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INTRODUCTION .




The object of this investigation is to examine
the skulls of an American Indian populatlon w1th partlcular
emphasis on the varlablllty present in the dentition and

jaws.

The Gray Site burial near Swift Current in south-

eastern Saskatchewanvpresents an opportunity to exaﬁine a
sizeable group of individuals of substantially similar
backgrounds. At the present time there.is apparently no
analytical nor comprehensive method available to eﬁaluate
the dental status of such a groﬁp, also lacking at the
Vprésent time is a méthddology,for defining arch form in a
manner whichvlends itself to a correlation with cranial or
. mandibular form.

| In realizing the absence of adequate teshnlque

~ for such studles it was found necessary to develop and adapt
new methods. For the evaluation of the dental status csr—

~ tain techniques presently used in modarn clinical dentistry
;.were appiied. For the consideration sf variability of form
and its correlations, a standardized photographic techhique
‘was utilized. Utilizing these technlques, concepts of
varlablllty of form and the dental status of this Indlan

group were sought.




With the dental evaluation it is hoped that a
report of more relevance for such ah ancient population can
be gained. For the arch forma(cranial form it is hoped
that correlations of form cén be found which could reiate

different aspects of the cranium to.themselves and to the

arch form.



REVIEW OF LITERATURE




The belief that there is a certain definable form
to the dentalvarch is not recent. vHunter in 1778 saw_that
the upper jaw had a circular arrangement as did the mandib-
ular arch. The anterior aspect of the lower arch was de—
fined by a smaller circle than the maxilla but it also ex-
tended farther posterior. Both circles he continuéd:héd
their convexities turned toward the anterior. Bonwill in
1885 defined the mandible by an equilateral triangle defined
by the condyles and the midpoint of the mandibular gehtral
incisors. Each side of this trianglevwas four inches'plus
or minus 1/4 inches.: Distal to the cahines Bonwili séﬁ the
premolars and molars extending in a straight line to the
condyles. This was in accord with the most efficient concept
of nature. Bonwill's anterior segment was an arc of a circle
defined by the incisors and canines. |

G.V. Black in 1902 stated that the upper dentition
was arranged in a semiéllipse. The premolars and molars
were arranged in a straight line or slightly curved line
and the third moiars were outside the ellipée. The mandib—
ular arch had a similar arrangemeﬁt but on a smaller curve,

- this enabled the maxillary teeth to fall buccal to the
mandibular arch. Stressed by Black was the individual vari-

ation involved.i Angle in 1907 -also accepted this aspecf of



individuality. The arch for Angle, in general had the form
of a parabolic curve. The variances of this were according
to race type and temperament of the individual. Since these
variables were presént he saw Hawley's adaptation of,ﬁonwill,
to be discussed shortly, to be too inflexible.

As méntioned‘in reference to Angle, temperaﬁent'
was a method utilized to categorize people at thisifﬁme.‘
Temperament generally defined différences in thé mental and
physical makeup of an individual. At this time eachjtem~
perament was associated with a specific arch.form. This was
the result of a belief in correlatién and interrelatibn of
different aspects of ﬁhé individual. Both Broomell‘(i902)
and Turner (1907) consider this correlation. The Bilioﬁs
type, strong dark, had a square arch, the Sanquine, athletic
and light, had a rounded square arch, the Nervous type@

f small, dark had a smaller arch still circular, the Lymphatic,
large plodding, had an arch of the largest circle. 'Brobmell'
 also related each of these by a triangle between the central
fossa of the second molars and thé interproximal of the"
céntral incisors. For the Bilious/Sanquine this triangle
was equilateral; the_Sanquine had a molar to molar éegment
which was shorter, the Nervous mblar to molar segmen£ was
.very much shqrter while the Lymphatic type had a molér-to
molar segment which was the largest aspect of the triangle.

‘Though the relationship was categorized by temperament the



concept of these men did attempt to relate an arch which
they observed to other aspects of the individual and also
tried to define the arch itself in a precise and measutable
triangle. |

Actually located between these two authors, Hawley
in 1905 took the eoncept of Bonwill which was used for pros-
thetics and attempted to extrapolate to orthodontics.*‘In his
methodology he took the widths of‘the central, laterel'and
canine and used them to define a circle. From the dietal as-
'vpect of this circle an equilateral triangle was established
with sides passing through the distal of both canines with
the third side a tangent to the centrals. The 1ength-Qf one
side of this triangle Was then used as a radius for}another
~circle the anterior aspect again intersected the incisors.
On this large circle six times the radius was merked 6ff.
Lines were drawn to the distal of the caninee. The firSt
circle defined the anterior circular aspect, the last'lines.,
defined the straight line of the postetior teeth. Thei’
| importance of this lies in a formznot linear dimensieni in
relation to the initial measurement of the incisors and
canine.

From this point various authors including Cartea_
(1919), Gaillard (1921), Riekter (1909), Herbst (l907)% Gysi
(1895) and Koerbitz (1911) (from Izard, 1927), sought out

methodologies to define the circle that described the anterior



arc of the dental arch;. Koerbitz utilized the'diameter of
two incisors while the former group utilized the diameter of
the central, lateral and the canine as did Hawley above.
Grunberg in 1912 brought in a new aspect to the
concept of arch form. The symmetroscope was an appatatus to
measure the symmetry of the arches. Via this, models ef the
dentition could be evaluated for symmetry in a bucdal'lingual
as well as a mesial distal plane. It is an important_eoncept
at this.stage in that it questioned the symmetry which, up
to this time, was not considered of importance. The earliere
statements of individuality became even more particulat
questioning the right and leftbsymﬁetry in a given individual;
For this reason he queried Bonwill's triangle. But in regard
. to the dental arch symmetry, Cryer (from P.N. Wllliams; 1917)
felt that if the arch was symmetrical as well as the mouth and
palate, then the cranium would likewise be symmetrical,‘ This
was an early attempt at interrelating the forms of the indi-
. vidual. | |
P.N. Williams in 1917 retﬁrned to the conéept
.. above of the anterior arch being defined by an arc of a circle.
This circle had its midpoint midway between the buccal grooves
of the two maxillary first molars. The arc defined‘the in-
cisors and mesial of the'canines. The distal of the”cahine
aligned in a straight line to the buccal groove of the first
molar. The second molar was inside this line. The rela+

‘tionship of the buccal aspect of the first molar to first




molar and then to the incisors and then canine to canine
was established. The molar to molar compared to the canine
to canine for the Américanbtype was a ratio of 14:9,' This
is a linear dimensional relationship. Included in thé'
concept of racial types, Hellman in 1919 considered: arch
shapes in animals and humans. He'coﬁcluded_that just as
facial types are ascribed to cértain faces SO may aréh‘
shapes be attributed to races. |

In 1922 Stanton published a paper which stéﬁed
that‘the arch form ranged from ellipﬁic, ovoid, approached
circular, U-shaped, pafabola, 'horse shoe' shapes. 1In this
article he established an arch index which was dete?mined by
the length times 100 divided by the width. The indices ranged
- from 90 to 150. The width definéd by buccal Qroove of first
molar‘to midpalatal suture variedvbvamm, while the length
varied within 13mm in length from mid-buccal groove liné to
upper incisal edge. From theée scales and linear calcﬁlations
Stanton defined three types of arCheér The Dolicouraﬁic had
an index below 110, the'Mesouranic héd an index of llo“éo 115,
- while the BrachyuraniC'érch would have an index above 115.
AStantén did stress the individuality and variability of the
arch even quoting Hrdlicka who saw a great variety ofvéfches.

Gilpatric in 1923 cohcerned himself with thé:Size
of the dental arch. The sum df tooth substance for a»'hormal'
arch was 74 1/2 to 100 1/2mm measured to the buccal'gfoéves

~of the first molars. These 'normal' arches were determined




from average values while thé tooth size was determined
from charts of G.V. Bléck.

Izard in 1927 tried to establish a relation of
the face and the dental arch.- In this he found a constant
ratio of the width of the arches and the width of the face.
The arch width taken on the buccal bone at the widest width
ranged between 53 to 73.5mm. The bizygomatic width ranged
between 106 to 15lmm. The fatio is 2:1. The form of the
‘arch according to Izard was predominantly elliptical while
parabolic arches occurred about 20% and other forms included
about 5% of arches. The other forms included U-shaped arches
which approach“anthrdpoid form. The elliptical form Izard
considers infinitely variable, when wide it can approach a
circle while when it is long and narrow it approaches a
parabola. From his above measurements Izard constructed his
ellipse. The small axis of the ellipse was 1/2 the bi-
zygomatic width while the long axis was the auriclo incisai
radius. He superimposed these on an ellipsograph. The
writers grouped above who utilized various circiesAto define
the arch Izard grouped and discarded becéuse they were too
invariable. His discussion is a correlation of linear
dimensions extrapolated to defihe form.

Chuck in 1934 defined ideal arch form for ortho-
dontic wires. 1In this he recapitulated the methodology of

Hawley for establishing arch form via equilateral triangles.




In 1927 Sim‘Wallace'illustrated variability of arch form
via photographs. Also in the article linear indices are
given to stress the variability. |

Wheelef’in a text on dental anatomy in 1950 de-
fined the arch as a parabolic curve. The incisors to the
first premolars are part of an arc of an imperfect circle.
He did question the mathematical applications to the arch
which attempted precise definition.

Meredith and Higley (1951), utilized direct'faciel
measurements, casts of the arches and posterior anterior |
x-ray films. Via these the widths of the dental arch, the
bizygomatic width and the palatal width were compared;t In
addition the mandibular dental 'arch width’was compared with
the width of the lower face. Unlike Izard, no correlations
were found with these linear_aspects.

In 1952 Sved applied engineering principles to
the form of the dental arch.  In this process_two lines were
utilized. The fitst of these wasAthe molar line:whichéex—
tended from the buccal grooves of the first molars. The
second llne was the posterior line whlch extended from the
buccal groove of the first molars to the tip of the canlne.
His characterlstlc angle deflnlng ‘the arch was the angle
formed via the posterior and molar lines 1ntersect1ng This
characteristic angle for a given arch remalned the same for

an arch even through growth. The most important concept of




this is that the author avoided the aspect of linear dimen-
sions. In this article he continued and became concerned
with linear dimensions with canine and molar arch widrhs.
This he did to calculate the ideal dimensions of a given
arch. This he did via the formula W=2U-K + D. The W repre-
‘sents the molar.width, the U represents the widthsdofithe
central lateral and mesial half of the canine, the K is a
constant and the D is the difference between molar and canine
widths. | -

In 1953 another evaluation was made concerning’zy—

gomatic and arch widths by Lundstrom and Lysell. . The width of

the maxillary dental arch was taken at the first premelars, the

first molars, the length was taken from the first molars to the

central incisors and the palatal height was registered at the
first molars. The author found no correlation in this:linear
~investigation between the width, length index of the head and
"~ the length width index of the maxillary dental arch.

In 1958 an artlcle was released by Okyay and ‘Baz
which was concerned with relations of arch and facial shapes.
In the article they related llnear measurements, done by
Chateau, Henriquis, Olow'and Reese. The arch form for Baz
- was determined by indices of Pont which established a normal
arch via averaging many arch Qalues. The authors then
utilized geometric methods to apply their linear values.

Sicher in 1965 considered the maxillary arch.form

to be ellipsical while the lower arch was parabolic. »By»this

10




destinction Sicher attempted to define the divergencé of the
premolar and molar regions as decreasing steadily in the
maxillary arch while there is an incfease in divergence in
the lower arch. He also stated there is great variation for
example with the U-shaped arch. In this type of arcﬁ_the
anterior teeth approach a straight line while the canines
adt as corners to enable the posterior teeth to alsQ cén—
stitute a straight line which closely patallel to the mid—
sagittal plane. V

Anderson (1960), in his Practical Orthodontics
saw that the normal'arch was an épproximation of symmetry
with the normal size of the teeth. The form was established
by a study of the face, cranium and'tboth forms. For'the
maxilla, the six anterior teeth formed a true arch, fhé
laterals being slightly higher and lingual.to the céntrals
" and canines. The posterior segment was a straight Iiné from
~ the distal of the canines to the buccél grooves of thé first
v‘molars. The segmeht distal of this curved lingually.  For
the mandible the incisors are on an even arch. Distél,to
the lateral incisors the canines éreﬂérominent‘labially_with
- a straight line to the buccal groove ;f the first mdlars and
- again a lingual inclination distal>to this.

Begg in 1971 saw the arch as‘being individuéil
He stated‘ﬁhe shaping of arch form in orthodontics was hot

an exact science rather an empirical art.

11




In various determinations of arch form linear
aspects have held paramount interest. Lavelle, Foster and

Flinn in 1971 studied dental arches in Modern British,

New Guinean, West African and Australian aborigines. In this
they attempted to type groups according to linear dimensions
between the second molars, the first molars, the first and

second premolars and the canines, the first molars and from

the canines to the first molars. To establish form from

this information the area enclosed wasbcalculated.

In 1972, F.W. Worms coneidered Pont's index
and dental arch form. The index was established as a norm
from averaging linear dimensions. This averaging to es-
tablish a norm, the author stated was not justifiable. With
his study a low correlation between arch predetermination
and arch form was found. Worms again reiterated that arch
form is individual. |

Another linear application was L.F. Mills (1964),

who correlated arch width, length and tooth size. From this

study a relationship was found between arch width and crowding.
Various analysis of the dental arch utilizing its

linear aspects, have been done by authors such as Bolton

(1962), and Carey (1952), etc., but these are not concerned
spe01f1cally with arch form and as such are not related to
overall cranial form.

A new concept brought to the form of the dental
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arch is that of a catenary curve. MacConail and Séher in
1949 desired to define the occlusal line of the dental arch
form. Since the maxillary and‘mandibular forms interdigi-
tated at intercuspation they stated one could not be eiliptical
" while the othef was parabolic. For the authors the line in
. contention was the buccal cusp line of the mandibulér étch.
This was their area of the catenary curve. The concept.of the
catenary curve is a linked chain suspended by its two ends.
For the alignment the curve was greatést at its poiht 6f
suspension and least at its lowest poiﬁt. The curvatﬁre is
symmetrical and as a result will have a diameter from its
apex between the sides of the curve. The arch so suspénded
will have an inverse relation between curvatﬁre and width at
points of suspension, that is the least apical curvatﬁre will
‘have greatest distance between suspension points. The natural
length of a catenary is found by the apical tangent haVing a
-45° line which is also tangent. The distance from two points
thus defined by tangenté'will bé the radius of apical cufva—
ture. The catenary, the authors claim, is the curvaﬁufé of
minimum extraneous force. From this concept an analo§y~is
drawn as to the weight of the chain beihg mesial force for
| drift and the inward fOrce.thé appositign of bone bucéll&.

The catenary aspect was applied by'Burdi in 1966
to fetal material. In this study thejcatenary curve was:

established by 9.5 weeks in utero.




James H. Scott inbl957 agreed with the concept of
the human arch being a catenary form but differential growth
changed this early situation. Scott extended the concept of
dental alveolar bone being defined as a catenaiy curve and
stated the mandibular basal bone is also a catenary curve.

- This he stated, is the situation with the basal bone of'not
only many, but animals generally. The catenary forVScott is
the same as for MacConnail aﬁd Scher in ﬁhat it is the same
for the maxillary and mandibulér élveolar arches as defined
by the mandibular buccal cusps and maxillary central fossae.

In recent literature there has been utilization of
- various mathematical expfessions to define‘the arch form. Lu
‘ in 1964 analyzed arch symmetry in a pblynomial equation of
the fourth degree. By substitutihg various arch measurements
symmetry as either linear or cubic can be determined or the
lack of symmetry can be established. By an equally in&dlved
mathemétical means Erickson in 1972 established human pélatal
 morphology by a least squares multiplé'regression equation.
In 1965 Mills and Hamilton utilized mathemétics for computing
arch circumference from arch length and width measurements.
The accuracy of the equation was verified by direct circum-
ference measurements utilizing a wire; Biggerstaff ih 1972
utilized a quadrétic equation to'evaluafé arch form. By the

equation the arch was determined to be elliptical, parabolic

or hyperbolic. This form was taken over the cusps of the arches.

-In 1969 Currier compared the ellipse and parabola




as methods of defining the arch form. 1In his evaluation,
three areas were considered as definitions of arch form.
These were the buccal cusp line, the central fossa liﬁe, and |
the lingual cusp line for both the maxillary and mandibular
teeth. From their computerized evaluationrhe concluded

that; | |

1) The facial aspect of the maxillary arch was
closest to an ellipse of all the areas e&aiﬁated.

2) The ellipse was a better fit to the buécal aspect
than to the lingual or fossa lines.

3) The central'féssaé of maxillary arch and mandibular
fossa line more closely approximated a‘parabola.

4) Neither a parébola nor an ellipse defined thé
lingual aspect of the maxillary nor the méndibular
arch. |
In 1964 Kato, Kubota and Hashimoto et al,-used X,y

co-ordinate compuﬁerized system to establish tooth positions.
© From thisvthey established differences_in sizes and poéitions
 of teéth. They did see a significant difference betwéen:the
.upper and leer jaws but‘the polygonal lines of upper aﬁd
lower jaws are similar. This means that although thé size

is different the form was similar. | |

Investigation of arch form by Remsen in 1964 don—

sidered three angular measurements. The first was the iﬁ—
cisor angle which was defined as 'that angle with its apex

~at the central incisor contact point, formed by lines which

15




“pass through the cusp tips of the right and left cuspids.'
The second angle was the cuspid angle which was stated to be

'that angle with its apex at the cuspid tip formed by lines

which pass thfough the buccal groove of the first molar on

the same side and through the‘central incisor contact point.!
The third angle is the characteristic angle of Sved defined
as 'that angle with its apex at the first molar lineskwhich

pass through cuspid tip on the same side and buccal groove

of the first molar on the opposite side.’

Remsen's investigation of ideal arch form evalu-
ated arch predeterminafion according to Hawley as well as
utilization of parabolas and 45° ellipses. This inVestigation

»:included ideal 'normal' dentitions of 13 young men and 12
'young women. All thé occlusions, evaluated via plasfer
casts, had Class I molar relationships, an occluding sécond
molaf, and a Class I canine relationship.

From the investigation he found the incisor angle

" was valuable in determihing proportional changes in the area

of greatest curvature. It did indicate a broad or a narrow
arch and tendencies toward each. He felt that this angle
was a more scientific method of classification than dolico,

meso and brachyuranic or ‘square ovoid, etc. For arch pre-

determination he found that the parabolic construction. best

~outlined the anterior arch segment regardless of arch form.




The straight posterior segment, however, did not déscribe the
normal relationship of the posterior teeth. The 45° ellipse
did not represent the form of the dental arches. The Bonwill
Hawley method of predetermination did not have sufficient
variability to be valuable. No correlations were found be-
tween angles of the same arch or of the same angies iﬁ.op—
posing arches.

Izard in 1927 attemptéd to correlate maxilléry
arch width and_bizygbmatic width. Although he found there
to be a correlation it has since been questioned by Meredith
and Higley who in 1952 found no correlation. In 1953
Lundstrom and Lysell also.found,na,correlation of  width length
| index of the head with length width index of the maxillary
dental arch. In 1958 Okyay and Baz found a cbrrelation'of
arch and facial shape utilizing bizygomatic width of the face.
In this investigation Pont's index was used as a basis of
comparison. Filipsson and Goldson in 1963 sought a éprfelation
of tooth width, length of head and stature. These authors
found a low correlation of tooth width and width of head
with no correlation in the other aspects. All of thésé
studies relied upon linear éspects of measurement.

Cozza in 1967 sought the correlation of the'maxi-
llary central incisor, the maxillary‘arch and skull via angular
measurements. This study investigated 30 subjects to seek a
'.correlation of angles of the three aspécts defined by angles

of their widest and their narrowest dimension.



For the form of the skull a posterior anterior
x-ray of the skull was utilized oriented in the Frankfurt
Horizontal. The widest extension onvthe cranium and the
gonial points on the mandible were connected by linesxex-
tended to form a triangle. The maxillary arch wasvinvesti—
gated via models. The widest péints taken were at:the
mesial buqcal cusp onvthe first molars. The narrowésf‘point
. was taken at the cuspids. These points were likewise con-

- nected on each side with the lines extended anteriorly to
establish a triangle. A similar arrangement was estéblished
via photography for the central incisor. With these angles

no correlations were found.




The development of eﬁ adequate method for the
definition of cranial forﬁ which is suitable for evaluation
and comparison is also a subject for continuous concern;

- Hooton (1946) has stated that descriptive definitions:y

| for example those of Sergi, for describing cranial contours
are not only cumbersome and difficult to apply, butvdovnot
lend themselves to statistical evaluation. Krogman (1932)
also utilized a descriptive appfoach and applied it to the
Australian Aborigine skull material. His descriétion of
elongate oval and reunding form is not acceptable for statis-
tical evaluation. 1In an attempt to overcome these limita—
Atlons Hooton (1946) described the cranial index which is a
ratlo of breadth of the skull to the length of the skull

The dolichocephalic or long head registers less than‘75%,

the brachycephalic, or bread‘head,.registers more thandBO%'

. with the mesocephalic registered ih between 75-80%. This,
f:although a crude approximation of form lends itself to statis-

tlcal evaluation. Abbie (1947) in applylng this type of

index felt it was composed of measures which were not con51stent.

By this he meant that since the area of greatest width dif-
fered in position on different skulls, the applicability

of the index to establish comparative form was lacking.




A similar index (Hooton, 1946) has been established
for facial form (length is a percentage of width) wiﬁh a
broad faced, ie. euryprosopic less than 84%) 85-88% (85—
89.5% for dry skulls) mesoprosopic and 88% (90% for dry
skulls) and above'being leptoprosopic or narrow faced
individual. |

In addition to indices of this sort linear‘dimen4
sions are frequently listed for height, width and length in
an attempt to define the cranial form. Hooton (1946) lists
various linear dimensions utilized. In an attempt to-derive
k characteristic genetic form from this'type of measure,
Howells.(l957)'utilized correlationé-of various measufes.
McKeown (1971) also evaluated cranial form and found signifi-
cant correlations of .endocranial height, width and length
vbut less significant relations were found with lower fac1al
height. |

In the evaluatlon of certain similar anthropologl-
ﬂéal materials certain of these aspects have been utilized to
establish the'homogenelty of the groups and to illustrate
‘their form. Anderson (1964) describes:the crania of ah
Iroquois Ossuary by linear aspects as well as various 1n—
dices. Hoyme and Bass (1962) in an evaluation of Tolllfero
and Clarksv1lle materials again utilized linear aspects and
.indices and. concluded that the metric differences did not
reflect any clear differences between the groups (Pg. 392)

Loukldes, Thiessen and West (no date) in an osteology
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preparation of Gray site material and Glen William's
Iroguois Indian ossuary material utilized a combination of

linear aspects and the mandibular anéle in evaluating the

mandibles. These data were utilized only to indicate age and

sex differences in the mandibles. Abbie (1947) concurred
that linear aspects had value for sexing materials unlike

the cranial index. Bennett (1973) evaluated the Indians of

Point of Pines, Arizona utilizing again linear aspects and

various indices. These observations resulted in a hyper-
brachycephalic index due to cradleboard deformation (Pg, 37).
Other indices were also affected by this and a lack of dif-
ference between the sexes was.rep0rted. For dating the pop-
ulation, certain'of,the indices Were applied to the females
and values varied with successive populations. With the
Indian Knoll skeletal materials (Snow; 1948) ihdices,'linear
definition and descriptions were provided for the_crahial
_ material. The description forms were ellipsoid, ovoid,

spheroid, pentagonoid, rhomboid, spenoid and brisoid--for

the general cranial form. Other areas were also described
verbally in addition to the linear definitions. Skull

capacity was also considered. PFrom these indices and

measures the authors derived that this was a significantly

homogenous group when éompared via the linear definitions
with the Egyptian E series which has been recognized as a

‘homogenous grouping.




In considering the Indians of Pecos Pueblo,

Hooton (1930) utilized various cranial and facial indices.
Observations were also made concerning, for example, the
shape of the foramen magnum. For the group of 250 skulls he
devised eight cranial types e#tending from the Basket Maker
who had a small, nafrow face with poorly developed ehiny to
the 'large Hybrid' characterized by massive cfania,‘heaﬁy
projecting malaf, long faces and ponderous jaws and evert
gonial angles. No great difference was found in the dfanio—
metrics for the different periods studied in this gronp, With
these materials, sexed correlations of linear aspects were
given,.for example, bizygomatic giameter was correlated'at the
f.598 level with the breadth of the orbits. The correlations
»generally seen were around .4 for these linear relatione.

| For evaluation of cranial, mandibular and dental
arch form the indices described are stated by Meorees (1957)
to lack definition of varying shapes When applied to dental
arches. |
| In the evaluation of form, however, McKeown (1972)
~has utlllzed an angular methodology. The deflnltlon of form
by angles he stated is consistent for dogs throughout thelr
growth and into adult stages. He has also used the angular
methodology for grouping breedsvof dogs with significannv
results (1974 and 1973). Meiklejdhn (1968, Masters theSis)

has utilized angular evaluations for genetic groupings ofe
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anthropological material. The angles he utilized are the
'upper transversé angle' (2 fronto malare, orbitale points
and nasion) and tﬁe 'lower transversé angle' (2 zygoméxillare,
and sub naso-spinale or sub acanthion).

From these studies it_appears further investigation
into the application of angular'evaluation of cranial, mandibu-
lar and dental arch form is 1nd1cated, and that the use of
angular studles may afford a better method of correlatlng

cranial areas than previously used techniques.




MATERIALS AND METHODS




MATERIALS

an archaeological excavation at the Gray Site near Swift Current,

~ recovered in North America.

number 30 to 5100 + 390 years BP for burial number 46.

The skeletal materials used in this study are from

" Saskatchewan.

The excavations of this area were begun in 1963.

The materials are, to date, the oldest large grouping

The C14 dating of the material

ranges from 3485 + 195 years Before Present (BP) for burial

(Wade,

1974)* During the course of the éxcavation, burial nﬁmbers

were made to delimit a burial unit which designated bones

which were buried together. The burial types at the site in-

tended burials (Knutson; 1974).

- were found to be unacceptable.

*

cluded single, double, multiple as well as bundle and ex—

For use in this investigation some of the materials

The Cl4 dates for the Gray Site aré:

Burial No.

23
42
46
59
30
65

Samgle No.

S619
S648
S647
S693
S706
S707

Date

4955+165
3755%100
5100%390
3550%295

3485+195

3750+180

 required that the pieée not be fractured, fragmented or

years
years
yvears
years
years

years.

The criterion for acceptance

BP
‘BP

BP
BP
BP
BP




distorted in such a manner that the piece no longer remained

solid in form. Some of the material which had fractured with
handling and had been restored with glue or tape was also not
considered acceptable. | |

Included in the skeletal remains were skulls of.
young children. These were identified by the presence of
deciduous teeth and unerupted 2nd molars. On skulls such as
these tne sutural 5ystems were'still open lending tnese crania
to fragmentation. Both due to the age and due to the.frag—
mentation this material was excluded from the study. .

For the study, therefore; only intact adult~cfania
and mandibles were used. In numbers this includedv27'crania
and 57 mandibles, all considered adult. Another factor con=-
sidered with this materlal was that the crania and mandlbles
- Wwere evaluated separately and were not sexed. The elimination
of sexing was due to the relatively small sample.
| Certain craniae and mandibles came from multiple
secondary burials and as such -could not be articulated With
certainty. As a result of this, in spite of the fact that
- materials from single or double burials could be a35001ated
"dental concepts of overjet, overbite and articulated occlusion
‘were eliminated from consideration.

" The cultural information onbthis material has in-
dicated that it is part of the Oxbow Culture which was a

Plalns Archaic culture. Information on the culture was
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initially gathered by Nero and McCorquodale (1958) from
the area of the Oxbow Dam of the Souris River in southeastern
Saskatchewan. The carbon dating on the site was 3250 + 130
Years B.C. The sitelrevealed various pProjectile points as
well as remains of bison, elk, waf, fox and coyote.

Other areas which have been investigated by Dyck
(1970) include the Moon Lake Site and the Harder Site. These
areas revealed the side notched basally thinned projectile
points and the same animals. The dating on the Moon Lake
Site was 2150 + 70 years B.C. The site, according to Dyck
revealed activitiesg of.killing and butehering of bison as
well as controlled use ef fire. The Harder Site was dated
1410 + 120 years B.C. ang e&idenced the same aspects but
indicated more hunting. |

The population was believed to be a wandering group
living in an environment subject to extreme cllmatlc changes
existing at about 4000 years ago. The diet did have meat

and working with hides has been evidenced.




METHODS

The following techniques were used: (1) ?hoto—
graphy of crania and mandibles, (2) radiography of the jaws,
- (3) and clinical examinations of the materials including
bone level measures and attrition evaluation.

For the evaluation of variability of form.a.
photographic*technique was used. A 35mm single-lens reflex
- camera with a 400mm telephoto lens was utilized at a 6 meter
distance from the object. The material itself was mounted in
Aa fixed manner in a portable cephalostat which was capable of
rotation through 360° (McKeown, 1972, Ph.D. Thesis). The
film was treated in a standardized manner for development and
fixation and a reproducable printing method was established
The final photographs were printed on a dimensionally. stable
_ bpaper and were not fixed. (Appendix I). -

The printed photographs, after being coded for
4identification were placed on a digitizer. With the digi—
tizer a series of points were preCisely defined (Appendix I)
on an x,y co-ordinate system. These readings were recorded

on computer punch cards.

Using a computer program devised by Cleall and




Chebib (1971) the material recorded on the punch cards was
transformed to a universal X,y co-ordinate system. After
this was accomplished, angular measurements were obtained
from the computer both for each piece and for the group as
a whole. From these values correlatiqn coefficients be-
tween various parameters were established.

The radiography of the jaws was undertakeﬂ:
utilizing panorex radiography. With this Single extra oral
X~ray film a view of the.mandibular and maxillary dénfition
as well as the bony sﬁppbrt could be observed. When ab-
normalities‘were evidenced, local periapical x-ray films were
used for verification.

In utiiizing the panorex x-ray technique Which
is a clinically orientated device, a method was deVised for
mounting the skull or mandible. Also needed and estaﬂlished
was the exposure time of the xX-ray which had to be redqced
from the normal clinical ranges. These radiographs'éVidenced
radiolucencies, opacities, root abnormalities and genefalized

bone status. (Appendix II).

For the clinical evaluatiqn various‘aspectsvof the

material were considered. After the presence of absence of
 each tqoth was recorded, consideration was given the status
of the bone Support. The level of the bone surrounding each
tooth was measured with a graded periodontal probe. Meéasure-

ments were taken at six points around each tooth from the
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crest of the bone to the cementoFenamel juﬁction. Thése
values were recorded on charts and later transferréd to
punch cards and processed by the computer. (Appendix III).
Attrition, or wear on the teeth, was also'considered.
For this a scale was established. The first pért of the scale
on attrition consisted of foﬁr values which measured occlusal
wear as to its nature and severity. Two more areés weré also
recorded to indicate interproximal wear. The data onvthe punch
- cards wereevaluated by the computer for Variability»and.fre-
quency. For both of thése ciinical éspects, methoddlogy tests
were done to establish the reproducibility of the methods and
scales. (Appendix IV). | |
The information from these.studies as iﬁdiéated
above was recorded on computerbcards, with one cardfrecording
this information for one tooth of one piece (crania orjmandi_

ble). (Appendix II).




RESULTS




PHOTOGRAPHIC EVALUATION




RESULTS

Photographic Evaluation

The angles defined for the mandibles are illuétrated
in the lift-outs in the back of the volume and are liéted
along with their standard deviations in Table 1 . The
standard deviations generally noted approximate 4°. As
seen iﬁ the listing, angles 29-34 have greater variations.
This, however,‘is discussed in Appendix I and is related to
lack of reproducibility of points.

The first éix angles -defined on the mandibles have
large deviations. These anglesaare all defined by dental
landmarks as illustratea on the océlusal view af the mandible.
Of note also is that angle 7 (defined by the two first‘
molars and the symphy51s point) has a deVlatlon greater than
" angle 8 (defined by 2 canines and the symphy51s point) by
more than 3°. Both these angles (7 and 8) are definedvby
both dental and bone landmarka. |

With the lateral view a‘similar situation ié aeen
- with the angles including bone and dental landmarks. These

angles again, have greater standard deviations than other

angles of this view (eg. angles 19, 21, 24, 26).
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On the occlusal view of the mandible where bony
landmarks are used the standard deviafions of the angles, as
stated above, approach 4° (angles 9, 10, 11 and 12). A sim-
ilar deviation is also seen on the occlusal view with two
bony landmarks and the third landmark at the cehtrél incisors.
(Angles 14, 15 and 16). Angle 13, however, to the gohial
points has a greéter deviation observed. :

From this it is seen, therefore, that angleéras—
sociated with bilateral dental iandmarks'or landmarks associated
with the distal area of the dentition (lateral views) illus-
trate greater variability. The angles having the central in-
cisor point as a landmark with two bony points for other land-
marks illustrate less variability than angles defined by bony
landmarks alone. |

For the maxilla the deviations seen are generally
less than those seen for the mandibles. (Lift-out illﬁStra—
tions and Table 2). Again, the angles associated with dental
~landmarks are highly variable (angles 1, 2, 3, 4, 5,'6). Un-
like the mandible, however, there are no angles defined_by
two dental landmarks and one bone lahdmark on the basiiar
view. On the basilar view, however, the angle definedvby the
palatine foramen (angle 9) has a high standard deviatiqn.

Quite unlike the lateral view bf the mandibié.the
angles associated with dental landmarks on the 1atefal'views
(angles 13 ‘and 16) are closer to the 4° standard deviatibn

generally seen. On the facial and posterior anterior views




- the angles defined via bilateral dental landmarks (angles
19 and 22) have very low standafd deviations approaching the
1° level. On the same two views (facial and posterior ante-
rior views) very wide angles associated with the inc¢isor
point had very large standard deviations (angles 20 and.23).’
Generally seen on these two viewsﬂare very low standard
‘deviations seen in association with both dental and bony
landmarks (angles 18, 19, 24, 25, .26, 27).

| The maxilla, therefore, presents as did the mandi-
ble with the angles defining the dental arch having high

standard deviations. Quite unlike the mandibles, however,

. are .the results on angles utilizing a dental point on the

lateral views. With the maxilla the angles have low stan-
dard deviations. These angles (13 and 16) in fact illus-
trate less variability than similar angles extending to. the
anterior bony landmark. (Poiht A rather than the meeial.of
the 1lst molar [angles 14 and 17]). 1In addition with'the'
maxilla the angles defined by two dental points (angles 19
and 22) have low variability while the angles defined by
the incisor point (angles 23 and 20) are very highly variable.
For both the maxilla and mandibular material the standard
deviations aseociated with angles defined by bony laﬁdmarks
approximate a standard deviation of 40',

The listing of the correlation values for the
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mandibular angles is given in Table 3 . From the angles
defining the arch form the highest correlations are seen
between angles 1 and 3 and 2 and 4. These are complementary
angles. Generally, however, there is a relationship of the
arch angles of approximately .5 correlation. This includes
the overall arch angle (5) and the side arch angles (1,2,3,4).
The exception seen is that the canine arch angle (angle 6)

has very poor correlations with the side angles (1,2,3,4).

The angles defined by two dental landmarks and the
bony point at the symphysis'are quite different in their
correlations. Angle 7 which extends to the 1st molars is
correlated with angles 5 and 6 which are the arch angles ex-
tending froﬁ the incisors to the 1st molars and from the in-
cisors to the canines, respectively. This is unlike angle 8
which is correlated with angles 1, 2, 3, 4 and 7. This is
the exact opposite of angle 7 above and illustrates the poor
relationship of this angle to the overall arch anéles.

The angles (9, 10, 11 and 12) are defined completely
by bony landmarks. The relations of these anglés to the dental
angles are poor although 10, 11 and 12 are related to the moiar
arch angle (angle 5). The relationship of these angles be-
tween themselves shbw correlations at'the -8 level for angles
10/11, 10/12, 11/12, for 9/10 a correlation of .64 is seen.

The next group of angles are those defined by the
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incisor point and 2 bony:landmarks'(angles 13, 14, 15, 16).
These angles are correlated above the .5 level for their
relation to each other and to the above group of angles com-
posed of 3 bony landmarks (angles_9, 10, 11 and 12).

The right and left lateral views of the}mandibles
are defined by angles 17-21 and angles 22-26 respectively.
For these views corresponding angles on the left and right
sides are correlated to a high degree (for example 17/22,
18/23, 19/24, 20/25 and 21/26). Also seen is a general

~ interrelation of the angles 17, 18 and 19 with themselves and
with the correspondlng angles (22, 23, 24). This is in ex-
ception to angles 20, 21, 25, 26 which are not related‘to
other angles on the same view nor to angles on the opposite
view, but only to their corresponding’angles‘(20/25, 2l/26).

Of interest from the cerrelations of the angles on
the side view of the}mandible are the inverse .5 correlations
of angles 17 and 22 with the arch angle (5) which extends
from the incisor point to the first molars. Angles 17 and

: 22 are also correlated above .43 to angle 2. Angle 17 is
also related to angle 12 (defined by 3 bony points on-the
occlusal view of the mandible) .

on the posterior anterior view of the mandible enly
4 angles were accepted due to lack of reproducibility in the
method tests. Angles 27, 28, 29 and 30 however, werevuSed

and are seen to generally correlate well to angles on'the
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occlusal view (angles 10, 11, 12, 14, 15, 16).

In addition to the above and the relations existing
between each, the angles of this view are aléo correlated
well with certain angles of the lateral views, for example
19, 22, 23, 24. These are generally negative correlations
(the angles are inVersely related). Of note here also is
that angle 29 is correlated at .673 to the molar arch'ahgle
. (angle 5). |
| The crania illustrated a very similar picture_for
.the angles defined by dental landmarks to that seen fof'the
mandibles. From the basilar View the'side to side rélaﬁions,
the correlations of the canine arch angle (angle 6) with the
molar arch angle (angle 5) are generally the same. Both of
'these angles in the crania illustrate.poor relationships to
‘the side arch angles (l; 2, 3, 4), (Table 4) .

On the basilar view there are few correlations'in~
dicating relationship of angles‘defined by bonytlandmarké to
angles defined by dental landmarks. Angles 7 and‘8 havé“cor-
relations below the .5 level with the angles of the denfal
'arch. Angle 9 is related at thé .57 level to the canine
~arch angle (angle 6). “Angle lo-which utilizes the incisor
point and the posterior palatal foraménae is also reiétéd.to
the canine arch angle (angle 6) and aliérge and a small arch
angle (angles 2 and 4). The correlations listed for angle 11

are generally very poor.




The angles of the lateral_views of the crania have
high correlations side to side (12/15, 13/16, 14/17). .Of
considerable interest is that the coronal angles (12 and 15)
are very poorly correlated with the anterior angles (13, 14,
16, l7) on the lateral view.

The coronal angles (12 and 15) are inverselj related
to angle 7 on the basilar‘view which extends from theAzy—
gomatic arches to the posterior.point on the cranium. These
anglesvof the lateral view (angles 12 and 15) are also cor-

- related well with angles 9 and 10 which are associated with
the palatine foramen. Angle 16 is also. related to the molar
arch angle (angle 5).

The posterior anterior view of the crania is defined
by angles 18, 19 and 20. Angle 18 is related only to angle 11
(the incisor to zygoma area of the basilar view) . .it'is not
related to the coronal angle on the lateral view-(angles 12
and 15). Angles 19 and 20 are related to these anglés:ﬁlz
and 15) on the lateral views as well as to angles 9 and 10
on the palatal areas. On this view these angles are nét
correlated well to each other. ‘ ”

The facial view of the crania has numerous angles
utlllzlng dental points. Of high correlation in this group is
~angle 22 with angle 19. These utilize the same points; but
one is from the posteridr while the other is from the anterior

views. Other angles related to these (angles 22 and 19) are
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the other angles which utilize the dental points (angles
24, 25, 26, but not 27). Angle 10 which is defined by the

incisors and posterior palatal foramenae is selectively re-

lated to angles 21, 22, 26 and 27. These are not cor-
responding angles. Equally selective are angles 25 and 27
which are related to the molar angle (angle 5) at approximately

the .6 level of correlation. Selectivity in relationship is

seen again with angles 21 and 25 being related to engle 20
but not its corresponding angle on the right side (angie 17).
These results of the angles for the maxilia end
mandibles as well as the correlations of angles for the
maxillae and mandibles indicate a geheral trend towards

uniformity of form of the crania and mandibles respectively.




RADIOGRAPHIC SURVEY
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RESULTS

Radiographic Survey

Chart 1 illustrates the total incidence of the

various recorded states of the teeth and their relation to
' the supporting bone with regards to apparent 'normality'
In the tables which segment the statistics to'groupinQS of
maxillary 3rd molars, 2nd molars, etc., as well as similar
mandibular groupings, the specific locations of the various
- conditions can be appreciated. |
| From these charts apparent agenesis is seen as-
‘sociated only with the 3rd mdlare. This is unlike ehef'
number 3 state of the -tooth which illustrates that ﬁumerous

teeth are seen to be unerupted. The majority of unerupted

teeth, howeVer, rest in the 3rd molar category. Obviously

taurodontism and fused roots apply only to the molars and
as such the max1llary molars presented with a greater pro—

portion of apparently fused roots while the apparent in-

creased size of the pulp. chambers is seen to be more common in
the lower arch.
Impactions were also registered mostly in the 3rd

‘molar category but the maxillary canines also evidenced




three impactions. The partially erupted grouping included
only two premolars and one incisor, both of the maxillary

arch.

Radiolucencies - were noted to be lacking in the

3rd molars and maxillary canine areas with the majority of
radioluscencies being lotated on the mandibular 1lst molars.

Only one radioopacity evidenced itself and that was as-

sociated with a maxillary incisor.

The majority of the teeth evidenced roots and as-

sociated bone which appeared 'normal'. Similarly, the maj-
ority of the sockets appeared 'normal'. In some of the
materials, however, there was no evidence of teeth or tooth

sockets.




Chart 1

Teeth are numbered 1-16 for the maxillary arch
and 17-32 for the mandibular arch. The condi~
tions of the teeth are as follows: '

1

0 N O U o w K

11
12

Partlally erupted tooth (clinical or x—ray fllm)
Apparent agenesis of a tooth ' '
Unerupted tooth

Taurodontic tooth (increased size of pulp chamber)
hApparent fuséd roots of a tooth

Apparent ;mpactlon of a tooth

Radioopacity evident around the tooth

Radioluegency- - around the tooth (some obv1ous
clinically as bony perforatlons) :

“The root and supportlng bone appear w1th1n normal

limits
The tooth socket is present
No evidence of a tooth socket




Maxillary

Arch
1 & 16
2 & 15
3 & 14
4,5,12,13
6 & 11
7,8,9,10

. Mandibular

Arch
17 & 32
18 & 31
19 & 30

20,21,28 &
29

22 & 27

23,24,25 &
.26

Total l1l-Way

for Maxillary and Mandibular Dentitions

4 5 6

7

8

9

——

12

38 19 21

"

46 640 --- 783

92

1 2 3 4 5 6 7 8 9 =——= 11 12
0 1 12 1 5 2 0 0 3 =--— 44 9
0 0 7 8 0 0 1 23 =--- 31 6
0 o0 0 4 0 0 4 62 --— . 6 4
0 0 10 0 0 0 0 2 52 --—— 90 7
0 0 4 0 0 3 0 0 31 =-= 37 5
0 o0 0 0 0 1 2 44 =---101 7
1 2 3 4 5 6 7 8 9 --- 11 12
0 5 30 10 0 16 0 31 --- 36 18
0 0 18 16 2 0 O 43 ---= 42 14
0 0 6 4 0 0 0 22 84 --- 20 10
38 0 0 2107 --- 131 11
28 0 1 61 --- 64 2
0 0 14 0 0 0 0 1 95 --- 179 3
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RESULTS

Alveolar Bone Level Evaluation

The values of the measurements recorded fromlthe
cemento-enamel junction (CEJ) to the bone level are illus-
trated in Chart 2. These valpes indicate that the group in
which attrition did-not eliminate evidence of the Cemento-
enamel junction ev1dence a level of bone around 2 mm from
the CEJ. |

Chart 2 illustfates the measurement from the .
occlusal surface of the teeth when the attrition obliterated
evidence of the cemento-enamel junction. These valﬁes.gen—
‘erally indicate the clinical crown height of this group of
teeth. The values recorded at the mid buccal point and mid

»llngual point ‘appear to be most variable.




Chart 2

Bone level values for the population




Group 0 - Measurement from Alveolar Crest

ALVEOLAR BONE LEVELS

to Cemento~Enamel

Junction

Distal Buccal
Mid Buccal .
- Mesial Buccal

Distal Lingual
Mid Lingual
Mesial Lingual

- Group. 9 - Measurement from Alveolar Crest

Mean
1.53
2.12
1.59

1.53
2.08
1.65

D

1.12
l1.61 .
1.07

1.18
1.54
1.24

Area

Distal'Buccal
Mid Buccal
Mesial Buccal

Distal Lingual
Mid Lingual
Mesial Lingual

Mean
4,06
4,36
4.06

4.63
5.73
4.51

to Most Occlusal

sD

2,21

3.18
1.86

2.03
2.08
1.72
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RESULTS

Wear of the Dentition

The values of attrition for the entire_group; both
craniae and mandibles, for all occlusal scales and inter-
proximal scales are illustrated in Figure 1 . The gen-
eralized severity of the attrition is seen in the first
scale while other scales suggest that the form of the»at—
trition occlusally tends to bedeither natural (anatomically
cusped) form or flat form. The form of the occlusal sur-
face if altered will most likely be slightly cupped iInter-
© proximally for the group, contacts tend to be either lacking

~Oor broad both mesially and distally on each tooth.
In the first scale for occiusal attrition the
“maxillary arches and mandibular arches are s1milar, Wlth
- the 2nd and 3rd molars tending towards less extreme values
while the lst molars illustrate attrltion tending towards
the most severe. (Figure 2 +3). The more anterior teeth of
-the maxillary arch malntain a relatively even distribution
of wear while the anterior mandibular teeth evidenced a

greater incidence of extreme attrition. (Figure 2,3).




Scales 2 and 3 (Figure 4,5 ) showed the dominance
of the natural and flat forms for both groups. For the
maxilla, however, it is also noted that value two is regis-
tered frequently indicating that the buccal aspect of the
naXillary teeth is higher when wear is evidenced. This is
in contradistinction to the mandibular lst and 2nd molars
and premolars which have the lingual aspects registeredfas
being higher than the buccal aspect. From the scale the
maxillary lst molars also haﬁe a higher distal area:than
- mesial as opposed to the mandibular arch which has a rel-
ative balance at the 4 and 5 values. (mesial and distal
height values) of the scale. Of note in the anteridr‘seg—
ment 1s that the maxillary incisors ‘and canines tend to—
wards flatness while the mandibular anterlor segment show
more rounding as evidenced by values 7 and 8. |

The third scale for the maxilla registered some
cupplng of the 1lst degree while the mandlbular arch had
cupping of the 1lst and 2nd degree generally seen.

The interproximal attrition values (Figure 6,7,8,9)
as seen with grouped data, illustreted a preponderanee of
broad contacts and contacts which are lacking. The distri-
bution for the maxilla and mandlbles are similar but the
_more posterlor, that is the 2nd and 3rd molars, have major
differences in their mesial and distal values with the dlstal

‘tending more toward the lesser value. The anterior areas of




the premolars, canines and incisors illustrate similar values
for the mesial and distal for both maxillary and mandibular
arches. The first molar for both illustrates a similar
pattern for mesial and distal areas although the incidence

of the extreme value (3) is greater.on the mesial.
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Figure 1
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Figure 2




SHOSIONI

idaogyv

| 3|pd3g
1 UCI}I4HY |DSN|22Q
Y33l AHVITIXVYIN

SANINVD SYVIONW3dd

idos8syv

SHVION
lsydld

ot

SHYVIOW
GONODJ3s

jadav 3aO89v 34aoO09vVv

SHVIONW
Qu¥iHl

idoseyv

0
s
ol
[ H1331
-Sl 10

| wzswnn
-0z

14




48

Figufe 3
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Figﬁre 6
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Figure 7
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PHOTOGRAPHIC EVALUATION




DISCUSSION

Photographic Evaluation

Up until recently little has been known-abCut the
nature and magnitude of variation in any mammalian_species;
In spite of, or perhaps because of, numerous linear analysis
and their related indices, no picture of form variation of_
the human skull has emerged. The results presented_here can-
not, therefore, be compared with eXisting'recordé oh human
material. ' They can, however, be related to similar analysgs
in a number of other species. ‘

‘McKeown (1974) has shown that as the skull grows
-‘angular values alter. In some cases they increasevand’in
others they reduce. .Thus adult values are a reflection of

the growth process. He has argued that a very émall range
of variation in adult.angular values for a given angle of a
‘group of animals suggests that a degree of consistenCy‘éxists
in the end product of growth, which strongly supéorts the
view ‘that genetic influences are predominant in the deter-
mination of shape. A large range of variation does noﬁ,
however, by necessity, indicatevenvironmental involvement.

Studies on variation in overall skull angles in dogs and .
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foxes have shown that sdme angles vary much more than others
in a group and the way in which these vary suggest that en-
vironmental influences are not a major factor.

In the present surVey certain angles were taken
to establish the cranial and mandibular form of the material.
The mean and standard deviation for each of the angles was
calculated for the group and are presented in Tables.l and 2.
From this information it is indicatedvthat the variability
of each of these angles for the group.is actually gquite mini-
mal. 1In McKeowh's work with the angular evaluatiohs of five
groupings of dogs the range of the angles defined by bony
landmarks approximated the value of 10° and less. For the
assorted breeds of dogs this va:iability extended to much
greater heights and in some angles approached 40°,V As is
seen by the_diagfams here the variability indicated by the
standard deviations centred more closely to the 4° area. .

Of note is that the deviations seen for the crania are con-
sistently less than the deviations seen fqr the angles de-
fined on the mandible. 1In spite of this, however, assuming
that the work of McKeown is generally applicable to the
mammalian skull, the varlablllty of the angles seen in thlS
grouplng indicate a certain homogenlty from which it is
indicated that a limited genetic pool is in evidence.

In considering various areas of the crania and

mandibles certain aspects of the variability as illustrated




by certain areas of the crania possess standard deviations

of a degree significantly different from those of the mandible.‘
In particular, the frontal view of the crania.is definéd by
angles which have standard deviations of less than a full
degree while there is no such area obvious in the mandible.
Quite possibiy this could indicate.an area not subject to
environmental modifications which is manifésting the uniformity
of the genetic pool. In contradistinction to this, the in-
creased variability of the deviations of the mandible.oould
quite possibly indicate the influence of the eovironment.

Even with this, however, it should be realized the variability
of these angles is still at a level comparable to the inbred
breeds of dogs examined in a like mannéf by McKeown (1974).

In the area of the déntal arch the angles present
manifested some of the greatest deviations seen in the angles
of this group. This is quite unlike the findings of McKeown
in his evaluations of the dental arch of the fox. In his
finding the anterior arch angle had a standard deviation'of
less than 2° while the posterior angle had a deviation ap-
‘proaching 4°. In this study the basic shape of the arches
as well as the dental conditions themselves are quite dif-
ferent. Of note is that the dentition has been subjeot to
- extensive attrition which is associated with mesial migration
of the dental points defining the dental landmark. Most

assuredly this is an example of the environmental factors
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manifesting'themselves. :Important to note is the variation
in attrition as it was recorded, for from, that aspect the in-
creased variability of arch form must in part be derived.
Also of consideration is that the methodology utilized here
to evaluate form'is sensitive to such a variation. It should
bé noted also that this appears to be one factor cohtributing
ﬁo this heightened variability.

For the above descriptions the landmarks in
question were all located on the dantition. In contradis-

- tinction to that group are those angles having landmarks for
- the angle belng defined by bone and dental points. Qulte
unlike the extensive variations in the standard deviations
above, the deviations of this group more closely approximate
those angles illustrated by bony landmarks only. This_is in
;agreement with McKeown's results on the foxes.

In the course of this evaluation of form the
symmetry of the left and right sides'as defined by the angular
method becomés susceptable to analysis. To interpret the
side to side relationahip it is necessary to group the angles
~according to the landmarks défining them, ie. the angles
defined by dental points and the angles defined by bony land-
marks. In addition, it should be hoted that the variation of
side to side relations is different for an individual mahdible
or maxilla than the relationship as illustrated for the group

for side to side relationships.




For the mandibles the lateral views provide the
angles for side to side evaluation. The corresponding angles
varied for a given individual mandible by as much as 8°. 1In
the grouped material the defined angles representing corres-
ponding areas on the left and right sides had differences in
mean values of not greater than 4° and extending to as low as
0.3° for certain angles.

For the crania, the landmarks defining the -angles on
the lateral views frequently were points common to both views -
and as a result are not used to illustrate symmetry of the
crania. Instead the facial (anterior posterior) view was used.
The angles of this view are less variable than those seen with
the mandibles but variation for a given individual frequently
‘approached 2° for corresponding angles of left and right sides.
For the grouping of the material these same correspdnding angles
have variations of less than 1° for the mean. i

The angles defined by dental landmarks for arch sym-
metry illustrate much the same variation. For the mandible
the variation of the small lateral angle for a certain inev
dividual varied as much as 4° while the larger angle variéd
as much as 13°. The maxillary dentition illustrated ?aria—
bility of 3° and 9° for the corresponding angles for a certain
individual in the grouped material fhe greatest variatioﬁ seen
was in the large lateral angles of the maxillary arch which

varied 1° in their corresponding mean value. The other side




to side correlations closely approximated each other with the
variations of the mean side values.

This material indicates that there is an individual

variation of symmetry both in the bone and dental aspects.
The bony areas are apparently not as variable for the in-

dividual as are the dental aspects. This increased variation

of dental left and right side angles for a given individual
could indicate environmental influences and modificétions due
to function. Of import here, also hoWever, is the overall
. pPicture provided by the group. The similarity of the cor-
responding léft and right‘angles for the group reinférce the
group similarity and possibility of common genetic pool;

| The high correlations between certain angles which
in mahy cases Were anétomically remote and often derived from
different views of the skull suggest that a considerable

. degree of cohesive variation in overall form is present in

the cranium. This calls into‘question the results of previous

studies which concluded from linear analyses that little.
relationship exists between various parts of the cranium, It
suggests that angular measures are a more valuable measure

of form and should be more extensively used in future investi-

" gations.
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DISCUSSION

Radiographic Survey

With the use of the‘Panorex radiographs a compre—
hensive picture of the dental status was obtained. Mentioned
above is that the sockets for certain teeth appeared missing.
The majority of these findings were in material presenting
- with extensive attrition. For example, only 44 cases of
missing sogkets were seen out of the 1,480 total cases in
group 0 while group 9 which had extensive attrition had 48
cases which included 15% of the teeth evaluated. The:value
of the x-ray films in this case rests in the verifiéétibn
that these teeth were not impacted and that there is no radio-
- graphic evidence of a socket. It doeg not, however, rule_out
- the possibility thatvthey were never present. In this parti-
cular work it is accepted as Begg (1971) described it, 'That
the tooth gradually exfoliated itself in the presence of great
attrition.' The question as alreaay stated, however, femains
that teeth which generally showed less wear than the teeth re-
'maininé wefe usually the ones lacking evidence of a sockét,
that is 2nd and 3rd molars.

In the present survey impactions were evidenced by

the films. These included 3rd‘molars and maxillary canines
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as illustrated in Chart 1. It was felt that if the root
was completely formed and the tooth was still completely
incased in bone, it was considered impacted. In those cases
where it appeared remotely possible that the tooth could
erupt the term unerupted was used. The use of youngér.material
is evidenced in this section in that the sample size’ié in-
creased and the premolars are listed as unerupted as are many
of the 2nd molars. This material as described was added
for evaluation for the dental stafus.

As mentioned above agenesis or lack of formation
qf a tooth was also evaluated. In the total group there were
only six instances where it was felt that there was lack of
formation of a tooth. These were locéted in the 3rd molar
catagory. This is distinct from the above discussion in
that there was evidence of the 2nd molars and the attritién
stages of Begg did not apply.l |

The majority of these descriptions of thé teeth
were indicated by the level 9 or 11 in my scale. The 9 in-
dicated that the tooth present was apparently within nbrmal
- limits, while the 11 indicated the socket in the absence of
the tooth, appeared within normal.limits. Unlike these, level
8 indicated a radiolucent,  or darkenéd area at the'aﬁex of the
tooth. ;In fact, the majority of thesé_evidenced themselves

on clinical exams in that a hole from the apex extended




through the buccal plate of bone. Once again, the highest
percentage of these was seen in the group with severe at-
trition. This area was usually aséociated with an opening
in the occlusal surface to the inner chamber of the tooth.
Although these were evidenced on numerous teeth, the major=

ity in both groupings fell to the mandibular molars.

In the same survey radio-opague areas were evaluated.

Only one was evidenced in the groupings and no precise eti-
ology could be assigned to it. Fused roots were also evalu—
ated but no great number was evidenced. It was felt also
that in so far as the film is only two dimensional such an

appraisal of a three dlmens1ona1 phenomena was unrellable.

This is particularly true in this study in that the majority

of fused roots were seen in the max1llary molars whlch have
a palatal root.
Of considerable interest initially was the evidence

- of taurodontism. At the outset it was felt that the inei-
dence was quite high. This would be in accord with Moorees
(1957) who reported on other American native peoples.' The
majority of those casés seen here were in the mandibular
molar areas. The panorex films frequently evidenced tauro-
dontism which when checked by iocal X-ray films was, in
_ fact, not present. Also questionable was a small radiof'
opaque area in the pulp chamber which when initially evalu-~

ated appeared to be a pulp stone. Again with local film
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this was found to be nothing abnormal. Therefore, the
panorex radiography should be used with caution in anthro-
pological dental surveys and should be supported by any

necessary local radiographs.

For the present survey the general evidence or ab-
sence of tooth structure was obvious, but possibly due to
error in orientation of a specimen, distortions'of_other

areas were seen.
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Figure 10

Photographic illustrations of periapical radiographs
verifying: ‘

a. An impacted 3rd molar
b. A periapical radiolucent area

(Both areas were initially observed on the Panorex
radiographs).
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DISCUSSION

Alveolar Bone ILevel

In the course of the present dental survey an at-

tempt was made to obtain an appraisal of the levels of the

bone which would enable firstly, an accurate group standard

Or presentation and secondly, to establish a basis for com-
parison with 6ther groups, preferrably living groups as

well as materials such as was used here. Such an evaluatlcn
is commonly called a periodontal examination or index.

In consideration of thlS, it must be remembered
that periodontal disease and health necessitate the pre—
sence of both hard and soft tlssue the latter of which was
obviously lacking here. ' For these reasons the information

here is felt merely to be an indication of the alveolar

- bone level in reference to one .of two set points. In the
process of analysing the results, however, that aspect of
periodontal evaluation dealing strictly with bone levels is

of importance.

In establishing periodontal indicies in living

patients (the goal of which is to indicate the state of health
of supporting tissue) the pocket depth, or bone level,'is fre-

quently measured from the soft tissue margins, (Cohen, -1973).




An attempt was made by Ramjford (1959) to establiéh a more
general index and method of measurement. The indices de-
vised by Ramjford took measures frpm the cemento—enamel
junction to the pocket depth but' considered only four meas-
ures on six representative teeth. Davies, Picton and‘
Alexander, (1969) in considering human skulls utilized two
measures of the cemento-enamel junction to alveolar bone
on each tooth. These valueé were averaged for a given mouth
to provide an index. |

For the preéent study six measures were taken for
each tooth as described in Appendix III. Some of the meas-
ures were from the alveolar bone(to the cemento-enamel
junction, (when possible) and others were measured from the
bone to the occlusal most point on the teeth in the parti-
cular area of measure. |

The six measures for each tooth do hot reveal ény
major discrepancies between the six measures. This woﬁld'
lend support for the methodologies of both Ramjford (1959)
which used four measures to indicate the bone leVelé'and

also support Davies, et al (1955). The present results in-

dicate the overall application of the mid buccal and mid

lingualvvalueé as approximate indicators of the bone levels.
The utilization of the six values wouldbindicate areas of
alveolar bone loss, etc. as described by Cohen, (1973). He

stated the value of a measurement gains iﬁport by its ability




to describe a bony defect. This would be done by the six
measures but when considering a population such a description
is lost by the amount of material. For significance such

a bony defect would have to be present generally in the
sample and as seen here, this was not the case.

The present material surveyed presented with meas-
urements of approximately 2mm and less for the group.
‘Gargiulo, Wentz and Orban (1961) utilized autopsy material -
and established a 'normal! range for this value. This value
varied according to four age phases from 1.08 to 2.81 for
mean values. The increase of this value with age has also
been reported by Belting, Massler and Schour (1953) as well
as by Schie, Waerhaeg, Loudal“and Arno (1959). With these
live studies and roetgenograms the direct measurements were
utilized. |

The first study of Gargiulo, et al (1961) postulated
_that the process of continued tooth eruption to be natural.
Begg, (1971) agrees that there is ‘@ normal continual eruption
which is associated with, but not caused by attrition.
Evidence of this continual eruption is also supported by
Murphy (i959)'who considers a survey of modern day men 19-33
years of age who had an increase in lower facial height bet-
ween those years. The original function of this was.to

maintain a clinical crown with continuing attrition, according




to Begg (1971). Murphy states that this compensation over-
shoots its mark with modern men resulting in an increase of
facial height in the absence of significant attrition.

The results here attempt to establish the bone level
and- lend supéort to the view that the teeth continue to erupt.
This is seen with the clinical crown which has its occluding
surface below the cemento-enamel junction. In this study,
however, definitive support of cqntinued eruption has not
been supplied since the maxillae and mandibles were not
articulated and thus could not be evaluated for the vertical
facial height changes associated with attrition.

The bone level, thever, does become more distant
from the cemento-enamel junction with excessive éttrifion.
This could be evidence of bone loss rather than eruption.
Extensive pockets were not observed, however, and ébsence
of evidence of bone sockets in many cases where the téeth
had been lost support Beggs' (1971) hypothésis of normal
efuption of stone age man's dentition which in the final
stages erupts out of its socket.

Of interest is that the teeth that were shed in the
present'samplé were the 2nd and 3rd molars which would have
erupted later than the premolars and thé lst molars. Assuredly,
the 2nd and 3rd molars had less attrition when present. Their

possible loss could be due to the excessive mesial migration




with their continuing eruption or due to morphological dif-
ferences, for example, smaller roots.

For the group without excessive attrition judging
by the standards eétablished by Gargiulo, et al (1961) this
group would be within exceptable limits for their boné'level
as meésured from the cemento4enamel junction. We could,

.therefore,'postulate that they did not suffer from significant

periodontal disease.




WEAR OF THE DENTITION
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DISCUSSION

Wear of the Dentition

Attrition or the wear on the teeth has been des-
cribed by the progression of dentin exposure by numerous
authors, for exampie, Leigh (1929), Klatsky (1939),.Campbell
(1939) , Davies and Pedersen (1955), Murphy (1959) and
Lavelle (1970). a major limitation, however, is that the
descriptions provided for the attrition are basically
limited to the gradual vertical reduction of molars without
a desdription of the associated changes in form. Molnar
(1970) devised a séale to more appropriately 'describe‘ |
attrition and from his work the present scale was adapted.

Dental wear depends, according to Taylor (1963) on

the tooth density, the nature of the food and the character
of the bite, or as Perlow (1943) describes it, the degree

of the development of the masticatory apparatus. In addi-

tion to the dietary aspects parafunctional habits, for ex-

ample clenching (Davies and Pedersen, 1955) and utilization
of teeth as tools (Clements, 1971 and Molnar, 1971), must

be considered as influential factors of attrition as wéll




as the dietary aspects.

Tooth density was evaluated by Mooress - (1957) for
the living Aleutian Equamaux. In his studies the tooth
density was greater in the older than the younger living
generations. Inferred is that there is no reason to assume
that the tooth structure per se was of a character that was
more conducive to wear in the anthropological_groups,then in
the present populations. Assuming this, the other areas af-
fecting tooth wear are, therefore, implicated for this popu-
lation.

For dietary influences in dental wear Cross (1930)
and Rihan (1932) (from Ciements, 1971) have indicated maize
and cereal products to be highly abraiéive. Meat is also
indicated but according to Leigh (1925) less attrition is
seen in the Sioux Indians which were meat-eaters than com-
parable Kentucky Indians who consumed large amounts of
cereals. Also of import for this particular area is the
method of preparation of the food whlch would effect 1ts
abraisiveness, Clements (1971). The Oxbow culture did have
controlled use of-fire as indicated by Dyck (1970) allowing
the possibility of soft foods. . | . |

| The'present population is from a sandy plains area
and as such the environment must be considered in regard to
dental attrition. According to Mehta and Evans (1966), and

Clements (1971), this type of environment is very influential




in dental attrition. For in spite of the softening of foods
in preparation, the incorporation of sand in the course of
preparation, for example via grinding with motar and pestle,
has been indicated by Clements (1971). |

The other aspect which could be influential in‘dental
attrition is the use of the dental apparatus as tools. Molnar
(1971) reports notching of the max1llary central incisors due
to such parafunctional habits and Dalberg (in Brothwell, 1963)
reports ‘use of the dentition to soften leather in the Eskimo
populations. In the present survey no anterior notching was
observed but working with leather cannot be excluded due to
the fact that the population worked with leather or hides
as indicated by Dyck (1970). »Partly'in support of this type
of parafunction is that only a small percentage of thé group
present with the dramatically extreme wear. The influence
of the daily»diet, however, is most:assuredly indicated
since marked attrition is also evidenced on the deciduous
dentition. Obviously no cleér distiﬁction of the dominating
factor does emerge but assuredly the use of refined carbo-
hydrates assdciated with caries and iaék of attrition
is not seen in the Present survey. ThlS would be in agree-
“ment with anthropological materlals from the Tollifero site
which presented with wear and no caries and opposed to'the
Clarksville Indians (Hoyme and Bass, 1962) which were dated

later and did have less attrition and more caries ésspciated
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with a soft diet. The Tollifero site which had materials
comparable to the ones evaluated here are dated considerably
earlier than the Clarksville materials but later than the
present materials.
Associated with the occlusal attrition both Begg
(1954) and Sicher (l953)>observed interproximal wear. 1In
spite of this wear interproximally both authors observed the
continued cohtact of adjacent teeth. This is attributed by
these authors to a mesial or forward movement of the teeth
~in the dental arch. 1In this particular study a scale was
adépted to define the wear on the interproximal surfaées of
the teeth. The results of this éurvey indicate wear which
is generally moderate to sévere on the mesiél and distal
surfaces of the teeth. The teeth exhibiting‘thié wear are
still in contact thereby lending credence to the abdve
authors and the mesial force vector of the dentition. In
cases of ektreme attrition (Begg's senile attrition) the
interproximal contacts are lacking. This would seem to in-
'dicate that the mesial drift explained by Sicher (19531 is
limited in that the mesial force vector reaches a limitation
and cannot maintain the contacts intefproximally. Both
Begg, (1965) and Brash (1953) are in agreement with this
limitation. | |
It is from this obsefvation:of'mesial vectors that

Begg (1971) deducted that the mesial migration of the dentition
provided space for the 3rd molars to erupt. As is seen in

Figure 10 impacted 3rd molars did exist in the presence df A




extreme attrition. This complete bony impaction was
located by the panorex x-ray film andbisolated via a peri-
apical film. Most assuredly, however, the incidenqe Qf
mesial angular impactions could be reduced by the inter-
proximal attrition and1space loss. As such mesio angular
impactions were not seen in the present survey associated
with excessive wear. In fact, this type of impaction was
seen in dentitions with less wear. In this particular
survey, however, unless the roots were completely formed
such positioning of the teeth was termed unerupted. The
incidence of this is seen by the number of unerupted 3rd
molars as applied to the statistics for the impacted 3rd
molars.

As discussed in Appendix III the teeth were num-
bered 1-32 and evaluated independently. In Molnar's 1972
work mandibular central ‘incisors were considered together
as were the laterals, canines, lst premolars, etc. In
this particular work an attempt was made to be more dis-
criminating and to evaluate left,and‘right sides indépend—
ently. As Muiphy (1959) reports of Campbell's work,
however} it was found that the left and right sides are
basically the same. In addition to this it was found
~here that all the mandibular incisors were basically the
- same as were the premolars. The occurrence of ectopic‘

function as described by Molnar (1972) could be indications

75




against such a generalization.
The attrition as observed in this grouping is
severe and is apparently due to dietary factors and compares

in a favourable fashion with a similarly dated grouping.

 Indications of specific parafunctional habits do not appear,

for example Molnar's (1972) notching of the incisors. This,

however, is not ruled out.
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SUMMARY AND CONCLUSIONS




SUMMARY

1.

An investiéation was carried out oh a prehistoric Amerindian
populaﬁion to study variations in cranial form and the
conditions of the teeth and hard supporting tissﬁes.

Cranial form was analysed using a reproducible photOgraphic
technique which permitted an angﬁlar analysis of overall
cranial form and dental arch shape to be carried out.

A dental survey consisting of Panorex radiographs, bone
level measures and dental wear values was carried out.

The anguiar analysis of form'showed a limited variability

in angular variation suggesting a high degree of homogenelty
of the group. |

Greater variations found ih angles derived from dentel
points suggest a high degree of environﬁeﬁtal involvement.

A correlation study indicated high correlations between a

number of angles suggesting a cohesive process of variation

in cranial form. Of particular interest was the correlation

between certain arch angles and remote cranial angular

measurements.
The dental survey concluded that bone levels were compatlble

with those found in healthy 11v1ng subjects.




10.
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The radiographic investigations showed instances of
radiolucencies, radiopacities, impacted teeth and other
hard tissue conditions.

Dental wear was found to be severe in many instances and
could be attributed to a number of environmental factors.

The survey methods are a valuable investigative tool for

4examination of the cranial area. It is hoped that similar

studies can be carried out on other populations and can

form the basis of useful comparison.




CONCLUSIONS
The photographic technigque in this study,proVided

records which were found to be reproducible to a highly ac-
ceptable degree. From the photographs mean values forjthe
group were derived for a large number of angles.' Standard
~deviations approaching 4° for angles defined by bony landmarks
and 6° for angles defined by dental landmarks were commonly
recorded. The small variations found in certain angles indicate
a substantial degree of homogeneityrin the populatioh and also
infers that environmental influence acting on the growing skull,
is strictly limited, because of the small variation found in
these adult skulls. The correlation coefficients ipdicated
the general interrelation of the parts to one another and
thus to the whole. It appears, therefore, thet angular analysis
is a more valuable measuring tool for»the study of form than
linear measurements. |

| The panorex radiographs provided records to observe
1mpacted teeth, radlolucenc1es (indicating p0551ble perlaplcal
infections), fused roots as well as numerous other hard tissue
anomalies.'bThe distortion evidence in the technique necessi-
tated'verificatioh of certainvabnormalities with local x-ray

films;
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An evaluation of the bone levels in reference to
the cemento-enamel junction yielded values which indicate
. an apparent state of periodontal health The results
of the study 1nd1cate that fewer measurements are required
to give.a general indication of bone levels of the population.
Further work is required to 1nvestlgate which areas best
represent the bone level for the anterior teeth and which
would indicate the level for the posterior teeth in similar
anthropological material. |

The scales applied to the wear of therteeth‘in—
dicated a general condition of‘e#cessive wear both oeclﬁsally
and interproximally. The definition of‘interproximal wear
could possibly be modifiea so as to include a more precise
definition of the wear on teeth not.having'any interproximal
:contact. |
| The survey technique employed here is a simpie
and useful method of exaﬁining the teeth, jaws and skull of
a skeletal group. Similar studies on other.populations_could
provide a valuable means of comparison, which should lead to
a better understanding of the Varlatlons and relatlonshlps

between different human populations.
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APPENDIX I

Photographic Evaluation

Photography has developed in the last 30 years
into a methodology'increasingvin value in providing'a meas—
‘urable record system. Tanner and Weiner (1949) evaiuated
the reliability of a photographic technique for anthropometry.
From their study they found the records to be as reliable as
records taken on the living,and stated posing was a‘major
pért of the error encbuntered. This problem of posing was
again evaluated in 1950 by Dﬁpertius and Tanner. In 1952
Gavin, Washburn and Lewis again evaluated photographic
 techniques for anthropometry. Their work indicated distor-
~tion is greatly minimized by increasing the lens subject
' distance to approximately 20 feet. Utilizing this increased
distance Lettig (1964), Geoghegan (1953), compared meéSure—
ments of live adults with those taken from photbgraphs;

Both found the measurement error to be less with the photo-
" graphic records. The same was found by Lewin, Tengroth»and'
~Bergkvist (1961), using dry‘skulls; The latter authors

 found less measurement error with photographs but the meas-

urements were generally seen to be larger than the original.




In 1972, Maurice McKeown (Ph.D. thesis) devéloped
a photographic technique utilizing a long lens subject dis-
tance, a specific lens system, mounting system and printing
technique. 1In his work a detailed account is given of various
distortions and problems encountered with the technique. He
concluded the distortion error at his 12  meter distance
was less than 0.8% over a 25 mm depth of field. |

The téchnique utilized here is similar to
McKeown's (1972), the only difference lying in the materials
and the distance of the film to ﬁhe lens. The problems of
optical and object distortion are essentially solved by
' placing the object at a " long distance from the camera and

telephoto lens. Stablllty of the photographlc paper is
‘achleved by using a spec1alpaper*’ For cons1deratlon of the
' spec1f1cs of the above problems reference is made to His
thesis.

The materials evaluated here were a number of
crania and mandibles_as has been preViously described. For
each crania six photbgraphs were takeh with a set orientation
while for the mandible four.different views were recorded.
This procedure utlllzed a cephalostat for mounting the mate—
‘rlals in a consistent manner, a camera with a 400 mm tele- |

photo lens, 2 photographic lamps and Kodak Panatomic X -

* Ilfoprint stabilization paper




a fine grain 35 mm film. The film was processed and printed

in a standardized manner.




The mounting of the material was in a portable
cephalostat. The cephalostat had earrods which were adjust-
able in distance from one another via a screw mechanism. By
this screw mechanism the earrods remain an equal distance

from a midpoint regardless of the absolute width. The posts

supporting the earrods are situated on a revolving base. (Figure ll)ﬁﬁ5

This base is marked at 90° inteérvals to enable reproducible
positioning as the cephalostat'is turned. For.registration
of a horizontal plane a pointer is present which was utilized
via insertion in the infraorbital féramen. This enabled the
establishment of the Frankfurt Horizontal Plane for'ofien—
tation. For stability‘the cephaloStat was qlamped in a
specific position on a table which in turn was fixed to the
floor. For the photography a black back drop was utilized.
The camera used was a single lens reflex caﬁéra‘
(Mamyia 500 TL). To this camera a 400 mm telephotoilens
was attached; ‘The camera was mounted on a tripod andilevelled
with a spirt level. The vertical height for the camera was
established utilizing the cephalbstat, The earrods were ar-
ranged paraliel with the line of the camera and the height
determined accurately when the earrodsvwere superimposed on
one another. Thé distance utilized fér the photcgraphy was
6 meters from the front face of the lens of the camera to‘

the midplane of the cephalostat. ‘After this was measured,




Figure 11

Cephalostat with skull mounted via ear rods. (In the main
study the pointer supporting the chin was placed in the
infraorbital foramen and the mandible was photographed
separately). ' ‘ '
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the camera was stabilized by fixing it to the floor. At

this time a long extension cable release was set up on the

camera. This was to enable the photograph to be taken with-
out contacting the camera. The camera was focused, set on |
time expoéure with the f stop at 22 to aid the debth of field.
The aperature was stopped down which necessitated an:expo—

sure of two seconds.

The lighting for the cephalostat was supplied by
two 60-watt bulbs. These were lo¢ated 18 to 24 inches from
the midpoint of the céphalostat. One was set higher on one
side while the other was low. This was to eliminate excess
shadows and provide contrast.

Utilizing the above eqﬁipmént the photographs to
be described were taken. As a method sample three spécimens
were recorded three times in each pose to test the accuracy
of the mounting. | |

The six photographs of the crania were the frontal,

the posterlor, the 90° right and left lateral, the 90° basilar
and the coronal reverse views. For the frontal, lateral and

posterlor views the crania were mounted with the earrods in

the external audltory meatus. For the establishment of-the
Frankfurt Horizontal Plane, the pointer already described
‘was used. With this probe the Frankfurt Horizontal was

‘parallelled to the cephalostat base. After each crania was




mounted the four views were takeh in succession by rotating
the earrods on their stabilized base. Thus the skull was
not disturbed in its position in the cephalostat.

The basilar and coronal views were taken with
the earrods again in the external’auditory meatus. The
Frankfurt Horizontal Plane in this case, however, was verti-
cal and perpendicular to the cephalostat base.

The mandible was photographed in four positions.
The first of these is the occlusal view. For this view the
mandible was suspended via the earrods which contacted the
ramus of the mandlble at the buccal approx1matlon of the
mandibular foramen. When this was done the anterior aspect
of the mandible was directed to the floor. A plane was then
established for orientation in the midplane of the cephalo-
stat. This was done by lining up the mandibular foramen with
the mental foramen. Most of the mandibles suspended as des-
cribed, naturally assumed‘this position. Others were guided
to this position via a string tied to the earrods.

The posterior anterior film of the mandible Was
taken with the mandible again supported by the earrods at the
buccal point corresponding to the mandibular foramen. The
anterior aspect was supported by a rod which was secured to
the base of the cephalostat. The plane defined by the mandi-
_ bular and mental foramenae was parallel to the floor.

The right and left lateral films of the mandible




were taken with the body of the mandible resting on the
tangent flat plane. For the orientation of the lateral films
the outer point of the condyle and the mid point at the al-
veolar bone hetween the central incisors lay parallei to the
film. This plane of the mandible was in the mid plane of the
cephalostat. |

The developing, f1x1ng, and drying of the film
were carried out according to standard methods. For'the
printing of the films a Beseler Model cCB7 Enlarget was
utilized. This printer has three»scales which enable eccurate
reproducibility._ The A scale was at 4.5, the B scale at 35 mm,
and the C scale at 31 1/4. This,prihter used'a 250-watt bulb,
a 50 mm lens at F8 setting. The exposure time was lO to 15
seconds according to density. 'The paper used was the ILFO-
print #2*, The Ilfoprint stabilization paper is guaranteed
to less than 0.1% dimensional distortion during processing.
The prints were not fixed. |

The illustrations of the various photographs with
the points to be used in the analysis are given in the lif¢-
out 1llustrations.

Absolute measurements were hot being considered,
thus no scaling system was added to the'photographs. They
Were, however, all printed at orecisely the same magnification.

In spite of the utilization of the technique as

* Ilford Photographic Paper, Ilford Limited,
Ilford Essex..Made in England.




described by McKeown, (1972) it was felt an error of the
method study should be performed to evaluate the set-up of
equipment used in this particular survey. The accuracy of the
method of recording and analysing the data was tested. For
each of the views 3 crania and 3 mandibles were mounted, photo-
graphed and removed on three separate occasions. The printed
photographs from these were all digitized in a manner to be
described. The information was then evaluated With‘the aid of
the computer.

By this meﬁhod,‘the reproducibility of the overall
methodology was indicated by the consistency with which points
- were recorded and compared on a given specimen. This meant |
that each of the 3 crahia:and each of the 3 mandibles was
compared to itself three times. Some of the method'samﬁles
are given in Tables 5 and 6.

An elaboration of this test was_made to include‘
the reproducibility of the angles which were to be_used.for
the final analysis. This utilized the same 3 crania énd
' 3 mandibles whose points'were tested above. From this
- method of sampling certain points and angles were found to
be satisfactorily reproducible while others were not.

It ié, however, necessary to carry out this type
of testing to evaluate possible error aé the errof incu#red
" in certain circﬁmstances, which differed only slightly,

proved to be of‘importance.




After the photographs were prepared, defined
points on each view were recorded. The relation of these
points were used to provide the angular definitions of form
for comparison. For the recording of the points the‘photo-
graph was mounted on the screen of a Ruscom* strip chart
digitizer (Figure 12). With the digitizer the points of
concern for a given photograph were recorded (X y co-ordi-
nates) via an IBM printing card punch onto punch cards.

A computer program described by Cleall and
' Chebib (1971) was used to convert the‘different co-ordinate
. systems to a common co-ordinate system. This the computer
does by superimposing the co-ordinates over a certain chosen
point--the origin, (which in this case was the firsf point
recorded on the digitizer). The computer then takes another
determined point on the digitizer as the direction or ori-
entation about which the other points will be transcribed.
Due to the import of the order of recording of the points,

- all the points were recorded in the same order for a given
'view. When a point could not be regiétgred a value of

. 999999 was punched in and by this was eliminated from the

study. |

Once the points wefe in a common co-ordinate

system a co-ordinate analysis computer program was utilized.

* Ruscom Logics Ltd., Unit 7, Alness Street, Downsview,
Ontario. M3J 2H1 o




Figure 12

Photograph of Ruscom Chart Digitizer (1) set for

punch card recording (2) of selected landmarks on
mounted photograph (3).







This program has three aspects which were utilized here.
These are consideration of the co-ordinates, angles ahd
distances.

The co-ordinates were used to establish the mean
and standard deviation for a given landmark for the group
This program also checks co~ord1nate values which lie be-
yond a previously chosen degree of variation in order to
draw the attention of the operator to a possible error.

Distances can also be given by the computer eijither
.between two landmarks or between a‘landmark and a .line con-
necting two other landﬁarks.

Particularly important here are the angles the
program can provide. An anéle can be defined by three land-
marks (points) or by the intersection of two straight lines.
. These angles must be described by vectors in a clockwise di-
- rection for accurate registration.

After the angles were recorded the interrelaEiOns
of the various angles were examined. For this, the same co-
ordinate analy51s computer Program was used. With this the
mean angular value of a given angle for a given view was es-
tablished. After this, the correlation coefficient was given
by the computer (Factor Analeis Program) between all ahgles.

It is from these that a correlation of form was sought.

100.
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The photographic technique, as has been stated,
was developed by McKeown in 1972. The application of the
technique with this material inclusive of the mounting of
the materials, photographic records as well as the’fecording
with the digitizer of the established points was investigated
with a test of the methods. This test of the methodqlogy
evaluated all of the above stages by seeking the reproduci—
bility of landmarks on certain crania and mandibles. For
- this three mandibles and three crania were each orlentated
mounted and photographed in the various positions on three
separate occasions. The three recordings for each specimen
were compared. As can be seen with the associated éxample,

( Table 5,6 the pointé as defined were generally seen to be
reproducibie_to a high degree. This can certainly be thed
particularly in the landmarks used to evaluate the dentai
arch which evidence variation in the points of less than

-1l mm in the x y co-ordinates. |

Certain landmarks, it should be noted, did possess
a heightened variabilitj; This is usually seen in areas
‘where the point appeared precisély defined on the x co-ordi-
nate value whilst the y value was variable. This was evi-
dent in broad areas for eXampie at the angle of the body of
the mandible. Of note, however, is that the variability’of

a landmark or of all the landmarks defining an angle do not
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necessarily indicate the.variability the angle itself
possesses. This is seen in the method sample on the‘oc—
clusal view of the mandible in which an angle of high
variability had points defining it whlch had low variability.
The converse is also seen (eg. mandibular angles 4, 2, 13,

2 vs. 6, 2, 11, 2).

In attempting to evaluate this variability it is
felt that high variability of a co~ordinate of a point ex-
presses only linear aspects and as such might not influence
the value of the angle. In addition, however, it is felt
that if the length of the arms of the angle do influence its
variability, then a deflned angle which has shorter s1des
would be more prone to higher variance. For any given range
of variation of both x and y co—ordinates in all three points
comprising an angular measurement, the range of varlatlon of
“that angle will depend upon the absolute difference in dls—
tance between the points. The closer they lie together the
greater w1ll be the amount of ~angular variation. This is
seen in the basilar view of the. crania where points of nearly
the same variability defined two angles and the angle with
the shorter arms had a deviation six times the other angles
(maxillary angles 13, 1, 7, 1 vs. 4, 3, 16, 3). The size of
| the angle also seems to be related to its variability as a
smaller angle has less variance than a bigger one. Statlstl—

cally, one would tend to reject this hypothe51s in that the




size of the angle as is presented is merely a mean point
from which the deviation could be sought.

From the method sample the majority of the éngles
evaluating the posterior view of the mandible were rejected.
This resulted from the lack of reproducibility in the method
sample. This was probably caused by minor positionaljalter-
ations in the specimen éausing large angular variatidns due
to the morphology of the object and the associated linear
separation of measuring points when related to the camera.

All the other parameters were judged to be of
sufficient accuracy to be included in the study. Certain
other points were, however, eliminated due to frequent lack
of registration for example, the mounting method obscured
tentative points at the zygomas on the facial view of the

crania.
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Points Recorded on the Mandibles

Occlusal View of Mandible

l.
2.

Midline of symphysis at inferior border of mandible

Midpoint buccal lingually between mandibular central
incisors :

Midpoint buccal lingual between lst premolar and canine
on right side of mandible (left side of photograph)

Midpoint buccal lingual between 2nd premolar and 1lst
molar on right side of mandible (left side of photograph)

Outermost point on right gonial angle of mandible
Distal point on lingula on right side of mandible
Outermost point on right condyle

Innermost point of right condyle

Innermost point on left condyle

Outermost point on left condyle

Distal point on left lingula '

Outermost point on left gonial angle

Midpoint buccal lingual between 2nd premolar and lst
molar on left side of mandible (right side of photograph)

Midpoint buccal lingual between lst premolar and canine
on left 51de of mandible (rlght side of photograph)

‘Left and Right Lateral Viewlof Mandible

l.

2.v

3.
4.
5.
6.

Point on tangent to lower border of mandible at distal

. point of 1lst molar

Distal p01nt of lst molar at most superior point on
alveolar bone

Most superior point on»coronoid process
Distal superior point on condyle
Gonial point on angle of mandible

‘Most anterior inferior point on mandible




Posterior Anterior View of Mandible

l.

2.

3.
4.
5.
6.
7.
‘8.
9.

lo.'

Crest of alveolar bone between mandibular central
incisors :

Midpoint at most inferior point at symphysis of
mandible :

Lowermost point on left gonial angle
Lowermost point on left mandibular foramen

Outermost point on left condyle

Most superior point on left coronoid process
Most superior point on right coronoid process
Outermost point on right condyle

Lowermost point on right mandibular foramen
Lowermost point on right gonial angle




Points Recorded on the Crania

Basilar View of Crania

l. Posterior point on sagittal suture
2. Posterior point on nasopalatine foramen
- 3. Midpoint buccal lingually on alveolar bone crest
between the maxillary central incisors
4. Midpoint buccal lingually between left canine and lst
premolar
5. Midpoint buccal lingually between left 1lst molar and
2nd premolar
6. Central point on left posterior palatine foramen
7. Outermost point on left zygomatic process '
8. Outermost'point on left foramen ovale
9. Outermost point on left side of foramen magnum
10. Posterior point on foramen magnum
11. Outermost point on right side foramen magnum
12. Outermost point on right foramen ovale
13. Outermost point on right zygomatic process ,
l4. Central point of right posterior palatine foramen
15. Midpoint buccal lingually between right lst molar and
2nd premolar
16. 'Midpoint buccal llngually between right canlne and lst
premolar
Left and Right Lateral View of the Cranium
l. Lowermost point on mastoid process
2. Most superior point on crania (utilizing F H)
3. Most posterior point on crania
4. Nasion
5. Point A - (subspinale) - The most posterior mldllne
p01nt on the premaxilla between the anterior nasal
spine and prosthion
6. Most occlusal point on alveolar bone mesial to 1lst
molar
7. Most occlusal posterior point on tuberosity




Posterior View of Crania

l.
2.

Most superior point on mid sagittal suture

Intersection of lambdoidal sutures and mid sagittal
Sutures :

Lowermost point on left mastoid process

Most superior buccal point on alveolar crest of left
tuberosity

Most superior mldp01nt on alveolar bone crest between
maxillary central 1nc1sors :

Most superior buccal point on alveolar crest df right
tuberosity

Lowermost point on right mastoid process

Anterior View of the Cranium

Most superior p01nt on cranlum on mid sagittal suture

Most superior mldp01nt at alveolar crest between the
max111ary central incisors

Most superlor buccal point on aiveolar crest at tuber-
osity on right side :

Outermost point on zygomatic process right 51de
Midpoint on rlght infra-orbital foramen

Midpoint on left 1nfra-orb1tal‘foramen '
Outermost point on zygomatic process on left side

Most superior buccal point on alveolar crest on tuber-
osity on right side '

107




APPENDIX II

RADIOGRAPHIC SURVEY




APPENDIX II

Radiographic Survey

In clinical dental practice the evaluation of a
given individual must include a comprehensive examihatidn
of the dentition including the'bony supporting areas of the
-jaws. It is for consideration of these areas of the dentél
status that roentgenograms are utilized. The types of roent-
genograms presently available include numerous intra-oral
film sizes as well as numerous. extra-oral films and techniques.
Each of these methods and techniques are applied for gquite
specific reasons.

To evaluate the present materials, panorex* roent-
genograms were utilized. It was felt that with these materi-
als a method'was needed to screen the group for unerupted‘
teeth both partly and completely formed, to observe the pre-

sence or absence of a tooth as well as radiolucent ,dr opague
areas, to consider the general status of bone levels around
the teeth to appraise certain aspects'of the teeth morpho-
logically. |

The inception of the panorex by Hudson and Kumpula

(1957) provided a screening device for the dental status of

* S.S. White, Dental Products Division, Philadelphia,
Pennsylvania. 19102 ’ ‘




the U.S. Armed forces recruits. As a screening devise the
panorex film was designed to give a visualization of the en-
tire dentition along with the alveolar bone and related
areas on a single low-exposure extra-oral film.

The ability of the film to grossly present the
above aspects of the dental status has been stated by |
Kumpula (1957), O'Brien (1972) and Ennié;:Berry-and Philips
(1967) among others. Also, generally accepted by these
authors is that precision of detail is §omewhat lacking with
this technique and as a result all recommend verification of
apparent abnormalities with small local intra-oral x—:ay
films (periapical films). The lackléf precision of detail
is bésically a distortion which Kite and Swanson (1962)

- stated was quite unpredictable.

In the present study local films were taken of
certain of the apparent abnormalities. Figure 13 shows a
photograph of a panorex film in which the lower six-yeér
molar appears taurodontic. Asvilluétrated by the adjacent
photograph»this is not confirmed by the periapical radio-
graph. The value of the film, however, is seen in Figure 14
which shows apparent impactiOn of the canine tooth.. This
is verified by the local films.

In principle the panorex x-ray is an extraforél

product of curved surface laminography, a body sectioning
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Figure 13

Photograph of Panorex radiograph with

evidence of possible taurodontic mandibular
molars

Photograph of the periapical radiograph of
the same mandibular molars refuting evidence

of taurodontism.
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Figure 14

Photograph of Panorex radlograph 1llustrat1ng
evidence of impacted canine

Photograph of occlusal x—ray film conflrmlng the~'
impacted canine







technique. The machine itself asbpictured (Figure 15) con-
sists of an x—tay source and an x-ray film which is held in
| a cassette holder. Both the x-ray source and the film ro-
tate about the skull. Thehcontrols consist of a regulation
of Milliamperage (MA) and Kilovoltage (RV); a pre—set.timer
and a switch which activates the X-ray source. In utilizing"
the panorex machine the patient sits in the chair and places
his chin on the chin rest. The x-ray souree and film cas- |
;settevh01der which are placed in a constant relationship aﬁe
adjusted in height to approximate the.level of the patient's'
dentition. This approximation?is'achieved via the hand and
B foot pedal switches. With the proper adjustments of MA and
KV made, the machine is activated.

| During this activation the patient's head is
maintained stable on the chin rest‘while the tube head,'(the
x-ray source), as well as the cassette holder, with the
xX-ray film, meve in a circnlar pattern. 'The first‘helf

of this rotation, the centre ofhwhich.is located just in-
'side the ramus opposite the x—ray source, will exXpose one-
half of the mandlble 1nclu31ve of the anterlor teeth. 'At
this time the x—ray beam is shut of f and the chair tra-7'
ver31ng ‘the patlent will shift to the oppos1te s1de.' fhe

‘purpose of the shift is to establlsh a new centre of rotatlon.

After the shift the xX-ray source is activated agaln auto—




Figure 15

Photograph of the Panorex x-ray machine.
(The controls are located away from the
chair behind a lead shield).

1. Tube Head, x-ray source
.2. Cassette holder
3. Chin rest







matically and defines another circle of rotation with the
central point located inside the other ramus. During this
procedure, which lasts a total of 20 seconds, the activating
switch is continually on. The interrupted x-ray exposure,
the turning of the tube head and x~ray cassette holder, and
the shift of the chair are all automatlc.

As stated above the pénorex x—ray'machine is based
oﬁ curved surface laminography. The principle of this type

of laminography is that the shadow or image of the object5

that passes through a beam of X-rays must fall on a film that

is moving at‘the same velocity as is the image . This is
achieved by rotating the x-ray source and the x-ray film in
opposite directions. With the panorex the tube head and
cassette holder are rotating in the same direction. >It is
during this rotation that the cassette holder as is'seen in
Figure 15 is equipped with cables on a pully system. It is
via this pulley system that the X-ray film is moved‘in the
opposite direction of the x-ray source. By this movement
in opposite direetions a selectedvlaYer of tissues can be
isolated while structures or either side of the selected
tissues are blurred near to extinction}

The film utilized for the panorex x-rays was
Kodak film, 5" x 12" DF 85. Panorex R.P. panorex film was
also utilized. These films were contained in a screened

cassette. 1In principle the process of x-rays exposure con-
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sists of electrons liberated by high voltage from a cathode
(Tungsten wire) belting on an anode (copper) which emits
x-rays. The x-rays then travel in all directions off the
anode controlled by filters and shields. Those that hit the
X-ray film break up the precipitated Ag Br crystals, which
vare contained in an emulsion, to silver and bromide ions.

The x-ray films can, howevér, be affected by
various other factors in addition to x-rays. These chtofs
include chemical factors, temperature and light, as well as
many:others. In an attempt to decrease the radiation re-
quired to expose x-ray films some of these factors have been
utilized. The use of intensifying screens decreases the
amount of x-ray exposure substantially by increasing the
effect of the given exposure. The intensifying screens
utilize calcium tungstate or barium lead sulfate. These
phosphers, as they are called, when acted upon by x-rays,
fluoresce and the light impingeS'dn the film thereby in-
creasing the>exposure of the film. After the exposure of the
x-ray film it is 'developed'. In this process the silver ions
are blackened. The film is then fixed whereby Ag Br salts
are removed and the blackening of the déveloping solﬁtion is
stopped. »

As mentioned earlier the KV and MA are coﬁtrolled
on the panorex machine while the time is constant. In normal

clinical use the KV is varied between 64-90 KV while the MA
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is adjusted between 10-13 MA. These are adjusted according
to the facial width of the patient. The purpose of the ad-
justment is to control the density, (ie. the blackness of
the film), and the contrast, (ie. the greyness of the film).
The density is controlled by both MA and KV while the’éon—
trast is controlled mainly by KV. In attempting to achieve
an x-ray suitable for examination it was found that the
.clinical settings were unsuitable. Because of this, trials
were run to determine the settings of MA and KV which would
more closely approximate a routine clinical result.. The
settings determined were 50 KV and 7 MA. The problem of -
supporting the materials in proper orientation was over-
come by utilizing a piece of wood taped firmly to fhe chin
rest. The element of mobility of the chin rest was récti-
fied by taping it to the cross bar oﬁ the chair. With the

- board in place the materials were tapedvto the board. In
the placement:én attempt- was made to simulate the proper
chin placement trying to prevent the materials from being
off centre which would affect distortion on the film (as
seen above in Figure 16). After the films were exposed
they were developed and fixed in a.Fischer Automatic DO 100%
~developer with the temperature adjusted to 89°F.

In the present study the following aspects were

* Fischer DO 100 Developer, Fischer Industries Inc.,
2520 Kaniville Court, P.O. Box 570, Geneva, Illinois
60134 U.S.A. ' .




.Figure 16

Photograph of skull mounted on board adapted to the
chin rest of the Panorex x~-ray machine.
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recorded from the panorex roentgenograms, on computer cards

for each tooth.

The values extended from 01 to 12 and were

- an attempt to describe the situation for a given tooth.

Some of these areas are partly or could partly be observed

clinically but this was the most accessable area for their

recordings.
01 -
02 -

03 -
04 -

05 -
06 -
07 -
08 -

09 -

(01 to 09 apply

and 12 apply in the absence of a toofh).

11 -
12 -

Partially erupted tooth
(clinical or x-ray film)
Apparent agenesis of a tooth o
Unerupted tooth

Taurodontic tooth
(increased size of pulp chamber)

Apparent fused roots of a tooth
Apparent impaction of a tooth
Radioopacity evident around the tooth

Radiolucency - around the tooth
(Some obvious clinically as bony perforations)

The root and supporting bone appear within
normal limits

when the tooth is present in the arch; 11

The tooth socket is present

No evidence of a tooth socket
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APPENDIX III

Alveolar Bone Level Evaluation

The level of the alveolar bone with reference to
the dentition was sought in this analysis. As an indication
of the periodontal condition in living patients, Russell
(1956) , has devised a soft tissue scale. Davies, Picton and
Alexander. (1969) in working with skulls utilized two measure-
ments from the cemento-enamel junction to the alveolar bone.

- An average for the mouth was given by them as the 'cervical
height index'. This was found to correlate highly with
Russell's index above. Lavelle and Moore (1969), utilized
-an oblique x-ray to establish an index of the degree of al-
veolar bone resorption.‘ All these methods are considefed
£ypes of periedontal condition'indicators.

The present survey utilized a Hu Freedy Periodontal
probe (Figure 17 ) the tip of Wthh is less than 1 mm in dla—
meter. The probe has graded marks at 1, 2, 3, 5, 7, 8, 9 and
10 mm.’ The same probe was used throughout the survey. The
measurements were taken at six positions around each tooth as
indicated by Figure 18 . The areas from which the measure-

ments were taken, are first the distal buccal, Second, the
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mid buccal and third mesial budcal, then the distal lingual,
mid lingual and mesial lingual.

From this evaluation of bone levels two groups
were set up. One group had measurements done from thé
cemento—-enamel junction to the bone level; this was grdup 0.
The other group was designated group 9 and was cbnsidefed
separately due to the extensive attrition which partly elim-
inated evidence of the cemento-enamel junction. As a result
of this, the measurements were taken from the most occlusal
area on the tooth at the particular area of measurement--
again to the level of the alveolar bone. These two groﬁps
were evaluated.separately and as a result there are two
group values for every position for every tooth.

As a test of the reproducibility of the measure-
ments three pieces were evaluated five times on each of five
separate occasions. Variation of these samples were at a
maximum of +1 mm.

For evaluation, the teeth were numbered 1-32.

The maxillary right 3rd molar was designated number 1 with the

numbers increasing to the maxillary left 3rd molar which was
designated number 16. The mandibular léft 3£d molaf was
designated number 17 and the numbers continue to iﬁcfease to
number 32 at the mandibular.right 3rd molar. o

After the chartings were completed the information

for each individual tooth was recorded on computer punch cards.
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These cards were utilized by the computer to provide
'frequency of each measurement at each particular point for
each tooth of group 0 and for group 9. (eg., the distal

buccal point of number 30, group 0 had values from 0-9 mm

and a value of 3 mm was recorded six times). After this,
the computer provided the frequency of a certain value for
each location for example, the mid buccal landmark, for all
the teeth of each group, again_separating group 0 and .

group 9. From this information it was hoped a general in-

dication of the alveolar bone status could be obtained. See
Figures 17, 18 and 19 for the probe, locations and the.

charts.
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Figure 17

Photograph of the Hu Freedy Periodontal
Probe (1) located at the mesio buccal
point of tooth Number 30.







Figure 18

This composite photograph is of the one specimen
orientated and photographed about the central
(occlusal) view. This is to illustrate the
location and order of recording the lingual and
buccal measurements of the bone level in refer-
ence to the cemento-enamel junction.

1. Distal Buccal
. Mid Buccal
. Mesio Buccal
Distal Lingual
Mid Lingual
Mesio Lingual




BUCCAL




Figure 19

Photograph of a clinical charting record illustrating:
1.

2
3
4

°

o

Bone level measurements
Pathology State (5's and 9's)
Interproximal wear scales (P,Q,R)
Occlusal wear scales (Eg. Al)
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APPENDIX IV

Wear of the Dentition

Attrition of the dentition has been studied for
many years. The evaluation of it, however, has proven to be
subjectlve and quite lacklng in precise deflnltlon untll quite
recently. As far back as 1929 Leigh described four-stages of
attrition graded from no dentin exposed and extendihg to the
point where the pulp was exposed with the other interﬁediate
steps designated by varying degrees of dentin exposure. Klatsky
in 1939 repeated these stages as did Davies and P, Penderson in
1955, and Begg in 1954. 1In 1959 Murphy described a more de-
tailed evaluation of molar attrition graded according-to dentin
patches and extending to the manner of jOlnlng of the dentin
patches.

In 1971 Molnar prOV1ded an in ‘depth method for de-
scribing attrltlon.. In it the three—dlmensional aspect of
attrition was contained. TFor the first tlme attrltlon was
descrlbed in a manner in which the description made obvious

that the tooth was not just sawed down. For these reasons
the scale used to describe occlusal attrition was adapted
from Molnar. His exact scale was not utilized in that it did
not apply equally well to the posterior and anterior teeth

as well as the fact that the Classifications of the second
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scale did not necessarily exclude_each other. For these
reasons scale one has fewer stages (five instead.of eight)
and in the results, two digits are allowed‘for the‘sedond
scale records. TheAsécond scale-is, however, taken directly
from Molnar's work. The last scale for occlusal attrition
has also been reduced. Stages which were felt to be dupli-
cations of scale two were eliminated (for examplé natural
form is stage one for scale two and scale four for Molnar).b

In addition to the occlusal values, intérproximal‘
wear scores were giVen extending from pinpoint contacts to
broad contacts. This scale was P,Q,R, but due to the lack
of contact of numerous anterior teeth after extreme attrition
a value of 0 was added._

This methodology was applied to both the anterior
and posterior teeth alike. Obviously, this is subjective
procedure and as a result, vulnerable to humaﬁ interpretation
and error. For this study one examiner was used and a method
sample was performed to evaluate the reproducibilitf of the
application of the scale. This method sample consisted of
two mandibles and one crania each examined five times. vThe
initial examination was performed on each at the beginning of the
work. Three examinations were conducted during the course of
the work and the final examination was performed at the conclu-
sion of the examinations of the‘entire group. By spreading

these test samples out in this manner it was felt a more
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accurate check could be established for the consistency of

the method.

The first digit of the four-digit scale for the

occlusal wear is as fol;ows:

A,

B.

E.

No dentin exposed

Cusps still remained but dentin was
exposed

Cuéps were absent, dentin exposed with
flat occlusal surface

Excessive dentin was e#posed presénting
with loss of enamel rim at some aspect

Roots only remained

The second and third. digits of the four-digit scale

for the occlusal wear are as follows:

1.
2.

8.

Natural form

The buccal aspect of the tooth is higher
The lingual_aspect of the tooﬁh is higher
The mesial aspect of the tooth is higher
The distal aspect of'thé-tooth is higher
The tooth is flat

The tooth is roundedﬂbuccal linguaily‘

The tooth is rounded mesial distally-

The fourth Place in the four«dlglt scale for oc-

-clusal wear is as follows:

X (1)

Cupped a little




Y (2) Deeplyvcupped_'
Zz (3) Notched
The interproximal attrition value occupied two

spaces on the puhch card. The first space listed the distal
contact while the second gave the mesial contact description.
Both the mesial -and distal areas ranged from 0 to 3.

O (0) No contact

P (1) A pinpoint contact

Qv(2) A broad contact point

R (3) A contact point extending from buccal to

lingual
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Table 1

The mean angle values recorded for
the mandibles of the population to-
gether with their standard deviations.




SMITH = MANDIBLE (FACTOR ANALYSIS)

N = 59

MEANS AND STANDAPD DEVIATIONS

VARIARLE
o

MFAN
18.647240
14%.408R6

139,747
14G.C0RR0
10},401737
138,49530
67.184859
72.65715
73.06454
53,76837
61.91730
43,54910
Bh,85468
63.81102
73,17583
49,78101
111.72481
35,.7389?7
R7,07021
T6.06522
51.03365
113.83765
39,12595
90.12868
75.081n55
53 .34698
27:.910726
25.,580131
45,26720
43.,11542
14318459
972.32681
131.54235
92.13577

STANDARD DFVIATION

4,311720
1098{)&41
T.27678
683472
9,27743
6.90694
4.96958
8.07059
3.50524

3,23828
3.69267

5.05145
4,06390
3.54377
3.81483
5.04572
5,29930

4,08862
5.45484
5.34756
5.33652
10049
4,23406
4,45601

4,91586
4.22278

633013
6.27769

11.92494
775765

10.83070
7479505
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Table 2

‘The mean angle values recorded
for the craniae of the population
together with their standard deviations.




SMITH ~ CRANTA

N = 28

(FACTOR ANALYSIS)

MEANS AND STANDAPD DEVIATIONS

VARIABLF

N ~NOP W

11
12
13

3
4

15
16
17
18
19
20
21
22
23
26
25
26
27

MEAN
17.002A7
16.5R449

135.93198
- 136.99053

95.72387
129.24408
57.65115
PP.4BPR?
51.,606738
39.672909
972.70442
93.01369
119,.341564
137.03545
91.75162
118,92355
137.46040
47 ,86R96

24.,30214

153.022R3
26.04312
23.67987
T7.96147

17.34G85

12.61660

11.31629 .

1335420

STANDARD DFVIATION
3,61069

3.47561
6429475

6.530098.

7.33860

777769
?.89644
 ?.1A099
5.5RA13

4,28R23

4,2R8975
2.81190
4.40588
4,672990
2.60247

3.17685
4.21468

2.52217
1.01161
7.95726
1.49757

1.21095 .

6.62828
0.677269
0eBATS6
0.75532
0.95281
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Table 3

Correlation data of the angies of the mandibles.




SIMPLE CORRFLATION COFFFICTENTS

farR1ARLF

10
1

12

14

118

16

29

21

5

1

17

3

LL
1.000

Nonn}

-0, 5.9

L =0.kn

3,123
0,798
3,516
0,217
n,PR?
-5.019
n,187
1.000

0,071
0 155

0.15%
©,533

»
13

4

1.000

~Netal

. =0eRa4l

=tehPh

NePhG

=0e 687
1.000

0,019
0en3l

0.089
0265

678
D615

0,534
-N,075

14331
~0.3RH

D147
-0.071

N.718
N,37?

-1s133
0,228

N.4136
=N.028

0.101

=G4371

04270
-0,741
1.000

Q.???
Nea3
~)e4A

Telfle
1,004
N0y

0,273
~Devah
~11,542

~le]6h
~0,272
ERITER

EIY /R
~ie 0
~ta k4l

~.J e URA
- afit
=~ tehnT

14
25

10200
2e50685
de 335
-Ye255
Ne273
—-Ne%33
Y
N.00%

Je396
1227
=N g N4
Na076

1.000

Ne357
2768

{ a242
f.731
- G50
Oalta

~Ga4079
N.012

le254
N.193

e lAN
(1.229
a4
G237

e l2A

5e3133
14060

0.599
=" ew93
fa2?

ta01h
-445)73
~ilalh5

-e 105
- e 37
-ra 30

BETELY
- fedd
~i ek

YT
Y]
.42

s

2h

1.000
[(IK
-0.380
0,231
-0.452
-0.139
-0,013

0.036
~0.193
-ﬁ.osa

0,100

da.10h

1.000

~0.097
0.819

=0,479
0.110

~0,262
0,126

=0.191
0,175

-0,377
0,038

~}.008%
0.155

~0,363
0.066

01,08
0.093

=0439%
.006

~i1,234 .

0.045

“0 4237
“0.207
1.000

N i75
~145135
-(1qlG?

[{ T
1,434
-1, 297

1191
“fqufly

-0 ,2573

(4277
i e P57
~ e 34K

113

1

1,000 _

UeSall
0,558
-0.330
=0,207
-0,407

-0,a01
~0,567

0,034
-0,212
-0,181
=0,664

1.000

-0,522
0,409

«0,27S
0,277

~0,069
0,272

-0.218
0,293

0.215
0,154

=0,559
0,269

~0,705
0,138

=0,324
. 0,155

=0,397
0,742

=-0.,071
~N,027

0,368
=1 ,8494
1.010

lig Pisbr
“0), 5Kk
VehI

DehT3
=i haS
Ne7Ta

a3 40
-, 499
N, 797

[
17
"

1.000
0,434
0,232
0.008
-04134

-0.292

-0.30<

0.09Y

~0.031,

-0,133

-0.210
~0.123
1.000

~04045
04092

0.063
0.699

-0.009
0.323

0.070
0.195

-0.210

0.863

-0.244

fe624 .

-0.1h8
0,758

-0.0569
0.250

=0.410
0.35¢

0.477
=0e7hd

-0.00v
=Nst10
1,600

Dawig]
~Dat79
[N

0465y
=h.r3y
Dok

18
v

1.000
0496

0.120

=04118
-0.003
-0.123
~0.031
=0.104

0,257
1.000

0,034
0.604

~0.229
-0.459

~0.150
-0.186

0.040
0e626

04248
0.843

0.004
0.671

=0.337

=0,396

<043R3
~0.147

0eN76
“0e1497

~0¢74¥
=Y.l ik

e 16
=6.501
1e000

1,743
~Nebu7
0.711

19
3u

1.009
04319
0,379

0,255
0.447
-0.113
-0.003
~0.164
0.179
04341
0,459

0.005
1.000

0,015
0.046

=0,366
0.671

0.442
0.547

0,320
0.670

Osl26

0.786

0,036
0,056

. ~0.344

0.533

~0.10%
“0e32v

=~ e 2H2
~0.526

=0e325
~0.433

~“Nata 32
=58
1,000

20
EPI

1,000
0,644

0.291
0.498
0.859
0,646
-0.308
'6.561
0,108
;0.098
-0.038
0.360

1.000

0.094
B.492

0,198

0.184

-0,156 -

-0.429

~04197
~0.036

0,397
0.740

~0.08%
0.511

-04349
=0.116

~0.426
~0.253

~04361
=0 145

=0.311

=0.174

L
21
32

1.000

0.803
0843
0.u03
0.§89
Q716
0.896
04324
04296
0.184
04166
0.032

1.000

0.312
0,095

Ue140
~04206

0,019
04399

0,229
0.469

~0.240
Qe741

~0e500
«0.262

~Ga527
~0.315

“0ot 37
=0a.407

~{eanl
-0 D95

il
22
33

1.000
0.830
0.043

0.574

0.832

0,874
0.337
0.398
0.236
0,022
~0.002
0.230
1,000
" 0255

0.655

00142
0.634

=0,058
0,474

~0,225
0.176

~04012
“0e.517

=0.557
~0.029

=0.574

- =0e17%1

~0a02?
0,773




Table 4

Correlation data of the angles of the craniae,
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MELE CORRELATTON COFFFICIFNTS

SRTARLF

14

15

16

1.000
CJ77H

i, 787

~1.655

-n,4"}
Co6ad
0,601
=0.7113
£, IRR
3.321
€.920
i a”98
1,000

=325
T eL.002

-t Na7
-f,173

n,2a0
£.893

-f,1726
e,10l

- 16T
0.165

N,174
-6,077

-0.123

8,637

~-0.169
0,651

-0, 249
D]

~0.N63
ng2hl

04656
N, 0135
l1.000

-0 188
6,070
-0, 174

0ot 1}
" .PP9
-0,015

9,043
T332
_H.]?I

0,018
0 P3N
G, 096

?
13
na

l.000

-t qbts(

~i1er27?
~e156
Neal6
~0.245
o164
JeukR
04530

~0,018
0.330

~0e334
1.000

=G.071
NeRAB

Ga164
UenNT4

~0.361
Ne777

-0,n42
0.8r51

0,706
~04217

0.090
-0e171

=0.05840
0.796

~0.231
04027

Neja5
~04274

Nea?7
D074

iy NaA
~0e?293
1.000

-04350
B YRA
6.259

0203
0.7
44388

~0,070
04082
0,026

[
AN

1.000

[UPS-T0)]

NelRb

=381

}e270

~0.000

~Ne329

04260

. =0.050

-n.281
fe281

Nal92
1000

~e2P0
~0.071

Ce079
N.680

Na?18
0.952

~falbl
=-a208

~Ge123
-0 037

‘n.158
0115

0.0643
-0+099

-0.080
=0.19]

~0.022
0246

0eldn
~el09

Ca3a]
~040133
1.000

~the? 63
=Nl
Je1Ba

-(ie 245
~-0ali 3o
at53

IR
8

1.000
Na277
~N.b4le
0,491
Cafle
=0.394
=04520

=0.020
~0.477
0,288
0173
~-1,353

1.000

0.343
0.282

0.034
0,177

~0.,18%
~0.082

=0.341
Ne492

0.0673
04552

0.058
D342

~0.351
0.157

~0.12?
=0.068

=0.230
~0,058

N.15%1
0.317

-0.387
0,282
1.000

“0.012
N.?1A
0,385

in
44

1.000
0.606.
0e363
0,145
0,173
0,383
0,020

0,127
-0,105
~0.255

0,189

0,549

1.000

~0.,206
0,735

0.182
0.147

0,375
3.045

0,356
0,479

0,666
0.566

0.398
~0.196

=0,160
0,206

0,376
~0.226

0,605
0,489

0,30
-N.092

0,593
1 .556
1.000

1.000
-0.114
0.165
0.574
04760
-0.025

0.347
-0.402
~0.287
'0.329
0.231
~0.2249

1.000

04355
~0.104

04394
0.1206

0.264
0.180

0.a0V
-0.027

04459

-0.028

0.287 .

0,272

0.361
0.053

0.205
0.140

0e42y
-0.,08v

04537
=0.029

1.000
0,472
04351
0.304

0.283

~0.545

04191

0.023
=0.514
0,094
~0.296
0.232

1.000

=0.204
~04145

04496
-0.273

0.505
0elb4

~0.398
~0.077

0.376

0.077

~0.331

S =0.032

0,108
0.047

~Ns357
-0e101

04439
04301

1.000

~0,077
0.026
0e267

-0.009
~0.101
~0.357
-0.323
-0.259
~0.458

0.425
-0.186

1.000

-0.012
04271

0,093
0,542

=0.265 .
- 0.846

‘0.223
=0.392

~0.206
0.616

~0.0640
0.504

=0.240
G.738

0.19%1

0.374

1.000
0,865
0.217

0,556
0.027
0.589
0.062

0.109

-0.015.

0.502

0.622
1.000

043438
0.520

0.354
0.198

0.184
0,213

0.141
-0.019

0,163
0.542

04437
0.338

0.410
0,297

10
el

1.000

04136

0.520

-0.211

~0.122
0.558
0047
~04069
04051
04649
04637
0.526

1.000

0.529
0360

0.224
0.048

0339
0.102

046420
04849

04600
0.406

De468
0,856

1.000
0.227
-0;989
—0.209-

0.276

~0.150

-0.000
04660
04056
0.197.

-0.023

~0+295
1.000

-0.262

~0.249

=0.107
0.813

0.3386
0.303

~0.428
0.653

~0.297
0.282
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Data relating to method study of mandibles
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} HUHJECTS

4 POINTS
ORTGINAL XY 9,60 0.33 4,66
a.ib 9,04 5.97
1le0ul 3.02 10K
IANSFORMED XY 0.0 0.0 1,643
: : R.TL 5,52 9,05
2459 ~1.75 1.82
ORTGINAL XY Q.hH 0.3 9.61
' 415 9.06 6413
114-7 2.98 11.00
'ANSFORMED XY 0.0 0.0 1.39
BeR0 5.19 9elb
257  -2.00 1.72
" ORIGINAL XY 9.~9 0.33 9.61
4,05 2,98 5,96
' 11.49 3.00 10.86
‘ANSFORMED XY 0.0 0.9 140
Ae96 5.14 9.19
] 2456 -1.95 1.64
M1TH CEPH ANALYSIS VIEW 11 METH2D
DINATES
: NO. OF. MEANS
QINT SAMPLES X Y
! 1 0.0 0.0
2 3 1,60H 0.0
-~ 3 3 1.751 1.266
L4 3 2.593 1.774
5 3 6,403 4,523
6 3 6.3i2 3.566
7 3 8,853 54784
. B 3 9.i26 3,748
9 3 9,131 -3.690
10 3 8,895 -5.697
11 3 7.100 -3.911
12 3 5,676 ~4,789
13 2 2.608 -1e901
14 3 1.727 ~1.278
13- 2-i6= 2 3= 2- 4= 2
1 17,665 18.829
? 17.238 184775
3 19.89% 18,237
IR OF SAMPLFES 3 3
14,199 18.613
JARD DEVIATIONS - 1.673 4.327
THE MEANS 18.193 18.610
ES Ao 1=il= 1 T~ 1-10- 1
1 36,529 670 Lba
2 » 57.691 63,012
3 S0, 455 AT
ER OF SAMOLFS 3 3
5 : 56,874 67 Sha
JARD DEVIATIONS a5TA Vet 34
THE MEANS 564007 hPe3bn

T.806
je.Hb

7.5
Qeud

T.82
15.02

2459
B84

7.77
14,80

2.63
R 77

4 2-13- 2
112,126
114,980
114,631

3
113,912
1559
113.982
6- 2-1l- 2
64,252
64,978
67,502

3

68,977

04545

176 HaY 2,06
9.3% 12,82 9,77
2.1%
0.0 1,73 1.27
3.69 et ~3.16
-1.18
1.73 8,36 2,064
9.36 13401 9,76
2.11
0.0 1.75 1.26
3,20 9.29 ~3.69
=1.40
1.73 8,32  2.03
9.32 12.78 9.78
2,04
0.0 T.78 1.27
3.21 9.26 ~3,62
~1.25
STDRD DEV.
X . Y
0.0 0.0
0,020 0.0
0.023 0.007
. 0.033 0.024
0.120 04137
0,085 0.184
0.129 0.207
0.071 0.279
0.098 0.288
U.156 0.268
0113 0.210"
0.187 0.186~
0e071 0el134
6.089 0slla
2-16-13-14 4= 3= 2- 3
141,521 135,451}
138.522 135,785
138.247 136,943
3 3
139,430 136,193
1.824 .0.676
139.439 136.201
8- 1= 9- ) 9= 2-12- 2
40.690 R, 362
40,950 90,797
40,6461 90,640
4 3
40,760 90,645
0,165 0.523
407658 G0l

68.3R8

/.89 4,98 6,60
Ye40 13,33 1.46
1,80 6.27 4,68
“5o19 7413 ~3.67
2.87 4.97 6.61
9438 13.46 743
1475 6443 4,46
~S.68 6495 4405
2.85 4,90 6.57
9,41 13.30 7.47
1.77 6450 46,43
-5.62 6492 ~4401
3- 2-14- 2 4~ 1=13= 1
148,420 68,158
150,993 714913
152.762 71.290

3 3
150.725 70,454
24194 24011
150,785 70.463
7= 2~10= 2 B 2= 9a 2
71.340 47,368
72-024 47:466
714535 47,177

3 3

Thebso 47,337
0.345 Ual40
71646 416349

S, HY
14,24

6,7¢
5,88

5.90
14439

6,63
5.6%

5,89
14,22

6.89
5,51

3= 1-l4- ]

69,240
74.956
$72.786
3
72,327
2.u85

724335

Te04
615

3.52
=494

5= 1-12- 1
74,656
75.946
75.598

3
75.399
0e667

754393
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Table 6

Data relating to method study of craniae




1 GHHIJECTS

y POTNTS

ORTIGINAL

INSFORMED

ORIGINAL"

\NSFORMED

XY

Xy

XY

XY

XY

XY

13.¢7
1H.O?
Te?0
g.0
11.77
10,138

1306
19465
" 7,73
0.0
1117
10491

13,43
19.30
7.56
0.0
11.18
10.81

1,54
12.76
12.47

0.0
~5.81

5.91

1.57
12.70
12.52

0.0
-5.81

5,91

1,61
12,77
12,44

0.0
~5,84

5,90

ANALYSIS VIEW 21 METHOD

13,15
15,75
11.41
15,54

yaud
12.70

13,67
16.27
12492
15.51

9,38
12.05

13.47
16,11
12.21
15.48

G.8G
12.53

11T CEPH
JIINATES
k NO. OF. MEANS
HINT SAMPLES - X
3! 3 0.0 0.0
T -3 15.5190 ~0.000
i3 3 16,537 ~0.064
4 3 15.681 -1.712
5 3 16,667 ~2.365
6 3 12.451 -~1l.260
T 3 11.205 -5,H419
8 3 9.873 -2.651
9 3 7.253 ~1.646
0 3 4,939 -04344
1 3 6,765 0.867
2 3 9.632 2535
-3 3 10,368 5.906
4 3 12.659 1.266
-5 3 14.612 1.887 -
6 3 15.547 leble
S | 15~ 3-16- 3 4= 3= 5~ 3
£ 1 17.095  13.814
E 2 16,574 12369
E 3 17,0610 11.059
R OF SAMPLES - 3
T 16,893 12.614
ARD DEVIATIONS 0.280 1.378
HE MEANS 16.R93 12.410
b= 3=14= 3 7- 3-13- 3
t 37.814 Q4,104
? Ak, Lha $3.734
3 3R, 756 634172
R OF SAMPLFS L 3
37.011 Y3 RT8
“ARD DEVIATTONS n. 711 CaaD
37.010 CYM-T.

‘ME  MF.ANS

17.04
11437
16,2
0.0
~2.66
1.32

17.08
11.43
14423
0.0
~2.64
1.23

17.09
11.49
14,24
-0.00
~2465

1.25

3~16~15-16
133,897
134,685
134,586

3
134.389
0.477

134,385

13,20
pa 72
11,029
16.53

(e21
e, 04

13469
12.26
11.68
16.53

Ter4
le,4l

13.55
15410
Ile6s
16.55

7.20
146440

STDRD DEV.
Y

0.0
0.000
0.032
G.02%°
0.032
04024
0.020
0.010
0.007
0.610
0.010
0.019:
G.010
0.045
0.08a
0.068

8,01
Banh
15,99
~0.04
-lebd
1.H45

18,10
8.50
15,69
~0.01
=165
1,98

18,16
8.81
16,01
-0.0G8
-1465
1,43

1h 88
13,00
ll.56
15,73
4499
15,50

15,35
13.95
11.98
15.68

4,92
15,54

15,20
13,78
11,91
15.63

4490

15,55

17.25
553
17.14
-1.73
-0 34
L+59

‘17,24

649
17,12
~1.68
-0.30

1,69

17,24
6.51
17.16
~le73
~(e34
1.56

15.43
12420

14469
6ol

15.95
1275

14467
6,77

15,81
12,58

14465
6.71

16,21
8,36

~2.29
V.88

16.22
B.35

-2429
0.86

16,25
8.32

-2434
087

14,37

© 10,57

12,90
9.65

14,91

1le11
‘12,85

9.62

14,76
10,90

12.80
9.62

14,43
1l.21

~1.24
2453

l4.41
11.21

~1.26
2.52

14,41
11.24

=le30
2455

Ge 4= 3= 4 S 3=15= 3  4- 3-16= 3 13- 1- 7= 1 11- 1= ge 1 6= 2-14= 2

143,888
147,852
150,783

3

147,508

3.u4b6

147,510

972.730
93,855
91.416
3
92,667
14222

92.670

123.641}
122.797
119.484

121.9%4

20203

121.973

55.772
55,920
56.202
3
55.964
04217

55.964

19,965
20,044
20.278
3
20,096
0.162

20,095

50,058 °
484594
49,554
3
49,402
0.743

49.406
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