Racial Differences in Dimensional Traits

of the Human Face

Erisua R. RicHAarpson, B.S., D.D.S., M.S.

This paper will use the term “race”
loosely as though it is synonymous
with the term “ethnic group.” This
approach is being used because many
persons have attempted to define or
classify Homo sapiens into racial
groups but have not been able to
find a satisfactory definition or classi-
fication other than the three major
racial stocks, i.e., Asiatic, Black and
White,1%4° or possibly a separate stock
(Australoids) in the South Pacific. A
more recent term “ethnic group” re-
fers to a nation or population with a
common bond such as a geographical
boundary, a culture or language, or
being racially or historically related.s

The purposes of this study were:
I) to do a study on the quantifiable
somatic traits of the face of American
Blacks with acceptable occlusion, 2)
to review most of the available data
on the quantifiable dimensional traits
of the somatic portion of the human
face reported in the literature, and 3)
to take these data and the data from
this study to compare facial traits of
the various ethnic groups, looking for
similarities and differences of mean
data within ethnic groups and be-
tween ethnic groups. This study is
limited to the somatic facial traits.
The dental and alveolar traits are not
included.

CEPHALIC MORPHOLOGY

Since the face is attached to the
cranium, a brief statement on the
morphology of the cranium is war-
ranted. Krogman*! has pointed out
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that on the average the heads of
American  Blacks and American
Whites are mesocephalic in shape.
Todd™ noted that there are not any
significant differences in brain size
and cranial capacity of American
Blacks and Whites. Tobias™ con-,
cluded that there is no evidence to
determine a difference in the size of
the brain of Whites and Blacks. He
further recognizes that the differences
in brain size among various racial or
population groups <are negligible,
once allowances have been made for
body size. It should be noted that fig-
ures quoted for cranial size are aver-
ages for each group. Individuals with-
in each group vary above and below
the average with considerable overlap
occurring. Adeloye, Kattan and Silver-
man! found great similarity in the
size of skulls of American Blacks and
Whites with the frontal bone being
thicker in White males than Black
males; the parietal and occipital
bones are slightly thicker in Blacks.
Richardson and Malhotra® found the
size of the heads of the two racial
groups to be similar and also®* the
anteroposterior dimension of the an-
terior cranial base to be a little larger
in American Blacks than in American
Whites. Altemus® noted the overall
size of heads and faces of Negro chil-
dren compared with Whites to be
larger for each sex and age group; the
study was done by superimposing ce-
phalic tracings on a line tangent to
the anterior cerebral fossa. Glanvillez®
found the mean size of the cranial
base to be similar in Negro and Euro-
pean skulls. Smith,? studying a group
of economically deprived Blacks with
a mixture of malocclusions, indicated
that the cranial base flexure in Blacks
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is greater than in Whites. On the
other hand, he has noted that the
nasion-sella-basion angle is larger in
Blacks than in Whites and that the
anterior cranial base is shorter in
Blacks. Enlow?* wrote that the cra-
nium of East Asians tends to be
brachycephalic and the cranial base
of these Asians is more closed, while
that of Whites is more closed in the
brachycephalic group and more open
in the dolichocephalic group. Fur-
thermore, the cranium of Blacks
tends to be dolichocephalic and the
cranial base in Blacks tends to be
more open.

MATERIALS AND METHODS

A modified random sampling tech-
nique was used to select lateral ce-
phalograms on 40 American Blacks
with acceptable occlusion. The ce-
phalograms were taken from the
growth study at Meharry Medical Col-
lege using standard cephalometry.
The sample was equally divided be-
tween males and females. The ages
ranged from 13-16 years. To facilitate
comparison with other studies the fol-
lowing measurements were taken:
facial angle, sella-nasion-subspinale
(point A) angle, sella-nasion-supra-
mentale (point B) angle, sella-nasion-
pogonion angle and mandibular plane
angle. The data were analyzed as a
group and separately for each sex.
The cephalograms were traced and
the angles measured with a standard
protractor. The data were recorded
and the means and standard devia-
tions computed (Table I).

A narrative comparison was made
of the mean data of the various ethnic
groups reported in the literature and
the data on this study. The ethnic
groups were not separated by sex to
facilitate comparison of prior studies.
Statistical analyses were made of the
means within the various ethnic
groups and the means among the vari-
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TABLE 1

The Meharry Sample
Twenty Males, Twenty Females

Angles Males Females

Facial ........... 85.3 + 3.5 85.6 + 3.5
SNA ......... ... 84.0 - 2.7 84.0 +28
SNB ............. 79.3 =29 79.2 29
SNPog ........... 79.6 3.1 79.6 =30
Mand. Plane ..... 28.7 + 5.6 285 + 5.4

ous ethnic groups to elucidate differ-
ences and similarities. The t-test was
the statistical instrument used to help
analyze the data.

Chart I illustrates the mean facial angle
plus or minus one standard deviation of
several ethnic groups. The ethnic groups are:
(A) Australian Aborigine-Graven; (B) Ameri-
can Black-Altemus; (C) American Black-Cot-
ton; (D) American Black-Meharry Group;
(E) American White-Downs; (F) American
White-Taylor and Hitchcock; (G) American
Mexicans-Garcia; (H) Chinese Cantonese-
Gordon; (I) Hawaiian-Choy; (J) North In-
dian-Nanda; (K) Japanese American-Takano
and (L) Japanese Tokyo-Lizuka.

Chart Il mandibular plane angle, mean
and one standard deviation of several ethnic
groups. The cthnic groups are depicted as
follows: (A) Australian Aborigine-Craven;
(B) Amecrican Black-Altemus; (C) American
Black-Cotton; (D) American Black-Drum-
mond; (E) American Black-Meharry Group;
(F) American White-Downs; (G) American
White-Taylor and Hitchcock: (H) American
Mexicans-Garcia; (I) Chinese American-
Wong; (J) Chinese Cantonese-Gordon; (K)
Hawaiian-Choy; (L) North India-Nanda; (M)
Swedish-Bjork; (N) Japanese American-
Takano and (O) Japanese Tokyo-Lizuka.

Chart IIT the mean sella-nasion-pogonion
angle and one standard deviation of several
ethnic groups. The ethnic groups are as
follows: (A) Australian Aborigines-Brown;
(B) Australian Aborigines-Craven; (C) Ameri-
can Black-Drummond; (D) American Black-
Meharry Group; (E) American White-Taylor
and Hitchcock; (F) Bantus Africa-Craven;
(G) Chinese Australia-Wei; (H) Chinese Can-
tonese-Gordon; (I) Hawaiian-Choy and (J)
Swedish-Bjork.

‘Chart 1V sella-nasion-point B angle, mean
and one standard deviation, of several ethnic
groups. The groups are: (A) Australian
Aborigine-Craven; (B) American Black-
Drummond; (C) American Black-Meharry
Group: (D) American White-Steiner; (E)
American White-Taylor and Hitchcock; (F)
American Mexican-Garcia; (G) Bantus Af-
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Chart I. Facial angle

rica-Craven; (H) Chinese Australia-Wei; (I)
Chinese Cantonese-Gordon; (J) Hawaiian-
Choy; (K) Swedish-Bjork; (L) Japanese To-
kyo-Miura and (M) Japanese Tokyo-Lizuka.

Chart V the mean sella-nasion-point A
angle with one standard deviation of several
ethnic groups. The ethnic groups are de-
picted as follows: (A) Australian Aborigine-
Brown; (B) Australian Aborigine-Craven;
(C) American Black-Drummond; (D) Ameri-
can Black-Meharry Group; (E) American
White-Steiner; (F) American White-Taylor
and Hitchcock; (G) American Mexicans-Gar-
cia; (H) Bantus Africa-Craven; (I) Chinese
Australia-Wei; (J) Chinese Cantonese-Gor-
don; (K) Hawaiian-Choy; (L) Swedish-Bjork;
(M) Japanese Tokyo-Miura and (N) Japanese
Tokyo-Lizuka.

Our next step is to look at traits of
the face in different ethnic groups.
For the sake of clarity we shall con-
tinue to divide the bony face into sev-
eral aspects, namely, facial angle,
mandibular plane angle, sella-nasion-
pogonion, sella-nasion-point B, and
sella-nasion-point A,

Chart One

The facial angle relates the plane
formed by the exterior surface of the

frontonasal suture and pogonion to
the Frankfort horizontal plane. It
gives an indication of the relative
protrusion or retrusion of the chin to
the point nasion. The literature re-
veals a striking similarity of the facial
angle in the different ethnic groups.
Only the mean facial angles of the
American Chinese and Chinese Can-
tonese show a significant variance
from the mean facial angle of other
ethnic groups. The mean facial angle
varied from 79.5 degrees in American
Chinese to 91.5 degrees in Australian
Aborigines. Otherwise, there is little
difference in the position of the bony
facial plane of the ethnic groups.

Chart Two

The cant of the mandibular plane
ranged from a low of 18.9 (Hawaiian)
to a high of 36.5 (Swedish—Bjork).

Chart Three

The sella-nasion-pogonion angle is
another parameter relating the posi-
tion of the chin to the outer surface
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Chart IV. Sella-nasion-point B
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of the frontonasal suture. There is a
striking similarity of this angle in the
various ethnic groups. The largest
mean sella-nasion-pogonion angle is
seen in the Australian Aborigines
with 83 degrees followed by the Ban-
tus of Africa with 82 degrees.

Chart Four

The sella-nasion-point B angle indi-
cates the relative position of the an-
terior portion of the basal bone of the
mandible to the outer surface of the
frontonasal suture. It ranges from
76.8° (Tokyo Japanese) to 83.1° (Aus-
tralian Aborigines).

Chart Five

Sella-nasion-point A relates the an-
terior portion of the basal bone of
the maxilla to the outer surface of the
frontonasal suture. Again the Austra-
lian Aborigines have the largest an-
gle (87.1°). The smallest angle (81°)
was found in Alabama Whites.

STATISTICAL ANALYSIS OF DATA

To conserve space a report is given
only for American Blacks, American
Whites and Japanese.

1. Facial angle: The differences in
the mean facial angles of American
Blacks from the North, American
Whites from the North, and Japanese
were not statistically significant. The
differences in the mean facial angles
of American Blacks from the South
and American Whites from the South
were not statistically significant. The
differences in the mean facial angles
of Northern Whites and Southern
Whites were statistically significant at
the one percent level of confidence.

2. Mandibular plane angle: There
was a statistically significant differ-
ence in the mandibular plane angle
in most groups compared.

3. Sella-nasion-pogonion: The dif-
ferences in the mean angles of South-
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ern Blacks and Southern Whites were
not statistically significant. Adequate
data were not available on Northern
Americans and Japanese,

4. Sella-nasion-point B: The differ-
ences in the mean angles of Southern
Blacks and Southern Whites were not
statistically significant. Adequate data
were not available on Northern
Americans and Japanese.

5. Sella-nasion-point A: The differ-
ences in the mean angles of Southern
Blacks and Southern Whites were sig-
nificant statistically. Adequate data
were not available on Northern Amer-
icans and Japanese.

Discusston

Ethnic differences in facial traits
do exist. The question is their mag-
nitude. Are the differences genetic in
the sense of what we usually think of
genetic factors, or are the differences
to a greater extent related to geo-
graphic and ecological factors with
forces responsible for their being
passed on from generation to genera-
tion being as much cultural and be-
havioral as hereditary?

Factors Affecting Cephalofacial Form

The human being, like other animals,
Is responsive to ecological factors.
Several authors have written about
the plasticity of the human organism
in response to changes in the environ-
ment. Other authors, Dahlberg,™
Hulse®* and Schreider’” have taken
another approach to the situation.
They have advocated a genetic ex-
planation of heterosis due to a break-
down of breeding isolates.

Apparently the environment affects
the proportions of the physiognomy
of ethnic groups. Boas® made obser-
vations on physical changes in the
American-born progeny of immigrants
from several European countries. He
found significant differences in stat-
ure, weight, head shape and facial
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width. The observations of Boas were
confirmed by other investigators in-
cluding Guthe® Hirsch,** Weitz-
man,’™ Lasker,*? Shapiro,* and Froeh-
lich.2s

There are several theories and phi-
losophies relative to the effects of tem-
perature on head shape and facial
form. There have been definite sug-
gestions of an adaptability of facial
form and engineering to tempera-
ture.13-15,20,27,33,78 This concept is fur-
ther emphasized by Beals® who indi-
cated that there is an inverse relation-
ship between the mean cephalic in-
dex and temperature. Koertvelyessy
indicated a correlation between the
frontal sinuses and climatic condi-
tions. He particularly supports Coon,
Garn, and Birdsell.?s

Steegmann® seems to disagree with
Coon, Garn and Birdsell relative to
the “Cold Engineered Face” but
agrees that a few physical traits are
related to temperature. He®1:% denied
an association of temperature and
facial form but after more in-depth
study found some correlations be-
tween facial form and temperature.

There are others who feel that ce-
phalofacial form is determined en-
tirely by hereditary factors. Brodie®
stated that apart from the alveolar
process and teeth, the skeletal pattern
is genetically determined.

Only a very small amount of the
known genetic material, maybe one to
two percent, is responsible for the
physical characteristics that distin-
guish one group from another or one
person from another. In other words,
only one to two percent of genetic
material is involved in creating the
physical differences between Blacks,
Whites, Browns, Yellows and Reds ac-
cording to Comer and Poussaint.*?

It has been inferred that bone cells
may undergo morphologic transfor-
mation by hormones according to
Miller, Wolf and Armand.4

Racial Traits
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Function has been attributed as a
factor affecting body form including
cephalic and facial morphology.
D’Arcy Thompson®® was an early pro-
ponent of this philosophy. Since the
works of Thompson, many others have
supported this concept either in part
or totally. Some made observations
on the effect of the absence of func-
tion and reduced function on facial
morphology. Others noted alterations
due to altered function. Some re-
searchers supporting the effect of
function on facial form are Horowitz
and Shapiro,*2 Nanda, Merrow and
Sassouni,® McNamara,** Moller,*® In-
gervall and Thilander,*” Ringqvist,
Ahlgren,? Solow,’® and Moss.?® Moss
quotes Van Der Klaauw.3?

Burston, Hamilton and Walker?®
stated that an essential factor affecting
form is that if the external environ-
ment is changed, it is not transmitted
to the next generation but that the
external environment can act on
genes and genes can act on the inter-
nal environment of a cell. Those ac-
tions can alter the dimensions of the
face. Lundstrom??® noted that the skel-
etal pattern is innately conditioned
to a certain degree, but that even
identical twins have certain differ-
ences in skeletal patterns which must
be caused by nongenetic factors. In a
later study Lundstrom* found facial
differences in identical twins that are
not attributable to genetics.

An Analysis of Measurements

An analytical look at data on the
different ethnic groups raises several
issues. The means of different groups
within an ethnic or racial group show
as much difference as the means be-
tween two ethnic or racial groups.
This is vividly seen in comparing the
facial angle of midwestern American
Whites in the study by Downs?® with
the facial angle obtained in the south-
ern region on American Whites by
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Taylor and Hitchcock.®® The means
are 87.6 degrees with a standard devia-
tion of 3.57 and 84.7 degrees with a
standard deviation of 3.30, respec-
tively. The means of either sample
are closer to the means of samples on
northern American Blacks by Cotton
and southern Blacks from Tennessee
which were 87.25 degrees and 85.43
with standard deviations of 3.36 and
3.53 degrees, respectively. A statistical
comparison confirms this observation.
There is a statistically significant dif-
ference in the means of northern
Whites as measured by Downs and
southern Whites as measured by Tay-
lor and Hitchcock (t = 8.3554). Com-
paring northern Blacks (Northern
California) with northern Whites, the
difference in means is not statistically
significant  (t = .5938). The same
holds true in comparing southern
Blacks (Tennessee) and southern
Whites (t = 1.7663). However, when
southern Blacks are compared with
northern Whites or northern Blacks
with southern Whites, the differences
in the means are significant statisti-
cally with t = 24949 and t = 2.7933,
respectively. A similar statement can
be made relative to the mean facial
angle of either of the aforementioned
groups with the Japanese of America
88.25 degrees, and of Tokyo 85.07 de-
grees with a standard deviation of
5.76.

The surprising similarity in the
mean facial angle among the ethnic
groups in the same geographic region
is reinforced by an equally similar
value for the sella-nasion-pogonion
angle. The uniformity is even greater
if one confines the observations to a
single geographic region. In Australia
the Aboriginals are mainly divergent
from what we know of Whites in the
U. S., but whether they show simi-
larities to the present-day Whites of
Australia is worth further examina-
tion.
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When one leaves what are consi-
dered to be the more stable areas of
the face and looks at the mandibular
plane angle, a greater variability is
seen in the mean figures among the
ethnic groups. There is also variation
within ethnic groups. Since the man-
dibular plane angle is influenced by
the wear of the occlusal surfaces of
the teeth and the degree of eruption
of the teeth, one is not surprised to
see the variation in this parameter.
The data would seem to indicate that
the Hawaiians have the most parallel
mandibular plane followed by the
Indians from India, Australian Abo-
rigines and American Whites, Ameri-
can Mexicans, Japahese, American
Blacks, Chinese and Swedes. This
dimension would affect the appear-
ance of the face, particularly the as-
sessment of posterior and anterior
face-height relationships.

The summations of the data lead
one to feel that writers showing ex-
wreme morphological differences in
the various ethnic groups could pos-
sibly have drawn samples from a seg-
ment at one end of the profile scale
of the group, rather than drawing a
sample that could be considered a
microcosm of the particular group.
The differences could also represent
the comparison of two or more ethnic
groups from different geographic re-
gions where the differences are pri-
marily due to geographic factors
rather than racial factors. The mean
data with standard deviations indi-
cate a great overlap in quantitative
measurements (Charts 1-5).

As expected, one finds more vari-
ance of the sella-nasion-point A
and sella-nasion-point B dimensions
among the races. The divergence is
relatively small. It is not nearly as
great as expected and usually stated.
These parameters seem to reflect their
interface with the alveolar bone and
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teeth. When one eliminates the Aus-
tralian Aboriginals, the mean data
are surprisingly similar. Maxillary
prognathism becomes reduced as one
proceeds from the Australian Abori-
gine, Bantu, Hawaiian, American
Black, Chinese, American Mexican,
Swedish, Japanese, to the American
White.

This writer questions some investi-
gators’ inferences of their being able
to accurately identify the various eth-
nic groups from somatic skull ma-
terial, excluding the teeth, except in
the more extreme cases. He wonders
whether we have more than one race,
but instead ethnic groups separated
by cultural, climatic and geographic
boundaries that have caused subtle
changes in facial morphology. This
writer questions whether the changes
have reached genetic stability or
whether they are still in a state of
genetic drift.

CONCLUSIONS

1. Race is difficult to define at best
and references to groups are more ac-
curately made on the basis of ethnic
groups that are bound by some com-
mon bond, such as Swedish Whites,
American Whites, etc.

2. The quantifiable differences in
the somatic craniofacial region of
ethnic groups residing for several gen-
erations in the same or similar geo-
graphic areas are small.

3. The evidence supports a geo-
graphical effect on the most frequent-
ly used quantifiable angular measure-
ments of the somatic facial profile of
the major racial groups.

4. Cephalofacial morphology is af-
fected by many factors including ge-
netics, function and temperature.

5. There are mean differences in
the quantifiable traits of the face of
some ethnic groups. The differences
in means within ethnic or racial

Racial Traits
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groups are often greater than the dif-
ferences in means among ethnic or
racial groups.

6. The differences in means of
traits of the somatic facial skeleton
among or between ethnic groups are
usually very small with an enormous
degree of overlap.

7. The parameters of the face that
are closer to the alveolar and dental
areas show the greatest differences
among ethnic and racial groups.

1005 18th Avenue North
Nashville, Tennessee 37208
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