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A CEPHALOMETR]C ANALYS]S OF A NORTH AMERICAN ]NDIAN TRIBE:

A CROSS SECTIONAL STUDY

Roger I^IÍlliams Moir

ABSTRACT

The present cephalometric ínvestígation was undertaken Lo

determíne the normal range and variation that constitutes the facial

skeleton of the North Amerícan Indian chíld living on the PeguÍs

Indian Reserve in Manítoba and to determíne if these measurements

are statistically different from those of 't^Iinnipeg Caucasian children.

The test sample comprised 114 Indian children residing on

the Peguis Indian Reserve and the cont.rol sample of L63 Caucasians

living in and around Metropolitan Inlinnipeg. The ages ranged from

8-lB years in both the Indian and control samples: both samples were

grouped accordíng to sex and age.

by



2)

3)

i-v

Línear and angular measurements obtaÍned from the lateral

cephalometríc radíographs rr¡ere used to evaluate and compare the trvo

populations. The results of the univariate analysis, discríminant

function analysis, accePtable occlusion assessment and the analysís

of the hand-wrist films v/arrant the followíng conclusÍons:

f) The linear measurements of the Indian group were larger than the

control group, indicating that t.he overall size of the cranio-

facial complex vras greater in the Indian than in the Caucasian

group for all age categories"

There \^ras a trend towards sexual dimorphism with the males

generally larger than the females.

The Indians displayed a more anteriorly positioned maxi1la,

steeper mandíbular plane (to sella-nasion or Frankfot| Hotizontal)

and protrusive maxillary incisors. The Indian group may also be

described as having a convex mesognathic profile wíth the

skeletal chin point ín harmony with the face'

The six discriminant functÍon analyses revealed that the best

discríminators ¡^rere the relationship of orbítale to SN, the

vertical height of pogonion in relation to the mandibular plane

and the relationshíp of the lower incisor to NB'

The discriminanË analyses revealed that the Indian sarnple was

more homogeneous than the control group '

The skeletal and dental patterns of the Indian and caucasían

acceptable occlusion groups vTere very similar with the exception

of the sËeeper mandibular plane angle and the more proËrusive

maxilla of the Indian.

4)

5)

6)



7)

B)

V

The cephalometric norms of the Manitoba analysis are applicable

to the Indian chíld 1ivíng on the Peguis Indian Reserve.

Although the skeletal age of the fndian sample was slightly

retarded Ín relatÍon to the chronologic age, the fact that the

skeletal age lras generally within one year of the chronologic

age, vüarrants the conclusion Lhat there was an acceptable

chronologic/skeletaL age relatÍonship in the Indian group.
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INTRODUCTION



CHAPTER I

Tntroduction

The literature contaíns numerous publications on the

varíatj-on in the craniofacíal skeleton and soft tissue configu-

raLion of various ethnic groups. For example, there is excellent

data on Negroes (Cotton, 1950; Altemus , L960; McDonald, L975):

Japanese (Takano, 1950; Hoshino, L970); Australian Aborigines

(Craven, 1952; Barrett, L963); Eskímo (Colby, L972) to name a fer¿.

On the other hand there are few such studies reported in the lite-

rature pertainíng to the North American Indian (tea1, L953; Jensen,

L972) .

The importance of racial background in the practice of

Orthodontics lies in the fact that different ethnic groups display a

variation in skeletal growth and structural patterns (Colby, L972:

Altemus, 1960). Since the orthodontist makes use of cephalometric

norms or standards for diagnosís and treatment planning, the treat-

ment planníng of the North American Indian may be dífferent from the

Caucasian. Therefore, if a particular skeletal pattern for this

race can be determined, a better model for ort.hodontic treatmenL

goals can possibly be achíeved.

The present ínvestigation of lateral cephalograms was under-

taken to determine the normal range and variation that constitutes

the average profile of the North American Indian child lívíng on

the Peguis Indian Reserve ín Manitoba and to determine if in fact,

these measurements are statísticalty different from those of



i^Iinnipeg Caucasían children. If skeletal dífferences aIe present'

then Ereatment plans and clinical procedures have to be altered

from one racial group to another (Downs, L956). Therefore, the

orthodontist should have a thorough understanding of the differences

between the races and the normal ranges for each ethnic group.

In summary this study was conducted I,/iEh the following

aíms:

1" To document and define by selective and random sampling the

physical characterístÍcs of the Indian face'

2. obËain a cephalometric analysis of Indian chíldren wíth

t'acceptable" occlusíon and from this, develop orthodontic norms

to be used in treatment Planning"

3. Determíne the cranÍofacial developmental differences between the

peguis Indian children and the Caucasian children ín the Winnipeg

aTea.

4. Utilízing hand-rvrist films, assess growth trends of the Indian

sample by comparing chronological and skeletal ages'
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CTiAPTER II

REVIEI^] OF THE LTTERATURE

Origín of the North American Indían

The origin of the American aborigine has been a subj ect of

profound interest ever since the Europeans first reached the t'New

tr^Iorld" in the latter 15th century.

TheNorthAmericanlndíanisgenerallyacceptedbymost

anthropologists as a subdívision of the Mongoloíd stock (Iluxley,

1901) . From various anthropologic evidence, ít is currently felt that

the North American Tndian and Mongoloíds of Asia evolved separately

from a common ancestral group líving during the upper Paleolithic

period (I^Iissler, 1931). This has resulted in a simílarity in skín tex-

ture, color range, haír form, hair texture' hair distribution and

shovel shaped incisors between the American Indians and Asiatic

Mongoloids (Wissler, 1931; Coon, L962)'

craniofacÍally, the differences between the American Indian

and the AsiatÍc Mongoloids aïe found principally in certain facial

features. Clínícal observation reveals that the Indíans show less

facial flatness than the Asiatic Mongoloids and have more prominent noses

with convex profiles (Coon, L965) "

Archaelogical evídence shows that man first appeared in

the New i^lorld bef ore 10,000 B"C. (Willey, L966), or possibly as early as

40,000 to 20,000 8.C., although these dates may be revised in vievr

of future findings. During the period between 21,000 B.c. and

11,000 8.c., a Bering strait land bridge T/las present (Laughlín, L967;



Josephy, Lg6g) and it is'l ogical to assume that there r¡/ere a series

of migrations, v¡ith the coastal inhabitants being ancestors of

the Eskimo and the interior inhabitants ancestors of the American

Indian (Laughlín, 1967).

Man is knov¡-n to have been in the Northeastern area of

North America for at leasË 11,000 years, probably having spread ínto

ít from the west or south after migrations from Alaska (Denig, 1961) '

The people r^/ere nomadíc hunters and as the ice age retreated and the

climate vrarmed, they moved north and west into the Great Lakes area

(Grif f ín, 1952) (¡'igure 1) .

Origin of the 0j ibwa

The oj ibrva were part of a large body of Algonkian speaking

Indians who came from the eastern part of North America (Josephy,

Lg6g). Upon reaching the Mackínac area, at the northern típ of

Michigants lower peninsula, this group separated into three tribes;

the Ojibwa, the Otta\^Ia and the Potawatomi (KÍníetz, 1965)" The

Ojibwa occupied the area around Sault-Saint Maríe, ín Michigan and

Ontarío and eventually moved IVesL along both shores of Lake Superíor"

The Ottawa and Potavlatomi tríbes located further south on the lower

Michigan peninsula.

Intheeighteenthcentury,theOjibwabegantoexpandin

both terrítory and population. Some 0jíbwa bands begun to move east

around Lake Huron, while others pushed r¿esË into the present states

of tr^jisconsin and Minnesota, as well as the \,restern Teaches



Figure 1. Probable routes of early man in North America (after
Josephy, L969).
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of Ëhe province of Ontario (IT.or¿ard, 1965). Possessing the desíre

for adventure and exploration, they moved west prfinarily in

search of neru hunting and trapping areas (Kinietz, L965) '

By the middle of the eíghteenth century, the 0jíbwa had

expanded west and dÍsplaced the cree around the Lake l^Iinnipeg

drainage system (Hickerson, L970). These Ojibwa who came to occupy

the Lake Wínnipeg aTeae moved west from the many scattered and

isolated locations in Northwestern Ontario. The maín arteries of

this generally westrr¡ard movement included the Poplar' Berens'

Bloodvein, Inlanipigow, I'fanígotogan' Little Black, Winnípeg, Broken-

head and Roseau rivers. This resulted in one of the largest Indian

trÍbes of the Canadian prairie region (SteinbrÍng, L974). Thís

tribe is frequently referred to by various names, the more cornmon

ones being, the Bungi, Plains-Ojibwa, Chippewa and Saulteaux

(Howard, 1965). Tnitially, the prairie region \^Ias a strange and

unfamiliar environment to these woodland people, Yet within a

century (1790-f890), they had sucessfully reoriented their culture

and had become excellent farmers (Steinbríng, L964).

one of the more reliable accounts of the orígin of the

group is chief Albert E. Thompsonr s book entitled chief Peguis aIId

Hís Descendanrs (1973). Chief Thompson is chief Peguisrs great

great grandson. He related the sËory of Chief Peguis and a band of

Saulteaux Indians who came from Lhe Sault-Saint Marie area to the

Red River country ín the latter part of the 1790rs. Thís group

apparently had no real destination in mind when they left the Sault



area and travelled westward in search of físh, waterfowl and game.

They paddled into Lake tr^Iínnipeg along the easterrl shore and headed

south to the mouth of the Red River. Here a smal1 stream flowing

from the ü/est !,ras follor¡ed and they named it t'Ne-poo-wínt' or

Netley Creek. They decided to settle in this aTea as fish and

game r^7ere plentiful. Later they explored south along fhe Red River

to the mouth of the Assiniboine River. Here they encountered the

Assiniboine tríbe v¡Íth whom they became allies agaínst their coflrmon

enemy from the Dakotas, the Sioux (Thompson, L973).

In the early eighteen hundreds, with the fur trade thríving

f or both the rival Hudson's Bay Company and the North trrlest Company,

trouble alose when the Hudson's Bay Company sold Lord Selkirk 116'000

acïes of land to be used for settlement. The settlers arlived in

1814 and were aided by the Saulteaux, as it was mid sunmer and too late

to plant a crop for the season. The North Westers fearing the settlers

would ínterfere wiËh the fur trade, massacred a number of them on

June lB, 1816 at Seven Oaks (MarËin, L966). Chief Peguis aided the

survivors and gave them refuge at Netley Creek, before they moved to

Norrvay House to spend the winter.

Initially, the Indian's main source of food was hunting

wild game but due to a diminíshing food supply, they were instructed

by the Selkirk settlers in the basícs of farmíng. In 1832, they

harvested rheir first crop. This tribe has since become one

of the most successful IndÍan farming grouPs in Manítoba (Steínbring,

L964) .



Chief Peguis and his tríbe r^rere converted to the Christían

faith in 1838. The tribe was well established at the st. PeËerrs

reserve when Chief Peguis died at the age of 90, on September 28,

L964.

In 1909 the Saulteaux surrendered approximately 48,000

acres, t'being composed of the whole of St. Peters Indían Reservett

for the sum of $5,000 (Thompson, L973). Their IIer¡/ reserve r^/as to be

situated on 75,000 acres adjacent to Lake Winnipeg and to include

not more than ten miles of \^/ater front" They \^/ere forced by the

government offícia1s and land "speculatorsn to relinquish prime

agricultural land in exchange for a heavily wooded area. A majority

vote to surrender the reserve before the Indians could be adequately

informed of the consequences \^7as obtained by trickery, bribery and

alcohol (Thompson, L973). The land was acquired at t\^Io dollars

per acre and later sold for tl^zenty dollars per acre. The Saulteaux

then moved to theiï present location, 100 miles north of St. Peters

Reserve, where the Fisher Ríver flows into Lake Wínnípeg. There was

great hardshíp for a number of years as there \^/ere no homes or cleared

land at Ëheír new location (FÍgure 2).

The Peguis Indian Reserve Ís considered to be naínly

Saulteaux in origin (Thompson, L973). There is little doubt now

that there has been intermarriage between various other Saulteaux

bands in the Lake Winnipeg area, between other tribes such as the

Cree and finally with whites who came in as the Selkirk settlers

(Hallor¡ell, 1955 and Steínbring, L972). In conclusion,



Figure 2. Map showing the location of the peguis rnd.ian Reserve.
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the Peguís Reserve, although predominantly Saulteaux cannot be

considered a "puret' Indian tribe.

Early AnthropologÍcal Developments

Comas, in his "Manual of Physical Anthropology" (1960),

reviews early anthropometry. He mentions Heroditus, Hippocrates,

Aristotle, Galen and many othels who have left \ùr.itten records of

anthropometry from several hundred years before Christ.

In the sixteenth century, Vesalius, a pioneer ín racial

craniology, noted the "globular" skull in Genoese, Greeks and Turks,

the flattened occiput and round head of the Germans, and the "oblong"

skull of the Belgians.

The first evidence of the application of precisíon instriments

to the measurement of the human skul1 appears to be the work performed

by de Palissy. Van den Spieghel applied Palissy's ideas and make the

first practical experiment when he measured and grouped skull forms

accordíng to four dimensions.

Doubenton is credited with the fírst serious application of

craniometry. He was ínterested in the foramen magnum' especíally

in the progression from the carnívores to man (Comas, 1960).

Camper, ín 1780, \.Ias the fírst to employ angles in measuring

the face. He described the usefulness of the angle formed by the

intersection of a line from the base of the nose Ëo the external

auditory meatus with a line Ëangent to the facial profile (most

prominent poinË on the forehead to the alveolar margin of the upper



l1

jaw). This line has since lost popularity because of its extreme

variability within a race or ethnic groilp'

The International Congress of Anthropology in Franlcfort,

Germany (1834) accepted Von Iheringrs line as a standard plane of

orientatíon. Thís line has since become known as the t'Frankfort

Horízontal Plane" which presently ís a basis of roentogenographic

cephalomeLric orientation (Allen, f963) '

A detailed hísLorical resume of the earlier methods used

in studying the various facl:a:- profiles is given by Bj ork (L947)

in his book "The Face in Profile". The protrusion of the jaws

beyond vertical planes drawn at right angles to the Frankfort

Horizorrtal plane have been assessed by various investigators using

linear measurements. To cite a few, consorte, schroeder and

Dreyfus (Lg22), drew a vertical plane through nasíon; simon (L922)

drew a line through orbitale; Tzard (193f) used g1abe1la and laËer

illustrated various facíal angles in Australian aboriginals, African

Negroes and EuroPeans.

The face and occlusion in contrasting racial groups \^Ias

examined by Hellmar- (L927b) using craniometry. The sample consisted

of. 22 European white, 35 Australian aboriginal and 56 Hindu

skulls. He shor¿ed the Australian aboriginal face to be further

forward than the other tr,.,/o races.

The craniofacial complex as a whole, as ¡uel1 as the

indivídual structures, display racíal characteristics. For

example, Izard (L927) investigated the goníal angle of various

groups. He found Ëhe average gonial angle for Eskimos to be ll5o,
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Asiatic races and Amerícan Indians l15o to 1200, African Negroes

l20o to 1250 and European races vary from L25o to LzBo. He

observed this angle to vary less from indivídual to individual

ín the ttpurett races as compared to modern races'

Hrdlicka (1940) in an extensive anthropological study of

3006 adult skulls (L492 male, 1514 female) of dífferent races

(trnlhite, Indian, Eskimo, Mongol) concluded that the gonial angle

displayed definite raciaL as i¿e1l as sexual characterístics. For

example, the gonía1 angle was found to be highest (most oblíque)

in the Inlhites, and lov¡est (nearest to a right angle) in the

American Indían. The mean goníal angle \^/as also found to be higher

in the females than the males.

Basically, there are t\^/o approaches dealing with facíal

components: the anthropological and Ëhe roentgenographic' The

anthropological method consists of photography and direct examination

of dry skulls as the manner of recordíng human phenotypes' Thís

techniqueisespeciallyusefulíntracingcertaínracestotheÍr

conmon ancestors. Inlhen dealing with líving specimens its 1ímítations

lay in the inaccuïacy of locating landmarks due to presence of

soft tíssue and. the inability of studying intracranial structures'

Sínce the íntroduction of the Broadbent-Bolton cephalometer

(193r) , it has been possible to examine bony landmarks in subj ects

from a frontal and sagittal aspect. More information has become

available about t.he internal strucLures' A r'¡ider selection of
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refererìce points and planes are nov/ possible by usíng previously

inaccessible facial and inËra and extra cranial landmarks. A great

number of investígations concerning the facial skeleton have been

performed, many on measurements taken from subjects presenting

a good occlusj-on and profile in an attempt to establish facial

standards or goals in orthodontic treatment'

CephalomeLric Studies of Various Ethní-c Groups

Bjork (1951a) vTas one of the first researchers to utilíze

cephalometric radiographs to compare the craniofacial morphology of

racial groups. This study has since been followed by several

other investígations of ethnic groups by various authors' some

of which are revier¡ed briefly below.

Various classifícation systems of ethníc and racial

groups are presently ín vogue. In this study, the followíng

generalízed classification was selected to minimize controversy.

a) Negroid Studies

i. American

Of the racial groups, this is the most extensively

invesrigared group. cotton (r95r) studíed 20 Negroes from the

San Francisco Bay area) equally dívided by sex' The ages ranged

from 11 to 34. In contrast to Downs, Cotton did not select his

sample on the basis of excellent occlusion, although there were

no t'realtt malocclusions. He found the Negro sample to have an

angle of convexity indicating relative protrusion of the maxillary
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arch at its anterior límit in relation to the total profile.

Nodiot (1958) ínvestigated the skeletal pattern of 99

Amerícan Negro children whose age ranged from 11.1 to 13.l years

(47 males anð. 52 females) " He found no sígnificant dífferences

in the angle of the cranial base, Ba-S-N. The length of the

mandible \^/as noted to be longer in the female group. The axis of

the upper i-ncísor \.{as more upright in the male subjects and the

degree of anterior overjet and overbite \^las more sevele in this

group as well.

The head and face of eighty " L2-L6 year old American

Negro children equally divided by sex, \.^/ere sLudíed by Altemus

(1960). The main objective of his study \'vas to determine

cephalofacíal relationships of American Negro children wíth normal

occlusion. A signifícant observation \das the larger size of the

heads and. faces of the North American Negro as compared to the

North Amerícan Cuacasian of the same age. He also observed that

the skeletal patterns of the Negro and the Caucasian were símilar.

The prognathism of the Negro I^ras found to be dental . Altemus' as

previous authors (Takano, 1950; Wong, 1950), concluded that the

norms and standards of one racíal group cannot be used without

modification for another racial group. However, he does state

"The range of normal variability within the group is very great'

as it has been Shown in other racíaL groupsrt. Altemus warned

against rigidly adhering to standards and rlorms because

of the variability within a racLaL group'
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Thomas (1967) studíed 50 Negro males between the ages of

L2 and 16 years, all of whom had "harmonious facial balance" and

excellent occlusion. One of his more pertinent findings \,7as an

inverse relationship between the vertícal and sagittal extensj.ons

of the face. Large horizontal plane angles (palatal, mandibular

and occlusal) ruere associated with increased facíal height and

retrognathísm, while more acute cranial base angles and relatívely

horizontal planes are associated \.vÍth prognathism.

In the following year (1968), Drummond desígned a study

determíne a mean and range for lateral cephalometric measurements

the American Negro. Statistical analysis was used to compare the

means obtained from 40 male and female Amerícan Negro patíents

(age B - 23 years) with clinically acceptable occlusion (Angle Class

I molar relationship) ruith the accepted means for the CaucasoÍds.

The prímary difference \^Ias found to be the bimaxillary dental

protrusion, the steep mandibular plane and the anterior placement

of the maxilla in the Negro population.

SmiËh (1970) attempted to compare 22 Negroes between

ages of 15 and 25 years, who possessed acceptable occlusíons and

pleasing profiles to the norms developed by Tweed (L954), Steiner

(f953) and Rícketts (1960). His findings were similar to the

previous authors, (Altemus, 1960; Drummond, 1968; Smith, 1970)

in that a more forward positioning of the maxilla and protrusion

of the incisors \^rere noted in the Negroid.

to

in

McDonald (I975) conducted a study to obtain cephalometric
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standards for 24 Negroes male and female children v¡ith a mean

age of twelve years. His findings \^rere also similar to

previous authors in that all the linear measurements r¡/ere found

to be larger j-n the Negroes except for the chin button (Altemus,

1960) . The denture bases of the Negroíd sample \.rere more

prominent in relation to the crania and the íncisors were more

flared and bodily forward" These results and others (Smith,

L970; Drummond, 1968; Altemus, L960 and CotËon, 1950) have shown

that exísËing Caucasoíd standards should not be applied to Negroid

patients.

In summary, the American Negroid craniofacía1 pattern

is characterízed by the Larger línear dímensions, a large angle

of convexity, a steep mandibular plane angle as well as a bí-

maxíllary dental protrusion.

ii. African

Bjork (f95la) compared 400 South African Bantus wíth

603 Swedes. He observed the jaws of the Bantus to be larger than

the Swedes when related to the cranial base. The cranial base

angle (Wa-S-na) was flatter and the foramen magnum was located in

a more dorsal position on the underside of the skull ín the Bantus"

He also devised a facial polygon which has since been used in

several cephalometric studies of various races.

A very small sample (f3) of selected male and female

African subjects with excellent occlusion was examined by

Jacobson and Dryer (L956). They r¡/ere compared to Caucasoid
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standards from the Downrs analysis. It was found that the facial

skeletal patterns of both ethnic groups r{ere remarkably sími1ar.

The denture pattern differed in that the African presented

Larger teeth and true dental prognathism accompanied by heavy

flaccid musculature. Theír conclusion \,üas similar to others

(Takano, 1950; I{ong, 7950; Altemus, L960; Drummond, 1968 and

McDonald, 7975) in that they felt there should be separate norms

or standards for each ethníc group as variation betr^¡een ethnic

groups is the rule and not the exceptíon.

íii " Af rican -"I'IhÍte/Black"

Kowalski et a1 (L975) investigated the craniofacial

morphology of. l-49 male and 105 female Nubian school children (an

admixture of Negroid and Caucasoid blood; Encyclopaedia

Britannica) rangíng in age from 6 to 18 years. Their sample was

consídered to be representative of the ttnormalt' variation in the

Nubían populatíon" The craníofacíal measurements \^/ere compared wÍth

correspondíng results of "normaltt American Caucasoid chíldren

(l^Ialker, L97L). The Nubian sample showed a much higher degree of

bimaxíllary protrusion and smaller SNA and SNB angles than the

Caucasoid children. The mandibular incísor - mandibular plane

angle r^ras simílar ín both groups and no evidence of sexual

díinorphism \.^/as present.

b) Caucasoid

Barnes (L954) conducted a serial cephalometric growth

study upon a group of North American Caucasoid children between the
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ages of 12 and 15 years. The sample consÍsted of 16 males and

18 females, all possessing excellent occlusion. He attempted to

evaluate the growth and development of the facial complex

between these two ages and reached the following conclusions.

The females tended to mature and have their most rapid growrh

period earlier than males. The age changes ín the facial skeleton

tended to be characterized by increased protrusíon of the chin

point and a lessening of the convexity of the face" The maturation

changes associated with the denture rùas that of a decrease of

the protrusion of the anterior teeth. He concluded that these

facts !¡ere of the utmost importance to the clinical orthodontist

if proper diagnosis and treatment planning were to be accomplished"

L{asserberger (1956) found the facial profile of an

unknov¡n number of 9 year old Caucasían children wíËh excellent

occlusíon díffers from that of children without excellent

occlusion" The differences noted \^/ere ín protrusíon of the

dentition, the relatíonshÍp of apical bases and the inclination

of the mandibular planes.

Gresham (f963) made a comparative study of the facíal

and dental patterns ín children of the same ethníc origin but

lÍving in Ëvro different countrÍes, North America and New Zea1.and.

All the 44 subjects in each group r^rere of the same sex, age and

type of occlusion (Class I, acceptable). He observed an overall

marked similarity ín the basic skeletal pattern between the two

groups of children although a significanË reduction of the facial
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heíght of the North American group was noted, (ie", a difference

in size rather than form). Dentally he found a procumbency of

the incisor teeth in the North American child, mainly due to an

íncrease in angulation rather than due to a varíatlon to either

the anteríor cranial base or Ëhe mandible.

In 1965, Taylor and Hítchcock developed the Alabama

cephalometric analysis for southern Caucasoid chíldren. 0vera11

they found no appreciable craniofacial differences between northern

and southern Caucasoid children. However, there rvere significant

differences between the trüo groups regarding the teeth and the

occlusal plane.

Brown (7973) conducted a cephalometríc study involving

45 Northern lrísh families wíth two parents and at least four

chíldren. His primary objective was to determj-ne heredity patterns

thaË were present. He concluded af.ter ana1-yzing the varíous

measurements that greater similaritíes exist within famÍlies than

between families and there is more similarity between parents

and children of the same sex.

Lavelle (L974) studied 100 Brítish Caucasoids and a

similar number of British born inlest African Negroes between

the ages of. 17-27 years. The sample \¡ras equally dívided by sex

and the selectíon was based on good hygiene, acceptable occlusion,

pleasing profile and no history of orthodontic treatmenl.

Univaríate and multivarÍate statistical analyses were performed.

A definite sexual dimorphism v¡as found, with the males ín each

group beíng the larger. He found Ëhe angle of convexity to be
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the most discrÍminating feature beLrteen the two population samples

and if this variable was excluded, the skeletal paËtern of the

Caucasoid and Negroid rvere similar.

Using a sample síze oÍ sixty subjects, CannavaLí (L967)

and Kennedy (1969) performed a cephalometric study to de¡ermine

standards for Latin Amerícan children of the ages 4 through 7.

Other than a larger ANB angle ín the younger children, there were

no further signíficant findings.

Salazar (L970) selected a sample consistÍng of 20 Latin

Amerícan children rangíng in age from 12-19 years, with the mean

age of 15 years 11 months. The criteria for sample selectíon was

acceptable facial profiles and clinícally acceptable Class I normal

occlusíon. The statistical analysis indicated that all the Downrs

(1948) measurements differed sígnificantly, with the exception

of the facial angle, the A-B plane and occlusal plane to Frankfort

Horizontal. A tendency towards bimaxillary protrusion was not.ed.

Nanda (7969) compared the dentofacíal pattern of 50 North

(Lucknow) Hindus, who were selected for theír excellent dento-

facial harmony and proportions. They \^lere compared to Caucasoíds

(Down's, f94B), Chinese (Wong, 1950), Negro (A1temus, 1960) and

Japanese (Takano, 1950) usíng the Downts cephalometric analysis. The

significant findings llere noted to be a símí1ar skeletal pattern

when compared to the American Caucasoíds but a retrusive pattern in

comparison to the Chineseu Negro and Japanese. The dental pattern

\,,/as protrusive in comparíson to the Caucasoid, retrusive compared
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to the Chinese and Negro

concludes by stating "the

is peculíar to Íts racial

and very similar to the Japanese.

excellence of dentofacial pattern

grouptt "

He

c) Mongoloid

For ease of readíng, the Mongoloids have been arbLtratlLy

separated into a number of subgroups:

i" Chinese

idong (1950) conducted a study of 20 American Chínese of

San Francisco Chinato\.vn" The sample ranged in age from ll to 16

years and also had an equal number of males and females. The

criteria for selection was excellent occlusíon and good harmony"

inlongt s conclusion was similar to Takano, ie., that Downstcephalometric

analysis \,ras not applícable to the Chinese of San Francisco. When

compared to Downst normals, the Chinese presented a Class II facial

pat.tern even though they exhibited a good facial profile and normal

occlusion. He felt that hís norm for the race should be considered

when dealing with the Chinese of San Francisco.

Clnan (L972) compared cephalometric findíngs of the

Chínese to other studíes of Caucasoid, Negroid, Japanese and

Australían aborigínes. He concluded that the Chinese sample has

the most retrognathic mandible and had marked birnaxillary and

dental protrusion when compared to Caucasoíd standards as well as

the largest mandíbular plane ang1e.

ii. Japanese

Takano (1950) observed the variatíons in facial rela-

tionship of. 20 adult Nisei (American born Japanese) rnrith a mean
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age of. 2L. There \Ä/as an equal number of males and females which

were selected on the basis of excellent occlusion and good facial

harmony. Takano found the skeletal pattern of the Japanese to

be significantly different from the Caucasian group (Downst sample)

wiËh regard Ëo the angle of convexity and the "Y" axis angle

measurements" Dentally the following significant differences

r^7ere observed. The Japanese displayed a smaller interincisal

angle (L26o), larger mandíbular incísor to occlusal and mandibular

plane angles as well as a more anteriorly positíoned maxillary

incisor in relationship to the A-P plane. fn other ¡^iords, the

skeletal and dental patterns are significantly more protrusive in

the Nisei group than in the caucasoid group. In his conclusion,

he stated " it is fallacious to apply morphological standards

derived ín one ethnic group to the individuals of another'r "

Hatasaka (L964) studied an unknovm number of third

generation Japanese Amerícan children (Sansei) with excellent

occlusion. His objectíves \,rere to establísh reference standards

and to compare them with available measuTements on the Nisei

and caucasoids. He concluded that the sansei did not display

the retrognathíc position of the mandíble which appeared to be a

prominent characteristic in the native Japanese. The faces of

the thírd generation Japanese in American were found to be less

convex and teeth less prominent than the second generation

Japanese ín America.
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Uesata (1968) revier^¡ed a number of studies and data to

illustrate certain dentofacial differences among Japanese,

American-Japanese and Caucasoids. The Japanese skeletal pattern

shows a definite tendency towards a Class II, whereas the

American-Japanese devíate slightly from the Caucasoid pattern.

He also found the maxillary and mandibular incisors of both groups

are positíoned furtirer anterior in the dental arch than the

Caucasoids. He noted that the criteria used for ethnic balance

are stríctly arbitrary or subjective and stated that his concept

of the esthetically balanced facial profíle for the American

Japanese was realized when the upper and lower lips are contained

wÍthin the "E" (Ricketts, 1960) and "S" (Steiner, 1962) lines.

Hoshino (1970) studied 22 Amerícan Japanese exhibíting

Class T molar relationships, who ranged in age from 6 - 18 years.

He found similar growth trends PTesent as had been determined

for Caucasoids in previous studies (Barnes, 1954; Graves ' 1964) "

Iwasawa et a1 (1977) selected from ll8 Japanese men

and women, 19 to 24 years of age, a number of subgrouPs, which

consisted of atrnormalttocclusion group, a Class II Division f

group and a Class III group. The purpose l^ras to establish an

appropriate diagnostic guide for the Tweed tríang1e. 0n the

basis of Ehis study and the reports of other investigators'

an FMIA oÍ. 57o was found to be the most suiËab1e for the

diagnosis of Japanese patíents.
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The Japanese craníofacial pattern is found to vary

dependíng on the number of generations in America: with the

g:eateî the number of generations, the less convex is the profile

and the less prominent the teeth. In sufllmarye the Japanese

craniofacial pattern is characLerízed by a s1íghtly convex profile

and a straight facj!a:- pattern l^¡ith maxiLLaty and mandibular

incisors anteríorly positioned in the dental arch'

ííi. Vietnamese

Nga (1972) in a cross-sectional cephalometric study

analyzed 95 Vietnamese (44 males, 51 females) and 74 caucasoids

of European ancestry (33 males, 40 females) between the ages

of. 7 - 13 years. The critería for selection was an acceptable

class I occlusion. lle noted the followíng signifícant differences:

the overall size of the Víetnamese facíal structure is smaller

than the Caucasoid; the Víetnamese face was found to be retrusive

relaËive to Lhe anteríor craníal base, particularly the midface'

and all the Vietnamese exhibited a steep mandibular plane

along with a dental protrusion. It was also noted that the

Vietnamese exhibited the most Ietrusive faces when compared to

the Chinese, Negroid and Caucasoid'

iv. American Indian

Teal(1953)investigated35Navajolndianchildren.

The 14 females and 2L males ranged ín age from L2 - L9 years and

exhíbited typical Navajo facial patterns and clínically acceptable

normal occlusions. He observed that the Navaj o child had a
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retrognathic, convex profile with broad massive features. The

entire dentition is positíoned anteríorly, showing a labio-

version of the maxillary and mandibular incisor teeth gÍving

the Navajo a full, prominent profile, similar in appearance to

a slight Caucasoid bimaxillary protrusion.

Cole (1964) in a cephalometric study of. 54 Navajo

Indians of Monument Valley, Utah, used a combined Dov¡ns' (1948) and

Ríede1 (1952) analysis and found a prognathíc face with a

birnaxillary protrusive denture. He also concluded that the mean

values for Lhe skeletal pattern of the Navajo most closely

approximates the values of the Japanese and the dental pattern

closely equates the American Negro and Chinese.

Christensen (L966) using cephalometric data performed

a discríminate analysis on five North Amerícan Tribes (Papago,

Pima, Apache, Mayo and Chamula). The Papago, Pima and Apache

could not be distinguished from one another, whíle the Mayo

and Chamula are clearly distinguishable from each other and

the other tribes as well.

Jensen and Harris (I972) investigated 74 genetically

determined full blooded ilunkpapa Síoux, 64 míxed blood

Hunkpapa-Caucasoid and 137 Caucasoids from the Míchígan area"

The uni- and multívariate statistícal analyses revealed

that sexual dimorphism in all three population samples was

present r^¡ith the males being larger than the females in a1l
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groups. The Hunkpapa Síoux are generally larger in craníofacíal

dimensions than the Caucasoid" Alveolar prognathism is most

pronounced in the Caucasoid.

Kowalski et a1 (I975) studied the dentofacLal varíatíon

within and beËween four groups of adult Amerícan males. The four

groups consisted of. L77 "Black" Americans, 300 "lnlhite" Americans,

65 Hunkpapa Sioux and 31 Peruvían Cashinahua Indíans, with all

subjects rangíng from 20 - 50 years. A discrimj-naEe analysís

revealed that the "Blackt', t'I'Ihite" and Síoux groups, while

significantly dífferent, v/ere much more similar to each oËher

than any of them \^/ere to the Cashinahua. The most effective

discriminator between the four groups \^/as the lower incisor to NB

angle follo¡ued by the lovrer incisor to NB distance. The

proclínatíon of the lower incísor to the NB line ís much hígher

ín the non-white samples. The SNB angle ranked second in

discrimínative value reflecting dÍfferences ín mandibular prognathism"

The Negroid group showed the highest degree of prognathism and the

Cashinahua r,'ras the lowest.

v. Eskimo (Inuit)

Colby (L972) attempted to charactetize Lhe craniofacial

phenotype of the Canadian Eskímo lívíng in the Northern Foxe Basin,

Northwest Territory. He compared 108 male and 84 female Eskímos

with 73 male and 70 female Caucasoids (ages 3 - 59 years) from

the hIínnipeg, Manitoba area. His cross sectional study indicated
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that the Eskimo has a phenotype established early in life and

that the overall size of the Eskirno craniofacial complex rvas

signíficantly larger than the Caucasoid. The mandíbular corpus

length T,{as greater in the Eskimo group, but the chin in relation

to the anterior cranial base was recessive" Another findíng

was the more procumbent maxillary and mandibular incisors in

the Eskímo group and together with the anteriorly positioned

maxilla produced a bimaxillary protrusion.

vi. Hawaiian

Choy (7969) anal-yzed 78 Hawaiians utilizing Bjorksr

(L947), Downs' (1948), Steinerrs (1953) and Tweedts (1944)

analyses. He concluded that of all the non Caucasoid groups

(Australían Aborigine, American Negro, Amerícan Japanese,

Amerícan Chinese and Japanese) the Hawaiian was found to have

a more similar craniofacial pattern to that of the Caucasoíds.

The Hai¿aiian also exhibíts a 1ow mandibular and occlusal plane.

Choy also found the maxillary incísors of the Hawaiians were

more upright while the rnandibular incisors were 1abia11y inclined.

vii. Phillippino

Sabater (f969) studied 25 non-orrhodonrically treated

adults from Ëhe Phillippínes. The sample consisted of 12 males

and 13 females wíth a mean range of 30 and an age range of 19 to

53 years. The subjects r¿ere selected on the basÍs of Anglers

Class I occlusion rvíth acceptable esthetics and good facial

balance. Ile noted the facía1 angle to be smaller and the angle
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of convexíty or maxillary protrusion to be larger in Ëhe Philli-

ppino group. They also had a steeper mandibular plane and more

procumbent incisor Ëeeth than the Caucasoids. He also compared

the Phillippino to other racial groups and found the íncisors

more upright in the Caucasoid and procumbency of the incísors

characterÍstics of the Phillippino, Chínese, Japanàse, Indian

and American Negro.

d) Australoid

In a cephalometric study on 20 teenage and young adult

Australian aborigines of excellent occlusion and good facial

balance, Craven (L952) observed a greater degree of alveolar

prognathísm in Australian Aborigines than in swedes or Bantus "

Baïrett (f965) anaLyzed an equal number of Australian

Aborigínal children (44) and Caucasoid children from Melbourne,

Australía. This study consisted of. 22 males and 22 females

of equal age range. He found the most marked differences between

the groups of chíldren were seen in the dentule patterns. The

incisor teeth \Àreïe positioned more anteriorly and inclined

more acutely ín the Aboríginals than in the Caucasoid group.

This rnay be due to the large mesíodísta1 tooth diameters of the

Aboriginals.

e) Conclusion

Downs (f956) compared the studies of Cotton (1950),

Takano (1950) , trr7ong (1950) and Craven (f 958) and determined that

the four ethnic grouPS has signifícantly different facial patterns'
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He found that the difference appeared in the much greater facíal

convexity. He concluded that, "Prognathísm is the mean oI average

f.aciaL patterns of the Chinese, Japanese, Negro and Australian

Aborígine". The chinese facial pattern is most similar to the

Caucasoid while the Australian Aboriginal had the greatest dental

protrusion and Prognathísm.

In view of the preceeding studÍes, ethnic group

differences do exist and these differences must be considered for

a proper diagnosis and treaLment in different races.

It is obvious, howevef, that as different studies íncor-

porate varíous cephalometric varÍables determined over varying

age ranges, the present data is insufficient to provide a basis

for the orthodontic diagnosís and treatment of North American

Indian patients.

From the brief review, therefore, there are certaínly

contrasLs in the craniofacial profile between different ethnic

groups. The reasons for such contrasËs will only be revealed

when the genetíc and envíronmental factors affecting the

craniofacíal skeleton have been partitioned.

Skeletal Maturation

A knov¡ledge of craniofacial grorvth is a necessary

prerequisite to orthodontic therapy. Whether or not craniofacial

growth r¿ill occur duríng treatment often influences the treatment

plan. In addítíon, the Éimíng of Ëhe adolescent growth spurt
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\,ríËh treatment: may have a direct bearing on the degree of success

in obtaíning our objectÍves with the exception of an anterior

divergent growth pattern.

Any study of adolescent growth ís plagued wíth the fact

that children mature at different rates. For example, a girl

wíth a chronological age of 13 years may be pre-adolescent'

adolescent or posL-adolescent, It is, therefore, necessary to

have some ratíng other than chronologic age to gauge an índividualrs

progress towards maturity. Besides skeletal age, rtumerous

maturity indícators are available, coiltmon ones being height age,

weÍ-ght age, sex age, and dental age. Wetzel (f94f) developed

rhe inletzel Grid, whích is a plot of height and weíght of the subject.

This results in an objective method of evaluating the body buí1d'

developmental 1evel, nutritional grade, physical status and age

advancement of the child when compared to the chronologic age.

l,ioodside (Lg76) utilizes mandibular length measured from a 45o

oblique radiograph in growth potential assessment for patients.

At present, skeletal age offers the most reliable evaluation of

growth and development of the body (Krogman, f95B; Greulich and

Py1e, L959: Tanner, L962). Therefore, thís maturity indicator

wíl1 be reviewed in more detail.

Around the turn of this century, the use of the skeleton

as an índex to evaluate the growth and development of the body

was introduced by various investigators (Ranke, 1896). Ranke

is considered to be the fírst investigator to study skeleËal
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development by means of hand and wrist radiographs.

Flory (1936) and Todd (L937) independenË1y developed

hand and wrist radiographic methods to evaluate the progress

of skeletal growth" Todd (7937) r,.ras the first to publish an

atlas rvhích Tras utilized by comparing the overall appearance of

the standards, with a given radiograph of the hand and wrist. This

has become knov¡n as the Inspectíonal Technique.

In 1950, Greulich and Pyle first publíshed their

Radiographic Atlas of Skeletal Development of the Hand and Wrist"

Thís was later improved in their second edítion (f958) " At

present, this technique is a very popular method to evaluate skeletal

age.

Acheson (L954) applied stages to Ëhe morphological changes

observed in each bone of the hand and wrist. This method is knovm

as the Oxford Techníque. The number of uníts are totalled and the

skeletal age calculated from this sum.

Tanner and Whitehouse (f959) refined the Oxford Technique

with more exact mathematical calculations and separate tables

for males and females. In this method, each stage of the t\^renty

bones in the hand and r^rrist has a nurnerical score whích when

totalled, results in a maturity score for that particular índividual.

There appears to be a sex difference ín skeletal

maturation: in fact, Tanner (1962), suggests that girls are ahead

by a few weeks at bírth and by adolescence there is a difference

of truo years betrseen the sexes in their growth spurts.
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There are defínite racial and ethnic differences ín the

rate of maturation. MosË racial groups appear to be reEarded

when compared to Ëhe Greulích and Pyle Atlas (Koskí et al ' L96L;

Sutorv and Ohwada, 1954; Masse and HunE, 1963). A possible reason

for this could be nutritional deficíencies (Moore , L969), although

the role of genetic or environmental factors in this regard has

yet to be partitioned.



MATERIALS AND METHODS



CHAPTER III

MATERTALS AND METHODS

The Sarnple

The sample under investigation consisted of l-L4

randomly selected fndian children, equally divided by sex,

resídíng on the Peguis Indian Reserve in Manitoba, Canada, as

well as control sample comprised of 163 Caucasíans, 72 males

and 91 females, resídíng in and around metropolitan l^Iinnipeg"

In addition, this study included an acceptable occlusíon

sample selected from each group.

No attempt \das made to subgroup the Indian sample into

pure and mixed Indian groups as complete geneologies were

unavailable, a reluctance on the part of the Indian Tribe to allow

serological studies and the likehood of a genetically pure sample

Large enough for statistical purposes \^/as Ïemote. Using faciaL

features as i¿ell as haír and skin color, obvious hybrids and

non-Indíans riüere eliminated from the sample as there has been

no genetic study as yet to idenËify their homo- or heterogenicíty.

The results should be considered as representative of the Indían

child living on the Peguis Indían Reserve and are not necessarÍly

representative of al1 Indian children in Manitoba.

The subj ects ïanged in age from eight to eighteen years

and they were subgrouped into the following age groups: B-ll years,

L2-I3 years and 14-lB years. These cross-sectíonal age groups

are supposed Ëo represenË the mixed dentition, adolescent dentition

and the dentition of young adults respectively.
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As previously mentíoned, an acceptable occlusion sample

comprised of 31 Indian School children was selected from ttre 114

Indian children. This sample ruas used to determine cephalomeËríc

treatment standards for this particular Indian group. The criteria

used for an acceptable occlusion T¡/ere:

1. All permanent teeth present except 3rd molars.

2. Angle Class I molar relatíonship (mesial buccal cusp

of the maxÍllary first permanent molar occluding

in the buccal groove of the lower first molar) when

in centric occlusíon.

3. No clinícally observable asyrnmetry in either denlal arch"

4" Overjet no more than 4 mm and overbíte no more than

50 percent.

5. Adjacent teeth in conLact or with diastemas not ín

excess of 1 mm.

6. No axial rotations in the dental arch of clinícal

signíficance (10-15o) .

7. No displacement of any tooth exceeding 2 mm in a labial

or lingual direction and 4-5 mm in a mesial or distal

direct ion.

8. No previous orthodontic tTeatment.

9. No clínícally detected or reported functional temporo-

mandibular joint disorders.

10. Resíded all their lives on Lhe Peguis Reserve.
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For the pirrpose of comparison, a randomly selected conlrol

sample similar to the Indian sample in age rarlge and sex r,¡as collected,

as well as an acceptable occlusion control sample r¡hich had been

selected earlier from various tr^iinnipeg schools (Banack, 7972) was

utilized. The age and sex distributíon of Ëhe Indían and control

sample is found in Table 1.

The records obtaÍned for each subject íncluded a lateral

cephalometric radiograph (Figure 3) and a hand-wrÍst radiograph

(Figure 4).

Cephalometric Technique

The lateral cephalomeLric radíographs were taken using the

conventional techníque first p|oneered by Broadben¡ (f931). The

subject's head was positioned in the cephalostat so that the central

beam of the x-ray passed through the ear rods parallel to the trans-

meatal axís and at right angles to the inídsagittal plane of the head"

The radiographs were taken r^¡ith the teeth in cenLric occlusion or

maximal occlusal interdigitation and the Frankfort horizontal plane

parallel to the floor. The anode to midsagittal plane distance was

five feet (152.4 cm) and the midsagittal plane to fí1m distance v¡as

15 cm. This procedure insured uniform magnification of all mid-

sagittal structures and made possíble the use of a conmon correction

factor for each grouP.

Two cephalometric machines \^7ere used in this study' The

Indian sample was collected using a Portable cephalometric machine

constructed by the author. This machíne was buílt along the lines of
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Fígure 3.

nlt ¡ '"

Lateral cephalometríc
14 years 11 months.

radiograph of an fndian child aged
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Figure 4. Hand wrist radiograph of
age of 11 years 5 mont.hs.

an Indian child with a chronologic
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ìt
a conventional cephalometer utílizing a General Electric 90 KV

x-ray head and control pane1, a cephalostat and a plywood base

which could be easily dismantled for transportation (Figure 5).
-r- -L

A Cephalometríx cephalometer in the University of Manitoba

Orthodontíc Department r^ras used on all the control group (Figure 6) .

Magnification for these two machines wíth fixed focal

length and midsagittal to film distance described above, \^/as

determined by the author. The magnification was decided by projectíng

a metal gauge of knor^¡n length in the midsagittal plane onto the

radiographic fílrns. Magnificatíon for the portable cephalometer

and for Ëhe cephalometrix cephalometer rùere found to be B percent and

9 percent respectívely. The coordinates \,{ere corrected for magni-

fication prior to the calculations to allow simplification of

computer programming for all linear and angular measurements. All

linear dímensions \.^/ere thus corrected for magnification to absolute

units which allowed direct comparisons of linear measurements

betr,reen the two samples. Angular measurements \^Iere not affected by

magnification.

General Electric of Canada LLd, Toronto, Ontario

Moss Corporatíon, Chicago, I11ínoís.
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Fígure 5. Portable cephalometer"



4I

ril-:: i_ jf ¡r1:l:ili:j:i:.::::: :ì:

r:::i:a::t'i:aj:i-ìii-:ììi. 
"r.:ili:t:,.r.ì:1,¡:!.ìr-..:.i;\:,:lt,iir.'

:r j..ì i:1r::lti:lìri:ai.ì:..:rì:lrjì..r.¡..:r,.ìi.,ì.:.aì:.{ilJii¡ì.É...:-,-r... ).

. r: -:r..i:1ì:ì,ìirai::::iì:tì!1i:f . .:: i¡

. :..4 r- :i..:ìr,t:;ir.:t:ti: ì:. .

.. ., ,..¡:.r..4. . .

Figure 6. Moss Cephalometrix cephalometer.
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Assessment öf Skelêtál DéVêlopmént

A portable hand-wrist-x-ray machine (Fígure 7) was used

to radiograph the left hand and wrist following the technique

described by Tanner and trrrhitehouse (f959). The left hand was placed

ín contact r¿ith the film, with the palm facing dovmwards and the

axis of the middle finger in dÍrect line with the axís of the

forearm. The fingers rdere spread slightly while the thumb r.^¡as

placed in a comfortable natural positíon with its axis making an" angle

of about 30o with the first fínger. usíng a phantom hand supplied by

the Radiation Protection Branch, the x-rays r¡/ere tested for clarity

and repeatability. The above mentioned technique rvas found to be

repeatable and all x-rays r¡/eIe of an adequate standard for analysis.

The tube of the x-ray machine r,,/as centered above the head of the thírd

metacarpal with a tube-fílm dístance of 30 inches (76 cm). The

machine rüas set at 10ma and 65 KV with the exposure time varying from

0.25 to 0.50 seconds, depending on the age of the subject and the

size of the hand.

The skeletal development. \^7as assessed by the Oxford method

(Tanner and l^Ihitehouse, 1959). This method was chosen because of

its reliability (Johnston, L963) and applicability to all ethnic

groups (Tanner, L975). Johnston (1963) and Acheson (1966) using

duplicate assessments by a single observer, found less variatíon in

the skeletal age, utiLLzíng the Tanner-trrlhitehouse method as compared

to Ëhe Greulich-Pyle method of assessment.

using the oxford scoring system (Tanner and I^Ihitehouse, 1975)
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Figure 7. Portable hand-lvrist x-ray machine (Nevile, 1973).
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evaluations for each bone are assígned by comparíng the bone ín

question r^/ith diagram and descriptions which accompany each stage

of development. The stages ranged from not visible to fu11y mature

for each bone evaluated, with associated values for each stage.

These values as well as the críteria for placing a specific bone

in a particular stage are found in appropriate tables. If one of

the described criteria is required, then it must be present, íf

two criteria are requíred to classify, then two must be present to

satísfy the requiremenLs of this stage" The numerícal scores of the

tr,üenty bones (Figure B) are then totalled. The total scores may

range fuom zero to one thousand. A prediction table may then be

used to fínd the skeletal age from the total source. Separate tables

are used for males and females. Following Tannerts suggestíon, al1

radíographs vrere read r,vith the fíngers pointing array from the

observer and the thumb to the right síde of Lhe víewer (Figure 4).

Plottíng Cephalometric Landmarks

A total of 33 landmarks, previously described by Cleall

and Chebib (1971) were selected to be digitized from the radíographs

of the fndian and control groups. These landmarks are illustrated

in Figure 9. A detailed description of the landmarks is found in

Appendix I. All bilateral images of paíred landmarks were midplaned

thereby effectively reducing lateral landmarks to the same value as

rnidsagittal structures. trrrhen a landmark was missing or could not be

identified, it was omitted for Lhe subject. Sínce one particular



Fi-gure B. Bones of the left hand and wrisl (after Tanner, L975)"
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Fígure 9. Craniofacial landmarks selected for this study.
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landmark \^/as not found to be unidentifiable more often than any other,

it was felt that a1l data points would be of equal significance.

The ttxtt and ttYtt coordinates of each landmark were

dLgítized from the radíograph in a preselected sequence (Figure 9)

and recorded directly onto BO column punch 
".rd"" by means of a

J.

Ruscom logístícs strip chart dígitizer (Figure 10) " rnformatíon

from the punch cards \,,ras then anaLyzed by the universiLy of Manitoba

rBM 370-68 computer by the use of the cephalometríc coordinate

analysis computer program developed at the Department of Preventive

Dental Science (Chebib 
" 1977) "

Despite precautiorrs, the cephalometric radiographs could

have been taken at varying head orientations and elevatíons. There-

fore, they were Lransposed to a standard oríentatíon using the

techníque described by cleall and chebib (r97L). This j-nvolved the

transformatíon of each radíograph to a common set of axes defined by

a point of origin (sella) and a dírection (Nasion). All the línear

and angular measurements r¿¡ere then computed according to the noru

traditional method of coordínate analysis described by cleatl and

chebib (797L). The deviatÍon of each point from rhe appropríare

sample mean lras used to check the raw coordinate data for possíble

ð,ígLLízing errors.

IBM, Don Mílls, Ontario, Canada

Ruscom Logics Límited, Rexdale, Ontarío, Canada,
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Figure 10. to the Ruscom logistics striP
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Error of the Measurement

To determine the accuracy of the identificatíon of the

various landmarks used ín the study and the repeatibility of the

coordinate measurements, the X and Y coordinates for the landmarks

of 15 randomly selected radiographs were dígitized in duplicate.

A total of 13 angular and linear cephalometric measurements per

radiograph were calculated to estimate the error of the measurement

as devísed by Chebib and Burdíck (1973) 
"

Thís estímation of the error included the calculatíon of

the standard deviation of measurement error(s), the expected mean

error (ã) and the maxímum error ("p) associated with 99 percent of

the values. The formulas for the above calculations are:

df = e (n-1)

ã= s = .7979s

3. e-=+t(997.,df)
Y_

where t = Ëhe theoretical student t value for

df (degrees of freedom) associated v¡íth s and the

1"

t,)

accuracy

seen ín

probability p (997")

The variables for the

of the point selection

the 99 percent maximum

error of the measurement and

are found in Table II. The results

error column is the maximum error
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Expected Mean Error (e),

992 l(aximum Error for 13

TABLE II

Standard Deviation of Measurement Error(s),

Cephalometric Variables.

Varíable

Mean

Error (õ)

Standard
Deviation
of Error(s)

992 Maximum
Error (+)

Facial Angle

Angle of Convexity

q\T 
^

SNB

ANB

Frankfort Mandibular
Plane Angle

Interincisal Angle

UI to SN

LI to MandÍbular Plane

Uf to AP

LI to AP

LI to NB

PtoNB

.442

0.9569

" 606

.467

.470

.646

1.468

7.22I

. 839

.26r

. LÔI)

" 255

. LJ.'

.554

.7 629

"7 s9

" 585

.589

. 809

1. 840

1. 531

1. 051

.327

.3s9

?10

.293

1. 630

o
2.82

2.240

L.7 30

L.7 40

2.3go

5 .420

4. 510

3 .0go

.97 mm

1.06 mm

.94 mm

.86 mm
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expected for that particular variable 99 percent of the time.

The maximum error for angular measurements ranged betr,¡een

5.4o for the interincisal angle and. l.60 for the facial angle,

while the maximum error for linear measurements was betrueen 1.05 mm

(rI and AP) and . 86 mm (p to tls) " The diffículty in identifying

incisor apices (especially the apex of the mandibular íncÍsor) was

most 1íke1y responsíble for the high angular measurements error"

Cephalometric Analysis

The measurements selected for thís study r¡rere determined

by reviewing the literature and choosíng the cephalometric variables

that were felt to adequately defíne the craniofacial complex. A

total of 44 1ínear and 28 angular measurements \,Jere used in this

study. A líst of the linear and angular measurements, (Figures 11-

19) used to assess the dentofacial aspects of the North American

Indian and inlinnipeg Caucasian is found in Appendix II.



Figure 11. Illustration of the 1j-near measurements obtained from

Lhe lateral cePhalogram'
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Figure 12. Tllustration of the 1ínear measurements obtaíned from

the lateral cephalogram.
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Figure 13. Illustration of the linear measurements obtained from

the lateral cePhalogram.
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Figure 14" Illustration of the linear measurements obtaíned from

the lateral cephalogram.
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Figure 15" fllustration of the soft tissue linear measurements

obtained from the lateral cephalogram.
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Figure 16. Illustration of the angular measurements obtained from

the lateral cephalogram.
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Figure 17" fllustration of the angular measurements obtained from
the lateral cephalogram.
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Fígure 18. IllustraLion of the angular measurements obtained from

the lateral cephalogram.



5?

?Y @

r

33 r;



Fígure 19. fllustration of the angular measurements obtaíned from

the lateral cephalogram.
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Statistical Analysis of the Data

a) Univariáte Analysis

Means, standard deviations and standard errors were computed

for each of the 44 Linear and 28 angular measurements accordÍng to

group, sex and age, and each variable was then analyzed independently

as a 3-factor facËoríal experíment with unequal N's. The factors

vüere: group at tI^/o levels (Indian and Control), sex at two levels

(male and fenale) and age at 3 levels (8-11, L2-I3 and 14-18). Tlne 276

degrees of freedom between tlne 277 subj ects were allocated as shown in

Table III" All main effects and ínteractions were calculated and

tested for significance.

b) Discriminanjt FunctÍon Analysis

The analysis of varíance results rvere used in selecting a

smaller number of varíab1es for a discriminant function analysís. Those

that dísplayed a signíficance level of 5 percent or less between

the Indian and Control groups were selected (17 1ínear and 1l angular)

as descríbed by Huberty (L975). The objective \¡Ias to determine Lhe

difference betrveen these t\^lo groups, therefore, a steptlíse discriminant

function analysis rvas performed using the BMDP program number PTluI

at the University of Manitoba. This analysis is a multíple discri-

minant analysis done in a step-wíse manner (Dixon, 1975). At each

step one variable is entered into the set of discríminating variables"

The variables entered ín step I are the variables that the program has

found best able to separate betrueen the groups being anaLyzed, based

on group comparisons of mean values (Stevens, l-973) "



the Sources of
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Variation for theTable III. Degrees of Freedom for

277 Subjects.

Source of Voriation Degrees of Freedom

Belween Groups

Belween Sexes

Among Age Groups

I

I

2

GrouP x $ex

Group x Age

Sex x Age

Group Sex Age

I

2

2

W¡fh¡n Cells 265

ÏOTAt 276
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The remaining variables are then reconsidered and the second

variable selected ís the variable that adds the most Ëo the first

variable's discriminating ability. Thís process \¡/as continued

until the entering of new variables no longer added sígnificant

separatíng abÍ1ity to the set of discríminating variables.

The seventeen linear and eleven angular variables that

were obtained from the univaríate analysis were subjected to a

stepwíse discriminant functíon analysis to identify the most

díscrimimatíng variables between the two groups (Indían and Control) "

In addítÍon, the steprvise discríminate analysís r¡ras repeated for each

sex separately, as well as for each of the three age groups.

c) Cephalometric ttNormstt

In the determinatíon of cephalometric t'normstt for the

acceptable occlusiori group, the means and standard deviatj-ons for all

variables coveríng the standard cephalometric analysis (Downs, L948;

Holdaway, L956; Manitoba, 1973; Riedel, L952; Tweed, L944, L954;

Wylíe, L947), \.üere calculated and reported"

d) Growlh Trends

In order Ëo assess age changes or growth trends, 40 variables

(found in Appendix III) were selected " Some were selected as they

are conmonly used reference angles or dístances, others r¡ere

selected on the basis of anaLyzing dimensional changes in those parts

of the craniofacial complex felt to be íncompletely examined using

the more famíliar reference angles and distance. For the purpose

of presenting the growËh Erends, the variables have been divided
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into six morphologícal units; cranial base, nasal complex, maxíllary

complex, mandíble, bony profile, soft tissue profile and two 1Ínear

dimensions, cranial length and facial height. The variables l^/ere

used to assess the differences and similarities between the Indian

and Control group as age increased. The significant differences \.^/ere

presented along with graphs for clarity.

e) Polygonal Profiles

For visual non-quantitatíve comparisons, mean coordínates

obtained from the digitízed data were used to construct facial

polygons using a specially desígned computer plottirrg ptogt"tn'*,

comparing the growth and development of the craniofacíal complex

of the fndian and Control groups, at each of the three age ranges

studied. The polygon consísted of points 29, 2" 4,23, L7, L6,15,

32, 33 and 27 w,;tln palatal plane, nasal bone and incisor proclination

also represented (Fígure 20). The method of comparison ís similar

to that used by Bjork (1955) and Colby (L972). Growth trends I'¡ere

determined by superimposing the polygons orl the line sella-nasion

r^rith registration aË point sella.

F.S. Chebib, Biostatístics - Dept of Preventive Dental Sci-ence.



Figure 20. Facial polygon.
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CHAPTER TV

RESULTS

Thís chapter has been divíded into four sections

corresponding with each objective. These four sectíons encompass

results obtained from the univariate analysís, discriminant

function analysi-s, acceptable occlusion assessment and finally

the maturity assessment performed by comparing the skeletal age

against the chronologíc age.

Unívariate Analysís

Linear and angular measurements were used to describe the

morphology and evaluate developmental changes occurring in the

cranÍofacial complex of the Indian population under investígation.

Detailed tables listíng means and standald errors for each of the

seventy-t\üo variables studied are presented in Appendix IV, Table XI,

for both the Indían and control samples. Mean values for the main

effects of Group, Sex and Age are tabulated ín Appendix V, Tables XII-

XIV.

The levels of significance of the results revealed by the

analysis of variance are summarized in Table IV. Inspectíon of

this table reveals that for a number of the variables the main

effects of group, sex and age are highly sígnificant.

Of the 44 Línear variables studied, significant

differences at tine L% level r^¡ere detected in 29 vatíables when group
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\,/as compared, 16 variables when sex \,Ias considered and in 31

variables ruhen age was compared. Group X sex interaction, signi-

f icant at the L% Level r,'/as not found in any of the linear variables

while group x age and age x sex lnteractions r¡Iere observed in only

three linear variabl-es and one linear variable respectively.

The 28 angular measurements \^7ere examined for the main

effect of group, iuhich revealed significant differerlces at Llne L%

level in 17 varíables" No signifícant differences for the main

effect of sex were observed while 5 variables were signifícant for

the main effect of age. Significant ínteraction between main

effects of group, sex or age \^/ere generally not significant"

Significant third order interactions, grouP x sex x age were noted

in only 5 varíables.

For the purpose of presenting the results of the analysÍs

of variance, the 39 variables identified for investigatíon (Appendíx

III) were assembled into eight categories. The first tr,^lo categories

included those variables measuring the línear dimension of the

craníal length and facial height whíle the other six íncluded

variables describing several morphological units which were the

cranial base, nasal regíon, maxillary complex, mandible, skeletal

facial profile and the soft tissue facial profile. These eight

categories rùere thought to contribute to Ëhe growth changes

occurring in the craníofacial complex. Because of the large volume

of data produced, only signíficant and relevant effects are graphed

under their respective headings.



7I

a) Cranial length

The anterior cranial length (variable 15), the perpen-

di-cular distance from the heíght of convexity of the glabellar

region to the Y-plane, showed significant differences at tlne L7.

1eve1 for the main effects of sex and age. The males were found

to have a longer anterior craníal length. Group x age ínteractíon

was found to be significant at the 5% level indicating a difference

between these tlvo groups in the development of the cranial length

at Ëhe three age categories. As can be seen in Figure 2I tlne control

group exhíbíted a shorter cranial length than ín the Indian group

in both the B-11 and 12-13 year categories while the control 14-18

year age category exhibíted a longer cranÍal length than the Indian

group.

b) Cranial base

Two linear measurements, anteríor cranial base (variable 14)

and posterior cranial base (variable 4) and one angular measurement,

cranial base angle (variable 54) were used to assess changes in the

cranial base.

The anterior cranial base measurement \^Ias found to be

slightly larger but not sígnificantly different in the control group

when compared to the Indian group. This variable increased in length

with age (p.0.01). In addítion the males were found to have a

consístantly larger anterior cranial base length than the females

(p. o.o1), (Figure 22).

The posterior cranial base measurement showed a significant
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dífference at the 17" Level for group, sex and age. The Indian gloup

r^/as larger than the control group, while the males in each group

r{ere found to be larger than the females. A group x age interactíon

uTas noted (p < 0.05) which may suggest the developmental differences

of the Indian group and the control group at the different ages as

seen ín Figure 23. However, the differences which occurred between

the 12-13 year and 14-lB year age group may be due to the cross-

sectional nature of the samPle.

changes in the cranial base angle demonstrated a change

in the spacial relatíonship of the component parts of the cranial

base. These changes may be the result of growth at the termínal ends

or flexure of the cranial base. A significant dífferefice at the

5% level \^7as observed with the Indians revealing a more acute cranial

base angle than the Caucasíans.

Examination of the cranial base varíables indicated that

the length of the anteríor cranial base was smaller ín the Indian

group than ín the control group, while the length of the posteríor

cranial base was larger in the fndian group.

c) Facíal Heíght Measurements

Anterior and posteríor facial heíght measurements were made

to determine differences ín Ëhe spacíal relatíonships of the bony

components of the face within the two populatíons- These variables

were the vertical dÍstance glabella lies above SN (variable 17) , total

face height (variable 19), posterior uPper face height (varl.abl-e 22),

upper face height (variable 18), lower face heighr (variable 20),



Fígure 21. The effect of the group x age interaction for the

linear dimensíon g1abe11a to Y-plane (variable 15).

Figure 22. The effecË of age on the linear dimension anterior

cranial base (variable 14).

Figure 23. The effect of the group x age interaction for the

linear dimension posterior craníal base (variable 4) "
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posterior lo¡+er face height (variable 23), total posËerior face

height (variable 21).

The dístance glabel1a to SN plane r¡/as greater for the

Indían group than the control group (p.0.0f). The third order

interaction group x sex x age (p < 0"01) revealed that the difference

in growth pattern between the males and females \^/as different in

the tr¡o groups as may be seen from Figure 24.

AnterÍor face heíght íncreased significantly with age

(p < 0"01) as shown in Figure 25. In additíon, the Indian sample

exhíbíted greater overall anterior face height than the control

sample (p < 0.01) and the average anterior face height for the

males.\,ras greater than that for the females (p < 0.0f).

The anteríor upper face height was found to be significant

at the 1% level for interactions sex x age and group x age. The

males had a longer anterior facíal height than the females. The

second order interaction indicated that the control group had a

shorter upper face height at the B-11 age group, while at the

L2-L3 and 14-18 age groups the control was noted to have a longer

upper face height (Figure 26).

The Indian sample exhibited a greater anterior lower face

height than the control sample (p < 0"0f). In addítion, the main

effects of sex and age displayed signíficant differences at Llne L"/"

level. Generally speaking Lhe males had a longer face heíght than the

females and there \{as a linear increase in size with age. (Figure

27) .



Figrre 24. The effect of the group x sex x age ínËeractíon

for the linear dímension g1abe1la to anterior cranial base

(variable 17).

Figure 25. The effect of age for the linear dimension total face

height (varíable 19).

Figure 26. The effect of the group x age interaction for the

linear dimension anterior upper face heíght (variable 18).
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Differences in the posterior face height were significant

(p < 0.05) for the main effecls of group and sex while main effect

of age was signíficant at the I% l-eve1- (figure 28). The Indian

group revealed a larger posteríor face height than the control

group, with the Indian males decreasing between the ages categories

8-ll years resulting ín a significant sex x age interaction

(p < 0.01).

The posterior upper face height displayed significant

dífferences for the maín effects of group, sex and age (p < 0.01).

The Indían group had a Larger posteríor upper face heÍght than the

control group and the males were found to be larger than the

females. A significant group x age interaction (p < 0.0f) was due

to the decrease in posterior face height between the 12-13 year and

14-18 year age groups. Thís could be due to a sample error as cross-

sectíonal data was utílízed.

The lorver posterior face height increased significantly

(p < 0.01) with age. Horvever the interactions of group x age and

sex x age at tlne 57" level indicated a different development of

males versus females and Indians versus controls. The lower

posterior face height increased with age and the control group

revealed a larger lower posterior face height possíbly resulting

ín a flatter mandibular plane angle.

Examination of the facial height variables índícate that

the Indian group displayed a greater linear dímension ín all

variables measured with the exception of the posterior lower face



Figure 27 " The effect of age for the linear dimensíon anterior

lower face height (variable 20).

Figure 28. The effect of age for the linear dimensíon posterior

total face heíght (variable 21).
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heíght and the anterior upper face height. The males were larger

than the females wj-th one exception; that beíng, g1abe11a to

SN, where the female \.ras Larger.

d) Development of the Bony Nose

The length of the nasal bone (variable 2) was used to

study its incremental growth. The linear dístance from the tip

of the nasal bone to the anterior cranial base (variable 16) and

the angular relatíonships of the nasal bone to the facíal plane

(variable 55) and the nasal bone to SN (variable 56) were

calculated to establísh the spacial orientation of the nasal complex

relative to the anteríor cranial base and the facíal profile.

The Indian group dísplayed a longer nasal bone than the

control group (p < 0.01). The nasal bone was also noted to íncrease

in length with age (p < 0.01). In addítion a group x age interactíon

ioas detected, however it was significant only at tlne 57" level.

This interaction as shov¡n in Figure 29 was due to the slight decrease

ín the nasal bone length between the I2-I3 year and 14-18 year age

groups.

The vertical heíght of the nasal bone measured perpendícular

SN was longer ín the Indían group than the control group

< 0.01) .

Significant íncreases (p < 0.0f) for the maín effects of

age !/ere deËected for the angular relationshíp of the nasal bone

to the anterior cranial base. The third order interaction group

x sex x age (p < 0.01) indicated a dÍfferent pattern betttreen the

males and females in the tr'ro groups. No sígnifícance rüas detected

to

(p



Figure 29. The effect of group x age interaction for the linear

dimensíon of the nasal bone (variable 2).

Figure 30. The effect of the third order interaction of group x

sex x age for the angular measuremerit SNA (variabl-e 47).

Figure 31. The effect of age for the angular measurement sella-

nasion-orbitale (varíable 65).
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between the main effects of group or sex,

Changes Ín the relationshíp of the nasal bone to the

anterior facial plane r,{as measured in order to assess the

contribution of this bone to the profile. Age was found to be

significant at t]ne L% 1eve1 while the main effects of group and sex

displayed no detectable significance.

Examinatíon of the bony nose variables therefore indicate

that the bony nose was longer, its tip located at a lower leve1 and

its profile slightly more prominent ín the rndian group than the

control group.

e) Maxillary Compl_eÃ

Four measurements, the length of the maxÍ1lary complex

(variable 1), its relationshíp to the anterior cranial base

uËilizing sella-nasion-point A angle (sNA, variable 47), paratar

plane to sN (variable 58) and the rerrusion of the orbit (variable

65) rvere used in the maxíllary assessment.

changes in the linear measuremenL of the anterior nasal

spine to posteríor nasal spine (i.e. maxillary length) were

significant for all main effects. The rndian group exhibíted a

longer maxíllary length rhan rhe control group (p < 0.01)

(Figure 32). There were also linear increase with age (p .0.01).

The varÍable SNA displayed signÍficant differences between

the groups (p < 0.01) and between ages (p < 0.05). The Indian

group had a more promÍnent maxj-lla than the control group at all ages

(Figure 30).



Figure 32. The main effect of group for the angular measurements;

mandíbular plane angle (variable 57), angle of convexity (variable

46) , ANB angle (varíable 49) and the linear measurements: upper

lip to the facial plane (variable B), lower 1ip to facial plane

(varíable 9) and the maxíllary palatal length (varíable 1).



8t

3B

36

34

32

30

to

E

6

4

2

B

6

4

2

MM VAR. ¡

50

4B

46

44

VAR. 57 VAR. 46 VAR. 49

MM M8V1

N TNDTAN I coNrRoL



oo
OL

The angulatj-on of the palataL plane to the anterior cranial

base was greater in the control group than the Indian group (p < 0.01).

The relatÍonship of orbitale to the anterior cranial base

r¿as utilized to assess mídface prominence. The Indian midface was

more retrusive than the control group (p < 0.0f) and this was

consistent for the three age categories (p < 0.01) (Fígure 31).

Examination of the maxillary variables indicated that Ëhe

maxilla was larger and positioned more anteriorly ín the Indian

group with the exception of the orbitale relationship whích l{as more

retrusive. Males were found to be larger than females in both groups.

f) Mandible

The linear and angular measurements used ín thís study

evaluated size, form and position of the mandíble.

Variable 48, the sella-nasion-point B angle (SNB) was larger

in the Indían than the control (p < 0.05) and this variable increased

with age (p < 0.0f) for all subjects. No interaction betr¡een the

main effect \^rere observed indicating both populations had similar

developmental patterns (Figure 33).

The total length of the mandible (variable 3) was larger

males than females (p < 0.0f) and increased ín size with age

< 0.01) (Fígure 34) "

The corpus length (variable 5) revealed that the males

were larger than the females (p < 0.0f) and increased in size for

a1l age categories (p < 0.01). The females appeared to terminate

groiuth earlier than males resulting in the interaction of sex x

in

(p



Figure 33. The effect of age for the angular measurement sNB

(variable 48).

Fígure 34. The effect of age for the línear dímension mandibular

lengLh (varíable 3).

Fígure 35. The effect of age for the linear dimension pogoníon

to mandj-bular plane (variable 11) "
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ase (p < 0.05).

The mandÍbu1ar plane to SN (variable

group differences that were significant at the

Indían group having a steeper mandibular plane

group (Figure 32).

57) dísplayed between

L% Ieve]- wíth the

than the control

The gonial angle (variable 59) revealed significant

differences betr^reen age groups (p < 0.05). Sínce the male Indians

and the female control has smaller gonial angles a group x sex

interaction was noted (p < 0.05).

Measurement of the vertical height of pogonian relative

to the mandibular plane (variable 11) revealed that the Indian group

was larger than the control group (p.0.0f)" As r¿ell this variable

displayed a linear íncrease wÍth age (p < 0.01) (Fígure 35).

Pogonian, like A point and B point, demonstrated forward

posítioníng wíth age. The angular measurement 2-4-17 (variable 60)

dísplayed no significant differences for group or sex while a línear

increase with age \^ras noted (p < 0.0f) (Figure 36).

The length of the ramus (variable 26) was sígnificant

aL the 1% level for the main effects of group and age. The

control group exhibíted a longer ramus than the Indian group and

the ramus length íncreased with age (Fígure 37).

Examinatíon of the mandibular variables indicated that

the Indian mandible r^ras more prognathic, had a steeper mandibular

plane angle and exhíbited a more superiorly positíoned chin point

than the mandible of the control populati-on. The mandibular length



Figure 36. The effect of age for the angular measurement sel1a-

nasion-pogonion (variable 60).

Figure 37. The effect of age for the linear dímension ramus

length (variable 26).
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and

the

ø)o/

goníal angle were noted

ramus length was larger

The Skeletal Profile

be very similar between groups while

the control group.

to

in

Anteroposterior linear measurements of the bony chin and

the maxillary and mandibular incísors \^/ere assessed to determine

their contributions to the skeletal profile. Angular measurements

of facial convexity rvere also made to assess relative changes of

the component parts of the skeletal profile.

The measurement of UI to AP (variable 27) was used to

assess the positíon of the maxillary incísors resultíng in sígni-

fícant differences at tl;re 17" 1evel betrueen groups. Group x sex

ínteractions (p < 0.0f) and a thÍrd order ínteraction grorlp x

sex x age (p < 0.01) revealed that the Indj-an group demonstrated

more maxillary incisor procumbency at a1l ages than did the control

group (Figure 38).

Examination of lower incisor to AP (variable 28) revealed

that lower incisors \{ere slightly more protrusive in the controls

(p < 0.05) A group x age interaction (p < 0.05) was due to the

decrease in the lower incisor protrusion in the control group

beEween the 12-13 year and the 14-18 year age groups.

The bony chin point, pogonion (varíable 39) dísplayed

significant differences bet\,üeen the groups and betrveen the age

categoríes (p < 0.01) v¡ith the control groups exhibiting a more

anteriorly posítíoned pogonion than the Indian group. A linear

increase wíth age was also detected (Figure 39).



Figure 38. The effecÈ of the third order interactíon of group x

sex x age for the 1Ínear measurement upper incisor to A-P

(va-ríable 27) .

Figure 39. The effect of age for the línear dímension pogonion

to NB (variable 39).

Figure 40. The effect of group x age ínteraction for the

angular measurement of the overall soft tíssue contour

(variable 63).
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The Indian group exhíbited a larger angle of convexity

(variable 46) than the control group (p < 0.0f) (Figure 32) .

The point A-nasion-point B angle (ANB) (variable 49)

also displayed significant differences at the I% LeveL; the Indían

group had a larger ANB angle than Ehe control group (Figure 32).

The lower incísor to mandíbular plane (variable 53)

revealed that the incisors of the control group \ùere more proclined

than those of the Indian group (p.0.01) while the incisors of the

female group \^/ere proclined more than those of the male group

(p < 0.01).

Examination of the skeletal facial profÍ1e variables

índicated that the Indian group has a greater profile convexity and

proclination of the maxillary incisors, whíle the mandibular

incísors displayed less proclination than the conErol group. A

smaller chin button \',/as also evident in the Indian group.

h) Soft Tissue Profile

Measurements of the soft tíssue profile were performed to

determine the anteroposteríor position of the nose, the lips and

the chin in relation to the anterior facial plane as well as assess

the overall soft tissue corÌtour.

Pronasale to the facial plane (variable 7) displayed no

significant dífferences for the main effect of group or sex, while

the main effect of age showed significant differences (p.0.01),

revealing an increase in nasal prominence.

The measurement of the upper 1ip to facial plane
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(variable 8) and lor,rer lip ro facíal plane (varíable 9) was highly

significant for the main effects of group and sex (p.0.01).

The rndian group revealed more anteriorly positioned lips than the

control group and the male group had more lip promínance than the

female group (Figure 32).

The measurement of

plane (variable l0) revealed

the control group (p < 0"01).

was noted (p < 0.01)"

soft tíssue pogoníon to the facial

that the Indian group was larger than

As well a linear increase with age

The soft tíssue angle of convexíty (variable 64) was

signífícantly different for the main effect of group; the rndían

profÍle v/as more convex than the control profile. There \¡/as a

sex x age interactÍon (p < 0.01) where females showed íncreases in

convexity throughout the ages while the males increased between

B-11 and L2-L3 years and then decreased. between the ages of L2-r3

years and 14-18 years.

The analysis of the overall soft tissue facial counter

(variable 63) was significant for rhe main effect of group (p < 0.01)

with the rndían group exhibiting a more convex profí1e than the

control group. A group x age and sex x age interaction (p < 0.05)

indicated that the rndian group increased in facial convexity

between the ages B-11 years and L2-r3 years while the control group

decreased at each age (Figure 40). The females displayed a d.ecrease

in facial convexity between the ages of B-11 years and 12-13 years

and then increased between L2-73 years and 14-lB years, while the
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males decreased at each age.

Examination of the soft tissue profile variables revealed

that the rndians had a more convex profile and in addition displayed

a thicker soft tissue thickness ín relatíon to the facial plane than

did the control group"

Discriminant Function Analysis

The varíables selecËed for the discriminant function

analysis rvere selected from the univariate analysis results accordíng

to the method descríbed by l{ubertv G975). Thís method yielded

17 linear and 11 angular measurements which are listed ín Appendix

vr. These variables were subjected to six díscriminant function

analyses with the objectíve of identifying variables of importance

in discrímínating between the rndian and control groups. The six

discriminant function analyses consisted of all the Indian group versus

all the control group, male fndian versus male caucasian, female

rndían versus female caucasían, rndÍans betvreen the age B-11 years

versus the control of the same age range, Indians L2-I3 years o1d

versus the same aged controls and rndians 14-18 years old versus the

Caucasíans of the same age bracket.

a) Indian versus Control

This discriminant analysis revealed a total of ten

variables that displayed signÍficant discriminating abílity between

these t\^/o groups. These variables are listed according to the order

of their selection as follows:
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1. Vertical height of pogonion in relation to the mandíbular

plane (variable 11).

2. Horízontal positÍon of the upper incisor in relatíon to

the facial plane (variable 12).

3" Relationship of orbitale to SN (variable 65).

4. Vertical distance glabella lies above the anterÍor cranial

base (variable 17).

5 " Upper incisor to NA (variable 37) "

6. SNB (variable 48) "

7 " Vertical distance the tip of the nasal bone lies below the

anterÍor cranial base (variable 16) "

B. Palatal plane to SN (variable 58).

9. Lower incisor to NB (varíable 68) .

10. Total face height (variable 19).

This discriminant analysis correctly classified 93.6% of

the total sample. This v¡as dísplayed by the fact that 97 out of

104 Indians and 138 out of L45 controls v/ere properly categorized

(r'igure 41) .

The standardized canonical coefficients whích índícate the

directíon and power of each variable are listed in column I of Table

V. The mean canonÍcal score for the Indíans was 1.75 and that for

the control rvas -L.24, where the positíve canonical coefficíents

indicate a variable positively related to Indian tendencies. These

íncluded variables 48, 11, 12, 16, 37, L9 and L7, as rvell, smaller



Figure 41. PosÍtions of all the subjects on the discriminant

function.

Fígure 42" Positions of the male subjects on the discriminant

function.
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measurements for variables 58, 65 and 68, also indícated Indian

tendencies.

b) Male Indian Versus Male Caucasian

This investigation revealed that a total of seven

variables contributed significantly to the discríminating ability

between the Indian and control groups which resulted tn 92.9% of.

the males beíng correctly classified" These variables are listed

accordi-ng to the order of their selectíon:

1. Vertical height of pogonion in relation to the mandibular

plane (varíable 1l).

2. Vertical distance glabella lies above the anterior cranial

base (variable 17).

3. Vertical distance the típ of the nasal bone líes below

the anterior cranial base (varíable 16).

4. Relationship of orbitale to SN (variable 65).

5. Lor^¡er íncísor to mandibular plane (variable 53).

6. Angle of convexity (variabLe 46).

7. Palatal plane to SN (variable 58).

There rvere 46 out of 51 male Indians and 59 out of 62 males conLrol

grouped correctly (Figure 42). The standardized canonical

coefficients are listed in Column II of Table V, with the mean

canonical score for the Indians \,/as 1.66 and that for the control

-f.36. The variables posítively related to male fndian tendencies

were variabLes 461 11, 16 and 17 r¿hi1e smaller measurements of

variables 53, 58 and 65 indicated male Indían tendencies.



94

c) Female Indian Versus Female Caucasian

The seven variables that contributed signífícantly Lo this

discrímination are listed as follovrs according to the order to their

selectíon:

1. Vertical heíght of pogonion ín relation to the mandibular

plane (variable 11).

2" Angle of convexity (variable 46) "

3. Relationship of orbitale to SN (variable 65).

4" SNA (variabLe 47) "

5. Vertical distance the tip of the nasal bone líes below the

anterior craníal base (variable 16).

6. Lower incisor to NB (varÍable 68).

7. Lower incisor to AP (variable 28).

Thís díscriminant analysis correctly classified 92% of the females,

with 50 out of 53 fndians and 77 out of 85 controls properly cate-

gorízed (Figure 43). The standardized canonical coefficients are

listed ín Column III of Table V, l,/ith the mean canonical score for

the Indian 1.81 and that for the control -1.13. The variables

positively related to female Indian tendencies are 46, 47 , LL

and 16. Female Indían tendencies can also be characterized by

smaller measurements of variables 28, 65 and 68.

d) Indian Versus Caucasian (B-11 years)

The following variables contríbuted significantly to thís

discrimination and are listed according to the order of their

selection:

l. Vertical height of pogonion in relatíon to the mandibular



Fígure 43" Posítions of the female subjects on the díscriminant

funct ion.

Figure 44. Positions of the B-11 year old subjects on the

discríminant function.
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plane (variable It).

2" HorizonËa1 positíon of the upper íncisor in relation to

the facÍa1 plane (variable 12).

3. Relationship of orbitale to SN (variable 65).

4. Vertícal dístance the tip of the nasal bone líes below

the anterior cranial base (variable 16).

5. SNA (variable 47).

6. Lower incisor to NB (variable 68).

7. Vertical dístance glabella lies above the anterior

cranial base (variable 17).

This discrimÍnant analysis correctly classified 41 out of 44 Indians

and 46 out of 5l controls 9L.6"/" (Figure 44) " The standardized

coeffícients are listed in column IV of Table V. The mean canonÍcal

score for the Indian group was 1.73 and that for the control group

was -L.49. The variables positively related to an B-11 year o1d

Indian are 47, 76, 11, L2 and 17 while smaller measurements for

variables 65 and 68 also indicated B-ll year old Indían tendencies.

e) Indian Versus Caucasían (12-13 years)

The following variables contributed significantly to the

discrimination resulting ín 36 out of 38 Indíans and 44 out oÍ 49

controls (922) correctly classified (Figure 45). These variables

are listed according to the order to their selection as follows:

1. Vertical height of pogonion in relation to the mandibular

plane (variable 11).

2. Angle of convexity (variabLe 46)



Fígure 45. Positíons of the 12-73 year old subjects on the

díscriminant functÍon.

Figure 46. Posítions of the 14-18 year o1d subjects on rhe

discríminant funct ion.
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3. Lower incisor to mandibular plane (variable 53).

4. Maxillary arch length (variabLe 29).

5. Relationship of orbitale to SN (variable 65).

6. Mandíbular plane to SN (variable 57).

The standardized canonícal coeffícíents are listed in Column V of

Table V. The mean canonical score for the Indian group r¡/as noted

to be 1.55 while that for the control group was -1.2" The variables

posítively related to a l-2-I3 year o1d Indian are 46, 29 and LL,

also smaller measurements for variable 53, 65 and 57 dísplayed

Indían tendencies.

f) Indian Versus Caucasian (14-18 years)

The following variables that contributed significantly to

the discriminatíon are listed accordíng to the order of their

selection:

1. Vertical distance g1abella lies above the anterior cranial

base (variable 17) "

2. Vertical height of pogonion in relation to the mandíbu1ar

plane (variable 1l).

3. Angle of convexity (variabLe 46).

4. Relationship of orbitale to SN (varíable 65).

5. PosterÍor upper face height (vartable 22) "

6. MaxÍllary palatal plane length (variable 1).

This díscriminant analysís correctly classified 98.62 of the Indian

and control groups, wíth 21 out of 22 Indians and 47 out of 47

controls categorized correctly (Figure 46). The standardized
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canonical coeffici-ents are listed ín column VI of Table VI. The mean

canonical score for the fndían group was 3.36 and that for the control

group was -1.57. The variables posítively related to a 14-18 year

o1d Indian are 1, 46, 11, L7 and 22 whLLe a smaller measurement

for variable 65 indicated an Indian Lendency.
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Cephalometric Assessment of the Acceptáble Occlúsion Group

The means and standard devíations from the Indian accep-

table occlusíon group for the various analyses (Downs, Holdaway,

Riedel , Tweed, lulanitoba and I^iylie), together with the appropriate

Caucasian values determined by the above authors are presented in

Tables VI-X respectively"

In general, the mean values for the IndÍan acceptable

occlusion group v/ere noted to be simílar to the control values with

the exception of the Dovms analysís. The values of the Indian group

displayed a more convex profile and proclíned maxillary and mandi-

bular incisors ín comparison to a very straight profíle and upright

incisors of the Dovms sample.

The Manitoba analysis (Table IX) is díscussed separately

as the control group was selected from the l{innipeg area. Therefore

a comparison of the craniofacíal aspects of the Indian with acceptable

occlusion livíng on the Peguis Indian reserve and the Caucasian

r¿ith an acceptable occlusion lívíng in the Winnipeg area may be

performed. Examination of the Manítoba analysis reveals that only

two measurements in the Indian sample Ttere aS great oI greater that I

standard deviation from the mean value of the control group. These

variables \'rere the angle of convexity and the angular relatíonship of

the mandibular plane to the Frankfort Horízontal. Accordíng to thís

analysis, skeletal and dental pattern of the Indian acceptable

occlusion group living on the Peguís Indían reserve \^/as very similar

Ëo that of the Caucasían acceptable occlusion group selected from the

i{innipeg area.
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TABLE VI

Downs Analysis for the_Acceptable Occlusíon Group.

Control

Skeletal Pattern
M]N. MEAN I"ÍAX. MIN"

L02

Indian

MEAN MAX"

Facial Angle (o)

convexity 
(o)

a-¡ plane (o)

Mandibular Plane (o)

Y-Axis Angle (o)

82"0

-8. 5

-9. 0

r7 .0

53"0

87 .8

0.0

-4.8
2L"9

59"4

95. 0

10. 0

0.0

28.0

66 .0

80. 5

-2.r
-11. 0

22.0

54 .0

84.9 91" 5

9.5 r2"L

-7 "0 -1. 0

31.5 35.0

62.7 67 "B

Dentition to Skeletal Pattern

Occlusal P1trr. (o)

rnterincí"rt (o)

T to o""1usa1 Plan. (o)

T to M"rrdibular Pltrr. (o)

I to A-P Plane (nut)

11.6 15.0

L26. B L38.7

13.0 20.3

4.6 10.r
s. s 8.4

1.5

130. 0

3.5

-8. 5

-1.0

9.5
L35.4

L4.5

r.4

L4.0

150.0

20. 0

7.0

5.0

)o
113. 0

4.6

-5. B

2.0

Downs, L952.
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TABLE VII

Holdaway - Riedel Analysis for the Acceptablé Occlusión Group.

Variable Control

MEAN

Indían

MEAN

sue (o)

sNB 
(o)

ANB 
(o)

îto nn

PtoNB

BO. B

78. 0

+2 "8

83. 9

80. 2

+3.7

+6.6

+ "3

(run)

(mm)

:'s Holdaway, L956.

TABLE VIII

Tweed Analysís for the Acceptable Occlusion Group.

J

ConLrol'

MEAN

Ind ian

MEAN

î to u"rrdíbular Plr.ru (o)

:I to Frankfort Horizontal
Mandíbular Plane Angle (o)

(o)
90. 0

65. 0

25. O

94. 6

53.9

31. 5

* Tr'reed , L954.



TABLE ]X

Manitobâ AúálySis for the Acceptablê 0cc1úSion Group.

r04

IndíanVariable Control

Mean S.D. Mean S. D.

Facial Angle (o)

Angle of Convexity 
(o)

SNA 
(O)

(o)
SNB

ANB 
(O)

Mandibular Plane (o) (F.H.)

u1 ro L1(o)

ul ro sN (o)

Ul to AP (rm)

Ll ro MP 
(o)

L1 to AP (n-)

Ll to NB (mm)

P to NB (mm)

85. 9

5.1

82.0

79.0
10

2s .3

3.5

4.5

J.J

3"4

L,6

4.7

9.0

s.6

r.7

r.6
2.0

1.3

84 .9

9.5

83. 0

BO.2

3"7

31. 5

L26.8

L02.6

5.5

4.6

3.6

6.6

0.3

J.4

4.0

3.1
,q

L"9

J. O

7.L

5.4

1.8

4.6

L.7

r.7
7.2

L26.7

103. 8

5.9

7.6

2.6

4.8

1.0

Beaton, I973.



TABLE X

Wylie Anâlysis for the Acceptáble Occlusion Group.

Assessment of Anteroposterior Dysplasia

105

Indian

Male Female

Variable Control

Male Female

Glenoid Fossa to Sella (mm)

Sella to PTM (mm)

Maxillary Length (mm)

PTM to 6 (nin)

Mandibular Length ("mt)

18. 0

18. 0

52.0

15. 0

103. 0

L7 .0

L7.0

52.0

16. 0

101.0

18. 0

19"0

53. 0

74.0

110. 0

L7.0

19"0

54 "0
74.0

108. 0

Assessment of Vertical Dysplasia

Total Face lleight
Upper Face Height

Lower Face Heíght

u.F.H. x 100 (7.)

T. F.H.

(umr)

(n*)
(nun)

LL4.92

50.08

LLz.93

48, BO

L20.0

5L.9

118. 0

51. 3

43.62 43.24 43.2s 43.47

;r i,lylie, Ig47
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Maturity Assessment of the Iúdian pópúlation

Tlne 94 hand-wrist films of the Indian group were used to

estimate the skeletal age using the Ttr^i2 method (Tanner-Inlhitehouse,

L975). The maturity score and the chronologic age for the females

and for the males are shor¡n in Figure 47 and 48 respectively. The

plotted position of each Indian child is shov¡n on the percentile

distribution of the Ttr^i2 maturity score sheets. These plots reveal

that the skeletal age closely approximated the chronologic age for

both male and female samples, although the chronologíc age was

generally noted to be advanced ín comparíson to the skeletal age"

The chronologic age \^/as also plotted against the skeletal

age as shown in Figure 49. This plot revealed that the skeletal

age for the Indian sample was slightly retarded. This was

determined by comparíng the number of subj ects above the 45o

oblique line (Chebib, 1977).

Therefore, using these two methods, the TI^I2 and 45o

oblique line, the interpretation that the skeletal age Ín

relation to the chronologic age is slightly reËarded for this

particular Indian group is warranËed.



Ftgure 47 " Skeletal scores for the female fndians (after Tanner,

I^Ihitehouse, L97 5) .
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Figure 48. Skeletal scores for the male Indíans (after Tanner,

hhitehouse, L975).
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Figure 49. Chronologic age versus skeletal age of all the Indian

Children (r = 0.855).
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CHAPTER V

DISCUSSION

The present cephalometric investigation was undertaken to

determine the normal range and variation that constitutes the

profile of the North American Indian child líving on the Peguis

Indian Reserve in Manitoba and Ëo determíne if in fact, these

measurements are statística1ly different from those of Inlinnipeg

Caucasían children" Univaríate and multivariate analyses, as well

as an assessment of an acceptable occlusíon group were utilized

to examine these contrasts.

Overall Development of the Craniofacial Complex

The craniofacial complex of the Indian children residing

on the Peguis Indían Reserve rvas larger than that of the Caucasian

control sample in the three age categories included in this

ínvestigation. These findings are comparable to those of Hrdlicka

(f940) who noted the Indian sku11 to be Larger than that of the

Caucasian. Figure 50 compares the facial polygons of the Indian

and control populations in the three age ranges studied. The

polygons \üere superimposed on the sella-nasion line at sel1a. There

vras a trend towards sexual dimorphism with the males being generally

Iarger than the females in most dimensions of the craniofacial

complex (Table xrrr).



Fígure 50. comparíson of the developmental trends of the rndian

group versus the control group.
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Figure 51. Development of the craniofacial complex in the Indían

and control group based on the means of the cephalometric

measurements for the three age categories.
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Aside from the relative overall size differential between

the Indian and the Caucasian craniofacial complex, other signíficant

differences Í/ere noted. For example, the Indians dísplayed a more

anteríorly positioned maxi11a, steeper mandibular plane to sella-

nasíon or Frankfort Horizontal and more protrusive maxillary incisors.

This Indian group may further be descríbed as having a convex

mesognathic profíle with the skeletal chin point Ín "harmony" with

the face: the facial convexity is due to a prominent maxi11a.

Development of the craniofacial complex of both the Indian

and control population is shown in Figure 51 for the three age

categories" The pattern of development of the craniofacial region

\'¿as gerierally sirnilar to the cross-sectional study descrÍbed for

Caucasians by Broadbent (L937) and the seríal study of Caucasians

by Barnes (1954).

Mean values v/ere used Ín the analysís of this cross-

sectíonal data and construction of the polygons, henee the individual

variations in rate and direction of development could not be

determined, although the existence of such variatíon within the

individuals of each populatÍon is recognized.

Groivth Changes

Growth has been defined as an Íncrease in size, while

development is progress towards maturity (Moyers, L973). The

Indían and Caucasian facial skeleton \das noted to increase in size

with each additional age category. A1Ëhough a number of the
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measurements that were used may not have been truly representative

of growth per se, they \^rere measurements of the changes of

posítional relationships of the various component parts of the facial

skeleton and denture. Any of the changes that were found in these

positional relatíonships \.,/ere ínterpreted as evidence of development

or maturation and these differences \,rere tested for significance.

The síze of the sample used in any particular growth

study i-s of great ímportance, as a larger sample becomes more

representative of the population as a whole" The difficulty in

obtaining longitudínal records of a particular group often makes j-t

difficult to maintain the origína1 sample size. Therefore cross-

sectional studies, although being less reliable for growth studies

are evaluated to assess the average changes. Itlhen the findings

of thís study disagree wíth those of other studies, sample síze,

ethnic dÍfferences and the nature of cross-sectional data should be

taken into consideration. For example, in cross-sectional

studies larger individuals may be selected in one age group whíle

Ín the following age group the sample may be selected from the

opposite extreme, resulting in a conflícting growth trend.

The following morphological differences in the craniofacíal

regíon r¿ere found to exist between the two populatíons:

a) Growth Changes in cranial length

Although the anterior cranj-al length (perpendicular

distance from the height of convexity of the glabellar region to

the Y-plane was ínitially larger ín the youngest Indían group
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(B-13 years), in the control group the anterior cranial length was

Larger in the oldest subjects (14-lB years). This trend agrees

with the findings of Colby (7972), who noted the adult northern

Foxe Basín Eskimo had a shorter anterior cranial length than his

Caucasian control group" No other comparable cranial length

measuremenLs are recorded in the literature for comparison or to use

as a precedent.

b) Growth changes in the cranÍgl base

The anteríor cranial base was shorter for the Indian group

than the control group \^rithin each age range studied. In contlast,

the Indian r¡ras larger (p < 0.01) than the control when the posterior

cranial base was considered. Bjork (7947) noted that shorteníng of

the anterior craníal base has the effect of increasing facial

prognathism. Príor to the serial studies by Bjorlt (1955) and Coben

(f955) the growth and development of the craníal base was rarely

discussed" Currently, the cranial base is thought to follot¿ the

neural growth curve (Enlow, 1975). The males in the present study

were rì.oted to have a consístantly larger anterior cranial base

than the females, which could be due to the larger frontal sinus

st-ze of Ëhe males (Chamma, f97B). Pedersen (L962) noted Lhat in

males, the íncrease in the frontal bone thickness was three times

greater than that ín females" Since the measurement of the anterior

cranial base in this study involved the frontal bone, it is

possible that the growth of the frontal bone may have influenced

the cranial base measurement.
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The Indians displayed an acute cranial base angle which

was significantly smaller (p < 0.05) than the controls, although

this angle \.üas essentially stable over the three age categories

in both samples. This observaËíon \^/as similar to that reported

by Koski (1960) in a cross-sectíon study of Finnish children.

Koski noted the Scandinavían children possessed a prognathíc

mandible as well as the acute cranial base angle. Koski concluded

that because of the cross-sectional nature of the material the

cranial base angle r,r'as essentially stable as previously demonstrated

by others such as Brodie (f953), Bjork (1955) and Ford (1958).

Bj ork (L947) also has shown that the facial prognathísm can be

affected by the degree and direction of cranial base flexion. Thus

Bjork would consideï the Indian group wÍth a more acute cranial

base angle to dispLay a greater amount of rnandíbular prognathísm.

However, the validity of this statement is presently in question.

c) Gror,¡th changes in facial heíght

The Indian group displayed a greater linear dimension

ín all variables measured rvith the exception of the posterior lower

face heíght and the anterior upper face height. The craniofacía1

measurements of the males were also larger (p < 0.01) than the

females. The prevíous observatÍons \,/ere all statisËically

signíficanr. seal (L957), Helzimmen (1965) and Reed (1968)

observed that the males rr¡ere also larger than the females, regardless

of rhe racial group sËudied. Hrdlícl<a (L927, l93l) in an anthro-

pometric study noted the Indian had a l.atget Ëotal face heíght than



LT7

that of the caucasian. Relatively speaking the rndian had, a

shorter posterior face heíght than the caucasian, rvhich may have

contributed to the steeper mandibular plane angle. A deficiency

of posterior facía1 growth has been suggested. as a cause of the

steeper mandíbular plane angle (Bjork, Ig72).

d) Growth changes of the bony nose

Morphology of the nasal area and the relative prominence

of the nose in the profÍle have been used to characterize the

faciaL phenotypes of many ethnic groups (comas, 1960). He stated

that a straíght nasal bridge was found in the South AmerÍcan Indían,

a convex brÍdge in the North American rnd.ian and a concave brídse

was characteristic of the Australían aborigine. The supporting

structures of the bony nose form the foundation upon which the soft

tissue is draped and therefore, directly affects the contours of

the soft tissues. The bony nose was noted to be longer, its tip

located at a lower leve1 and its profire slightly more prominent

in the Indian than the control group.

The development of the rndian bony nose was símilar to the

longitudinal studies of NorLh American caucasians by subtelny

(1959) and Posen (1964). There \¡¡as an íncrease ín length and

vertical position of the nasal bones resulting in an increased

promínence with age, although no growth spurts were detected.

Gror¿th spurts have been reported for nasal growth (subtelny, rg5g)

and probably do occur in the rndían, but due to the cross-sectional

nature of this study, the relatively wide age ranges and the use
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of mean figures, Ehese growth spurts may have been obscured"

e) Growth changes of the maxilla

The maxillary length was larger (p < 0.01) and the maxilla

as a whole Ì{as positioned more anteríorly (p < 0.01) relative to the

anterior cranial base j-n the Indian group than the control group.

An interesting observation ü/as the reErusive relationship of orbitale

in the Indian group" This may contríbute somewhat to the more

prominent nasal complex of the Indian. Regardless of the group

structure (Indian or Caucasian) males were larger (p < 0.05) than the

females.

The maxillary process of the Indian and Caucasían group

appeared to translate vüith age in a downward and forward direction

relative to the anteríor cranial base. This observation is si-mílar to

that described by Broadbent (1937) and Barnes (f954) for the normal

growlh of the Caucasían. Hor¿ever the angular relatíonship of the

maxillary complex to the anterior cranÍal base (SNA) remained

relatívely constalìt throughout the age range studied. This could be

explaíned by the fact that there could be a símílar amount of growth

occurring at nasion and point A, that is growth of the anteríor cranial

base and maxilla was synchronous as prevÍously reported by Ricketts

(re6r).

A similar degree of maxilla protrusion was noted for

American children of Oriental descent by Takano and Wong (1950).

Although this similarity may be due to conìmon ancestral relationships,

there has no doubE been some environmental influence as we1l.
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f) Growth chânges of the mandible

The morphology of the mandible has been reporËed as being

characteristic of many racíal groups (Ilrdlicka , 7940). In other

words, Ëhe mandibular form appears to be controlled by genetic

factors. The development of the mandible may also be related to

function and environment as well as inherÍtance.

In this investigation the Indian mandíble \,{as more

prognathic, had a steeper mandibular plane angle to Frankfort

Horizontal or se11a-nasj-on and exhibíted a more superiorly positioned

chin point relative Ëo the mandibular plane than the mandible

of the control population. The mandibular length (articulare to

pogonion) and the gonial angle rvere noted to be very similar

between the two groups while the ramus length was larger (p < 0.01)

ín the control group. These findings are consístant with those of

ilrdlicka (L940) who compared the skulls of numerous North American

Tndían tribes to those of Caucasians.

The angular measurement SNB and the linear measuremente

mandíbular length, corpus length and pogonion to mandibular plane

increased with age while the angular measurements, gonial angle

and mandibular plane to SN decreased with age. These changes have

been noted in previous studies of various other facíal groups by

Hellman (1928), Keen (1945), Bjork (1947), Holzimmer (1965) and

Jung (1969). Therefore, the pattern of mandibular grorvth appears

to be similar regardless of race. The decrease in the gonial angle

and the mandibular plane angle índicates a possible change in the
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form of the mandíble durj-ng its growth period. It may also be

related to the increased length of the ramus which would account

for the decreased angular relationships.

C) Growth changes of the skeletal profile

The skeletal facial profile of the Indian group exhibited

a greater profile convexity than the control group due to the

anteriorly placed maxil1a. As well there was marked proclination

of the maxillary incisor teeth in the Indían group while the

mandibular incisors displayed less proclination than the control

group" A smaller chin button was also evident in the Indian

sample.

It has been shown in previous studies (Corlett, L947:

Schaeffer, 1949; Bjork, 1950 and Baum, 196f) that v/íth age there

is a tendency for the incisors to become upríght and less prominent

in the bony profile. This tendency r¡ras demonstrated in the control

group, however the Indian group displayed an increase in incisor

procumbency. The reason for this is obscure, but it could be due

to a variety of reasons. For example, the results could be due

to the nature of cross-sectional data or possíb1y the Indian has

less perioral muscle tonicity. Well defined future studies using

cephalograms and pressure or force recording devíces may e1ícit

information as to the soft tíssue dífferences between the Indían

and Caucasian.

The convexity of the skeletal profile of the face

generally decreases with age (Bjork, L947; Subtelny, L967;
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Chaconas, 1975) and the face of the male is usually less convex

than the female due to the longer growth period. This allows the

male mandible more tíme for growth in an anterior direction,

resulting in a straighter profile. These observations vrere

consistant rvith those noted in this investigation, although the Indian

started and completed growth with a more convex profile.

Evaluation of the cephalometric radÍographs revealed that

the chín point (pogoníon to the N-B lÍne) in the Indian group \^las

smal1, while that of the Caucasian \^Ias acceptably related. The sma11

chin of the Indían \üas most likely due Lo the steep mandibular plane

angle Schudy (L964) states that the promínence of the chin is

disguised by the steepness of the mandibular plane ang1e. The steeper

the mandfbular plane the less chin button measurable. Holdaway

(L956) states that in "harmonious" Caucasian faces, the measurements

"pogonion to NB" and t'1ower incísor to NB'r should be approximately

equal and that both pogonion and the lower incisor should be anterior

to the NB plane. This relationship of the chin point and mandibular

incisors was evident through the age range for the Caucasían while

the Indian group díd not achieve the accepted relationship. In fact,

the relationship of pogonion to the NB line was never greaËer than

0.8 mm for the Indian group, while that for the Caucasían group r^¡as

approximately 2 mm. However, the chin did íncrease ín prominence

rvith age for both the Indian and Caucasian sample.



L22

h) Growth chânges of the soft tíssue Þrofile

The soft tissue profile of the Indian group vras more

convex and displayed a greater soft tissue thickness ín relaËíon to

the facial plane than did the control group.

Subtelny (1959) has shovm that the soft tíssue covering

the maxilla íncrease in thickness and become more convex. rohile

the skeletal framework in this area becomes less convex wíth age.

In this study the soft tíssue r,¿as noted to increase in thickness

ruith age when measured from the facial plane to soft tissue nasion,

nasal tip, upper and lower líp and soft tíssue pogonion. However,

there \ùas a decrease in the soft tissue angle of convexity (soft

tissue nasion - subnasale-soft tíssue pogonion) which is consístant

with the fíndings of chaconas (1975). Thís decrease Ís only observed

if subnasale is included in the angular measurement rather than

the soft tissue nasal tip.

It is obvious that there are some ínherent r¿eakness

in a study of this type. The purity of the sample could be more

definitely ascertained i^¡ith serologícal testíng. Also whenever a

statistical evaluatíon is undertaken, cautíon as to the findíngs

must be observed, as this particular tool may be used erroneously.

In addition, it is felt that there is a necessíty for a larger

sample which rvould be more representative of the population and

therefore allow an íncrease in the accuracy and reliability of

Ehe angular and linear measurements studied,
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Discriminant Functioú Analysis

The stepwj-se discrímínant analysis ís a traditíonal

method of studying differences in the distribution of cranj-o-

faciaL varíables in distínct groups of ÍndivÍduals (I{owells,

L972, L973). This analysís was applied to the tr¿enty-eight variables

choosen from the univaríate analysis as described by Huberty

(7975), in order to ascertain the contríbution of each variable

and the order of their importance in an attempt to maxímíze tlne

difference between the groups. The í-mportance of the varíables

choosen by the discrímÍnant function is determined by their order

of selection, with the most discrimínatíng selected earliest.

One would.expect to economize the number of variables requíred to

separate the groups by íncluding ín the discrÍminant function

only those variables which significantly add to the dj-scríminating

po\.^/er of the function.

The results of the step-wise discrímínant analyses

comparíng the racial groups \,.rere presented in Table V. The

variables listed ín this Ëable represent the most discriminating

of the twenty-eight measurements selected from the univaríate

analysis. Correct identification was found to be more accurate for

the Indian group than the control sample. It is therefore

conceívable that the Indian sample may be of a more homogeneous

nature than the Caucasian sample. This was confirmed by the

smaller standard deviation of the Indian group. Thís observation

could also be interpreted as proof that this particular Indían
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group is of a more homogeneous natule than many anthropologists

believe.

The six díscriminant function analyses exhibited a

number of variables that contributed to three or more of the

analyses wíth two consistantly contributing significantly to each

analysis. These t\^ro vrere the angular relationshíp of orbítale

to SN (smaller in the Indian) and the linear measurement, vertical

heíght of pogoníon in relation to the mandibular plane (longer in

the Indían) " Colby (L972) noted the same two varíables to be

significantly dífferent ín the Eskimo and Caucasian samples.

Perhaps this sirnilaríty of the Indian and Eskímo craniofacial

patterns is due to their proposed common ancestTy (Laughlin, 1967) .

Further investigation using data obtained from an Tndian, Eskimo

and Caucasian sample could reveal interesting information concerníng

the simÍlarities and differences of these groups. tr'or example, the

Indian and Eskimo may have a more closed, upright cranial base

flexure and shorter anterior cranial base whích usually charac-

teIízes the brachycephalic head. These sÍrnilarities may be due to

genetic factors due to their coTllmon ancestry. The various

measurements of the lower jaw may also display signifícant discri-

minating po\,rers.

Kowalski (L975) subjected dara obtained from adult síoux

Indíans and adult Caucasians to a discriminant function analysis

and found that the relationship of the lower incisor to the

NB line vras the síngle best discrimínator, This angular relationship
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of the lower incisor to the NB line was also noted in the present

investígation to be one of the best discríminators between the

Indian and Caucasian groups. In the present study the Indían

group had a less protrusive lower incisor than the Caucasían group.

The differences in craniofacial morphology between the

racial groups studied are clearly demonstrated in Fi-gures 4I - 46"

These figures also demonstrate that the craniofacial skeleton

becomes less varíable wíth age, as the older age groups can be more

accurately predícted by the Jackknife techníque.

Utilízing the data obtaíned, it would be interesting to

perform this díscrímínant analysis on a number of skulls from

various burial grounds around the WínnÍpeg River system. This

could aid in determínÍng the identíty of partícu1ar Indian tribes

as well as various migratíons. For example thís type of

discriminant analysís could possibly dÍstinguish between 0jibwa

or Caucasian skulls discovered in the area.

The implicatíons of this type of analysis for future

research on líving or burial samples are twofold. First, the

results of this study demonstrate the por^rer of the díscriminant

function analysis to differentiate between racial groups. Second,

by defíníng the craniofacial pattern of the 0jibwa Indian, a

testable pattern has been established for future studíes. These

results may be utílized by researchers in other disciplines,

such as archaeology and physical anthropology.
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Acceptable Occlusion Gróup

In this country, as well as in other countries, the

services of orthodontists are being sought by more people each

year" Perhaps, this is due to the advancement in dental health

education and the ríse in the standard of living. The improvement

not only in facial esthetícs but more ímportantly function of

the stomatognathic system that may result from orthodontic

treatment is now recognízed. More people are also becoming more

ar¡rare of the damaging effects that malocclusion may have on the

periodontium and its adverse effect on the longevity of the

dentition, In view of thís increased awareness of orthodontic

therapy treatment norms have been developed so as to be useful

for orthodontic diagnosis and treatment planning of the North

American Indian child living on the Peguis Reserve.

Previous studies (njork, L949; Cotton, 1950; Altemus,

1960; Smith, 1970; Kowalskí, L975; Iwasawa, 1977) have shor^rn

defínite dÍfferences in various racial grouPs and therefore,

a need was felt to exíst for an analysis based on an investigation

of a sample from this particular Indian group.

"The human races may be divíded into broad
groups whích are distínguishable one from another
by certain positive though not always constant
factors. The deviation from these constants
are due to various causes, the most important
and powerful factor being the mingling of
one or more types of dífferent divisions.
Where different races have intermarried, the
offspring may take on the characteristics
of either parent or there may be mingling of
both and the consequent resultant becomes a
conglomerate type r¿hich is not always easy to
classify.
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Any scienÊÍst who, however renotely, has to
do with changing the relative proportions
and posiËions of the feature of the human
being, should pause and study well the type
to whÍch this face belongs and should use
every possible means to retain that type".

These thoughts of l^Iuerpel (1937) illustrare an addíLional

motivating force in a study of this type. cephalometrics may be used

to compare the ttnormaltt wíth the ttabnormalt' and pre-treatment wíth

post-treatment, but the evídent differences of the various racial

groups certainly play a major role in diagnosis and treatment planning.

The fact that the radiographic cephalometric investígations have

become coîImom place in orthodontic literature, yet few of these studies

have been concerned wíth the North Amerícan Indian was in part a reason

for this study.

The Indian chíldren selected from the Peguís Indian Reserve

for this aspect of the study possessed an Angle Class I molar

relationship, an acceptable overjet and overbite, no míssing teeth,

minimal rotations and no history of orthodonËíc therapy. This group \aras

termed the ttacceptable" occlusíon group.

In order to compare the observations in the present study

of the acceptable occlusion group with the standards or norms for

Caucasians, as well as other racial groups, the means and standard

deviations for each lÍnear and angular measurement \^/ere obtained.

The Dor,¡ns analysis has been frequently employed to establish

standards for various racial groups. It was therefore used as a means

to compare the result.s of this ínvestigation with the results of other

racial groups studied. These groups include the Caucasían (Downs, L94B)
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Chinese (i^Iong, 1950), Japanese (Takano" 1950), Negro (Altemus,

f960) and Phillíppino (Sabater, 1969). These particular

investígatíons were selected aS Ëheir samples were chosen using

similar criteria to that used in the present study'

A comparison of the mean facial angle for the above

racial groups showed a small range betr¿een the groups (84.go -

BB.50) with the exception of the Chinese. The Chinese possess

the mosË ïetrognaËhic chín (77.50), the Japanese the most prognathic

chin (BB.50) and the North American Indían lies midway between

these t\^/o extremes (84"90) -

Examinatiorr of the angle of convexity revealed that the

Negro (g.7o) and NorËh American Indian (l.So¡ exhibited the greatest

convexity both due to maxíl1ary Protrusion whíle the Caucasian

(0o) displayed the straighesr profile- The Japanese (3'60) and

the Phillippíno (4.70) showed a míld convex appearance'

A very close similaríty of the mean A-B plane angle

(-3.7 o - -7.7o) was noted among the groups' The Phillippino

group showed the smallest A-B plane angle (-3.7") r^rhile the Negro

had the largest (-7.7o), followed closely by the Indían sample (-7o).

Themeanreadingsforthemandibularplaneangleto

Frankfort Horizontal showed that the chinese (32.4\ and the

North American Indian (3r.50) have the highest mandibular plane

angle. This could be expected as the Chínese next to the lndian

presented the smallest mean facial angle indicating a more

retrognathic chin. The Caucasians exhibited the "flattest'l
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mandibular plane angle (2L.9\ ruhile the Negro (28. Bo) and the

Phillippino (28.7o) had approximately the same angulation.

The Chinese (67"10) exhibited the greatest mean Y-axis

angle (r.^¡hích is a further indicaËion of a more retrognathic

mandible), whí1e the Caucasian (59.40) showed the smallest mean

Y-axis ang1e. The Phillippino (65.0o) , Negro (æ.4\, Indian

(62.7o) and Japanese (62.Lo) groups r¿ere intermediate.

The mean readíngs for the occlusal plane to Frankfort

Horj-zontal were essentÍally the same ín all groups (8.3o - tl.80¡

except for the Chinese (16.90), who presented the largest cant

of the occlusal plane.

The mean interincisal angle was largest in the Caucasian

(135.40), índicating a more upright position of the incisor teeth

to each other. The Indian (126.80) and. Japanese (L26.4o) were

midway bet\{een the extremes with the Negro having the most procumbent

incisors (LLg.2\ .

A comparíson of the mean lower incisor to the occlusal

plane showed the Negro group exhibited the greatest proclination

of the lower incísors to their functioning surfaces (functional

occlusal plane). The Indians (13.0o) and Caucasians (14.50)

revealed a more upright lorver incísor while the Phillippino (24.0o),

Chínese (22.20) and Japanese (2L.50) were intermediate Eo the

Indian and Negro groups.

The comparison of the mean angulation of the lower

incisor to mandibular plane revealed a sinilar angulation. The
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Caucasian incisors (f.40) were the most upright whíle the Negro

(1. So¡ displayed the greatest proclination of the mand.ibular

incisors. The fndian (4.60) was between Lhese tlùo extremes.

The mean values for the upper incisor to A-P plane were

greatest in the Negro (10.4 mm) followed closely by the

Philippíno (8.6 rnm) indicatíng a more forward location of the upper

incisors ín these tr.{o groups" The Caucasian (2.7 mm) showed the

smallest mean upper íncisor to A-P plane whíle the Chinese (7 " 6mm) ,

Japanese (6.6 urm) and the North American Indian (5.5 mm) had

essentially the same values.

From the Dov¿ns analysis ít was noted that the Indian

demonstrated a more convex profile and proclined maxillary and

mandíbular incisors in comparison Lo the very straight profj-le and

upríght incisors of the Caucasians. fn contrast the Indian

possessed a straighter profíle and more upright íncisors compared to

the Negrots bimaxillary protrusion.

Comparisons of Indians and controls using the Manitoba

Analysis (Table IX) revealed a similarity between Ëhe Indian with an

acceptable occlusíon living on the Peguis fndian Reserve and the

Caucasian with an accepËable occlusion living ín the Winnipeg area.

Teal (1953) compared Navajo Indians and Caucasians with acceptable

occlusions and noted the Navajo face to the ttbalancedtt and not too

different from the Caucasian face. The similarity in the present

study could possibly be due to Èhe fact thaË there may have been

intermarriage betrveen the fndian group and Ehe Selkirk Settlers
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(Ha11owel1, 1955; Steinbríng, L972). It has also been proposed rhat

a particular skeletal pattern is more conducíve to an acceptable

occlusion (Christie , L977). Since the two samples were chosen

on the basis of an acceptable occlusion, the similar skeletal

pattern could possibly have been expected. Christie states that

people wit.h normal occlusíon tend to have more brachyfacial than

dolicofacíal patterns. Unfortunately posterior-anterior (P-A)

radiographs were not obËained in order to assess this particular

aspect of the Indian sample. It r¡ould be of interest to see if

all the'Indian sample has a brachyfacial pattern or whether i-t

was just the acceptable occlusion group thaE possessed thís particular

form. A further study involving P-A radiographs could be very

informative in other aspects as ruel1. For example, an assessment

of as¡rmmetry could be performed, thereby allowing the results of

the Caucasian study (Chamrna, L97B) to be compared to the Indian to

determine if similar patterns exist. Chamma noted that the left side

of the skull was larger in both Caucasian males and females, The

P-A radiographs could also be used in implementing a three-dimensional

study of the Indian.

Further study of thÍs particular tribe could encompass

frontal and profile photographs of a number of the Indian subjects.

These photographs could be used to determine what the Tndían considers

the most beautiful and properly proportioned face. These faces could

then be subject to close scrutinity using lateral cephalometric

radíographs. This r¿ould resulË in cephalometric ideals for the
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Indian face.

Maturity Assessmênt of the Indiân Sample

No assumptions were made about the results of the ninety-

four hand-wríst filrns. Three possíbilities existed for the relation-

ship betrveen skeletal age and chronologic age. That is, the si<eletal

age could be greater than, less than or equal to the chronological

age. The results could possibly be explained by dietary practices.

For example, if the skeletal age is retarded compared to the chrono-

logical age, then this might be partially explaíned by a poorly

balanced diet (Moore, L974). Unfortunately, no exact data have been

gathered on dietary practices of the Peguis Indian Reserve.

The fact that the skeletal age rÁ/as slightly retarded or

sÍmilar to the chronological age in many instances ís most likely due

Ëo the interactÍon of many factors. Bayley (1959) states that an

average skeletal age is considered to be one in v¡hich the skeletal

age is within one year of the chronological age. About two-thirds of

healthy population of chíldren will have skeletal ages that are

no more Ëhan a year above or belorv their chronological age. There-

fore, on this basis, the chronologícal and skeletal ages are

acceptable for this partícular Indian group.
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CHAPTER VI

SINO,IARY AND CONCLUSIONS

The presenË cephalometric investigation was undertaken

to determine the normal range and varíation that constítutes the

facial skeleton of the North American Indian child livíng on the

Peguís IndÍan Reserve in Manitoba and to determíne íf t.hese

measurements are statístically different from those of Winnípeg

Caucasían children. Univariate and multivaríate analysis of all the

Indian and Caucasian group, a cephalometric assessment of an

acceptable occlusíon group, as well as an analysis of hand-wrist

radiographs of the Indian group were utilízed to determine these

differences.

The test sample comprised 114 Indian children resíding on

the Peguis Indían Reserve and the control sample of 163 Caucasians

lívíng in and around Metropolitan WÍnnipeg. The ages ranged from

8-lB years in both the Indían and control samples: both samples were

grouped according to sex and age.

Línear and angular measurements obtaíned from the lateral

cephalometric radíographs were used to evaluate and compare the two

populatíons. The results of the unívariate analysís, discrimínant

function analysis, acceptable occlusion assessmenl and the analysís

of the hand-wrist films v/arrant the following conclusions:

1) The linear measurements of the Indian group were larger than the

control group, indicating that the overall size of the
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crariiofacial complex \,¡as greater in the rndian than in the

Caucasian group for all age categories.

2) There \^/as a trend towards sexual dimorphism wíth the males

generally Targer than the females.

3) The rndians displayed a more anteriorly posÍtioned. maxilla,

steeper mandibular plane (to sella-nasion or Frankfort Horizontal)

and protrusive maxillary Íncisors. The rndian group may also be

described as having a convex mesognathic profile with the skeletal

chín point in harmony with the face.

4) The six discriminant functíon analyses revealed that the best

díscriminators were the relationshíp of orbitale to sN, the ver-

tical height of pogonion in relatÍon to the mandÍbular plane and

the relationship of the lower incisor to NB.

5) The discriminant analyses revealed that the fndian sample \¡/as more

homogeneous than the control group.

6) The skeletal and dental patterns of the rndian and caucasian

acceptable occlusion groups \¡rere very similar with the exceptíon

of the steeper mandíbular plane angle and the more protrusive

maxilla of the Indian.

7) The cephalometric norms of the Manitoba analysis are applicable

to the Indian chí1d lívíng on the Peguís IndÍan Reserve.

B) Although the skeletal age of the Indian sample was slighrly

retarded in relation to the chronologic age, the fact that the

skeletal age r¡ras generally within one year of the chronologic

age, r¡rarrants the conclusion that there \^zas an acceptable

chronologic/skeletal age relationship in the Indian group.
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APPENDIX I

GLOSSARY OF LANDMARKS AND PLANES

I. LANDMARKS

1. Machíne Porion

The most superior point on the ear rods of the cephalostat

and believed to represent the niid-point on the upper

edge of the external audítory meatus.

2. Se1la (s)

The centre of the sella turcíca (pituitary fossa)

3. Frontale

The most anterior point on the frontal bone determined

by a perpendícular líne from the SN 1ine.

4. Nasion

The mid-point of the fronto-nasal suture at its most

anterior margín.

5. Nasal tip

The most anterior ínferior point on the nasal bone.

6. Orbitale

The deepest point on the infra-orbital margin of the

bony orbit (bisected).

7. Soft Tissue Nasion

The most anterior point on the soft tissue nose para11eI

to nasion.
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B. Pronasale

The most anterior point on the contour of the soft

tissue nose as measured from the N-Pog line.

9. Soft Tissue "A'" Point

The most posterior point of the philtrum of the

upper lip.

10. Labrale Superius

The most prominent point on the upper lip measured

perpendícular to the N-Pog line.

11" Stomion

The lowest point on the upper 1ip and the highest

point on the lower lip"

L2. Labrale Inferius

The most prominent point on the lower lip measured

perpendicular to the N-Pog 1íne.

13" Soft Tissue "B" Point

The most posteri-or point on the contour between the

labrale inferius and the soft tissue pogonion.

14. Soft Tíssue Pogonion

The most prominent point on the contour of the soft

tissue coveríng of the chin.

15. Menton

The most ínferior poínt on the syrnphysis menti of the

mandible.
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16. Gnathion

The most anterior and inferior point on the conEour of

the chin.

17. Pogonion

The most anterior point on the contour of the chin.

18. t'8" Point

The deepest point on the mÍdline contour of the mandible

between infra-dentale and pogonion.

L9. The apex of the mandibular left central incisor.

20. The incisal edge of the maxillary left central incisor.

2I. The incísal edge of the mandibular left central incísor,

22" The apex of the maxillary left central íncisor.

23. ttAt' Point

The deepest point on the midline contour at the alveolar

process between the anterior nasal spine and the alveolar

crest of the maxí11ary central incísor.

24. Anterior Nasal Spine (ANS)

The median, sharp bony process of the maxílla at the

lower margín of the anterior nasal opening.

25. Posterior Nasal Spine (PNS)

The process formed by the united projecting ends of

the posterior borders of the palatal processes of the

palatal bones.
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26. PËerygomaxí1lary Fissure (PTM)

The proj ected contour of the fissure formed by the

anterior curvature of the pterygoid process and the

posterior wall of the tuberosity of the maxilla. The

cephalometric radiographic poínt is the most posterior

point on the posterior wal1 of the maxillary tuberosity.

27. Articulare (Ar)

The point of íntersectÍon of the external dorsal contour

of the mandibular condyle and the temporal bone. The

midpoint is used when the profile radiograph shows

double projectíons of the rami.

28. Condylion

The most superior and posterior point on the mandibular

condyle.

29. gasion (Ba)

The most forward and lowest point on the anterior margin

of the foramen magnum.

30. Dístobuccal cusp tip of the maxillary left first molar.

31. Distobuccal cusp típ of Ëhe mandíbular left first mo1ar.

32. The most inferior poínt on the posterior one-thírd of the lower

border of the mandible.

33. Gonion (Go)

The lowest most posLerior, and the most outrvard point

on the angle of the mandibular base line and the line

tangent to the posterior border of the ramus.
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II. PLANES

1. Sella-Nasíon (Stl¡ - A line connecËíng points sella and

nasíon.

2. Frankfort Horizontal (FH) - A line extend.ing from the

cephalometric porion to orbitale.

3. Palatal Plane (PP) - On the ínirial radiograph a line

connecting anterior and posteríor nasal spine and

extendíng to include the transfer points 34 and 35.

4" 0cc1usa1 Plane (oP) - A line connectíng the distobuccal

cusp of the lower first permanent molar to the incisal

edge of the mandibular central incísors.

5. Mandíbular Plane (I"p) - A line Langent to the inferíor

border of the mandible from menton to gonion.

6. Facíal Plane (FP) - A líne from nasion to pogoníon.
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APPENDIX II

Linear Measurements

1. 24-25: MaxÍllary palatal plane length which includes the

length of the maxílla and the palatal bones

(Figures 11).

2. 4-5: The length of the nasal bone (figure 11)"

3. 27-17: The length of the mandíble from articulare to pogonion

(Figure 11),

4. 2-29: Length of the posterior cranial base (Figure 11).

5. 33-L7: The corpus length of the mandible (Figure 12)"

6. 28-16: The total mandibular length from condylion to gnathion

(Figure 11).

7 . B- Facíal plane (4-L7): The horizontal development of the soft

tÍssue nose in relation to the anterior facial plane

(Figure 15).

8. lO-Facíal plane (4-tl¡: The horizontal development of the upper

1ip ín relation to the anterior facial plane (Figure 15).

9. L2-FaciaI plane (4-L7): The horizontal development of the lower

lip in relation Eo the anterior facial plane (Figure 15).

10. l4-Facial plane (4-17): The horizontal development of the soft

tissue chin point ín relation to the anterior facial

plane (Figure 15).

11. l7-Mandibular plane (32-15): The vertical height of the anterior

limit of the mandíble (chin point) in relation to the

mandibular plane (Fígure 11).
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plane (4-L7): The horLzonLal positíon of the upper

incisors in relation to ttte anteríor facial p1ane.

plane (4-L7): The horizontal positíon of the lower

incisors in relation to the anterior facial plane.

The development of the anterior craníal base

(Figure ll).

The development of the anteríor cranial base and the

g1abel1a region in an anterior dírection (Fígure 12).

(2-4): The vertical distance that the tip of the

nasal bone lies below the anterior cranial base

(Figure 12) "

13. 2L-FaciaI

L4. 2-4:

15. 3-Y-p1ane:

L6" 5-SN plane

L7 . 3-SN plane (2-4): The height of the convexí-ty of the frontal

bone in relation to the anterior craníal base

(Fieure 12).

18. 4-24: The vertical height of the anterior límit of the

maxilla and in addÍtion may mark the lowest point

on the nasal cavity floor (Posen L964) (Figure 12).

The vertical heíght of the anterior portion of the

face in relation to the anterior cranial base and is

indícative of total anterior facial development

(Figure 12).

The lorver face height measured from the anterior

nasal spine to menton (Figure 12).

The vertical height of the posterior face in relation

to the anterior cranial base (Figure 13).

L9. 4-r5:

20. 24-L5:

2L. 32-2:
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22. 2-27: The posËerior upper face height (Figure 13).

23" 27-32: The posterior lower face height (Figure 13).

24. 20-2r The overj et when measured parallel to the palatal

p1ane.

The overbite when measured perpendicular Lo the palatal

plane.

25. 20-2r

26. 27-Mand|bular plane (15-32): The length of the ramus from

articular to gonion (Figure 11) "

27. 20-A-P plane (17-23): The relationship of the maxillary incisor

to the skeletal profile.

28. 27-A-P plane (L7-23): The relationshíp of the mandibular

incisor to the skeletal profile.

29. 30-20: The length of the maxí11ary dental arch from the

disto-buccal cusp of the 1st molar to the central

íncisor (Figure 14).

30. 3L-2L: The length of the mandibular dental arch from the

disto-buccal cusp of the lower lst molar to the

lower central incísor (Figure 11).

31. 30-Palatal plane (25-24): The dental alveolar development

of the maxillary lst molar in relatíon to the

palatal plane (Figure 13).

32. 2}-PaLatal plane (25-24): The dental alveolar development of

the maxillary central incisor in relation to the

palatal plane (Figure 13).
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33. 2l-Mandibular plane (32-f5): The dental alveolar development

of the mandibular incisor in relation to the

mandibular plane (Figure 13).

35. L2-"8" Line (14-B) : The anterior-posterÍor position of the

Lorver líp in relation to Lhe soft tissue profile.

(A measure of the relatíve procumbancy of the lips)

(Figure 15) 
"

36. 10-"E" Line (14-B): The antero-posLerior posítion of the upper

lip in relation to the soft tíssue profile

(Fígure 15).

37 . 20-NA Plane (4-23): The línear relationship of Ëhe maxillary

incisor to the line joiníng nasion and point A.

Ihis is a measure of the A-P position of the incisor.

38. 21-NB Plane (4-fB): The linear relatíonship of the mandíbular

incísor to the line joining nasion and point B.

Ihís is a measure of the A-P position of the incisor"

39. P Ëo NB (17 ro 4-18) : The effective chín butËon in relationship

to the NB line.

40. 2B-I7 (measured along mandibular plane) : The total mandíbular

length from condylion to pogonÍ-on according to

t^Iyliers method (Figure 14).

4L. 2-28 (measured along Frankfort Horizontal): The anterior

posterior position of the condyle in relatíon to

sella (Fígure 14).
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42. 2-26 (measured along Frankfort Horizontal): The anterio-

posterior posiËion of the dorsal level of the

maxilla in relatÍon to sella (Figure 14) "

43. 26-24 (measured along Frankfort Horizontal): The total

length of the maxÍlla (Figure 14).

44" 26-30 (measured along the Frankfort IIorÍzontaL): The anterio-

posterior positíon of the buccal segment of the

maxillary denture (Figure 14).

Angular Measurements

45" Facial Angle: An expressÍon of the degree of recession or

protrusÍon of the chin and Ís used in typing faces as

retrognathíc, orthognathic prognathic (Angle 1,

Figure 17).

46. Angle of convexity: The anterior limit of the maxilla in the

profile with point A as the vertex of an angle

formed by the NA line and the AP líne. This angle

ís recorded as a plus if A point is anteríor to the

facíal plane and minus if it is posterior (Angle 2,

Figure 16).

47. sNA: The relationship of rhe maxillary apical base to rhe

anterior cranial base (Angle 3, Figure 16).

48. SNB: The angle relates the mandibular apícal base to the

anterior cranial base (Angle 4, Fígure 17)"
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50. Mandibular Plane Angle: Relates the inferior border of the

mandible to the Frankfort Horizontal. Changes ín this

angle may reflect accerelation or retardation of

vertical development of either the anterior or pos-

terior aspects of the mandible (Angle 6, Figure 17).

51" Intelincísal Angle: A measure of the degree of procumbency of the

incisor teeth (Angle 7, Eigure lB) .

52. UI to SN: Relates the maxillary incisor to the anteríor cranial

base and is a measure of the proclination of the maxillary

incisors (¿ng1e B, Figure 18) .

53. LI to MP: Relates the lower incÍsor to the mandibular plane

(Angle 9, Fígure 18).

54. 29-2-4: Relates the anterior and posterior craníal base (Angle 10,

Figure 16).

55. 5-4-L7: Relates the nasal bone to the anteríor facial plane

(Angte 11, Figure L7).

56. 5-4-2: Relates the nasal bone to the anterior craníal base

(Angle 12, Figure 17).

57. Mandibular Plane to SN: Relates the ínferior border of the

mandible to the anteríor cranial base (Angle 13'

Figure 17).

58. palatal Plane to SN: Relates the maxilla to the anterior cranial

base. Changes in this angle may reflect differences

in the relative vertícal development of the anterior and

posterior nasal spínes (Angle 14, Fígure 16).
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59. Ramus Line to Mandibular Plane: Represents the gonial angle

and relates the ramus to the body of the mandible

(Angle 15, Figure 18) .

60. 2-4-L7: Relates the anterior limit of the mandible (chin

point) to the anteríor cranial base (Angle 16,

Figure 17).

6I. Y-Axis Angle: This angle is formed by the intersectíon of a

line from 2 to 16 and the Frankfort Horizontal

plane and ís used as an expressíon of the direction of

growth of the mandible (Angle 17, Figure 77)"

62. A-B Plane Angle: The location of this plane in relation to

the facial plane is a measure of the relation of the

anterior limit of the denture bases to each ot.her and

the profile (Ang1e 18, Figure 19).

63. 7-B-L4: Represents the overall soft tissue contour including

the tip of the nose (Angle 19, Figure l9).

64. 7-9-14: Represents the anteríor límit of subnasale (9) in

the profile and is a measure of Èhe soft tissue angle

of convexíty (Ang1e 20, Fígure 19).

65. 6-SN Plane: Records the relatíonship of orbitale to SN and

is a measure of the degree of retTusion of orbitale

(Ang1e 21, Figure 19).

66. FMIA: Frankfort mandibular incisor ang1e. This measures

the procumbency of the mandibular incisor to the

Frankfort plane (Angle 22, Figuxe 18).
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67. UI to NA: Records the relationship of the maxillary incisor

to the line from nasion to A point and is a measure

of the proclination of the maxillary incisors

(Angle 23, TLgtrce lB) "

68. LT Ëo NB: Records the relationship of the mandibular íncisor

to the line NB and is a measure of the proclination

of the mandibular incisors (Ang1e 24, Eígut e 16) .

69. Palatal Plane to Mandibular Plane: Records the relatíonship

of the palatal plane to the mandibular plane

(Angle 25, Fígure 16) .

70" Occlusal Plane to Palatal Plane: Records the relationship

of the mandíbular occlusal plane to the palatal

plane (AngLe 26, Figure 19).

7L. Occlusal Plane to Frankfort Horizontal: Records the cant

of the mandibular occlusal plane in relationship to

the Frankfort Horízontal (Angle 27 , Figuxe 19).

72. LI to Occlusal Plane: Relates the incisors to their function-

ing surface at the occlusal plane (Angle 28, Fígure

19) .
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APPENDIX III

Variables employed to establísh the Gror¿th Trends

l. 24-24: Maxillary palatal plane length which includes the

length of the maxilla and the palaËal bones (Figure 1l).

2" 4-52 The length of the nasal bone (Figure 1l).

3" 27-L7: The length of the mandible from articulate to

pogonion (Fígure 11) "

4" 2-29: Length of the posterior cranial base (Figure 1l).

5. 33-L7: The corpus length of the mandible (Figure 12).

7 . B-Facial plane (4-L7): The horizontal development of the soft

tissue nose ín relation to the anteríor facial plane

(Figure 15).

8. l0-Facial Plane: The horízontal development of the upper

lip ín relation to the anteríor facíal plane (Figure 15) "

g, LZ-Facia:- Plane: The horizontal development of the lower lip

in relatíon to the anteríor facial plaque (Figure 15) '

10. l4-Facial Plane: The ]rlortzontal development of the soft

tissue chín point in relatíon to the anterior facial

plane (Figure 15).

11. l7-Mandibular Plane (32-15): The vertical heíght of the

anrerior 1imít of the mandible (chin point) in relation

to the mandibular plane (Figure ll) '
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L4" 2-4: The development of the anterior craníal base (Figure 11).

15. 3-Y Plane: The development of the anterior cranial base and

the glabella region in anterior direction (Figure 12).

L6. 5-SN Plane: The vertical distance that the tip of the nasal

bone lies below the anteríor cranial base (Figure 12).

L7. 3-SN Plane: The height of the convexity of the frontal bone

in relation to the anterior cranial base (Figure 12).

lB. 4-24: The vertical heíght of the anterior liurit of Ëhe maxilla

and in additíon may mark Lhe lowest point on the nasal

cavity floor (Posen, 1964) (Figure 12).

79. 4-L5: The vertical heíght of the anterior portion of the

face in relation to the anterior cranial base and is

ndicatíve of total anterior facial development (Figure 12).

20. 24-75: The lower face height measured from the anterior nasal

spine to menton (Figure 12).

2L. 32-2: The vertical height of the posterior face in relation to

the anterior cranial base (Fígure 13).

22. 2-27: The posterior upper face height (Figure 13) .

23. 27-32: The posterior lower face height (Figure 13).

26. Z7-Mand.lbular Plane: The length of the ramus from articular

to goníon (Fígure 1l).

27. zO-l,-P Plane: The relationship of the maxillary incísor to the

skeleËal Profile.

28. }L-A-P Plane: The relationship of the mandibular incisor to

the skeletal profíle.
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39. P to NB: The effective chin button in relationship to the NB

line.

46. Angle of Convexity: The anteríor limit of the maxilla in the

profile wÍth point A as the vertex of an angle

formed by the NA line and the AP line. This angle

is recorded as a plus if A point is anEerior to t.he

facial plane and minus if it ís posterior (Angle 2,

Figure 16).

47. SNA: The relationship of the maxillary apical base to the

anLeríor cranial base (Angle 5, Figure 16).

48" SNB: The angle relates the mandibular apical base to the

anterior cranial base (Ang1e 4, Figure L7).

49. ANB: Relates the anterior limits of the maxillary and man-

dibular apical bases to each other (Angle 5).

53. LI to MP: Relates the lower incisor to the mandibular plane

(Angle 9, Figure 18) .

54. 29-2-4: Relates the anterior and posterior craníal base

(Angle 10, Figure 16).

55. 5-4-L7: RelaËes the nasal bone to the anteríor facíal plane

(Ang1e 11, Figure 17).

56. 5-4-2: Relates the nasal bone to the anterior cranial base

(Angle 12, Figure 17) .

57. Mandibular Plane to SN: Relates the inferior border of the

mandíble to the anteríor cranial base (Angle 13,

Figure 17).
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58. Palatal Plane to SN: Relates the maxílla to the anterior

cranial base. Changes in thís angle may reflect

differences in the relatíve vertical development

of the anterior and posterior nasal spines

(Angle 14, Figure 16).

59. Ramus line to Mandibular Plane: Represents the gonial angle

and relates the ramus to the body of the mandíble

(Angle 15, Figure 18) .

60. 2-4-17: Relates the anterior limit of the mandible (chin

poínt) to the anterior cranial base (Angle 16,

Fígure 17) "

63. 7-B-L4: Represents the overall soft tissue contour including

the tip of the nose (Angle 19, Fígure 19) "

64. 7-g-I4: Repïesents the anterior limit of subnasafe (9)

in the profile and ís a measure of Ëhe soft tissue

angle of convexíty (Angle 20, Figure 19).

65. 6-SN Plane: Records the relationships of orbitale to SN and is

a measure of the degree of retrusÍon of orbitale

(Angle 2L, Figure 19).



168

Means and
Studied,

Appendix IV

Table XI

Standard Errors for aI1 Angular
by Group, Sex and Age (Variables

and Linear Measurements
1 - 72\

Indían Control

Age Group Male Female Male Female

1. Maxíllary Palatal Plane Length (crn)

B - 11

L2-L3

14-rB

4.89 t 0.03

4.93 ! 0" 05

5"L2 t 0.09

4. B0 t 0.05

4.95 ! 0.08

4.95 ! 0.09

4.66 !

4.68 !

5.08 t

0.08

0. 09

0" 06

4.53 ! 0.04

4"67 t 0.06

4. 88 t 0.06

2. Nasal Bone Length (crn)

B - lt

L2-T3

14-18

) '),) +

2.34 !

2.46 !

0.05

0.06

0. 12

2.32 !

2.34 !

2.32 !

0.06

0. 06

0.04

2.OI t

2.L9 !

z.LB !

0.04

0.04

0.06

2.02 ! 0.03

2.26 ! 0.05

2.20 t 0.05

B - ll

L2-13

14 - 18

3. Mandibular Length: 27-17_(cm)

9.51 t 0.09 9.29 ! 0.08

9.92 ! 0. 0B 9.92 ! 0. 09

L0.22 t 0. 14 10.05 t 0.08

9.47 t

9.90 r

10.50 t

0.13

0.10

0.15

9,74 t 0.09

9. 83 t 0.09

9. 84 Ì 0.20

4. Posterior Cranial Base Length (cm)

B - 11

T2-T3

14-78

4.32 t 0.07

4.4L ! 0.05

4.68 ! 0.08

4.17 ! 0.04

4.42 ! 0.04

4.38 t 0.06

4.09 !

4.32 !

4.30 t

3.98 t 0.04

4.30 t 0.04

4.06 ! 0.05

0.07

0.03

0.06
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Means and Standard Errors for all Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Control

Age Group Male Femafe Male Female

5. Corpus Length of the Mandibule (cm)

8 - tl

L2_L3

t4-18

7.48 ! 0.09

7 .84 x 0.06

8.L2 ! 0. 10

7 .36 x 0.06

7 .86 ! 0.08

7.85 t 0. 14

7.34 !

7"73 !

8.17 t

0.10

0.08

0.10

7 "I4 t 0.09

7.77 ! 0.08

7 .79 ! 0.09

B - 11

T2_13

14 - 18

6. Mandibular Length: 28-16 (Sp)

L0.37 t 0. 11 10. 18 r 0.08

10.79 r 0.09 L0.79 t 0. r0

II.22 t 0.17 10.81 t 0.23

9.74 ! 0.16

10.50 I 0.20

LL.28 ! 0.23

9.47 ! 0"23

10.59 t 0. 13

L0.77 t 0.11

7. 8 * Facial Plane (cm)

B - tl

L2_T3

14-18

2.78 t 0.06

2.74 ! 0.05

3.05 r 0.08

2.77 !

2.86 x

2.9I !

0.04

0.04

0. 07

0. 09

0.04

0. 06

2.6L !

3.01 t

3.20 !

2.67 ! 0.05

2.92 ! 0.04

3.04 t 0.08

8. 10 - Facial Plane (cm)

B - 11

T2_L3

14 - 18

2.09 ! 0.07

2.06 ! 0.06

2.33 ! 0.07

2.09 !

2.01 !

I.99 !

l. 89 t

I.99 !

2"06 !

1. 83 r 0.06

i.85 r 0.03

1. 90 r 0.06

0. 06

0.04

0.04

0. 06

0. 0s

0.06
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Means and Standard
SÈudied, by Group,

Errors for all Angular and Linear Measurement,s
Sex and Age (Continued)

Indian Cont,rol

Age Group Male Female Male Female

9. 12 - Eaeial Plane (cm)

B - 11

T2_L3

14-18

t.87 ! 0.08

1.85 r 0.05

2"05 ! 0.05

L,7B !

1.Bl t

L.7 4 !

0" 05

0.05

0.06

L.7L !

L.75 t

r.77 !

0.06

0.05

0" 05

1.58 r 0.05

1. 63 t 0.04

1.70 t 0.06

10" 14 - Facial Plane (crn)

B - 11

L2-L3

14 - 18

I.20 ! 0.05

1.19 r 0.05

I"2B ! 0.05

1" 15 r

i.19 t

1.34 t

0. 04

0.03

0.06

1.01 t

I.20 !

1.18 t

0.04

0.04

0.05

0.96 t 0.02

L.17 ! 0.03

L.17 ! 0.03

11. Pogonion - Mandibular Plane (cm)

B - lt

L2_L3

14-18

0.93 t 0.03

I.0l I 0.03

1.11 1 0.06

0.92 ! 0.03

0.97 ! 0.03

1.07 I 0.04

0.70 i

0.68 t

0.84 I

0.03

0.04

0.02

0.65 r 0.02

0.73 ! 0.03

0.80 t 0.03

B - 11

L2_L3

14-18

12. Upper Incisor - Facial Plane (cm)

0. 88 I 0. 06 0.88 1 0.04 0.45 r

0.78 ! 0. 06 0. 81 t 0.07 0.46 !

0.99 t 0.04 0.70 i 0.07 0.39 t

0. 07

0. 06

0.06

0.39 t 0.05

0.51 t 0.05

0.60 1 0.06
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Means and Standard Errors for al1 Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indían Control-

Age Group Male Female Mal-e Female

13. Lower Incisor - Facial Plane (c.m)

B - 11

12.L3

74_LB

0.50 t 0.05

0.50 t 0.05

0.64 t 0. 05

0.57 Ì 0.04

0.52 ! 0. 06

0.49 t 0. 09

0.47 !

0.55 t

0.35 r

0.07

0.07

0.08

0.57 ! 0.06

0.55 t 0.06

0.39 I 0.07

14. Anterior Cranial Base Leneth (cn)

B - 11

L2_L3

14-18

6.63 ! 0.05

6.58 t 0.06

6.74 x 0.10

6.37 ! 0.04

6.44 ! 0. 07

6.60 t 0.09

6.48 t

6.64 t

6.96 !

0.07

0.0s

0.08

6.35 t 0.05

6.53 r 0.04

6.63 ! 0.05

15. Glabella - Y Plane (cm)

8 - 11

L2_13

T4-18

7 .20 ! 0.05

7.L5 ! 0.07

7,25 ! 0.09

6.95 !

6.9I !

7.2I !

6.99 t

7.05 !

7.46 !

0. 06

0.07

o. 12

0. 07

0.06

0.08

6"79 ! 0.06

7.03 t 0.06

7 .I4 ! 0.06

8 - 11

12_L3

14-18

2.17 !

2.08 r

2.I0 x

0. 07

0.07

0. 06

1.89 t

2.00 I

1.98 t

0.04

0.04

0.06

L6. 5 - SN Plane (cm)

2.L8 ! 0.05

2.tB ! 0.05

2. lB t 0.10

1. 89 t 0.03

2"r0 t 0.05

r.97 ! 0.05
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Means and Standard Errors for all Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Control

Age Group Male Female Male Female

17 , Glabella - SN Plane (cm)

B - 11

T2_L3

14-18

I.44 !

i.55 t

I"63 !

0. r4

0" 07

0. 12

1. 61 t

t" 48 t

L.62 !

0. 07

0.06

0.14

1.09 t

1.00 t

1.00 t

0. 05

0. 05

0.03

0.97 ! 0.03

I"2B t 0.10

1.04 t 0.04

18. Upper Face Height (cm)

8 - 11

L2_13

14-18

4.94 ! 0.07

5.18 I 0.06

5.2L ! 0. l0

4.85 I

5.01 t

5.18 r

4"84 !

5.22 t

5.49 !

4.7 4 ! 0.05

5,22 t 0.06

s.20 ! 0.04

0.05

0.05

0.08

0.08

0. 0s

0.09

I - 11

T2_L3

14 - 18

0. 11

0.10

0. 16

L9. Total Face Heisht (cm)

LL.73 r 0.12 11.40 r

t2.04 t 0.14 1r.86 t

12.56 ! 0.2r 11.98 t

11. 10 t 0. 17

11.61 t 0.11

12.28 r 0.18

t0. 83 r 0.10

II.73 t 0.10

11.80 r 0.07

20. Lower Face Heisht (cm)

8 - 1r

L2_L3

14-18

6.79 t 0.09

6.85 t 0.11

7,35 x 0.i4

6.25 !

6.39 I

6.79 !

6.08 t 0.07

6.51 r 0.08

6.59 ! 0. 06

6.55 t

6.85 t

6.79 !

0. 09

0.08

0.16

0. 11

0.08

0. t4
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Means and SLandard Errors for all Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Control

Age Group Male Female Male Female

B - 11

L2-L3

14-18

6.99 !

7.30 I

7.89 !

0. 11

0. 11

0.16

21. Posterior Face Height !c.m)

7 .07 t 0"L2 7.08 ! 0.07

7 .43 ! 0.08 7 "49 ! 0. 10

8" 04 t O.r2 7.47 ! 0.16

6.79 ! 0.09

7 .35 ! 0.09

7 .48 ! 0.09

22. Posteríor Upper Face Height (cm)

B - 11

T2_L3

14-18

2.58 t 0. 06

2.7I ! 0.05

3.02 ! 0. 10

2.55 ! 0.04

2.64 ! 0.06

2.65 ! 0.05

2" 47

2.7 t

2.6L

t

t

+

0.05

0/ 05

0.06

2.35 ! 0.04

2"58 ! 0.05

2.42 ! 0.06

23. Posteríor Lower Face_Height (cm)

B - 11

L2_L3

14-18

4.48 ! 0.07

4.72 ! 0.06

5.01 t 0.08

4.53 ! 0. 06

4. 85 I 0.06

t+.82 ! 0.13

4.52 !

4.59 !

5.28 !

0.08

0.09

0. L2

4.44 x 0.07

4,77 ! 0.07

5.05 r 0.06

B - 11

L2-13

i4 - 18

0.28 I

0.28 1

0.20 t

0.02

0.07

0.05

-0.01 t

-0.08 I

0"04 t

0.06

0.08

0" 06

24. Overjet (cm)

0.34 t 0.04

0.27 ! 0.05

0.32 ! 0.04

-0. 16 t 0.06

-0.03 t 0.05

0. 19 t 0.06
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Means and Standard
Studíed, by Group,

Errors for all Angular and Linear Measurements
Sex and Age (Continued)

Indian Control

Age Group Male Female Male Female

I - 11

72-13

14-iB

25. Overbíte (c¡r)

0.28 t 0" 03

0.2L ! 0. 03

0"23 ! 0.03

0.23 t

0.19 I

0.22 !

0.03

0. 03

0" 05

-0.08 t

-0. l1 t

0.04 t

0.06 -0. 11 t 0.05

0.07 -0.07 t 0.05

0.07 0.L2 ! 0.06

B - 11

12_L3

14 - 18

0.06

0.07

0.13

4.00 t

4.00 t

4"6L !

0. 07

0. r0

0.13

26" Rarnus Length (cm)

3. 81 I 0.08 3.87 r

4.01 r 0.06 4.L7 !

4.r9 ! 0.08 4.20 !

3.87 t 0" 08

4.26 t 0.07

4.49 t 0.06

27. Upper Incisor - A-P Plane (cm)

8 - 11

12-T3

14-18

0.62 t 0. 04

0.56 I 0.04

0.71 t 0.03

0.60 t 0.04

0.57 ! 0.05

0.49 ! 0.05

0,32 !

0.34 t

0.26 !

0. 05

0.06

0.05

0.23 ! 0.04

0.37 r 0.04

0.46 ! 0.05

28. Lower Incisor - A-P Plane (cur)

B - 11

L2_L3

L4_L8

0.23 ! 0.04

0.27 ! 0.04

0.34 1 0.05

0.26 ! 0.04

0.26 t 0.06

0.25 ! 0.07

0.34 t

0.42 !

0.23 t

0.06

0.06

0. 06

0.40 t 0.05

0.42 ! 0.05

0.25 ! 0.06
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Means and Standard Errors for
Studied, by Group, Sex and Age

all Angular and Linear Measurements
(Continued)

Indían ConLrol

Age Group Male Female Male Female

29. Maxillary Dental Arch Length (cm)

8 - 11

T2-T3

14 - 18

3. 85 1 0.05

3.80 t 0.05

3.82 ! 0. -6

3.78 ! 0.05

3"76 t 0.05

3.59 t 0.06

3.60 r

3.42 !

3.48 I

0" 06

0.05

0.06

3.42 x 0.04

3.45 t 0" 05

3.45 x 0.0s

B - 11

L2-L3

14-i8

30. Mandibular Dental Arch Length (cm)

3.20 ! 0.05 3.2I ! 0.05

3.19 Ì 0.05 3.22 ! 0.05

3. 13 r 0. 07 3.09 t 0. 06

3.48 t

3.36 t

3.24 !

0. 06

0.07

0.07

3.47 t 0. 07

3.26 t 0.08

3.14 r 0.06

31. Maxillary Molar - Palatal Plane (cm)

B - 11

T2_L3

14-18

i.6i t

1.80 t

1.94 x

0, 05

0.04

0.05

L"79 t 0.05

1. 84 j 0.03

2.03 ! 0.07

i.7i ! 0.03

1.88 t 0.04

1.91 r 0.05

r.54 ! 0" 04

1. 87 1 0.04

1.95 t 0.04

32. Maxillary lncisor - Palatal Plane (cm)

8 - 11

L2-L3

14 - 18

2.7 2 ! 0. 05 2.60 ! 0. 04

2.69 ! 0.05 2.72 ! 0.05

2.90 ! 0.06 2.63 ! 0.09

2.35 ! 0.06

2.35 ! 0.05

2.50 ! 0. 06

2.25 ! 0. 05

2.40 ! 0.05

2,55 ! 0.05
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Means and Standard Errors for
Studied, by Group, Sex and Age

all Angular and Linear MeasuremenËs
(Continued)

Indian Control

Age Group Male Female Male Female

33. Mandibular Molar - Mandibular Plane (cm)

B - rl
L2-t3
14-18

2.67 ! 0" 07

2.78 ! 0.06

3.04 t 0.07

2.69 t 0.05

2.78 ! 0.06

2.88 ! 0.08

2.52 !

2.60 !

2"9L !

0.05

0" 06

0. 06

1.50 t 0.04

r"68 I 0.04

2.72 ! 0" 04

34. Mandibular Incisor - Mandíbular Plane (cm)

8 - 11

L2_L3

14-18

3.87 r 0"05

3,92 ! 0.06

4.19 ! 0.07

3.76! 0.05 3.45! 0.06

3.87 r 0"04 3.55 ! 0.05

3.93 r 0.07 3. 85 t 0.06

3.37 t 0.05

3.59 t 0.04

3.72 ! 0.03

B - 11

L2-L3

14 - 18

-0.09 I

0.10 t

0.18 t

0.0s

0.04

0.05

35. Lower Lip - "8" Line (cm)

-0.09 t 0.09 -0.05 t 0.05

-0.07 r 0" 05 0.02 ! 0.04

-0. 14 r 0.06 0.13 t 0.07

0.03 t 0.05

0. lB t 0.03

0. 18 I 0.05

8 - 11

T2_L3

14-18

36. Upper Líp - "E" Line (cm)

0.02 ! 0.09 0.02 1 0.05

0.04 t 0.06 0.08 t 0.04

0.04 I 0.06 0.22 ! 0.06

0"02 t

0.23 !

0.25 t

0.05

0.04

0.06

0. 1l Ì 0.05

0.31 t 0.03

0.34 t 0.04
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Means and Standard Errors for All Angular and Línear Measurements
Studied, by Group, Sex and Age (Continued)

Indían Control

Age Group Male Female Male Female

37. Upper Incisor - NA Plane (cm)

B - 11

L2-13

14-lB

0"26 ! 0. 04

0.26 ! 0.04

0"29 ! 0.06

0.18 t 0.04

0.23 x 0.06

0. 18 t 0.07

0.15 t

0.17 !

0.I2 !

0.04

0.05

0.06

0.02 I 0,04

0.2t ! 0.04

0. 28 t 0.07

J(). Lower Incisor - NB Plane (cm)

8 - 11

L2-T3

L4_TB

0.55 t

0.56 t

0.66 t

0.04

0.03

0.04

0.60 t

0.58 t

0.57 !

0.03

0. 05

0.08

0.53 r

0.67 t

0.51 t

0.05

0.05

0.06

0.63 t 0.05

0.63 t 0.05

0.55 t 0.06

39. Pogonion to NB Line (cm)

B - 11

t2-L3
14 - 18

0.06 I 0.03

0.08 I 0.02

0.03 t 0.03

0.04 i

0.08 t

0. 11 r

0,02

0.03

0.04

0.07 t

O.I7 !

0,22 !

0.04

0. 03

0.04

0.09 r 0.02

0. 10 t 0,02

0. 21 r 0.03

B - ll

L2_L3

14 - 18

40. Mandibular Length - i^I¿líe (crn)

70.74 I 0.09 L0.42 t 0.08

rt.L4 ! 0.09 11.041 0.09

11.51 ! 0.22 11.04 x 0.23

10.08 t 0. 1B

11. 01 r 0. 18

1r.48 ! 0.22

9.82 t 0.26

L0.74 t 0. 13

10.88 t 0. 10
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Means and Standard Errors for al-l Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Control

Age Group Male Female Male Female

8 - 11

12-L3

14 - 18

1.65 t

I.75 !

1.78 r

0" 04

0. 04

"08

I.46 !

r,77 !

1" 83 t

0. 09

0.08

0.08

4I.2-28(cn)

r.7L ! 0.07

1.81 t 0. 04

2.00 r 0.07

1. 65 t 0.06

L.79 ! 0.07

I.7 /+ ! 0.07

8 - 11

L2-T3

14-18

t.94 !

1.91 t

i.95 t

0. 03

0. 04

0. 1l

1.98 t

2.01 !

2"07 !

0.03

0.04

0. 05

42" 2-26(cn)

L,99 ! 0.05

t.96 ! 0.05

1.93 t 0. 05

1.91 t 0.05

1.91 t 0.03

L.94 ! 0.06

8 - 11

12-13

14 - iB

5.28 !

s.36 !

5.45 t

0.04

0. 09

0.05

5.29 !

5.43 !

5.69 !

0.0s

0. 06

0.07

43. 26 - 24 (cn)

5.33 1 0.05

5.4r ! 0.05

5.7L ! 0.09

5.01 t 0.05

5.47 ! 0.05

5.56 t 0.07

8 - tr

L2.T3

14-i8

44. 26 - 30 (cm)

1.11 t 0.09

L.32 ! 0.06

1.50 r 0. 06

l.0B t

r.23 !

L.47 !

0. 05

0. 82

0.11

L.17 !

1.51 r

L.57 !

0.05

0.06

0. t2

0.89 t 0.06

L45 ! 0.05

I.67 ! 0.08
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Means and Standard Errors for all Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Control

Age Group Male Female Male Female

B - 11

L2_13

L4-18

4s. Facial Angle (Degrees)

83.07 t 0.90 83"67 !

85.31 1 0.69 84.47 !

83.56 t 0.70 84" 86 t

0.70

0.97

1. 35

86"34 t 0. B0

86.26 t 0.49

85. 63 t l. 08

82.84 t 0" 78

86. t5 t 0" 57

86.33 ! 0.79

I - 1]

T2_L3

14-lB

46. Angle of Cogvexity (Ðegrees)

10.01 ! 0,97 LL.69 ! 0.82

8.26 ! L,07 9.35 t L,L7

10.59 t 1.10 8.46 x 1.90

/,or+

4.78 !

4.60 !

0. 9s

0. B6

'ì to

6.64 ! L.02

4. 88 t 0.63

5.15 r L.L7

I - 11

L2-t3

14-lB

1+7 " SNA (Degrees)

82.L6 ! 0.74

83.61 ! 0.64

86.32 ! 0.77

83.95 I

85.57 I

83.67 !

0. 62

0. B0

0, 64

81.31 ! 0.76

82.24 r 0.61

81.88 t 0.58

80. BB t 0.59

8L.47 t 0. 70

8I.66 t 0. 83

8 - lt

L2_L3

14-18

48. SNB (Degrees)

77.0L r 0.59

79.L8 r 0.60

80.99 r 0.73

7B.17 !

80.61 r

7 9.09 !

0.62

0.67

0.96

78.43 r 0.69

78.93 I 0.56

78.55 r 0.60

77.L6 r 0.58

78.52 ! 0.66

77,97 ! 0.79
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Means and Standard Errors for all Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Control

Age Group Male FemaIe Male Female

B - 11

L2_L3

14 - 18

49. ANB (Degrees)

5.15 t 0"37

4.43 ! 0.48

5.33 t 0.52

5.77 !

4.9s !

4" 58 t

0.37

0.61

0" 85

2.87 !

3.30 I

3"32 !

0" 33

0"29

0. 51

3.72 t 0.43

L.94 t 0.24

3.69 ! 0.51

B - 11

L2_13

14 - 18

50. Mandibular Plane Angle - Frankfort Horizontal (Degrees)

32.57! 0.97 30.67 t 0.87 25.BBt 1.04 27.85 r 0.84

31.08 t 0.96 31.53 t L.27 27 ,23 t 1.05 26.06 t 0. 86

32.7I ! r.32 29.97 ! r.45 26.74 t 1.63 25.66 r 1.11

8 - 11

L2_L3

14-18

51. fnteríncisal Angle (Degrees)

L2B.r4! r.7L 126,47 i 1.61

L26.65 r 1.61 L26.68! 2.23

L25.29 t 1.56 129.06 t 1. BB

L25.56 !

122.38 !

130.48 t

L22"40 ! I.76

r24.31, ! 2.02

126.9L t 2.88

2.00

r.7 9

2.38

B - 11

12_13

14-18

52. Upper Incisor to SN (Degrees)

i03. 19 r 1. 13 103.10 I i.33

L05.47 r f.i8 105.15 ! L.47

106.53 r 1. 68 r00. 90 t 1. 98

L.26 99.53 ! 1.08

1. 58 100. 76 t r.39

1.50 100.91 r r.95

101. 60 r

L0L.76 !

oorÁ+t J. Lv ¿
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Means and Standard
Studied, by Group'

Errors for all Angular and Linear Measurements
Sex and Age (Continued)

Indian Control

Age Group Male Female Male Female

53. Lower Incisor to Mandibular Plane (Degrees)

B - 11

12-L3

14 - 18

90.37 ! L.25

97.78 r 1.17

93.05 ! L.57

94.47 r 0. 87

93"27 t L.7L

94"90 x L.s2

99.20 t L.67

L02.77 ! 2.06

97.62 ! 2.L6

105" 07 ! r"82

L02.14 t 1.93

99.34 r 1. Bt

54. Craníal Base Angle (Degrees)

Õ-

L2

I4

l1

-13

-18

L32.2L !

131.16 r

t27.72 !

t.20 131.60 t 0.68

0.85 131.53 x L.43

1. 63 130. 90 t 1. 06

0.9i 133.33 t 0. B0

1.15 131.34 t 0.90

0.93 r34.49 t L.23

L32.44 !

129.88 r

133.08 r

55. 5-4-17(Desrees)

B - 1I

12-t3

14 - 18

32.08 t

30. B7 t

35. B1 t

29.97 r 0.88

33.72 t 0.9s

34.55 t 1.11

3I.67 t 1. 00

32..06 r 0.86

35.97 r 1.30

0.89 32.L4 !

0.78 35.45 !

0.98 34.L9 !

0. 67

1. 09

t. 93

56. 5-4-2 (Desrees)

B - r1

L2-13

14-18

109.43 t

110.56 I

Lr6.97 !

r.14 110.58 t

1.01 LL6.52 !

t.21 113.90 I

0.9s l0B. 87 r

L.23 113.63 r

2.09 rr4.31 t

l. 19 109. 40 t 1. 13

i.08 111.29 t 1.14

i.34 115.15 ! 1.45



782

Means and Standard Errors for a1l Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Control

Age Group Mafe Female Male Female

B - 11

12-13

14-18

57. Mandibular Plane Angle - SN (Degrees)

38.30 r 0.83 35"93 r 0.78 33.32 !

36.7 0 r 0. 84 34.89 ! L.O2 33.59 !

35.1r! L.47 35.12 t 1"07 32.62t

1.03 32"97 t 0.82

1.01 33.09 t 0.99

1.38 32.81 t r.17

58. Palatal Pl-ane Angle - SN (Degrees)

8 - 11

L2.L3

14-18

7.40 t

7.48 !

9"47 !

0. 67

0. 6l

l. 00

7.00 I 0.70

6.68 t 0.67

3.BB r 0.90

6.75 ! 0.58

5.63 ! 0.77

B.t6 t 1.03

7 .t9 ! 0.56

7 .62 ! 0.65

8.59 t 0.63

B - 11

L2.L3

14 - 18

59. Goníal Angle (Degrees)

131.5s t 1.55 127.67 t 1.01

130.12 1 r.L4 127 lLg ! L.74

r30.06 I 1.91 L26.s9 ! 1.76

1.38 177.65 I 6.08

L.32 125. 31 t 1. 31

r.70 124.00 ! L.75

t26.98 !

L28.26 !

L26.14 !

60. 2-4-17(Degrees)

8 - 11

12-13

14-18

77 .35 !

79.69 !

81.16 t

0. 60 7 8.4r

0.58 81. 11

0.72 79.7r

78.89 r 0.69

79.9L t 0.53

79.75 1 0.64

77.72 t 0.62

79.12 t 0.63

79.L8 t 0.83

!

t

+

0. 62

0. 67

l. 07
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Means and Standard
Studied, by GrouP,

Errors for all Angular and Linear Measurements
Sex and Age (Contínued)

Indian Cont,rol

Age Group Male Female Male Female

I - 11

L2.13

14-18

0"73

1. 03

L.46

58.25 !

59"66 !

59.50 t

61. Y-Axis Angle (Degrees)

62.2I t 1.06 62.34 !

6I"47 ! 0"74 63" 15 t

63.94 ! A.7l 6L.57 !

1.03 63.90 r 1. lB

0. 63 60.46 r 0. 93

L.27 60. 16 r 1.04

62. A - B - Plane Angle (Degrees)

8 - 11

T2-L3

14-18

4.77 !

s.99 !

6.53 t

6.34 t 0.66

5.L2 ! 0.37

6.88 r 0.78

7 .48

6. 83

7.36

0.53

0.7 2

0.7 5

t

+

+

8.41 I 0.61

7.56 ! 1.03

7.42 ! L.23

0.52

0.35

0. 84

63" Overall Soft Tissue ConËour (Degrees)

8 - lt

T2-L3

14 - 18

i38.04 r 0. 98

140.63 x 0.7 4

136.89 t 0.99

136.90 t 0. 86

136.87 t 1.03

r38.72 t 1.15

134.46 !

130.25 !

128.89 !

r31.54 r 1.00

130.56 t 0.76

r31.48 ! r.49

L.77

0.7 7

0.93

64. Sof t Tissue Angle of Cottl¿"4iqy--(D"-g.qeÐ

B - li

L2_T3

14-iB

L66. 40

L66.36

163.99

r 1.09

t 1.09

! I.27

0.91

0.7 6

r" 55

L64,53 t 1.07 162.68 !

t66.53 r 1.35 163.14 t

L69.72 t 1.16 161.62 !

L6L.42 ! L,25

L64.3L t 0.61

L65.07 ! L.45
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Means and Standard Errors for all Angular and Linear Measurements
Studied, by Group, Sex and Age (Continued)

Indian Cont,rol

Age Group Male Female Male Female

8 - 11

12-13

14-rB

0. B1

L" L2

r.65

65. 6 - SN Plan_e (Degrees)

50.68 t 0. 78 52.43 x

53.58 t 0. 70 s5. 39 !

53. 40 I 1. 01 51.55 t

55"02 t 1.05

55"64 t 0. BB

56.00 r 0.83

56.30 r 0. 86

s7.83 t 0.69

56.08 I 0.66

B - 11

L2_L3

14-TB

66. FI"IIA (Degrees)

57 .05 t 1. 16

57.L3 ! I.l2

54"22 ! L.37

54.84 !

55.19 t

55. 11 t

f . i9

1.66

t)o

54. B0 t

49.99 t

55.63 t

r.99 47.03 t 1.63

1.84 51.78 ! L.66

2.63 s8.98 t 2.03

67. UI NA (Degrees)

B - 11

t2-L3

14-tB

21.01

2T. L4

20.2L

r.26

r.20

1. 58

L.2L

1. 84

2. L6

t

!

+

19.15 t

L9.57 !

17.23 !

20,06 r 1.15

19.0r r 1.53

17.38 I 1. 51

18.65 I 0.98

18.96 t l.3B

L9.25 r 1. 95

I - tl

t2-13

14 - rB

68. !I to NB (Degrees)

2s.68 I 1.09 28.59

27.67 I 0. 83 18.78

29. L6 t 0. 85 29. LT

I

t

0. B5

r. 33

1.50

3L.27 !

35.30 r

28.08 r

1. B0 35.24 t 1. s4

L.79 33.76 t r.75

z.to 30.13 r 1.84
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Means and Standard
Studíed, by Group,

Errors for all Angular and Linear lvleasurements
Sex and Age (Continued)

Indian Control

Age Group Male Female Male Female

69. Palatal Plane Eo Mandibular Plane (Degrees)

8-

l2

L4

11

- 13

-18

3t"29 r l.0B

30.01 r 0. 98

3L.23 I 1.30

29.18 r 0. B0

29,26 ! 0.97

26.95 t 1.53

29"52 t 1"10

26"L0 t 0.96

23.15 r 1.13

25.77 t 0.84

25.46 t r. 06

24.22 t 0.93

B_

T2

L4

11

-13

-18

70. Occlusal Plane to Palaral Pþne (Degrees)

2L"98 t I.17 19.6r! 0.69 15.44 t 0.83

2L.27 ! 0.75 20.12 t 0.95 L6.87 t 1.08

2L.99 r 1.13 19.90 t L.02 L7.28 ! r.22

t4,69 r 0.87

16.51 t 0.86

18.47 r 0. B0

71. Occlusal Plane to Frankfort Horizontal (Degrees)

B_

L2

L4

1l

-13

-tB

10.59 t

9.80 t

10.91 t

r.26

0.85

r. 14

11.11 1 0.80

tL.45 ! 1.39

10. 07 ! r.44

10.66 t

10. B0 I

9.01 r

0.99 13.15 t 0.88

1.05 9.55 t 0.76

1.08 7.L6 ! L.L2

72. Lower Incisor to Occlusal Plane (Degrees)

8 - l1

L2-L3

14-18

LLz.35 ! L.27

113.30 1 0.86

r15.00 t 1.14

114.13 t 0.96 rL4.66 ! r.57

113.35 t r.54 119.04 I 1.45

114.81 t 1.94 LL4.33 ! 2.06

1r9.78 t l.5I

118. 65 t 1.56

rL7.95 ! L77
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Appendix V

Table XII

Means and Standard Errors of all Angular and Linear Varíables for the
Main Effect of Group.

Groups

Varíable (cm) Total Sample Indian Control

1. Max. Pal. Plane
2. Nasal Bone
3. Mand. Length (27 -
4. Post Craníal Base
5. Corpus Length
6. Mand. Length (28 -
7. B - Facial Plane
8. 10 - Facial Plane
9. 12 - Facial Plane

10. 14 - Facíal Plane
11. Pog. to Mand. Pl.
L2. UI to Facial Pl.
13. LI to Facial Pl.
14. Ant. Cranial Base
15. Glab. to Y-Plane
L6. S - SN Plane
L7. Glab. to SN Plane
18. Upper Face Height
L9. Total Face Height
20. Lower Face Height
2L. Post. Face Height
22. Post. U.F.H.
23. Post,. L. F. H.
24. Overjet
25. Overbite
26, Ramus Length
27. UI to AP

28. LI Ëo AP

29. Max. Dental Arch
30. Mand. Dental Arch
31. U6 to Pal. Plane
32. UI to Pal. Plane
33. L6 to Mand. Plane
34. LI to Mand. Plane
35. L. Lip to "E" Líne

4. B1
2.23

L7) 9.76
4.25
7 .66

i6) r0. s7
2.86
1. 99
1.7 5
1.15
0. B3
0.62
0. 51
6. s6
7 .07
2.05
L.27
5. 07

LT.66
6. 5B
7 .32
2.58
4.7 3
0.ll
0. 07
4. 12
0 .44
0.32
3.60
3.27
1. B0
2. 52
2.7 0
3.7 r
0. 39

0. 02
0.02
0" 04
0. 02
0.03
0.05
0.02
0.02
0. 02
0.02
0.01
o.02
0.02
0.02
0.02
0.02
0. 03
0.02
0.05
0. 03
0.03
0.02
0. 03
0.02
0. 01
0.03
0. 02
0.02
0.02
0.02
0.01
0.02
0.02
0.02
0.02

t
t
t
t
t
t
t
t
t
t
I
+

;
1
t
t
t
t
t
t
I
t
t
t
t
j
I

t
I
!
t
t
t

4 .9r t 0.02
2.34 t 0.03
9.72 ! 0.05
4.37 ! 0.03
7 .70 ! 0.04

10.63 t 0.06
2.82 ! 0.03
2" 10 r 0.03
1. B4 t 0.03
L.27 ! 0"02
0.98 t 0.02
0.85 t 0.03
0.54 t 0.02
6.53 t 0.02
7.08 i 0.03
2.I5 ! 0.02
1.55 t 0.03
5.03 t 0.03

11.85 t 0.07
6.82 t 0.05
7.37 ! 0.05
2. 67 ! 0.03
4.70 t 0.03
0.28 t 0,02
0.22 ! 0.0I
4.01 t 0.03
0.59 t 0.02
0.27 ! 0.02
3.78 ! 0.02
3.18 r 0.02
1.83 t 0.02
2.70 ! 0,02
2.78 r 0.03
3.89 t 0.03

-0.04 r 0.03

4.73 t 0.03
2.r4 ! 0.02
9.78 t 0.06
4.L7 t 0.02
7 .64 ! 0.05

L0.49 r 0.09
2. 89 t 0.03
1.91 t 0.02
1.68 t 0.02
t. 11 t 0.01
0.93 t 0.01
0.47 ! 0.02
0.48 t 0.03
6.58 r 0.02
7.06 r 0.03
L.97 ! 0.02
1.07 r 0.03
5.10 r 0.03

11.53 t 0.06
6.42 ! 0.04
7.28 ! 0.05
2.51 ! 0.03
4.76 ! 0.04

-0.01 t 0.03
-0.04 t 0.03
4.20 ! 0.04
0.33 t 0.02
0.35 r 0.02
3. 47 ! 0.02
3.33 t 0.03
1.78 t 0.02
2.40 ! 0.03
2.65 ! 0,02
3.58 t 0.03
0.09 r 0.02
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Tabte XII (Continued)

Variable Total Sample

Groups

Indian Control

36. U. Lip to "8" Line
37" UI to NA
38. LI to NB

39. Pogonion to NB

40. Mand. Length
41. 2-28
42.2-26
43. 26 - 24
44. 26 - 30
45. Facial Angle
46. Angle of Convexíty
47, SNA
48. SNB

49, ANB
50. Mand. elane (l'll)
51. UI to LI
52. Uf to SN

53. LI to MP

54. Cranial Base Angle
55. 5-4-L7
s6. s-4-2
57. Mand. Plane (SN)
58. Pal. Plane (SN)
59. Gonial Angle
60. 2-4-L7
6L. Y - Axis
62, A-BPlane
63.7-B-L4
64. 4 - 23 - L7

65.6-SNPlane
66. FMIA
67. U]NA
68. LI to NB

69. Pal. Plane to M.P.
7A. Occ. Pl. to Pal. Pl.
7L. Occ. Pl. to F.H.
72. LI to Occ. Pl.

0.14 t 0.02
0. 19 t 0.02
0.59 r 0.016
0. ll t 0.01

10.84 t 0.05
L.7 4 ! 0.02
I.96 ! 0.L2
5.39 t 0.02
1.31 t 0.03

84.96 ! 0.24
7.14 t 0. 33

82.6 ! 0.22
78.56 t 0.20
4.04 r 0. 13

28.54 r 0.34
L25.90 t 0.61
102.08 ! 0.44
97.75 t 0.57

131.88 I 0.31
32.94 I 0.31

LL2.r4 I 0.38
34"32 t 0.32
7.21 ! 0.2L

123,39 r 1.50
79.L8 t 0.20
6r.47 ! 0.30
6.60 ! 0.20

L33.92 t 0.40
164.23 I 0.35
54.87 r 0.28
53.66 r 0.54
19.31 ! 0.42
30.69 t 0.49
27.05 r 0.33

-18.20 r 0.31
-r0.36 t 0.30

-115.99 t 0.46

0.04 ! 0.03
0"23 ! 0.02
0.59 r 0.01
0.06 r 0.01

L0.92 t 0.06
L"77 ! 0.03
1. 95 t 0.02
5.40 t 0.03
1.25 r 0.03

84.L6 I 0.34
9.9L ! 0.45

84.13 t 0.31
79.03 r 0.30
5.09 I 0.20

3L.37 ! 0.44
t26.87 ! 0"74
104,L7 I 0.59
92.94 I 0.53

131.04 t 0.45
33.00 r 0.41

Lr2.4r t 0.54
36.t2 I 0.40
6.37 ! 0.32

L27 .07 r 1. 68
79.4L r 0.30
62.38 ! 0.37
7,57 ! 0,32

138.06 t 0. 41

165.09 t 0.51
52.93 t 0.40
55.67 t 0. 57
19.9L I 0.60
28.10 t 0.43
29.75 ! 0.44
20.72 r 0.38
r0.69 ! 0.44

1t3.72 ! 0.49

0.2I ! 0.02
0.16 I 0.02
0.59 r 0.02
0" 14 r 0.0r

10.73 I 0.09
L"7L ! 0.04
r.96 ! 0.02
5.39 r 0.03
1.35 t 0" 33

85"52 ! 0.32
5.21 ! 0.40

81.53 r 0.28
78,22 ! 0.27
3.31 r 0. l6

26.57 t 0.44
L25,20 t 0.91
100.59 t 0.60
101. t9 r 0.80
132.48 ! 0.42
32.90 ! 0,44

111.95 t 0.53
33.06 I 0.43
7.9L ! 0.28

125.00 ! 1.25
79.03 ! 0.28
60.10 t 0.48
5.9L ! 0,25

L3L.2B r 0.49
163.09 ! 0.47
56.23 r 0.34
52.2L t 0. 82
18. 89 t 0.59
32.54 t 0.75
25.L5 ! 0.42
16.46 t 0.39
10. 13 ! 0.42

i17.58 t 0.69
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Means and Standard Errors
Main Effect of Sex.

Table XIII

of all Angular and Linear Variables for the

Sex

Variable (cm) Male Female

1. Max. Pal. Plane
2. Nasal Bone
3. Mand. Length (27 - 17)
4. Post Cranial- Base
5. Corpus Length
6. Mand. Length (28 - 16)
7. B - Facial Plane
8. 10 - Facial Plane
9. L2 - Eacíal Plane

10, 14 - Facial Plane
ll" Pog. to Mand. Pl"
T2. UI to Facial Pl.
13. LI to Facial Pl.
14. Ant. Cranial Base
15. Glab. Lo Y-Plane
L6. S-SNPlane
17. Glab. to SN Plane
18. Upper Face Height
19. Total Face Height
20. Lower Face Height
2L. Post. Face Height
22. Post. U.F.H.
23. Post. L.F.tI.
24. Overjet
25, Overbite
26. Ramus Length
27. UI to AP

28. LI to AP

29. Max. Dental Arch
30. Mand. Dental Arch
31. U6 to Pal. Plane
32. UI Lo Pal. Pl-ane
33. L6 to Mand. Plane
34. LI to Mand' Plane
35. L. Lip to "E" Line
36, U. Lip to "E" Line
37. UI to NA

4.87 1 0. 03
2.23 ! 0"02
9.91 t 0.06
4.33 t 0.03
7 .76 ! 0,05

10.68 t 0.08
2"BB I 0.03
2.04 ! 0.02
1.81 r 0.03
1.17 r 0.02
0.86 t 0.02
0.62 r 0.03
0.49 t 0.02
6.66 r 0.03
7.17 r 0.03
2.05 I 0.03
L.25 t 0.04
5.15 I 0.04

11.83 Ì 0.08
6.68 r 0.06
7.42 t 0.06
2.66 ! 0.03
4.75 ! 0.04
0.12 t 0.03
0.07 ! 0.03
4.11 r 0.04
0.44 ! 0.02
0.30 t 0.02
3.64 i 0.03
3.28 t 0.03
r.B2 ! 0.02
2.55 r 0.03
2.73 r 0.03
3.77 r 0.03
0.01 r 0.02
0.10 t 0.02
0.20 ! 0.02

4.76 ! 0.02
2"22 ! 0.02
9.63 t 0.05
4. 18 t 0.02
7.58 r 0.04

r0.47 t 0"06
2.85 ! 0.02
L.94 ! 0.02
I.69 ! 0.02
1"14 t 0.01
0.81 t 0.01
0.62 x 0.02
0.52 ! 0.02
6.47 t 0"02
6.98 ! 0.02
t.28 t 0.03
2.04 ! 0.02
5.01 t 0.02

rt.52 t 0.05
6.50 t 0.04
7.23 t 0.04
2.5L ! 0.02
4.72 ! 0.03
0.09 t 0.02
0.06 I 0.02
4. t3 t 0.03
0.43 t 0.02
0.32 t 0.02
3"56 ! 0.02
3.26 r 0.03
I.7B t 0.02
2.49 ! 0.02
2.68 x 0.02
3.66 ! 0.02
0.08 I 0.02
0.18 I 0.02
0. 18 r 0.02
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Table XIII (Continued)

Sex

Variable Male Female

38. LI to NB

39. Pogonion to NB

40. Mand. Length
4L. 2-28
42.2-26
43" 26 - 24
44. 26 - 30
45. Facial Angle
46. Angle of ConvexitY
47. SNA
48. SNB

49. ANB
50. Mand. Plane (FH)
51. UI to LI
52. UI to SN

53. LI to IP
54, Cranial Base Angle
55. 5 - 4 - L7

s6" s - 4 - 2

57. Mand. Plane (SN)
58. Pal. Plane (SN)
59. Gonial- Angle
60. 2-4-17
6I. Y - Axis
62, A-BPlane
63. t-B-14
64. 4-23-17
65. 6-SNPlane
66. FMIA
67. UINA
68. LI to NB

69. Pal. Plane to M.P.
70. Occ. Pl. to Pal. Pl.
71. Occ. Pl. to F.H.
72. LI to Occ. Pl.

0.57 t 0.02
0.11 Ì 0.02

r1.01 I 0.08
1.77 I 0.03
r.99 ! 0.02
5"46 ! 0.02
1.36 t 0.04

85.26 t 0.34
6.79 ! 0.47

82.69 r 0.30
78"79 ! 0.27
3.90 I 0.19

28.93 t 0.54
t26.42 1 0.81
t02.73 t 0.60
96.2r r 0.80

131.30 t 0.45
32.56 x 0.42

i11.99 t 0.54
34.76 t 0.48
7.21 t 0.34

126,6r r 1.54
79.43 x 0.27
61.06 r 0.43
6.35 ! 0.27

r34.52 t 0.63
163.93 ! 0.48
54.27 t 0.39
s4.77 t 0.79
19.76 t 0.57
29.85 r 0.70
27.55 t 0.51
T8.74 t 0.48
L0.24 r 0.43

114.85 ! 0.64

0.60 r 0.02
0.10 I 0,01

10.68 t 0.06
r.72 ! 0.02
I.92 ! 0.02
5"34 r 0.03
L.27 ! 0.03

84.70 t 0"34
7.45 ! 0"46

82.52 ! 0.32
78.36 ! 0.29
4.16 ! 0.20

28.2r ! 0.44
L25.47 r 0.90
101.55 r 0.63
99.06 ! 0.79

t32.37 ! 0.42
33.27 i 0.45

172.26 1 0.55
33.94 I 0.41

7 .33 ! 0.27
L24.64 t L.43
78.98 t 0.30
61.85 x 0.42
6.8I ! 0.29

L33.4L t 0.51
L64.49 t 0.51
55. 39 t 0. 39
52.70 ! 0.74
L8.94 t 0.61
31.40 t 0. 68
26.6L t 0.43
t7.74 t 0.39
L0.46 r 0.43

1L6.95 t 0.66
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Table XIV

Means and Standard Errors for all Angular and Linear Measurements
for the Main Effect of Age.

Variable B - 11

Age Groups in Years

12_L3 14-18

1. Max. Pal. Plane
2. Nasal Bone
3. t'fand. Length (27 -
4. Post Cranial Base
5. Corpus Length
6, Mand. Length (28 -
7. B - I'acial Plane
B. 10 - Facial Plane
9. L2 - Eacía1 Plane

10. 14 - Facial Plane
11. Pog. Lo Mand. Pl.
L2. UI to Facial Pl.
f3. LI to Facial P1.
L4. Ant. Cranial Base
15. Glab. to Y-Plane
76. S-SNP]-ane
17, Glab. to SN Plane
18. Upper Face Height
19. Total Face Height
20. Lower Face Height
2I. Post. Face Height
22. Post. U.F.H.
23. Post. L.F.H.
24. Overj et
25. Overbite
26. Ramus Length
27. UI to AP

28. LI to AP

29. Max. Dental Arch
30. Mand. Dental Arch
31. U6 to Pal. Plane
32. UI to Pal. Plane
33. L6 to Mand. Plane
34. LI to Mand. Plane
35. L. Lip to "E" Line
36. u. Lip to "E" Line
37. UI Ëo NA

4.70 x
2.I5 !

17) 9.33 r
/, 1) +

7.30 t
16) 10.05 r

2.69 !
L.96 !
L.72 !
1.07 t
0.79 t
0.63 t
0.53 t
6.43 t
6.95 !
2.01 t
L.26 !
4.83 t

Il.zL !
6.37 !
6.97 !
2.47 !
4.49 !
0.08 t
0.05 f
3.89 t
0.42 !
0.32 t
3.64 t
3.35 t
1.65 r
2.45 !
2.58 !
3.58 t

-0.04 t
0.04 r
0.14 t

4.78 t
2.28 !
9.89 t
4.35 !
7"79 !

10. 71 t
2.89 !
1.98 r
1.74 t
1.19 t
0. 83 t
0.62 !
0.53 r
6.55 r
7.04 t
2.09 !
L.32 !
5.L7 !

11.80 t
6.63

7.38 t
2.65 !
4.73 !
0.08 t
0.04 t
4.12 t
0.45 t
0.35 t
3.59 t
3.26 !
1.85 t
2.52 t
2.70 !
3.72 t
0.07 t
0.18 t
0.22 !

0.03
0. 03
0. 04
0.02
0.04
0. 06
0. 02
0.02
0.02
0.02
0.02
0.03
0. 03
0.03
0.03
0.03
0.04
0.03
0.06

t 0.05
0.05
0.03
0.04
0.03
0.03
0.04
0.02
0. 03
0.03
0.03
0.02
0.03
0.03
0.03
0.02
0.02
0.02

0.03
0. 02
0. 05
0.03
0. 04
0.07
0.03
0.03
0.03
0.02
0.02
0.03
0.03
0.03
0. 03
0. 02
0.04
0. 03
0. 07
0.05
0. 05
0.02
0.03
0. 03
0,02
0.04
0.02
0.02
0. 03
0. 03
0. 02
0.03
0.03
0. 03
0.03
0. 03
0.02

4" 99 t 0.03
2.26 x 0.03

10. 19 t 0.07
4.30 t 0.04
7. 98 I 0.05

11.00 t 0.09
3.07 t 0.04
2.04 ! 0.04
1.79 t 0.03
r.22 ! 0.02
0.91 I 0.02
0.62 t 0.04
0.44 t 0.04
6.75 ! 0.04
7.27 ! 0.04
2.03 x 0.04
I.2l ! 0.04
5.29 ! 0.04

L2.L2 r 0.08
6.82 ! 0.06
7 .tL ! 0.07
2.62 ! 0.04
5.08 ! 0.05
0.17 t 0.03
0.13 t 0.03
4.43 t 0.05
0.45 t 0.03
0.26 t 0.03
3.55 t 0.03
3.16 t 0.04
1.95 t 0.03
2.61 t O.O4
2.86 r 0.03
3. 88 r 0.03
0.12 t 0.03
0.23 t 0.03
0.22 ! 0.03
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Table XIV (Contínued)

Variable 8 - rI
Age Groups in Years

T2_L3 14-18

38. LI to NB

39. Pogonion to NB

40. Mand" Length
4r. 2-28
42. 2-26
43" 26 - 24
44. 26 - 30
45. Facial Angle
46. Angle of Convexity
47. SNA
48. SNB

49, ANB
50. Mand. Plane (FH)
51. UI to LI
52. UI to SN

53. LI to Iß
54. Cranial Base Angle
55. s-4*17
s6. s - 4 - 2

57, Mand. Plane (SN)
58. Pal. Ptane (SN)
59. Gonial Angle
60" 2-4-17
61. Y - Axis
62" A-BPlane
63.7-8-L4
64. 4-23-17
65. 6-SNPlane
66. FMIA
67. UINA
68. LI to NB

69. Pal. Plane to M.P.
70. Occ. Pl. to Pal. Pl.
7L. Occ. Pl. to F.H.
72. LI to Occ. Pl.

0.58 r 0.02
0.06 t 0.01

10" 36 ! 0.7 4
1.63 r 0.03
1"95 r 0.02
5.21 ! 0.02
1.05 t 0. 03

83.99 t 0.41
8.22 ! 0.54

82.08 t 0.35
77.74 ! 0.32
4.33 ! 0.22

28,94 t 0.51
L25.35 t 0.91
10i. 68 t 0.63
97.98 r 0.90

L32.42 t 0.43
3L.43 t 0.45

109.59 t 0.55
34.78 ! 0.47
7.09 t 0.31

r25.L2 ! L.94
78.L5 ! 0.32
6I.7r ! 0.52
6.73 1 0.33

L34.7 2 ! 0.67
163.46 t 0.58
53.94 ! 0.49
52.94 r 0. 86
L9.52 I 0.57
30.67 ! 0.77
27 .69 r 0. 51
L7 .49 t 0. 5l
11.54 t 0.48

11s. 61 I 0. 73

0.61 1 0.02
0.11 t 0.01

11.01 t 0.06
1.79 t 0.03
L"95 ! 0.02
5.43 t 0.03
1.39 r 0. 03

85.65 r 0.33
6.53 I 0.48

82.93 r 0.37
79.16 t 0.32

3.7 6 ! 0.2I
28.59 I 0"55

r24.BB t 0.98
102.99 ! 0.73
98.06 t 1.03

131.01 ! 0.52
32.75 t 0.48

LL2.59 t 0.60
34.44 t o.5l
6.99 ! 0.34

L27.55 ! 0.70
79.8L t 0.31
61. 51 ! 0. 47
6.20 t 0.30

134.00 ! 0.62
164.93 ! 0.46
55.80 I 0. 43
53.34 r 0.85
L9.66 i 0.73
3L.67 ! 0.84
27 .45 r 0.54
18.39 t 0.50
10.24 I 0.48

r 16. 50 ! O.77

0.56 t 0" 03
0.16 t 0.02

LI.20 r 0.09
1.83 t 0.04
1.98 I 0.03
5.61 t 0.04
1.57 r 0.05

85.39 t 0.50
6.46 ! O.7r

82.88 r 0"43
78.87 t 0.40
4.OL ! 0.29

27 "9r ! 0.77
128. 00 t 1. 34
10r.46 ! 0.97

97 .0r r 1.03
L32.27 ! 0.69
35.26 t 0.66

115.06 ! 0.76
33.50 t 0.68
7.9r ! 0.49

r25.40 I 1. 70
79. B0 t 0.41
6t.r6 t 0. s9
6.94 ! 0. 44

132.66 t 0.80
L64.39 t 0.82
54.94 t 0.49
55.06 t 1.15
18.58 ! 0.94
29.40 ! 0.96
25.88 ! 0.67
18.95 r 0.56
8. 83 r 0.61

r15. 84 ! 0.97
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APPENDIX VI

Variables Selected for the Díscrj-minant Function Analysis

Linear Measurements

1. 24-25: MaxiLLary palatal plane length whÍch includes the

length of the maxilla and the palatal bones (Figure 11) "

2. 4-52 The length of the nasal bone (Figure 11).

11. l7-Mandibular Plane (32-15): The vertical height of the anterior

limit of the mandíble (chin point) in relation to the

mandibular plane (Figure 11) "

12" 2O-Facial Plane: The horizontal positíon of the upper incisors

in relation to the anterior facial plane.

L6. 5-SN Plane: The verËical distance that the típ of the nasal bone

1íes belo¡¿ the anterior craníal base (Figure 12).

L7. 3-SN Plane: The height of the convexíty of the frontal bone ín

relation to the anterior cranial base (Figure 12).

19. 4-L5: The vertical height of the anterior portion of the face

in rel-aËion to the anterior cranial base and is

indicative of total anterior facial development

(Figure 12).

20. 24-L5: The lower face height measured from the anterior nasal

spine to menton (Figure 12).

21. 32-2: The vertÍcal height of the posterior face in relation to

the anterior craníal base (Figure 13).

26. 27-l{andlbular Plane: The length of the ramus from articular to

gonion (Figure 11).
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26. Z7-l4.andlbular Plane: The length of the ramus from articular

gonion (Figure 11).

27. 20-A-P Plane: The relationship of the maxillary incisor to

the skeletal profíle.

28. ZI-L-P Plane: The relationship of the mandibular incisor to

the skeletal profile.

29 " 30-20: The length of the maxí11ary dental arch from the

disto-buccal cusp of the 1st molar to the central

incisor (Figure 14).

30. 3L-27: The length of the mandibular dental arch from the

disto-buccal cusp of the lower lst molar to the

lower central incisor (Figure 11).

37" 20-NA Plane: The linear relatíonship of the maxíllary incisor

to the line joining nasíon and poínt A. This ís a

measure of the A-P positíon of the incisor.

39. P to NB: The effectíve chín button in relationship to the NB

line.

Angular Measurements

45. Facial Angle: An expression of the degree of recession or

protrusíon of the chin and ís used in typing faces as

retrognathíc, orthognathic prognathic (Angle I'

Figure 17).
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46. Angle of convexíty: The anterior limit of the maxilla in the

profile with point A as the verËex of an angle

formed by the NA line and the AP line' This angle

is recorded as a plus if A point is anterior to the

facial plane and minus if it is posterior (Angle 2'

47 " SNA:

48. SNB:

49" ANB:

53. LI Eo MP:

Figure 16).

The relationship of the maxillary apical base to the

anterior cranial base (Angle 3, Figure 16) "

The angle relates the mandibular apical base to the

anterior cranial base (gngle 4, Figure 17) "

Relates the anterior límits of the maxillary and

mandibular apical bases to each other (Angle 5) '

Relates the lower incisor to the mandibular plane

(Angle 9, Figure 18)'

54. 29-2-4: Relates the anterior and posterior cranial base

(Angle lO, Figure 16) '

57. Mandibular Plane to sN: Relates the ínferior border of the

andible to the anterior cranial base (Angle 13,

Figure 17).

58. palatal Plane to sN: Relates the maxÍlla to the anterior

craníal base. Changes in this angle may reflect

differences in the relative vertícal development of

the anterÍor and posterior nasal spines (Angle 14'

Figure 16) '
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65. 6-SN Plane (21) : Records the relatíonship of orbitale to sN

and is a measure of the degree of retrusion

of orbitale (Angle 21, Fígure 19).

68. LI to NB: Records the relationship of the mandibular

íncísor to the line NB and ís a measure of Ehe

proclination of the mandj-bular Íncisors

(Angle 24, Figure 16).


