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CHAPTER 1

I1NTKODUCTTIO?™2

The value of studying dentition in the 1light of
racial and population differences originates from the
generally accepted theoretical consideration, that the
many morphological characteristics of the teeth such as
cusp size and numbers, form and groove patterns, are
genetically determined. The comparison of these character-
istics allows reasonably accurate conclusions to be drawn
regarding racial affinity of differences hnflrismsh population

groups.

Dental characters also tend to predominate in the
diagnosis of most fossil species and genera and even in
some families (Butler 1963). This is understandable in
that teeth are the most durable parts of the body and best
able to withstand destructive processes after death. Most
of the identifiable remains of fossil mammals consist ol
teeth and evidence obtained by a study of the teeth
usually forme the basis of palaeontological relationships
and is a valuable means of establishing human status in

fossil finds and collections.

The present study comnrises an investigation of
the teeth, the jaws and the bony palate of several large
groups of South African Bantu-speaking Negroids. The

purpose of the investigation was firstly to determine



morphology of the teeth and the bony palate of the adult
South African Bantu Negroids. Secondly, it was to
determine whether the various South African tribal groups
selected could be considered homogeneous on the basis of
metrical and non-metrical characters of the teeth and
bony palate, or whether the tribal groups dlstlngulshsd
by their geographical 1location and language differed in
tooth morphology and measurements. he third objective
was to evaluate the various dental and palatal character-
istics in an effort to determine the racial status and
affinities of the South African Bantu Negroids by
comparative measurements and morphology. The available
data afforded en opportunity of investigating these aspects

of the Bantu dentition.

The study is concerned primarily with the Southern
Bantu Negroids which easily outnumber all other groups
of inhabitants of South Africa and are about four times
as numerous as the white population of the country.
According to the South African population register (I960
census) the Bantu Negroids in the Republic number
10,927,922, and in South West Africa 428,,575. The
number of Coloured people in the Republic is 1,509»258,

Asiatics 493,868 and Whites 3,088,492.

To the writer's knowledge the only attempt tLAt
has hitherto been made to record in any detail the

characteristics of the Bantu Negroids dentition has been



that of Shaw (1931). Besides describing the teeth ana

the adjacent parts, he included short accounts of
"taurodontisn" in South African racet, and of tooth
extraction and mutilation customs associated with certain
ethnic ceremonial customs. A shortcoming of Shaw’s
invesrigations, however, was that the material consisted
of a random collection of Bantu Negroid skulls which was
not tribally classified. In addition, separate measure-
ments were not recorded for males and females. Furthermore,
only the average, maximum and minimum dimensions, were
tabulated in all instances. For purposes of interracial
comparisons, the latter study does not provide sufficient
statistical information to make comparisons worthwhile.

For these reasons Professor P. V. Tobias suggested that the
present statistical survey and critical analysis of the
Bantu Negroid dentition be undertaken.

In my study of the dentition, morphological
observations were made on various teeth lor purposes of
comparison. The teeth commonly selected for ouch
observations are the first and second maxillary incisors,
as well as all the molars, the reason being that the
morphological characteristics of these teeth are
noticeably more variable than those of the remaining teeth
in the dentition. Tooth crown measurements of all the
teeth were noted and selected indices calculated. Root
measurements of the teeth were not included in the study

since this would have involved extracting or forcibly



removing teeth from the Dkulle, thereby possibly
damaging the skeletal material.

The data provided a basis of comparison with other
population groups. The tabulated figures were also used
to ascertain whether there were any significant tribal
or sex differences. A table of comparative tooth
dimensions of the Bantu Negroids and other population
groups is Included at the end of the chapter on
odontometry.

Morphological and metrical observations were
likewise made on the palate and discussed. The literature
revealed a variety of methods of measuring the palate;
an effort was therefore made tc eel ;t the most suitable
and the dimensions were compared with those of other
population groups.

The population classification in the study has beer
based on metrical and morphological features. More
recently a series of genetic factors, such as the genes
for various blood groups and for taste ability, have
been used as aids in classifying Man. This genetic
method of classification, it has been claimed, will
supersede the traditional methods since, by specifying
the gene frequencies in a racial group, more objective
assessments of racial affinity became possible. But,
according to Tobias (1953), the new method has produced
a classification virtually identical with that arrived

at by the older method. This suggests that the



distribution of purely morphological features, on which

the older classifications are based, approximates to the
relative frequencies of the more precisely identified
genes, which provide the new classifioatory basis. It
would seem that a genetic analysis of traditional
morphological characters is desirable to provide a
synthesis between the two techniques, but since this le
beyond the scope of the present study, only the traditional

metrical and morphological analyses were undertaken.

PRESENTATION OF THESIS

Following the introductory chapter, a brief
account is given of the hybrid Bantu Negroid referred to
in the text (Chapter 2). A short description of the
main inhabitants of Southern Africa is provided. The
study is based on an analysis of 460 crania and mandibles
in the Anatomy Department collection. Details such as
sex, stated age and tribal identification, were known in
each case. To establish evidence of group affinities or
characteristics, skulls in the collection from the
largesb groups of the same tribal origin were selected.
These comprised the Natal Nguni, Cape Nguni, Sotho and
Miscellaneous. General methodological considerations
are outlined in this chapter. The wvarious methods of

measurement and statistical procedures are detailed in

the respective chapters.



Chapter 3 le e morphological description of the
position of the teeth in upper and lower jaws and the
relationship ol the teeth and dental arches to each
other. Included in this chapter is a section on occlusal
and interproximal attrition of teeth.

The morphology of the bony palate is discussed
in Chapter 4.

In the following chapter various metrical obser-
vations on the palate and dental arches are recorded and
discussed (Chapter 5). The reduced metrical data are
presented in terms of mean values, ranges, standard
deviations, coefficients of wvariation, standard errors
of t. mean and intergroup t-values. Population and
i. ; “.roup comparisons a recorded in this section.

The morphology of the incisor and molar teeth
of both jaws are dealt with in Chapter 6 and population
and tribal comparisons are made. Following this,
(Chapter 7) are the metrical observations on the teeth
of the Bantu Negroids. The mesiodistal and buccolingual
crown dimensions, crown areas and crown shape indices
of the maxillary and mandibular teeth are recorded and
the data are statistically analysed for purposes of
comparing the teeth of the Bantu Negroids with those
of other populations and for determining inteigroup#
differences.

Variation in palatal, dental arch and tooth

measurements are SHSB”in Chapter 8. The coefficients



of variability of absolute measures and standard
deviations of indices and angles are computed and the
sex and individual measures variability are discussed.
ChaptereS and 10 are devoted to sex differences in the
Bantu Negroids and to the various morphological and
metrical differences the four tribal sub-
groups respectively.

The final chapter (Chapter 11) is a general

summary of the text.



CHAPTER 2

MATERIALS AND IffiTHODS

The Inhabitantb of southern Africa are usually
listed under five main headings.* viz., the Europeans,
the Bantu-speaking Negroes, the Bush-Hottentot group, the
Indians and the Coloureds. The pattern of racial types
in southern Africa has been greatly complicated by
miscegenation between the tribes and settlers over the
years and, according to Dart (19)7), Is no new feature 1In
the racial history of Africa. To give some Idea of the
hybrid Bantu referred to In the text, a brief description

of the Bantu, Bushman and Hottentot is provided.

A . THE BANTT

The Bantu people are purported to have originated
in the north and moved (down the African migration routes)
to the south. The east coast of Airlca was almost unKnown
to the nations of the west until the sixteenth century
when the early Portuguese navigators explored it on their*
way to India and the Far East and planted garrisons upon
it (oAManney, 1955)

"Bantu"is correctly not a racial name, but a
linguistic term. Most Bantu languages have similar
qualities, and the roots of many words are the same, or
approximately the same, all the way from Kenya to the
Cape. For example, the word for "mar" is umu-ntu in ZuJdu.

un-tu in Xosa, oman-tu in Luganda and m-tu in Swahili.
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The plural form, aba-ntu ("man") Is the same In a number
cf languages, and from this comes the word "Bantu" Itself,
meaning "h'trer

Physically, the southern Bantu present great
variability? all are essentially Negroes, but since they
have acquired a varying amount of Mediterranean genes
and have further mixed to a varying extent with Bushman,
Aslan, Coloured and other peoples, they naturally show
a diversity of physical characters. Yet certain Negro
characteristics predominate, especially the character
of the hair. They are described by Sellgman (1959) as
being, as a rule, well built, with strong muscular
figures, and graceful bearing and gait, especially
noticeable In the women, who are accustomed to carrying
loads on their heads. The skin colour ranges from the
black of the Swazi to the yellowlsh-brown of some of the
Tswana, the latter probably reflecting some degree of
Intermarriage with Hottentots and Bushmen. The prevalent
colour, however, is a dark chocolate, with a reddish tint.

Certain Negroid characteristics, such as the
everted lips and the wiry, tightly curled hair, are
specialized traits of the Bantu. The head is generally
dolichocephalic and the face is usually prognathous. The
shape of the nose is variable; usually it is flat and
broad with wide nostrils, but It sometimes has a well-
formed bridge with narrow nostrils. Unlike the Caucasoids
there Is little hair on the face and the beard does not
grow until the middle twenties. Baldness is rare but

many Bantu shave their heads periodically.
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ihe system of land tenure is on a oommunc.l basis.
T.ie tribes occupy settled dwellings and polygamy is
recognized. The women perform most of the agricultural
labour, and the men are the hunters and the herdsmen.
They are skilful in wood and metal working, wear a coarse
cloth of cotton and are capable workers in pottery. Maize
is the staple food. Bantu were originally located in the
bush; many still remain in the bush, "lacustrine" or
"riverine" dwellers who live deep in the rain forests and
cling close to water, but large numbers of them have in
recent years begun a steady march into the industrial

centres in the various large cities in Africa.

The mode of life, social organization and religious
system of all the southern Bantu show certain broad
resemblances, but in details of history, language and

various aspects of # 'ture there are a number of important

differences whit eding to Seligman (1959), permit
their being cla Into four main groups
1l: Northern - The Shona peoples of Southern Rhodesia

and of Mozambigque.

2: Eastern - This group consists of two main subdivisions,

Nguni and Tsonga.
1) The Nguni consists of the Cape Nguni of

the Ciskei and Transkei and the Flngo.
The Natal Nguni is comprised of the 'Zulu'
of Natal and Zululand, the Swazi and the
Transvaal Ndebele. The Ndebele of Southern
Rhodesia are believed to be an offshoot of

the Zulu of Natal.
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11) The Tsonga are subdivided Into Tsonga,
Ronga and Tswa and are found chiefly 1In

Mozambique.

Central - This group, too, consists of two main

divisions, Sotho and Venda.
1) The Sotho include the Southern Sotho of
Lesotho and adjoining districts, the
Tswana (Tlhaping, Rolong, Hurutshe, Kwena,
Tswane, Ngwato, etc.) of Botswana and
western Transvaal, and the Northern Sotho
of the cential and northern Tranava.
11) The Venda are a homogeneous group

occupying the Soutpansberg district of

the north-eastern Transvaal.

Western - The fourth large group comprises the Herero
and Arrbo in the central and northern

districts of South-West Africa.

BUSHMEN

The Bushmen do not seem to go further back than
the later Stone Age of 12,000 or 15,000 years ago
(Sllberbauer 1964). But their family tree is very
much older and, according to the above writer, there 1Is
no doubt that they are indigenous to Africa and that
they, together with the Hottentots, make up a population
completely separate from any other.

The Bushmen ranged over the whole of Africa south

of what we know today as the Republics of the Congo



(Kinshasa) and Tanzania. Their culture, It appears, was
very similar to that of their present-day descendants who.
In the heart of the Kalahari, still follow the 1life of
hunter 3555553 -gatherers.

The Bantu-speaking peoples In their trek southwards,
brought with them vastly more advanced technology, mining,
agriculture, and cattle, and encroached on the land of the
Bushmen. The history of these contacts Is obscure but
evidently Bantu and Busnmen lived together In seme places
for periods as masters and slaves, but eventually the
Bushmen largely disappeared. The history of contact between
Bushmen and European was equally un fortunate. The Bushmen
fought back as best they could, but the advantage was
naturally with the Whites as well as the Bantu, with their
large well-organized communities, with trained, well-equipped
warriors and reliable sources of food. By the end or the
19th century the only surviving Bushmen were those who lived
In the arid central depression of southern Africa, the
Kalahari of Botswana (formerly Bechuanaland), South West
Africa, Southern Angola and the western extremity of Zambia
and Rhodesia. The country where Bushmen did survive was
either so inhospitable that nobody else wanted it,or was
settled so sparsely by peaceful pastorallsta that there was
no room for both them and the Bushmen and the process of
acculturation and absorption took the place of wars and ex-
tinction. Today, according to Sllberbauer (1964),there are
about 40,000 Bushmen of whom 25,000 are In Botswana .According

to the population register of I960,the number of Bushmen In



South West Africa Is given as 11,762. The latter figure
Is based on linguistic criteria. Probably, a more reliable
figure is that of Tobias (1956) who estimated that the
nurrber of surviving Bushmen in 1955 was 55,531.

The Bushman is so distinctive in appearance as to be
distinguished at a glance from all other Africans save
only the Hottentot (Sellgman 1959). He is short, averaging
about 62 inches with slightly built, well-shaped limbs,
and small hands and feet. New data have revealed an
increase in the mean stature of the Bushman over the years.
This has been attributed to their passing through another
Neolithic revolution, which is transforming their way of
life from a nomadic, hunting, and food-gathering 'ubslstence
economy, to participation in a more settled, pastoral, food-
storing existence (Tobias 1962).

The skin of the Bushman is yellow or yellowish-brown,
and wrinkles particularly easily; the hair of the head is
so tightly spiralled that it forms tufts or 'peppercorns',
which appear to leave bare patches on the surface of the
scalp. According to Sellgman the head is mesocephalic
(Cephalic Index 75 - 76 per cent), low in the crown and
pentagonal as seen from above; the face is orthognathous,
small and broad, with prominent cheek bones, very flat nose,
low but bulging forehead, and pointed chin. Their eyes are
narrow and the lids display a variety of folds; the 1lobe
may be absent from the small squarish ear. The usual forward
curvature of the lower end of the spine 1is exaggerated,

making the buttocks especially prominent, and in the women



there is often that considerable accumulation of fat on
the buttocks and thighs to which is given the name
steatopygla. The degree of steatopygia decreases signi-
ficantly from young adulthood to old age.

A number of field studies on the Bushmen have been
undertaken by the Muffle Id-Wltwatevsrand University
research expeditions. These are currently being co-
ordinated to broaden and deepen the human biological study
of these peoples, as well as to incorporate other aspects
and disciplines and to expand the cultural, social and

linguistic Investigations (Tobias 1961).

C . HC ~TENTOTT

The physical characteristics of th Hottentots are
similar those of the Bushmen, the chief points of
difference being a taller stature (about 64 Inches), a
larger and narrower head (Cephalic Index 73)» and a more
prognathous face (Sellgman 1959). Apart from Bantu
admixture in certain groups, the Hottentots are possibly
the result of the mixture of Bushmen with early invading
Hamltes, from whom they may have received those linguistic
and cultural features that distinguish them from Bushmen.
The origin of the Hottentots is uncertain. It is generally
believed that they arose in the North, perhaps in the
neighbourhood of the Great Lakes of Central Africa, and
that the Hottentots did not reach South Africa until after
the Bushmen. The Hottentots are thought to have crossed
the upper waters of the Zambesi and reached the West

Coast, then pressed forward to the south where they



were found by the first Europeans to visit the Cape of
Good Hope. Sellgman believed that the Hottentot population
of the Cape had oecony 1largely absorbed by racial admixture
with incoming Europeans and East Indian slaves, and thus
constituted the basis of the present 'Cape Coloured’',
'Griqua' and 'Rehoboth half-breed' communities.

The Hottentots are a diminishing people, and only a
remnant of their former customs and beliefs survives.
Culturally, the outstanding difference between Bushmen and
Hottentots is th t until recently the former were hunters
and food collectors only, while the latter are a pastoral

people with herds of cattle and flocks of sheep.

D. MATERIAL

The present study is based on an analysis of 460
crania and mandibles of South African Bantu-speaking Negroes
in the Department of Anatomy at the University of the
Wltwatersrand, Johannesburg. The skulls form part of the
skeletal collection begun by Professor Raymond A. Dart in
1923 The skeletons have been prepared from dlssectlon-
hall subjects, consequently details such as sex, tribe and a
statement of age are known in each case. The ages cannot
be accepted as being completely reliable, since Africans of
a generation or two ago were frequently Illiterate and
unaware of their exact birth date. Obvious discrepancies
in the stated ages were recorded as 'undetermined’.

All the skulls are of adults or young adults, the
ranges of stated ages being from 16 to 108 years. The
majority ore in the 20 to 50 year age category, and only

I are below the age of 20 years.
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The total number of male skulls Is 356, that of
female skulls, 10%. It appears that the bodies of female
paupers who have died In hospitals are more frequently
claimed by relatives and friends. Another factor might be
that In the Johannesburg area Bantu males outnumber females
because of the Influx of male Industrial and mine labourers
from che rural areas.

The hospital administration was responsible for re-
cording the tribal Identification of the subjects In the
present series. Vaguely Identified crania were not Included
In the sample. In earlier years, wars, tribal fighting,
slave-trading, famine and pestilence contributed to the
continual movement of the Bantu (Battlss et al, 1958).
Nowadays, Industrialization, education, rapid and easy
transport, contribute to this migration and consequently
more rapid detrlballzatlon of the Eantu peoples. According
to De Vl1lllers (1957), adult skulls such as those used in
the present study, represent as yet unhybrldlzed Individuals,
belonging In most Instances to the first generation of
urbanized Africans, whose parents on both sides were of the
same tribe.

Prom the skulls In the collection, the largest groups
of the same tribal origin were selected. In an effort to
establish evidence of group affinities or characteristics
on the basis of morphology and measurement. Since most of
the skull material was of South African origin. It was not
surprising to find that the largest tribal groups were those

of the Natal Nguni, Cape Ngunl and Sotho. It was hoped
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that the Shangaan and Tonga might have constituted a
fourth group, but the paucity of skulls made it more
desirable to group them with skulls of other tribes under
a single heading of Miscellaneous . The Ndebele,
originally an offshoot of the Natal Nguni, were probably
already detrlballzed, consequently it was deemed desirable
to group them in the Miscellaneous category.
sIMIU
A tribal breakdown of the dxtes. in the present

study is as follows: -

NATAL NGUNI

Zulu 76 males 28 females
Swazi 19 males 8 females
Total 95 males 56 females

APE NGUNI

Xosa 59 males 1A females
Flngo 8 males S females
HI 6 males Nil
Pondo 15 males Nil
Baca 10 males Nil
Total 98 males 19 females

30THO
S .Sotho 77 males 52 females
Tswana 10 males 7 females
Rolong 2 males 5 females

Total 89 mules 44 females
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MISCELLANEOUS

Shangaan 33 males 1 fernile
Tonga 2 males Nil

Venda 16 males 2 females
Ndebele 12 males 2 females
Shona 11 males Nil
TOTAL: ?4 males 5 females
Total sample: 356 males 104 females

i.e. 460 skulls altogether.

E. METHODOLOGICAL CONSIDERATIONS

Each skull wee examined independently and all the
morphological and metrical observations relating to the
bony palate and teeth of each skull were listed on a
blank form running to five fooltcap sheets. Many of the
morphological observations, though not readily amenable
to measurement, were apparent to the eye. In order to
classify the morphological observations, a series of
standards was compiled from good examples of the various
features: photographs of these standardized degrees of

eatKk.
expression oi trait were compared with each “kull,

which was then categorized.

The advantages of metrical observations are that
they are less subjective and data thus obtained can be
statistically analyzed. In the study, palatal and tooth
dimensions were measured directly on the skulls with a

Boley gauge to an accuracy of 0.1 mm. The points of the
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gauge were carefully sharpened to make accurate measure-
ments pos. Ible. Palatal depth, however, was measured with
a three-dimensional calipers designed by Korkhaus. The
bizygomatic width and naslon-baslon dimensions were effected
with a Flower's sliding compass to an accuracy of 0.5 mm.
The sample In most Instances was sufficient to
enable a satisfactory statistical comparison to be made
fif&rVifE. the tribal groups. The various methods of measure-
ment anti statistical procedures are detailed In the

respective chapters.
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CHAPTER 3

TOOTH POSITION AND OCCI/JSION

A. THE OCCLUSION OF THE TEETH

Occlusion may be described as the relationship of
the occlusal surfaces of the teeth when the Jaws are
closed. Each tooth In normal occlusion helps to maintain
the adjacent teeth In harmonious relations, for the cusps
Interlock and each inclined plane of contact serves to
prevent the teeth from sliding out of position (Pigs 1
and 2).

Many deviations from the normal or ideal anatomic
relationships between upper and lower dentitions are
encountered. Whereas many of these departures may be
Included in the realm of normal variation, severe deviations
are designated malocclusions. Malocclusions of the teeth
are found in “11 races of man, and occasionally among Tower
animals. It has been one of man's afflictions from time
immemorial, but, according to Angle (1907)# it is generally
conceded that it is becoming more common as civilisation
progresses.

For practical purposes dentists, in describing
occlusions, have universally adopted the classification of
Angle (1998) His classification of occlusion was based
on the meslodlstal relations of the teeth, dental arches and
Jaws, which he contended depend primarily upon the relative
meslodlstal positions assumed by the first permanent

molars after their eruption into occlusal contact. Angle
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Fig. 1 Normal occlusion, frontal view

Fig. 2 Normal occlusion, lateral view



used the Roman numerals I, II and III to designate the
1liree main classes of roesltdistal arch relationship viz;
Class I or normal, Class II or distal, and Class III or
mesial relationships of the cusps of the first permanent
molars. In detail, his classification of ocelusion was
as follows:

Class I: The mandibular dental arch and body of the mandible
are In normal meslodlstal relation to the maxillary aich.
The mesiobuccal cusp of the maxillary permanent first
molar occludes in the buccal groove of the mandibular
permanent first molar when the teeth are approximated in
centric occlusion. In the event of teeth In either or
both jaws being Irregular, the condition is designated an

Angle Class I malocclusion.

if
The three categories were designated N'eutro-
occluslon (Class I), Dlsto-occlusion (Class II) and Meslo-
ocelusion (Class III). This method of classification

does not take into consideration the morphogenetic skeletal
patterns or dysplasias. It is a static one-dimensional
system of classification. Advances in clinical dentistry
have necessitated not only a three-dimensional analysis of
malocclusions by means of cephalometric roentgenography,
but a dynamic or functional approach to the whole problem
of occlusion. However, since clinical diagnosis and the
treatment of malocclusions are of no concern in this study.
Angle's classification has been used to classify the

malocclusions present in the Bantu.

[Omission: Insert at *]

Jlaas ITI: In this group the lower iental arch and the

body of the mandible is in a distal cr posterior relt i“n

to the upper dental arch as reflected by the first permanent

nolar relationship. The mesiobuccal cusp of the ..'axillary

first molar occludes in the r a e I«Hwoei: 'lr



Class I: The mandibular dental arch and body of the mandible
are In normal meslodlstal relation to the maxillary arch.
The meslobuccal cusp of the maxillary permanent first

molar occludes In the buccal groove of the mandibular

permanent first molar when the teeth are approximated in

centric occlusion. In the event of teeth in either or

both .laws being Irregular, the condition Is designated an

Angle Class I malocclusion,
if . .
The three categories were designated Neutro-

occlusion (Class I), Dlsto-occluslon (Class II) and Meslo-

ocelusion (Class III). This method of classification

does not take into consideration the morphogenetic skeletal

patterns or dysplasias. It Is a static one-dimensional

system of classification. Advances In clinical dentistry

have necessitated not only a three-dimensional analysis of
malocclusions by means of cephalometrlc roentgenography,

but a dynamic or functional approach to the whole problem

of occlusion. However, since clinical diagnosis and the

treatment of malocclusions are of no concern In this study,

Angle's classification has been used to classify the

malocclusions present In the Bantu.

[Omission: Insert at *1
Glass 1II: In this group the lower dental arch and the
body of the mandible is In a distal or posterior relation

to the upper dental arch as reflected by the first permanent

molar relationship. The meslobuccal cusp oi tne maxillary

first molar occludes in the space between the mesiobuccal

cusp of the mandibular first molar and the distal aspect
of the buccal cusp of the second premolar.

Class III: In this category the mandibular dental arch and

body of the mandible are in bi-lateral mesial relationship to
the maxillary arch. The meslobuccal cusp of the maxil ary
permanent first molar occludes in the interdental space
between the hiatal aspect of the distal cusps of the mandi-
bular permanent first molar? and the mesial aspect cl the

mesial cusps of the second mandibular permanent molars.



PRESENT STUDY

In only 179 of the *60 Hantu skulls examined could
the occlusion of the teeth be satisfactorily determined.
Skulls In which a number of teeth were either lost or
missing, or In which there was doubt as to the correct
articulation of the teeth, were rejected from the sampl
Of the 178 skulls, 1*0 were males and 38 were females.

Of the males, 96.* per cent exhibited a Class I type
of occlusion or Jaw relationship, I.e., neutro-occlusIon
.Table 1). class II, or dlsto-occluslons, were noted In
2.9 per cent of the sample (one of Class II's showing
unilateral dlsto-occluslon). A Class III, or meslo-
occluslon was noted In only a single Bantu male skull,
viz., 0.7 per cent of the sample.

Among the females, only a single Class II occlusion
was noted. This provided a percentage figure of 2.6, which

closely approximates the percentage of Class n occlusions

found In the male sample. The remaining female dentitions,
viz., 97 .* per cent, exhibited a Cla.,s I Jaw relationship.
DISCUSSION

In an analysis of 1,000 cases of malocclusion,

Angle (1898) gave the percentage proportions of occlusion

patterns as follows:-

Class I ... 69.2 per cent
Class II .. 26.6 per cent
Class III .. *.2 per cent

In a report on the incidence of dental disease in children,

prepared by the Medical Research Council's committee for



S3

tho investigation of dental disease in 1925. Ainsworth
reported the following percentage of occlusion patterns
in boys and girls:-
Incidence of normal occlusion inboys - 754
Incidence of normal occlusion ingirls - 79#

Incidence of prenormal or Class III
occlusions (boys and girls) _ 1354

Incidence of postnormal or Class 1II
occlusions (boys and girls) _ 21 .85#%

In a review of the literature, Seipel (1946) reported
that the incidence of Class II occlusions varied between
4.1 and 26.6 per cent in various populations. Class III
occlusions remain fairly constant around an average of 2.8
per cent. The figures for his own Swedish sample are 10

and 4 per cent respectively.

Begg (1954) examined 800 skulls of Australian
aboriginals and noted an incidence of Class II occlusion of
13 per cent, and Class III occlusion of 3 per cent. These
figures do not differ greatly from Seipel’s figures for
modern Swedes. In comparing the incidence of occlusion
patterns in Swedish mediaeval skulls with those of Seipel's
figures for modem Sweden, Lundstr8m and Lysell (1953)
found that the incidence of Class II and Class III occlusions
was approximately the same.

In the Aleuts, Moorreea (1957) observed that the
most common malocclusion is of the Class I type,
characterized by crowding and rotation of individual teeth
without displacement of the molars. In contrast to a

relatively high prevalence of Clasr II occlusions and a
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lower frequency of Class III occlusions In populations

or White stock. Moorrees reported that the findings 1In

the Aleuts show reverse proportions. The combined male

and female Incidence of Class I occlusion patterns In the

Aleuts was found to be 86.3 per cent, whe, the Incidence

of Class III occlusions was 1J.2 per cent. No Class II

occlusions were seen In either the males or females.
From the literature it can be seen that the

incidence of malocclueion? is somewhat higher in some

racial groups than in others. Brash, McKeag and Scott

evidence for the occurrence of

(1956) reviewed the
$

jr non-European

races and reached a tentative conclusion tnat they do occur

in widely separated races, though not to the degree or

extent that they do in Europeans. The observations in the

Bantu support this contention.

According to Mills (1956) the possible reason” for

the increase in incidence of malocclusions in civilized man

c*re threefold. Firstly, the admixture of populations may

be responsible for those malocclusions which are caused by

in the parts of the skull, and for the

discrepancies

greater Incidence of crowding and spacing of the teeth

caused by discrenancy in size of teeth and Jaws. Secondly,
likely to

an individual with a severe malocclusion is more

survive in a civilized community and to perpetuate his

malocclusion. In addition, he claimed that there is a

greater 1likelihood that the weaker members of the community,

generally, would survive, and these would be more 1likely



to have crowded arches. This assumes.that malocclusions
are In part genetically determined.

This Is In accord with the thinking of Salzmann (1950),
Graber (1961) and Noyes (1962), who stated that students of
facial growth and clinical orthodontists seem agreed that
the morphological pattern of the human face Is of
hereditary determination. From the study of Identical twins,
LundstrBm (1962) estimated the relative Importance of quanti-
tative variation of morphological characteristics. He
concluded that not less than half of the variation within
the maxillo-faclal «?rea Is owing to differences In genetic
composition among individuals. Thirdly, according to Mills,
It Is possible that environmental factors In the condition
of captivity or of civilization would cause malocclusion.
Colyer (19)1) studied the effect of captivity on the incidence
of malocclusion In various animals. He noticed that the
abnormalities seen in captive animals are similar In t'"~-
to those seen in animals from the wild state, but a-e

more marked, as a rule and the Incidence is greater.

TABLE 1

PERCENTAGE INCIDENCE OF TYPES OF OCCLUSION
IN THE SOUTH AFRICAN BANTU

ANGEL, 'S ANGEL, 'S ANGELAS
SEX CLA*S I CLASS' II CLASS III TOTAL
No. % Noj i No.! i
Males 1)5 96.4 4 j2.9 1 0.7 140
Females )7 97.4 1 1'2.6 o io )8
1
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Tl.ere 1l« little doubt that during recent centuries,
a reduction in the size or the facial skeleton and, to
a Hsse- extent, a reduction In the size or the teeth has
oocurred In man. According to Brash, McKeag and Scott
(1956) , a discrepancy between Jaw size and tocth material
Is a major contributing factor responsible for the Increased
Incidence or malocclusion or crowding In modem civilisation.
In this process It Is possible that both environmental and
genetic factors have been at work.

Orthodontic literature implies that, although
malocclusion of the teeth with its associated dento-facial
anomalies is present in rare instances in primitive man,

it has become widespread only in civilized man. Robinson

(1946) and Oppenheimer (1964) noted that crowding was
present in the front teeth of Australopithecines. Tobias

(1967, in press) noted a similar condition on

ZinJdanthropus.

Much of the modern prevalence of maloccasion may
be the result of accumulated survival and multiplication
of physically inferior Individuals. This contention
appears to be borne out by Collins (1932), whose study of

the teeth in the Eskimo seemed to indicate that crowding

of the teeth is for the most part a recently acquired

condition. Keith (1925), too, commented on the Increased

incidence of malocclusions and crowding during more

recent centuries. He was of the opinion that there is



some degree of contraction of the palate and Irregularity

of the front teeth in at least 25 per cent of the present

population of the British Isles. On the other hand, ,*?-

occlusions and crowding of teeth *£!/ definitely not

confined to modem man. The Incidence of tooth crowding

and malocclusions in different living races is variable.

Conditions of crowding and displacement of the teeth are

found within the Jaws, similar to those seen in other

primates. Also, a considerable number of malocclusions

are found which are due to abnormalities in the relation-

ships of the Jaws to each other; there are those which

fall into Angle’s Classes II and III malocclusion. The

variation in incidence of all the types of malocclusions

that exist in different population groups is illustrated

in Table 2 which was prepared by Mills (196)) from figures

given by Heilman in the discussion of a paper by Hrdlicka

(19)5). Hellmar figures tend to indicate a high

incidence of mal .usion in those of European origin,

although they are '""ailed or exceeded by the incidence in

several other groups.



TABLE 2

INCIDENCE WjiALOccmsiON 1IN VARIOUS RACES

(AFTER HEIJLMAN #

RACE TOTAL No. I PERCENTAGE
ANCIENT AfSFIND 16 6. 25
MODERN AMERIND 35 8.6
ESKIMO 14 50
"HINDU" 39 35 9
JAPANESE 12 66.67
CHINESE (BORNEO) 14 91.4
RJRIAT 32 15.6
TASMANIAN 11 27-3
AUSTRALIAN 14 28.6
NEGRO (EAST AFRICA) 33 21.2
NEGRO (SOUTH AFRICA) 10 Nil
NEGRO (WEST AFRICA) 76 32.9
NEGRO (W.R.U.) x 43 6.98
WHITE (W.R.U.) < 62 32.26
WHITE (DEMKO-HEGY) 41 34.2
WHITE (KESZO-HIDEGKUT) 108 44.5
WHTE (SZA.PA?") 42 33-33

*Table taken from Mills (1963)

Campbell (1925) reported that very rarely indeed

does one find teeth erupting in markedly abnormal

positions in the Australian aboriginal, as is so fre-

quently t-he case with modern civilized folk. He stated

that in this population the dental system is characterized

by the large size of the Jaws and ample space for all

the teeth. The author does not mention the actual
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percentage Incidence of crowding In the aboriginals.
Nelson (19?°) 1likewise did not report the Incidence of
crowding In the Pecos Indians, but merely stated general
impressions gathered from his study. He said that
disturbance of occlusion Is relatively uncommon (save
for meslo-palatal torsion of the upper central incisors).
It seems that the chief malocclusion found among these
Indians Is the palatal displacement of the maxillary
premolar.

In his study of Bushmen, Van Reenen (196”) observed
that just over 10 per ce W had crowded teeth. Crowding was
generally highest in the ron-adult age groups, particularly
lr adolescents, and it decreased with the years and was
rare among the old-aged. Drennan (1929), on the other

hand, reported that although the alignment in Bu”i.men was
rarely perfect, it was good in 30 of the dentitions examined,
slightly Irregular in 21 skulls, and In one skull there

was considerable displacement of the teeth.

The Tasmanian Aborigines, according to Steadman

(1937), had well developed arches, but In 33 maxillae 1In
which the molar region was sufficiently complete for a
diagnosis to be made and in 21 mandibles in like condition,
he found 14 upper and 8 lower Impacted third molar teeth.
Abrahams (1950) quoted Flower (1879) as having stated of

the Tasmanians,"Their teeth are generally Af large size,
but there appears to be too little room for them In

the Jaw so that only in two out of eleven adult skulls in

which their condition can be observed, are all of them



normally placed". Abrahams contended that this megaloicnt
condition Is not uncommon In living orthognathous races
such as Caucasians and Japanese, but It Is unusual In a
primitive population 1like the Tasmanians.

In the Aleuts crowding occurs in approximately ore
half of the total population (Moorroes 1957). The proportion
does not apparently Increase with age. In 19)2, Collins
compared the Incidence of crowding between unhybridized
and mixed Alaskan Eskimos Seven of the 27 mixed types had
crowded teeth, a percentage of 25.9, as opposed to 14.5 per

at of the unhybridized Eskimos. To obtain comparative
uata on the incidence of tooth crowding among Eskimo of an
earlier period, he studied museum crania and reported
incidence of only 2.8 per cent of crowding in the adults.

Graber (1961) 1likewise recognized and mentioned tbu
variations in the incidence of malocclusion in different
population groups. He pointed out, too, that certain
populations seem to show a predilection for certain types
of malocclusion. The Japanese, for example, have a
relatively high incidence of mandibular prognathism and
crowding. In the United States a greater incidence of
mandibular retrusion is seen in the whites, and there are
fewer cases of mandibular prognathism. It is well known
too that the incidence of retruded mandibles in the

eta*
British Isles is high (Brashal956).

PRESENT STUDY

In the Bantu, the teeth in the respective maxill iry

and mandibular arches were classified as either
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»dequ*t»ly aocommod.ted. crowded or spaced, where no

evidence of generalized spacing existed and when the

teeth were not overlapping or crowded (locally or

generally), the arches were judged as being able to
adequately accommodate the teeth.

The degree of crowding was arbitrarily determined

by observation and rated as absent, mild, moderate or

"earked. A standard set of photographs was prepared

( figs. % 4. and 5) of examples of the varying degree.

Of crowding and each dentition was ccspared with the
photographs for purposes of classification. since

different degrees of crowding were sometimes evident In the

maxilla and mandible of the same skull, observations on

the upper and lower Jjaws were listed separately In the

tables. Dentitions In which a number of teeth wore

either missing or absent were excluded from the sample.

In the Bantu male scries. 75-5 per cent of the

maxillary arches In a sample of 257 skulls were satis-

factorily able to accommodate all their teeth with no

evidence of spacing or overlapping. In the 265 male

mandibles observed, 64.5 per cent had similar well

aligned teeth.
The female dentitions evinced a very similar

Incidence of well aligned teeth in their maxillary arches.

The percentage incidences were 76.2 and 67.1 respectively

In a sample of 63 maxillae and 70 mandibles (Table 3).



CROWDING

Fig. 3 Mild crowding

Pig. 4 Moderate crowding



CROWDING

Fig. 5 Severe orov/ding
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TABLE 2

PERCENTAGE INCIDENCE OF ADEQUATELY ACCOMMODATED
TLEdH IN T“E BANTU

TOTAL Mo. ADEQUATELY PER-
HI SAMPLE ACCOMMODATED CENTAGE
TEETH
MAX. 257 1
MALE 5 93 75.5
4 MAND. 265 171 64.5
' t
1 MAX 63 48 76.2
FEMALE
___________ MAWD. 70 47 6" .1
MALE | MAX. 320 24i 75.3
and (
FEMALE { MAND. 335 2x3 65 1

The percentage Incidence of crowded teeth In Bantu
males and females was again remarkably similar. Of the
257 male maxillae exam.ned, 1l1.7 per cent witnessed come
degree of crowding. In the females, of the 63 maxillary
arches in the sample, 11.1 per cent showed signs of crowded
teeth.

In the -nale mandibles, 27*9 per cent of the
sample of 265 possessed crowded teeth. These figures
closely approximate those of the female, which, In a

sample of 70 mandloles, showed a 27.1 per cent incidence

of crowded teeth (Table 4).






Ti e table also demonstrates the Incidence of the
various degrees of crowding In the combined sam.le. The
Incidence of mild maxillary crowding In males was nearly
twice as great as that found In females, viz; 8.2 per cent
In male<5, 4.7 per cent in females. Moderate crowding was
greater In females (males 2.7 per cent, females 6.4 per
cent) . Only .8 per cent of the male skulls, and nine of
the females exhibited severe crowding of the maxillary
teeth. Owing to the small sample of crowded female skulls
(7 out of a total of 63), the latter figures cannot be
regarded as significant.

In the mandibular arches, the percentage Incidence
of venous degrees of crowding In males approximated those
of females; crowding, males 13.6 per cent, females 10 per
cent; moderate crowding, males 10.6 per cent, females 11.4
per cent; severe crowding, males 3*7 per cent, females
5.7 per cent.

Tables 5 and 6 were drawn up to compare the
Incidence of various degrees of crowding In the arches of
the Bantu sub-groups. Although crowding was commoner In
the Cape Ngunl males, the sample was too small to be able
to determine whether the Incidence of various degrees of

crowding differed significantly among the tribes.
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DISCUSSION

T |e aVaUable toformation regarding the Incidence

of crowding per se 1= limited, a fact which make,

comparisons difficult.

In his investigations, Shaw (1931) stated that

in the Bantu, marked disturbances of the normal relation-

ship of the teeth are rare and that occlusion is normal

in an exceedingly high percentage of cases. Earlier on,

in discussing variations in tooth position, Shaw recorded

that in several Instances individual teeth, especially

upper canine teeth and lower incisor teeth, w”re slightly

displaced either 1lingually or labially. With the

exception of such slight variations in position, few cases

of crowding were recorded in his material. Marked dis-

placement of third upper molar teeth, due to lack of space

and resulting crowding, was recorded in only four out of

his 132 cases. Impacted third lower molars he encountered

in three dentitions as veil as three Instances of marked

spacing of teeth. No figures or percentage incidence of

crowding were tabulated by Shaw, h it it would seem that

the percentage incidence of crowd ng (approximately 11 per

cent in the max11If and 27 per cent in the mandible) in
the present investigation is somewhat higher. This is
probably because, whereas Shaw in his study disregarded
slight irregular;ties in his interpretation of alignment,
the writer tabulated all degrees of crowding. Severe

crowding was recorded in both investigations in only a few

instances. Furthermore, differences in sample '"size might

be responsible for part of the discrepancy in observations.
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oevere crowding, or the Incorrect occlusion of

teeth (or bite) is wldoly regarded by dentlste as a

major contributing factor In periodontal disease with

consequent bone destruction. A general Impression

gleaned from an examination of the present series of
Bantu skulls is the relatveiy mild degree of alveoclasia
in spite of the crowding In various regions of the dental

arch. Alveoclasia, as defined by Shaw (1931, p.71), is

a resorption of the alveolar process of the Jaws either
of its crest or of the Inner wall of the alveolae".

In his calculations, Shaw included all degrees of

aiveoclasla. He noted that over 50 per cent of his

series of Bantu crania exhibited some degree of alveoclasia.

Of the 132 skulls examined by Shaw,only 9 (6»8 per cent) had

marked alveoclasia. The incidence of marked alveoclasia

¢ uld not be determined in my series since many skulls

had numerous missing teeth, which could have been caused

by pathology and were consequently not included in the

sample. Shaw did nc' distinguish between generalized or

localized alveoclasia. In many instances the roots of

individual teeth. particularly the palatal roots of the

maxillary molars, were exposed. This condition may have

been the result of a localized paradental pocket.

According to Shaw, the percentage of alveoclasia
is so high as to raise doubt whether in some cases the

alveolar process may have been regarded as pathological

when such tvas not actually the case. In the present study,

there were instances of severe alveoclasia in wvarious



P'rtS °r the ar°h - but not ne=.33.ruy 1, th. eroded

section u the ereh. The area moat frequently Involved was

.round the molar teeth. In Shaw'a series, too. th. lower

anterior teeth were least frequently Involved. Yet the

survey reveals that it Is In th. latter region that most

of the crowding Is evidenced. Hence, this study doe. not

support the accepted view that periodontal Involvement Is

assoc ated with crowded teeth.

Since no comparative data are available. It 1la

difficult to ascertain whether, with the advance of civiliza-

tion. crowding Is more prevalent In modem Bantu than in

their ancestors. The change of diet from earlier, coarse,

fibrous and gritty foods to one in which the food 1Is soft,

*fined and well orepared, might suggest that an Increase in

the incidence o'l crowding in modem Bantu Is a possibility.

The former diet could conceivably have had the effect of

abrading the teeth Interproxlmally and ooclusally. Inter-

proximal attrition would tend to reduce the mesiodistal

diameters of the teeth, thereby enabling them to be readily

accommodated In the dental arch. Occlusal attrition eliminate!

the milder forms of malocclusion by wearing away so much
of the Interfering tooth cusps that the flat tooth surfaces
then left do not restrict mandibular masticatory excursion's.

The relatively mild incidence of malocclusion In modem

Bantu suggests, therefore, that it could be partly owing

to their softer present-day diet. Umortunately no

on.
series of earlier Bantu scrat the rougher diet Is available

to verify this suggestion.



giACIMG AND MIL-DIASTFMA'pa

J01.S3 (1016) earlier commented that Man 1la the
only living primate whose teeth are arranged In a
and It Is one of his distinctions that

continuous series,

there are no gaps between them. Nevertheless. numerous

Instances of spaced teeth occur In human dentitions.

The appearance of spacing can be either generalized or

localized.
Generalized Spaclnp

When the sum of the meslodlstal diameters of the
teeth Is too small In relation to the alveolar arch,
gaps or dtastemata will occur. According to Brash (1926),
spacing In the anterior region of the wuaw takes place
because of the deposition of bone In the outer alveolar
plate. The erupting permanent Incisor teeth then move
out labially through the newly formed bone and Increase

the length and width cf the anterior part of the palate.

Brash, McKeag and Scott (1956) stated that spacing
of the teeth Is not generally considered a normal feature

of th=? adult human dentition. They contended that +¢he

teeth of modern man are nearer to the fossil mode' than

their Jaws; and therefore in the transition bet- een

fossil aid modem man, the bony structures were more

reduced in size than were the teeth. Rather than spacing,

this would in effect tend to produce crowding.

Diminished use, according to Oppenhelmer (1964),

reduces the growth of the Jaws. Animal experimentation

by Thoma (1938), Washburn (1946) and Horowitz and
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Shapiro (1951) demonstrated that the jaws, like other

bones, grow In response to muscle demand and according to

Wolff's law.
*

The period between fossil and modern man, as
stated by Brnsh, McKeag and Scott, 1. leBeesaaBEe since »
extends from about two million to 5,000 years.

Also, their statement that dentition assumed Its human
characteristic of loss of all spaces before the Jaws were
homanlsed implies that the presence of spaces Is a non-
human characteristic. This is perhaps true only in respect
of the pre- and post-canine diastemata (which are not
examples of generalized spacing but specific adjustments

to one feature, a large canine protrudl g beyond the
occlusal plane of the ocher teeth).

Van Reenen (196%) did not observe generalized
spacing in adult Bushmen. Lysall (1958) in his Investiga-
tion of mediaeval skulls found spacing In the maxillary
arch. He did not state , however, whether the spacing was
generalized or localized.

LOCALIZED SPACING
(1) Midline Diastema

Localized spacing commonly occurs in the maxillary
midline between the central incisors and Is usually
referred to as a median diastema. A lateral diastema is
usually absent in the Hominldae, except Inifew specimens

of the fossil hominine, Homo erectus (formerly called

Pithecanthropus).

[Omlseloni Insert at ¥*]

According to Moss (196?), there exists abundant

anatomical, anthropological and orthopedic 1literature to

support the statement that the further growth and maintenance

of skeletal form is primarily dependent on the functional

state of related soft tissues (i.e on the atr.te of the

1 mitr i/"', Infoe'vh 1 " : iL" ¢ r nm° L Y



I'Vinro » FS* »xr..kiv.n-,rr vu HU.”Vie '")(‘ralJ:'l! Hid &C "CrM!r ¢ w

Wolff's law.
*

Ti e period between foesll and modem man, as
K Va$UL« £
stated by Brash, McKeag and Scott, 1 iufmmi-— since » f%

pc*/eti extends from about two million to 5,000 years.
Also, ileir statement that dentition assumed its human
characteristic of loss of all spaces before the Jaws were

homSnlsed Implies that the presence of spaces Is a non-

human characteristic. This Is perhaps true only In respect

of the pre- and post-canine dlastemata (t.iloh are not
examples of generalized spacing %ut specific adjustments
to one feature, a large canine protruding beyond the

occlusal plane of the other teeth).

Van Reenen (1964) did not observe generalized

spacing in adult Bushmen. Lysell (1958) In his Investiga-

tion of mediaeval skvlls found spacing in the maxillary

arch. He did not state, however, whether the spacing was

generalized or localized.
LOCALIZED SPACING
(1) Midline Dlastema

Localized spacing commonly occurs in the mexlllary
midline between the central incisors and is usually
referred to as a medlar- diastema. A lateral diastema Is
usually absent In the Homlnldae, except Inlfew specimens

ot the fossil homlnlne. Homo erectus (formerly called

pithecanthropus).

[Omission: Insert at *]

According tc Moss (196?), there exists abundant
anatomical, anthropological and orthopedic literature to
support the statement that the further growth and maintenance
of skeletal form is primarily dependent on the fmotional

fec.i
Inol led among the related soft tissues
wore the "muscles of mast cation" which he claimed are
responsible for the maintenance of mandibular contouring in
the areas of muscle attachment.

functional matrix).
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In t.he newborn, the labial frenum la attached to
the crest of the alveolar ridge, with the eruption of
teeth and the consequent Increase In vertical dimensions
of the Jaws, t| e Irenum usually migrates gumwards. In
some Instances, the frenum does not migrate superiorly
in the upper Jaws; instead It remains firmly attached
to the intermaxillary suture. This band of non-elastic,
unyielding fibres is heavy and may serve as a barrier to
mesial migration of the central Incisors during eruption,
leaving a diastema of variable proportions. According to
Tobias (1955) and Graber (1961l) these midline dlastemata
are frequently hereditary. Some observers, according to
Graber, consider the spacing Itself the hereditary
characteristic and the presence of the frenum Incidental.
They led that the fibres that attach to the 1lingual
papilla between the incisors remain intact btcause there
has not been any pressure from the central incisors moving
towards the midline. The riddle remains: is the diastema

present because of the presence of the frenum, or is the

frenum there because of the diastema? Tait (1929-10)
did not consider that tha frenum labti superior!., was
an etiological factor of midline dlastemata. Salzman

(1950) gquoted Herbst as suggesting that the diastema may
be due to hyperplasia of the premaxillary element of

the maxilla, or to an Increase of space in the alveolar
rldre of the anterior portion <f the maxilla due to 1lack
of development of the maxillary lateral incisors. The

former suggestion is not wholly accepted by Jacobson (1955)

who doubts whether man possesses a premaxlll



not recorded in the study.

PRESENT STlinv

71:U EnVe8tlKatl®n re',eals ‘hat spacing batw.cn th.

tee-.h or the Bantu Is either generalised or localised;
in either Instance the finding was tabulated as ’spaced’.
-lap. caused by loss or teeth and consequent dnrtlng or

adjoining teeth, by attrition or by severe periodontal

conditions, were not Included among examples OI spacing.

in the male maxillae, 21.5 per cent O crania

examined revealed a midline diastema (Tablet7,g) The remale

maxillae evinced a slightly lower rrequency or maxillary

mldllne dlastemata, viz., 16.7 per cent. In the mandibular

arches, the male and remale figures for mldllne dlastemata

are 7,7 an(l * "l per cent respectively (TaUe S).
The frequency of generalized spacing of the teeth

is, however, considerably less. The percentage incidence
in the maxillary arches is much the same in the male as

In the female, viz., Ij50 and 12.7 per cent respectively

(Table The percentage incidence of generalized spacing

is lower in mandibular dentitions being 7*5 per cent in

males and 5.7 per cent in females. The difference may be



spacIng n,t«d. TP. 1lnoldence of 3paclng of

15 PraCtlCallr dOubl- ‘hat of mandibular teeth.

T1lB 1lnCldenCe °f "W U-. dlaatemat, v.nle.

14 4

the trlb11 grC,P3 (T«bl- 7 and 8). e.g., the Inoidence

(,0*) , practle.n, double that

of dlastemata tn the Sotho

in the Miscellaneous group (14.*) and In the Natal hgunl
(17.1%) . in spite of the latter figures. It Is felt that

further Investigations on larger samples are necessary

before accepting these tribal differences as significant.

DISCUSSION

In the male maxillae, 21.5 per cent of the total

sample revealed a maxillary midline diastema. That is,
approximately one fifth (21.%*) of all the Bantu males

exhibit a median diastema. It will be recalled that 13.3
per cent of the males examined showed generalized spacing.

In a few Instances of generalized spacing, for some unknown
reason, the maxillary central incisors were Jjuxtaposed. On

the other hand, a few dentitions revealed a maxillary mid-

line diastema with crowding in other parts of the arch.

Tob as (1957-1958) toe, found a number of such cases in

his investigations on the living Tonga of Zambia.

The female maxillae evinced a slightly lower

frequency of maxillary midline diastemata, viz., 16.7 ner

cent. It was noted that 12.7 per cent of the sample
possessed generalized sn.xcIng of teeth. In the mandibular
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per cent which represent the Percentage Incidence or

male and remale mandibles, respective

generalized spacing *
in the female sample or 60 skulls, only 10 ,i6 .7%*,

evinced mazlllary mldllne diastema*/. In which case the

deferent sex Incidence or TOdlan upper dlastemat. (males

ai.W. females 16.7*) cannot he regarded as significant.

The data — consequently pooled to get a total Bantu figure

(54 cases out of 265 '20.4*%) (Table 8).

A survey or the species “veals that mandibular

mldllne dlastemata are not located as isolated “enoW ni;
they usually tend to be associated with generalized spacing

of all the teeth. In contrast with the position In the

maxillary dentition. This suggests that the factor or

cactors mak.ng for a mil-upper diastema are different from

the factors controlling generalised spacing of the upper

teeth.






TABLE

PM'ENTAaE INCIDENCE

UAdTEMATA IN BANTU TRIBAL ORQUPS

fSSEy™

RACIAL
GROUP ™

FEMALE

NATAL NGUNI
CAPE NGUNI

A
u~ ILLARY

COULD BE
DETERMD :ED

MALE frEMALE

20
11
25

4

205 60

265

9

47

MALE FEMALE

17.1 25
25.5 0
50.6 20
14.9 0
21.5 16.
20.4

PERCENTAGE INCIDENCE OF MID-DIASTEMATA 1IN

TOTAL BANTU irTER-TRIBAL SAMPLE

30THO
MISvfiLLANEOUS ' 7
TOTAL 44 10
54
TOTAL
DIASTEMA.
PRESENT
MAXILLA 44
MALE
MANDIBLE I8
MAXILLA 10
FEMALE

MANDIBLE 5

| TOTAL SAMPLE 1IN
WHICH FEATURE

COULD BE
DETERMINED

205

244

60

75

PERCENTAGE

INCIDENCE

T 1
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ATTRITTI-H

imedelnh® O
oo °
aoi eREIEEin” 0 ..
h.t u u.J1lUy ocoura

,U or teeth or Int.rprox.mell,.

oavs.d by the rubbln.

on both. Ooolusal attrition ray «

or ore tooth surfaoe against another. 1ls ven as by the

abraolve aotlon of coarse fibrous food., or the presence of

grit particles In the diet. Interpret,.! attrition Is

caused by the rubbing of adjacent teeth against one another

In the slight vertical and lateral movements »h :.ch occur 1In

the normal course of mastication.

(a) OCCLUSAL ATTRITION

Following eruption, the occlusal and approximal

surfaces of most teeth are subject to some degree of

attrition. The rates of attrition are variable, not only
In different populations, but among individuals of the

same group. Several factors have been adduced to account
These relate mainly to diet,

for \arlations in attrition.

hardness of teeth, chewing pattern and masticatory habits.

The influence of diet on attrition

1*
Most workers tend to believe that rapid and excessive

wear of teeth in more primitive peoples is a .manifestation

of fovr" contamination with abrasives such as grit and sand
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contended that coarse gritty r=cd U not a sufficient factor

to account for .11 occlusal attrition which occurs 1In

native* races. He believed that .11 "native- races are

mOSt CarefUl 1ln the Of their food, and that the
acid juices of fruit and be-rles are a causative factor

producing this condition. Plckerlll'u suggestion that acid

Juices cause occlusal attrition Is not supported by evidence.

Al130. his claim "that nearly all 'native' races are most

careful in the preparation of tu.lr food". Is Inconclusive.

Various 1living conditions such as sandy terrains, the

grinding of com In hollowed stones, and working over open

fires may be responsible for the Inevitable Inclusion of

sand or grit and carbon in much of the food consumed.

2 * — ? Influence of the hardness of teeth on attrition;

The rate of attrition is dependant also on the
hardness of teeth. Any dentist will verify that teeth vary

in hardness among individuals, but this factor is difficult

to assess from clinical examination alone. It was formerly

thought that the variation in hardness in different specimens

of enamel was due to a difference in the proportion of bone
salts, McGhee (1944), however, attributed hardness to the

amount of interlacing of the enamel rods; the greater the

degree of interlacing, the harder the enamel. In very hard

varieties, the minute structure presents a gnarled appearance

which somewhat simulates a pine knot.



3. The Influence of ohewlmr on attrIM nn

Prolonged chewing la another factor that, can affect

the rate of occlusal attrition. Van Reen.n (196*) noticed

that hunting.gathering Bushmen use their dentition for

longer periods than farm BushnSn. In his several expedi-

tions to the Kalahari. he observed that Bushwn* at

Takatschwane. for Instance, collected various foods, such

as gums from trees, which they chewed throughout the

duration or a hunt. Vigorous and prolonged mastication

rathe’- than the nature of the food la the factor that Davies

and Pederson (1955) believed accounts for the heavy

attrition In urbanised Greenl>£/*, natives#

Tbe Influence of masticatory habits on attrition

Masticatory habits may also affect the rate of
attrition. In a study of the attritlonal values for the
Australian Aboriginals at Haast’s Bluff, Heithersay (1959,
I960) found that females show a greater degree of attrition

than do males. This observation he attributed to the

Aboriginal social system In which the male is considered

the most Important member of the social scale and tends

to receive the choice and tender portions of the diet. He
added that because of their psychological make-up, the
Among

women possibly chewed their food more thoroughly.

other habits, the Eskimo clenches and probably grinds

his teeth while Kayak paddling (Davies and Pederson 1955)%*

The womenfolk on the other hand tend to prepare hides by

chewing them and thus wear their teeth. Bushmen, according

to Van Reenen (1964), in their nomadic existence, use
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Abrahams (19*7) noted difference, between the

attrition caused by the fibrous quality of the diet and

that of chewing habits. The degree of wear caused by diet,

he contended. Is materially less than that caused by

chewing habits. Where diet Is the cause, there Is usually

Where chewing habits

a uniform type of horizontal wear.
are

the cause, more complex oblique patterns of wear are fairly

frequently seen. The attrition caused by the nervous habit

of grinding the teeth, according to the author, usually

leads to a uniform type of horizontal wear. The reasons for

the greater degree of wear In the habitual chewer are two-

fold. The habit Involves more prolonged periods of chewing

than dies a die* of fibrous quality. Both betel-nut and

tobacco arc responsible for the Introduction of slight

abrasives into the mouth. In the case of betel-nut. lime

Is used In conjunction with the nut to bring out 1Its

flavour. The lime has a fine consistency, but the author

contended that It is nevertheless sufficiently abrasive to

cause wear of the teeth. In the case of tobacco, it is

impurities of a gritty nature. These contentions were

based on a number (unstated) of cases of attrition observed

in the various races that inhabit the Cape - Caucasoids,

Cape Coloured, Malays, Indians and Bantu. Abrahams

observed toe that in the case of betel-nut chewers and
tobacco chewers it was quite common to find that the cusps

ft hud
naa disappeared and dentine/partly exposed by the age of



50 years. Dentine was completely exposed by the age of

»0) years, and H e not Infrequently crowns of teeth had

completely disappeared In persons of 50 years of age.

In sum. most Instances of rapid or excessive

attrition It appears can be attributed to the action of SB

various abrasives, such as sand, lime or tobacco grit on

the teeth. The Incorporation of sand or grit In soft foods

can render them as abrasive as uncontaminated foods of a

coarse fibrous nature. It Is not the consistency of the

food; rather It Is the percentage of sand or grit In the

diet that In mainly responsible for the degree of attrition.

A number of Individual habits, customs or chewing patterns

accounts for the great variability In the amount and pattern

of wear In dentitions, not only between different population

groups but between males and females of the same population

group, and among Individuals of the same group and sex.

Included among these habits or customs are dietary differences

from the point of view that certain groups or Individuals

include more "veldkos" (edible roots) In their diet, which

means more sand and grit and consequently a greater amount

of attrition.

AGE INTERPRETATION

In assessing the age of an Individual from the

degree of attrition. Miles (1963) commented on the

functional age of a tooth. The first molar erupts and

starts its life of function at 6 years, the second molar

at 12 years and the third molar at 18 years. In a subject



Of =.y 25 yoars. the first molar win have had . functional

age of 10 years, the second a functional age of 13, and

the third the functional age of only 7 years. He devised
a formula to calculate the approximate age of an Individual
from the degree of attrition of the teeth. He was careful

to add that It was doubtful whether the data and experlei.es
gained from the study of contemporary dentitions 1Is

applicable to archaeological material, because in general,

in earlier times, dentations were used with much greater

vigour and in consequence wear of the teeth was much greater.

DEGREES OF ATTRITION
Various methods have been used to determine the

degree (01 attrition In teeth. Broca (1879) recognized four

degrees of attrition. In the first degree the enamel is

abraded without obliteration of the cusps or exposure of
dentine. The second stage is characterized by the dis-

appearance of enamel and partial exposure of dentine. The

third stage is typified by complete dentine exposure,
while in the fourth stage, the wear extends to the neck of

tooth. At this stage the crown of the tooth has entirely

disappeared.

In comparing the attrition of various age groups of

Bushmen, Van Reenen (1964) adapted the classification used

by Davies and Pederson (1955)» but added a slight modifi-

cation to include a further stage. He used a value known

as the "weighted product of attrition". This value is

determined by allocating one unit to every 1+ degree, two

units to every 2+ degree and so on. The unit value is



multiplied by the percentage value and the "weighted product

of attrition" 1la the sum of all the wvalues for each age

group. This method Is useful for showing quantitative

differences In the severity of attrition of each age group

for purposes of comparison In various geographic groups.
The classification of Broca has general acceptance,

but one limitation Is that It applies to a single tooth at

a time. Also. It Is difficult to categorise a tooth that

exhibits different degrees of wear In different parts of

the occlusal surface of the tooth; for example. a molar may

evince more wear on the lingual or on the buccal section of

the occlusal surfaces.

The difficulty of classifying the whole dentition 1Is

that different portions of one dental arch present different

stages of wear. In order to overcome this problem a new

technique, simpler than that used by Van Reenen, was devisee

whereby an overall estimate of the degree of attrition for

the whole dentition could be readily calculated.

PRESENT STUDY

In toe present study a met) d was devised for scoring

the degree of attrition on indlvidi teeth and getting a

total or resultant score for the w e dentition. In order
to express the overall degree of attrition, an "attrltlonal
Index” was calculated for every dentition. This was

determined by providing a unit value for each premolar and

molar examined as follows.

The unit wvalues for individual teeth were based

on Brocals classification.
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DEGREE OF ATTRITION
UNIT VALUE

No wear

worr without cusp
obliteration or exposure of
dentine

Cusps worn down and dentine
exposed

Appreciable proportion of the
crown surface Is worn away with

complete dentine exposure

Most of the crown has
disappeared and wear has
extended to the neck of the

tooth.

The degrees of wear are Illustrated in fige. 6,

7,8,9 and 10.

To calculate the attritional index from the above

in each arch was diwvided

values, the sum of the unit values

by the number of teeth examined. Dentitions in which more

than half the premolars and molars were missing were excluded

from the sample. It was felt that a calculated Index wiich

involves taking all the premolars and molars into consider-
ation would provide the most accurate expression of the

overall degree of attrition in any dentition.

RESULTS

The sample of Bantu d' tltlons was divided into

three age groups: up to 30 years of age, between 31 and 45

years inclusive, and those aged 46 years and older. All



m i*  »

~ig. 6 Ooclueal attrition
(unit value 0)

I'ig. 7 Occlusal attrition. Enamel worn «lthoul cusp
obliteration or exposure of dentine
(unit value 1)






Fig. 10 Occlusal attrition. Most of the crown

has disajjpeared and wear has extended
to the neck of the tooth.

(Unit value 4)
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were adult or sub-adult skulls. Only seven male and three

female skulls were below 20 years. the youngest being 16

years of age. Pros, Tables 11 and 12 it Is clear that the

degree of attrition In the Bantu Increases with age 1In

both males and females. This observation agrees with the

findings of most observers In their examination of different

racial groups (Campbell 1925, Shaw 1931,

Lasker 1945' Barret W - Begg 195-1. Davies and Pederson

1955. Moorrees 1957. Helthersay I9%960, Miles 1965, Ooose

1963 and Van Reenen 1964).
In males and females under 30 years of age overall

attrition was slight, that is, the enamel is worn without

cusp obliteration or exposure of dentine. In males
dentine was exposed in a few Instances as indicated by a

mean attritional index of 1.29 (range 0.78 -2 .9).

In the middle age range (31 to 45 years), dentine was

exposed in approximately 4 (# of the male and female

dentitions examined. The mean attritional index for

males in this age group was 1.44, with the range extending

from 0.71 to 2.44. For tne females it was 1,37 (range

attrition was

tc 2.20). In the oldest age group,
marked, cusps were worn down and dentine exposed in most
instances. The mean attritional indices for the males

and females of this group were I.R3 (renfe 0.87 to 3.00)

and 1.65 (range 1.00 to 3 .00) respccti/ely.

There appeared to be a sex difference, the mean

attritional index in the males being about (.2 greater

In the youngest and oldest age groups. This is graphically
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Irom 0.71 to 2.44. For the females it was 1.37 (range
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In the youngest and oldest age groups. This 1is graphically
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were adult or sub-adult skulls. Only seven male and three

female skulls were below 20 years. the youngest being 16

years of age. Fro,. Tables 11 and 12 it is clear that the

degree of attrition In the Bantu Increases with age In

both males and females. This observation agrees with the
findings of most observers In their examination of different
racial groups (Campbell 1925, Shaw 1931,

Laslcer 1945, Barret 1953, Begg 1954, Davies and Pederson

1955, Moorrees 1957, Heithersay I960, Miles 1963, Goose
1963 and Van Reenen 1964).

In males and females under 30 years of age overall
attrition was slight, that is, the enamel Is worn without
In males

cusp obliteration or exposure of dentine.

dentine was exposed in a "ew instances as indicated by a

mean attrltlonal index cf 1.29 (range 0.78 - 2.9).

In the middle age range (31 to 45 years), dentine was

exposed in approximately 40# of the male and female
dentitions examined. The mean attrltlonal index for
males in this age group was 1.44, with the range extending
from 0-71 to 2.44. For the females it was 1.5/ (range
0.78 to 2.20). In the oldest age group, attrition was

marked, cusps were worn down and dentine exposed In most

instances. The mean attrltlonal indices for the males

and females of this group were 1.83 (range 0.87 to 3-00)
and 1..,5 (range 1.00 to 3 .00) respectively.
There appeared to be a sex difference, the mean

attrltlonal index in the males being about (0.2 greater

in the youngest and oldest age groups. This is graphically



X30NI NOILIWH V



58

illustrated In Figure 11. The sex difference of the

meannin the middle age range (31 . 45 years) was

smaller. There were no marked differences In means

attritional indices among the tribal groups. Most mean

indices In the three age groups of the various tribal
groups conformed closely to the average for the whole

population.

DISCUSSION

With few exceptions, the teeth of the Bantu, in

contrast to the teeth of the Australian Aboriginals,

exhibit only a moderate degree of wear. There are a

number of factors which could account for differences in

attrition. However, it is reasonable to infer that the

South African Bantu individuals represented had reached a

semi-civilized condition of 1life. Shaw (1931) believed,

and the writer concurs, that with the gradual progress of

civilization and the consequent alteration of diet,

attrition has become less and 1less in the Bantu, until,

in many cases, it has practically disappeared.
In the human denture, the occlusal plane in the
buccal segment does not assume an exactly horizontal

plane. In addition to the curve of Spee, the occlusal

plane slants in an inwards and downwards direction in che

lower molars and upwards and outwards in the upper molars.

The angle of slant becomes progressively greater from

the first to the third molar. This curve, known as

Monson's curve, or the curve of George Villain (Fish 1952),

has been characterized as the curve of occlusion in



which each cusp and Incisal edge touches or conforms to

a segment of the surface of a sphere whose radius la

approximately * Inches with Its centre in the region of

the glabella (Boucher et al 1960).

Oenerally, when the cusps become worn by attrition,
the occlusal surface flattens and usually adopts a
hellooldal (Ackerman 19*3) or horizontal pattern. Campbell
adequately described the hellooldal curve which occurs 1In
Australian Aboriginals,

The mesla] portion of the flat surface of the

but®further distant”~he”~SS"~"~"cowf
into a horizontal plane. In the second molar

the worn surface is more or less horizontal,
mesiobuccal comer perhaps being bevelled a
little downwards and inwards, in the case of the
third molar the bevel of the worn surface takes a
direction downwards and inwards, the slant
apparently becoming greater towards the disto-
lingual comer of the tooth."

Its

He Ascribes type of wear of teeth to the fact that in

the regloj first molars, the arch measurement is

greater 1i .~per Jaw than in the lower, and lateral

masticatory movements are such that the buccal cusps of
lower molars and lingual cusps of upper teeth become worn
more readily than the other portions of the teeth.
Robinson (1956), Moses (1976, 1959) and Moorrees
(1957) concur. They do not explain, however, why this

Inverse curve develops in the premolar and not in the last

molar region. Van Reenen (196*) suggests a twofold

reason: -—
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1. The mandibular premol.ra tend to travel more

during lateral jaw excursions than the molars;

2. Monson’s curve Is minimal In the premol.r region

and most marked in the third molar region.

Thus, he reasons, the prominence or Monson's curve and the

slight lateral jaw movement which occurs In the third
molar region account for the absence of Inverse Mon.cn s
curve In this region.

In most Instances In the Bantu a horizontal type

or attrition was evident. There were dentitions, however.

which started horizontally and appeared to be gri.ually

developing Into what Shaw (1931) termed a "twisted occlusal

plane".
Where there was evidence of crowding or malocclusion

In the Bantu, the wearing of teeth assumed a different

pattern, in that various individual teeth became particu-

larly worn. This enabled a compensatorily balanced

occlusion to be established. In a few Instances the wear

was mainly confined to one side of the mouth with a
consequent oblique pattern of wear of the teeth on that

side. In extreme cases of attrition the molar teeth

could be occluded only when the mandible adopted bizarre

positions. The curves of wear of individual teeth in

these instances were sometimes concave and at other tines

sharply oblique.

The excessive degree of wear seen in Isolated

Bantu skulls could perhaps be attributed to any one or

more of the aforementioned causative factors. Tobacco-

chewing is a habit frequently practised among the Bantu



ana is possibly on. or th. main causative factors for th.
isolated instance, or marked attrition. In the Bantu.

as in most other groups studied. It Is the males rather
than the females who tend to wear their teeth to a

greater degree. The heavier skeletal framework and

musculature and consequently more powerful masticatory
ability of the males and their pronenoss to tobacco.

chewing are 1likely factors that could account for this s.,

discrepancy in attrition.
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(t) INTERTROXIMAL ATTRri'Tnic

Intsrproxima! attrition or ,.,r , form of

abrasion, consisting of the wearing sway of the contact

points between teeth as a result of a constant sluing

against each other OF approximating teeth during the

act of mastication. Black (1902) pointed out that

under natural conditions there Is a wear of the

approximai surfaces of .11 contacting teet... He con.

eluded that the amount of wear In the entire denture
during a lifetime was almost equal to the width of a

'eIcuspld In the vigorous masticator.

Severe Interprcxlmal attrition «s not very often

***en in clvlHzed peoples but is general in the more

primitive races. According to Shaw (1931), the teeth

of Caucasoids show well-rounded approxImal contacts,

as opposed to the broad contacts of such races as the

Bushmen and Australian Aboriginal. Shaw describes this

morphological feature thus:

"in cross-section an open S Is described;

the convex aspect of one tooth comes Into
close contact with the concave aspect of the
approximating tooth and the concave area of

the former with the convex area of the latter"*'

According to Shaw, this gave an interlocking effect when

viewed from the occlusal surface and was characteristic

of the dentition of many mammals. (The cross-section

to which Shaw referred, was the view of the dentition

from the occlusal surface )¢ This contour is generally

attributed to Interproxlmal attrition. This explana-

tion, according to Abrahams (1950), is open to doubt,
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Since he contended that the contour obtains In Tasmanian
specimens even where there Is no sign of attrition.

In addition, he stated that this functional condition

would be expected to re.ult In obliteration of contact

between the affected unite of the arch as it does 1In

present day dentitions, rather than a close Interlocking

O' the approximating teeth. This, according to the author,

was actually seen to be the case in Tasmanian specimens in

Which interproximal attrition was evident. His conclusion

was that, since the same approximal contour obtains in

the Bushmen and the Australian Aboriginal, and also in many

mammale. It seemed possible that the concave-convex

surface with broad contacts was at one time usual, and

that the well-rounded surface with small contact was a

later refinement.

In examining teeth of the Tabor Hill Indians,

(1959) too

Eskimo and Australian Aboriginals, Moses

observed characteristic interproximal wsar. He stated that

the wear on the interproximal surfaces seemed to produce

an interlocking device of such a nature that the teeth

almost appeared to be splintered.

Various methods have been applied to determine

the amount of interproximal wear in a dentition. Campbell

(1925) and Drennan (192#) endeavoured to determine the

extent of this attrition by comparing the average length

of the molar-premolar group of teeth in situ, wrere the

attrition is easily observable, with the sum of he mean

mesio-distal diameters of the individual teeth in the
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since he contended that the contour obtains in Tasmanian
specimens even where there is no sign of attrition

In addition, he stated that this functional condition

would be expected to result in obliteration of contact

between the affected units of the arch as it does in

present day dentitions, rather than a close interlocking

of the approximating teeth. This, according to the author,

was actually seen to be the case in Tasmanian specimens in

"hloh toterproximal attrition was evident. His conclusion

was that, since the same approximal contour obtains in

the Bushmen and the Australian Aboriginal, and also in many

mammale, It seemed possible that the concave-convex

surface with broad contacts was at one time usual, and
that the well-rounded surface with small contact was a

later refinement.
In examining teeth of the Tabor Hill Indians,

Eskimo and Australian Aboriginals, Moses (1959) too

observed characteristic interproximal wear. He stated that

the wear on the interproximal surfaces seemed to produce
an Interlocking device of such a nature that the teeth

a.most appeared to be splintered.

Various methods have been applied to determine

the amount of interproximal wear in a dentition. Campbell
<

(1925) and Brennan (19??) endeavoured to determine the
extent of this attrition by comparing the average length

of the molar-premolar group of teeth in situ, where the

attrition is easily observable, with the sum of the mean

meaio-distal diameters of the individual teeth in the



molar-premolar group. Kh>,re ,ttrltlon vepy

absent. This method Illustrate, approximately the total

amount of wear In a maxillary or mandibular arch.

estimate of the amount of approxImal attrition

was attempted also by Goose (196)) In . series of Saxon

dentitions, in which the attrition did not often penetrate

more than halfway Into the enamel. It was, therefore,

assumed that on average. a quarter of the enamel would be

lost. This means that as much as ).a mm. of enamel

substance might be lost from the premolars and molars

combined. No entirely satisfactory method, however, her

been evolved which will accurately determine tho amount

Of tnterproximal wear in a dentition.

Begg (1954) firmly believed that the continuous

loss of tooth substance by attr tlon is a normal functional

process. He contended v at teeth cont'nually migrate

throughout life in two directions, namely, horizontal

(mesial migration) and vertical (continual eruption).

This migration and eruption of teeth throughout life he

regarded as compensating for inteiproximal and occlufel

attrition. The process (01 tooth eruption he believed to

be only a particular.*zation of the much more primitive

and general process of continual growth of many epithelial

structures (for example, fish scales, skin, the gum

surrounding the teeth, hair, finger- and toe-nails) to

replace 1loss from friction and wear.

Weinmann (1947) endeavoured to explain the

phenomenon of mesial tooth drift by attributing it to
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an apposition or ten, on th. dl.t.1 w.n or to.

Pr0dUC» “ i** nelatlv. W 31., wveWBt

WhlCh 4~ tUn’
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or th. tooth. Noon. (19«).,n th.

that th. .si.! drirt tendency of ch..k teeth 1.

produced .chan,cally. The maalli.ny aoUn crown..

Viewed from the buccal as.ot. present a longer ..1l.1

aurf.c. than dlstel surface. Thl, factor, accordtng to

Moore, tends to make these teeth stand at a .a 1.1 axial

inclination In respect to the occlusal pi se. The

mandibular molar Towns present the same characteristics

in that they, too, have a longer mesial surface than

distal Surface, and hence have a mesial axial Inclination

to the occlusal plane. Therefore, when the molars meet

In occlusion, they create a force upon each other, the

resultant of which Is mesial In direction. This mesial

resultant or vector of force Is usually referred to as

the anterior component of force.

Thery; appears to be general agreement that mesial

migration of teeth may be considered as an adaptation

to the continual 1loss cf tooth substance at the contact

points.

PRESENT STUDY

An examination of the cheek teeth of the maxillary

and mandibular arches in the Bantu revealed varying

degrees of interproxlmal attrition. In younger skulls in

which occlusal attrition was minimal, the approxlr.ial

contacts between the molars and premolars were more cf a

point contact rather than a surface contact. In instances
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WherU °COlUa*1 - advanced, the .ppr0,lwl

contacts between the cheek teeth were flat or In rare

Instances of the open 3 variety. In an endeavour to

anaiyse the amount of Interpretima! wear in the Bantu

dentition, varying degrees of attrition were arbitrarily
determined and unit values designated, thus (See Pig.

12, 13 and 14.)

0 - No interpro; Imal attrition

1 " nanoch?nTo?f.i?, L (r*if*, tsU1n

2 " 1+rt*r?t?«.defree °f Interproxlmal attrition
and flattening of approxImal surfaces.

3 - Severe Interproxlmal attrition with
considerably flattened approxImal surfaces.

k B OP*" s Interproxlmal attrition pattern.

This Is a scale for any Individual dental contact of which

with 5 cheek teeth in each half-Jaw, there should be

4 x 4 = 16 contacts. To get an overall picture for a

dentition each of the 16 contacts was scored and an
average taken to give an Index of interproxlmal attrition.
In most Instances where all the cheek teeth were present,
the amount of interproxlmal attrition agreed and had the

same rating. When cheek teeth were missing, the

approximal contacts of the teath on either side of the
missing tooth were not scored because of the 1likelihood

of drift. Dentitions in which a number of teeth were

missing were not Included in the sample.
Tables 13 and 14 show that the degree of inter-
proxlmal attrition Ip both male and female Bantu increases

with age. The amount of attrition appears to be slightly
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Fig. 12 Inter-proximal attrition - mild

rig. 13 Interproximal attrition - moderate
(PVtal)
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Interproxlmal attrition
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In females of t ,e various age groups. In adult males

and females under the age of JO years, the degree of

attrition was generally mild to moderate, the mean values

being 1.66 for the males and 1.56 for the females. In

the next age group (,1 to *5 years), the average figure,

are slightly higher, viz.. 1 .8* for males and 1.76 for

females. This Indicates that the majority of this group

have a moderate degree of Interproxlmal attrition. In the

oldest age grcup (*¥5 years and older), almost all the

dentitions presented a moderate degree of attrition, giving

Inter-tribal means of 2.27 and 2.00 for males and females

respectively. Noteworthy was the fact that In only one

instance was a true open S type of interproxlmal attrition
present In this, or, for that matter, any age group.
The pattern of age changes in the degree of Inter-

proxlmal attrition generally coincided with that in the

amount of occlusal attrition. Table 15. This Is graphically

illustrated in Figure 15. In most Instances, Interproxlmal

attrition was greatest in dentitions where occlusal wear

was marked. However, this was by no means universal, and

there were numerous Instances in which a considerable

degree of occlusal attrition was accompanied by only the

mildest degree of Interproxlmal attrition. Conversely,

many dentitions showed minimal wearing of cusps, but

severe interproxlmal attrition.

In the under j)0 years age group, attrition is much

commoner and more marked in the Natal Nguni (both males

and females) than in the Cape Nguni, Miscellaneous or well
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sampled Sotho. The Mls=,ijianeoua ~ grQup

for some reason lags far behind other tribal groups In

degree of attrition. All the attrition Indices for male

and female Cape Ngunl and Sotho are much alike. 1In .11

adequate tribal group samples It would appear that 1, the

older age groups, the degree of Interproxlmal attrition

is much the same.

DISCUSSION
No satisfactory method has been evolved which will
accurately determine the amount of interproxlmal wear in a

dentition. The method of determining the amount of inter-

proximal attrition used in this study has definite limitations

in that the degree of attrition amxL arbitrarily determined

and classified by observation and comparison. However,

since the classification was effected by a single observer,
the results are sufficiently consistent to provide an

overall impression of the degree of attrition in the group

of Bantu skulls Investigatt 1.

The amount of wear in the Bantu proved to be

individually variable. For example, six of the 21

dentitions of Zulu males below the age of thirty years had
already progressed to the third stage of interproxlmal

attrition (severe attrition with considerably flattened

approxlmal surfaces), whereas three of the 21 dentitions

of Zulu males of 46 years of age and older, possessed only

a mild (or Stage 1) degree of approximal attrition. The

probable reasons for these frequent variables are numerous,

such as Individual chewing habits, types of food, grit



or sand oontant in diet, hardness or enamal, .to. - 1ln

s T fa°t0rS WhlCh C°ntrlbUte t0 degr*.s
attrition. The mutual rubbing of adjacent

teeth in their lateral and vertical movents, .s ,.n ,

the various fin. aoraslves frequently found in the diet

such as sand or grit, tobacco grit. H , particles, etc.

which become lodged between the approximating surfaces of

adjacent teeth and very likely add to the abrasive effects

of the two enamel surfaces rubbing against each other, are

likely the main factors responsible for interproxlmal

attrition.

Another factor which also probably accounts for the

different degrees of this attrition, even within a tribal

group whose environmental and dietary habits may be similar,

Is the varying degree of mesial migration tendency in

dentitions. In most dentitions it is this mesial migration

tendency which is responsible for the maintenance of close

approximal contacts between teeth. Whether this migration

la effected by an apposition of bone on the distal alveolar
wall or whether it is of a mechanical nature is open to

speculation. The writer tends to favour the latter concept,

since among the Bantu, as in most other racial groups,

there are dentitions (though few) in which all the teeth are

spaced. If bone apposition on the distal wall of the

alveolus were omnipresent, there should in effect be no

dentitions with spaces. In spaced dentitions, it would seem

that the anterior component of force and consequently the

mesial migration tendency of the teeth are absent. The
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varying anterior component of force could possibly be

attributed to the mesial surfaces (when vle« () from the

buccal aspect) of the cheek teeth being apP,oxl”tel,

the same length as the distal surface. This factor would
lend to make these teeth stand vs. .Ically In aspect to
the occlusal plane. When such teeth meet In function

there is no mesial resultant or vector of force, since

adjacent teeth make no contact with each other, there 1Is

no evidence of Interproxlmal attrition; that Is, teeth

retain their rounded approximal contours.

Conversely, there are those cases in the Bantu

dentitions in which interproxlmal .rition is marked.

Such instances could possibly be attributed to the marked

mesial migration tendency of teeth in those dentitions.

Such cases, frequently observed by dentists and ortho-

dontists, are characterized by particularly rapid mesial

drifting oi teeth into the spaces created by an untimely
extraction or loss of a primary molar or permanent tooth

Now it would seem that dentitions in which this mesial

migration tendency is greatest would tend to exhibit the

greatest amount of interproxlmal attrition, whereas in

those dentitions in which the mesial migration tendency is

minimal, the tendency for the teeth to wear interproxlmally

would be less.

The fact that Bantu females generally exhibit less
interproxlmal wear can possibly be attributed to their
slighter muscular and bony structure which does not enable

them to chew as vigorously as their male counterparts.
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This Is based on en assumption that )
muscular and chewing

to a large extent, governs the anterior compo

vigour,
component

of force, which In turn la mainly responsible for the

mesial migration tendency and subsequent Interproximal

attrition. The proneness of Bantu men to chewing tobacco

might partly be responsible for this attrltlonal difference.
Unlike the Tasmanians (Abrahams 1950), the Bantu do

not exhibit a concave-convex approxImal contour of their

teeth, even where there Is no sign of attrition. The

unworn contours between adjacent teeth In the Bantu are

convex and with attrition tend to become flattened. The

open S type of interproximal attrition commonly seen In the
Australian aboriginal and Bushman was observed In only a

single Instance In the Bantu sample studied. Shaw (1931)

noted this feature In four cases out of his sample of 13P

Bantu.

The reason for the more narked attrition In the

male and female under 30 years age group In the Natal Ngunl

Is not clearly understood. However, one could speculate

that It is In some way related to their robust musculature,

which Is characteristic particularly of the Zulu (Ritter

1957) , and consequently their ability to chew vigorously.

Because of the numerous factors which affect the deg”*e

and the rate of Interproximal attrition, the value of any

single observation In a dentition Is strictly limited.

With the advance of civilization, it Is probable that the

degree of Interproximal and occlusal attrition will

diminish since civilized mar tends to eat more refined

and softer cooked food.



TABLE T2

ststssaesm.

SEX TRIBAL GROUP

®

1 | Natal Ngunl 40+ YEARS

MALES CaPe Ngunl 12.2

ks | Sotho 233 33

1 Mlseellaneou3 2.29 (28)
23 (22)
Natal Ngunl 1.73 (a)

FEMALES Cape Ngunl 1.33 6) 36 (7)
Sotho 1-56  16) 20 5)
Miscellaneous ;_33 3) 00 (10)

. ()

*Flgijres In oarenrh

TABLE 14
INDEX °F TJIJgE-gPROXIMAL ATTRTTTfiM T. tu, somH
AFRICAN BAhmr*
GROUP
X-X> YEARS *] - 45 YEARS 46+ YEARS
MAIES
1.66 (63) 1 1.84 (102) 2.22 (113)
FEMALES U
1,56 (36) ! 1-76 (33) |a*00 (24)

"'studied.ln Parentheses refer to the number of dent.ltIona'

TABLE 15
COMPARATIVE TABLE OF MEAN INDICES OF OCCINSAL AND
INTERPROXIMAL ATTRITION IN THE SOUTH AFRICAN BANTU

e
— MALES FEMALES
OCCLUSAL INTERPROX. OCCLUSAL INTERPROX.
ATTRITION ATTRITION  ATTRITION ATTRITION |
x ~30 Years 1.29 1.66 1.08 1.56
30-45 fears 1.44 , 1.84 1.37 1.76

46+ Years 1.83 1 2.27 1.65
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E * OVERBITE

It has frequently besn record?d that prlraltl* 3

and prehistoric races have possessed what Is called an

"edge-to-edge" bite (labldodont), while In modem

Caucasoids a slight ovcrbltc or scissor bite (psalldodont)

is more commonly found. This labldodont feature has coma

to be looked upon as a characteristic or primitive races.

Campbell (1925) stated that the edge-to-edge t »
is well known to be typical of the Australian Aboriginal

dentition. He mentioned that in any series of Australian

skulls which includes sufficient specimens of wvarying ages,
it can be seen that the presence of the edge-to-edge bice

is associated with the occlusal wear the teeth have under-

gone; that Is, a diminution in the cusp height of molars

and rremolars is accompanied by an apparent shifting

forward of the lower anterior teeth relative to the upper

snter c¢
In discussing Stone Age man's dentition, Begg

1965) now that when permanent incisors first erupt there

is an ovorbite, just as there is throughout 1life in

civilized man. However, mastication of hard, coarse,

gritty food soon causes Stone Age man's permanent incisozu

to wear Incisally, at first at an oblique angle. The

Plane of wear of the incisal edges, he stated, at first

slopes downward and forward. This obliquity Is gradually

reduced as the lower incisors move labially, relative to

the upper incisors. Ultimately, this plane of wear

becomes horizontal and in the same straight 1line as the

flat plane of occlusion of the dentition generally.

L

(1954.

*r
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In his study of Bushmen, Drenné&n (1929) showed

that the bite In most of the "farm Bushmen" Is on the

whole of an edge-to-edge type. He mentioned that there

la a slight tendency towards overlapping, when compared

with the mere accurate edge-to-edge bite,of the "nomadic

Bushmen" but in no case is there anything like the degms

of overlapping which is so prevalent in European dentitions.

Van Reenen (1964) noticed that the incidence of an edge-

to-edge incisor relationship in the Bushman was low in
childhood and drops to a minimum in adolescence; it then
rises gradually to a maxli.ium in old age. The majority of
aged Bushmen, he found, have an edge-to-edge bite. He
observed that there is ever, a tendency for some of the

middle and old aged Bushmen to develop a mandibular incisor

protrusion, a stage further than an edge-to-edge

relationship.
Sim Wallace (1927) stated that in prehistoric

times our ancestors had generally an edge-to-edge bite.

But they did not have it till adult life and until the

wearing of the cusps of the teeth permitted it. He concluded

that the overlap of the incisors was normal with Neolithic
wrn, just as it is with primitive man until they wear the
cusps of the teeth down. Bonwill (1899), too, noticed
this phenomenon. He stated that the amount of overlap

of the maxillary incisors decreases progressively with
the wear of the teeth t.nd eventually an edge-to-edge

relationship between maxillary and mandibular Incisors

develops. If attrition progresses still further, the
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mandibular incisors may even protrude beyond the
maxillary incisors when the teeth are in occlusion.

While the immediate prerequisite for the forward
shift of the mandibular teeth is wear, tooth wear is in
turn dependent on sound, well aligned teeth, satisfactory
musculature and unhampered movement of the mandible.
Moorrees (1957) ,in his study of the Aleuts, stated that
It is therefore not surprising to encounter an edge-to-
edge incisor relationship in older Aleuts who possess an
excellent alignment of teeth and are relatively free
from dental caries or periodontal disease, and who exhibit
marked tooth wr . Occasionally a similar picture can
be observed in Caucasoids and otner racial groups.

A number of authors, such as Talbot (1904), Shaw
(1931), Brash, McKeag and Scott (1956) and D'Amico (I960,
1961), have drawn attention to the fact tnat attrition
with an edge-to-edge incisor relationship is found in
primitive races and that with civilization and the
consequent change of environment and diet, the amount
of tooth wear diminishes and the labldodont changes to
a psalidodont or overlapping bite. This change seems

to have taken place in the Bantu and in many cases there

is no evidence of an edge-to-edge incisor relationship.

PRESENT STUDY

To assess the amount of overbite in the dentitions,
it was necessary to articulate the Jaws. This could be
achieved satisfactorily in 140 adult male skulls and in

38 adult female skulls. Any skulls in which the
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c/erblte might have been Increased owing to extracted
or missing anterior or posterior teeth were excluded
from the sample.

T*e degree of overblte were determined by ob-
serving the amount by which the maxillary Incisors
overlapped the corresponding mandibular Incisors and

recording the degree as, edge-to-edge, £,1i, i, to * or

more figure 16). Definite protruding maxillary or

mandibular Incisors were classified as being Angle Class

2 or Class 3 respectively. Any open bites were recorded

as such. In these Instances, .,l1th the jaws In a closed

position the molar teeth articulate but the Incisors and

sometimes the cuspids are parted.

In male skulls, 4?.1 per cent exhibited an edge-

to-edge Incisor relationship as opposed to 15.8 per cent

of female skulls (Table 1S). The most frequently observed

degree or overlap In the female was one quarter of a

tooth overblte; this occurred In 42.1.per cent of the

female sample. Paradoxically It was noted that the

average age of the 11 female dentitions with a third of a

tooth overlap was approximately 38 years, whereas the

average of the six females presenting an edge-to-edge bite

was 32 years. This anomaly Is possibly due to sampling

error or to Inaccuracy In the determination of the ages.
Individual habits or environment are also factors which
affect such small numbers.

Four males presented a Class 2 incisor relation-

ship. In spite of the rather excessive attrition In many



cases. In only one instance did the mandibular Incisors
protrude ahead of the maxillary incisors. In almost all
instances of severe attrition, the edge-to-edge incisor
relationship pertained. One male and one female dentition
exhibited anterior open bites of 3/8 and 1/8 of an inch
respectively. The number of observations in the various
tribal groups (Table 17) was too small to permit one to

draw any conclusions.

DISCUSSION

In the Bantu male and female dentitions, only a
moderate degree of occlusal attrition is evident, yet 47.1
per cent of the male sample exhibited an edge-to-edge bite.
In the middle age range of the females, dentine was
exposed on the occlusal surfaces of the molar and pre-
molar teeth in approximately 40 per cent of the sample.
(much the same as in the males), yet an edge-to-edge
incisor relationship is evident in only 15.8 per cent of
the whole female sample. It was previously noted that
there is a positive sex difference in the degree of
occlusal attrition in the Bantu, the males exhibiting a
slightly greater degree of attrition. This difference,
however, is not nearly as great as the sexual dimorphism
in attrition of the incisor region, or in tne relative
proportions of labidodontism (males 47.1 per cent,
females 15.8 per cent). In the past, it appears to have
been assumed that there is a positive correlation between
the amount of occlusal attrition in the molars and pre-
molars and the degree of reduction of overbitee The

figures on the Bantu do not support this assumption.



In discussing the conditions which produce this
changed relationship of the Incisors, Campbell (1925)
suggested that with the wearing away of the cusps of V *
posterior teeth, the canine tips and Incisal borders £
the anterior teeth, the whole lower arch would be free to
swing a little anteriorly, and produce an edge-to-edge
bite. In an example, he pointed out that the position of
the lower first molar relative to Its upper horoologue was
practically unchanged from that of earlier stages. He
contended that It had shifted no appreciable distance. If
at all, and concluded that the main change had occurred In
the anterior region of the arches. Campbell was cautious
to add that he was not able to offer any sufficient
explanation of the changes.

D'Amlco (1961) believed that the edge-to-edge
relation of upper and lower anterior teeth could not
develop If the teeth of man possessed the compensating
factors of crown structure and constant eruption seen In
herbivores. The relation of the mandible would remain

the same, with comtait eruption of the teeth to compensate

for wear. The radii from the incisal edges of both upper
and lower central Incisors In relation to the fulcrum or
vertical hinge axis would also remain constant. He
concluded, therefore, that the Incisal edges of the lower
central Incisors would continue to describe the same arc
ac constant eruption compensated for progressive attrition.

It appears that D'Amlco deduced this concept from

observations on the skulls of prehistoric Californian
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Indians who enjoyed an omnivorous diet. He contended
that the rapid attrition of the teeth was due to their
methods of preparing and cooking their foods. The use
of stone and wooden mortars for grinding the food
Incorporated considerable amounts of abrasive substances.
The cooking of meat over open fires allowed dust and carbon
In it. These environmental factors he believed were
responsible for the rapid attrition of teeth. He observed
also that when western Europeans migrated to California,
the Indians soon adopted their way of living. By ioing wo,
the Indians eliminated the abrasive agents in their food
and reduced the rough texture. This svlden change in
culture soon obviated rapid attrition of their teeth and
resulted in almost Immediate charges In the functional
relation of the teeth. D'Amico emphasized the importance
of an overlap of the upper incisors and cuspids in
individuals. He concluded that if upper cuspids are in
"ideal" functional relationship, attrition of the occlusal
surfaces of premolars and molars la almost completely
eliminated.

Whether attrition should be regarded as normal
or pathological in man is a contentious matter. Stallard
(1964) , Stuart (1964), and Stallard and Stuart (1961,
1963) believed that cusps are essential for a normal
functioning dentition and that "worn teeth are in mal-
occlusion". "Furthermore, we regard a tooth without
cusps as a leg without a foot" (Stuart 1959ju/whose Ideas
coincide with those of Stallard, talks ol a

"mutual protection m ;lusion" which means that



the molars and bicuspids when In centilcally-rel.ted

closure protect the Incisors and cuspids; In the pro.

truslve position the Incisors protect the cuspids and

th# bicuspids and the molars; and In the lateral position

the cuspids protect the Incisors and the cusps of the

molars and bicuspids. They contended that well defined

cusps produce the most effective chewing or shearing
mechanism.
These concepts are In direct conflict with those

of Begg (1954) who contended that continual loss of tooth

substance by attrition is a normal functional process

and absence of produces abnormalities. 1In fact,

as some writers v @ ® staled, the presence of cusps in

the adult hurw .ition Is a retention of the Juvenile

cooth form. Ui . D'Amico, 3egg believed that teeth

continue to erupt jyjrtically in order to compensate for
tooth attrition and , unlike Stuart and Stallard, Begg
contended that unworn cusps are inefficient food mastica-
tors compared with flat-worn occlusal surfaces with
dentine exposed and surrounded by a sharp-edged rim of

enamel. This sharp enamel edge of the teeth is an

efficient shearing instrument for mastication. Begg

(1954, p.308) stated

" As the cusps of the teeth are wearing away
and the edge-to-edge incisor bite is becoming
established, all of the lower teeth are
gradually moving forward relative to the upper
teeth so that the molars, premolars and
canines eventually assume typical Angle Class
3 occlusal relationships. This attritional
occlusion is the only anatomically correct

occlusion.
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Accordjng to Begg, therefore, In contrast with
Campbell'$# view, the change from a psalldodont to a
labldodont dentition Is due to all the lower teeth
moving forward, rather than to a change In the anterior
segment only.

The degree and rate of attrition In the Bantu
are variable and are In part related to the mode of 1life.
The primitive methods of grinding corn I# hollowed out
stones and cooking over open fires, thereby permitting
grit and carbon to be Incorporated In the food, are
factors which are partly responsible for an excessive
amount of attrition. Excessive attrition with Its edge-
to-edge Incisor relationship may be conditioned by other
cultural practices such as the chewing of tobacco or
betel-nut. In an endeavour to account for the vastly
different sex incidence of edge-to-edge Incisor rela-
tionships and the moderate occlusal attrition difference
between the sexes, the possibility of different
individual chewing patterns existing cannot be excluded.
Scully (I960) has shown that wvariation In chewing
patterns exist; although he did not specifically note
any sex differences In the relative Incidence of
different patterns. This nevertheless could be a factor
responsible for the Bantu females tending to wear their
incisor teeth more rapidly than do the males. Another
contributory cause could be that there is a subtle but
definite dietary difference between males and females in

Bantu society; men get the pick of the foud, women get
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the left-overs. Women are the collectors of "veldkos"

and probably do more nibbling on the Job (Thomson 1Q54).

Strictly speaking, according to the concepts of

Stuart and Stallard, attrition is not normal in modem

man, whereas, according to Begg, only those dentitions

which evince a considerable degree of attrition and
possess an edge-to-edge incisor relationship are accept-
able anatomical normals. Both concepts appear to be a

little extreme. Modern man with his present day diet is

as unlikely to exhibit extreme attrition as he is 1likely

to exhibit absolutely no cuspal wear at all. A mild and

variable degree of attrition is usual in man. Moses (1946)

pointed out that tooth wear is characteristic not only

of man; it may frequently be observed in animals such as

the Macfarlane grizzly bear. Bears an classed as

belonging to the order Carnivora, but manj are omnivorous

In habit. Polar bears are almost entirely carnivorous,

while the grizzly, big brown and other bears which are

land bears, eat about as much vegetable food (roots,

fruit, berries) as animal foods. Moses showed that the

Polar bear exhibited no tooth wear as compared to the
considerable attrition observable in the Macfarlane bear.

It would mean, therefore, that either wear or lack of

wear could be wusual for man or animals in a particular

environment, the nature of the food and habits being

important factors. The degree of wear is wvariable.

To the writer’s knowledge, there is no conclusive

evidence which clearly demonstrates the change in man
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from psalldodont to labidodont bite. D'Amloo'a theory
would appear to be correct if the rate of attrition
exceeded that of eruption. D'Amlco. however, does not

accept the theory of constant eruption. Murphy (1959),
on the other hand, was able to demonstrate that teeth
do erupt to compensate for tooth attrition, unless, of
course, the .ate of attrition exceeds the rate of eruption.
In which case the vertical dimension of the Jaw 1Is

reduced. No investigations evidently have been undertaken
which relate chewing patterns to the rate of attrition on
specific parts of thf dental arch, for instance, do incisor
teeth wear more rapidly in some individuals because of a
specific chewing pattern? Clearly some other factor V
thj degree of attrition alone must he operating to
influence the development of labidodontism. It is

suggested that different chewing patterns may be one such

factor.
TABLE 16

PERCENTAGE INCIDENCE OF THE OCCLUSAL RELATIONSHIPS
OF INCISORS 1IN THE TOTAL BANTU GROUP

MALE FEMALE MALE 1FEMALE
rKKCEfri AUE
NUMBER INCIDENCE

Edge-to-Fdge 66 6 47.1 15.8
1/4 Overbite 20 16 14.3 42.1
1/3 Overbite 35 11 25.0 2P.9
1/2 . 1/2+ 13 3 9-3 7.9
(The balance comprises Class Class 2 and anterior

open bites, viz., 5 males and 2 females ).
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SUMMARY

THE OCCLUSION OF THE TEETH

Angle's classification of occlusion was used
In recording the various tooth relationships to
each other in the Bantu.

The incidence of neutro-occluslons In the Bantu
Is particularly high, viz., 96.4* and 97.4* in the
males and females respectively.

Dlsto-occluslons were noted in a little over
2.5* of male and female skulls and only a single Class
IIT 5i3occlusion was noted In an adult male skull.

The findings and reports on the coincidence of
malocclusions in various population groups vary
considerably among Investigators. From the reports,
however, it can be gleaned that the Incidence of
Class II and Class III Hi$occlurtons in the Bantu are
among the lowest of the populations studied.
CROWDING

Various degrees of crowding were determined
individually for upper and lower arches.

Approximately three-quarters of all Bantu males
and females are readily able to accommodate their
teeth with no evidence of spacing. The incidence
is slightly less in mandibular arches.

The Incidence of crowding or overlapping teeth
in male and female maxillae is a little over 10*
whereas of mandibular teeth SB about a quarter of

the sample in both sexes exhibits crowding.



The incidence of marked crowding of maxlllarT
teeth Is -ow. I.e. 6.66 per cent. The females evince
no markedly crowded upper arches.

The Incidence of moderate crowding of maxillary
teeth In females on the other hand, is more than double
the {{HEagfAiS* found in males.

In icwer dental arches, the incidence of marked and
moderate crowding is higher in females than in males.

Male :naxllla* and mandibles have a greater incidence
of milder crowding in both jaws than those of females.
vrenerally, the teeth in Bantu females are more crowded
than those of males.

No characteristic tribal differences in degree cf

crowding could be determined.

SPACING AND K1D-DIASTEMA
Spacing of teeth in humans is either 1localized or

generalized. The localized spacing in the present study
Is confined to midline diastema**

One-fifth of all Bantu males evinced a maxillary
midline diastema. In females, one-sixth possessed
maxillary midline dlastemata. In the pooled sample (male
and female), the overall incidence of median upper

dlastemata was astonishingly high.

Approximately one-eighth of the dentitions in
either males or females evinced generalized spacing.

In mandibular arches, the incidence of generalized
spacing is about half that in the upper arches, viz.

7.5 per cent in males and 5%7 per cent in females.

The tribal differences in incidence of midline dla-
stemata and generalized ;aclng could not be regarded as

characteristic owing to insufficient samples.
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ATTRITION
A. Occlusal attrition

The various factors responsible for the different
degrees of occlusal attrition are discussed In detail.

In the present study a method is devised for
assessing the degrees of attrition on individual teeth
and obtaining wt total or resultant score >r the whole
dentition. The overall degree of attrition Is expressed
as an index.

The sample is divided into three age categories,
namely, up to )0 years of age, between 31 and 45 years
inclusive, and those aged 46 years and older.

In the youngest age group, tho overall attrition is
slight. In the middle age rango, dentine is exposed in
about 40# of male and female dentitions examined, and in
the oldest age group, the attrition is marked.

The degree of attrition increases with agein both

sexesi this finding Is aIn accord with the observations

of most observers.

There Is a sex difference, thv degree of attrition
in males being greater than in females.

No tribal differences in attritional indices are
adduced.

The Bantu as a population grouo, in contrast to the
Australian Aboriginals, exhibit only a moderate degree of
wear. This factor is probably the result of an altered

diet with the progress of civilization.

Various types of occlusal plane wear are discussed.
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B * Interproxlmal attrition

Interproxlmai attrition. 1llk. occlusal attrition,

is more often observed in primitive races. Various

explan.' ions accounting for the different degrees and

rates of wear in population groups are proffered by
various writers.

In the present study, various degrees of attrition

are arbitrarily determined, unit values
individual contacts and an average value calculated for
each jaw

The sample Is divided Into age groups similar to

those for occlusal -ctrltlon. The degree of attrition

in the under 30 age group la mild to moderate, the

degree of wear Is sllgntly higher In the 31 to 45 year

group, and highest in the 46 yearc a»d over age group.

As In the case of occlusal atItlon, the degree

of mar is generally greater in males than in females,

and also tends to increa e with age. The degree of

Interproxlmal attrition generally coincides with the
t ions

amount of occlusal attrition; individual wvaria

however, frequently occur.

In the tribal subgroups, no characteristic differences

in the degree of wear are evident in the various r.ge

groups. The only exception, however, is the Natal

Nguni, under 30 years of age (males and females), whfen

unaccountably exhibit a greater degree of wear than

the remaining tribal groups.



OVERBITE

Attrition with an edge-to-edge incisor relation-
ship is commonly found in primitive races, it

appears that ch- “ed diet, from coarse to more refined

and softer foods, has reduced the amount of tooth
wear with the consequent change of incisor relation-
ships from edge-to-edge to that of an overlapping bite.

Degrees of overbite are determined from the

amount of incisor overlap. Nearly half the male

skulls evinced an edge-to-edge incisor relationship,

whereas on”y about 16$ of females exhibited this

characteristic.

In females, the most frequently observed over-
lap is that of a quarter of a tooth overbite (42.18).
About a quarter of males and females possess an

overbite of a thin-" of a tooth. Relatively very few

Bantu (under 10$ in both sexes) have deep overbltes

of half or more of a tooth.
The assumption that there is a positive
correlation between the amount of occlusal attrition

in the molars and the degree of reduction of overbite

is not supported in this study. Various possible

factors responsible for the production of an edge-to-

edge incisor relationship are discussed.
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CHAPTER A

MORPHOLOGY OP r.ME PAT am*

A. THE DENTAL ARCH P.Hapv

Studies of the palate reveal a diversity of ideas

as to what landmarks should be used for measurements of the

palate and dental arcade. Measurements are simply means of

examining some morphological features more precisely, but

they are no substitute for morphologic U observations.

Galloway (1937) and Tobias (1959, 1960) have emphasised

that among the most valuable morphological indicators are

some which, though apparent to the eye, are not readily

amenable to measurement. Son-metrical classifications,

according to de Vtlliere (1964), have the advantage of

giving an impression of actual shape of the dental arcade and

palate. Metrical classifications, or the other hand, afford

a less graphic impression, but are less subjective.

Broca In 1879 described four main types of forms of

dental arch shape, namely, elliptical, semi-elliptical,

divergent and hyperbolic. Topinard (1094) introduced the

+erms hyperbolic, parabolic, U-shaped and convergent to

describe these four shapes of the dental arch. Duckv'orth

0904) wused a similar classification. According to

Dieufale and Tournier (1908 cited by Shaw 1931) there are

four main shapes of the palate in man, viz., elliptical,

semi-elliptical, divergent and hyperbolic. This is the

classification as used by Broca. In a paper relating to
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th* posterior parts, from the first mglays
backwards, will be parallel; this he called the B:gggggg
14

The r.ert clase of arches are those which )
approach a circular

backwards, will be parallel; this he called the U-shaped

or

frequently very broad and short.

It was formerly held that the sice of xhe teeth was

the only factor occasioning the fora of t*' arches. Heilman

(1919) did not accept this theory, aid advanced the view

that form and position of the teeth determined the shape of

the denta arch. He pointed out that the different form

and posi tion of the teeth in the maxilla and mandible have

occasioned, even in the same individual, two differently

shaped arches. He supported his argument L, showing thac

the arches of anthropoids may take on any one of six shapes,
even though measurements of the teeth reveal too small a
variation to account for the diversity.

Form and position of teeth, according to Krogman
(1927), are vitally important in differentiating racial

types. He contended that the incisors and canines of

Caucasoids, 1lying on a flattened curve, give an open di-

vergent arch. In Negroids, the incisors and canines are

spread over a greater area, giving an arch more nearly
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approaching tne U-ahape of the anthropoids, whereas those
of tne Mongoloids are Intemedlate, Occasionally, he noted,

the arch of the Negroids may converge from the second molars

backwards as In the letter C. Shs. (19,1) his study of

the Bantu used the classification of Brocs, Dleufal. and

Tournier*.
For hie study of arch shape in the Aleuts, Moorrees

(1957) recognised six different categories which were

adapted largely from Hrdlidka: hyperbolic, relatively broad;

parabolic, resembling half an oval; ovoid, parabolic but

converging in the molar segments; trapezoid, flat in the

incisor region; omega-shaped, parabolic out constricted in

the premolar region; and all forme which cannot be placed in
one of the other five categories.

The variability of dental arch form, according to

Scott (1957), can be most conveniently described by the use

of a catenary chain of constant length, but wvariable in the

distance between its points of suspension. His method was

described and illustrated, but no comparative tables using

this method were recorded in his article. Table 16

illustrates the terminology used by various autrnrs in the
classification of dental arch shapes.
iresent Study

For the study of dental arch shape in "he Bantu, six
different categories were recognised and were adopted from

Topmard (1894), Hrdli<5ka (191C) and Moorreos (1957) (Fig. 17).
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approaching the V- ahape of the anthropoids, whereas those

of the Mongoloids are Intermediate, Occasionally, he noted,

the arch of the Negroids may converge from the second molars
backwards as In the letter C. Shaw (1931) in his study of
the fantu used the classification of Broca, Dieufale and

Toumier*.
For his study of arch shape in the Aleuts, Moorrees
(1957) recognised six different categories which were

adapted largely from Hrdlldka: hyperbolic, relatively broad;

parabolic, resembling half an oval; ovoid, parabolic but

converging in the molar segments; trapezoid, flat in the

incisor region; omega-shaped, parabolic but constricted in

the premolar region; and all forms which cannot be placed in

one of the other five categories.
The variability of dental arch form, according to
Scott (1957), can be most conveniently described by the use

of a catenary chain of constant length, but variable in the

distance between its points of suspension. Hie method was

described and illustrated, but no comparative tables using
this method werr recorded in his article. Table 18

illustrates the terminology used by various authors in the

classification of dental arch shapes.

Present EtuH--
For the study of dental arch shape in the Bantu, six
ditlerent categories were recognised and were adopted from

Topinard (1894), Hrdlidka (1916) and Moorrees (1957) (Fig. 17).
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1. Ovoid - - - reetmblinp half an oval

?. hyperbolic - a relatively broad arch, the arme of which

fporc M1 backwards are parallel or very

slightly divergent

3. Parabolic . the arme of the arc, diverse, but somewhat

less than in the hyperbolic type of arch

4. Divergent - when the arms are distinctly diverged

5. flattened anteriorly - various shaped arches which have

a distinct flattened anterior segment
Very narrow - particularly narrow arches of various
shapes

7. Asymmetric and

Uiiclaesifiaole - All forms which cannot be placed in

any of the above categories

A few crania in which many teeth were either missing

or lost were not included in the sample. Both maxillary

and mandibular arches were classified into the same seven

categories.

Of tiie Bantu crania as a group (Tables 19 and 20 )

13.80# of meles and 17.31" of females possess an ovoid

maxillary arch form. The hyperbolic maxillary arch is the

modal form in males (36.05» -n contrast with 25.96# in

females), whereas in females the modal pattern is the

parabolic type of arch form (33.65 in contrast with 28.17#

in males) . The incidence of divergent maxillary dental

arches is muon the same ir both sexes viz., 14.96', in males

and 14.42# in females. Arches which are flattened



anteriorly and very narrow arch., fore, a very e”*1l1l
percentage of the sample.

In the mandible, the divergent type of arch is the
moda] pattern in both males (53.43*) and females (38.45%),
“Table 20). The next most common arch form is the parabolic,
which in males fonns 27.25, of the sample and in females
17.31*, The hyperbolic arch is seen in 19.13* and 13 .46*
of males and fe- as respectively. Th, east frequent
type of cental a. is the ovoid, occurring in 7.28%* and
11.53* of males and females respectively. There is a
considerably higher incidence of anteriorly flattened
dental arches in the mandibles than in the maxillae in both
sexes, viz., b.89>" and 3 .85* in the males and females
respectively. This may possibly be related to the higher
incidence of dental crowding in the lower jaw observable in
both sexes. C_owding is usually manifested in the lower
incisor region.

In the tribal sub-groups (Tables 19 and 20), Sotho
maiss have a preponderance of hyperbolic arches in both
maxillae and mandibles, viz., 56.18* in the maxilla and
43.82* in the mandible. This group shows no ev' 'ce of
flattening of the arches anteriorly which suggests that
the arches in the males are wide and well developed. Cr.
the whole, the dominant types of arch contours in the

maxillae in the Sotho are of the hyperbolic and parabolic

types.



In the mandible, the total flguni, Cape 8gunl and
Mleeellaneoue groupe of both aexee poaeeae a relatively
large percentage of divergent archee when compared to the

Sotho. This observation confirms that the Sotho possess a

di**cerent type of arch contour frit that o, the other groups.

Jlscueoloii

A considerable amount of confusion exists in the

literature regarding the boundaries of the bony palate and

the determination of arch form. This confusion was adequately

reviewed by Campbell (1925) w,.0 referred to the various

methods oi measuring the palate ae a ’'veritu.ole pot-pourri

of terms and landmarks'. Much of The confusion may be

attributed to semantics as well a 3 ,0 the system of

classifying arch forms. The terms, hyperbolic, U-shaped

elliptical, semi-elliptical, parabolic, etc., appear to

have been confused and misinterpreted by various authors.
The distinguishing features of the different arch forms

were arbitrarily determined by various observers and were

no* clearly described or defined. Different terms appear

*Q have been uoed. tc describe similar arch forms. The

following 1is a table of possibly equivalent te”ms:
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szibLY EQUIVALENT TERMS I']Rpt) BY VARTDUC ;

AITTHORS TO DRRPRIBK ARCH PCRMS

Ovoid - - .cl-exilpttcal, convergent norseshoe,
circular or horseshoe
Hyperbolic - U-shaped, hyperbolic U-shaped,
divergent U-shaped
3. Parabolic - elliptical, divergent U-shape
4. Divergent - omega-shaped, divergent U-shape

5. Flattened Anteriorly
6. Very narrow

7. Asymmetric and unclaseifiable

Shaw (1931), 4in his classification of dental arcades

i1 the South African Bantu Negro, placed only 18.0# of

Jaws 1in the divergent category. According to de Villiers

(1964), however, the contour of the dental ercade of the

Bantu has most commonly a "divergent-U” shape (73.1# in

male crania and 75.3# in femals crania). This contour

Galloway described as characteristic of the Negro. The

"convergent horseshoe-shaped" and "hyperbolic U-shaped"

contours, which he found characteristic of the Bush and

Boskop physical types respectively, are relatively un-

common in the South African Negrc. In de Villiers*s

series, the former type 1is present in 14.6# of males and

12.7' of females, and the latter type in 12.3# and 12.0#

respectively. 1In the present study 14.76%. of Bantu males

and 14.42# of females were placed in the ’‘divergent"
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category. These figures approximate the finding. of shaw,

and at first glance appear to be considerably at variance

with those of de Villiere and Galloway (Table ? U . However,

the "divergent" category used by Shaw and the p.eeent

author does not correspond to the "divergent-!," category of

Galloway and de Vllliers. The "divergent-U" would seem to

include all jaws which in the present study, show the

divergent pattern, meet of the hynercolic (the arms of which

are parallel or very slightly divergent) and the parabolic

(the arms of which diverge but somewhat less than in the

hyperbolic) arches. If all these jaws in the author's

series were incorporated into a single divergent U-shaped

category, the incidence of divergent-U arches would be

79.18# in males and 74.03# in females: these figures are

close to the figures of de Vllliers.

The incidence of ovoid arches in the present study was

13.80# in males and 17.31# in females. These figures compare

favourably with those for the equivalent arch form viz.,

convergent horseshoe shaped, for which de Vl1lliers cited

frequencies of 14.6# and 12.7# for males and females

respectively.

The relatively high incidence of hyperbolic and

parabolic dental arch forms in the present study tends to

support the observations of Krogman in Negroids. It is

,Sl1ficult to compare the incidence of ovoid, hyperbolic and

parabolic arch forms in the present study with the elliptic,

semi-elliptic and hyperbolic figures of Shaw, as the latter



author did not clearly define hie arch shapes. Even
with the table of equivalents, the findings in the two
studies cannot be reconciled. The subjectiveness of the
claseiticatory system and the possibility of individual
variability in the two sample groups are possible factors
responsible for the discrepancy in findings. Do Villiers
commented on the discrepancy between her findings and those
of Shaw thus: "The reason for this discrepancy is not
apparent, but the extreme subjectiveness of this form of
classification is well illustrated". However, the dental
arch measurements and indices when coupled with this
information, might well prove of value in population

studies.
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SUTURES OF THE HORIZO:;,TAT. PATAm-r
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Campbell (1925) and Shaw (1951, recorded the euturee

of the palato In the Australian aboriginals and Bantu

hegrol* respectively.

The midline palatal and transverse

palatal sutures which are situated between the horizontal

portions of the maxillary and palatal bones,

marked until late In life. In older skulls these

like most cranial sutures, tend to become entirely

obliterated.

are well

sutures,

In some crania the right maxillary plate meeto the

left palatal plate;

right palatine,

of each side meet in the midline so that the four

plates meet at a point (Figure 18).

Present Study

in others the left maxilla meets the

and in the third type the transverse sutures

bony

Crania with obliterated or doubtful suture lines were

automatically excluded from the sample.
The relationship of the palatal sutures was
according to the way the horizontal plates of the

and palatal bones met 1i.e.

R. Max/I.Pal The right maxilla met the left

The left maxilla met the right

I. Max/R.Pal

Point Junction® The two transverse sutures met
midliue

labelled

maxillary

palatine
palatine

in the

In Table 22 it may be seen that a little over half

(54.250) the male Bantu crania examined show the transverse

palatal sutures to be continuous.

In the female the



104

3. OF THE HOhlZO.TAP-VLATE

Campbell (1925) and Sha, (19,1) recorded the eutur.e

of the palate In the Auetrallan aboriginale and Bantu

Negroi<h respectively. The midline palatal and transverse

palatal sutures which are situated between the hcrlzontal

po-tlone of the maxillary and palatal bones, are well

marked until late in life. In older skulls these sutures,

like most cranial sutures, tend to become entirely

obliterated.

In some crania the right maxillary plate meets the

left palatal plate; in others the left maxilla meets the

right palatine, and in the third type the transverse sutures

of each side meet in the midline so that the four bony

plates meet at a point (Figure 18).

Present Study
Crania with obliterated or doubtful suture lines were

automatically excluded from the sample.

The relationship of the palatal sutures was labelled

according to the way the horizontal plates of the maxillary
and palatal bones met 1i.e.

R. Max/L.Pal = The right maxilla met the left palatiru

The left maxilla met the right palatine

L. Max/R.Pal

The two transverse sutures met in the
midline

Point Junction*

In Table 22 it may be seen that a little over half

(54.2#) the male Bantu crania examined show the transverse

palatal sutures to be continuous. In the female the






figure 1le smaller, viz., ,7.7%*. The percentage Incidence
of cases in which the right maxilla meets the left
palatine portions is 25* and 29.8* in maJes and females,
respectively, while the left maxilla meets the right
palatine in 20 .8* of males and 32.5* in the females.

In the various tribal groups the percentage of cases
in which the transverse sutures were continuous varied
from 47.7* to 61.4* in males and from 33.4* to 40.00*
in females. The number of cases in which the transverse
sutures were not continuous varied in different male and

female Bantu tribal groups between 14.0* and 40.0*. (Tables
23 A 24)

Discussion

The tendency of the horizontal palatal sutures to be
continuous is higher (54.2*) in. males than in females
(37.7*) for the wvarious tribal groups and for the total
Bantu sample. Asymmetrical patterns are more frequent in
females.

The relationships of the palatal sutures in various
tribal groups is so varied as to appear completely random.
Shaw in his study of the Bantu noted that 63.2* possessed
horizontal palatal sutures which were continuous. The
present findings are not very different from those of
Shaw. The Australian aboriginal, according to Campbell
(1925), possess an even lower incidence (25.5%*) of
palatal sutures that meet in the midline. The suture

relationship in the palate seems to be of limited value

in anthropological studies.



SUTURE B MALES

RELATIONSHIP No. , % FBALES

R. Max/L. Pal. 69 25 3 598
L. Max/R. Pal. 56 20.8 25 32.5
Point Junction M2? L 54 .2 29 37.7
TOTAL 268 >00 77 100

ia

INCIDENCE OF PATTERNS OF PALATAL SUTURES IN VARIOUS
SOUTH AFRICAN BANTU TRIBAL GROUPS

1
2

SUTURE NATAL NGUNI CAPE NGUNI SOTHO MISCELLANEOUS

n/I. " "ONSHIP iMALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE
i x/L.Pai. 22 5 17 6 16 ! 11 14
iL.Max/R.Psl. ) 13 : 8 16 6 12 I 9 8

Point Junction 43 8 35 6 32 13 35

ITOTAL DE-

TERMINABLE 76 21 68 18 67 33 57

IUnable to

aelermine 11. Jo. 22 11 2L
iGRAND TOTAL 95 36 98 : 19 89 44 74

TABLE 24

PERCENTAGE INCIDENCE OF PATTERNS OF PALATAL SUTURES
IN VARIOUS SGT7ITH AFRICAN TRIBAL GROUPS

' SOTHO
SUTUT E KE- NATAL NGUNI ' CAPE NGUNI

ILATIONS.1IP MALEiFEMALE MALE 'FEMALE
;R.Max/L.Pal ( 23.0 23.8 | 25.0 33.3 23.91 33.3 24.

'L .Max/R.Pal. 17.1 38.1 23.5 33.3 28.4127.3 14.
LPoint Juncticn53.9 38.1 51.5 33.31 47.7139.4 , 61.

TOTAL 100 100 100 100 100 100 100

6
0
4

20.0
40.0

. 40.0
100

MISCELLANEOUS,
MALE FEMALE MALE 'FEMALE

y
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SUMMARY
DEUTAL ARCH SHAPE

The confusion in the literature pertaining to the

determination of arch form is discussed. A table of

possibly equivalent terms used by various authors to
describe arch form is provided in an effort to reconcile
the findings.

The modal form in the maxillae of Bantu males is the

hyperoollc type of arch. In females, the modal pattern

in the upper jaw is the parabolic type of arch.

In the mandible, the divergent type of arch is the

modal pattern in both males and females, The next most

common type of arch in ft iandible of both sexes is the

parabolic. Also noted was a considerably higher incidence

of anteriorly flattened dental e.rches in the mandible
than in maxillae of both sexes. This appears to be
related to the higher incidence of lower jaw crowding
observable in both sexes.

In most of the tribal sub-groups, the dominant types
of arch contours in the maxillae are the hyperbolic and

parabo] 3 types. The Sotho males, however, have a pre-

ponderance of hyperbolic arches in both maxilla and

mandible, with no evidence of flattening of the arches

anteriorly. The arches in Sotho males tend to be wide
and well developed.
In the mandible, the Natal Nguni, Cape Nguni and

Miscellaneous groups possess a relatively large percentage
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of divergent arch., when compared to the Sotho. The

mandibular arches In the Sotho. particularly males, ore

of the broader hyperbolic type.
Observations on Bantu arch fora by various observers

are reviewed and compared with the findings in the present

study. An effort was made to reconcile these observations,

many of which at first would appear to be diverse.

SUTURES OF THE HORIZONTAL PJUJITP

About half of the Bantu males In the study present
left end right horizontal palatal sutures which are
continuous. The percentage of continuous sutures is lower
in females, i.e. asymmetrical patterns are more frequent
in females.

Among the tribal groups the pattern of palatal

sutures is too varied to yield characteristic inter-group

differences.
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CHAPTER ~

A * - TR1CAI < OBSERVATIONS ON T U £ P ALATE .

DENTAL ARCHES AND J**3

I.A. ME ASURES 0- __SIZE AND SHAPE OR THE Pat.at?
(a) Palatal Length, Breadth and Index

(B) Palatal Height

- - - SIZE * r THE

(a) Biometric Method
(b) Anthropometric Method

(o) Odontometric Method

C. BICUSPID WIDTH

D. RELATIONSHIP BETWEEN DENTAL ARCH MEASUREMENTS
AND FACIAL MEASUREMENTS '

E. PROGNATHISM

SUMMARY
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A. gpim B # RTAITUMS W THE PALATE. M KTAT.

One of the problems of measuring the palate is

the determination of its boundaries. In this respect

there has been a decided lack of uniformity of opinion.
Flower (1879) suggested measuring the external dimen-
sions of tU arch. He advocated taking the length of

the arch from the alveolar point in front to the middle
of a line drawn across the hinder border of the maxillary

bones (the maxillary 'tuberosities'). He suggested

that the width is best taken between the outer borders

of the alveolar arch immediately above the middle of the

second molar teeth. These he called the maxillary length

and width.

At the International Congress at Monaco in 1906,

the palatal measurements were given as follows: length,

from the midpoint of a line tangential to the posterior

margins o " antral incisors to the midpoint of a

line tar to the curves of the posterior palatine

notches, '.h, between the midpoints of the second

molar teeth.

Anthropologists for the most part have based their
measurements on the methods used by Martin (1928). Thv
breadth of the arch is measured by taking the greatest

distance between the buccal surfaces of the second

molars, and the length is the measured distance between

the tangent to the labial surfaces of the central

incisors and a plane tangent to the distal surfaces of
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the second molars, perpendicular to the occlusal plane.

Odontologiste on the other hand, have tended to
select points of reference in the tvo dental arches, in
such a manner that these points of reference approximate
when the teeth are in occlusal contact.

Campbell (1925) reviewed the literature pertaining
to the wvarious methods of measuring the palate and con-
cluded that there was no reason why the landmarks shoull
differ from those set out by Flower. Shaw (1931), too,
used this method in his measurements of the palates of
the Bantu. It is evident that Campbell was in error when

he applied the term "palate" to what Flower had ¢ lined

as "maxillary" measurements; thus Campbell confined the

two concepts by confusing the two anatomical entities.
Anatomically it is accepted that the palate does not

include the alveolar arches; unfortunately, Shaw perpe-

tuated Campbell’s error, and Robinson (1956) was similarly

misled.

Most biometricians differentiate between maxillo-
alveolar and palatal dimensions. This procedure has been
adopted by such writers as Martin (1928), Buxton and
Morant (1933), Galloway (1941), de Villiers (1964) and

Tobias (1967) and has been applied in the present study.

A. MEASURES OF SIZE AND SHAPE OF PALATE

(a) Palatal Length. Breadth and Index

The palatal diameters and indices are well known

measurements; these were determined according to the

technique of Martin (1928). The length of the palate is
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the measured distance between orale and etaphyllon.
Orale is the median point in a line tangent to the
posterior surface of the median incisor sockets. Staphy-
lion is the median point on a line tangent to the notches
in the posterior border of the hard or bony palate.

The palatal breadth is the measured distance between
the two endomolaria, wviz. the distance between the inner
aspects of the alveolar margin opposite the middle of

(fig. 19). These distances were measured to the

nearest 0.5 mm with a Bo:ey gauge, the points of which

were snarpened. A palatal index was computed from these
measurements. This index expresses the breadth of the

palate as a percentage of its length.

PRESENT STUDY

The Bantu males have mean palatal dimensions which
are significantly larger (at the level of 5 per cent)
than those of the females; the mean palatal lengths in
males and females are 46.99 mm and 45.30 nm respectively,
a difference which is significant with a "t" value of
4.79 (Table 25). The mean palatal breadths of males
and females are 40.08 mm and 38.33 mm respectively, the
males possessing significantly broader palates (t = 5.34).

The mean palatal index for males is 85.48, which
therefore places them at the low end of the brachystaphy-
line category (85.0 - x). The mean palatal index for
females is slightly smaller than that of males, viz.

84.76; this locates them at the upper end of the
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Fig. 19 Termini of palatal length and breadth
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meaostapbyline category (80.0 - 84.9). The mean palatal

indioces do not differ significantly between male and
females It = 1.17). Individual values for this character
show a wide range from leptoetaphyline (x - 79.9) to
braohystaphyline.

In tne arious Bantu tribal groups, the Cape Nguni
and Sotho maxes have a mean index in the braohystaphyline
class, whereas the rest of the male groups are on the
average mesostaphyline (Table 28). The Miscellaneous
females are located towards the lower end of the mesos-
taphyline range, whereas the rest of the female tribal
groups border on the upper end of the mesostaphyline
-ange.

In order to establish whether ,ne observed
dj.j : '*rencos among the means of the four tribal groups
were significant, "t"-tests were calculated. The values
of "t" are shown in Table 29 . Where "t" is underlined,
it is significant at the 5 per cent level.

There is no significant difference in the mean
palatal lengths and breadths among the four groups. There
are, however, significant differences in the palatal
indices of various Bantu male groups; the Cape Nguni
males (87.13) have significantly higher mean indices
(i.e. relatively broader palates) than the Natal Nguni
males (84.86). The mean palatal index of Cape Nguni
males (87 .13) is likewise significantly greater than

that of the Miscellaneous group (83.64). Finally the



Sotbo males (mean Index 85.99) have significantly broader
palates than the Miscellaneous males (mean Index 83.64).
The females show no significant intergroup differences in
palatal meaauremente or Indicee.

Since in the Miscellaneous group 34 of the 71 crania
were either Shangaan or Tonga, it was decided to compare
this sub-group with the other tribal groups. In view of
the much smaller number of Shangaan - Tonga females, an
analysis was not made for females separately.

The means, standard deviations,co-efficients of
variation and standard errors of the mean for the Shangaan
Tonga are listed in Table 30.

As before "t" -tests were made to establish whether
significant differences existed between Shangaan - Tonga
and each of the other tribal groups. The results are given
in Table 31. The mean palatal breadth of the Cape Nguni
males (40.52) is significantly greater at the 5 per cent
level than that of the Shangaan - Tonga.

The results of comparing the mean palatal indices of
the various tribal groups are as follows:-

Cape Nguni (87.13) significantly greater than Natal
Nguni (84 .86)

Natal Nguni (84.86) significantly greater than Shangaan -
Tonga (81.60)

Cape Nguni (87.13) significantly greater than Shangaan -
Tonga (81.60)

Sotho (85.49) significantly greater than Shangaan - Tonga
(81.60) .

None of the remaining "t" values is significant at

the 5 per cent level. Thus, whereas there are no



significant tribal differences among mean lengths and

breadths of the Natal Ngunl, Cape Nguni, Sotho and

Miscellaneous groups, thers are mwnuilLume. differences

in palatal arch breadth when each of the former three
tribal groups Is compared with the dhangaan - Tonga. The
palatal breadth of the Shangaan-Tonga is smaller than the
corresponding dimension of the other tribal groups* w
ii-XLOun, The palatal indices are significantly different,

though the mean Shangaan-Tonga index still falls into the

mesostaphyline category.

DISCUSSION
rhd mean palatal length of Bantu males is relatively

short (46.99 mm), only the unaexed Chinese (44.93 mm),

Bush (43.43 mm) and Ovambo (44.63 mmpossessing shorter

palates (Table 32). The mean palatal length of Uganda
(47.9 mm) approximates that f the antu. Among

v
females, the Uganda (44.8 mm), Bigoye

males

(45.58 mm) and

Mulera (45.5 mm) females possess similar or shorter palates

than the Bantu females (45.30 mm). The unaexed Chinese,

Bush and Ovambo, too, possess shorter palates.

The Bantu male, palate is relatively broad (40.08 mm) ;

the Predynastic Naguada (40.3 mm) , Nubian (39.40 mm),

Haya (39.4 mm), Bugoye (39.0 mm), Ugandans (39.9 mm),

and the unsexed Ovambo (39.63 mm) all possess similarly

broad palates. As in the males, the female Bantu onlate

is relatively broad (38.33 mm) and is exceeded in breadth

by only the un.'exed Ovambo (39.63 mm) and South East

African Negro (38.38 mm). The Haya females (38.0 mm)

la the case of the Cape Nguni, the difference ig significant (2 80)
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posaese similarly broad palates.
The mean index of Bantu male palates (83.48) falls

irto the ond cf the braohyetaphyllne category,

whereas that of the femalee (34.46) is placed in the

upper part of the mesostaphyline category (Table 33).

In general, the Bantu possess palates which tend to be

meso-brachyetaphyline. The Ovamto and Bushmen tend to

have relatively broader palates.
The palatal measurements on the Bantu by de Villiers
(1964) and those of the present study are slightly at

variance; the mean palatal lengths of males in the

present ntudy are approximately 2.0 mm less than those of

de Villiers. The mean palatal breadths in the present

study exceed de Villiers's means by 2.0 mm. On the other

hand, the mean palatal length of the Bantu as determined
by Shaw (1931),was 46.1 mm for both sexes which is similar

to *he dimension* for muj.es (46.99 mm) and females

(45.30 mm) in the present study.

The fact that "t" - tests show no tribal differences

in palatal length measurements in the present study co-

incides with the findings of de Villiers. De Villiers's

"t" - test on palatal breadth measurements in the males,

however, vyield results different from those of the present

study. She found a significant difference in this

measurement between Shangaan-Tonga on the one hand, and

Natal Nguni and Sotho males on the other, and that the

difference between Shangaan-Tonga and Caps Nguni was just



the ,1"nin °a'lla The present findings ere

at variance In that the only significant difference In
palatal breadth aeaeuremente Is between Cape Kgunl and
Shnngaan-Tonga males.

The differences in mean palatal index among the
tribal groups determined In this study support the findings

of de Viiliers.

-he Palatal breadth at determined by Shaw is not
explicitly defined. Prom his diagram, it is difficult to
determine whether the width was meaeu. d from endomolare
to endomolare, or between the lingual surfaces of the
M 'a themselves. Accordingly, in the present invest!-
gation trie shortest distances between the palatal surfaces

of tne upper second molars were measured as well and the

following figures resulted:

JIDS
No. Mean Range 3.D. b.V.j S.E. "t” Verdjct
of Signi-
I xcance
(5 per

cent level)

Male 1i260 j41.60 33.5 - 49*5 2.70 6.5 .17
p.63 Signifi-

Female; 70 39.30%*29.0 - 45.0 1.11 7.9 .37 oant

The mean palatal breadth as determined by SXtw was

38.6 mm for the combined sexes. The mean measurements in



tue present study are .lightly higher than those of
Sha,, vis. 36.53 m In females and 40.08 mm in males.
Since the molars tend to diverge slightly, the
mean figure, for the shortest distances between the inner
surfaces of the upper second molars, are somewhat higher
than the palatal width measurements determined from
dndomolare to endomolare.
The palatal dimensions tend to place the Bantu

palates in the meeo-hrachystaphyline category.
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(b)

Palatal Height
The literature reveals a number of methods of

determining palatal height or depth which tend to

make comparisons difficult. Keith (1924) defined the

palate height as the height to which the midline of the
bony palate rises vertically above the plane of the
chewing surfaces of the second pair of molar teeth.

Buxton and Morant (1933), Galloway (1941),

Trevnr (1950, 1959), Sperber (1958) and de Villiere

(1964) measured palatal height with a palatometer
from the level of a line between the endomolaria in

the median plane of the palate. Paapbell (1925) used

a similar definition, namely, the vertical distance

of the horizontal portion of the palate ab >vo the

level of the alveolar ridges. Klaatech (1908 cited

by Campbell) measured the palate depth at the first

molars (whereas endomolare is at the second molar).

ohaw (1931), Abrahams (1945) and van Heenen (1964)

followed Keith's method of determinating the palate

heights in their investigations. A modification of

this method was adopted by LundstrOm (1948) and

Lysell (1958). According to these authors the height
ol the palatal vault was measured at right angles to
the plane of occlusion in the plane through the deepest

points in the central fossa of the first molars and

the highest point of the vault (usually the midline).

Moorrees (1957) determined palatal height by measuring

in a median plane, the greatest distance between a
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line connecting the meeio-lingual cusp tips of the
maxillary first molars and the highest point of the
palate. 1In the present investigation, the method used
in determining palatal depth or height in the Bantu
crania, was based on that of Moorrees. Skulls in which
the molar teeth were severely abraded were not included

in the sample.

PRESENT STUDY

4 three dimensional calipers ueeigned by Korkhaus
was used to measure palatal depth. The points of the
calipers were placed on the mesio-lingual cusps of the
maxillary molars and a rod located midway between these
points moved vertically through a hole in the central
metal bar enabling the palatal depth to be measure
The height of the palatal vault was measured to the
nearest 0.1 mm. The mean palatal heights of Bantu

Negroids are listed in Table 34,

.TABLE 34

PALATAL HEIGHT MEASURANTS~OF THE SOUTH AFRICAN

_______ f____ ——— e —————————
SEX ~ NO. MEAN S.E. iS.E. 'C.V. RANGE  verdict of "t”
Significance
(5 per cent
... i _____ level)
t....
jMales 282 22.06 .17 2.80 12.7 16.0 - 31.0 I
Females 75 21.18 .32 2.74,712.9 15.0- 27.5 247 Significant

-l =0 Ly |
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The "t" test reveals a significant alffe-eno 1In the

respective mean palatal heights of the Bantu males ant

females. The males generally possess a slightly deeper

palate.

Table 35 summarizes the means, standard deviation.

co-efficient, of error, etc. in the various South Africa

Bantu groups. The means of the various groups are very

similar.

TABLE *

F&ATAL ~ ISH**SUMj.jffiHS*W TWABIOUS8 SOUTH A,, Thy,

' GROLTP | MALES ?EMILE S

4 Mean [S.L. iC.V. |S.E. T No.; Mean | 3.0.9 c.v. | '| o

Natal :72 37 68 ,2.93 13.5 .34 ' 20 20.83 ;
Nguni ! 2.85 13.7 *53
Cape ,80 22.18 2.60 11.7 .29 14 21.82 2.82 13.0 ' .76
,Nguni;

,Sotb- ’4 121.93 2.99 13.61.35 28 21.36 : 2.50 11.7 | .47
Misr 6 122.54 2.60 11.6 .35 : 4 20.12 ! 3.35:16.6 |1.68

JL
In order to determine whether differences in palatal
hei{,. a exist between the groups, a one-way analysis of
This was done for males and

variance was carried out.

females separately (Table 56 ).

TABLE
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Summary of reaults of One-way Analy.l. ,f Variance,.

PALATAL HEIGHT mASroE; ~ £ -~ V7~ IOUS SOUTH

qTY 'Natal Nguni
3X1 No.| Mean

Male 72 121.68 80 22.18 74 121.93 56 53 54 1.001) Not
Female 29 320.83 14 21.82 28 21.36 4 20.12

On analysis, the F-ratio was smaller than the critical

ratio which indicated that the differences among the means

of the tribal groups were not significant. The calculations

were determined at the 5 per cent level of significance,

at which level the observed F-ratic would exceed the criti-

cal ratio in five cases out of a hundred, on average, even

though no significant differences were present.

-DISCUSSION
It might be argued that it is deemed more desirable to

measure palatal height from the deepest point in the central

fossa of the molars, rather than from the cusp tips, since

the latter wear with attrition. This is not necessarily
correct; Murphy (1959) showed that continual tooth eruption
compensates for 'normal' attrition. Only in cases of
excessive attrition with a consequent decrease in the
Bortiocal dimensions of the teeth, would the eruption rate

not fully compensate for the degree of wear.

Shaw (1931) using a similar though not identical



TABLE

Summary of result, of One-way Analyst, of Variance:-

PALATAL HLIGHT op”v~ rTouf 3gnp

Natal Nguni
No. Mean
- jm———— - ,
T——— e

Male 72 21.68 g0 22.18 74 121.93 56 55 54 1.081) wot
Female 29 20.83 14 21.82 28 (21.36 4 1¢.12

- 1 1 1

SEX

— L

On analysis, the P-ratio was smaller than the critical

ratio which indicated that the differences among the means

ol the tribal groups were not significant. The calculations

were determined at the 5 per cent level of significance,
at which level the observed F-ratio would exceed the criti-

cal ratio in five cases out of a hundred, on average, even

though no significant difference were present.

DISCUSSION
it Light be argued -that it is deemed more desirable to

measure palatal height from the deepest point in the central

fossa of the molars, rather than from the cusp tips, since

tne latter wear with attrition. This is not necessarily

correct; Murphy (1959) showed that continual tooth eruption

compensates for 'normal' attrition. Only in cases of
sxceasive attrition with a consequent decrease in the

vertical dimensions of the teeth, would the eruption rate

not fully compensate for the degree of wear.

Shaw (1931) using a similar though not identical
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ne mean measurements for

present study is 22.06 mxc
and 21.08 mm respectively. This can be attributed partly
to the slightly different method of determining palatal

height. Shaw measured palatal height from the 'chewing

surfaces of the second pair of molar teeth' whereas the

present measurements were made at the level of the first

molars.

The Bantu males possess significantly deeper palatal

This is in accord

vaults than do females (t = 2.47).

with the findings of de Viliiers (1964) who used a different

method of measuring palatal depth. In hie study of Bantu -

speaking Negroes of the Zulu tribe, Sperber (1958) too

noted marked sexual dimorphism with regard to palatal
depth; the Zulu males possessed deeper palates than the

females. The range of individual values in the present

study show that both male and female series include deep
and shallow palates (males 16.0 mm to 31.0 mm ana females
15.0 mm to 27.5 mm). "

The t-teste show no significant intergroup differences

in either the male or female series. These observations

are again in accord with those of de Viliiers who noted

no significant differences among Natal Nguni, Caps Nguni,

S°tho and Shangaan-Tonga.
The palatal height of the average Bushman, according
to van Reenen (1964), appeared to be about 2.0 mm less

than that of the average Bantu. This did not take into



account the thickness of the mucosa. Keith (1924)

suggested that 2.0 mm should be allowed for the thickness

of the soft tissue in this area. According to van

Reenen, if this suggestion were accepted, there would be

1 ttl6 difference in mean palatal height between Central

Kalahari Bushmen (mean 17.3 mm) and Bantu (mean 19.5 mm).

However, van Reenen*s comparison was based on Shaw's

figures which are at variance with the present study
xcombined male and female mean 21.88 HHHL(Table 37)
By comparing the present findings with all available

series where measurements have been based on roughtly

comparable techniques (Table 37), it would appear that

the Lantu have palates which are deeper than those of

Bushmen and Medieval Swedes, and which approximate the

palatal depths of Aleuts and Whites. Since measurements

on Bushmen, Aleuts, Calvinia and Namaqualand Whites were

taken on plaster caste, 2.0 mm wat added to each mean

measurement to allow for the.thickness of soft tissue.

According to Sperber (1958), however, such an addition is

unjustified, since the figures from Pittard and Trolliet

(1932/3) for Bushman sjculls compared very favourably with

these measurements on Bushman casts. Further, he noted

that measurements on Lake Chrissie Bushman casts fell well
within the range observed in macerated material.
There appears to be lack of agreement regarding

methods of comparing measurements on casts with those on

nacerated skulls. This factor, in addition to the slightly

different techniques of measuring palatal depth make
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population comparisons difficult nowever, Table 37
Emy serve as a rough guide to variations in palatal

depths of various populations.

TABLE
r PT
Mature o:
. Combine3
Group Material Males Females Sex Investigator
Whites Skulls 21.6 Keith 1924
. ei
(Calvinia 21 + (16
and Casts per cent
I of sample) Abrahams 1946
dand 19-21 (64
per cent
of sample
JWhites
( -19 (20
per cent
of sample)
(Medieval Cast
(Swedes asts 19.64 17.41 18.53 Lysell 1958
Al
euts Casts 18.8 Moorrees 1957
Bushmen Casts 17.3 Van Ree;.en 1964
Bantu
Casts 19.5 Shaw 1931

Bantu Skulls 22.06  21.18 21.88 Present Study
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fe MEASURES Qp SIZE AKD SHAPE (Jg THE
DENTAL ARCHES
(a) Biometric Method
The maxillo-alveolar length, acoordi- tv blo-

metricians, is meaeured from proathion to tilveolon.
Proethion is the most anterior point on the process
between the sockets of the upper central incisor teeth;
alveolon is the point at which the interpalatine suture
meets a line drawn tangential to the posterior border of
the maxillary tuberosities.

The maxillo-alveolar breadth is the measured dis-
tance between the outer borders of the alveolar socket
immediately above the upper second molars (ectocolare to
ectomolare) (fig. 20).

In an effort to glean some idea of shape, an index
which expresses the width of the maxilla as a percentage
of its length was computed. This index is known as the

maxillo-alveolar index or Flower's maxillary index.

PRESENT STUDY

It can be seen from Table that Bantu males
possess significantly longer and broader maxillo-alveclar
arches than do females. Also. males have a signi-
ficantly higher mean maxillo-alveolar index, i.e. they
possess relatively broader arches than the females.

The means, standard deviations, etc. of the wvarious
Bantu tribal groups have likewise been listed (Tables 39 ,

A 41), and 1t '-tests were carried out between pairs

or median sagittal plane



Fig. 20 Termini of dental arch length and breadth
(Biometric method)



of group means.
The 'V values indicate that the differences are not
significant at the 5 per cent level.
Since a considerable proportion (35 out of 74) Of
the I.uscellaneous males were comprised of S* ingaan and
the data for these two tribes were analysed as a

Tonga,

separate Shangaan-Tonga sub-group, and the maxillo-alveolar

dimensions compared with those of the Natal Nguni, Cape
$unl and Sotho. The meane, .........ciiue ieeun.

are listed in Table 42; 't'-tests were run to
establish significant SSeaa differences at the 5 per cent

The small sample of Shangaan and Tonga

level ( 43
females, not rant analysing separately.

Pr. he table it will be seen that the differences
betweet following mean values are significant at the

5 per cent lev3l,

Max ill o-alveolar Length (Males only)

significantly greater than

Shangaan and Tonga (56.70)
- - (54.94);

Natal Njmi

Shangaan and Tonga (56.70) significantly greater than

Cape Nguni - (55.47).
MAX/LIO wmAL\/eo*.4/1 »rr/%)
Natal Nguni (113.08) significantly greater than
Shangaan and Tonga - (108.96) ;
Cape Nguni (112.73) significantly greater than
Shangaan and Tonga - (108.86) ;
Sotho (112.78) significantly greater than

- (108.86) ;

Shangaan and Tonga

Turner (1901) classified maxillae according to their

Maxillo-alveolar indices : below 110 dolichuranic, between
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110 and 115 meao-uranic, above 115 brachy-uranlo. The

meazi indices of the various Bantu tribal groups for both

sexes fall in the ceso-uranic category (Table 44).

The mean maxillo-alveolar index for Bantu females
is 110.34 which falls at the low end of the m.eso-uranic

category, Jjust above the limit of the dollohuranio group.

Sotho and Miscellaneous females have the lowest mean

indices (106.2 and 109.01 respectively) which fall within

the doiiohuranic category. The Cape Nguni females (110.06)

fall Jjust within the meso-uranic category. The Natal

ivguni lemales are meso-uranic, as are the Natal and Cape

f-guni and Sotho males. The Miscellaneous males are

dolichuranic (109.93). On analysis, 1t was found that the

Shangaan-Tonga males contribute a large part of the

dolichurany with their mean index of 108.86.

DISCUSSION

The maxillo-alveolar lengths in my series of bantu

may be compared with those recorded by de Villiers. The

mean maxillary lengths in the present study (55.67 in

males and 53.89 in females) closely approximated the

figures of de Villiers (55.4 in males, 53.2 in females).

In maxillo-alveolar breadth measurements, however,

there was a discrepancy of approximately 2 millimetres:

the mean maxillo-alveolar breadths of males and females

in the present study were 62.3 mm and 59.3 mm respective -

ly, as compared with 64.0 mm and 61.2 mm for the corres-

ponding meat values in do Villien's ceries of males and



females. In a discussion on this point with Dr de V1lUiers,

it was agreed that the discrepancy could probably be

attributed to a difference in measuring technique. Whereas

de Villiers measured maxi.Uo-alveolar breadth from the
outer surface of the alveolus opposite the M2'O in the

present study the measurements were taken from the buccal

surfaces of the alveolar sockets of the M*'"s. This

difference in method could readily account for a difference
of approximately 1 millimeter on either side of the troh.
The difference in arch breadth measurements accounts

for differences in the mean maxillo-alveolar indices of

males and females; according to de Villiers the mean index

for male Bantu (116.1 per cent) lies in the brachyuranio

class, whereas the present ntudy places the mean in the

meso-uranic class (112.21 per c»rt). The figure obtained

in the present study is close to those obtained by Shaw and

ualloway for combined rexes, namely, 110.5 per cent aid

112,51 per cent respectively. The mean index for female

Bantu, according to de Villiers, is somewhat higher

(114.9 per cent) than the corresponding mean in the present

3w (110.34 per cent). Table 45 is a comparative table

of maxillo-alveolar dimensions on the Bantu. However, the

only truly valid comparison here is between the data of de

Villiers and those of the present study. In view of the

established sex differences, Shaw's and Galloway's data

nll have varied according to the relative proportions of

the two sexes, and therefore cannot be compared accurately

" - - mg/mg



with the result, of d, VUH.r, of the

gation.

Having been engaged for some years in the metrioal

study of South African skulls, Galloway (1941) obtained

striking differences in the marilio-alveolar dimension,

or various South African Negro groups. He also noted that

there measurements displayed much variability, whloh threw

doubt on the utility of metrical features of this part of

(op.cit.,.285) .

the skull as a criterion for racial analysis

In the comparative table (Table 45),Shaw's skeletal - erial

comprised crania from no fewer than 21 different tr.

oalloway'e South-East African negroes consisted of 54

Basuto and 48 Zulu skulls while da VilHers O’ ) select-

ed four mein tribal groups, viz. Natal Nguni, Cape Nguni,

Sotho and viangaan-Icnga. The present study likewise

consisted of four groups, the Miscellaneous group incor-

porating the Shangaan-Tonga.
Whereas de Villiers found no differences in either

the maxillo-alveolar lengths or breadths in the various

Bantu tribal groups, the present study reveals signifi-

cant differences at the 5 per cent level. It appears

that the male Shangaan-Tonga have longer arches than

either the Natal or Cape Nguni. Also the mean index

for this group (108.86) was smaller than for all the

other male groups. This means that the mean falls into

the dolichuranic category, whereas those of other groups

fall in the mesouranio class.



Supine UP, de THUer . stated tU.t. Srachyuran,

may be ooneidored ae characteristic of the South African

Negro. On the other hand, Galloway stated "At all

events there is a sharp demarcation between the broad

arcades of the Ovambo and Batetela, and the .longate one,

of the South-East African and Gaboon Negro". Both

Galloway's data, the findings of the present study, and

Shaw's mean maxilio-alveolar index of 110.5 per cent

contrast sharply with the above statement. The latter

three studies all demonstrate that the Bantu possess -..a
maxilio-alveolar indices which fall in the meeouranto

category.
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(t) 4At' .ro;czttrlo

Anthropologista usually follow the method advo-

oated by Martin (1928) for measuring, in whloh the

greatest linear dimensions, along previously defined

planea or lines, are obtained. The maxillary aroh

breadth is measured by taking the greatest distance

between the buccal surfaces of the maxillary eecond

molars. Similarly, the mandibular arch breadth is the

greatest distance between the buccal surfaces of the

mandibular second molars.

The lengths of both maxillary and mandibular

dental arches are measured as the shortest distance

between the tangent to the labial surfaces of the central

incisors, and a plane tangent co the distal surfaces

of tne third molars perpendicular to the occlusal plane.

.coorrees (1957) used reference points on the second

molars instead of corresponding points on the third molars
in order to obtain data on the greatest possible number

01 dentitions. The present study likewise uses the

second molars (fig. 21).

PRESENT STUDY
The dental arch lengths and breadths in the Bantu

using the anthropometric method of measurement are

tabulated in Table 46.

The mean dimensions in the male Bantu are larger

*Ran the corresponding dimensions in the female. To

determine whether these differences are significant



Pig.

21

g< 0 ©

AN R go0o0

Termini of dental arch length and hreadt)
(Anthropometric method)

oft
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et'-terts were carried out and the wvalue, of 'f -ere

tahuiated (Table 47). From the table It can be ee.n that

the Bantu male maxillary and mandibular alveolar length,

and breadth, are eignlfiocantly larger (at the level of

5 per cent) than those of the Bantu female.

The means, standard deviations, standard errors of

the mean, and the oo-efflciente of variation for the wvarious

Bantu group, were calculated and tabulated (Tables 46 * 4,

In that there were no substantial differences in the

anthropometric measurements between the various groups,

it was felt that the calculation of 't'-tests for these

measurements would be redundant.

DISCUSSION

EI§CU3§|UNdY other report that could be traced which used
similar measurements was that Of Moorrees (1957) in his

study of the Aleut. Table 50 compares the anthropometric
dental arch measurements of the Bantu with those of the
Aleut.

The Bantu males tend to have slightly larger dental

arches than the Aleuts. The maxillary and mandibular mean

brearth3 of the Bantu females are slightly smaller than

the combined male and female Aleut mean breadths.

The Bantu females, like the males, tend to have

larger dental arch lengths than the Aleuts, This factoi

18 not unexpected in that the Bantu are generally

Prognathous.
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(c) Udontoicetrlc

This method of measuring dental arches was

introduced by Korkhaue in 1939. The maxillary arch

breadth, on his method, is the distance between the inter-

section of the main occlusal grooves of the first molars,
The mandibular arch breadth is the distance between the
tips 02 the distobuccal cusps of the first molars.

The dental arch length of both maxilla and mandible
is the shortest distance between a tangent to the labial
surfaces of the median incisors and a plane through the

arch breadth line (Ml - Ml) perpendicular to the occlusal

surface (fig. 22).

PRESENT STUDY

Prom table 5- it can be seen that the mean maxillary

length in the male is larger than in the female Bantu, but

in the mandible the female has a slightly greater mandibu-
lar length.

The maxillary arcs breadths in both maxilla and
mandible are larger in the males than in the females.

In order to determine significant sex differences

the male and female measurements in the Bantu, 't*-tests

were done and the results are tabulated in Table 52
The mean maxillary arch lengths as well as the mean

maxillary and mandibular arch breadths of males are

significantly larger than those of females (at the 5 per

cent level). The mandibular arch lengths of females are

Very slightly larger than those of the males but the



Fig, 22 Termini of dental arch length and breadth
(Odontometric method



differences are not significant.

The data for the mandibular arch lengths include

three extreme values. Whereas the majority of observed

values fell between 26 and 39, there were two values of
49 and one of 4o. They came from a Zulu male, a Zulu
female and e Sotho female respectively. The exclusion of

these atypical values did not affect the conclusion that

tne means of the sexes are not significantly different for
the variable.

The measurements for various Bantu tribal groups
were tabulated in Tables 53 & 54 . A one-way analysis of
variance was made as shown in Table 55 In every in-
stance there is no significant difference among the four
groups.

DISCUSSION
Homparison with other population groups sp* limited

by the paucity of reports which make use of these points

of reference. Moorrees (1957) in his investigation of

the Aleuts included these measurements in his study.

Seipel (1946) used a similar method in measuring the arches

of medieval Swedish skulls.

Prom the comparative table (Table 56), it appears

tnat the maxillary dental arch breadths of the Bantu are

not larger than those of the Swedish skulls, but their

lengths appear to be greater. The mean maxillary arch

dlmenwione of male and female Bantu are slightly larger

than the mean dimensions for Aleuts. The mean mandibular

arch breadth of Aleuts, however, is larger than the mean



breadths of either male or female Bantu. The Bantu tend
to have greater maxillary and mandibular aroh length, than
either the Aleuts or the Swedes.

The fact that the Bantu pos.ee. greater mean
maxillary and mandibular dental arch length, give, metrical
expression to the greater degree of prognathl.m shown by
the Bantu than either the Aleut, or Swede,. The greater
mean breadth of the Aleut mandibular dental aroh reflect.

the broad, robust and angular structure of the Aleut

mandible.
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IAJ3LE SP

TE”~ — 225— 5EX DIFFERENCES TW mttam
JEM1AL ARCH DIMENSIONS (ODONTQMptpm METHOD*
ULTOTAl SOUTH AFRICAN BAIITII ~ . pn ~

! CHARACTER o f Significant at
5 per cent Level

Maxillary Length 2.52 Significant
Mandibular Length .13 Not significant
Maxillary Breadth 7.17 Significant

Mandibular Breadth 4.18 Significant
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C. PRa»OLAft dlDi'u

T° 61l%9an ™ of overall dental aroh

breadth. In addition to the breadth In the molar region,

the dietance between the buccal cuep tips of the left
and right Urat premolars of the respective Jaws was

measured. In the narrow or tapered type of dental

arch, this dimension would tend to be smaller t..an in

the broad or square type of dental arch. Howes (1954)

used this measurement as one of many in an evaluation
of orthodontic problems and it serves as a basis of

comparison between Whites and Bantu.

PRESENT STUDY

p T enlo)ccf-

The S m % width in the Bantu male and female

crania was measured with a Boley gauge. The measure-

ments were recorded to the nearest 0.1 mm. In several

instances the mobility of teeth precluded this degree

of accuracy, in which case the figures quoted should

probably be regarded as accurate to 0.5 mm. The

pertinent statistical data are given in Table 57, it

ay >e noted that the bi-uop# widths in both mamillary

and men ibular denial arches are significantly larger

(at the 5 per cent) level in Bantu males than in female

the values being 44.10 mm and 41.70 mm in the maxilla,

and 35.97 mm and 34.24 mm in male and female Bantu

mandibles respectively.

In the various tribal groups (Taule j the mean

maxillary and mandibular widths of male Bantu
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are little different. The mean dimensions of the

maxillary archiNatal Nguni female tend to be slightly
larger than those”oi”“the other three tribal groups.

The mandibular widths of the females in all the

groups are close to the overall mean.

DISCUSSION
grtM .tOuA -

dimensions in the maxilla and mandible

(Table 59).

The

of the Bantu are larger than those of Caucasoids

and this is true even though the White sample is a com-

bined male and female sample. Even the Bantu female

means exceed those of the Caucasoid combined series.
The larger mean fcSigB breadth dimensions of

Bantu males is in coord with the significantly larger

mean male palatal and maxillo-alveolar breadth dimensions.

xhe mean figures in the present study are slightly

less than the figures of Jacobson and Dreyer (1956) (mean

maxillary breadth 46.0 mm, mandibular breadth 58.3 mm)

in their study of the Bantu. Among possible reasons

Tor the discrepancy are firstly, the fact that the original

sample consisted of only thirteen male and female Bantu

patients. Secondly, the sample was a selected one, the

basis of the selection being the clinical quality of

the occlusion.
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vx ~“vCH MEA3URKMT:w»ra
AN!' FACIAL VSASURE]>,KCTs

Bote Izard (1927) and Berger (1938) held that a
relationship exists between the bizygomatic breadth of
the face and the breadth of the maxillary dental arch

of the individual.

Izard measured the width of the arch as the greatest
distance between the buccal aspects of the maxillary
second molars. The width of the face is Indicated by
the greatest bizygomatic distance. Afte’ Jjeasuring in

the Museum of Natural History of Paris all skulls

possessing normal arches, he showed that in almost all

rases the breadth of the arch, though very variable, was
about one-half of the bony bizygomatic diameter. This

relationship was expressed by the following index

Transverse arch-face index = Maxillary dental arch

(Izard’s index) . breadth (M2 - M?) T ~
Maximum bizygomatic distance.

Izard obtained a mean value of 50 for this index,
although the index oscillates between extreme values of
-. and 54. In 75 per cent cf cases it varies between
only 48.5 and 51.5.

Berger measured the maxillary dental arch breadth
t't-tween the central fossae of the first permanent molars.
He measured maximum bizygomatic breadth on the living
and not on crania. He found that the distance between
the centres of the first maxillary molars is about one-

third of the maximum bizygomatic breadth. According to



Bsrger in the 'normal* occjualon, this is 33.3 per cent.

His formula for calculating the index is as follows;-

Berger's Index = Maxillary dental arch breadth (M1 - )

Bizygomatic diameter

PRESENT STUDY

T“"es maxillary arch breadths, measured both by
and methods, the bizygomatic diameters, and the I A
B indices, for the Bantu cranial series, are listed in
Table “A. The figures include the means, standard
deviations, co-efficients of variation, standard errors
of the means, and the 't'-test for significance of
differences between male and female means.

Prom the table it can be seen that the mean bizy-
gomatic and dental arch breadths of males are signifi-
cantly larger than those of females. Although the mean
Izard's index for females is significantly larger (at the
5 per cent level) than that for males, there is no signi-
ficant sexual difference in the mean Berger's index.

The higher index of Izard in females would indicate that
the female is relatively than the
male.

The mean Izard's index is remarkably constant in
various Bantu tribal groups (Table fip ).

With the exception of the Natal Nguni females, the
other tribal groups possess mean indices very close to

48.0 per cent. The Nguni female mean index is higher,
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viz* 50.30 per oent, indicating a relatively broader arch
or narrower bizygomatic breadth.

The mean Berger's indices in the various tribal
groups are likewise relatively constant and lie close to

the value of 39 per cent.

DISCUSSION

The mean bizygomatic diameter of the Bantu male is
larger than that of the female. This is not unexpected in
view of their heavier and larger bony framework, and
confirms de Villierds (1964) data on the Bantu. The
maxillary arch breadths of males as measured by the methods
of Izard and Berger are likewise significantly larger than
those of females. This too is not unexpected in that the
palatal and maxillo-al veolar arch breadths for the same
sample revealed similar sexual dimorphism.

According to Izard's index the female Bantu Bssspy-

The difference in mean breadths of male and female arches
(b?,38 mm and 59.30 mm respectively) is approximately
3.1 mm in 62 mm. i.e. 5 per cent, which is proportionately
less than the difference in male and female oizygomatic
diameters (129.2 mm in males, 121.27 mm in females) which
is approximately 8 mm in 129 mm, i.e. 6.2 per sent. In
indices, therefore, the females evince a higher mean
index than males.

Berger's index shows no significant sex difference.

This is due to the fact that the difference in male and

[Omission: Insert at *]

v® relatively broader palates than the males. This is con-

ary to the calculated palatal and maxillo-alveolar indices

which the Bantu male eh'm either no significant sex

Herenoes (palatal indices) or in which the males possess

Utlvelj bro.der maxillo-alveclar arches than females. In



female arch breadths In the region of the Ml *a ie neater
than the arch breadth difference in the region of Mf 'a.
Th” sex difference in the arch breadths in the region
(males SO.40 mm, females 47.63 mm) is approximately 2.8 mm
on 50 mm, i.e. 5.6 per cent. Thus relating the propor-
tionate difference of 5.6 per cent to the proportionate
bizygomatic sex difference of 6.2 per cent the sex
difference is not significant.

In the Bantu, the mean male and female Izard's
indices are 48.27 and 49.02 respectively. This closely
approximates Izard's 'normal' of 50. Berger's indices
on the Bantu, on the other hand, are 39.00 (males) and
39.29 (females). These figui”?s are far in excess of
Berger's index of 33.3 for 'normals'.

Regrettably, neither Izard nor Berger provided any
comparative tables of indices for various population groups.
The only data that the writer was able to locate were
those of Moorrees (1957) in his study of the Aleuts

.Table 62).In this population group, he calculated a mean

Izard's index of 44.8. This figure is far below the

value of 50, which Izard held to be 'normal'. Berger's
index on the Aleuts is 33.2 which accords with Berger's
figures (33.3) for the 'normal'.

Moorrees reported a high degree of correlation
between arch breadth and bizygomatic breadth in the Aleuts,
“he value of Berger's and Izard's indices will vary

between a population with broad bizygomatic arches and



one witn narrow; one with large teeth and one with
small; one with big arohea and one with email; one
with wide palate and one with a narrow palate. The
figures in the present study suggest the usefulness
of these indices as a sorting criterion in providing

varying indices between different populations.
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E. PROGNATHISM

PrognathiBui may be defined as the degree of pro-
minence oi the facial skeletal profile in relation to the
brainoaee (Barrett, Brown and Macdonald 196§$. It is a
physical characteristic which has been discussed by many
investigators who have used various definitions and
methods of measurement, which have been adequately rev.ew-
ed by Bjork (1947). Two indices or measures widely used
in craniometry to express degree of prognathism are the
alveolar index or gnathic infex which is the length of
the basion-prosthion line expressed as a percentage of
the length of the basion-naeion line, and the facial
angle or total profile angle which ie the angle subtended
by the nasion-prosthion line and tne Frankfort horizontal
(Martin 1957). According to the size of this angle,
crania are classified as prognathous if the jaws protrude
strongly, orthognathous if the jaws do not protrude or
protrude slightly, while the intermediate type is called
mesognathoue. In the present study the facial angle
was used to assess the degree of prognathism in Bantu
skulls.

Prognathism can be a total facial prognathism, or,
in terms of the orthodcntic literature, a bimaxillary
protrusion. The latter type of facial development was
characteristic for all extinct races of mankind (Sicher
1952) . Comparative anthropological data concerning the

facial skeleton and its profile in various numan racial



groups, however, have clearly shown that there exists
gome difference between the profile of the nasal and
that of the alveolar part of the maxilla (Snell 1957?).
He found it desirable, therefore, to determine separately
the inclination of the nasal and the alveolar part of
the upper facial skeleton. To do this, the nasal profile
angle and the alveolar profile angle are measured. The
nasal profile angle is the angle formed by the line from
nasion to nasospinale with the Frankfort horizontal.
If only the nasal part of the naxilla protrudes while the
alveolar process approaches a more vertical position, the
prognathism is diagnosed as nasal or middle face prognathism
In contrast to this type, alveolar or aubnasal prognathism
shows isolated obliquity or protrusion of the alveolar
process of the upper jaw. In the present study, toteu.,
nasal and alveolar prognathism are measured.

Luthy (1912, cited by Bjork) suggested that the

be vsek.

following classification/for all three facial angles, viz.

total, nasal and alveolar profile anglesi-

Hyperprognathouti Xx - 69.9°
Prognathous 70.0" -79.9°
Mesognathous 80.0° -84.9°
Orthognathous 65.0° -92.9°
Hyperorthognathcus 93.0° -x

The lines and joints of reference used in the

present study arei-
Frankfort Horizontal - Is defined as the plane which

passes through the poria and the
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lowest point of the left infra-
orbital margin.

Nasion The intersection of the internasal
suture with the naso-frontal
suture in the midsagittal plane
(Graber 1%2) .

Prosthion The most anterior point on the
alveolar process between the sockets
of the upper central incisor teeth.

Subspinale The deepest midlinc point in the
premaxilla between the anterior
nasal spine and prosthion (Downs 1948)

Nasoepinale The lowest point on the inferior
margin of the pyiiform aperture in
the midsagittal plane.

A stationary goniometer was used to determine the
various angular measurements on the skulls. Skulls in

which prosthion could not be readily located owing to

alveolar resorption as the result of missing incisors, or

because of fracture, were not included in the sample.

Present Study

The mean total profile angle in the male and female

Bantu was 81.78° and 81.27° respectively, which places

them in the lower (prognathous) end of the mesognathous

category. The mean nasal profile angle in males was

56.96° and in females 86.95°» thus indicating nasal

orthognathism. The mean alveolar profile angles for

males and females are mesognathous (83.41° for males and



83*25° for «emales).

The degree of total, nasal and alveolar profile
prognathism In both sexes in the Bantu was remarkably
similar (Table 63).The 't’-tests reveal no significant
differences between male and female means.

In every inrtmce, except the alveolar profile angle,
there were no significant differences between the four
tribal groups (Tables 64, 65, 66 & 67)'. Ae before, for
each of these one-way analyses of variance the signifi-
cance test consists in obtaining the ratio of the between-
groups variance to the within-groupe variance, and com-
paring the F-ratio thus obtained with the critical ratio
for the number of degrees of freedom concerned.

Since a number of analyses of variance were done in
this study, it is possible that one of the F-ratios would
exceed the critical ratio without indicating a population
difference. The significant F-ratio appearing in the
case of the alveolar profile angle (Males) could be
attributed to the higher values in the two Nguni groups.
Footnote: It should be noted that the F-ratios, quoted in
Table 67 , are always larger than unity, as the larger of
the two variances (variance within-groups and variance
between-groups) always forms the numerator of the F-ratio.
Where the number of degrees of freedom of the denominator
is very small, the critical ratio is high even when the
number of degrees of freedom of the numerator is large.
The F-ratios of 6.882 and 6.664 for the alveolar profile
angle are not significant, Dbecause the number of degrees

cf freedom in the denominator was 3 in each case. In

these cases the estimated 'within group variance* was more
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than six times the estimated Ibetwnen-group variance’,
but ratios of this magnitude may have occurred by chance
because of the small number of degrees of freedom

associated with the ’'between-group variance'.

DISCUSSION
/a

It was pointed out by Scott (1954) that reduction
in the functional importance and size of the nasal
cavities may be a primary factor in the reduction of
the human facial skeleton. Alveolar prognathism may
then be considered as a compensatory growth mechanism
with the function of maintaining a well-developed
alveolar arch, upon a reduced facial skeleton. Scott
(1954) noted that in the anthropoid apes, reduction of
the nasal region has progressed less than in man, but
alveolar prognathism, which in these animals is develop-
ed to a considerable extent, enables the dental arches
to be supported on a relatively reduced facial skeleton.

The mean total profile angles for male Bantu
(81.78°) and female Bantu (81.27°) places them in the
mesognathous category. These observations closely
approximate the corresponding figures determined by
de Villiers which were 8l. and 80.7°, and also confirm
Galloway's (1957a, 1959) findings that the South African
Negro is characteristically mesognathous.

Although the mean total profile angle shows the
projection of the face to be more pronounced in the male
than in the female, this sex difference is not signifi-

cant, which is in accord with Jle Villiersjobservations.



The intertribal differences in total facial and

nasal prognathism are not significant (Table 67). The

females of the various tribal groups, in spite of their

slightly higher coefficient of variation (Table 66) reveal
no significant alveolar profile difference. The Nguni
males on the other hand evince a slightly higher degree
01 alveolar prognathism than the rest of the group.
Comparing the total facial prognathism with that of

other populations (Table 68), it may be noted that except

for the Eastern Bantu Negro (78.2°) the South African
Bantu possess the most mesognathous profiles.

The angle of nasal prognathism in the Bantu is
06.96 in males and 86 .95° in females, viz. orthognathic.
Snell (1952) measured the angle of nasal prognathism in
17 Negroid hkulle and found the mean to be 82.9°, viz.
mesognathous (Table 69 ). The discrepancy in findings
suggests that the observations were made on two entlely
the angle of alveolar

different Negro groups. Also;

Ier'ognathism in Snell's sample (59.5°) is at variance with

similar observations in the present study (83.41° in males,

25 in females). This is difficult to explain even in
the light of the probability of two different tribal
groups.

In comparing the Bantu with the Caucasoids, Jacobson

and Dreyer (1956) were able to demonstrate that the facial

sneietal structures of the two ethnic groups were remark-

skly similar. The similarity in nasal structures is

corroborated in the present study when the angle of nasal



prognathism for the Buropids (86 .+°) as determined by
Snell, is compare with those of the Bantu (86.96° in
males and 86.95° in females) (Table ,Lfg).

The cardinal difference between the dento-faclal
patterns of the Bantu and Caucasoids is that the former
evince a greater degree of alveolar prognathism.
According to Jacobson and Dreyer this is usually associat
ed with the heavier and more flaccid oro-facial muscular
pattern of the Bantu. Moorreee (1957), too, noted that
in general the degree of inclination of incisors is
greater in both Negroes and Mongoloids than in Caucasoids

In sum, the total profile angle in the Bantu is
characteristically mesognathous, whereas the mean nasal
pro.i tie and alveolar profile angles are respectively

orthognathous and mesognathous.
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SUMMARY

Palatal length, breadth and index

Bantu males have mean palatal lengths and breadths
which are significantly larger than those of females.

The mean palatal indices do not differ significantly
between males and females.

The mean palatal index for males lies at the low end
of the brachystaphyline category, whereas that of females
is located at the upper end of the mesostaphyline category.

individual values for this character show a wide
range from leptostaphyline to brachystaphyline.

The various Bantu tribal groups revealed no signifi-
cant difference in palatal length and breadth among the
four groups.

Cape Nguni males have significantly higher mean
indices (broader palates) than Natal Nguni and Miscellaneous
males.

Sotho males also have significantly broader palates
than Miscellaneous males.

Since in the Miscellaneous group, 34 of the 71 male
crania were either Shangaan or Tonga, the latter sub-group
was compared witn other tribal groups.

Whereas there are no significant tribal differences
among mean lengths and breadths of the Natal Nguni, Cape
Nguni, Sotho and Miscellaneous groups, there is a
difference in palatal arch breadth when the former three

tribal groups are compared with the Shangaan-Tonga group.
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The Palatal breadth of the Shangaan-Tonga is smaller than
the corresponding dimensions of the otuer tribal groups.
ap a result, the palatal indices are significantly
different although the mean Shangaan-Tonga index stiia
falls into the mesostaphyline category.

Palatal Height

Bantu males possess significantly deeper palates
than females. Individual values for this character range
from deep to shallow.

Various Bantu groups revealed no significant

differences in palatal depth.

Dental Arch Dimensions
a) Biometric Method

Bantu males possess significantly longer and
broader arches than do the females. It will be re-
called that the male palates tend to be larger and
broader than those of the female.

The significantly larger mean maxillo-alveoltr
index of males indicates that they tend to have broader
palates than females. The dental arch of the Bantu is
characteristically meso-uranic.

There were no significant differences in the
maxillo-alveolar lengths, breadths or indices in the
four tribal groups.

The Shangaan-Tonga (a sub-group of the Miscellaneous
males) were analysed separately and their dimensions

compared with those of the Natal Nguni, Cape Nguni and



187

Sotho. The mean maxiUo-aleeolar length of the Shangaan-

Tonga wae significantly greater than tho.e of the t.o Ngunl
groups.

The mean maglllo-alveolar breadthe of the Shangaan-

Tonga .ere not significantly different from the other

tribal groups.
The indices of the Natal Ngunl, Cap. Ngunl and Sotho

are significantly greater than the Shangaan-Tonga. Becauae

of the longer palate., the latter group tend to.arde

dolichurany.

Anthroporaetric mmthnd

The mean dental arch lengths and breadths in the male

Bantu, using this method, are significantly larger than

those of females.
There were no substantial differences in the arch

measurements among the wvarious tribal groups.

Odontometrir. mgt.vind
The mean maxillary arch length as well as the mean
maxillary and mandibular arch breadths of males are signi-

ficantly larger than those of females.
The mean mandibular arch length of females, using this

method, is larger than that of fiSfc*Efrnaley but the

difference is not significant.

1,0 significant differences in arch dimensions between

the Jour tribal groups were noted.

}
K
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WIDTH
Pt &% m
The mean breadthe in both maxillae and
mandible* of Bantu males are significantly larger
than those of females. This is in accord with the
larger male palatal and maxillo-alveolar breadth
dimensions.

The breadth dimensions in the Bantu maxilla

and mandible tend to be larger than in Caucasoids.

IIFFM m ARCI1 U til

The mean bizygomatic diameter of Bantu males is
significantly larger than that of females.

The dental arch breadths of males, as measured by
the methods of Izard and of Berger, are significantly
larger than those of the females.

The significantly higher index of Izard in females
is attributed to the lesser bizygomatic diame er of
females.

The mean male and female indices of Berger show no
significant sex differences. This fact is attributed
to the proportionately greater sex difference in mean
dental arch breadths in the region of M*.

With the exception of the Natal Nguni females, the
tribal groups posseos very similar Izard's indices.
The Natal Nguni females exhibit higher indices.

The mean Berger's indices in the various tribal

groups are likewise relatively constant.
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The moan total profile angle In i ntu malea and

females places them at the lower (prognathous) end of

the meeognathOLia category.
The mean nasal profile angle for loth sexes Is
orthognathoua.
The mean alveolar profile angle for both sexes is

meeognathous.

The degrees of total, nasal and alveolar profile

prognathism in both sexes are similar. The ’'V-tescs
revealed no significant sex differences.

The only significant difference between the four
tribal groups is that the alveolar profile angles of the
Natal and Cape Nguni males are slightly larger than those
cl the Sotho and Miscellaneous.

The Bantu exhibit a greater degree of alveolar

prognathism than Caucasoids, but the facial skeletal

structure of both races is remarkably similar.
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TM MORMHOLQGY oF THE MAXILLARY INHISOR TEETH

In thia section, attention will be directed to

certain morphological and non-metriocal features of

the maxillary incisor teeth. The lingual surfaces

of the maxillary incisors in the Bantu present much

variation. The surfaces are either smooth, ridged,

concavo-convex, ohovel-ehaped and/or possess lingual

tub-roles of varying sizes. The outline shapes of

th “eth arn likewise variable. In an endeavour
to Jtigate the varied characteristics, the features
ar< v with under separate headings, namely, shovel-

shar incisors, median ridges and lingual tubercles

ani the outline shapes of the maxillary inoieor teeth.

The differences in the morphology of the lower incisor
teeth and canines in various racial groups are not readily

discernible and consequently were not included in the

present study.

I'A. SHOVEL-SHAPED INCISORS
Shovel-shaped incisors are readily recognized by
their hollow lingual surface bounded on its lateral
borders by well developed enamel elevations or marginal
ridges. The depression thus formed gives the tooth
the shape of a shovel. Hrdlicka (1920, 1921) believed

that the marginal overgrowth of enamel and the subse-

Quent folding towards the lingual surface which produces



this shovelling le to be regarded ue a functional
strengthening of the tooth rather than a sign of de-
generation. On the other hand, according to Dahlberg
and Mikkelson (1947), cross-sections through shovel-
shaped incisore reveal that the heavy marginal ridges
are not overgrowths of enamel, but consist of enamel
and dentine of normal thickness. The shovel-shape of
the incisors is mostly confined to the upper jaws and
when present in the lower jaw is always less pronounced.
In an extensive study of the frequency of shovel-
shaped incisors in different populations, Carbonell
(1963) concluded that the investigations suggested the*
continued modification of the structural pattern on the
lingual surface of upper incisor teeth from early to
modern man. According to Carbonell, the shovel character

aesocjated with a lingual tubercle was almost consistent-
a

ly found in palfeo-anthroplc man. In modern man, con-

siderable diversity was observed, the shovel character

being with or without the presence of a lingual tubercle

and vice versa; thus, she confirmed the previous obser-

vations by Dahlberg (1951) and Moorreee (1957).

In the present study, the writer has used Hrdlicka's

classification of shovelling (see figs. 24 and 25).
Shovel - The enamel rim with the enclosed
fossa is well developed.
Semi-thovel - The enamel rim is distinct but the
enclosed fossa is shallow.
Trace-shovel - Distinct traces of the enamel rim

exist but they are not as developed
as in semi-shovel.



Fig.

23

Fig.

25

INCISORS

Trace shovel of maxillary central incisors

Fig. 24 Semi-shovel

Shovel-shaped maxillary Incisors



193

No-ahovel - No perceptible traces of rim or
fonea, or such faint or imperfect
traces as not to deserve special
categorization.

PRESENT STUDY

The lingual surface of many maxillary incisor teeth
were partially or completely obscured or destroyed by
attrition, caries or fracture. Only those teeth on which
the lingual surface could be clearly determined were in-
cluded in the sample.

The incidence of shovelling (of all grades) A the
central incisors in the South African Bantu is 11.3 per
cent in males, and 19.4 per cent in females >hle 70).
The incidence pf overall shovelling of the lateral incisors
in the Bantu EIIB::B— 33.5 per cent and 61.1 per cent for
males and females respectively (Table 71).

The incidence of no shovelling in the Bantu male and
female central incisors is high, viz. 88.7 per cent in
males and 80.6 per cent in females. The percentage inci-
dence of no shovelling in the lateral incisors is slightly
lower for males (66.5 per cent) and considerably lower in
females (38.9 per cent).

menhE?S i?rures shov that in the South African Bantu,
the shovelling of the central incisors is
minimal, viz. 2.2 per cent in males and 7.1 per cert in

females. The trace-shovel and semi-shovel figures of

the central incisors of female Bantu tend to exceed

slightly those of males.
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The incidence of;shovelling of the latere, in-

cisors in the male is negligible, viz. (.4 per cent,

whereas the incidence of“shovtlling in the female is

in contrast high, viz. 16.9 per cent. T , the females

tend to exhibit a greater incidence of shovelling of

both central and lateral incisors. The overall figures

in Table 71 reveal that females exhibit a greater degree
of overall enovelllng of the lateral inoisors than males,

albeit the incidence of semi-shovel teeth in males

slightly exceeds that in fear' as. The figures show

that the lateial incisors exhibit a greater general
tendency towards shovelling than do the cantral incisors.

The figures appear to reveal a positive sex difference,

the females evincing in the main, a greater degree of

shoveiling of both ocenti.'. and lateral incisors.
Among the tribal groups (Tables 72 & 7J)f the female

Natal Nguni revealed a particularly high incidence of

shovelling of the lateral incisors. In the 39 teeth

the lingual surfaces of 25 were clearly de-

examined,
fined (Table 73); of these, 9 or 36 per cent of the
sample showed shovelling. The sample is insufficient to

draw any conclusions from this singular deviation frcm

the average. On the total incidence of shovelling,

only the Miscellaneous groups (male and female) single

themselves out for their low frequencies. The relatively
lower frequency is more evident in the male 1lateral

incisors. The female sample of lateral incisors in the



M100Oellai.eoui grou. 1, too small to ylelo slgnifloant

r#suite.

Although snovelllng oocurs to varying degree, and

in varying frequency in virtually all races, its nigh

frequency and marked degree make it a valuable criterion

in the identification of Mongoloid populations. Hrdlloka

(19?0) used the incidence of ehovelllng as a differentiat-

ing factor between Pueblo and Plains Indians. The Pueblo

Indiana exhibited a greater incidence of shovelling. In

his extensive studies on shovelling, Hrdlloka (1920, 1921),

noted that this feature occurred in almost every indivi-

dual, and to a pronounced degree, in the American Indian,

Eskimo, Chinese and Japanese. The Hawaiian male, who

represents a high percentage of the Caucasoid race mixed

with Mongoloid, Melanesian and Polynesian, showec an

incidence of 42.9 per cent of shovel-shaped Indoor

teeth. The American Negr- presented a low Incidence

(4.2 per cent), whereas in White Americans the incidence

of shovelling was negligible, v-z. 1.4 per cent. The

overall incidence of shovelling in Bushmen, according

to /an Reenen (1966), is relatively high, wvis. 44.2 per

cent and 66.1 per cent in the central an! lateral in-

ciaors respectively.

iahlberg (1945) used the incidence of shovelling

of incisors as a criteria'to demonstrate genetic re-

lationships among population groups. The focal point

lor this character, aooording to the author, is
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definitely in China, and the farther away from China,

the lowe- the frequency becomes. Dahlberg believed that
this demonstrates the extent to which the genes bearing
the shovel-shaped character have diffused, since he

assumed a single focal origin for the mutation, lie was,

however, cautious to add that the incidence figures quot-

ed reier to phenotypic characters and do not indicate

the frequency of genes. Dahlberg contended that only

after the manner of inheritance and other possible modify-
ing conditions are determined can the gene frequency be
established.

In a survey of 156 Cape Malays, Abrahams (1949) re-

vealed tho incidence of shovel-shaped incisors in this

group to be fairly low, viz. 50 per cent of central and
lateral incisors for varying degrees of shovelling. A
comparison of the figures for these people with those
compiled by Hrdlidka revealed that, of the many races
studied by him, only the American Negro and the White

races had a lower percentage frequency. Abrahams 1lub-

mitted evidence which showed shovelling to be a recessive
character, and the Cape Malays to be in the process of

evolving a dominant "normal" type of incisor tooth form

Irora the "abnormal" recessive ancestral type. Moorrees
(1957) in his study of the Aleuts doubted the usefulness

of shovelling as a means of differentiating among Mongoloid

groups.
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DISCUSSION

Shove*-ahaped incisor teeth ere not s feature

characteristic of the South African Bantu, unlike

Mongoloid populations. Shovelling of the central incisor,

is evident in duly per cent and 7.1 per cent of Bantu

males and females respectively. These figures approxi-

mate those of the American Negro (Hrdlidka 1920). The

incidence of shovelling in the lateral incisors in th-

Bantu la the lowest of all racial groups, viz. 0.4 per

cent, whereas in the Bantu females the incidence, whilst

considerably more than in either American Whit, or Negro,

\l

falls far short of the incidence of other racial groups
shown in Table 74.

The incidence of no shovelling in the Bantu central

and lateral incisors, 1is the highest of all racial groups,

-iz. 88.7 per cent in the central incisors and 66.5 per

cent in the lateral incisors. The Bantu female central

incisors likewise evince a particularly high incidence

of no shovelling (80.6 per cent). The female lateral

incisors on the other hand exhibit a lesser incidence

(38.9 per cent) than the American White or Negro.

Shaw (I931) too claimed that shovsl types are exceeding-

rare 1in the Bantu. A direct comparison, however,

oannot be drawn between the figures of Shaw and those of

the writer in that the former included both males and

females in his sample, as well as combining his findings

un both central and lateral incisors. Most of Shaw's



sample were male skulls (112 out of 132). Shaw's com-
bined (male and female, central and lateral inoieore)
incidence of 16.8 per cent is less than the male inci-
dence (22.9 per cent) and considerably less than the
lemale (43.3 per cent) incidence in central and lateral
incisors of the present study. Carbonell (1963) in a
study of various population groups observed an overall
incidence of shovelling 34.3 per oent and 53.2 per
cent respectively in the central and lateral incisors of
122 Bantu casts. The casts were not sexually distin-

guished. Differences in frequency and variation in

degrees of shovel-shaped incisors have been shown to
exist within racial groups, such as American Indians
(Hrdli&ka 1920) and Chinese (Lasker 1945). The Bantu
in the three studies belong to the same broad sthnic
group, but it is possible that the material may have
come from different areas in Africa and may, therefore,
represent different isolates.

The lateral incisors generally reveal a higher

percentage of shovelling than the central incisors. In

accounting for it, Moorrees (1957) believed that, since

the lateral incisor is narrower than the central incisor,
it is likely to give the impression of a more pronounced

shovel, while, in reality, the ridge may be of the same

height as in the central incisors.

The frequency of shovelling and of lingual tubercles

appearu to be unrelated in the Bantu. The incidence of



shovelling in the central inci.ore of male, and female, 1,

11.3 per cent and 19 .4 per cent respectively, .her,as

the overall Incidence of tubercle, in the same sample

is 4.7 per cent and 14 per cent respectively. In the

lateral incisors, the incidence of shovelling ie 33.5

per cent for males and 61.1 per cent for females, whilst

the overall Incidence of lingual tubercles ie 11.4 p,r
cent and 16.9 per cent respectively for males and females.
These unrelated figures support the contention of Hrdllita
(1920) that the frequency of shovel-shaped form and of

lingual tubercles bear no relationship to eeoh other,

koorreee, too, noted the absence of the tuberculum in

the majority of Aleut maxillary incisors, »hile the in-

cidence of shovel shape was relatively high in this

population.

Of the tribal groups, the Miscellaneous reveals a

low frequency of shovelling. -It is doubtful whethei muoh

significance can be attributed to this fact.

The phylogenetic significance of shovelling,

according to Carbonell (1963), remains to be investi-

gated further, in order to understand the morphological

differentiation of this feature. Family studies would

greatly enhance the knowledge of shovel morphology and

the different degrees of variation; so 1 .r, according

to Carbonell, few have studied the genetics of the trait.

Atrahams (1949) observed the apparently recessive

charac;.. - of the shovel trait in the Cape Malays, where



it is more infrequent than in the ancestral Malays,
masker (1950) has noted concordance of both degree and
expression of shcvel-shape in monozygous twin pairs.
Moorrees (1957) claims that the degree of shovellir-

is likely to have been overrated in description of
populations with only a slight expression of this
characteristic. Since the Bantu fall into this cate-
gory , one would tend to exercise caution before attempt-
ing to use iuch data for interpreting the results of

comparisons ox populations.

TABLES .....
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TABLE 70
PERCENTAGE INC ILF.KH?
c G c BV SHOYEL-SKAPEn
—CENTRAL INCISORS 1IN THE
SOUTH AFRICAN BANTU

L SHOVEL-3gapcs

GROUP No. of teeth ko Trace Semi - TOTAL
examined¥* Shovel shovel Shovel Shovel Shovel
MALE
s ?30 j 88.7 9.1 o 2.2
FEMA
LES 57 80.6 10.5 1.8 7.1
i_ ______________
TABLE 71

PERCENTAGE INCIDENCE OF SHOVEL-SHAPED
KAXILLARY LATERAL INCIS RS IN THE SOUTH
AFRICAN BANTU

r S HOVE L - SHAPE
1ROUP No. 9f teeth No Trace azrgi— TOTAL
examined Shovel j Shovel vel j Shovel Shovel
v H—r
MALES 245 66.5 25.7 7.4 ¢ 0.4 33.5
LEED_MLES 77 38.9 40.3 5.9 J 16.9 61.1

* L

The numbers quoted are for only those incisors on which
the presence or absence, and the degree of shovelling
could be determined.
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