l for tha t area as wel l .  Al though onl y  a fragment 

of the total settl ement pattern can be determi ned at the present t ime ,  

the pattern fo r the Normandy area appea rs to be s i te l ocat i on 

i ntermedi a te between the up l and resources a nd the ma i n  channel 

resources . Th i s  s i te l ocat i on appears to be conveni ent for expl o i ti ng 

resources a t  the extremes of the range ( Bowen , 1979 ) . 

Si nce the ca rbohydrate content of the di et i s  of  et io l ogi ca l  

s i gn i fi cance for ora l  pathol ogy ,  the  p l ant  food content of  the  Archai c  
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d i et i s  of part i cu l ar i n terest .  The pattern whi ch emerges from the 

ethnobotan i ca l  data both from the Tennes see Va l l ey a rea and outs i de of 

i t  i s  the s i ngu l a r  i mportance of arborea l seed crops ( e . g . , Asch et a l . ,  

197 2 ;  Shea , 1 978;  Cri tes , 1978; Chapman a nd Shea , 1 98 1 } .  H i c kory nuts 

const i tute by fa r the l a rgest proporti on of the ethnobotan i ca l  rema i ns . 

Asch , Ford , and Asc h  ( 1972 } ma i nta i n  that h i ckory nuts a re a fi rst-l i ne 

food resource both because of thei r  nutri ti ve qua l i ty ( h i gh prote i n  

content )  a nd the abundance a nd ease wi th wh i ch they may b e  harvested and 

s tored . 

Other nuts rou ti nely i denti fi ed i nc l ude acorns  and , i n  l es ser 

proport i on s ,  pecans , b l ack  wa l nuts , butternuts , a nd hazel nuts ( Asch 

et a l . ,  1 97 2 ;  Watson , 1974 ; Shea , 1978; Watson , 1969;  Chapman and Shea , 

198 1 ) .  Accord i ng to ethnograph i c  data , the southeastern Indi ans  

harvested nuts for the i r o i l ( Hudson , 1 976 ) . The i mportance of acorns  

i s  i nferred from the ethnograph i c  accounts of acorn soup bei ng consumed 

when the ma i ze harvest was poor ( Hudson , 1976 ) . Accord i ng to the 

archeobotan i ca l  record , h i c kory nuts and acorns decrease i n  importance 

wi th the adopti on of ma i ze ( Chapman and Shea , 198 1 ) . A return to the 

expl o i tat i on of the resource superseded by ma i ze may be i nd i ca t i ve of  

i ts former importance . 

Othe r pl ant food resources appear to p l ay a mi nor ro l e  i n  the d iet 

of Archa i c  popu l a ti ons ( Chapman and Shea , 198 1 ) .  I n  spi te of thei r 

i mpl i ed mi nor rol es , certa i n  pl ants are routi ne ly  i dent i fi ed i n  an  

a rcheol og i ca l  context and therefore consti tute a regu l ar add i t i on of  the 

pl ant food s pectrum . Seed pl ants recovered i n  the Archa i c  Per iod 
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i nc l ude goosefoot ( Chenopod i um �. } ,  knotweed ( Polygonum 1E. ) ,  po keweed 

( Phytol acca ameri cana ) ,  bedstraw (Ga l i um �· ) ,  maygra ss  ( Pha l a ri s 

caro l i n i ana ) ,  p i gweed (Amaranthus �. ) , and purs l a ne ( Po rtu l aca ol eraca ) 

(Asch  et a l . ,  197 2 ;  Watson , 1969;  Yarnel l ,  1974 ; f4a rqua rdt a nd Watson , 

1 976 ;  Shea , 1978; Chapman and Shea , 198 1 ) . In  the L i ttl e Tennes see 

Va l l ey , goosefoot a nd maygrass  i ncrease i n  i mportance i n  the Late 

Archa i c ,  and p i gweed i s  cons i dered to be of no economi c va l ue ( Chapman 

a nd Shea , 198 1 ) .  Wi l dri ce ( Z i zan i a aqua ti ca )  was recovered i n  a Late 

Archa i c  context at the Bacon Bend and lddens s i tes ( Chapman and Shea , 

1 98 1 ) .  Sunf l ower (Hel i anthus annuus )  i s  a Late Archa i c  addi t i on to the 

p l ant  food spectrum as i s  squa sh ( Cucurb i ti ceae } ( Chapman and Shea , 

198 1 ) .  Fru i t  rema i ns a re a l so i dent i fi ed i n  the Archa i c .  Some of the 

fru i ts recovered i ncl ude b l ackberry , strawberry , grape , pers i mmon , and 

el derberry ( Ma rquardt and Watson , 1 976 ; Yarnel l ,  1 974 ; Watson , 1969;  

Chapman and Shea , 1 98 1 ) .  Roots and tubers appear to be important from 

the ethnograph i c  accounts of the southeastern Ind i ans  ( Hudson , 1976 ) . 

These have been i dent i fi ed i n  a Late Archa i c  context at  Sa l ts Cave 

( Ya rnel l ,  1974 ) , but  the importance of these as a food source i s  

unknown . The general pattern (wi th some vari ati on ) whi ch  emerges from 

the s pectrum of pl ant  foods ut i l i zed i n  the Archa i c  i s  that the range of 

pl a nt speci es expl o i ted wa s na rrow . The focus of expl o i ta t i on appears 

to be the foods wh i ch yi el ded the maxi mum economi c va l ue wi th t he l east  

amount of procurement effort . 

Of equa l  i mportance for an i n terpreti ve framework u pon wh i ch to 

a s sess  the oral  hea l th of Archa i c  popu l at i ons a re data i nd i cati ng the 
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texture of the food bo l u s .  The most  important vari abl e  i n  cons i deri ng 

texture i s  the amount of extracorporeal  preparat i on of the food p ri or to 

consumpti on .  For the Archa i c ,  th i s  appears to be mi n i ma 1 .  The 

pa l eofeca l  remai ns recovered from Sa l ts Cave and Mammoth Cave genera l l y  

para l l e l the pl ant food spectrum i dent i fi ed from a rcheo l ogi ca l s i tes . 

The feca l  spec imens conta i ned h i c kory nutshe l l fragments , goosefoot and 

maygrass  seeds , and sunfl ower achenes (Marquardt , 1 974 ; Robb i ns , 197 1 ;  

Ya rnel l ,  1 974 ) . Other consti tuen ts o f  the feca l  rema i ns i nc l uded fi s h  

s ca l es , sma l l bones , rock fragments , and b i ts of  cha rcoa l ( Yarne l l ,  

1974 ) .  Interest i ng ly , the nuts he 1 1  s found i n  s i gn i f i cant quanti ty 

i nc l uded fragments wh i ch cou l d ea s i ly have been di s carded pri or to 

consumption  ( Ya rnel l ,  c i ted i n  Chapman , 1973 : 1 25 ) . The i nc l us i on of 

these l a rge nut she l l fragments as wel l  as the other nond i gestab le  i tems 

i n  the pa l eofecal  sampl es i nd i ca te a pattern of  consumpti on rather than 

acci dental i ngest i o n .  It  appears that food recei ved mi n i ma l  preparati on 

pri or  to consumpt ion . The seed rema i ns exh i b i t  ev i dence of roa st i ng or  

parchi ng ( Ya rnel l ,  1977 } ,  but no  ev i dence of gri nd i ng or  poundi ng whi ch  

appea rs to  have  been done from the ethnograph i c  accounts of the Indi ans 

of the Southeast ( Hudson , 1976 ; Swanton , 1946 } . The ma s t i cat i on of such 

rough unprocessed foods a nt i c i pates s i gn i fi cant a ttri t i on l eve l s  as wel l  

a s  l ow i nc i dences of both cari es and peri odonta l d i sease . 

The Mi ss i ss i ppi an Sampl e 

The s i te of Toqua {40�1R6 } i s  l ocated i n  the l i tt l e Tennessee Val l ey 

of Ea st  Tennessee ( see F i gu re 2 ,  p .  62 } .  Spec i f ica l l y ,  the s i te was 
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s i tuated on the south bank of the Li ttl e Tennes see Ri ver approxi mately 

thi rty-two mi l es south of  Knoxvi l l e .  Excavati on o f  the s i te began i n  

1975  by The Un i vers i ty of Tennes see i n  cooperati on wi th the Tennessee 

Va l l ey Authori ty .  The excavat i on was pa rt o f  a n  exten s i ve archeo l og i ca l  

s a l vage operat ion whi c h  preceded the comp l eti on of the Te l l i co Dam 

( Schroedl a nd Pol hemu s , 1 97 7 ) .  The s i te i s  now i nu ndated by the 

resu l tant reservoi r .  

The va l ue of Toqua for the present analys i s  was owed to  the  l a rge 

samp l e  of human materi a l  ( 500 i ndi v i dua l s )  yi e l ded by the s i te .  The 

s i te u l t imately contri buted 73 i nd i v i dual s for analjs i s .  Al though the 

samp l e  for the Mi s s i s s i pp i an i s  sma l l er than the Archa i c  sampl e ,  it i s  

much better preserved and therefore y ie l ds equ i va l ent  numbers of 

i nd i v i dua l teeth . 

Toqua be l ongs to the Da l l as Phase , a geograph i ca l ly  confi ned 

cul ture of the Great Val l ey physi ograph i c  prov i nce (Hatch , 1974 ) ,  and 

ranges i n  t ime from 1 250- 1600 A. D .  ( Hatch , 1 976 ) .  

Subs i stence Strategy and Di et 

The Mi s s i s s i pp i an peri od i s  def i ned by an agri cu l tural  subs i stence 

economy (Gri ffi n ,  1967 ) .  Features a s soc i a ted wi th the Mi s s i s s i pp i an  

i nc l ude fort i f i ed vi l l ages conta i n i ng a central p l aza  f l a n ked by 

truncated or fl at-topped mounds , soc i al strat i fi cat i on , and l ocat i on i n  

ri ch agri cu l tural soi l s  (Gri ffi n ,  1967 ) .  

The focus of cu l ti vati on for the Mi s s i s s i pp i a n  a g ri cu l tu ra l i sts  was 

ma i se ( Zea mays ) ,  beans  ( Phaseol us  �. ) , a nd squash  ( Cucurb i ta �) .  
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Other p l ants cu l ti va ted i nc l ude sunfl ower ( He l i anthus annuus ) ,  gourd 

( La rgenari a s i cerari a )  and marsh el der ( I va �. ) ( Chapman a nd Shea , 

1 98 1 ;  Shea , 1978; Smi th , 1978) . Hunti ng and co l l ecti ng conti nue to be 

i mportant  ( Fau l kner et a l . ,  1976 ; Shea , 1978 ; Kl i ne a nd Cri tes , 1979 ) . 

The tri o of herbaceous seeds wh i ch appear to be of  pa rt i cu l a r  i mportance 

a re goosefoot , knotweed , and maygrass  ( Chapman and Shea , 198 1 ) .  

f4aygras s  apparently  d i sappears from the arc heo l og i  ca 1 record a fter 

Dal l as t imes ( Chapman and Shea , 1 98 1 ) .  Arborea l  seed crops ( h i ckory 

nut , acorn , wa l nu t )  a re suppl anted by ma i ze ,  a s  i nd i cated i n  the 

prev i ous  sect ion  ( Chapman a nd Shea , 198 1 ) .  Chestnut i s  i nfrequent i n  

the archeo l og i ca l  record a l though the ethnographi c data suggest  that i t  

was an i mportant food i tem ( Hudson , 1 976 ; Swanton , 1 946 ) .  I n  contrast  

to the Archa i c ,  the  Mi s s i s s i pp i an  s pectrum of  pl ant food vari et i es i s  

much broader ( Asch et a l . ,  197 2 ;  Chapman a nd Shea , 198 1 ) .  Th i s  appears 

to have been a trend over t ime and may be rel ated to the i nc reased 

nutri ti ona l needs of a l a rger base popu l a t i on . 

Data from ethnog raph i c  accounts a s  we l l a s  i ndependent bi ol og i ca l  

data i nd i cates that agri cu l tura l i sts o f  the �1i d  South engaged i n  

extens i ve preparati on of food pr ior  to consumption . For examp l e ,  

goosefoot seeds , eaten who l e i n  the Archa i c ,  a re apparently  pounded i nto 

a mea l  by the I ndi ans  of the Southeast from the ethnographi c  accounts 

ava i l abl e (Hudson , 1976 ) .  Acorns , a l so pounded to a mea l , were u sed to 

make bread ( Swanton , 1946 ) or soup ( Hudson , 197 6 ) . Pers immons ,  found i n  

s i gn i f i cant  quant i ty a t  Toqua ( Chapman a nd Shea , 198 1 ) ,  were used by 

I ndi ans of the Southeast to ma ke bread , ca kes , and  candy ( Hudson , 1 976) . 
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A s tapl e among the Creek Indi ans wa s a corn muc h  wh i ch con s i sted of 

hu l l ed corn mea l  boi l ed for several hours ( Swanton , 1946 ) .  soft texture 

wa s apparent ly  not l i mi ted to vegetabl es , whi ch were apparent ly  ra re ly  

eaten raw , because mea ts were apparent ly  shredded or pounded a s  wel l 

( Swanton , 1 946 ) . The co l l ect i ve asses sment of the ethnograph i c  accounts 

suggests that the Indi ans of the Southea st  preferred foods of a soft or 

mus hy cons i stency ( Swanton , 1946 ; Hudson , 1967 ; Chi  l toskey , 1975 ) .  

These conc l u s i ons  suggest that the Mi s s i s s i pp i an agri cu l tu ra l i sts 

possess ca ri es and peri odonta l di sease at a s i gn i fi cant ly  h i g her  

i nc i dence a nd severi ty than the Archa i c  hunter/gatherers . The soft 

texture a l so predi cts  l es s  attri t i on . 

Patterns of tooth s i ze reduct i on exh i b i ted for the same popu l at i ons  

u sed i n  the present ana lys i s suggest that  sel ect i on to  ma i nta i n  l a rge 

tooth s i ze ( a s  a response to mast i  eatery s tress )  was much reduced 

between the Archa i c  and Mi ss i s s i pp i an t imes ( Hi nton et a l . ,  1 980; Smi th 

et a l . ,  1980 ) . Th i s  conforms we l l  \lti th the e thnogra p h i c  data rev i ewed 

above and the pattern of reducti on wh i ch has exh i bi ted for other 

hunter/gatherer to agri cu l tural subs i s tence s trategy s h i fts (e . g . , 

LeBl anc and Bl ack , 1974;  Brace , 1978 ) . Concomi tant \lt i th tooth s i ze 

reduct i on i n  the same samp 1 es i s  a reducti on i n  the s i ze of the 

temporo-mand i bu l ar j o i nt (H i nton , 198 1 ) . Th i s  s i ze change i s  very much 

i ndi cati ve of reducti on i n  ma sti catory stres s .  Equa l ly  corroborat i ve of 

reduced mast i catory stress  was H i nton • s  ( 1981 )  observati on that the s i ze 

of i nterst i t i a l  wear  facets changes between the Archa i c  and the Toqua 

s amp l es . I n terst i t i a l  wear  i s  apparent ly  di rect ly  re l a ted to the amount 
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of mas t i catory stress  experi enced by the mes i a l l y  i nc l i ned teeth 

(Wol poff , 197 1 ) .  The reducti on i n  wear  facet s i ze experi enced by the 

Toqua samp l e  i nd i cates a reducti on i n  the magn i tude of occ l u sa l  stress 

experi enced by the teeth . Taken col l ecti vel y ,  t he bi ol og i ca l  data a l so 

s trong ly  i ndi cates a soft-textured d i et  for the Mi s s i s s i pp i an 

agri cu l tura l i sts . 

I t  appears that the va r i ab l e  whi ch ha s a l tered the mos t  between the 

d i e ts of the two samp l es , apart form the i nc l us i on of the prima ry 

domesti cates i n  the l a tter samp l e ,  i s  the amount of food process i ng 

whi ch i s  performed on the pl ant foods before i t  i s  i ngested . I n  sum , an 

i nterpreti ve framework upon wh i ch to a s sess  the ora l  hea l th data 

pred i cts a s i gn i fi cant d i fference i n  the oral  hea l th s tatus  between the 

two sampl es  under eva l uation . 
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CHAPTER IV  

QUANT I F I CATI ON AND ANALYT I CAL PROCEDURES 

Ag i ng a nd Sex i ng 

The determi nati on  of age and sex for the samp l es  used i n  thi s s tudy 

represent the concensus  of severa l observers i nc l u s i ve of the au thor 

( 14agenn i s ,  1 97 7 ; Parham , 1982;  H i nton et a l . ,  1980 ) .  The methods by 

whi ch  a ge and sex were determi ned are ou tl i ned bel ow .  

Sex Determi nati on 

Sexua l  d imorph i sm can be detected i n  ma ny pa rts of the human 

s ke l eton , but nowhere i s  d i scrimi nati on more re l i ab l e  than i n  the 

pel v i s .  Fema l e  pel ves , a pa rt from be i ng more g rac i l e ,  exh i bi t  accommo­

dat i on features to fa sc i l i ta te pa rturi t i on .  They a re characteri zed by a 

l ow and f l a ri ng i l i um ,  a l es s  curved sacrum , a wi de a nd sha l l ow sc iat i c 

notch , a wi de subpu b i c  angl e ,  a promi nent preauri cu l a r  s u l cu s , and a 

sma l l er a cetabu l um ,  obturator foramen , a nd sacro i l i ac a rt i cu l a t i on 

( Ba s s , 197 1 ;  Krogman ,  1962 ; Stewert , 1979 ) .  The dual  rol e  of the fema l e  

pel v i s  i s  a l so seen i n  the parturati on p i ts found i n  the symphysea l 

regi on ( Stewert , 1 957 ; 1970 ) . 

Phen i ce • s  ( 1969 )  v i sua l  method of sex i ng pe l ves , shown to be h i ghly 

re l i abl e ( Kel l y , 1978 ) , focuses on cri teri a on the pub i c  bone .  Apart 

f rom the subpub i c ang l e ,  the subpub i c  concav i ty ,  the med i a l  as pect of 

the subpub i c  ramu s , a nd the ventra l a rc a re used . 
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The human s ku l l i s  a l so very d i agnost i c ,  but i s  a l ess rel i abl e sex 

d i scr imi nator than the pe l v i s .  The d i morph i c  features wh i ch serve to 

d i st i ngu i sh  mal e from fema l e  are l a rgely rel a ted to di fferences i n  

robust i c i ty .  S i nce popu l at i ons vary i n  robu sti ci ty the sexes mu st  be 

eva l ua ted wi th i n  the confi nes of the i r respect i ve popu l at i ons . Because 

of  i nterpopu l at i ona l  vari ab i l i ty wi th respect to robust i c i ty ,  a sex i ng 

b i a s  ha s been observed i n  favor of ma l es (We i ss , 1972 , 1973 ) .  Sex i ng on 

the bas i s  of the s ku l l  a l one was avoi ded when pos s i b l e .  When i t  was 

u nderta ken ,  the sku l l s  were assessed aga i nst  s ku l l s  sexed by pe l v i c  

features . The characteri st i cs of the s ku l l  wh i ch were empl oyed i nc l ude : 

the s i ze of the supraorb i ta l  r i dge , the sharpness  of the superi or 

orb i tal  borde r ,  the s i ze of the masto i d  proces s ,  the s i ze and s hape of 

the mand i bl e ,  and the rugos i ty of the nu cha l a rea ( Bas s , 197 1 ;  Krogman , 

1 962 ) .  

The femur i s  a l so very u seful i n  sexi ng . The s i ze of the 

b i condy l a r  ang l e  a nd the s i ze of the femora l head a re the two most 

notab l e  features . Because of the fragmentary cond i t ion  of the samp l es , 

metri c techn i ques were not empl oyed . 

Age Determi nat ion 

Si nce on ly adu l ts were empl oyed i n  the present s tudy , ag i ng  

techni ques were l i mi ted to nongrowth re l a ted phenomena .  Attri t i on may 

be used to a ge spec imens but was not used to age the samp l e i n  the 

present study because attri t i on wa s to be used i n  other contexts and i t  

was important to e l imi nate an age b i a s . Spec imens we re cons i dered 
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adul ts when the  th i rd mo l ars were i n  occ l u s i on .  Th i s  was the  on ly  

aspect of the dent i t i on empl oyed to  age  the samp l e .  

The most  re l i ab l e  ag i ng techn ique aga i n  uses the pel v i s ,  

spec i fi ca l l y  the pubi c symphys i s .  The symphyseal  su rface deteri orate s 

over t ime i n  a pred i ctabl e fa shi on and compari son of the su rfaces i n  the 

samp l e  to s tandards  establ i shed for ma l es a nd fema l es served as the 

a g i ng techn i que . The standa rds for ma l es are based on the wo rk of 

�1c Kern a nd Stewert ( 1957 ) .  However ,  the s tandards a re on ly rel i ab l e  for 

rna 1 es under  the age of forty .  01  der rna 1 es were aged us i ng Todd • s 

s tanda rds  ( 1920 ;  192 1 ) . Brooks ( 1955 ) has i ndi cated that Todd ' s  method 

tends to overage . Thi s has been compensated for by ma ki ng the age 

i nterva l s l a rge enough to absorb error .  

The fema l e  pub i c  symphys i s  experi ences trauma du ri ng the bi rth 

process wh i ch resu l ts i n  a di fferent pattern of age-re l a ted change .  An 

ag i ng method comparab l e  to the method used for  ma l es wa s devel oped by 

Gi l bert and l�c Kern { 1973 ) . Th i s  standa rd was u sed to age the fema l es i n  

the present samp l e i n  spi te of the cri ti ci sm l eve l ed a t  i t .  Suchey 

( 1 977 )  ma i nta i ns that the samp l e  s i ze used to genct·a te the s tandards was 

too sma l l and that the i n terobserver error i s  fa i r ly s i gn i f i cant . 

Suture c l osu re may a l so be used to age s ke l etal  specimens . 

Ho\IIeve r ,  there i s  con s i derab l e  vari abi l i ty i n  the t imi ng and pattern of 

suture c l osure . For th i s  reason , i t  was avoi ded . The ut i l i ty of suture 

c l osure i n  the present samp l e  wa s restri cted to d i s t i ngu i s h i ng the young 

from the o l d .  
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Attri t i on 

There i s  no w i de ly  accepted s tanda rd for quanti fyi ng attri t i on so a 

system whi c h  seemed to best  su i t  the purposes of the present s tudy wa s 

empl oyed . The sca l e  adapted i s  after H i nton ( 198 1 )  a nd i s  reproduced i n  

Tab l e  5 .  The i nterva l s are ba sed on the pattern of enamel l os s . The 

system was adopted because the c ri ter ia  for each l evel  was c l ea r ,  

prec i se and reproduci b l e .  

The l i mi ts i nherent i n  any attr i t i on scori ng sys tem have been 

rev i ewed el sewhere . To summari ze , the prob l em i s  that attri t i on l evel s 

a re not equ i va l ent  wi th i n  and between teeth . Therefore , e 1 a borate 

s tat i sti ca l  man i pu l a t i ons  of the data are i l l -adv i sed . 

Some scori ng sys tems have i nc l uded pu l p  exposure a s  an  advanced 

stage of a ttri t i on (e . g . , Lei gh , 1925 ; Dav ies  and Pederson , 1955 ) and 

these systems have been empl oyed i n  recent attri t i on ana lyses (e . g . , 

Kori tze r ,  197 7 ;  Lavel l e ,  1973 ) .  Pu l p  exposure i s  the resu l t  of attri ­

t i on overtak i ng the product ion of seconda ry dent i n .  Therefore , pu l p  

exposure i s  a factor of ra te of wear  ra ther than the amount .  S i nce 

antemortem tooth l os s  i nc l udes necrot i c  tooth l os s , the i dent i fi cat i on 

of pu l p exposure i ndependent of attri t i on was des i rabl e .  The presence 

of exposed pu l p  wa s an i ndependent va ri ab l e  i n  the present ana lys i s .  

Pu l p  damage i ncurred by cari es was not i nc l uded i n  th is vari abl e .  

The form o f  anteri or tooth wear  wa s adapted wi th mod i f i cati ons from 

Hi nton ( 1 98 1 ) .  F i ve categori es we re i dent i fi ed and s cored . The natura l  

face or  a s l i ght  b l unti ng was an i ndependent ca tegory .  The forms o f  the 

attri t i ona l  surface were fl a t , rounded , cupped a nd l i ngua l l y  s l oped . 
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TABLE 5 

ATTR I T I ON SCOR I NG SYSTEM 

Inci sors a nd Ca n i nes 

1 .  No den t i n  exposure 
2 .  Ha i r l i ne den t i n  exposure 
3 .  L i ne o f  dent i n  o f  di s t i nct th i ckness 
4 .  Modera te dent i n exposure st i l l  i n  m-d d i rect i on 
5 .  Ename l r im  
6 .  Ha l f  o f  enamel r i m  gone 
7 .  No enamel  r im  ( " nub" ) 
8 .  Seve re l oss  of crown hei ght ( " nubl et 11 ) 

Premol ars 

1 .  No den t i n  exposure 
2 .  Si gn i f i cant l os s  of cusp hei ght 
3 .  Fu l l cu sp  remova l and/or mode rate dent i n  patches 
4 .  Mi n i mum o f  one l a rge dent i n  pate� on one cus p  
5 .  Two l a rge dent i n  exposures (may be s l i ght coa l escence ) 
6 .  Ename l ri m 
7 .  Ha l f  o f  ename l r i m gone 
B .  Severe l oss  of  crown hei ght 

r�o l a rs 

1 .  No den t i n  exposu re 
2 .  Si gn i fi cant l os s  of cusp hei ght 
3 .  Ful l cusp remova l and/or moderate de nt i n  patches 
4.  Severa l l a rge dent i n exposures , st i l l  d i screte 
5 .  Two areas coa l esce 
6 .  Three area s coa l esce or four areas coa lesce wi th ename l i s l and 
7 .  Enamel r im 
8 .  R im  more than ha l f  gone and  severe l os s  of crown he i ght 

Source : R .  J .  H i nton , " Form and Pa ttern i ng  of Anteri or Tooth Wear  
among Abor i g i na l  Human Groups . "  Ameri can Jou rna l  of  Phys i ca l  
Anthropo l ogy 54 : 555-564 , 198 1 .  
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�Jear  was cons i dered rounded when a l ab i a- l i ngua l s l ope cou l d  be detected 

( see F i gure 3 ) .  The more rapi d erod i ng of dent i n  at  t he expense of the 

surrou ndi ng enamel ri m resu l ts i n  a cup-shaped depress i on .  Thi s  cupped 

wear  was i dent i f i ed as present when the occ l u sa l  surface exh i b i ted a 

d i s t i nct ba s i n  ( see F i gu re 4 ) .  Where no depress i on wa s appa rent , the 

occ l u sa l  surface was f l at  ( see F i gure 5 ) .  A un i que anteri or  tooth form 

was di s cerned fo r the Tennessee sampl e and wa s i nc l uded i n  the scori ng 

system . Eros i on of the tooth surface from the l i ngua l  a spe ct resul ts i n  

the exposure o f  denti n  a l ong the l i ngua l ma rg i n , emphas i z i ng the i nc i sa l  

form of the anteri or teeth . Teeth were scored as pos ses s i ng i nc i sa l  

wea r  when denti n wa s d i fferent i a l ly  exposed on the l i ngua l su rface . The 

form was obv i ous wherever i t  was observed and has been i dent i f i ed i n  the 

tabl es as l i ngua l wear  ( see Fi gure 6 ) .  

Antemortem Tooth Loss 

Antemortem tooth l oss  was i dent i f i ed on the ba s i s  of at l ea s t  some 

ev i dence of a l veol ar  absorpt i on .  I f  no s i gns  of  resorpti on we re 

apparent , the tooth was scored as postmortem l os s . The teeth wh i ch were 

not c l ear as to the et i ol ogy of thei r ab sence \'/ere scored as mi s s i ng 

data . 

Ca ri es 

The ca ri ous l es i on was scored pr�sent by tooth a nd by booth surface 

i nvo 1 ved . If a tooth had more than one 1 es i on ,  the 1 a rger of the two 

was scored . The tooth surface categori es were cerv i ca l , i nterproxi ma l , 
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F i gu re 3 .  An Exampl e of Rounded Wea r  from the  Arc ha i c  Sampl e .  

F i gu re 4 .  Cupped Wea r  on an Indi v i d u a l  from t h e  M i s s i s s i ppi an 
Sampl e .  
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F i gu re 5 .  An Examp l e of  F l at We a r  from the Arc ha i c  Sampl e .  

F i gu re 6 .  L i ngua l l y Wo rn Teet h  from the H i s s i s s i ppi an Sampl e .  
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buccol i ngua l  and occl u sa l . The i denti fi ca t i on of l e s i ons  wa s fac i l i tated 

by the use  of a probe and hand l en s .  Some o f  the i nterprox i ma l  surfaces 

were di ffi cu l t  to exami ne , therefore the pos s i b i l i ty that some cav i t ies  

rema i ned undetected must  be  cons i dered . Where poss i bl e ,  teeth were 

removed from thei r sockets i n  order to detect l es i ons  wh i ch wou l d  

otherwi se have gone unnoti ced . 

Peri odonta l Di sease 

Ca l cu l us a nd two forms of bone l oss  were scored for peri odonta l 

d i sease detect i on . The system for scori ng ca l cu l us was adopted from the 

epi demi o l og i ca l  l i teratu re (Greene and Vermi l l i on ,  1955 ) .  The l evel s of 

ca l cu l u s accumu l at i on are descri bed i n  Tabl e 6 .  

TABLE 6 

CALCULUS SCOR I NG SYSTEM 

Score Cri teri a 

1 .  None 
2 .  Trace--fl ecks and perimeter 
3 .  Sl i ght-- l es s  than 1 / 3  o f  su rface o r  peri meter wi th th i ckness 
4 .  Moderate--greater than 1/3  of surface a nd l ess  than 1/2  or  

cons i derab l e  th i ckness 
5 .  Heavy--greater than 1/2  of su rface and of con s i derab l e  th i ckness 

The i nfrabony pocket ,  vari ab l e  in fo rm and depth , i s  neverthel ess  

d i screte and not d i ffi cu l t  to  detect where bone texture i s  good ( see 

F i gure 7 ) .  Verti ca 1 osseou s defects were scored for presence and 

i nd i v i dua l  tooth affected . 
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A form of the Tooth Cerv i ca l  Hei ght meas u re (Dav i es and Pi cton , 

1969)  was used to determi ne the amount of root extru s i on present . 

Buccal and l i ngua l su rfaces were avoi ded because pos s i b l e phy s i o l og i cal  

dev i a t i ons i n  the a l veo l ar crest contour ( i. e . , deh i scences ) woul d  

i ntroduce error .  The mes i a l  and d i s ta l  root extru s i on wa s meas u red 

i nstea d .  The average o f  the two measuremen ts const i tuted the est imat ion 

of cerv i cal  he i gh t .  

Analyti ca l  Techn iques 

The bu l k  of the da ta i s  composed of e i ther d i s cre te vari ab l es or 

conti nuous va ri abl es arb i trari ly  d i v i ded i nto cont i guous c l a s ses . These 

data sets a re appropri ately ana lyzed by stati s ti ca l  techni ques wh i ch 

speci fi ca l ly  dea l  wi th frequenc i es and di s tri buti ons . 

The stati s t i c empl oyed to ana lyze the frequency da ta i s  the 

l og- l i ke l i hood rat i o  test or G-test  fo r goodnes s of fi t .  The test  i s  

s i mi l a r to ch i -square , the tradi t i onal  method of analyzi ng frequency 

data , but has  severa l  advantages over i t ,  among them bei ng ease of 

computat ion  (Sakal  a nd Rohl f ,  198 1 ) .  The bas i c  computati onal  formu l a 

for the G-test for a ca l cu l ator wi th a natural l og funct i on i s  

a (f . ) G = 2 I fi l n  f� 
of 1 1 the sum of the i ndependent contri bu ti ons of depa rtures from 

expectati on [ l n  (fi /fi ) ] we i ghted by the frequency of the part i cu l a r  

c l as s  ( fi ) 1 1  ( Saka l  a nd Rohl f ,  1981 ) .  The deri ved s core i s  compared to 
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the tabu l ar chi -square va l ue for the des i red s i gn i fi cance l evel and 

appropri a te degrees of freedom (Sakal  a nd Roh l f ,  1 98 1 ) .  

The parti cu l ar va l ue of the G-test i s  i ts capaci ty to test  comp lex 

patterns of assoc i a t i on .  The three-way cont i ngency tab l e  was des i rabl e 

for many of the v a ri abl es exami ned i n  the present s tudy . Thi s  

h i erarc h i ca l  test was most frequently  empl oyed because
. 
i t  faci l i ta ted 

probi ng of the i n teract ions of severa l  d i mens i ons  whenever s i gn i fi cance 

was achi eved at  the more compl ex l eve l . I n  a three-way tes t , the 

computa t i ona l  formu l a  i s  

aba A 

G = I fi j k  l n  ( fi j k/fi j k )  

A 

where f i j k  i s  the product of the row ( i ) ,  col umn (j } ,  and depth ( k )  

d i v i ded by the square of the tota l samp l e s i ze ( n )  { Sakal  and Roh l f ,  

1 969 ) .  

The G-test i s  appropri ate when the samp l e  s i ze i s  greater than 

fi fty . But for samp l es of l es s  than 200 , in 2 x 2 tabl es , the Yates ' 

correcti on for cont i nu i ty was appl i ed ( Sakal  and Rohl f ,  1 98 1 ) .  

For many of the va ri ab les  emp l oyed i n  the present ana l ys i s , the 

d i fferences in the enti re d i stri buti on of frequenc i es between two 

s ampl es requ i red stati s t i ca l  eva l uation . For th i s  pu rpose ,  the 

Kol moyorov -Smi rnov two-sampl e  te st was emp l oyed . The nu l l  hypothes i s  i s  

an i somorphi c  di stri but i on between the two samp l es and thu s the test  i s  

" sens i t i ve to di fferences i n  l ocation , di spers i on , s kewness ,  a nd so 

forth"  { Saka l and Roh l f ,  1981 ) .  The test  i s  essent i a l ly  the s i gn i fi ­

cance of t he l a rgest  uns i gned di fference between two cumu l at i ve percent 
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d i stri buti ons d i v i ded by the product of the samp l e  s i zes  measured 

aga i n st  expected cr i t i ca l  va l ues found i n  the K-S tabl e { Kosa l  and 

Roh l f ,  198 1 ) .  The Kol mogorov-Smi rnov tests i s  a ppropri a te for sma l l 

samp l e  s i zes  and was thus most  appropri a te for the data i n  the present 

s tudy .  For the few samp l es  wh i ch exceeded the cr i t i ca l  samp l e  s i ze for 

the appl i cat i on of the K-S test , a correcti on factor was empl oyed ( Soka l 

a nd Roh l f ,  198 1 ) .  
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CHAPTER V 

THE DATA 

Antemortem Tooth Loss 

Antemortem tooth l os s  may be caused by one or more of several 

factors . Ca ri es ,  peri odontal d i sease , and attri t i on may be conceded to 

be pri mary agents whi ch act i vely pa rti c i pate i n  tooth  l oss , but trauma 

a nd t he cu l tural  pract i ce of i ntent iona l  tooth extra ct i on a re a l so 

pos s i b l e  causes . Trauma i s  of undetermi nab l e  importance . A pattern of 

i ntent iona l  tooth extract i on is not observed for e i ther the Archa i c  

Peri od samp l e or  the Mi s s i s s i pp i an Peri od samp l e .  The et i o l ogy of 

antemortem tooth 1 os s ,  therefore , focu ses on the above-ment i oned 

processes . 

The l a rge and var ied body of da ta wh i ch demonstrates subs i stence 

assoc i at i ons for cari es , peri odont a l  di sea se and a ttri t i on anti c i pa tes 

patterned d i fferences in antemortem tooth l os s  between the Archa i c  and 

Mi ss i s s i ppi  an samp l es . Patterns wh i ch emerge from popu l at i on sampl es 

exami ned for tooth l os s  fu rther anti c i pa te subs i s tence a s soc i ated 

contrasts . Anderson ( 1 965 ) descri bes a drama t i c  d i fference i n  tooth 

l os s  between hunt i ng  and co l l ect i ng popu l at i ons  and agri cu l tura l  

popu l at i ons of the Tehuacan Val l ey .  Wi th the trans i t i on t o  a g ri cu l ture , 

the percent of antemortem tooth l os s  drops from 4 1 . 2% to  a modes t  6 . 2%. 

The d i fference has been a ttri buted to a d i fferent et i o l ogy between the 

two samp l es . Anderson states , 11 i n  the ea r ly  phases the cause i s  attri ­

t i on l ead i ng to the exposure of the pu l p  chambe r .  Wi th the adopt i on of 
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agr icu l ture and i ts concomi tant softer d i et h i gh i n  ca rbohydra te , caries 

rep l aces attr i t i on as  the prime cause ..  ( 1 965 ) .  Th i s  proposed et i o l og i ­

cal  d i fference has  been i nferred from the resu l ts  of the ora l hea l th 

s ta tus exami nat i on of f i ve pre-Col umb i an Pe ruv i an agr i cu l tura l samp le s  

{ El zay et  a l . ,  1977 ) .  The va ri a t i ons i n  tooth l os s  between these 

sampl es paral l e l s  cari es i nc i dence di fferences .  

Antemortem l os s  frequenci es a re not a l ways s i mp l e to i nterpret , 

howeve r .  A pattern o f  antemortem tooth l os s  was n o t  read i ly  d i scern i b l e  

for three pre - Eu ropean contact Al askan Esk imo Ske l etal  popu l at ions  

exami ned by Costa ( 1 980 ) . The frequency stat i s t i cs revea l ed the 

un i queness  of each sampl e wi th res pect to rate l os s  and age and sex 

d i fferences .  

A cu rsory exami nat i on of the summa ry da ta for antemortem l o ss i n  

Tabl e 7 for the Archa i c  samp l e  a nd Tabl e 8 for the Mi s s i ss i pp i an sampl e 

suggests that antemortem tooth l o s s  as soc i ates w i th age . Samp l e  s i ze 

d i fferences both between teeth a nd between age c l a sses  obscures  

patterned d i fferences , i n  rate of 1 oss  between subs i stence systems . 

Therefore , i f  patterns of antemortem tooth l oss  a re to be d i scerned and 

i nterpreted , the frequency stati s t i cs need to be eva l uated by stati st i ­

cal  tests of s i gn i fi cance appropri a te for d i scont i nuous tra i ts .  A 

s i gn i f i cance tes t  wi l l  d i fferenti ate between mea n i ngfu l and spu r iou s  

d i fferences i n  the pattern o f  antemortem tooth l os s .  

The l og l i kel i hood ra ti o test wa s emp l oyed to test the a s soc i ati ons  

between age a nd antemortem tooth l os s  and to  determi ne whether the rates 

of tooth l o s s  are i somorph i c  or not between the Archa i c  and Mi s s i s s i pp i an 
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TABU 7 

SUI-lMARY OATA OF AIHEHORT EI1 TOOTH LOSS : ARCHAIC S"HPL E 

Ma l es Fema l es 

Age Total Age Tota l 
Tooth <20 20-30 30-40 40-50 50 + II <20 20-30 30-40 40-50 50+ II 

Max i l la 
1

1 
Na 

0 2 s 6 9 I l l  0 0 3 4 9 as 
t 00.00 8 . 33 13. 16 26 . 10 56. 25 00. 00 00.00 10.00 22. 22 52. 94 

'
2 

N 0 G 4 8 9 109 0 0 I 7 9 79 
% 00. 00 00.00 10. 53 36 . 64 56.25 00.00 00.00 3 . 33 33 . 33 56. 25 

c II 0 1 1 7 10 l l 1  0 1 2 4 8 93 
t 00.00 4 . 1 6  4 . 88 30. 43 58. 82 00 . 00 16. 67 6 . 90 19.05 42 . 1 1 

PJ H 0 2 3 10 6 l l l  0 1 3 8 1 2  9 7  
t 00.00 8.33 7 . 32 45. 45 42 . 86 00.00 1 6 . 67 10.00 36.36 57. 14 

p
4 

N 0 0 5 1 1  7 1 1 3 0 0 3 7 13 97 
t 00. 00 00.00 1 2 . 20 4 7 . 82 60.00 00.00 00.00 10. 34 30.43 6 1 . 90 

M1 N 0 0 8 1 3  10 1 13  1 0 5 7 1 2  9 3  
t 00.00 oo.oo 19 . 5 1  56.52 62. 50 55.55 00.00 17 . 24 35.00 60.00 

"'z II 0 0 4 15 6 1 1 0  0 0 3 5 9 93 
, 00.00 00.00 9.  7 5  7 1 . 43 40.00 00.00 00.00 10. 00 2 5 . 00 45. 00 

"'J N 0 0 8 1 7  6 !16 0 0 2 3 9 85 
,; 00. 00 00.00 22 . 86 85 . 00 46. 15 00.00 00. 00 7 . 14 1 3 . 63 50 . 00 

Mand i b l e  

I 
1 

II 0 0 0 4 4 102 0 0 0 9 14 100 
l 00.00 00.00 00.00 18. 18 28. 57 00.00 00.00 00.00 40.90 5 1 . 85 

1
2 

II 0 0 1 2 7 1 10 0 0 1 7 9 105 

1 00 . 00 00.00 2 . 70 8. 70 43. 7 5  00.00 00.00 3 . 33 29. 16 33 . 33 

c II 0 1 3 1 5 I l l  0 0 1 3 8 109 
s 00. 00 4 . 16 7 . 90 4 . 16 33. 33 00.00 00.00 3. 23 1 1 . 1 1  27 . 58 

p
3 

II 0 0 0 I 5 1 1 3  0 0 2 5 10 1 13 
t 00 . 00 00.00 00.00 4 . 1 6 31. 25 00. 00 00.00 6.25 1 7 . 24 34.48 

p
4 

" 0 0 2 l 5 1 18 0 0 2 7 6 1 1 5  
, 00.00 00.00 4 . 88 7 . 69 29 . 4 1  00.00 00 . 00 6 . 25 2 3 . 30 20. 00  

H
I 

II 0 0 5 7 5 122 I 0 3 8 8 1 14 

t 00. 00 00.00 1 1 . 36 �6.92 27 . 78 5 . 88 oo.oo 9 . 38 26 . 67 27 . 59 

H
z 

II 0 0 7 1 3  5 122 1 0 3 7 I I  liS 
'-' 00.00 00.00 1 5 . 9 1 50.00 2 7 . 78 5 . 55 00 . 00 9 . 38 23 . 33 37 . 93 

Ml " 0 0 2 8 4 1 10 0 0 3 8 10 97 
); oo.oo 00.00 4 . 79 30. 77 22. 22 00.00 00 . 00 1 1 . 1 1  27 . 59 34.48 

a Humber of tenth mi s s i ng per age category 

bPercent of teeth mi s s i ng per age category 
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TABLE 8 

SU1'14ARY DATA OF ANT EI�ORTEI4 TOOTII LOSS: �a SS ISSIPPIAil SAIIPL E 

�l.l les Females 

Age Total Age Total  
Tooth <20 20-30 30-40 40-SO SO+ II <20 20-30 30·40 40-50 SO+ 

Haxl l l a  

I I 
lla 0 0 5 0 2 70 0 0 0 2 0 67 
:; 00.00 00. 00 15.63 00.00 100. 00 00.00 00. 00 00.00 1 S . 63 00 . 00  

1 2 II 0 0 5 0 2 66 0 0 0 0 2 64 
t 00.00 00.00 16. 1 3  00 . 00 100.00 00.00 00.00 00. 00 00.00 100.00 

c II 0 2 1 1 2 70 0 0 0 0 0 70 
% 00.00 8 . 00 3. 13 1 4 . 29 100.00 00.00 00.00 00.00 00 . 00 00.00 

p3 II l 2 4 I 2 64 0 0 l 1 0 69 
f. 2 5 . 00 8 . 70 13. 79 16. 67 100.00 00 . 00 00.00 8. 33 16.67 00.00 

p4 II 0 2 6 l 2 66 0 0 l 2 2 70 
% 00.00 8 . 33 20.00 16 .67 100.00 00.00 00 . 00 8 . 33 33. 33 100. 1 1  

H
I 

N 0 4 8 3 2 7 1  0 0 I l 2 65 
t 00.00 1 6 . 00 24 . 24 42. 86 100.00 00 . 00 00 . 00 8 . 3 3  25 . 00 100. 00 

Hz II 0 3 6 2 2 65 0 2 2 0 I 65 
% 00.00 1 4 . 29 19. 3S 28 . 5 7  100.00 00.00 6 . 06 20.00 00.00 100.00 

HJ II 0 1 5 1 2 49 0 3 3 0 1 52 
l: 00.00 6 . 67 2 1 . 74 20.00 100.00 00.00 1 1 . 1 1  3 7  . so 00.00 100.00 

Mandible 

I
I 

N 0 0 2 0 1 65 0 1 0 2 1 64 ., 00.00 00.00 6 . 45 oo. ao 100.00 00.00 3 . 13 00.00 2 5 . 00 100.00 � 

12 N 0 0 2 0 1 68 0 I 0 0 I 69 
:; 00. 00 00.00 6 . 4 5  00.00 100 . 00 00.00 3. 03 00.00 00. 00 50 . 00  

c II 0 0 I 0 1 69 0 0 0 0 2 69 
\ 00. 00 00. 00 3 . 23 00 . 00  50.00 00. 00 00.00 00. 00 00.00 100.00 

PJ N l 1 2 1 I 68 0 0 I 2 2 69 
% 25. 00 4 . 1 7  6 . 2 5  16 . 6 7  50.00 00.00 00.00 8 . 33 :!5. 00 100. 00 

p4 tl 1 1 3 I 1 70 0 0 0 4 2 7 1  
':; 25 . 00 4 . 1 7  9.09 14. 29 50.00 oo.oo 00.00 00.00 50.00 100.00 

Hl ll 0 2 1 5  5 2 72 0 7 3 6 2 70 
" 00.00 8 . 00 14. 18 7 1 . 43 100 . 00 00.00 2 1 . 86 25.00 75 . 00 100.00 

"z II 0 6 13 7 2 7Z 0 8 7 4 2 72 
% 00.00 24.00 39. 39 87.50 100,00 00.00 23. 53 58.33 50. 00 100. 00 

M3 N 0 6 1 1  5 2 66 0 3 4 5 l 62 
'); 00. 00 27 . 27 36 .67 62. 50 100.00 00. 00 1 1 . 1 1  JJ. jJ 7 1 . 4 3  50.00 

aN�mber of teeth roissing per age ca tegory 

b
Percent of teeth miss i ng per age category 
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s ampl es . Age wa s an i mportant parameter i n  the present ana lys i s  because 

the age d i s tr i but i on between the two samp l es i s  known to be d i fferent 

based on demographi c  data ava i l abl e for the popu l at i ons . The Archa i c  

samp l e ,  spec i f i ca l l y  the Eva a nd Cherry mater i a l , i s  over-represented by 

the ol der aged i nd i v i dua l s  (Magenn i s ,  1977 ) . The Toqua sampl e i s  

younger ( Parham , 1 982 ) a nd con s i derab le  d i f f i cu l ty was encountered i n  

acqu i r i ng a l a rge enough samp l e  of o l der  i nd i v i dua l s  for the purpose of 

the present research i n i t i at i ve .  Therefore , i t  was i mportant  to 

establ i sh an a s soc i at i on for antemortem l os s  wi th age to e l i mi nate the 

b i a s  wh i ch i t  i ntroduces .  The resu l ts of the G-test on age and tooth 

l os s  are reproduced i n  Tab le  9. For the purpose of th i s  pa rt i cu l a r  

tes t ,  tooth types were col l a psed to i ncrea se the samp l e  s i ze .  As for 

a l l  tests , the sexes were pool ed .  F i ve age c l a sses we re eva l uated ( <20 ,  

20-30 , 30-40 , 40-50 , and  50+ ) .  The arches we re exami nes separate l y .  As 

Tab l e  9 i nd i cates , tooth l os s  i s  s i gn i f i cant ly  a s soci ated wi th age for 

a l l teeth in both samp l es in both a rches except for the max i l l a ry 

can i nes i n  the Mi s s i s s i pp i an sampl e .  Th i s  strong a s soc i a t i on wi th age 

a rgues i n  favor of analys i s  by age c l a s s  rather than tota l frequency 

d i fferences between popu l ati ons . 

The resu l ts obta i ned from a log  l i ke l i hood tes t  of s i gn i fi cance for 

the between samp l e  eva l ua ti on of antemortem tooth l oss  by a ge a re found 

i n  Tabl e 10 .  Most  of the ca l cu l a ted G stat i st i cs  a re not  s ta t i s t i ca l ly 

s i gn i f i cant , but  s i gn i f i ca nt d i fferences do occur  i n  the mo l ar reg i on .  

The rate of mol a r  l os s  i s  s i gn i f i cant ly  d i fferent for most  of the 

mand i bu l a r  a ge c l a s se s .  Th ree max i l l a ry age c l asses  exh i b i t a rate 
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TABLE 9 

ASSOC IAT I ON OF ANTEMORTEH TOOTH LOSS �l i TH AGE :  CALCULATED G-STAT I ST I C  

Tooth 

Inc i sors 
Cani nes 
Premol a rs 
1-lo l a rs 

*p < . 001 

Naxi l l a 

78 . 70* 
43 . 38* 
92 . 68* 

156 . 79* 

Archa i c  

�Iandi b 1 e 

100 . 9 1* 
3 1 .  04* 
55 . 38* 
86 . 04* 

TABLE 10 

f·1i s s i s s i pp i an 

Max i l l a 1•1andi b 1 e 

50 . 76* 27 . 90* 
7 . 19 20 . 02* 

33 . 52* 38 . 40* 
67 . 46* 109 . 70* 

G-TEST OF I NDEPENDENCE OF ANTEMORTEM TOOTH LOSS W I TH AGE :  
ARCHAI C  B Y  M ISS I SS I PP IAN SAMPLE  

Age Cl a s s  

Tooth C l a ss Arch <20 20-30 30-40 40-50 50+ 

I nc i sors max i  1 1  a 00 . 00 1 .  36 00. 02 4 . 0 1* 1 . 41 
mand i b l e  00. 00 00 . 06 1 .  63  3 . 82 1 . 66 

Cani nes maxi  1 1  a 00 . 00 00 . 04 00 . 1 7  1 .  02 00. 00 
mand i b l e  00. 00 00 . 1 1  00 . 37 00 . 29 00. 7 2  

Premo 1 a rs maxi l l a 00 . 003 00 . 004 1 .  22  2 . 37 00. 70 
mand i b l e  00 . 95 00 . 08 00 . 37 1 .  83 3 . 64 

l'lol a rs ma xi l l a  00 . 9 1 1 1 . 90*** 2 . 2 7  6 . 09* 8 . 69** 
mand i b l e  00 . 37 28 . 57*** 43 . 4 1*** 24 . 20*** 18 . 50*** 

***p < . 001  

**p < . 0 1 

*p < . 05 
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d i fference . S i nce the mo l a r  tooth c l a ss co l l apsed the tooth l os s  da ta 

for a l l three mo l ars , another l og l i kel i hood test was undertaken to 

determi ne whether f l uctuati ons  i n  the pattern of tooth l os s  between 

teeth wi th i n  each samp l e  mi ght contri bute to the between sampl e 

d i fferences .  These resul ts are found i n  Tabl e 1 1 .  No s i gn i f i cant 

d i fferences were detected for e i ther a rc h , for any age , or for e i ther 

sampl e .  Th i s  imp l i es that mo l ar l os s  i s  l a rgely due to fa ctors wh i ch 

d i ffer between the subs i stence systems . 

TABLE 1 1  

PATTERN OF ANTEt�ORTEM MOLAR LOSS : CALCULATED G-STAT I ST I C  

Age 

Sampl e Arch <20 20-30 30-40 40-50 

Archa i c  maxi l l a 00 . 00 00. 00 02 . 32 00 . 04 
mand i b l e  00 . 00 00 . 00 00 . 29 0 1 . 12  

t4i s s i  s s i  ppi  an maxi l l a 00 . 00 00 . 26 00. 48 0 1 . 62 
mand i b l e  00. 00 0 1 . 1 2  00 . 7 2  00 . 59 

*p  < . 00 1  

50+ 

02 . 50 
00 . 49 

00 . 00 
00 . 00 

The exami nat i on of the mand i bu l a r  mol a r  l os s  frequenc ie s  i n  

Tab l es 7 and 8 (pp . 88 and 89 ) wi l l  qu i ck ly  revea l t hat  the rate of 

mol a r  l os s  i s  h i gher for the Mi s s i s s i pp i an samp l e .  Th i s  argues for the 

ro l e  of cari es  a nd peri odonta l di sease as the agent or agen ts respon­

s i b l e  for the rate d i fferences .  A more deta i l ed eva l uat ion of the 

contr ibu t i on of cari e s , peri odonta l di sea se and a ttri t i on to antemortem 

tooth l os s  i s  underta ken subsequent  to presentat i on of the descri pti ve 

and compara t i ve s tat i s t i cs for these parameters . 
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Cari es  

I n  the Archa i c  sampl e ,  25  out of 6� mal es , or  40 . 32% , exh i b i t  at  

1 east  one ca ri ou s 1 es  i on .  The Archa i c  fema 1 es  showed a s i mi l ar  

i nc i dence , 20 out  of  59 ,  or 33 . 9% . The d i fference between ma l es and 

fema l es i s  not stati st i ca l ly  s i gn i fi cant ( Tabl e 1 2 ) .  I n  the Archa i c 

ma l e  sampl e ,  a total of 1805 i ndi v i dua l  teeth were exami ned for cari e s .  

On ly  4 6  cari ous teeth were detected , const i tut i ng 2 . 55% o f  a l l ma l e  

teeth . The resu l t s  were s i mi l ar for Archa i c  fema l es . A total of 47  

cari ous teeth were i denti f i ed ou t of a samp l e  of 1609. These affected 

teeth represent 2 . 9% of the fema l e  sampl e .  There i s  no sta t i s t i ca l ly  

s i gn i f i cant  d i fference between the sexes for t he  i n c i dence of car ies  i n  

the tota l  tooth sampl e ( Tabl e 12 ) .  The percent of ca ri ous teeth agrees 

we l l  wi th  the pattern for hunter/gathers i l l us trated i n  Tabl e 2 ,  p .  9 .  

TABL E  1 2  

CAR I ES I NC I DENCE : CALCULATED G-STAT I ST I C  

Test  Archa i c  f�i ss i ss i pp i an 

Ma l e/fema l e  fo r 
frequency of ca ri ous teeth . 444 2 . 188 

t�a 1 e/fema 1 e for 
frequency of ca ri ous i nd i v i dua l s . 2 95 . 0034 

*p < • 001 

A mean ca ri os i ty per person score wa s ca l cu l a ted for ma l es and 

fema l es i n  order to i l l ustrate the i n c i dence of ca ri es  for the Archa i c 

samp l e .  The mean ca r i os i ty score i s  computed by d i v i d i ng the number of 
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cari ous teeth by the number of i ndi v i dua l s .  Archa i c  mal es exh i b i t  an 

average of 1 . 35 car ies  per person and fema l es possess  the equ i va l ent per 

person average of  1 . 25 cari es . 

As expected , the Mi s s i s s i pp ian sampl e exh i b i t s a greater frequency 

and i nc i dence of cari es . For the ma l es ,  29 i nd i v i dua l s  out  of 37 

exh i bi ted at l ea s t  one ca ri ou s  l es i on .  Thi s represents 78 . 4% of the 

sampl e .  The fema l e  samp l e  y iel ded a s i mi l ar i nc i dence of  29 i ndi v i dua l s  

out o f  36 o r  80 . 5% o f  the samp l e .  As wi th the Archa i c  samp l e ,  the 

d i fference i n  i nc i dence of  ca ri es between ma l es and fema l es was not 

s tati s t i ca l ly  s i gn i fi cant ( Tabl e 1 2 ) . The l�i s s i ss i pp i an ma l e  samp l e  

y i e l ded 1083 teeth appropri a te for cari es detect i on .  O f  these , 1 2 1  were 

carious  or 1 1 . 2% of the sampl e .  S imi l a rly , Mi s s i s s i pp i a n  fema l es 

y i e l ded 1 3 . 26% car ious  teeth or  142 out of 107 1 i nd i v i dua l  tee th .  The 

proport i on of cari ous teeth a l so proves not to be s ta t i s t i ca l ly  s i gn i fi ­

cant for the Mi s s i s s i pp i an sampl e ( Tab l e  1 2 } . 

A h i gher i nc i dence of ca ri es  i n  fema l es has been reported for the 

agri cu l tural samp l e  from St . Catheri ne ' s  I s l a nd on the Georg i a  coast  

( La rson , 198 1a , 198 1b ) .  The sex  d i fference i n  frequency pa ra l l e l s  the 

ethnograph i c  records for Ind i ans  of the Southea st  of fema l e  respon s i b i l ­

i ty for ma i ze cu l ti vati on (Hudson , 1976 ) . I f  the data from the Georg i a  

coa st ant i c i pates a pa ttern for popu l at i ons who h i s tori ca l l y re l egate 

the cu l t i vat i on of  ma i ze to women , then the Toqua samp l e  shou l d  have 

shown s i mi l ar sex d i fferences i n  ca r ies  frequency . That they do not 

shou l d not mean that d i v i s i on of l abor cannot a l ways rel i ab ly  be 

mi rrored i n  cari es i nc i dence . Status d i fferences we re not accounted for 
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i n  the present ana lys i s  and other d i et/nutri t i on pa rameters have 

segregated accord i ng to  presumed rank d i fferences (Hatch a nd Wi  1 1  ey , 

1 974 ;  Parham , 1982 ) .  I t  i s  pos s i b l e  that ca r ies  i nc i dence may a l so be 

d i stri buted by s tatu s  based on proposed food red i s tri but i on respon s i ­

b i l i t i es for h i gher status i nd i v i dua l s (Hatch and �Ii l l ey , 1 974 ) . I f  

t h i s  i s  true , then sex  d i fferences , i f  i ndeed there a re any , may have 

been obscured by b i a s  i ntroduced by status  (part i cu l arly i f  b i a sed 

towa rd h i gh status ) . The frequency of ca rious  teeth for the Mi s s i s s i p­

p i an sampl e agrees we l l  wi th the frequenc i es de ri ved for other agri cu l ­

tural samp l es ( Tab l e  2 ,  p .  9 ) . 14ean car iou s i ty s cores  were a l so 

ca l cu l ated for the Mi s s i s s i pp i an  popu l at i on as  a n  i l l u stra t i ve dev i ce .  

The score for ma l es i s  3 . 27 and fema l es i s  3 . 94 .  The a verage score 

va l ues show a sex d i fference , but as i nd i cated ea rl i e r ,  the cari es  

experi ence between mal es a nd fema l es is  not  s tat i s t i ca l ly  s i gn i fi cant . 

The summa ry data of ca ri es l ocat i on are presented i n  Tabl e 1 3 .  

Si nce s e x  d i fferences  i n  i nc i dence were not s ta t i s t i ca l ly  s i gn i f i cant , 

the ma l e  and fema l e  data were pool ed to fac i l i ta te s tat i st i ca l  

eva l uat i on .  

Even a superf i c i a l  exami nat i on o f  the frequency d i stri but i on of 

ca ri es  by l ocat i on revea l s  that for the Archa i c  sampl e ,  cerv i ca l  cari e s  

i s  the predomi nant form.  These data whol ehearted ly agree wi th those 

g l eaned from s i mi l a r  popu l at i ons in Bri ta i n  ( t4oore and Corbett , 1 97 3 ,  

1 975 ) .  Over 91% of  max i l l a ry ca ri es are cerv tca l .  Other l ocat i ons are 

sporad i ca l ly  represented and not patterned i n  l ocat i on a l ong the tooth 

row . I n  the mand i b l e ,  cervi ca l  cari es sha res  i ts i mportance \'li th 
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occ l u sa l  su rfa ce cari es . I nterprox i ma l  and bucca l i ngua l ly l ocated 

l es i ons a l so occur sporad i ca l ly .  

�lore ca ri ous l e s i ons occur in  the max i l l a than  the mand i b l e .  Thi s  

observati on was tested for s i gn i fi cance u s i ng the G-test  a nd wa s 

revea l ed to be s i gn i f i cant at  the . 025 l evel  ( Tab l e  14 ) .  Ca r ies  

i nc i dence seems to concentrate i n  the pos teri or tooth row and  the 

conti ngency tab l e  ana lys i s  \'la s aga i n  emp l oyed to test the a s soc i at i on of 

cari es  i nc i dence wi th  l ocati on a l ong the tooth row . The resu l ts are 

recorded i n  Tab l e  1 5 .  Ca ri es i nci dence i s  not i ndependent of  l ocat i on 

a l ong the tooth row for maxi l l ary and mand i bu l ar cerv i ca l  cari es and 

mand i bu l a r occl usa l  su rface cari es . Therefore , ca ri es , where i t  occurs 

i n  the Archa i c  sampl e ,  i s  seen i n  a h i gher frequency i n  the posteri or 

teeth . The h i gh i nc i dence of ca ri es in th i s  porti on of the tooth row 

may be attri buted to the resul ts of food i mpacti on ,  for wh i ch t he mol a r  

reg ion  i s  pa rt i cu l a rly vu l nerab l e  ( La ra to , 1970;  Saari  e t  a l . ,  1 968 ) .  

The i nterpret i ve framework proposed for the Bri t i sh seri es i s  

appropri ate for the Archa i c  samp l e  and meri ts report i ng . Accord i ng to  

r�ande 1 ' 

Ca ries  u sua l l y (does ) not devel op unt i l wear  of the 
occ l usa l  ( b i t i n g ) surfaces , reces s i on of the gums , a nd l oss  
of  some bony support of  the teeth (peri odonta 1 d i sease ) 
encourage ( s )  food i mpacti on at  the gum l i ne  between the 
teeth . G i ven enough t i me ,  starch mo l ecu l es are enzymat i cal ly  
degraded to  g l ucose and can  enter the bacteri a l  cel l s  a nd be 
converted by g l ycolys i s  to l a ct i c  and other organ i c a c i d s .  
( 1 979 ) 

The �1i s s i s s i pp i a n  samp l e  i s  not only cha racteri zed by a l a rger 

number of carious  teeth , but al so a \'l i der range of l ocat i on and 

d i stri but i on a l ong the tooth row . A subs tant i a l  percentage of car ious 
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TABLE 14 

ARCH D I FFERENCES I N  CAR I ES FREQU ENCY : 
CALCULATED G-STAT IST I C  

Samp l e Stat i s t i c  p df 

Archa i c  8. 39* . 025 1 

t�i s s i s s i p p i  an  16 . 89* . 00 1  1 

*p < • 05 

TABLE 1 5  

ASSOC IAT I ON OF  CAR I ES LOCAT ION BY  TOOTH TYPE : 
CALCULATED G-STAT I ST I C  

Samp l e Arch Test Stat i s t i c  p df 

Archa i c  ma x i l l a cerv i ca l  1 5 . 70* . 05 7 
mand i b l e  cerv i ca l  1 7 .  92* . 025 7 
mand i b l e  occl usa l  9 . 59* . 5  7 

1-ti s s i s s i pp i a n  max i l l  a cerv i ca l  6 . 97* . 5 7 
max i l l a  i nterprox i ma l  36 . 20* . 001 7 
max i l l  a buccol i ngua l  4 . 66 
max i l l a occl u sa l  23 . 03* . 005 7 
mandi bl e cerv i cal  25 . 74* . 001  7 
mand i b l e  i nterprox i mal  . 307 
mandi b l e  buccol i ngua l  1 2 . 08* . 05 7 
mand i b l e  occl u sa l  33 . 99* . 00 1  7 

*p < . 05 
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l es i ons  i s  s t i l l  l ocated at the ce rv i x .  I n  the maxi l l a ,  ce rv i ca l  cari es 

i s  56 . 4 1% of  a l l l es i ons and i n  the mand i b l e ,  40 . 37% of a l l  l es i on s .  

The di s tri but i on o f  ce rv i ca l  ca ri es  i n  the maxi l l a  i s  not s trongly 

a s soci ated wi th  l ocat i on in  the arch . The deri ved G-stat i st i c i s  

s i gn i fi cant  a t  on l y  the . 5  l evel ( Tabl e 1 5 } . I n  the ma nd i bl e ,  cerv i ca l  

cari es i s  very h i gh l y  associ ated wi th the posteri or teeth . The l evel  of 

s i gn i fi cance of the deri ved G-stati s t i c  for the mand i bu l ar cerv i ca l  

cari e s  i s  s i gn i fi cant a t  the . 001 l eve l ( see Tabl e  1 5 ) . 

Crown l e s i ons  l ocated i n  the bucco- l i ngua l su rface i n  the max i l l a 

a re not s tat i s t i ca l l y  s i gn i f i cant wi th respect to pos i t i on a l ong the 

tooth row . Howeve r ,  ca ri es  on the occl usa l  su rface for the same arch do 

preferenti a l l y  segregate i n  the posteri or tooth a rea . I nterproxima l  

cari es  d i s tri bute preferent i a l ly  i n  anteri or tooth row ( Tab l e 1 5 )  a t  a 

. 001  l evel  of s i gn i fi cance . The oppos i te i s  true i n  the mandi b l e ;  

i nterproxima l  ca ri es  are not l ocated preferenti a l ly  i n  any porti on of 

the tooth row. Ca ri es in the bucco- l i ngual  d i mens i on do occur more 

frequently i n  the mo l a r  reg i on , bu t the s i gn i fi cance l evel of th i s  

a s soc i a t i on i s  not great ( . 05 } .  The occurrence of occ l u sa l  surface 

cari es  i n  the mo l a r  reg i on of the mand i b l e  i s  s i gn i fi cant at the . 00 1  

l evel ( Tab l e 1 5 ) .  

L i ke the Archa i c  samp l e ,  more ca ri es  are l ocated i n  the maxi l l a  

than the mandi b l e  and th i s  assoc i at i on i s  s tat i s t i ca l ly  s i gn i f i cant 

( Tab l e 1 4 } .  The  ag reement of cari es d i stri buti on by a rch may i ndi cate 

the suscept i b i l i ty of the maxi l l a to carious i nvol vement ,  presumably  a s  

rel ated t o  food impact i on and i naccess i b i l i ty to natura l mechani sms of  
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ora l  hygi ene ( i . e . , v i gorous ma sti cati on ) .  The s h i ft i n  cari es l ocation 

from predomi nant ly  cerv i ca l  forms to forms l ocated on the crown agrees 

w i th the sh i ft i n  l ocat i on for ca ri ous l es i ons  reported for other 

agr i  cu l tura 1 samp l es ( f·1oore and Corbett , 1973 , 197 5 ;  Hardw i c k , 1960 ) .  

Ba s i ca l ly , the i nc i dence and l ocat i on of ca r ies  on the tooth agrees 

wi th data deri ved from other sources . 

Attri t i on 

Ra te of Attri t i on 

Di fferences i n  attri ti on rates between hunter/gatherer  popu l ati ons  

and agri cu l tural grou ps have become appa rent from yea rs of accumu l ated 

attri t i on da ta . I t  ha s a l so been i ntroduced i n  an ea rl i er chapter that 

the ma i n  vari ab l e  affecti ng rate of wear  i s  the phy s i ca l  cons i stency of 

the food ( i nc l ud i ng the abras i ve contami nants } .  The a rcheo l og i ca l  data 

for the Archa i c  and Mi s s i s s i pp i an samp l es suggests tha t food prepara t i on 

techn i ques and therefore , texture of the food bo l u s , have undergone 

dramat i c c hange . Th i s  change i s  a l so seen i n  i ndependent bi o l og i ca l  

data ( H i nton , 1 98 1 ;  Hi nton et a l  . ,  1980 ) .  Therefore , a cohes i ve i n ter­

preti ve framework i s  f i rml y establ i shed for a ttri t i on rate eva l uati on . 

The summary data for attri t i on l evel  frequenci es a re l ocated i n  

Tab l e  16 for the Archa i c  samp l e  and Tab l e  1 7  for the �1i ss i s s i pp i an 

sampl e .  The a ttri t i on l evel s have been col l apsed to four c l a s ses i n  

order to i ncrea se the samp l e  s i ze and to max i mi ze the frequency changes  

i ncumbant wi th age . L i kewi se , parts of  the  tooth c l a s ses data and 

ma l es and fema l es have been col l apsed for the same reason . From the 
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frequency d i s tri buti ons ava i l ab l e  i n  Tabl es 16  and 1 7 , i t  i s  ea sy to 

d i scern a rate d i fference i n  attri t i on l eve l s  between the t\-10 samp l es . 

A more effect i ve method of demonstrat i ng ra te di fferences i s  the 

appl i cat i on of a su i tab l e s i gn i f i cance stat i sti c .  S i nce detecti on of 

d i fferences i n  the tota l frequency d i s tri buti on between s i tes was the 

object i ve ,  the Kol mogorov-Smi rnov test for two samp l es was emp l oyed . I n  

a n  earl i er chapter , i t  wa s noted that the equ i va l ency of attri t i on 

scores between tooth types cannot be assumed .  Therefore , i n  order to 

avo i d  any score d i stri buti on b i as wh i ch may be i ncurred by the l umpi ng 

of  teeth of  d i fferent samp l e s i ze ,  each tooth was tested separate l y .  

The resu 1 ts  o f  the Ko 1 mogorov-Smi rnov tes ts between Archa i c  and 

Mi s s i s s i ppi an  fema l es a re found i n  Tab l e  18.  The ma l e  compa ri sons are 

found i n  Tab l e 19 .  Wi th only a few excepti ons , the total  frequency 

d i stri buti ons a re s i gn i f i cantly d i fferent between the sampl es . Th i s  

means that  for a l l teeth , both i n  the maxi l l a and the mand i b l e ,  and for 

at l ea s t  four age c l asses , a nd the Archa i c  samp l e  a re cha racteri zed by a 

more rap i d  rate of tooth wea r  than the Mi s s i s s i pp i a n .  

Pu l p  Exposure 

When attri t i on of the dent i n  procedes a t  a faster rate than the 

depos i ti on of seconda ry denti n ,  the pu 1 p cav i ty becomes exposed 

resu l t i ng i n  the necros i s  of the tooth . Pu l p  exposures a re common i n  

heavy attri t i on env i ronments (e . g . , Hyl ande r ,  1 97 7 ;  Pederson , 1949;  

Campbe l l ,  1 925 ) ,  and are often accompa n i ed by abscesse s . The envi ron­

ment of rap i d  attri t i on i s  not the on ly va ri ab l e  wh i ch causes pu l p  
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damage . Cari ous l es i ons  u l timate ly  i nvade the pu l p  cav i ty and 

peri ap i ca l  absces s i ng , a consequence of peri odonta l  d i sease , may a l so 

destroy the pu l p  cav i ty .  Pu l p  exposure , becau se of i ts i nt i mate 

a s soc i at i on wi th the process of attri t i on , has often been i nc l uded as a 

d i agnosti c feature of advanced attri t i on for a ttri t i on s cori ng systems . 

Pu l p  exposure , however ,  i s  actua l ly  a feature of ra te of wear  rather 

than severi ty .  The i nappropri a teness  of pu l p  exposure i n  attri t i on 

s cori ng systems has been rev i ewed i n  Chapter  I V .  The va l ue of pu l p 

exposure a s  a separa te va ri ab l e  i l l ustrati ng  attri ti on rates has  yet to 

be exp l o i ted .  The present secti on underta kes j u s t  such a n  exami nat i on 

i n  order to demonstra te i ts va 1 ue as a de scri pti ve and compara t i ve 

pa rameter.  

The rate of a ttri t i on for the Mi s s i s s i pp i an samp l e  i s  a s  we have 

seen predi ctab ly  and demonstrably l ower than the Archa i c .  Thi s 

s i tuat i on anti c i pates a s i gn i fi cantly d i fferent frequency of pu l p  

exposures  for the two samp les . Th i s  predi cted contra st between the two 

subs i s tence strateg i es i s  borne out by briefly  rev i ewi ng the summary 

stati st i cs found i n  Tab l e 2 0 .  For both Mi s s i s s i ppi an ma l es and fema l e s  

a nd i n  both denta l arches , the occurrence of pu l p exposure i s  e ssen­

t i a l l y  s poradi c .  On l y  four pu l p  exposures were observed for the tota l 

maxi l l ary tooth samp l e of 386 teeth for ma l es and on ly two pu l p  

exposures were detected i n  the fema l e  max i l l a ry tooth samp l e  of 451  

teeth . The i nc i dence of pu l p  exposure i n  the Mi s s i s s i ppian  mand i b l es 

was equa l l y s poradi c .  F i ve pu l p exposures  were observed i n  the ma l e  

mand i bu l ar samp l e of 406 teeth . The mand i bu l ar  tooth samp l e for fema l es 
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y i e l ded three pu l p  exposures from a pos s i b l e  4 1 3  teeth . Thi s i s  i n  

s tri k i ng contra st  wi th the Archa i c  sampl e .  Archa i c  ma l es exh i bi ted a 

f requency of 66 pu l p  exposures out of 696 max i l l a ry teeth and 7 1  pu l p  

exposures out o f  752 mand i bu l ar  teeth . Archa i c  fema l es a re equ a l ly  

characteri zed by a l a rge proport i on of pul p exposures in  contrast  to  the 

Mi s s i s s i pp i an fema l es . A tota l of 84 pu l p  exposu res was detected out of 

a tota l samp l e  of 636 max i l l a ry teeth and 66 out of  740 mand i bu l a r  teeth 

pos ses sed exposed pu l ps . 

TA�LE 20 

PULP EXPOSURE : SUf4NARY DATA 

Archa i c  f4i s s i  s s  i pp i an 

Na l e  Fema l e  Ha l e  Fema l e  

max .  mand . max .  mand . max .  man d .  max .  mand . 

i nc i denc e :  66 7 1  84 66 4 5 2 3 
tota l N :  696 752 636 740 386 406 45 1  4 13  
% :  9 . 48 9 . 44 13 . 2 8 .  92 1 .  04 1 .  23 0 . 44 0. 73  

Appl i cat i on of the  G-stati s t i c  i n  a three-way ana lys i s ,  eva l uat i ng  

pul p exposure presence ( i . e . , i nc i dence ) aga i nst  age  and  tooth c l ass  

pa rameters , was  not  stat i sti cal ly  s i gn i f i cant for  a ny of the a rches i n  

both the ma l e  and fema l e  Mi s s i s s i pp i an samp l es ( Tab l e 2 1 ) .  Tooth types 

were col l a psed i nto three c l asses representi ng the front , mi dd l e  and 

back of  the tooth row . The resu l ts of the G- stat i s t i c for the Archa i c  

samp l e  reveal  patterns i n  the d i s tri but i on of pu l p exposures i n  the 

tooth row and by age . 
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TABLE 2 1  

THREE-WAY T ESTS O F  I NDEPENDENCE  FOR PULP EXPOSURE I N  THE 
M I SS I SS I PP IAN SAI4PL E :  CALCULATED G-STAT IST I C  

Mi s s i s s i pp i an Samp l e 

Ma l es Fema l es 

Test  �1ax i l l a Ma nd i b l e  �\ax i l l a �1andi b l e 

i nc i dence/c l a s s /a ge 1 1 . 1 7  34 . 39 1 2 . 7 2  1 . 1 7  

*p < . 005 ( 2 2  d . f . ) 

A three-way G-test was underta ken fo r the ma l e  maxi l l a and mand i b l e  

a nd the fema l e  maxi l l a a nd mand i b l e  ( Tab l e 22 ) .  The resu l ts \'/ere stati s ­

t i ca l ly s i gn i fi cant for  a l l arches at the . 005 l evel  of  s i gn i f i cance . 

Th i s  s i gn i fi cant assoc i a t i on between age , tooth c l a s s  a nd pu l p  exposure 

meri ted fu rther probi ng i n  order to determi ne the spec i f i c  ro l e  of age 

and tooth c l a s s  on the d i s tri but i on of pu l p exposu res . The exami nat i on 

of pu l p  exposure by tooth cl ass ( Tab l e  2 2 )  y i e l ded a stat i s t i ca l l y  

s i gn i fi cant  assoc i at i on i n  the mand i b l e  for both the Archa i c  ma l es and 

fema l es . No such  s i gn i fi cance wa s appa rent for e i ther of the maxi l l ae . 

I n  the ma l e  samp l e  ( Tab l e 23 ) , i nc i sors and premo l a rs were not stat i s ­

t i cal ly  s i gn i fi cant from each other i n  thei r i nc i dences o f  pu l p  

exposures . Both tooth c l asses  were , however ,  s i gn i fi cant ly  d i fferent 

from mo l a rs .  Therefore , for ma l es ,  the mol a r  teeth a re more vu l nerab l e  

to pu l p necros i s  than teeth i n  the anteri or and mi d tooth row. The 

pattern for fema l es appears to be di fferent . I nc i sor i nc i dence 

(Tab l e 2 3 )  i s  not s tat i s t i ca l ly  s i gni fi cant ly  di fferent from premol ars 
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TABLE  23 

PULP EXPOSURE BY TOOTH CLASS : CALCULATED G-STAT I ST I C  
FOR ARCHAIC  MAND IBLES 

Test 

I nc i sors /Premol a rs 
Inc i  sors/Mo 1 a rs 
Premo 1 a rs /Mo l ars 

*p < . 005 ( 1  d . f . ) 

11a 1 es  

0 . 60 
15 . 1 7* 
8 . 15* 

Fema l es 

4 . 23 
5 . 3 1  

1 7 . 1 1* 

a nd mo l a rs but the premo l a rs are d i fferent from the mo l ars .  Th i s  does 

not so much represent a d i fference i n  pattern between the ma l es and 

fema l es as  i t  does represent di fference i n  the pu l p  exposure proporti on 

for t he fema l es sampl e .  Mo l a rs represent the c l a s s  wi th the l a rgest 

i nc i dence of pu l p  exposures { 4 1  out of 300 )  but the i ntermed i ate s i ze of 

the i nc i sor samp l e operated to render i t  s tat i st i ca l ly  i n s i gn i fi cant  to 

the other two c l as ses . 

The next pa rameter exami ned was the re l a ti ons h i p of pu l p  exposure 

to age .  The a s soc i a ti on of pu l p  exposure wi th tooth c l ass  mer i ted a 

pre l i mi nary exami nat i on of tooth c l a s s  to age i n  orde r to detect any 

b i as i n  tooth type for any age c l ass . No stati st i cal l y  S·i gn i fi cant 

a ssoc i a ti on between tooth c l as s  di stri buti on and age was detected for 

any of the arches ( Tab l e  2 2 ) .  As mi ght be expected , pu l p  exposu re wa s 

s i gn i fi cantly a s soc i ated wi th age for a l l arches . Ta bl e 24 for ma l es 

a nd Tab l e  25 for fema l es presents the G-stat i sti c cal cu l at i ons  for each 

i nd i v i dua l  age c l a s s  compari sons . The patterns of d i s tri but i on for the 

mand i b l e  in both the ma l e  and fema l e sampl es  a re i denti ca l . Inci dence 
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TABLE 24 

TEST OF I NDEPENDENCE OF PULP EXPOSURE TO AGE :  ARCHA I C  MALE SAMPL E 

Age <20 20-30 

< 20 8 . 44a * 

20- 30 1 . 99
b 

30-40 6 . 88
b 

4 . 46
b 

40- 50 14. 78
b* 16 . 34

b* 

50+ 24 . 09
b* 30 . 63

b* 

aMa x i l l a ry score . 

b
Mand i bu l ar score . 

*p < . 005 ( 1  d f )  

Ca l cu l a ted G-Sta t i s t i c  
Age 

30-40 40-50 

1 2 .  02a * 

1 2 .  17
a * 

0 . 14a 

3 . 49
b 

TABLE 25 

50+ 

2 1 ..63a* 

48. 62a* 

3 . 1 7a 

3 . 1 4
a 

TEST OF I NDEPENDENCE OF PULP EXPOSURE TO AGE :  ARCHAIC  F EMALE SAMPL E 

Age <20 

< 20 

20-30 1 .  06
b 

30-40 2 . 95
b 

40-50 8. 7 7
b* 

50+ 2 1 .  18
b* 

a
Ma x i l l a ry s core . 

b
�landi bu l a r score . 

*p < . 005 ( 1  d f )  

20-30 

0 . 1 7a 

4 . 8 lb 

8. 24
b* 

14 . 45
b* 

Ca l cu l a ted G-Sta t i s t i c 
Age 

30-40 40-50 

1 1 . 80a * 

4 . 48a 

0 . 66
a 

3 . 95
b 

50+ 

35 . 46a* 

1 5 . 1 5a * 

1 4 .  49a * 

7 . 44a 
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of  pu l p  exposure i s  not stat i s t i ca l ly s i gn i fi cant between adjacent age 

c l as ses but becomes so over two age c l as s  i n terva l s .  The on ly  excepti on 

for both sexes i s  the i nc i dence between the 30-40 age c l a s s  and the 

c l a s s  of i nd i v i dua l s l e ss  than age twenty .  The general pattern 

i nd i cates a steady frequency i ncrease i n  pu l p  exposure over t i me .  

Anteri or Tooth Form 

I f  we ac knowl edge that the form of tooth wear  i s  a ref l ecti on of 

patterns of tooth u se and j aw movement (Brace , 1 967 , 1975; Smi th , 1976 ;  

Cybu l s k i , 1 974 ; Tay lor , 1963 ;  Roydhouse and  S imonsen , 1975 ) , then 

sub s i stence a s soci  a ted contrasts i n  anteri or tooth form suggest 

d i fferences in  tooth use  acti v i ti es .  

Di s t i nct  d i fferences i n  the form of advanci ng wear  for i nc i sa l  

teeth have been i dent i f i ed between hunter/gatherers and  agri cu l tura l i sts 

( H i nton , 198 1 ;  Nol na r ,  1968 } . The forme r are cha racteri zed by a h i gh 

frequency of l ab i ol i ngua l  roundi ng of the occ l u sa l  su rface . The 

a gri cul tura l i sts  may be typ i f i ed by a h i gh frequency of cupp i ng of the 

occ l usa 1 s u rface . I n  the present sampl e ,  another type of wear  was 

i dent i f i ed and scored . Th i s  form , i dent i f i ed a s  l i ngua l wear , has been 

def i ned and i l l us trated i n  the prev i ous chapter .  Bas i ca l ly , l i ngua l 

wear  i s  the sel ecti ve attri t i on i ng of the l i ngua l  tooth su rface 

resu l t i ng i n  an exaggerati on of the i nc i sa l  form of the anter ior  teeth . 

The d i str i but i on of  these forms by tooth ,  age and sex are presented i n  

Tabl e  26 for the Archa i c  a nd Tab l e  27 for the Mi s s i s s i pp i a n .  The 

frequency by percent of the wear  forms i s  graphed i n  F i gure 8 for 

fema l es a nd i n  F i gure 9 for ma l es .  The i nc i dence of cuppi ng  and 
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l i ngua l s l ope a re not l a rge for the Mi ss i s s i pp i an samp l e because of the 

sma l l number of aged i ndi v i dua l s  samp l ed from the Toqua s i te .  The l ow 

frequenc i es , therefore , do not i nd i cate i n s i gn i fi cance of  the tooth form 

as  a di agnost i c  too l . 

The data from the Archa i c  and Mi s s i s s i pp i an Peri ods mi rror the 

resu l ts obta i ned from prev i ous  research i n i t i at i ves . Cupped wear  i s  the 

exc l u s i ve doma i n of the agri cu l tura l f�i s s i s s i pp i an  popu l a t i on .  As 

expected , t he hunter/gatherer Archa i c  samp l e  i s  characteri zed by rounded 

wear .  Wi th  one except i on ,  roundi ng i s  not found i n  the agr icu l tura l 

samp l e .  Therefore , the frequenc i es of the d i agnost i c  wea r  forms are ,  

bas i ca l l y ,  mu tua l ly exc l us i ve .  

L i ngua l wear  appears to overwhel mi ng ly  d i str i bute i n  favor of 

agri cu l tu ra l i sts . On ly 6 cases of l i ngual  wea r  were observed i n  the 

Archa i c  s amp l e ;  the Mi ss i ss i ppi an  samp l e  y i e l ded 5 1  cases . The Archa i c 

cases represent l es s  than 1% of the tota l  anteri or tooth form sampl e .  

The l i ngual  form represents 8 . 7% of the Mi ss i s s i pp i a n  anteri or tooth 

form sampl e .  The percentage wou l d  most l i ke l y  have been h i g her had the 

agri cu l tura l i sts  had an age d i stri but i on i somorph i c  wi th  the Archa i c .  

The l i ngua l  wea r  form i s  a s i gn i f i cant  d i agnos t i c  wear  form for the 

Mi s s i s s i pp i an samp l e .  The i nc i dence i s  more than twi ce that  of  cupped 

wea r  ( i . e . , 4 . 26% ) .  The frequency at wh i ch l i ngual  wea r  i s  observed 

suggest s  the i mportance of some parti cu l ar tooth act i v i ty whi ch may not 

necessari l y  be mast i catory .  

The advanced wear  forms for the Mi s s i s s i pp i an samp l e  exh i b i t  a 

segregated di stri but i on over the s i x  i nc i s i form teeth . The mand i bu l ar  
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a nd l a teral i nc i sors i n  both sexes exh i b i t  no dev i at i ons  from fl a t  wear.  

For the whol e Mi s s i s s i pp i an samp l e ,  on ly  one case of  cupped wear  i s  

found i n  the mand i b l e .  Cupped wear  as found i n  the max i l l a i s  fa i rly 

even ly  d i s tri buted in  the samp l e  between the centra l and l atera l 

i nc i sors and the can i ne .  The l i ngua l wear  fo rm i s  most commonly found 

i n  the maxi l l a ry centra l and l a tera l i nc i sors . For the centra l  

i nc i sors , 18 . 2% o f  the tota l samp l e o f  teeth exh i bi t  l i ngua l wear .  The 

l ateral i nc i sor i s  l i ngual l y  worn 20. 2% i n  the tota l samp l e .  The 

max i l l ary and mand i bu l ar cani nes exh i b i t  l i ngua l wear  7 . 2% and 7 . 1% 

respect i ve ly . The pattern of l i ngual  tooth wea r  segregat i on i s  

para l l e l ed i n  the Archa i c  sampl e ,  sma l l a s  i t  i s .  The teeth exhi b i ti ng 

l i ngua l  wea r  a re the mand i bu l ar can i nes a nd the maxi l l a ry centra l. and 

l a teral i nc i sors . The pa rt i c u l a r  d i s tri buti on of  the l i ngua l form may 

a l so rel ate to the s i ze of the occ l usa l  surfac e .  The mandi bu l a r 

i nc i sors are sma l l teeth i n  contrast  to the other four  i nc i s a l  teeth . 

The i nterpl ay of tooth u se and tooth s i ze among other factors on the 

pattern and d i stri but i on of anteri or tooth form i s  i ndetermi nab l e  at the 

present t i me .  

Anteri or to Posterior  Wear 

Subs i stence contra s ts wi th respect to attri t i on a l so i nc l ude 

di fferences between re 1 at i ve anteri or to poster ior  wea r .  Teeth are 

understood to be empl oyed i n  act i v i t i es other than mast i ca t i on and 

d i s t i nct patterns i n  anteri or tooth use between the Archa i c  and 

�li s s i s s i pp i an samp l es have a l ready been i denti f ied .  Appa rent l y  rel i ance 
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on segments of the tooth row a l so vary between subs i stence systems . A 

pattern of extens i ve anteri or tooth wear  rel at i ve to the mol ar  teeth has 

been i denti fi ed for hunter and gatherers . Thi s pattern ha s been 

descri bed a nd h i ghl i ghted i n  Austral i an abori g i nes ( e . g . , Campbel l ,  

1 925 ; Gou l d ,  1968) and Es k imos (e . g . , Pedersen , 1938; Hyl ander , 197 7 ;  

11erbs , 1968 ) . The extens i ve use of the anteri or teeth h a s  been 

attri buted to the hab i t ,  i n  these popu l a t i ons , of us i ng the i nc i sa l  

teeth a s  tool s .  The anteri or teeth a re used as a " th i rd hand"  as  a 

v i ce ,  for cutt i ng and teari ng , and other man i pu l at i ve fu nct i ons ( Brace , 

1964 , 1967 ; Ba i l  i t  et a l . ,  1968 ) . 

The pattern of extens i ve anteri or tooth use  ha s been i dent i fi ed i n  

foss i l  hunter/gatherers ( spec i fi ca l l y ,  the Neanderta l s )  a nd the pattern 

i s  be i ng attri buted to the use  of anteri or teeth as  too l s (e . g . , Brace , 

1964 ; Smi th , P . , 1976 ; Wa l l ace , 1975 } .  Therefore , data from vari ous 

hunter/gatherer samp l es i nd i ca te that extens i ve anteri or tooth use i s  a 

pattern i n  the subs i stence system. 

The reverse pa ttern ha s been i dent i fi ed i n  agr i cu l tura l i s ts ( Smi th , 

1972 ) .  Mol ar wear  appea rs to be more extens i ve rel at i ve to the anterior  

teeth . The mol a r  wea r  i s  attri buted to food tri turat i on .  

An i nterpopu l at i onal  compa ri son of these patterns has been under­

taken to H i nton ( 198 1 )  and the sub s i s tence-re l a ted contrasts appear to 

be substant i ated . The resu l ts obta i ned by H i nton ( 1 98 1 )  prov i de an 

i mportant i n terpreti ve framework wi thi n  wh i ch to eva l uate the present 

samp l es . For th i s rea son , the anteri or to poster ior  wear  for the 

Archa i c  and Mi s s i s s i pp i an samp l es was s i mi l ar ly  eva l uated . 
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The probl ems i nvo l ved i n  exami n i ng attri t i on l evel s between teeth 

were addressed in an earl i er chapter .  Attri t i on l eve l s ,  i t  was stated , 

can i n  no way be cons i dered equ iva l ent between teeth and between l evel s  

for a s i ng l e  tooth c l as s .  The l evel s of attri t i on a re ba sed on read i ly 

i denti fi abl e hori zon markers wh i ch are not equ i d i stant ly  separa ted . The 

obv i ou s  d i ffe rences in the s i ze of  the occ l u sa l  s urfaces between the 

anteri or and the posteri or teeth a l so effect i ve l y  argue aga i nst  

equ i va l ency of one  wea r  l evel across tooth c l as s .  Therefore , e l aborate 

s tat i s t i ca l  man i pu l a t i ons of the da ta are imprudent and are not 

a ttempted here . An effecti ve i l l ustrati ve dev i ce , a nd the one empl oyed 

here , i s  outl i ned by H i nton ( 198 1 ) .  Rel a ti ve wear  can best  be exami ned 

by eva l uati ng the wear  l evel s of teeth from the two respect i ve areas  of 

the mouth ·wh i ch come i n to occ l us i on at the same t i me .  The tooth pa i rs 

wh i ch qual i fy for such an eva l uati on a re the centra l i nc i sor and f i rst  

mol a r  and  the  can i ne and  the second mo l a r .  In  the present ana lys i s ,  the 

1 1/Nl a nd C/M2 attri t i on l evel  contrasts  we re eva l uated aga i nst  a 

reference tooth wh i ch se rved as an anchor around whi ch  the ante ri or and 

poste ri or wea r  l eve l s  vary .  The reference tooth for the 1 1/Ml pai r 

ana lys i s  was the second mol a r .  The fi rst mo l a r ,  converse l y ,  served as 

the reference tooth for the C/t42 pa i r  eva l uat i o n .  Attri t i on score means 

for the respect i ve tooth pa i rs were pl otted aga i nst  the attri t i on scores  

of  the reference tooth . The sampl e empl oyed cons i s ts on ly of a rches  

wh i ch conta i ned an abutti ng M1/M2 pa i r  a nd  a respect i ve can i ne and/or 

central i nc i sor .  I n  order to max imi ze data , the sexes were poo l ed .  The 

p l ots of the ma x i l l a ry pa i rs are l oca ted i n  F i gure 10 and the p l ots of 

the mand i bu l ar pa i rs are found in  F i gure 1 1 .  
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I n  genera 1 ,  the resu l ts from the Tennessee Va 1 1  ey area do not 

conform wi th patterns establ i shed in the l i terature . The Archa i c  and 

Mi s s i s s i ppi an anteri'or/posteri or wear  p l ots show a between subs i stence 

sys tem agreement i n  overa l l pattern . A contrast  i s  seen i n  the Archa i c  

s ampl e anteri or to poster i or wear to the patterns de ri ved from the 

Es k imos and Austra l i an abori g i nes (H i nton , 1 98 1 ) .  The d i fferences 

between resu l ts of the present analys i s  and the ana lys i s  underta ken by 

Hi nton ( 198 1 )  may , i n  part , be due to i nterobserver  error .  However , the 

patterns  wh i ch emerge from the present research  i n i t i at i ve  exh i b i t  

con s i s tency between the tooth pa i rs and between the a rches suggesti ng 

that the i nterpretat i on of the Tennessee Va l l ey materi a l  cons i der  

factors spec i f i c  to the env i ronment of  the Archa i c  and  Mi s s i s s i pp i an 

popu l ati ons . 

In  the max i l l a ,  the pattern of 1 11m a ttri t i on seems equ i va l ent .  

In  both cases , the mol ar wear  exceeds i nc i sa l  wear .  These resu l ts are 

not cons i stent wi th what was ob ta i ned by H i nton ( 198 1 ) .  For the Es ki mo 

and abori g i na l  samp l es empl oyed by Hi nton , i nc i s a l  wear  exceeded f i rs t  

mol a r  .wear i n ,  at  l east , the early s tages o f  attri t i on .  Th i s  wa s not 

observed for the agri cul tura l Southwest  samp l e  or  the mi xed-economy Late 

Woodl and L i bben samp l e .  Mol a r  wear  exceeded i nc i sa l  wear  for the food 

producers . The maxi l l a ry C/1-12 p l ots for the Archa i c  and Mi s s i s s i pp i an 

s ampl e s  exh i b i t  s i mi l a r between s i te equ i va l ency tha t  the 1 11m p l ots 

for the s�me samp l es i l l u strated . The p l ots a re genera l ly  i somorphi c  

wi th can i ne attri t i on s l i ghtly el evated above the mol ar p l ots i n  both 

samp l e s . The anteri or to posteri or patte rn for the Southwest and L i bben 
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s amp l es are undi agnost i c ( H i nton , 198 1 ) .  The can i ne wear exceeded 

second mol ar wear  i n  the Es k i mo and abori g i na l  data i n  the early stages 

of  attri t i on .  Thi s  pa ttern i s  reversed i n  the l ater attri t i on s tages . 

The Archa i c  p l ots a re more s i mi l ar to the Mi s s i s s i pp i an pattern than to 

the pattern appa rent for the other hunter/gatherers . 

The mand i bu l a r compari sons for the Archa i c  and Mi s s i s s i pp i an are 

equa l ly  i somorphi c .  Wi th the exception o f  the f i rst l evel o f  wear ,  the 

f i rst mol a r  wear  exceeds centra l i nc i sor wea r  i n  the Mi s s i s s i pp i an 

samp l e .  Th i s  same pattern i s  apparent for the Archa i c ,  wi th the 

di spari ty between the teeth , surpri s i ng ly  enough , more pronounced than 

i n  the Mi s s i s s i pp i an . Th i s  serves to ma ke the Archa i c  pattern appear 

even l es s  hunter/gatherer- l i ke .  The mand ibu l a r  data for the Austra l i an 

abori g i nes  and the Es k i mos i nd i cate that i nc i sa l  wea r ,  pa rt i cu l ar ly  i n  

the ea rly attri t i on l evel s ,  exceeds mol a r wea r .  Therefore , the Archa i c  

data i s  more l i ke the pattern ant i c i pated for the agri cu l tura l i sts . 

The mand i bu l ar  can i ne/second mol a r  da ta s how the on ly  contrast  for 

the Archa i c/Mi s s i s s i ppi an  compari sons . The pattern exhi bi ted i s  the 

reverse of what wou l d  be expected . Mo l a r  wea r  l a rge ly  superceded can i ne 

wear  i n  the Archai c .  I n  the Mi ss i ss i pp i a n  sampl e ,  the can i ne wear  

p l ots , a l though  c l osel y para l l el to  the mo l a r  p l ots , a re cons i s tent ly  

l arger .  The  pattern for the  Es k i mos and  abori g i nes i s  that  mol a r  wea r  

i s  d i st i nctly  exceeded by can i ne wear  ( H i nton , 1 98 1 ) .  The agri cul tura l  

sampl es are aga i n  undi agnost i c  and not hel pfu l i n  the a s sessment 

( H i nton , 1 98 1 ) . 

The genera l pattern appears to be tha t the Archa i c  samp l e  i s  more 

l i ke the �1i s s i s s i pp i a n  samp l e  than i t  i s  l i ke any other hunter/gatherer 
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s amp l e .  One pos s i b l e  expl ana t i on may be the env i ronmenta l context of 

the hunter/gatherer popu l at i ons . Both the Austra l i an a nd Es k i mo popu l a ­

t i ons i nhab i t  env i ronments restri cted i n  the v a ri ety o f  expl o i tab l e  

resou rces . G i ven the more hosp i tab l e  and v ari ed env i ronment o f  the 

Arc.ha i c  popu l at i ons , there may have been l ess  se l ect i ve pressure to 

ut i l i ze the anteri or teeth as too l s .  

Peri odontal  Di sease 

Peri odonta l  d i sea se is an acknowl edged mu l t i factori a l  process . 

However , rev i ew of the perti nent ba ckground i nformati on provi ded i n  

Chapter I I  i ndi cates the part i cu l ar i mportance of d i eta ry carbohydrates 

i n  the i n i t i at i on and progress of the di sease and the i mportance of  food 

texture as a med i a t i ng factor affecti ng d i sease status . The epi demio­

l og i cal  l i teratu re strong ly suggests that hunters and  ga therers 

un i versa l ly  experi ence good ora l hea l th .  S i nce ra te of attri t i on i s  

a ttri butabl e to food cons i stency ( i nc l u s i ve of abras i ves ) ,  and s i nce the 

hunter/gatherer  Archa i c  samp l e  experi ences 9 stati sti ca l ly  s i gn i fi cant 

h i gher ra tes of attri t i on compared to the Mi ss i s s i pp i an samp l e  i t  i s  

anti c i pa ted that subs i stence rel ated d i ffe rences i n  peri odontal  d i sease 

i nvol vement wi l l  be i dent i f i ed .  The fo l l owi ng sect i ons revi e\'1 and 

eval uate the f i nd i ngs of the present resea rch i n i t i a t i ve .  

The Infrabony Pocket 

The i nfrabony pocket i s  a peri odonta l pocket whose ba se i s  l ocated 

a p i ca l  to the a l veol a r  crest . Th i s  os seous defect  i s  l oca ted between 
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the root and the bone and i s  the resul t  of l oca l  factors whi ch encourage 

rap id  pocket pro l i fera t i on .  Consequently , the i nfrabony pocket i s  not 

a ssoci ated wi th  a s i gn i fi cant accumu l at ion of ora l debri s .  The depth 

and contour of i nfrabony pockets va ries . The preservat i on of the 

c resta l  area i n  both the Archa i c  and Mi s s i ss i pp i an  samp l es  permi tted 

i denti f i cat i on of on ly the most  d i sti nct i nfrabony pockets . Therefore , 

the frequency of defects i n  the present ana lys i s  can onl y  be taken to be 

a conservat i ve est ima te of the i r  true frequency i n  the i r respecti ve 

popu l at i ons . Al veo l ar  crests whi ch were damaged , or uncl ea r as to 

presence/absence of i nfrabony pockets , were scored as mi s s i ng .  

The summary da ta are found i n  Tab l e  28. The frequency d i fferences 

we r·e · tested for s i gn i f i cance between subs i s tence systems us i ng the 

G-te s t .  Si nce pocket i nc i dence has demonstrated a re l a ti onsh i p  wi th 

age , the tests were performed on samp l es  of the same age c l a s s . The 

resu l ts are found i n  Tabl e 29 .  In the ma l e  compari sons for the maxi l l a ,  

the i nci sors a nd mol a rs are s tati sti ca l l y  s i gn i fi cant i n  the 30-40 age 

c l a s s  onl y .  I n  the mandi bl e ,  the premol a rs for the 20-30 age bracket  

are stati st i ca l l y  s i gn i f i cant .  In  these three tests , the  Mi s s i s s i pp i an 

sampl e had more i nfrabony pockets . The fema l e  compa ri sons yi e l ded a. 

greater number of stati st i ca l l y  s i gn i fi cant scores . I n  the max i l l a ,  two 

a ge c l a s ses  for the i nci sors were stat i sti ca l ly s i gn i f i cant . In  the 

mandi bl e ,  the i nci sors were s i gn i f i cant at  the 30-40 age range on l y .  

The mand i bu l ar mo l a rs were s i gn i fi cant ly  d i fferent i n  the advanced age 

c l a sses . As wi th the ma l e  compari sons , the Mi s s i s s i pp i an frequenci es 

were h i gher.  
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TABLE 28 

INFRABONY POCKETS : SU�I�IARY DATA 

Archa i c  Mi s s i s s i pp i an  

t·la 1 e Fema l e  f4a 1 e Femal e 

max .  man d .  max .  mand . max .  mand . max .  mand . 

I nc i sors 

i nc i dence 96 1 1 2  78 1 1 1  7 1  83 63 65 
N 328 325 2 7 1  3 1 5  184 206 1 38 202 
% 29 . 3  34 . 5  28 . 8  35 . 2  38 . 6  40. 3 45 . 7  32 . 2  

Premo l ars 

i nc i dence 7 1  4 1  54 55 4 1  36 3 1  24 
N 224 129 1 97 2 18 1 29 142  139 140 
% 3 1 . 7  3 1 . 8  27 . 4  25 . 2  3 1 . 8  25 . 4  2 2 . 3 17 . 1  

14o 1 ars 

i nc i dence 147  100 1 1 0  122  104 1 12 4 7  6 7  
N 320 354 2 7 1  332 185 2 1 1  176 204 
% 45 . 9  28 . 2  4 1 . 0  36 . 7  56 . 2  53 . 1 26 . 7  32 . 8  
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S i nce vert i ca l  os seous defects occur more frequently i n  mol ars and 

i nc i sors , s i gn i f i cant subs i stence d i fferences shou l d  be more readi ly  

a pparent i n  these teeth . Di fferences are apparent , bu t they are not 

wi despread .  Th i s  i s  part i cu l ar ly  true for the ma l e  sampl e .  Food 

i mpact i on as outl i ned i n  Chapter I I  i s  cons i dered an i mportant l oca l 

factor contri but i ng to the producti on of these acute peri odonta l 

i nvol vements . S i nce rap i d attri t i on e l im i nates the sma l l i nterdenta l 

crevaces wh i ch encourage food i mpact i on , the 1 ack  of a dramat i c 

d i fference between the Archa i c  and l�i ss i ss i pp i an samp l es i s  puzz l i ng .  A 

pos s i b l e  i nterven i ng factor i s  occ l usa l  s tress  wh i ch deepens a l ready 

ex i st i ng pockets . In terbony stress  resu l ts i n  a greater number of 

i nfrabony defects . Another pos s i b i l i ty i s  that  peri odonta l  i nvol vement 

i s  not  d i agnos t i ca l ly d i fferent between the two samp l es tes ted . 

Ca l cu l us 

Ora l  debri s ,  a s  establ i shed i n  an earl i er chapte r ,  corre l ates we l l  

wi th peri odonta l d i sease i nvol vement .  Therefore , ca l cu l u s i s  an 

i mportant d i agnost i c  vari ab l e  i n  peri odonta l d i sease detecti on .  

The data a va i l ab l e  from the l i mi ted hunter/gatherer l i terature 

seems to i nd i cate that the presence of ca l cu l us i s  e i ther i nfrequent 

(e . g . , Campbe l l ,  1939 ; r�c Euen , 1937 ; Ri tch i e , 1923 )  or occurs i n  

s i gn i f i cant amounts i n  the ol der age groups (e . g . , Waugh , 1 928; 

Campbel l ,  1 939 ) . The Archa i c  and Mi s s i s s i pp i an samp l es , both scored the 

same way for cal cu l us ,  were tested for s i gn i fi cant d i fference i n  

ca l cu l us frequency us i ng the G-test . S i nce the age d i stri bu t i on between 
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the two samp l e s  i s  d i fferent ,  age wa s control l ed for .  The res u l t s  are 

found i n  Tab l e  30 .  No rea l  d i fferences between the subs i stence systems 

were detected . These resu l ts contrast  what wa s ant i c i pated from the 

l i terature revi ew .  

The accumu l ated ora 1 deb ri s ,  rather than the  frequency of i t s 

occurrence , i s  i nd i cat i ve of peri odontal d i sea se i nvol vement .  

Therefore , proper eva l uati on of between samp l e d i sease s tatus shou l d  

cons i der  the amount o f  debri s rather than s i mply i ts presence . 

The ca l cu l us scores ( 1- 5 )  were col l apsed i nto three ca tegor ies  

( none , 1 ;  some , 2 and  3 ;  much , 4 and  5 )  a nd gra phed by a ge and three 

tooth c l a s ses  ( i nc i sa l  i nc l u s i ve of ca n i nes , premo l a rs ,  and mol a rs ) . 

The sexes were col l apsed to maxi mi ze data . The frequenci es  of ca l cu l us 

severi ty for each tooth c l ass were graphed and a re d i spl ayed i n  

F i gure 1 2  for the maxi l l a a nd F i gure 1 3  for the mandi bl e .  The 

percentages are recorded i n  Tabl e 3 1 .  Ca l cu l us was eva l ua ted from the 

cumu l at i ve  percent graphs . 

From even a cursory exami nat i on of the graphs , two pri mary pa tterns 

emerge .  The f i rst i s  that the amount of oral debri s peaks  duri ng the 

mi ddl e age years ( 30-40)  and then tapers off , and second , the i nc i dence 

and degree of ca l cu l u s  i n  the earl i er a ge i ncrements i s  h i gher i n  the 

Archa i c  sampl e .  The Mi s s i s s i pp i an samp l e overtakes the Archa i c  i n  the 

l ater age c l asses . 

The pattern of  age changes i n  ca l cu l us  i n c i dence and severi ty i n  

the Archa i c  i s  pred i ctabl e .  Wi th accumu l at i ng  attri t i on a nd a ntemortem 

tooth l os s , there are fewer i nacces s i b l e  i n terproxima l  n i ches wh i ch 
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favor ca l cu l us accumu l at i on ( Carranza , 1979 ) .  Therefore , the ora l  

cavi ty i n  ol der i nd i v i dua l s  conta i ns l e ss  ora l debr i s  than younger 

i nd i v i dual s .  Ca l cu l us tends to accumu l ate i n  the Mi s s i s s i pp i an samp l e .  

Th i s  i s  expected cons i deri ng the reduced attri t i on ra te characteri sti c 

of the samp l e .  

The l evel of ca l cu l us frequency and severi ty for the Archa i c  sampl e 

i n  the younger age spectrum i s  di ffi cu l t  to i nterpre t .  I n  spi te of 

exces s i ve attri t i on ,  the Archa i c  samp l e  pos sesses ca l cu l us equ i va l ent to 

the �1i s s i s s i pp i an samp l e .  Hhether thi s  i nd i ca tes  e l evated Archa i c  

frequenci es or reduced Mi s s i  s s  i ppi  an frequenci es i s  di ffi cu l t  to 

ascerta i n .  Con s i derati on of the prob l em i s  found i n  the ensu i ng 

chapter .  

Hori zonta l Bone Los s  

The l os s  of  bone hei ght  i s  acknowl edged to  be  a mu l t i factori a l  

process .  Denud i ng of the roots , however ,  i s  the most  promi nent 

consequence of peri odonta l di sea se i nvol vement .  In  order to  i dent i fy 

bone l os s  attri butabl e to peri odonta l di sease , the other contri buti ng 

factors , namely  age a nd a ttri t i on , needed to be control l ed for .  Thi s  

has not been done i n  other stud i es wh i ch have cons i dered hori zonta l bone 

l os s . 

The sampl e cons i sted of teeth pos ses s i ng enough crown and a l veol ar 

crest  to yi e l d  the tooth cerv i ca l  hei g ht measurement .  On l y  teeth wi th 

antagon i sts were cons i dered for eva l uati on in order to e l i mi na te tooth 

extru s i on b i as  i ntroduced through the process of conti nuous erupt i on . 
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Because of the sma l l s i ze of the tooth ce rv i ca l  he i ght  measure , tooth 

types were not l i bera l l y  col l apsed to i ncrea se samp l e  s i ze s . Between 

type tooth s i ze d i fferences (part i cu l ar ly  between the i nc i sors and 

cani ne s ) cou l d  have i ntroduced a b i a s  in the TCH mea surement .  Instead , 

the sexes we re pool ed and the attri t i on l �ve l s  1-6  ( i . e . , l evel s wi th 

crown hei ght ) were col l apsed to form three a ttri t i on l evel s ( s l i ght , 

mode ra te , severe ) .  The means for tooth cerv i ca l  he i g ht were ca l cu l a ted 

and a re reproduced i n  Tabl e 32 . 

S i nce the object i ve of  the bone l o s s  eva l uat ion wa s to detect 

patterns  ra ther than s i gn i f i cant  d i fferences between the means ,  the mean 

scores were graphed and eva l uati ons we re made from the g raphs .  The 

p l ots of the max i l l a ry and mand i bu l ar i nc i sors a re found i n  F i gure 1 4 .  

Can i nes are p l otted i n  Fi gure 1 5 .  The p l ot o f  the means for premol ars 

i s  i n  F i gure 16 and the p l ots for the mol ars ( M 1  and N2 onl y )  are found 

i n  F i gure 17 . The da ta was appropri ate l y  control l ed fo r attri t i on and 

age . 

The p l ots of the tooth cerv i ca l  he i ght means revea l a pa ttern 

wh i ch ,  i n  many ways , para l l e l s  the resu l ts obta i ned from the ca l cu l u s  

eva l uat i on . Three primary patterns  are apparent . F i rs t ,  the greatest  

d i spari ty between means tends to  occur i n  the  advanced age  c l asses . 

Mi s s i s s i pp i an Tooth Cerv i ca l  He i ght means become l a rger than the 

Archa i c .  Th i s  agrees wi th the ca l cul us pattern descri bed in the 

prev i ou s  sect i on . The second pattern wh i ch can be i dent i fi ed i s  the 

apparent reducti ons i n  mean va l ues wi th age i n  the Archa i c  sampl e .  The 

rate a t  wh i ch bone l os s  occurs seems to dramat i ca l ly  decrease . Thi s 
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pattern may be seen i n  the max i l l ary i nc i sors , the ma x i l l ary and 

mandibu l ar can i nes , and max i l l ary mol ars . The pattern i s  suggested i n  

the mandi bu l ar  premo l a rs .  Thi s corresponds we l l  wi th the reduced 

cal cu l u s  experi ence for the Archa i c  samp l e .  Si nce oral debr i s  i s  the 

pr imary et i ol og i c  agent respons i bl e  for bone l os s , i t  i s  l og i ca l  to 

suggest that the reducti on i n  the amount of ca l cu l us concomi tant wi th 

age i n  the Archa i c  samp l e  resu l ts i n  a reduct i on i n  the rate of  bone 

l os s .  The med i at i ng ro l e  of attri t i on i n  reduci ng the amount of ora l 

debri s serves to h i gh l i ght the i n terp l ay of processes  i n  u l t imately 

determi ni ng oral hea l th status . 

The th i rd pattern whi ch  may be d i sce rned focuses on the cl ose 

correspondence of mean va l ues in the ear ly  age c l as ses . Where Archa i c  

a nd Mi s s i s s i pp i an means are ava i l abl e , the Archa i c  va l ue i s  j u s t  a s  

l i ke l y  to be above the Mi s s i s s i ppi an va l ue as not . Th i s  pattern i s  

rendered s i gn i f i cant i n  conj unction wi th the ca l cu l u s data . Archa i c  

younger age cl a s s es are characteri zed by more ora 1 debri s .  The 

sens i t i v i ty of ca l cu l u s  accumu l a tion to the texture of the d i et a nd the 

i ndi cat i ons  that the Archa i c  d i et was abras i ve ,  shou l d  have resu l ted i n  

a greater  Mean Cerv i ca l  He i ght va l ue for the Mi s s i s s i pp i a n  samp l e .  The 

fact  that they do not i nv i tes  specu l at ion .  T he  f i na l  c hapter cons i ders 

the prob l em .  
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CHAPTER V I  

SUNMARY AND D I SCUSS I ON 

The resu l ts obta i ned and presented i n  the prev i ous chapter need to 

be summar i zed and eva l ua ted . By and l a rge , sub s i s tence contrasts 

between the Archa i c  and l�i s s i s s i pp i an samp l es  have been i denti f i ed . 

Howeve r ,  not a l l of  these resul ts conform to what  was ant i c i pated from 

the l i terature a nd need to be d i scus sed . Th i s  d i s cu s s i on fol l ows a 

bri e f  summary of the resu l ts .  

The d i fference i n  ca ri es i nc i dence between the two subs i s tence 

systems conforms to the wi de body of data ava i l ab l e  for hunter/gatherers 

a nd agri cul tura l i s ts .  Apart from possess i ng a l ow ca ri es  i nc i dence , the 

Archa i c  samp l e  i s  a l so characteri z ed by cari es  l ocated as  the cerv i x  of 

the tooth . Car i ous  teeth a re a l so found more frequently i n  the 

posteri or tooth row. Cari es i n  the Archa i c  samp l e  a re l og i ca l l y  the 

resu l ts of food i mpact i on , whi ch provi des the nutri ent substrate for the 

g l yco lyt i c  producti on of demi nera l i z i ng a c i d s . The process of attri t i on 

exposes the vu l nerab l e  tooth cerv i x  to these ac i ds .  The pa tterns whi ch 

have emerged from the Archa i c  da ta a re i n  agreement wi th other hunter/ 

gatherer data . 

The cari es  p i cture i s  qu i te d i fferent for the Mi s s i s s i pp i an samp l e .  

Cari es  a re not on ly  much more frequent , owi ng to the con sumpt i on of the 

cari ogen i c cu l t i gen ma i ze ,  but the l e s i ons  are found i n  a wi der range of  

s i tes a l ong the tooth row. These resu l ts a l so conform to what i s  known 

about the pattern of cari es i n  agri cul tura l i s ts . Demi nera l i z i ng 
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act i v i ty i s  i dent i f i ed at l east  equa l ly  as often on the crown a s  a t  the 

cerv i x .  

Factors \'lh i ch may affect cari es i nc i dence wi th i n  a stra t i f i ed 

soci ety were not cons i dered . Samp l e  s i ze was the proh i b i t i ve factor .  

In  the present ana lys i s ,  no  stati s t i ca l ly  s i gn i fi cant sex  d i fferences i n  

cari es  experi ence were detected . Sex d i fferences had been i dent i f ied  

e l sewhere ( Larson , 1981 ) ,  but  are appa rently not present i n  the 

Tennes see Val l ey a rea . I f  any di fferences do exi s t ,  s ta tus  a s soci ated 

cari es  i nc i dence may opera te to obscure them . 

The di fference i n  ra te of tooth attri t i on between the Archa i c  and 

Mi s s i s s i ppi an samp l es i s  s tat i s t i ca l ly s i gn i f i cant  for a l l teeth and 

over a l l a ge c l asses . The Archa i c  samp l e  i s  characteri zed by a rapi d 

a ttri t i on ra te wh i ch i s  ma i nta i ned throughout the l i feti me of the samp l e  

members . S i nce the rate at wh i ch the teeth a re abraded h a s  been 

a ttri buted to food texture , i t  can be i nferred that the cons i stency of 

the food vol us  i s  a pprec i ab ly  d i fferent between the subs i s tence systems . 

Th i s  has a l ready been i mpl i ed from the eva l uat i on of the temporo­

mand i bu l ar j o i nt i n  these same popu l at i ons  ( H i nton , 1 981a ) , a nd from the 

nature of the food rema i ns ( feca l ) obta i ned from equ i va l ent samp l es from 

Kentucky ( e . g . , Robb i ns , 1 97 1 ;  Ya rne l l , 1974 ;  Marquardt , 1 974 ) .  The 

ethnograph i c  materi a l  for I ndi ans of the Southeast  a l so suggested that 

textura l contras ts a re l i ke ly  ( Hudson , 1976 ; Swanson , 1 946 ) .  

The form of anteri or tooth wear  a l so exh i b i ts subs i stence 

contrasts . The Archa i c  i s  characteri zed by l ab i a- l i ngua l  roundi ng of 

the i nc i sa l teeth , a feature typ i ca l  of hunter/gatherer  samp l es ( e . g . , 
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Mol na r ,  1968; H i nton , 1 98 1b ) . The Mi s s i s s i pp i a n  samp l e  exh i b i ts cupped 

wea r .  The presence of cupped wear  has been a ttri buted to re l i ance on 

the anteri or teeth subsequent to the l os s  of the posteri or teeth to 

cari es  ( l•lo l na r ,  1968 ) . Cupped wear  i s  present preferenti a l ly  on 

max i l l ary i nci sors and can i nes . On ly one ca se of cupped wear  wa s found 

i n  the mandi bl e .  The s i ze of the occ l u sa l  surface may be a cri t i ca l  

factor i n  the devel opment of cuppi ng , however ,  the absence o f  cuppi ng i n  

the mand i bu l ar can i nes cannot s i mply be expl a i ned by cri t i ca l  occ l usa l 

surface d i ameter .  Other factors i nvol ved may i nc l ude the youth of the 

sampl e (a nd i ts concomi tant l ow l eve l s  of attri t i on ) , and tooth use 

act i v i t i es .  

I n  the Mi ss i s s i pp i an samp l e ,  another anter ior  tooth wear  form was 

i dent i f i ed and found i n  greater frequency than cupped wea r .  Th i s  form 

i s  referred to a s  l i ngua l wear  and cons i s ts of  the preferent i a l  

attri t i on i ng o f  t he l i ngual  tooth surface .  The et i o l ogy of  thi s 

part i cu l ar form i s  not apparent at th i s  t i me .  L i ngua l  wea r a l so 

possesses a segrega ted d i stri but i on a l ong the tooth rm·1 . Factors 

i nvol ved i n  the d i s tri but i on are a l so not determi nabl e  at the present 

t i me .  

The use  of the anteri or teeth a s  a too 1 has  been observed i n  

Es k i mos and Austra l i an abori g i nes . The presumed consequence of 

extens i ve use of the anteri or teeth as a tool i s ,  presumably , excess i ve 

abrad i ng  of the anteri or teeth . The s i ng l e  i nterpopu l at i ona l  study of 

the patterns of anteri or to posterior wear  ha s i dent i fi ed contrasts  

between samp l es  of  hunter/gatherer and agri cul tura l i sts (H i nton , 1981b ) . 
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These same resu l ts  we re not obta i ned i n  the present ana lys i s .  The 

Archa i c  samp l e  i s  more s imi l ar to the Mi s s i s s i pp i an than to the other 

hunter/gatherer groups . I t  i s  hypothes i zed that s i nce the hunter/ 

gatherer model  i s  based on popu l at i ons i nhabi t i ng ma rg i na l  env i ronments , 

i t  i s  pos s i b l e  that the more vari ed env i ronment of the Archa i c  samp l e 

d i d  not prov i de the pressure to ut i l i ze the anteri or teeth extens i vely 

in a nonma s ti catory capac i ty .  

The pattern of  peri odonta l d i sease pa thogene s i s revea l s  subs i stence 

d i fferences .  The severi ty of peri odontal  d i sease i n  the Archa i c  sampl e 

decreases wi th i ncreas i ng age . The oppos i te i s  true for the Mi ss i ss i p­

p i an . Attri t i on i s  seen as the modu l at i ng factor .  Attri t i on e l i mi nates  

t he  i nterdenta l  crev i ces whi ch encourage food i mpact i on and  undi s turbed 

p l aque pro l i fera t i on . Wi th a reducti on i n  the amount of ora l debri s ,  

reparat i ve bone growth overtakes the ra te of destruct i on and the mean of 

bone hei ght l oss  reduces . 

The appa rent h i gh l evel s of oral debri s and bone l os s  i n  Archa i c  

young adu l ts i s  d i ff i cu l t  to i nterpret .  The samp l es shou l d  theoreti ­

cal ly  be  d i s t i nct over a l l the age grades . Thi s i s  ba sed on epi demi ­

o l ogy and the soft food texture proposed for the Mi s s i s s i pp i an sampl e 

a nd the h i gh degree of occl usal  stress  proposed for the Archa i c  samp l e .  

I t  i s  not certa i n  whether the Archa i c  samp l e  i s  experi enci ng h i gh l eve l s 

of ora l debri s or whether the Mi s s i s s i pp i an samp l e  i s  experi enc i ng a l ow 

l evel  of debr i s  accumu l at i o n .  

I f  the Archa i c  debri s and bone l oss  da ta may b e  i nterpreted t o  mean 

a h i gh  l evel  of peri odonta l d i sea se i nvol vement for the sampl e ,  then 
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based on the background l i terature i ntroduced i n  an earl i er chapter the 

regu l ar con sumpti on of carbohydrates i n  a form or quanti ty wh i ch permi ts  

c al cu l u s  accumu l a t i on may be proposed . Thi s debri s accumu l ates i n  sp i te 

of  mas t i cato ry stress . On ly wi th the e 1 i mi nat i on of the a res wh i ch 

favor p l aque accumu l a t i on does cal cu l u s , and concomi tantl y ,  bone l os s  

reduce i n  rate . 

I f  the amount  of debri s and bone l o s s  experi enced by the 

Mi s s i s s i pp i an sampl e represents a l ow l evel of peri odonta l d i sease 

i nvo 1 vement , then ca rbohydrate consumpt ion ( nonca ri ogeni  c }  may be 

i ntermi ttant  and/or i n  sma l l  quanti t i es . Si nce h i gh l eve l s of occ l usa l  

s tress  are not proposed for th i s  samp l e ,  amount  and  frequency of 

ca rbohydra te consumpt i on are the pri ma ry factors i nvol ved in  peri odonta l 

d i sease status . 

The d i ffi cul ty i n  i nterpreti ng the resu l ts g l eaned from the present 

analys i s  apparent ly  does not stem from probl ems w i th t he qua nt i fi cati on 

or  ana lyt ica l  techn i ques . Ca l cu l us and cerv i ca l  he i ght are i ndepen­

dent ly  quant i f i ed and the resu l ts mi rror each other qu i te c l osely .  The 

major probl em appears to be the absence of a ba se l i ne upon whi ch to 

assess  the resul ts .  Therefore , at the present t i me ,  spec i f i c  subs i s­

tence d i fferences cannot be i dent i f i ed i n  the Archai c  and Mi s s i s s i pp i a n  

samp l es o n  the bas i s  o f  peri odontal  d i sea se i ndependent o f  a ttri t i on .  

However , i n  cons i deri ng oral hea l th status , the ro l e  of attri t i on a s  a 

modu l at i ng i nf l uence i n  the pathogenes i s  of peri odontal d i sease i s  a 

s i gn i fi cant one . The resu l t  of the i ntervent ion of a ttri t i on i s  a 

reducti on i n  the u l t i mate destructi ve effects of  l os s  of bone hei ght for 

the Archa i c  samp l e .  
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In  sum , subs i stence d i fferences are appa rent i n  most of the 

parameters i nvesti gated i n  the present study .  l�ore extens i ve exami na­

t i on of anteri or and postel" i or wear  contrasts for hunter-gatherer 

sampl es from a wi der range of env i ronments may be needed . r�ore deta i l ed 

peri odontal  d i sease data i s  certa i n ly  needed . The a ttempt to estab l i sh 

a base l i ne i n  the present ana lys i s  has not yi el ded d i a gnos t i c  resu l ts .  

Howeve r ,  the va l ue of control l i ng for extraneous contri butors of  bone 

l os s  (a ttri t i on and age f has been demonstrated . 
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