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CHAPTER I =
INTRODUCTION AND STATEMENT OF THE PROBLEM

A.- Imtroductory Remarks:

The‘high-speed electronic computer is a new tool, different
from amy ever‘created, for extending tme scieneist'shmencal
activity in problem analysis. Small signals effect large oufputs
of information involving ertemsive data, multitudina; factors‘ |
and mathematical manipulations. Accumulated knomledge is stored
~electrically, correlated promptly and anaiyzed automatically by
plamnedAprpgromming to provide prbmpt solutions to complek |
problems. They have been characterized in various contexts as

mechan1ca1 brains", "hardware" and "high speed data processors"
More ‘exactly, an electron1c computer is a tool for analys1s and
_51mu1tat10n of act1v1ty systems, It can be used in desxgnlng

such systems and as an a1d to the decision process in a system
already in being.

A1l computing automata fall into two‘great classes: The
digital? which counfs electric pulses Like beads on an abacus,
and the analog. The modern analog computer is an expansion of
or1g1na1 computatlonal schemes, such as the slide rule, but is
Capablelof a greater variety of uses and can solve extremely
more complex probiems.. It is more versatile by virtue of
electronic parts instead of mechanical parts.A

-~




: The modern digital computer has shown the greatest develop-
ménf and most-promise'of all computing"machineé because of the
‘concept of.a stored program. This stored information may be
parts of tableé ddta'fhat is as yet unprocessed, 'statistical
data that has resulted from part1a1 or complete analysis, or
instruct1onal material that is part of the stored computer
| prpgram. The maghlne is programmed to talk to itself, shift L
'data ardund, work-with it in a prescribed manner, and at various
points along the way, to répdrt out intermediate results until
at the end of the program the final answers are ready,

The ana;pg computer, as its name indicates, uses an electri-
cal signal such as voltage which is measured by an analog of |
some physical or measurable quantlty under study. For addition
and mu1t1p11cat10n, a c1rcu1t is designed with adding units whlch
feed in the appropriate additional amount of voltage or an ampli-
fier which multiplies the voltage by the required amount. Ca-
pacitors are used to éccumulate the voltage over a period of time
as an analog of infegratidn. If several equations are to be
solved simultaneously, the ciréuits tan be so arranged.

- The requirements of efficient computer use are (1) the
presencé and recognition of the probleh, (2) an approach to
solution of the problenm, includingvcerfain stated hypotheses
and‘methods of tesiing these hyéofﬁeées, and (3) translation

of the testing procedure into machine language. Computers

-




do not replace thinking, They demand deeper thought. They
permit thelthopghﬁful détéiled séquence of logical steps used in
the solutionkof a problem to be used repeatedly without repeating
the same human expenditure of effort. Many different problems
require parts of the same thinking, Problem solvinghhas repeti-
tious aspec§s at all levels, and this is what allows the/use of
programmed méchines.

The secretrtp success rests in having a well-formuléted,
concise, answerable question in the first place, Automafic data
processing_Without-this'leéds to expensive processed data and
nothing more, Large amounts of data can be reduced into.precise
answefskonlyvto the extent that there has been considerable
logicalbthinking about the problem. There is a direct relation-v
ship between time spent on the statement of the problem and time
saved in data reduction.

Electronic computer$ are rapidly achieving a place as a
Tecognized tool in the field of medicine. They are used exten-
sivelytin medicaljand biological research to aid in solving, for
example, statistical problems, biological simulation pioblems;
and for pattern recognition and analysis. The computers have
also been geared for clinical use in epidemiologic studies,
electroencephalpgraphy and electrocardiolpgy; psychological
testing and differential diagnosis, to name but a few. Their

»~




use in all branches of dentistry has been quite limited. As a
clinical tool, they have been employed primarily in growth studie;

and in epidemiologic studies of malocclusion,

B. Stéfemént of the Problem;

The puipése,of this thesis is twofold:

"To investigate'craniofaciodental characteristics of clini-
cally excellent occlusion in young adult Caucasian males,

To collect data’from‘this'investigation as the initial
phase in developing a prpgram.of orthodontic diagnosis applica-

ble to automatic electronic computers.
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CHAPTER II

- REVIEW OF THE LITERATURE

A. Computers in Medical Diagnosis:

The earliest analog and digital computers were me¢hanica1.'
Lord Kelvin worked on an anang integrator. Later both types
became electromechanical, Gears, shafts and eléctr}c motors were
used in analog coﬁputers and relays in‘digital computers.

For a number of years prior to 1951, Brodman and his coQ
workers atteﬁpted to develop a numerical system which would
automaticaliy piace'data taken from medical histories in a
disease_catggory. This system became known as the Cornell Medi-.
cal Index-Health Questionnaire. |

In 1953, Dr. Vannevar Bush delivered an address to the
medical society of the District of Columbia and compared the
utilization of medical information to the construction of the
tower of Babel, .The tower was never completed for the workmen
found that each was speaking a special language, and no man
understood what the other was saying. Bush observed that too
much was required of memory and not enéggh time was left for
thought. He suggested that electronié'means be exploited to
take over the déta storage and retrieval areas in medicine.

Nash'(1954), workihg in England,ﬂdiscussed the inadequacies
of textbooks in making the many comparlsons requlred 1n differ-

ential diagnosis. - He experlmented Wlth a spec1a1 ruler w1th
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about 300 diseases or diagnoses listed on the side. Into this

ruler multiple inserts, each labeled as a sign or symptom, were
inserted. Marked lines on these ‘moveable inserts wouid lie ope
posxte the dlsease ‘when that sign or symptom was present in that
d1sease. The d1agnost1c1an would then use this aid by selectlng

those inserts corresponding to the observed positive signs and

symptoms. When some diseese, or diseases, were present with the

lines across allkoi most of the inserts, a diagnosis could then
be narrowed to a few choices. J

.This comparator, or "logoscope" as Nash called it, is il-
lustrative and instructive. It is a landmark in a shift of
thinking from books on differential diagnosis to automatic data
processing and storage equ1pment.-

In 1955 a study was reported in which marg1na1 punched
cards were used to correlate data in the differential diagnosis
of hematolog1ca1 dlseases. In thls study, by Lipkin and Hardy,
data which characterized twenty-six'hematological diseases were

'recorded From the data whlch had been listed for each disease,
a master code was made containing a11 the 1nformat10n, and the
data were then assigned to spaces on the periphery of marginal-
punched cards.‘ SinceAthe cards were identical, a given space

on the margin of all cards represented the same information,

A single card was chosen to represent each of the hemato-
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logical diseases. When a given finding was characteristically
present in a diseése, a triangular wedge was punched in the ap-
propriate Space‘dn the disease card, In addition, thoée items
of information which were definitive'diagnostic criteri# in each
disease were noted by placing arrows to their appropriate spaces.
Findings in a p#tignt could‘then be compared with the character-
‘istic findings ih each disease as noted by the punched card. Al-
though it was possible to end this correlation procedure with no
diagnosis, it was impossible to end with the wro@g diagnosis, if
the data from the patient and the disease description on the card
were correct, | |

An énalpg method}ﬁas'used.in 1955 by these same workers to
measure the probability of a diagnosis and to correlate data
automatiCélly in the differential diagnosis of hematological
diseases. A numerical value was assigned to each of the twenty-
six diseases studied. If the pre#ence of an item contributed to
the establishment of thé diagnosis, it was given a positive value

»

in that disease. If its presence would not be compatible with

the_given_diagnosis, the item was given a negative value, If its]

presence would in no way affect the diagnbsis, it was;given the
value of zero. Thus each item might carry different weight in
each diseasg. Each disease deécription contained all the data of
the master code, and each item in each disease carried an indi-

-
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vidual numéricalposif@fe or negative number.,

In 1957, Lipkih-and his fellow workers transferred this
problem to a digifal computer employing the use of three mag-
netic tapes, ‘Tape A contains the case history of each patient.
This is first compared to the material on Tape B which carries

the definitions of classes of diseases, Tape'C‘cbntaihs the

definitions of each disease within a class, After the compari-

son has been m#de between Tape A and Tape B, the apprdpriately
suspicious classeé are selected from Tape C. Then further com-
parison with the pétient and further differentiation'of the
diagnoéis from class to specific disease results,

Lipkin has indicated that it is desirable to list the
diseases in the differential diagnosis in sequence of decreasing
probabiiity. He'suggested that a program of this sort éould be
employed as én aid‘iﬁ teaChing différential diagnosis. Also its
use inimedical practice might contribute to an increasingly ana-
lytical basis for diagnosié.

In 1959, Lusted and Ledley énalxzed the reasoniﬁg founda-
tions of diagnosis. They indicated that to use a computer ef-
féctively for diagno§i$ one must know how a clinician thinks or
arrives at a diagnosis. They believed a diagnosis was made, in
Ageheral; in four steps thch are: (1) Facts are obfained from

the history, physical‘examihations and laboratory tests; (2) the
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reletive importance of each of the different signs and symptoms
‘are evaluated, eometdata being of first order importance, ptﬁer
1ess‘important; (3) all diseases.whieh cen reasonably resemble
the specific case are listed or considered; (4) one disease
after another’is excluded from the list until it becomes apparent
that the case can be fitted into a definite disease category, or
it may be one of several possible diseases, or else the exact
nature cannot be determined,

Although they‘edmitted to oversimplification and there was
alweys_the clinician's "feeling aboutvthe cese", they believed
that a medical diegnosisvinvolves a process that can be systema-
tically analyzed. They concluded that three faetors are involved
in the logical analysis of a medical diagnosis. These are: (1)
Medical knowledge that relates disease complexes to symptom
complexes, (2) the partlcular symptom complex presented by the
~patient; and (3) the disease complexes that are the final diag-
nosis. The effect of medical knowledge is to eliminate from
coneideration the disease complexes that are not related to the
symptom.comﬁlexes presented. The resaltipg diagnosis computed
by means.bf logic is essentially a list of all the possible
disease complexes that the patieht can have that are censistent
with medical knowledge and the Petient's symptoms, Lusted |

suggests that the final mathematical model of medical diagnosis
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may involve a,seqﬁence of a number of different approaches in-
cluding symbolic ipgic, probabilistic analysis, and theory value.

Brodman, vaanoerkman, Erdman, and Coldstein (1959) reported
on a Study with the Cornell Medical Index’(CMI). They collected
data from nearly 6,000 consecutive male patients asmén initial
sample., Some sixty diseases were then studied and the‘pattern or
score on the CMI was cpmputed for each disease. Data &ere then
{ collected from 2,745.consecutive patients, and on the préviously
computed probabilities of each complaint for each disease, the
fnew patients were assigned likelihood indices for each of the
sixty diseases studied. A diagnosis was consideréd or made when
the index reached é certain level., The computer diagnosed forty-
four per cent of patients having the sixty diseases and identi-
fied.the organ system in fifty-five per cént. When a random
sample of 350»questibnnaires were examined by both éomputer and
physician, there was no statistically significant difference in
the results except that physiciahs tended to diagnoSe psycho-
neurosis more accurateiy than did the maéhine;

Schenthal and Sweeny, in 1960, reported a method.of clini-
{cally applying large-scale'electronic7data progessiﬁé‘machines.
They also evaluated and described analog and digitél computers
and concluded, that for this study, the digital computer fitted

their needs best, They used 138 medical records which were coded
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'with‘the Helpboflthe Cornell Medical Index and'other aids. It

' was_fouhd.possibie to punch a histor}‘of.lgs questions on. IBM
cards kithin forty seconds, It was pointed out that manual card
4 punching cén be éliminated by a procedﬁ:e (mark-sensing) whereby
information recorded by electrpgrapﬁic lead pencils' can be trans-
ferred directly to the punch cards by.maéhine. Data in this form)
can then be easily stored and quickly retrieved, The study -
demonstrafed the possibility of locating rapidly, in a very
large collection of reéofds; a group of charts meeting any de-
sired combinatién of requirements,

_ In 1960, Warner, Toronto, Vea#ey and Stephenson prepared a
matrix of ptobabilities based on a study of 1,035 patients with
sﬁsPected congenital heart disease, They listed fifty symptoms
and signs and‘thirty-three diagnoses, The incideh;e of each
symptom was transferred to punched cards and stored in the com-
puter along with the program for carrying out the analysis. For
each subSequent diagnostic problem analyzed, the symptoms from a
check list were punched on a cérd wh%ch was run through the com-
puter. A conditional probabiliﬁy equation was then worked out
automatically with the appropriate probabilities from the table.
Then the diseases with»probabilities:greater than one per cenf
were printed out togethef with their respective probabilities.

These workers plan to use the computer to recalculate the

-
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probabilities pefioditally §s additiona1 data accumulate in the
further use of the program. In a sense, then, the program will
learn”" from expéfience by virtue ofbrefinements of the table
based on the accumulating data.

Newa11 and Simon; in the following year, spggé;ted a means
to study human thihking'which is somewhat analogous to §imu1ation
expeiiménts. :Inbﬁ very géneral‘prpgram, they suggested we ob-
serve how a human Subjecf and the problem-solving ana1§g‘ca11ed
GPS (The General Problem-Solving prgram) solve the‘same'problem.
To watch man'énd a programméd machine Qork on the same problem
would'havebthe virtue of develoﬁing a specific diagnoéis program
useful in medibine while, at the same time, exploring'the ways in
which an experiénced diagnostician functions in arriving at a
diagnosis; |

In 1961, Warner and his associates presented a mathematical
approach to medical diagnosis. They stated that diagnosis from
clinical data is a éubtle'art'which may be mastered only after
years of carefﬁl study and extensive personal experience., The
| purpose of their study was to find an explicit mathematical ex-
pressioﬁ for aﬁalyzing and improving the logical process by which
a diagnosis is deduced from informétionlgiven by the pétient..
They felt such an expression might imptrove thé accuracy of diag-

nosis, lead to a more scientific approach to the teaching of
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medi;al diagnosis and provide,a means, with the help of electroniq

'compﬁteis, fpr reiiéving.the physician the task of storing and
recalling fot'praétical usevin'diagnosis an ever increésiné mass
of,statisticél da#a. | | |

Swenson and-others, in 1962, reported on theirﬁinitialbex- '
perience with a persona11ty 1nventory test which could be used H
alone or in comb1nat10n with the Cornell Medical Index. vTh1s 
copyrighted text which was developed by Hathaway and McKinley at
the University of Minnesota, and called the Minnesota Muitiphasic
Personality Inveniory (MMPI)'consists of 550 yes-no questions
which weré originally.standardized on a group of normal persons.

Patien£s4were then selected'who demonstrated rather clearcut
psychiatric problems thch could be classified in one of eleven
different groups. Grading the test’cqﬁsists of determining
whether An individual patient‘ansﬁers the questions.in a way con-
sistent with the original normal group or with one of the psychi-
atrié;group categories.

In 1962, F:eidﬁan, writing an editorial in the_New quk
State Dentaleournai,freported that d;ntists are now aware of
"thatimaryelous prbdigy of the.marriage of electrqnics and busi-
ness ﬁanagement,‘the cbmputérs". He pointed out what the com- |
puter could do and’could not do in the~field of diagnosis,'and

suggested dentists should now begin to explore its possibilities,
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Rome (1962) &efendingbthe automation technique of diagnosis
' said: ‘ | ”

. "The entire process is a data organizing and
matching operation. The categorical facts of medi-
cal art and science are reshaped and altered to
provide the patient with a tailor-made diagnosis
and treatment which, ideally, fits him perfectly..
This requires some condensation and alteration with
the tacit recognition of a basic assumption that,
in the most significant particulars of health and
disease, people by and large are more alike in their
reactions than they are different. If a more expert

clinical evaluation is to be had for a larger number
of persons than are receiving at the present, and if
the necessary experts are in short supply, the logi-
cal thing to do is to augment the number of experts
and accelerate what they do. Alternatively, there
is the theoretical possibility that the experts'
operations can be speeded beyond the limitations of
his individual capacities, if they can be standard-
ized and instrumentated. Moreover, the standardiza-
tion of his operation minimizes the idiosyncratic
errors to which all human experts are liable, This
is the rationale which underlies the application of
high speed data processing to medical diagnosis."

He further stated thatbcomputers have a happy faculty of a
slavish adhereﬁce to whatever they are programmed to do,‘they'are
immune to distracfioh and inéépable df\boredom, preoccupation,
forgetfulness, and thé'rest of the long list of idiosynqrasieé to
which thé human éxpert isvsusceptible.. The érice fdr this ze#l
comes’high, he added, "for machines élso lack inspiration;:capac-
ity to improfe>and, inbthe accepted sen§e of the ternm, éféativeA
ability, Furthérmdré,'they are expeﬁsive, sessile,'and require

highly skilled nursing care to keep fit".
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 Lusted, 1962, stated that medical information at the

[‘ preSentltime'is ﬁoe in afforﬁ which is easily usabielﬂy a com-
puter. A.great.deai of’carefui data collection and anelysis
nust be:done by physicians in cooperation with mathemeticians;

The attention othhe physiciens should be directed to‘twb tasks:

(1) defining symptom-dlsease complexes' and (2) determlnlng the

probabllltles of these symptom-dlsease complexes.

’Mathemat1ca1 lpgic (prop051t10na1 calculus) is'eﬁployed in
order to make a computer list diggnostic possibilities‘for.the
symptomslpresented by a patient. The use of lpgic for this
purposedis‘closely related to the concept of symptom-disease
complexes (SDC's). A symptom complex is a list of the symptoms
that a patieﬁt_does or does ﬁof have; a disease coﬁplex is a
similar list of diseases. A_Symptom-diseaSe complex is a list
of both symptoms and diseases that a patient does and does not
have. 4 | | |

‘Lipkin and.his‘asseciates continuing their york with com-
puters in hematolbgical diseases, reported in 1962 that the
most efficient data analyses have resulted from the use of a
combination of digital and ana10g methods involving probability
calculations and matching procedures. The development of more
sophisticateddcemputer programs and the.development of methods

to assist in the translation of medical data into computer sys-
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tems should further test the usefulness of computers in thls area.'

Dlscu551ng the 1ntegrat10n of data in dlagn051s, Caceres
(1962) said:

“Like the phy51c1ans' reasoning process, computer
statistical programs are based on the use of many bits

of data that separately would not differentiate one

disease from another. We know from medical practice

that values which themselves are not different enough

to allow for differentiation or separability between .

_groups play an 1mportant role in the differentiating

‘process, The problem is learning how to relate the

variables., = Neither the physicians nor the computer--

in the absence of specific programming--is capable of

assigning correct weights to data or of discarding ir-.

relevant or confusing data."

Woodbury, in the same year, in an article discussing the use
of computers in solving statistical problems, biological simula-
tion problems, pattern analysis and the use of computers in diag-
nosis concluded that, at the preSent time, the great area of
potential applications of computers in medicine is for the most
part untouched. In several relatively narrow areas, deep pene=~
tration of some problems has been made' but, by and large, the
areas of greatest potential await the avallablllty of data in
computer-accessible form. For some time, he believes, most ap-
plications will be concerned with relatively simple applications
of computers,

One must use some form of language to write instructions to

the computer. Cady discussed communication with a computer in an

article by that title in 1962. He explained that the language is
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a‘direct and eomparatively easy means for instructing the com-
puter, once the overall thrnklng is done. The compiete‘instruc-
| tions that enable the computer to solve a problem are called the
progranm., These programs are written using a basic set of
letters, nﬁmbers,_arithmetic operations and punctuation marks-
He noted,thWever; that the sophietieation.of programming lan-
guages is continueusly increasing. At the lowest level'are the
machine-oriented languages, by means of wﬁich each step of a
machine operation is exeeuted. The symbolie languages are in a
one-to-one éorreSpondence_with the machine language and-replaee'
numerie instructions with conventional, mnemonie aiphabetic sym-
bols. Next in’sophistication are -the problem-oriented languages,
whichﬁrequire special compilers to translate the terms into sym-
bolic and machine language. This compiler itself is a computer
prpgram that gives the computer the instructions required to
convert tﬁe_initial instructions into the numeric language of
the computer. The problem-oriented languages require different
compilers for each type of machine with which the program is to
be runr One’ such problem-oriented lagguage that is in_general
use is FORTRAN, which'is a general methematical, or formula-
translating, languege. Another problem-oriented language is
COBOL, which is used in business calculations. From one program

statement in COBOL or FORTRAN, he explained, a'compiler will
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_generate several-maéhine instructions by which that segment of

the program ‘can be carrled out._ When the entire program'has
‘been written on cards or tape, it can then be fed 1nto the conm-
puter,‘for which a compller has also been written,

'Besﬁ, in'1962,'discu55ed the potentiel role of'computeis in
medical practice;, In this article he presented an exemfle of a
computer prpgramlnsipg the program languages of ALGOL-60 and
FORTRAN. He also pointed out reasons for delay in medical uses
of computers among‘which are: (1) the expense of the hardware;
(2) the general practlcab111ty in med1C1ne of the more 1nvolved
programs, and (3) the lack of well developed suitable software
or prpgrams..

~ The poseibility of every hospital or clinic having a com-
puter is obviouSly_prohibitiye. ‘However, Mason and Bulgren |
(1964) have pointed out there is no reason why a group of physi-
cians in small hospltals without computer facilities could not
participate in a study as a "satellite" with very little local
investment 1n.equ1pment.' Th1s_wou1d have the added advantage for
the central study of adding to the size of their sample as well
as broadeningrthe baee fromiwhich the sample is obtained.

The dental literature contains but few articles concerning
eomputers. There-ie’a'complete paucity of literature dealing'
with the automata and dental diagnosis. Significant as it may

be, most references to the use of computers in dentistry is in
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.the field of’orthhdbntics. Their applzcatlon, however; was not
in the realm of orthodontlc dlagn051s, but rather in the inci-
dence of malocclu51on. |

Telle, 1n 1951, stud1ed the frequency of malocc1u51on in
Hedmark Norway. " He used a card-1ndex or punched card systen
which carried the personal partlculars of each observed child,
The eﬁge,of‘thejcnrds are punched-hole perforated and eaeh hole
is nunbered; In this manner, each hole or number indicates a
definite‘single symptom, Telle recorded eighty-one different
symptoms, all of.whieh are "clesely'defined end describes a
elngle 51mp1e deta11 of the jaws and teeth", |

No attempt was made to classify malocclusion according to'
an establlshed s;stem.f "Each malocclusion consists of a complex
of.symptoms, and these symptons taken together can be used to
determine which of the larger groups it shall belong." o

The results are subsequently transferred to another punched
card system of the k1nd used in the so-called "Power System" or
"Hollerith System" where’eomputatien‘fs done mechanicallyr Using
thie, it is possible to selectbabsing;e number or symptom, in the
course efitenAminutes; from all the 2,349 cards‘collected. |

Bjork, Krebs; and Solov, in 1964, described a method of epi-

deniolegical registration of malocclusion. The study was design-

ed to use detailed definitions of the recorded°symptoms which




20

makes it p0551b1e to analyze the data by electronlc computers,

Their reglstration of mancclus:on was divided into three

part5° (1) anomalles in the dentltlon, i.e., tooth anomalles,
abnormal eruption patterns and malalignment of individual teeth;
(2) occlusal anomalles or deviations in the posit1ona1 relatlon-
ship between the two dental arches and (3) deviatlons in space
vcond1tions, i, e.;-spaclng or crowd1ng of the teeth,
The data collected are transferred to punched cards or tape,
§ and 1t is then p0551b1e to obtain, with respect to age, sex, and
.stage of dental deve10pment, the prevalence of any anomaly or the
combinations of anomalies. At the same time any particular symp-
‘tom may be excluded.

Jonegar (1964) used this same method in an epidemiologic
study of malpositiob of teeth.of school children in Bergen,
Norway. TheAcollected data were transfeired to tapes and placed
in a programmed‘electronic computer,

- Any review would be incomplete without the‘mention of
1Norbert_Wiener end the expression cyberngtics, The term, coined
:by Dr, Wiener in‘1947, is derived from the Greek word steersman.
fo definition,‘it is the science of "the entire field of control
- and communicetion theory, whether in the machine or in the

‘aninal", | o .

Quoting Dr, Wiener from his book, Cybernetics:
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At this point there enters an element which

occurs repeatedly in the history of cybernetics--

the influence of mathematical logic., If I were to
‘¢hoose a patron saint for cybernetics out of the

" history of science, I should have to choose Leibnitz,
The philosophy of Leibnitz centers about two closely
related concepts--that of a universal symbolism and
that of a calculus of reasoning, From these are de-
scended the mathematical notation and the symbolit
logic of the present day. Now, just as the calculus
of arithmetic lends itself to a mechanization pro-
gressing through the abacus and the desk computer
"machine to the ultra-rapid computing machines of the
present day, so the "calculus ratiocinator" of '
Leibnitz contains the germs of the "machina ratio-
inatrix", the reasoning machine., Indeed, Leibnitz
himself, like his predecessor Pascal, was interested
in the construction of computing machines in the
metal., It is therefore, not in the least surprising,
that the same intellectual impulse which has led to
the development of mathematical logic has at the same
time led to the idea or actual mechanization of pro-
cesses of thought.” :

B. Cephalometric Assessment Methods:

The era of roentgenographic cephalometrics began in the year
1931, 1In the United States, Broadbent developed his precision
instrument, the Bolton-BroadBent cephalometer, Hofrath in
‘Germany--independent of Broadbent-;published techniques for
taking drientedllateral roen;génpgrams. Hofrath'§ method never
;gained populérity,'but.Bioadbent's.contributions laid the founda-
 tion for a néw approach of scientific infestigation in the field
of orthodontics.

Broadbent (1937) questioned the reliability of cranial land-
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‘marks:used in aﬁtﬁr0pometri¢ ﬁéthods‘of measurement. Fibm a
study of skulls h#used in the Western Reserve Aﬁatomicél Labora-
tory and the Américan Museum of Natural History, he found that
landmarks above the face, in the cranial bése, are more staBle‘
and fixed than'thqse located in the rapidly growing lower face.

Realizing that the sphenodial area was oné of the ¢ost stable
of'points,‘he established the Bolton-nasion plane of orientation
and the "R" or>r¢gistration-point. This point is located midway |’
on a perpendicular line erectedkfrom the Bolton-nasion plane to
the center of sella turcica.: These references wére then used for
superposition and orientation for subsequent roentgenograms of
the same individual. By inbluding the Frankfort horizontal plane
and a perpendiculat to this at brbitale, dental and facial
changes were noted in relation to these fwo planes as well as the
Bolton-nasibn plane.

Wylie, in 1947, developed a method of analyzing’cephalomgtric
X-rays by which discrepancies in fhe size of facial bones in the
anteroposterior plane could be assesseh, Wylie's analysis is
based upon lihear measurements in milliﬁgters. All measurements
are projected tb_the Frankfort horizontal plane with-thebexcep-
tion of the mandibular»iength. The measurements of his analysis
are; The most posterior point on the mandibular condyle to sélla

turcica, sella to the center of the pterygomaxillary fissure, the|
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pterygomax1llary f1ssume‘to the buccal groovebof the max111ary -
::flrst molar, the pterygomaxlllary fissure to the anterlor nasal
splne, and the mandlbular length.

Wylie has shown with this method a vety important principal-
"It is not the absolute dimensions of each part which are impor-
_tant but the way they add to each other."

It seemed a foregone conc1u51on that subsequent to the tre-
mendous amount of research being done on oriented lateralvhead-
plate films, someone would evolve a method of appraisal that was
concise and“not too complex for clinical use. It semained for
William B, Downs to do thls in 1948,

The Downs analy51s prov1des a method of determxnlng how the
dentoskeletal pattern of the individual compares ‘to the norms he
established in his sample, His sample consisted of ten males and
ten.females, twelve to. seventeen years of age, each haVing excel-
lent-dental occlusion, balance, and harmony of facial nusculature
| Downs divided his analysis into (1) the Skeletal Pattern, and
(2) Relationship of Denture to Skeletgl Pattern, and employed five
different measurements in each of the headings. Downs emphasized
the importance of using the analysis in its entirety rather than
depending upon just a few of the ten measurements,

In 1951, Craig compared the faeia1~patterns,of Class I and

Class II, division 1 malocclusion. The method involved measufing
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7

'_tracings oflorieﬁjéé°head fiims\related to a grid system of hori- |
| zontal and vertical lines. Each tracing was placed over milli-
neter graph_paper’that.was divided into four quadrants by two co-
ordinates, ohe'horizohtal, one vertical, which intersect each
other in the center of the paper. T

Serial tracings of lateral -head films were placediso fhat the
center of sella turcica was.superposed at the intersection of the
hofizontai and ﬁertical axes with the Frankfort horizontal plane
parallel to the horizontal axis. Thus, the location of any ana-
tomical poiﬁt could be recorded as its distance (nearest 0.5 mm)
ffom'éach of the vertical and horizontal coordinates, The read-
ing for any point then gave its location in relation to all other
points, |

- Steiner published his‘cephalometric analysis in 1953, It was
his desire to-ﬁroducé an aSsessﬁént that would be of value to the
clinical orthodontist and also could be "more easily understood
by parents with whom we discuss them",

In all, the Steiner analysis involves thirteen measurements
which include the angular measurements of SNA, SNB, the ANB dif-
ference, Go-én;SN, occlusai plane to SN, interincisal angle,
angle formed by the mandibular incisor with the mandibular plane,

maxillary first molar to the NA line ahd the mandibular first

molar to the NB line,




Sassouni, inlé study,of.loo‘laterai headfilms, developed an
.analfsis for sfﬁdying the structural_o:ganization of the skull,
,uging as a érania1 bgse the anterior fossa, Hebéogght[tovfind
sohe-accgptéble.cbnstaﬁt relationships to use in diagnosis and
‘treafmént planning. The four main horizontal planes u#edafor |

referénce afe‘antériof craﬁial basé plane, occ1u§a1 plane, pala;
tal plane, and‘mandibular base plane. In‘a well-prbportioned
'face; these féuf planes meet in.a single common point.O'which
lies‘posterior to the occi?ital contour, With point 0 as a
center, anterior and‘posterior arcs are established using 0-ANS
and 0-S as radii. “ |

Williams (1953) invéstigated craniofacial proportions in the

horizontal and vertical planes before and after the onset of pu-
berty. Heksupérposed the late:ai headfilms on the sella-nasion
plane‘using sella as the registration point. Tracings were made
oﬁ_graph paper $o that the paper was divided into four quadrants
by the S-N lines and g(perpendicular to this line erected at
sella as the vertical reference axis.,  The position of each land-
mark coﬁld‘then‘be-established té two reference axes. The dis-
tances were recorded ih mil;imeters and subjected to statistical
analysis fo establish a mean distanée, mean proportion, standard
deviationband'range for‘eachvmeaSurement.

-~

Moorrees (1953).presented the results of a study on the range

2
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of variation”ihlthe;dentéfaciél complex in individuals.with
ﬁorm31 ochusidn;:" o

In his gtﬁdyfhe ehployed a.mesh-diégram similar t& the oﬁe’i
introduced to_orthodontics py’de Costef. ‘Unlike de Céster, he
briented hi$ mesh to the ékull-base (N-S 1line) and _the lowestk
bdrder of the:bodybchin, The mesh consi;ts of'sixteén squares
within thelframé that is constructed‘by_a line thaf\jqinsvnasion
to the midpoint 6f sella, a line passing downward from h#sion at
eighty-five degrees to the N-S line, and fwo lines perpendicular
to A, andione through}N (line B)'and the other passipg through
the lowest point of the bbny chin (line C). The verﬁical poste-
rior boundéry.is determined by dividing the N-S distance into
three equal parts, and adding the length of one part to the oc-
cipital end of line B, From this point_a perpendicular is’drawn
downward to meet line C. The'basic.rectaﬁgle ié then divided so
that sixteen equal rectangles result. |

'Mborrees used eight basic landmarks and supérposed individual
tracings on the mesh‘éOnstructed as outlined.abOVe. The propor-
tionate differences between the individual and the average facial
patterh was thps illustrated.

ijrkv(1955) investigated the effecfs of posterior cranial
anatomy on facial prognathism as well as the relationship of

facial build to occlusion. He devised a facial diagram to deter-
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minezfac151 pr9gnathism By.means of linear and angulaf measureff_“
meniﬁ;’fThé;evmeésﬁrements are assessed individually;'in relatibn
fo one anothei,:and és interrelafed’pértsvof the totai facial B
di;gram.’ | ’

ﬁis di?gram was qonstrucfed'as follows: A line drawn from
ﬁhe»apex.of theyénterior nasal spiné to nasion, to the center of
sella turcicé, té articulare to the point_of interéection between
lines tangent to the base and the ramus of themandible, to a
point betﬁeen Iines tangent to the base of the mandible to
pogonion, and from there to infradentale. 7

Bjork used the S-N line as a reference plané and measured
pbints‘on'the facial profile to this plane.. This facilitates
‘the orientation of the facial profile to fhe cranial base by
using nasion as a constant point of reference. |

In the same yéa:, Altemus published a report on the dento-
facial relationships”in normal and Class II, division 1 maloc-
élusions. He selected landmarks on the mandible and upper face
and analyzed‘anteropostefior dysplasia of the upper face using.
‘a linear system similar to Wylie's, ;ifteen linear and four
angular mgasurements Werevmade to asseés'mandibular morphology.
}Pefpendiculars‘were constructed from:the’reference line, the
Frankfort horizontal plane, to fhe selgctedllandmarks in the

mandible and the méasurements were recorded,
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In 1958, Kean presented a cephalometrlc study to determ1ne
_ the varlatlons 1n~fa01a1 depth relat1ve to the type of occ1u51on. f
 He,us¢d a coordlnate system in the analysis of two_gronps.of
:children, one with Class II, division 1 malocclusiqn,-thekétherb
.group with normal occlusion. The Frankfoit'planevgﬂd a-pérpendi-
cular to this ere;ted“at nasion were the axes of references.
Measurement of faciai héight were measured to the horizontal
.aiis (F-H plane);ifacial depth was measured to the perpendicular.
‘The linear measurements were read with a specially,constructed
glass scale»caiiﬁrated in millimeters.

The scale was constructed by taping fine stdinless steel -
wire aiong the horizontal and vértical centimeter lines of the .
_graph paper ﬁbunted on stiff cardboard. This wire mesh was fhen
radiographed. Onto this‘film df.enla:ged'centimeter squares, a
standard series of squares having ten divisions per side was |
"fitted" by im#ge projection. The film was then’removed and a
- photographic glass plate was exposed ﬁo the fitted image. Thus,
a permanent scale dupliééting the enlarged millimeter squares
Qas'obtained which was enlafged exactly as the original head-
plate. Dlstances between landmarks in the m1dsag1tta1 plane
could now be read dlrectly from the traclng placed on the glass
slide. |

«

:,Hérris, Johnston and Moyers (1963) constructed a template
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to indlcate the degree of harmony of d1sharmony of the cran1o-
fac1a1 complex.: The template was patterned after cran10fac1a1
<construct10n used by the Unlversxty of Toronto in a study of
chxldren in Burllngton, Ontario. | |

The Bolton -nasion plane was used for or1ent1ng the headfllms'
along with the mean occlusal plane. Growth vectors were obtalned
‘by a regre551on analy51s of scattergrams of three selected land-
marks. This prOVIded informatlon to construct rectangular areas
for each landmark at each age 1nvest1gated.k The rectangles were
'de51gned to dellneate the area withln which each measured land-
“mark would fall in 51xty-e1ght per cent of the sample. Plastlc
templates were then constructed for boys and girls in the age
- range of four to sixteen years old. The templates could then be
used for comparlson of 1nd1v1duals to a cross- sectlonal sample
of chlldren of the same age and sex.

Hngglns and Burch (1964) studied the position of procumbent
manillary lncisers hefere and after their retraction in maloc-
clusions requiringtbilateral extraction of teeth. They employed
a transparent_grid scribed with one milllmeter squares oriented
on the plane formed by joining the anterior and posterior nasal
spines.} The authors’tcck the anterior nasal spine as a stable.
point from which to‘measu;e anteroposterier changes in_pcsition

of the maxillary incisors, The vertical changes were measured
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'from the 1nc1sa1 t1p of the tooth d1rectly to the ANS- PNS plane.
_All the measurements were recorded 1n mrlllmeters and analyzed
to determxne the mean and range of change in p051tions of the
'max111ary 1ncxsors before and after the treatment. ’ A
| In 1965 Wall used a rectangular coordznate system to aesese
:changes in the max1lla and positions of the teeth durlng, or as
a result of orthodontlc treatment, | |

The sella-nasron plane was chosen as the horizontal plane.of
reference and the mld-point of sella turc1ca as the regzstrat1on
'pornt.f Landmarks on lateral headfilms were spotted by perfora-
ting a small hole throngh_the fllm;‘,Each spotted headplate was
returned to the illuminating table with a sheet of millimeter
paper under the film. The graph paper was oriented to tne hori-
ZOntal reference line (S-N), and a needle, as used te spot the
headplates; was employed to perforate the graph paper from the
previensly spotted film. Measurements from the selected land-
marks to the vertical and horizontal axes were then recorded
before and after treatment.

Since 1931, cephalometric roentgenpgraphy has developed into
‘a valuable diagnostic aid for the clinical orthodontist. Its
techn1que has been refined; landmarks, measurlng polnts, refer-'

ence planes and angles, along with nomenclature, have been

standardized.
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| Intereéf'iﬁfthe’9mplpjmenfiof electionic‘compute:s;fdr’ﬁediQ
 ca1vdi?ghosis.ﬁéS?dévelbped in'the 1ést de§ade. The automita
fha#é been ﬁsed ex§ehsive1y>for:tﬁe-diégnosis, among otﬁers; of
hematb;pgical diséaﬁés, psychdlpgicai disorders,~and cardiofasf
*cular»probiéms. L  . | R M.-'

7 ‘Computérs havé not as yet been applie§'to dentistry for diage
hosis; Itvis-proposed that ﬁhese high-speed data prbcessipg
macﬁines be éppli§dvto‘§rthodontics with the aimlof devéloping

a method of diagnosis.




CCHAPTER 111

 METHODS AND MATERIALS

A. Selectlon of the Sample‘r.“  -
V Flfty young adult Cauca51an nalee:were selected for thls
study. These subJects were chosen on the basis of the1r excel-i
' lent bcc1u51ons. The arrangement and functlonal dcc1u51on of
thelr dent1t10n satlsfled as nearly as possxble,Athe,concepts.
‘and standards of 1dea1 occlus1on._ None of those seleeted had
undergone, nor was underg01ng, orthodont1c treatment. | _

Approximately 500 potential subJects were screened and
exemlned. The examlnatlon consisted of three parts'

1. Extraoral evaluatlon of the face and jaws,

2. vFunetionel analysis of the temporomandibuiar joint

and mandibular excurs1ons.
3. Intraoral exam1nat1on of the hard and soft tlssues.
| Candxdates were e11m1nated if any faclal asymmetry or'

'pathology was noted. No subject was accepted if funetlonal or
: patholpglcal dlsorders of the temporomandibular joints were dis-
covered or'if mandibular deviations were‘detected during jaw
movements. |

In addition to the aforementioned requ1rements, examinees

were excluded from the study if any of the followxng conditlons

were‘dlsclosed: o ' | .
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1.

3,

4.

Y
8.

10,

‘.PathoIOgy of the hard or soft oral structures.
M1$51ng teeth (except third molars). _
0cc1u51on of any of the teeth in a position other than
neutroclusion, in both the anteroposterior and_me¢1oe"
leterel éirectione,'when the teeth were inmeeﬁtrie
"oeelﬁsieﬁ}k‘ |
Pronoﬁhced arch’constriction and/or asymmetry in either

" of the arches.

Excessive precumbency of the maxillary and/or‘mandibularb

- anterior teeth,
Overjet and/or overBite of more than four and one-half
m1111meters.
Rotation of any tooth of more than twenty degrees.
Broken contacts displacing any tooth more than two
m1111meters from the arch.
Spac1ng between any ‘two adjacent teeth of more than
two millimeters.
'Teeth in poor repalr or repalred with extremely large

,restoratlons.b

'Fifty;five candidates were chosen from the examined popula-~

tion.

taken on each of the fifty-five subjects.

Records consisting of lateral cephalograms, intraoral

roentgenograms, facial photographs and ‘dental ‘impressions were

-

After reevaluation and} '

S
;
X
b
!
;
:
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’.krev1ew‘of thelr dzagnostic records, a f1na1 ‘sample of frfty was |
selected. | : v |
At the t1me of record procurement, each subJect was assigned"

van identlflcation number.. This not only a551sted in brevity of
: 1dent1f1cation, but also e11minated bias that mlght have arlsen :
if the mater1a1 being investigated was not so coded, |

The sub;ects{‘dates of birth were also recorded. ' The mean
age of the finai sample was 25:years, 6.3 monthsr Theiraages

ranged from 20”years, 11 months to 36 years, 3 months,

"B. Cephalometrichechniqﬁe:

The lateral headplate radiegraphe employed in this study
were taken on a standard_cephalometricemachine‘(Universal). The
tube housing of this machine incorporates a refating anode and»a.
high voltage generator providing a machine setting of 90 KVP and
45.milliamperes; The exposure time forAall films was one second.

The cephalostat provided a fixed distance of sixty inches

from the focai point of the:roentgen tube to tﬁe midsagittal
plaaes; 'The use of the head-holder wa; necessary-to prevent dis-
tortidn-errors(due-to movement of the subject's head and to allow
the oberator to'place each successive participant in the same
spatial relationship fa the roentgen-ray tube. The midsagittal

plane to film distance was kept constant at fifteen centimeters.
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¥Each subjectfwaskoriented in‘tﬁe eephalestat so that his
,pro;ected Frankfort horlzontal plane was parallel to the floor.
vThe ear rods and orbltale marker were used to aid fixing the head
in this pos1tion.‘ The subjects were instructed to malntain their
teeth in full occ1u51on and to avoid _any movement during the ex-
posure of the film. B

‘The radiOgrephlc £ilm used was 8 by 10 inch high speed Blue.u
Brand, Kodaksmedxcal X-ray film, Each cassette was equipped with
double high;speed;intensifying screens to eliminate secoedary ra-]
diatien‘ahd to‘provide greater contiast. Development following
“the usual’time-temperaturevmethod recommended by the Eastmen.

Kodak Company was adhered to for all films.

C. Description of the‘Reetangular Coordinate.System:

Rectangular'eoordinates were employed in the evaluation.of
the.cephalegrems.A This mefhod of assessment is extremely versa-
.tiie; not only are landmarks precisely located, but angles are
evaluated,»linear distances measured and points of intersection
'located.

-This system‘of measurements is readily adaptaﬁle tO'the
process of data reduction. Thus, this inquiiy explored the pos-
sibilities.of»combining rectangular coordinate measuremeets ob-

tained from the cephalograms with electronic computers so a

program of computerized orthodontic diagnosis can be developed.




vThrough further 1nVest1gatlon, it is hoped that orthodontlc drag-
V.Vn051s and treatment plannxng, as well as the assessment of growthnf’
iand treatment can be programmed to electronic computers.

Sella turcica was selected as the pornt of or1g1n to wh1ch
all other p01nts were related. Orthogonal reference axes were
constructed to: sella and all points were’ then measured to these
axes._‘A'llne from sella turcica to nasron‘represented the‘horlv
zontal refereneebaris. and a perpendicular to this line at sella'
represented the vertical reference axis. Thus, a system of rec-

tangular or Carte31an coord1nates was developed

D. ‘Soottlng Technique:»

Selected’landmarks‘were spotted,on eacn of the lateral ceph-|
alometrie'headplates. vThe spotting”was accomplished by piercing
adsmall hole through the.cephalogram where the landmark waside-u
termined to be. A definite sequence was followed throughout all
spottrng procedure. _ |

All work was performed in a darkened room., No one spotting
session lasted longer than thlrty minutes. At the end of thls
time, the'investigator entered an adeqnately lighted room for at
least’ten minutes,_after‘which‘time the.work was egain resumed.
These preceutions were necessary'tobprevent'eye strain and to re-

duce error due to fatigue.




The procedure was to place a sheet of cellulose acetate N

fpaper 0. 002 of an 1nch thlck on a trans1llum1nated traclng tablea
Each headplate to be spotted was then placed on top of the ace-
tate.i The acetate paper ‘not only provzded a uniform thlckness.
between the headplate and plastlc surface of the tracing table,
~but also a1ded ‘in producing pinhole perforatlons of unlform di-
‘ameter. The perforat1ons were made by a phonograph needle test
probe. The p01nt of the probe was placed at the selected land-
mark and forced throngh the film into the underlylng acetate
paper.:'The-phonograph needles_were replaced after_spotting ten
headplates in order to have a consistently sharp point with which
to make uniformly small perforatlons;

To'elininate erxors inllocating sella turcica and.nasion,
the points orienting the horizontal reference axis, this investi-
Vgator.locatedkthese landmarks on'all'films after which'their'
locations were corroborated\by the original sootterrand the
author of the companion thesis. All other landmarks, if not
teadily identified by this investigatot,'were located by two
others, and their locations'Were determined on a‘two-out-of-threev
Vote‘hasis-wlth this investigator and the two corroborators
' participating; . |
To locate the spotted ooints in the rectangular coordinate

System it was necessary to establish a rectangularlgrid system.
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Th1s was prov1ded by coordinate paper iaid off in maJor d1V1sions
d,kof centlmeters and mlnor d1v1sxons of millimeters. Eng:neerzng
rpaper fu1f1111ng these requlrements were obtalned (Clearprlnt |
: Paper Co. #C39).~ These sheets were 8-1/2 by 11 inches 1n size;
dand provided one maJor centlmeter line for every ten ‘minoxr milli-
;meter lines. S | |
Each spotted headplate was returned to the trac1ng table
with a_sheet of thelgraph paper placed between it and the,cellu?
lose acetate paper;' The;graph,paper was oriented so thet seiia
‘turcica was located at the intersection of two major centimeter
.lines. ‘Sella was‘located at the intersection of the twelfth |
major{vertical line from the left (8-1/2 inch) side of the_graph
sheet‘with the seeond major horizontal line from the top (11
inch) edge of the paper, These‘reference axes rere then marked
for easy identification by drawing over them with a fine, sharp,
hardylead pencil, Sella turcica was then uniformly located on
all sheets.' When sella was placed ih its correct position to the
‘graph paper, the sheet was rotated so that nasion was located on
the same horrzontal major centimeter line (second from the top).
With these’two points'correctly located on the.grid,.the film ahd‘
grabh sﬁeet’were fixed together with transparentvcellulose tape

(Figure'l).
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The phonOgraph needle was ‘then used to reenter the perfora-;
‘ltions made prevxously in the headfllms to pxerce the graph paper ﬁ
-at’ the preclse locatlon of each landmark. _The same-condztions -
and procedures were followed in spotting the graph sheets as were
-adhered to 1n the or1g1na1 spotting sessions, Aftef each'graph
| sheet;was spotted,:the.graph paper was correctly»oriented on top
of?the'headolate;e Eaehtpinhole'was‘carefally located-and,ciieledi
with a hard,‘Sharﬁroencil and'marked'with'a'previouslyﬂasslgned

_identification number.

,
E. Deecr1pt10n of Selected Landmarks:

The landmarks used in this 1nvest1gatton were selected be-
cause of thelr clinica1'1nterest, dlagnostlc importance and ease
and accuracy of identification.‘ When poesible, midsagittal plane
structures were used. Most of'the points were identlfied by in-
epection. The method involved to fix the locatlon of points that
requ1red constructlon lines is descrlbed W1th each so established
<1andma:k.- In‘thelr description, the landmarks are numbered and
appear in the'Same.order_as they appeayed on the’recordihg sheet
(F1gure 2). | |

1. Anterlor Nasal Spine (ANS) - The most anterior point

| on the hard palate. | |
2, A ?oint (Jarabak) - A point measured two millimeters

anterior to the intersection of a line drawn from the




FIGURE 2

- LOCATION OF CEPHALOMETRIC LANDMARKS
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- apex perpendlcular to a line tangent to the root and par-’
va11e1 ‘to the long axis of ‘the tooth, |
= vl; ,Art1cu1are (Ar) - The*point of intersection of the doiéai"'
| contour of the artlcular process of the mandible and the.
os temporale. The mldp01nt was used ‘when double projec- 
tlons gave riée to two. po1nts.

}4. B P01nt,-vThe deepest point on the tontour of the alve¢1éf
projectioﬁ,?bétween infradentaie_and pogonion, If this |
1andmark‘was répreseﬁted by a plane, a'point'on.that plane
establlshed by a perpendicular drawn from the long axis of
the mandlbular central incisor at its apex, was des1gnated
as "“B" P01nt. | |

5. First Cerv1ca1 ‘Vertebra (1st CV) - The most prominent.
p01nt on the ventral contour of the body of the first
cervical vertebra.

6. Second Cervical Vertebra (an CV) - The poxnt established
by the_1ntersect10n of the inferior border and ventral -
boundryjof thé:body of the second cervical vertebra,

 7.Third Cervicél Vertebra (3rd CV) - The point established
by the intérsection of the inferior border and ventral
bouﬁdry of the body'of the third cérvicai vertebra,

8. Condyle (Co) - The mldpoint of a line drawn from articu-

lare to the 1ntersect1on of the ventral contour of the




o 10..

11,

12,

13.

14,

15,
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artlcular process of the mandible and the os temporale.‘

tGladbella (Gl)»- The most promlnent point in the mid--

sagittal plane of the bony prom1nence joining the

supraorbltal rldges.

Gnathxon (Gn)~--The lowest point of the medlan plane in

the lower border of the chin,
Gonlon (Go) - The lowest, posterlor and most outward

point of the angle of the mandible, This was estab-

lxshed by bisect1ng the angle formed by tangents to the
lower andrposterlor borders of the mandible., When both
angles appeared on the roentgenogram, the poiht'midway.

" between the right and left side was used.

Hyoid Bone (HB) - The most prominent point on the
ventral contour of the body ofvthe hyoid bone,
Infrandentale (In) - The point of transition from the
crown of the most prominent mandibular central incisor
to the alveolar piojection;_

Key-Riﬂge (KR) - The most ihferier»point of the zygo-
maticomaxillary ridge. When bbth'points appeared on

the radiograph, the point midway between the right and

_left side was used.
‘Nesion (N) - The anterior limit of the frontonasal

- suture,
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Oréitelef(Or)‘- The deepestApoint“on the infraorbital

1maigin;-1The,midpein£ was-used when double projections

‘ ;gave=ri§e to two points.

1170'
18,
19,

20.°

21.

22.

23,

24,

Anterlor Pharynx (Ant Phar) - The. most ventral point of }

'-the pharynx on a horlzontal 11ne passing through the

_p01nt of 1dent1f1cat10n for the third cerv1ca1 vertebra.

Posterior Pharynx (Post Phar) - The most dorsal point

of the pharynx on a horizontal line passing through the
point ofzidentification'representing the posterior nasal]-
spine, | | ,
Pogonion (Po) - The~most anterior prominent point on the|

Chino .

‘Porion (Por) - The'midpoint on the superior ma:gin of

the external auditory meatus.

Posteiior'Cortical Plate of the Symphysis (PCP) - The
most prominent point on the dersal contour of the
posterior élate of the mandibular Symphysis.

Posterior Nasal'Spine (PNS) - The most posterior poiht
on the‘hard palate.- :

Prosthlon (Pr) - The transition point between the crown
of the most pr0m1nent max111ary central 1nc1sor and the

alveolar pro;ectlon.

Pterygomaxillary Fissure (PTM) - The most inferior




25.

26,

28.

29.

30.
31.
32,

33.

34,

35,

45

pointfof%tho ptefygomaxillarnyissure.

Sella Turc1ca (S) - The m1dpo;nt of the horlzontal axis h

of’ sella turc1ca.
Sigmoid Notch*(Sig Not) - The deepest point on thel
‘1contour of the s1gmoid notch, -~ - o

Tip of Crown of 1 (TC 1) - The inclsal po1nt of the most

prominent max111ary central incisor.
Apex of 1 (TR 1) - The apex of the root of the most
promlnent maxlllary central incisor.

Tip of Crown of 6 (TC 6) -. The most mesiocclusal:point

~ of the maxillary left first molar.

Apex of 6 (TR 6) - The apex of the mesial root of the

maxillary'left first molar.,

Tip of’Crown of T (TC 1) -~ The incisal point of tho most
prominent mandibulor central incisor.

Apex of T (TR T) - The apex of the most prominent '
mandibular central incisor.

Tip of Crown'of 6 (TC 3) - The most mesiocclusalypoint

of the mandlbular left first molar.

‘Apex of F (TR 6) - The apex of the mesial root of the

mandibular left first molar,

Interplate of the Frontal Bone (FB) -kA_point on the

frontal bone bordering the posterior boundfy of the
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-frontal sinus on the horizontal plane passing through
 31abe11a. »
 36'f Crista Gall1 (CG) - The most super1or t1p of the crlsta
‘#:galll of the ethmo1d bone.v
o Sfm“fnlstal;of Crown- of 6 (nC 6) - The most promlnent poinf
i :°n fhé:d;stal curvature of the maxillary left,first“._
L molar;  v vb | o
38. Distal o.if-i,'Crow'n of 7 (DC 7) - The most prominént_ point
. on the distal curvature of the maxillary left second
'mplaf. ‘ | | |
}39. Distal of Crown of 6 tDC 6) - The most prominént point
_on the distal curvature of the mahdibulaf left‘first
molar. ‘
40, Distal of Crown bf 7 (DC 7) - The most prominent point
| on.the'&istal éurvéture of the mandibuiar left second

molar.

F. Measuring Techniques:
Data sheets were designedvso that information acquired during
spottipg_bf the headplates could be recorded in tabular form. A

J1list of the landmarks measured was entered in the left hand verti-

cal column of each data‘sheet. A set of vertical columns were
Placed to the right of the column of landmarks. This set was di-

vided into an x and y column to represent the abscissa and ordi-
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nate of each recorded p01nt The-readingsrwere marked positive‘or
negatlve corre5pond1ng to the quadrant W1th1n which they were
Iocated. |

A vernxer callper measuring to 0 1 m1111meter was used in. ob;
ta1n1ng the readlngs for each p01nt on the graph sheet.b A,system-
at1c procedure of measurlng was carried out by f1rst readlng a11
the horlzontal measurements and then rotatlng the graph sheet |
nlnety degrees to read all vert1ca1 measurements. Care was taken
to insure that the~ beaks of the ca11pers were accurately placed
over each plnhold and were correctly orlented with resPect to the
reference:axls.e As each readlng was made on the vernler scale, it}
was recurded.in:the correct column on thevdata sheet, Measuring
Procedures were conducted under the same conditions as employed in
the 5potting techniques. |

-This method of measurement has been shown to be precise and
accurate, Wall (1965) has demonstrated that the.ninetyffiVe per-
cent cenfidence limits of this technique are plus or minus one-
half millimeter. IR | i

This means,.ranges, standard deviations and ninety-five per-
cent‘confidencellimits ofvail the x and y readings were then com-

puted and recorded.

G. ~ Selection of Diagnostic Cephalometric Measurements:

The forty cephalometric landmarks selected for this study
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gave rise to ‘numeroys 11near dlstances, angles, and comblnatlons

thereof worthy of 1nvest1gat10n. It is not w1th1n the scope of

AN

thlS inquiry to examine a11 the pOSSIbllltleS, but rather to study,

cephalometrlc values that were of vital dlagnostlc 1mportance ‘and
'c11n1ca1 1nterest. *Many of the dlstances and angles studied are.
presently accepted.i Tﬁe«aerit of these measurements iﬁveephalo;
metric assessment and dlagnosls has been demonstrated. ther7
fvmeasurements used had not been previously investigated, bqt tﬁeir

values appeared ;ofbe of clinical and diagnostic sighificance,

Jwhether the anglesuand distances investigated were familiar or not|

estudied-previously,'means and normal'rangesvfor them were deter-
Anined fos the young‘adulf male,population. -
'The'angles or diStances,used in a cephalometric analysis can
.:aid in assessing either the skeletal or dentoalveolar arraagemens
'ofvthe cranium, teeth, and jaws, Therefore, any cephalometric

measurement can be placed arbitrarily into one of two broad groups

| the category that assesses the skeletal parts and the portiom thatj.

evaluates the teeth and sur:ounding.alveolar bone. The skeletal
assessment can in turn be subdivided., For the4purpose of this in-
quiry, it was separated into three parts: the posterior cranial
assessment, the anterior cranial assessment, and the facial and
growth axis assessment, ;The measﬁreménts eva;uating the dento-

alveolar relationships were placed into one of two groups:

e




maxillary or mandibﬁlar assessment. With the development of a

»’.cephalometrlc dlagn051s app11cab1e to an electronlc computer in

A"mlnd, thls plan of approach appeared to be the most 10g1ca1 and :

' reasonable.' Therefore, 1n the 11st1ng and descrlptlon of the |

: varlous cephalometr1c measurements 1nvest1gated, each appearS‘

_wlthzn the group to which 1t contrlbutes..*

‘ Cephalometrlc-Measurements:

I. Skeletal Assessment'

~:,A Posterlor Cran1a1 Assessment (Flgure 3):

1.

S.

Saddle Apgle - measurement of the angle at

"sella turcica formed byAthe lines nasion -

sella - articulare.
Articulare Angle - measurement of the angle
at articulare‘formed by the lines sella -

articuldare - gonion,

~Gonial Angle - measurement of the angle at
- gonion formed by the iines articulare -

'gonion'-;gnathion. .

Sum of the Three Angles - the total of the
three above angles.
Posterior Cranial Base Length - the distance

of a line drawn from sella turcica to

articulare,
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KEY: .
1. Saddle Angle
‘2.‘ Articﬁlaxe Apg;p
3. Goﬁia; Apgie‘g

‘ 4. Sum‘

5. PCB Lépgth;A'
'6..vRamn35He;ght
7. ’Body'ﬁépgth
8. § - lst CV '
9. § - 2nd CV |

10, S - 3rd CV
‘11, § - Co
12, S - Go
13, S - Ant Phar
14, S - Post Phar
15. S - Por

FIGURE 3

CEPHALOMETRIC MEASUREMENTS - POSTERIOR CRANIAL ASSESSMENT

-




6.

7.

10.

11,

12.
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‘;Rgmus”ﬁeight - the distance of a line drawn

”ffdm artitularé to gonion,

Mand:bular Body Length - the dlstance of a

'“line drawn from gonion to gnathlon.'

Sella to F1rst Cervical Vertebra - the 11near
dlstance from sella to the point 1dentifying

the first cerv1ca1 vertebra and the angle

. formed by ‘the line and the horlzontal refer-

encejaxisb(absc155a).

Seiia to Second Cervical Vertebra - thé linear

. distance from sélla'tp the point identifying

the second cervical vertebra and the angle

formed,byfthat line and the abscissa.

-Sella to Third.Cgrvical Vertebra - the linear

distance from sella to the point identifying

the third cervical vertebra and the angle

~ formed by that line .and the abscissa.

Sella to Condyle - the linear distance from

 sella to the point identifying the condyle and °

the angle formed by that line and the abscissa.
Sella to Gonion - the linear distance ffom
sella to the point identifying gonion and the

angle formed by that line and the abscissa.




14,

13,

"111near dlstance from sella to the point 1den-

. \tpe_angle formed by that line and the_absci;se."

f_Sella to. Anterlor Border of the Pharynx - the

t1fy1ng the anterlor border of the pharynx and ~i

Sella to Poster1or Border ‘of the Pharynx - the

‘7.11near distance from sella to the p01nt 1den-‘<:_ o

"115.,,7 )

Anterior Cranial Assessment (Figure 4):

1.

2

ethe angle formed by that line and the abscxssa,

- the.point identifying porion and the'angle

;fOrmed by that line.and the abscissa.

‘formed by the lines sella - nasion - B point.

ANB Difference - the difference in degrees ob-

- Nasion to Anterior Nasal Spine - the linear

‘distance from nasion to anterior nasal spine.

t1fy1ng the posterior border of the pharynx and

Sella to Porion - the distance from sella to

Anterior Cranial Base Length - the linear
distance fromvsella.turcica to'nasion. |

Angle SNA - measurement of the angle at nasion
formee by the linee sella - nasion - A point,

Angle SNB - measuremeﬁt of the angle at nasion“

*

tained by subtrécting SNB from SNA.
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1. ACB Length |
2. SNA o

3. SNB
,4.-'ANB

5. N.- ANS
6. s - ANS |
7. S - A Point|
8. S -B Point
9. § - Gl

10, S - Gn .

11, § - HB

12, S = In

13; S - kR B
14, S = 0:

15, - S‘- Po

16. S ~ PCP Sym.
17. S - PNS
18, § - Pr.

19, § - PTM
20, S - Sig Nog
21, S - CG |
22, S - FB

FIGURE 4

CEPHALOMETRIC MEASUREMENTS - ANTERIOR CRANIAL ASSESSMENT
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’;S§lia to_Antgiior Nasal Spine - the lingér
urdigtanCe‘fxom;sella to anterior nasai spiné‘and?:ﬂ
”fhe*aﬁgle-formed By that iine and theihbsciﬁga,i’;?
" Sella to A Point - the linear distancevfgdﬁ ‘

- sella to A péint and the angle formed by.that

=;31ineﬂand the abscissa,

 8.‘ 

10,

11,

Sglia to B Point - the linear distancé‘frpmli.-
ﬂsélla to B point and the angle formedbbyfthat

“line and the abscissa.

Sella:to Glabella - the linear distan;e.from‘
sella to,glabella'and the angié formed by'thdt{f
line and the abscissa.,

Sella to Gnathion - the linear distance from

- sella to gnathion and the angle formed by that

lineé and the abscissa.,

Sella to Hyoid Bone - the distance from sella

" to the point identifying the hyoid bone and the

12.

13.

angle formed by that line and the abscissa..
Sella to Infradentale - the distance from sella
to the point identifying infradentale and. the

angle_formed by that line and the abscissa.

~Sella to Key Ridge - the distance from sella to

the point identifying the key ridge and the




14.
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'~angle formed by that line and the abscissa.

7Se11a to Orbltale - the 11near dlstance from

se;la to orbltale and the'angle formed by that -

. 1ine and the abscissa.

15.

' 16 .h

17,

- 18.

19,

‘V 20.

| Seldg §o P§gonion - the linear distancedfrom?,
:-séllastp pogonion and the éngle formed by that

- 1ine and the abscissa.

Se;ia:tb.the Posterior Plate of the Symphysis -

'thé'linear distance from sella to the point

1dent1fy1ng the poster1or plate of the symphys1s

and the angle formed by that line and the

- absecissa,

Sella to Posterior Nasal Spine - the linear

distance from sella to posterior nasal spine and

the angle formed by that line and the absc1ssa.

Sella to Prosthlon - the linear- dlstance from

sella to prosthlon and the angle formed by that |

line and the abscissa.

sella to Pterygomaxilldfy Fissure - the 1linear
distance from sella to the point identifying
the pterygomaxillary fissure and thé angle e

formed by that line and the abscissa,

‘Sella to Sigmoid Notch - the linear distance

P Compmamman
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. 21;-

;from sella to the point 1dent1fy1ng the s1gm01d

notch and the angle formed by that line and the
7absc1ssa. B ' R
Sella to Crista Galli - the linear d1stance from"

“sella to the point 1dent1fy1ng crlsta galll and

'"Vthe angle formed by that 11ne and the abscissa.

22,

;Sella to Intertable of the Frontal Bone - the

linear dlstance from sella to the point 1den-"

o tify1ng;the intertable of the frontal bone and

. the angle'fbrmed by that line and the abscissa.

Facial and Growth Axis Assessment (Figure 5):

1.

4.

;Angle Go-Gn-SN - the angle measured at the

intersection of the lines drawn from gonion -

~gnathion and sella - nasion,

Anglé’FMA - the anglé measured at the inter-

section of the lines drawn from orbitale -

"porion and gnathion - gonion,

Y- Axis - the angle megsured at the intersection

of the lines drawn from orbitale - porion and

. sella - gnathion.

'Facial Depth Angle - the angle measured at nasio

formed by the lines sella - nasion and nasion -

gonion,
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FIGURE §

FACIAL AND GROWTH AXIS_ASSESSMENT

1,

.2.”
3.

4.

S7

KEY

 Go-Gn-SN

FMA
'Y5A$is
Faéiai Deﬁfh

Angle ..

“Angle of

Facial

. Convexity .

>,
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.r.Ahgle of Facial Convexity - the angle measured

- at A point formed by the lines nasion - A ﬁoint

and A point - pogonion,

II.":Dentdalveolar Asséssment'4

Al

Max111ary Assessment (Fzgure 6): S

1.

Maxlllary One to SN - the angle formed by the

long axis of the maxlllary central 1ncisor and

",fthe line drawn from sella to nasion.

4,

' .Maxlllary One to FH - the angle formed by the
long ax1s of the maxillary central incisor and

| the Frankfort horizontal plane.

Maxlllary One to Mandibular One - the angle

gformed by(the intersection of the long axes of

the maxillary and mandibular central incisors.,

Maxillary One to NA - the angle formed by the

intersection of the long axis of the maxillary

central incisor and the line drawn from nasion

to A point,
MaxillaryAOne to NA (mm) - the length of the

line drawn from the tip of the crown of the’

‘maxillaryvcentral incisor perpendicular to- the

,11ne drawn from nasion to A po1nt.

‘Anter1or Nasal Spine to Prosthion - the 11near

L e s o it
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10,

11.

12,

FIGURE 6

MAXILLARY‘DENTOALVEOLAR ASSESSMENT
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NA (mm)
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7.

8.

10.

11,
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. distance from anterior nasal spine to prosthion.

Sella to Tip of Crown of Méxillary One - the

kdistancé_frnmvsella to the tip of the ¢rown of<

_the makillafy.;entral incisqr and the angle

formed by that 11ne and the abscissa.

tSella to T1p of Root of Maxlllary One - the .
‘:linear distance from sella to the t1p of the
. rpot;of‘thejmaxlllary central incisor and the
.‘hhg;e'formed by that 1line and the abscissa..
kSelié to Tip of Crown of Maxillary Six - the

"linear distance from sella to the point iden-

tifying the tip of the crown of the maxillary

first molar and the angle formed by that line

and the abscissa.

Sella to Tip hf Root of Maxillary Six - the
linear distance from sella to the poiht'iéen-
tifying the tip of.the root of the maxillary
first molar and thé angle formed by that line

and the abscissa.

Sella to Distal of Crown‘ofbMaxillary Six - the

linear distance from sella to the point identi-

fying the d15ta1 contour of the crown of the

',maxlllary first molar and the angle formed by

e TSGR TN o e
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-Mandlbular Assessment (F1gure 7):

"1.'

e;that’line and the abscissa.
3Sélla to Distal of Crown of Maxillary'Seyen -
L the'linear'distance'from sella to the point

identifying the distal -contour of'the'crOWn'A
‘fermed by ‘that line and the abSC1ssa.,?f1

' Mandlbular One to NB - the angle formed by the

of “the ﬁaxillary seeohd molar and the eﬁgle'

‘1ntersect1on of the long axis of the mandibular

central incisor and the line drawn from nasion

" to B po1nt.

2.

S.

Mandlbular One to NB (mm) - the linear distance

“of a 11ne drawn from the tip of the mandzbular'

central incisor perpend1cu1ar to the line drawn

from nasion to B point.

Pogonion to NB -- the linear distance of a line

~drawn from ppgon;on perpendicular to the line

drawn from nasion to B point.

Mandibular One to Pogonion - the ratio of the

ﬁdistanees of mandibular one to NB and pogonion

to NB. \
Angle IMPA -Vtheea@gle formed by the inter-

section of the long axis of the mandibular

R

P
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- 5.
4.

‘6.

8.

- 10,

11,
12,
13.
14,

15,

FIGURE 7

MANDIBULAR DENTOALVEOLAR ASSESSMENT

5
7.

9.

KEY -

T-NB

,1';_N§ftm¢).

Po = NB

T-Po
IMPA
"Chin Angie; ~

én - In

Co;s T

Co - T (mm)
s -TCT
s$-TRT

§-TC®

S - TRE&
§-DCE

8§ - DC 7

b e i




L from ‘gnathion to infradentale,

. 8‘.“

9.

10,

11,

“‘pbgonionfand_gnathion F‘gohion.

‘Gnathion to Infradenteie - the 1inear{distaﬁce
;Incxsor - the angle formed by the intersection
of the long axis of the mandibular central in-

"tlfylng the condyle to the tip of the mandlbular

~ (mm) - the linear distance from the point iden-

the angle formed by that line and the abscissa.

63

central incxsor and a 11ne drawn from gnathlonv‘
to conlon.
Chln Angle - the angle formed by the 1ntersec-

tion of ‘the lines drawn from 1nfradentale;-“

Condyle to T1p of Crown of Mandlbular Central

c1sor and the line drawn from the p01nt iden-

central incisor.

Céndylevto Tip of Mandibular Central Incisor

tifying the'condyle’to the tip of the mandibulan
central 1ncisor. o

Sella. to the Tip of Crown of Mandibular One -
the linear distance‘ffom sella to the tip of

the crown of the mandibular central incisor and

Sella to the Tip of Root of Mandibular One -

theblinear distance from sella to the tip of

NPT .



12,

13, .

14,

15.
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.the root of the mandibular central 1ncisor and
the angle formed by that line ‘and the absclssa.

Sella to T1p of Crown of Mandlbular Slx - the

llnear distance from sella ‘to the p01nt 1den-

Atifying the‘tip of the'créwn of the‘mahdibuiér

first molar and the angle formed by that line

“fand the abscissa. | _

‘Sella to T1p of Root of Mandlbular Slx -‘the
ilnea: dlstance from sella to the p01nt 1den-
'tifytng'the tip of the root of the mandibulérv

first molar and the ang1e>formed_by that line

and the abscissa.

Sella to Distal of Crown of Mandibular Six -
. the linear distance from sella to the point

| identifying the distal contour of the crown of

the mandlbular flrst_molar and the angle formed
by that 1line and-the abscissa,

Sella tovDistal of Crown of Mandibuiér Seven -
the linear distance from sella to the point
identifying the distal contour~of‘the crown of
the mandibular second molar and the angle

formed by that line and the abscissa,
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H. ) Descrlptlon of Requ1red Mathematlcal Equatlons to Computer

Cephalometric Measurements by an Electronic Computer‘

For an electronlc _computer to be effectlve in the solutlon of
la sc1ent1f1c'problen, the problem—solving procedure must~be pre-
sentedktO'the‘compoter;in'a languege'it can ﬁunderstanoﬁ; ilhe"
conpoter's baeicllanguage consists of elementary instructione such
as add, subtract, shzft a number right or left, or punch a card. |
The problem—solv1ng procedure therefore nust be translated into
szmple_1nstruqt10ns.the,computer is capable of obeylng.'~

The mathematical problems in this undertaking were to read

linear distances or;engles from a system of coordinates, Given a

set of coordinates it was mathematically feasible to determine the

length of a line dictated'bylthese number pairs.’ Likewise it was
1possible to’compute_angles fromﬁthree‘or four sets of coordinates.
The problems mnst be stated to the computer without vagueness or
amoignity.' Mathematical solutions to the problems must first be

worked out by the 1nvestigator, then a set of directions written, .

“:and finally a computer progranm formulated which in turn can be fed|

Ito the macnine. Only then can the computer perform the calcula-
tions. The selected diegnostic cephalometric measurements can be
solved by one of fourimathematical equations; The mathematical
solutions and examplee of each‘of the four types'of problems
follows: | |

Problem.and Solution 1.

 _TER et o v h

T Rreis’ anT . o an | avgiet o ot ™ A HER b e
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The f1rst mathemat1ca1 problem was" to determzne the

dlstance of a landmark from sella turcica and the angle -

'vxhat that 11ne representlng that dlstance made with the
“horizontal reference line or absclssa.'~A11 thlrty-nxne

- landmarks-were-meésqréd from the fbrtieth‘(sellal_iﬂ this
fﬁaﬁner. Fdr é#aﬁpie; the distanée sellé to gonion énd the
' ang1e that line formed with the absc1ssa was calculated

Since one of the landmarks in this example was always the

or;gln'(sella), one set'of coordinates was always (0,0)@_

Y .
(x,y)
X ' ' X
(0,0)
By
Distance = x2 + yz
0 = (v/x).

Problem andeolution Z;v ;

" The second type of problem dealt with finding the
value of an anglé when the coordinates of three points
were given. In Fhis case it was necessary to translafe

the coordinates so that the vertex (x yz) was at the
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origin, i.e., x, was subtracted from every x value and y,

‘was subtractedQIrom,every y value, An example of such a.

- problem was the determination of the size of the_gonial.

“angle,

ﬂxf.

Y K
/(.Scl, y)
— ' : X
(0’0) ' :
T (xzo )’2) '
oy (%50 735)

Translate coordinates so the vertex is located at the:

origin.

(xl'x2» yl-yz)'

x'
- (0,0)

Y

e e
e Gt o
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X _ f
(0,0)

The ang1e3é in the first instance is made up in part
Of a negatlve angle, B. In the second example . 9 = a-B.“‘.

S1nce ‘the absolute value was not taken into account the

‘general equatlon for solution to the angles in all cases

Yy = ¥Y» Yz = ¥y
-farctan '
xl‘x2 xS"xz

was: 0 = arctan' (

Prnblem and Solution S.A _

-‘Thé third type of problem dealt with determining the
.linear distance»bétween two points one of which was .not the
origin. This was actually a variation or special case of
the first example problem and solution. An example of this

type of problem was the determ1nat10n of mand1bu1ar body

length.
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.  } (XZJYZ)
' (31by ‘ : |

,kx.- Ax:_

o ' ‘(0,0)

Y*

bis’téri';ie' = V(xl-xz)z + ()’l-yz)z

'Pfobleﬁland Sdiution»4l
' In'fhe foﬁrth‘type of‘problem it was necessarj.to find
-the valué_of gn angle wﬁen the cbordinates for four pointé
were‘given.' Each set of coordinates determinea a line, and
| it was necessary tolfind the value of that angle formed at
the point-ofvinfersectién of the two lines. An example of . -
~such a‘problem'was the determinﬁtion'of the value of the

angle Go-Gn-SN,.

v(x OYSj‘ | .‘ . o o ; | CXIOYI)

(x5,¥2) : _ | | Y

aiB e el 1 . e

e e e W sl .
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e
. : . ;‘."
Line W has the general formula y = mx + b, where m is e
its slope and b-its y - intercept., Since the slope m can- ¢§
'bq_expressedkas ;,___;_r .and using the coordinates of &
' A T | | &
point 1 for x and y, we have: N
o ij':
yl = yZ' b f“
Y = Xy + Do 3
| | )
Solving for b, we have: -
RN .}
» : . R
. [ =
T Y1 - 7y2 . L
b»= ylo- x1 - xz 10

Line Z has its own unique m and b producing its own
~general equation: L
' ) b
R T + Bye i
The x and y‘valueS‘common to both lines or common to ;a
' c _ - ' b
their equations are the coordinates of I, the point of o
. §.
: . L,
intersection. This is solved by the solution of simulta- )
4y
neous equations: ' R L : Sk
. [ade
. : _ 4 | : ;-
i) ¥y = myx + by . ' o
- ‘ %
ii) y =m,x + b .
BT z. | | ¥
where m,, Mz, and b, are just calculated. Subtraction of ff
i from ii yields: Y-y = m.X - m X + bw -vbz. , ' . %

Solvihg for x, we have:




o OO, 5 LGB 51.9.5% S35 M AT < ot B0 G g B

‘anwing_xjwe can now solve for y:
Y = myx + by.

 Thé‘prob1§m is now the same as that shown in problem

and solution 2, since the coordinates 6f I, the intersec~

'tibn, arelnbw kpown;_ 

| _TheN5qg1§‘is calculated from one point on W, t§ tﬂel
.intersectidn; ﬁo.one point_oh Z. If the obtuse angie{is
‘ calculatea, fo# example 1 to I to 3, it is simple té»detere

mine its supplement. » - E

I. Electronic Computer Program to Establish'ﬁéans and Normal
Rangés of the Cephalometrié Measurements ; |
-1, Dafé“Preparation: |
Means and normal ranges (ninety-fivé percent confi-
dence limifs) of the x and y coo¥dinates for the forty
‘landmarks invésfigated,‘as prév%busly noted, had been
recorded. The mathematical sblutions necessary for‘_
measuring'lineér distances and angles have aiso.beéﬁ 
explained and demonstrate&. It was“then necess#ry to
create a piagram, applicable £ot thé eleétronig éomputer

that would’célculate the means and normal ranges of all

71
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106 cephalohetric‘measurements.investigated in this_study'

The x and y coordinates representing the mean values,|

high-and.loﬁ_ninety-five percent confidence limits for

each of‘the]forty landmarks were recorded. These‘values

lwere[written,onrthe layout sheet in a sequence that would]
’ determine a 5pecific angle or linear distance, For exam-|

"ple, the saddle angle was formed by the landmarks 15 25,:

3 (nas1on,_se11a,iartlculare), and 1t was necessary to
record the x and y readings of each po1nt on the layout
'sheet 1n‘exact1y that order. This information was thena
punchedhonto cards, and it was necessary‘to punch one or
more catds-for each of the 106 measurements,

The layout sheet was divided so that the first six

columns contained a code number which corresponded to the}

landmarks maklng up the cephalometrlc measurement. In
the example, saddle angle, the code columns contalned thej
number 152503, thus indicating the landmarks and their |
sequence. Columns seven througﬁ thirty-four were‘aliot-
ted.for-the name’of'the measurement; and "SADDLE:ANGLE"
was prlnted in those columns. The next ten columns con-
ta1ned the x and y readlngs of the high n1nety-f1ve per-
cent confldence 11m1ts for the f1rst landmark stated in

. the code number. The next ten columns wexre allotted for
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the X and y values of the high n1nety five percent conf1§
dence 11m1ts of the next number in the code, whlle the -
next ten columns recorded the same for the last number in
the code.: The f1na1 fifteen columns on the sheet (66~ 80)
‘.contalned the x and Yy coord1nates of the low” nlnety -five
d_percent confudence limits for the £1rst landmark and the
x readlngs for the second landmark. Thls fllled the en-
- tire elghty spaces of the layout sheet so another line,
representlng a cont1nuat10n card, was used to record 1:he’~
 remaining data. The y coordlnate readings of the low
ninety- five percent confldence 11m1ts of the second land-
fmark in the code were placed in columns thlrty-flve
through thlrty nine of the second line. The readings of
- the low confldence 11m1ts for the last number in the code
1 were wr1tten_1nto the next ten spaces. ~ The last thirty
_spaces on'the second;line contained the mean values of
the x and y coordinates of the three landmarks in the
orderhdiCtated by the code number, (Figure 8.)
,After:recording‘the information for‘each cephalometf
.ric measurement onto the layout sheet, the data contained
thereonlwas punched onto IBM cards. For convenience the
layoutnsheets are arranged and printed in a form exactly

~as the punch_cards,'thus making the transcribing of the
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data frdmvthe sheets to the cards a roﬁtine task.,
‘After thefIBM cards were key-puhched they were verié'

fied‘te‘detect errors in punchihg. At the completion of_

this-stepfeachvcard contained, in the correct sequence,

the x and y values (means and nlnety five percent confl-_(

dence limlts) construct1ng an angle or linear dlstance

whlch represented a cephalometrlc measurement under in-

vestigatlon.j
FORTRAN Program and the Computer-

The mathematic equations explained previously were
written into é.prpgram which would direct the computer
to ealculate the means and normal ranges of all the
cephalometric measurements. This set of instructions
wae written in a scientific cemputei language known as
FORTRAN IV, \

FORTRAN, wh1ch is a shorthand form of formula trans-
Iatzon, translates the problem1§olv1ng procedures into

simple instructions the computer can understand and obey.|

" This translation can be carried out by a human being, or

the computer may assist in the'process by the use of a
compiler. A compiler is a Iarge set of computer instruc-
tions which can accept a problem-solving procedure,

written in a form resembling the language of the proce-
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dure, aﬂd_bréduce‘from:it the proper elementérj‘machine
instfdctibhs,thét will solvebthg problem. A cémpiler :
4thét<is 4e§ighéd‘primari1y for scientific and'ehginegfiﬁg. ;
Pfobiém-solving is generally qukeﬁ_of as an'aiéebiaic  |
| cdmpilér.’&Thgwﬁser'ofban algebraic compileé-islﬁot
for@ed tpfiqarh the detailed operations of the:compufer..f
: .Hé.is{thgfgfore able té_contentrate from the;oﬁéet.onvthe |
pfoblemsAt?ibe(solﬁed‘rather than on how ;hé compﬁter'
wqus.’. ' v. | | A |
"Thus,‘it is seen that FORTRAN is a langﬁagE’in which
instruqfions, or a prégram, can be written, as wéll asva
compiler progfam.“The compiler program, usually written
by the manufacturer of the machiné,’tgkes a FORTRAN pro-
_gram as’input (source progranm) and traﬁslates if ingo an
Aobjéct’program.- This translation is fhe compiliﬁg. Thé
oﬁject program, or machine laﬁguage‘prpgram isré sequencé
of_numhers, letters, or special characters, called opera-
tion codes, which activates the circuitry of the computer
to cause the machine to carry out the operation>¢odes.

~ ‘Running a prdblem on the computer using FORTRAN iﬁ-
volves two phases. In the first phase, the computer (IBM
1401) is controlled by the Compiler. "In the second
phase, the compufer is controlled by the object progfam.

-
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A dlagram of the 1401 computer system used for thxs study'
is 111ustrated in Figure 9. ‘ : |
Theafirst step in formulatiﬁg the FORTRAN prpgrem wae
‘“to“arrange'a worksﬁeet or fldwcﬁart; This chart contain-
ed a11 the requ1red operatlons,lln sequence, to outline
’thencomputer program.' The flowchart w1th explanations 15;'
111ustrated in Flgure 10, _

After the flowchart had been prepared the prOgram .

was wrlttenrln'FORTRAN IV. It is beyond the scope of
this discussion to explain FORTRAN prpgremming. in'_'
_general, hoﬁerer,.it is a series of statements or in-
4structione,usipg eapital alphabetic charactere, nemerals,
and speeialrcharacters.. Each statement is printed onto
a coding eheet that centains.eighty columns. One alpﬁa-
nhmeric or special character is printed into each column
of one 1line, .If the statement contains more‘thanveighty
characters, it is continued onto the next line or lines.
of the coding sheet ﬁntii the statement is completed,
Each line of the coding sheet represents one IBM punch
card* therefore, each statement, depending upon its
‘length‘will be contained in one or more cards CFigure_ll)F

The punche&’cards were then placed intovthe.1402 cardv

‘reader. Here the cards were read, and the information




1402 14.63
 CARDPUNCH  CARD READ | LINE PRINTER
| outeut | nPuT |1 outPuT
CONTROL UNIT e
- - INPUT

= 3 , OUTPUT
. IARITHMETIC ~ UNIT 131
' : -  DISK STORAGE
1401 | ,

»

CENTRAL PROCESSOR

FIGURE 9

DIAGKAM OF THE IBM 1401 SYSTEM
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I IB’M‘ tDkAGRAMMlNG AND CHARTING WORKSHEET
: ) N S N

FIGURE 10

IBM .FLOWCHARTING WORKSHEET
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EM Flowcharting Worksheet PRINTED In U.5.a.

Programmer: ___Ashley ‘ , Program No.: _1 Dates_____ Page:_ 1
Chart ID: Chart Name:___Loyola--Orthodontics Program Name:__Cephalometric Analysis
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FIGURE 11.

IBM FORTRAN CODING FORM
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contained in them passed onto the 1401 computer. Within
a few mihutes another machine, the 1403 line printer, re-
produced thé‘program on paper.

Once fhe FORTRAN program had been corrected and per-
fected orn"debugged", the cards containing the means and
ranges of the pbints signifying the éephalometiic
meaéurements were placed into the card reader, This in-
formation Qas.transferred to the computer where the pre-~
viously stored‘FORTRAN‘program calculated‘the ranges and
means of the linear distances and angles under study.

' The results were then produced on paper by the line

printer.

J. Electrénic Computer Program for Diagnosis of the Lateral

Cephalogram: |

The previously described FORTRAN program demonstrated that
the electronic computer could Be utilized successfully to calcu-
late angles and distances from Cartesian coordinates., It was then
neﬁessary to develop a prpgfam that wbu&d assess or diagnose any
lateral headfilm..

In the description of the cephalometric measurements each ap-
peared in one of five categories depend%ng upon to which group it
contributed. .This arrangement was deliberate with the cephalo-

metric diagnosis program in mind.




The overall outline of the cephalometric assessment appli-

cable to an electronic computer follows on the next page.




Skeletal Assessment
Posterior Cranial Assessment
ketrognathic | Normal - Prognathic
Anterior Cranial Assessmént
Retrbgnathic Normal Prognathic
Faciai and Growth Axis Assessment
Retrognathic Normal Prognathic
Dgntoalve;lar Assessment
Maxillary Assessment
Retrognathic ' Normal ” Prognathic
Mandibular Assessment

Retrognathic . Normal Prognathic

Run data obtained from dental casts.
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The collected data were obtained from a sample whose occlu-
sions were within normal parameters.. The range (ninety-five per-

cent eonfidence limits) established the limits within which a ' i

measurement had to fall to be considered normal. Skeletal or

dentoalveolar morphology would assumed to be other than normal if
any of the cephalometric measurements fell outside of these re- ‘ e
strictions. In addition, requirements assuring correct maxilléty

to mandibular tooth relationships were imposed, They were:

1. The x coordinate of:the‘point identifying the tip of the
crown of the maxillary central incisor nust have a value
eeual to or:greater than the x coordinate of the corre-
sponding point.on the mandibular central incisor.

2. The x coordinate of the point identifying the tip of the
crown of the mandibular first molar must be greater than
the x coordinate of the corresponding point on the maxil-
lary first molar,

3. The y coordinate of the point identifying the crown of
the maxillary central incisor must be equal to or greater
than the y coordinate of the corresponding point on the
mandibular central incisor. ‘ L

A FORTRAN IV program to assess lateral cephalograms was then

developed. It was similar to the original program differing only

in the addition of the above limitations and the elimination of




range values. The program was compiled and stored in the 1401

computer.

Headfilms not previously assessed were then selected to test ey

the validity of the computer method of evaluation, Five young

adult Caucasian males were chosen as subjects., All possessed a

full complement of teeth except third molars, One candidate had

'-/’-‘.:A,. T

excellent occlusion, another was clinically ‘diagnosed as a Class o
I arch length discrepancy malocclusion. Of the three remaining
subjects, one possessed a Class II, division 1 maiocclusion, an- %\
other a Ciass,II, division 2, and the third had a Class III mal- h
occlusion. These headfilms were then spotted by the described

technique and measured using the coordinate method. The values
for their x and y coordinates were punched into IBM cards, and

the headfilm data were evaluated by the FORTRAN program,




CHAPTER IV

FINDINGS

Data cards containing x and y coordinate values loéating
cephalometric landmarks had been prepared prior to the development
of the FdRTRAN program. The data cards were fed into the computer
and information was received on the means and normal ranges of the
106 cephalométric measurements under investigation,

The observed rénges, means, standard deviations, normal
limits, and coefficients of variation of the coordinate values of
each landmark are listed in Table I. The mean values and ninety-
five percent confidence limits of each cephalometric measurement
are found in Tables II through VI, These tables correspond to the
five divisions of the cephalometric assessment program previously
describéd. Each angular or linear measurement is listed in one of
the_five tables according fo the Area of assessment to which it'
contributes.

The computer program was also tested for ability to‘distin;
guish between normal occlusion and malogclusions, Headfilms of.
subjects with normal and abnormal teeth and jaw relatidnships vere
measured by the described method of rectangular coordinates.

These valugs were subjectéd to the computer program and the re-
sults are listed in Table VII. Cephalometric measurements of the
test runs that do no£ conform to the normal 1imits are also

86




87

indicated in the table.

In the preparation of the principle data, subjects were se--
1ected.for this study because their functional and morphological
arrangement of teeth, jaws, and cranial skeletons were considered
to be normal; To be more specific in determining négmalkranges
in biologic studies, ninety-five percent confidence limits are
‘employed. The ninety-five percent confidence level means that
ninety-five percent of the populétion which satisfied these re-
quirements for normal occlusion shduld conform to the normal
ranges established herein for each landmark and measurement.

The standard deviation, an indication of the sample distribu-
{tion about the mean, is uséd to calculate the ninety-five percent
confidence levels, In this study, a sample of fifty, the standard
deviation of each coordinate or cephalometric measurement is mul-
tiplied by 1.96. This factor.is obtained from statistical tables
describing distributioh frequencies for samplés of various sizes
(T-tables). Each value is then added to its mean to esfablish the
upper limits of the normal rénges and subtracted from its mean to
determine the least value of the ninety-five percent confidence
limits.

The coefficient of variation was also determined for each x
and y coordinate, The coefficienf of va}iation relates the vari-

ability'of a distribution to the average magnitude of the vari-

P



ables being measured. It is a pure number, independent of origi-

nal units of measurement, and one coefficient of variation can be
compared to any other. It is signified a V, and is calculated by

dividing the mean into the standard deviation multiplied by 100,

s x 100

X

The coefficients of variation of the x.and y coordinates
range from a low to a relatively high value. Since ;his measure-
ment is empioyed to relate variability or precision, it can be
postulated that coordinate; with large V values are not measured
as ﬁreciseiy as those with smaller readings of variation, or that
those measurements with greater V values actually have greater
variation., Each structure was placed into one of three groups de-
pending upon its coefficient of variation value. Gfoup I consists
of landmarks with x and y coordinates with small coefficients of
variation, The structures in Group II have éither or both an x or
y céordinate with a la?ge coefficient of variation (fifteen or
more). These landmarks can be easily located, therefore they show
a wide range of naturai variation, Grou% III lists the landmarks
that have a largé V- value because they are difficult to locate
precisely. These‘fiﬁdings aré listed in Table I,

:Many of the cephalometric measurements have been described in

the literature and are used widely. After these measurements were]
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taken, iheir means, standard deviations and hormai ranges were
computed. These measurements, taken on young adult Caucasian
males, 20 years, 11 months to 36 years, 3 months old, are reported
as to their significance and compared with the results published
by previbus invesfigators; These measurements are listed in
Tables VIII throﬁgh XI.

Many of the remaining measurements were described pfeviously
in the literature bﬁt are not widely employed in cephalometric
analysis. Other measurements were introduced by this study.
These-ﬁeasurements were tested to the rectangular coordinate sys-
tem to facilitate data reduction for computer calculations. These
are the measurements from sella turcica to each 1andmark,. and re-
ﬁults were determined,both angularly and linearly., The signifi-
cance and findings of each of these measurements follows: The
mean linear distance from sella turcica and the angular measure-
ment from the abscissa follows ‘each measurement in parentheses.

1. Sella to First Cervical Vertebra (56.7 mm, 108.5°)---

This measurement relates the first cervicai vertebra to
the cranial bases., It also describes vertical'develop-
ment of the craniofacial complex in relation to the

vertebral axis.
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Sella to Second Cervical Vertebra (94.8 mm, 107,0°)=---
This determines tﬁe position of the secbnd cervical
vertebra in relation to the cranial bases, and'it can
also relate vertical craniofacial development to the
vertebral column. Gonion was observed tb.lié,Aat an
average, twelve millimeters anterior and opposite the

anteroinferior border of this vertebra., This measurement

" could be'employed as a diagnostic criterion for the

position of the gonial angle. This method of assessing
the position of the gonial angle to structures in the
vertebral column has not been previously reported;
Sella to Third Cervical Vertebra (116.1 mm, 104.8f)---
This measurement relétes the third cervical vertebra to
the cranial bases., The hyoid'bone has been reported to
lie opposite CVq iﬁ dolichocephalic faceé and lower in
brachycephalic faces (opposite CV,).

Sella to Condyle (34.0 mm, 112,0°)---This measurement re-

‘lates the condyle to sella turcica anteroposteriorly and

vertica}ly. Mandibular posture is directly related to
condylar location,

Sella to Gonion (91.2 mm, 98.8°)---The relationship of
gonion to sella relates the mandibular angle to the

cranial bases., This measurement is an indication of

. .&E
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Sella to the Posterior Border of the Pharynx (52.3 mnm,
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vertical development of the ramus and its direction of
growth, |

Sellé to thé Anterior Border of the Pharynx (112.0 nnm,
97.9°)-~-This measurement evaluates the width of the
pharynx at the level of the third cervical ygrtebra;
This measurement can be used to evaluate pharyngeal size

and perhaps the etiology of pharyngeal disorders.

103.S°)--4This measurement, taken at the level of the
first éerVical ﬁertebra, is an indication of pﬁaryngeal
devalbpment at the level of the palate.

éella to Porion (36.5 mm, 146.1°)---This measurement
locates porion in relation to sella turcica. Its posi-
tion will generally vary, vertically and anteroposteri-
orly, with cranial m&rphology. .The linear distance from
seiia to porion and the measurement from sella to condyleg
are very nearly in a 1 to 1 ratio.

Sella to Anterior Nasal Spine (106.1 mm, 37,2°)---This
measurement is an indication of the forward and downward
development of the nasal portion of the maxillé in re-
lation to the cfanial bases,

Sella to A Point (92.1 mm, 41.5°)---This measurement

-

locates the -maxillary basal bone to cranial anatomy. It’
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indicates the anteroposterior and vertical position of
the maxillary denture base,

Sella to B Point (121.0 mm, 61.1°)--~The mandibular basal

~bone is located both anteroposteriorly and superioinferi-

orly to the cranial bases by this measurement.

Selia tolqlabella (85.7 mm, 8.4°)~-~-This distance mea-
Sures the anteroposterior depth of the skuli from sella
turciéa to the mostvprominent poiﬁt between the supra-
orbital ridges. The angular measurement locates glabella
vertically to the anterior cranial base, The distance
measures not only the length of the anterior cranial
base, but also the depth of the frontal sinus. Its value
will, thérefore, be dependent upon frontal sinus develop-
ment as well as anterior cranial base length.

Sella to Gnathion (140.0 mm, 68.0°)---This measurement

evaluates chin position, It indicates the forward and

downward development of the mandible in relation to the
cranial bases, Essentially the angular measurement is
identical to the Y-Axis,

Sella to Hyoid Bone (126.4 mm, 86.1°)---This measurement
relates the hyoid bone to cranial anatomy. The position
of the hyoid bone can be an indication of facial type,

tongue size and posture; and nasopharyngeal patency.

Pt



15.

16.

17.

18,

19,

93

Sella to Infradentale (115,22 nm, 55.1°)---This'measure-
ment locates thg highest brojection of the mandibular
aveolar process between the central incisors. It re-
lates anterior alveolar height of the mandible to the
cranial bases,

Sella to Key Ridge (68.1 mm, 49,5°)---This locates.the
key ridge in relation to sella turcica.

Sella to 6rbita1e (63.1 mm, 26.5°)---This locates the
lowest point on the orbital rim in relation to the
cranial bases, Iﬁ is an indication of development,
anteroposferiorly'and vertically, of the superior one-
third of the face from the anterior cranial base to the
maxillary'antrum. |

Sella to Pogonion (137.1 mm, 64.9°)---This measurement
relateé the most anteriof point on the chin to the
cranial bases. It evaluates the downward and forward
direction of facial growth,

Sella to the.Posterior Cortical Plate of the Sympﬁysis
(123,1 mm, 68,1°)-~--The linear and angular relationship
of the most prominent point on the posterior confour of
the mandibular symphysis to the cranial bases is indi-
cated by this measurement, This measurement, with the

measurement of sella to pogonion, could relate the width
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of ihe symphysis.

Sella to Posterior Nasal Spine (54.2 mm, 70.5°)---This
measurement relates the position of the posterior nasal
spine. Its.location can aid in evaluating the length -
and the cant of the palate and indicate the degree of
development of the posterior portion of the maxilla,
Sella to Prosthion (104.5 mm, 46,5°)~-~-This measurement
locates the crest of the maxillary alveolar process be-

tween the central incisors and relates this landmark to

cranial anatomy. It can be employed to evaluate the de-

maxilla,

Sella to Pterygomaxillary Fissure (48.2 mm, 68,3°)~--
This measurement is useful in &efining the posterior
border of the maxilla,

Sella to Sigmoid Notch (41.1 mm, 86.3°)---This angle and
distance relates the depth of the sigmoid notch to sella
turcica, Ricketts, on the basis of morphological differ-
ences, places all mandibles in three classes. With othen
criteria, the sigmoid notch measurement can aid in de- |
scribing the types of mandibles,

Sella to Crista Galli (50.4 mm,-19.6°)---This landmark

located on the superior surface of the ethmoid bone could

&
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‘Sella to Tip of Crown of 1 (114.0 mm, 51.4°)--~This mea-

central incisor in relation to sella.

surement locates the tip of the mesiobuccal cusp of the
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be useful in describing the length of the anterior crania
base‘from sella to that point., It would,_therefore, as-
seés the posterior three-quarters of the anterior cranial
base as to ifs length and direction of growth.

Sella to the Intertable of the Frontal Bone-(70.0 mm,
10.1°)---Growth of the anterior c:énial base, after ap-
prbximately seven years of age, increases by virtue of
the development of the‘frontal sinuses. This measurement
could aid in assessing the height and depth of the front-
al sinus and its contribution to facial growth and de-

velopment.

surement locates the tip of the crown of the maxillary
central incisor in rélationvto sella.
Sella to Tip of Root of 1 (89.5 mm, 43.5°)---This mea-

surement locates the tip of the root of the maxillary
Sella to Tip of Crown of 6 (90.0 mm, 64.S°)---This mea-

maxillary first molar in relation to sella.
Sella to Tip of Root of 6 (74.3 mm, 54.8°)---This mea-
surement locates the tip of the mesiobuccal root of the

maxillary first molar in relation to sella,

e SN A S AR A, i
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- point on the distal contour of the crown of the maxil-

Condyle to the Tip of the Crown of T (109.4 mm, 89.9°)---

from the hinge axis to the tip of their crown. This
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Sella to the Distal Contour of the Crown of g'(84,5 mm,
65.5°)---This measurement locates the most prominent
point on the.distal contour of the crown of thé maxil-
lary first molar in relation to sella.

Sella to the Distal Contour of the Crown of'l (74.2 nmm,

72.5°)---This measurement locates the most prominent

lary second molar in relation to sella.

Gnathion to Infradentale (35.4 mm)---This linear distance
mea;ures the height of the mandible at the sym?hysis. It
is a measure of the vertical dévelopment of the body and
its alveolar process at the central incisor region. It
éould be useful in differentiating alveolar from skeletal

dysplasias.

Jarabak has propred that for maximum stability of the
mandibular incisors, the long axes of these teeth should

describe an angle of ninety dégrees with the line drawn

study has shown this hypothesis'to be well founded and
sound.,
Sella to Tip of Crown of T (111.0 mm, 51.4°)---This mea-

surement locates the tip of the crown of the mandibular
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céntral incisor in relation to sella.

' Sella to Tip of Root of T (120.2 mm, 62.5°)---This mea-

surement locates the tip of the root of the mandibular

- central incisor in relation to sella.

Sella to Tip of Crown of 6 (91.2 mm, 62.8°)~-~This mea-
surement locates the tip of the mesiobuccal cusp of the
mandibular first molar in relation to sella,

Sella to Tip of Root of 6 (106.0 mm, 72.2°)---This mea-

~surement locates the tip of the mesial root of the

mandibular first molar in relation to sella,

Sella to the Distal Contour of the Crown of & (87.0 mﬁ,
69.1°)---This measurement locates the most prominent
point on the distal contour of the crown of the mandibu-
lar first molar in relation to sella,

Sella to the Distal Contour of the Crown of 7 (79.5 mm,
74,5°)~~-This measurement locates the most prominent
point on the distal contour of the crown of the mandibu-

lar second molar in relation to sella,




TABLE I

(IN MILLIMETERS)

COORDINATE VALUES OF CEPHALOMETRIC LANDMARKS
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LANDMARK

-5.4.0

"128'1

X v : COEFFICIENT
NUMBER, OBSERVED : STANDARD 95% CONFIDENCE LIMITS OF
NAME AND RANGE MEAN DEVIATION VARIATION
VARIATION ‘ X Y. :
GROUP X y X y X y Low High Low High X y
1, ANS +64.,3 -51.4 +77.5 -57.3{5.7 3.2 {+66.2 +88,8] -50.9 =63.7 7.3 5.6
(1) to to ‘
+90,1 -69.3 .
2, A Pt., +54.7 -51.4 +69,2 -61.2} 5.4 4,3 {+58,5 +79,91] -52,7 -69.7 7.8 7.3
(1) to to ' :
+83,1 -71,3
3. Ar -12.8 =-27,2 -21.4 -32.9}13,9 3,3 }-13.7 -29,11}-26.4 -39,4) 18.2 10.3
(II) to to :
~28.3 =42,2 »
4, B Pt. | +47,3 -90.4 +59,6 -105.6 9.9 6.5 }+40,1 +79,1{ -92,7 -118.51 15,1 6.2
(11) to to
)] +75.) ~-123.1
45. 1 CV -6,5 -44,3 | -18,5 -53.5{5.2 5,7 -8,1 -28.8}-42,1 -64.8} 27,5 16.5
(III) to to ‘
‘ ‘3000 "76.2 .
6. 2 CV -13.7 -78,8 -28,6 =90,6 | 7.3 6.3 |-14,1 -43,1}-78.1 -103,0| 25.5 8.1
(I1I) to to
~-48,0 -106,3
7. 3 CvV -19,7 -97,3 | -34,0-111,21{ 8.9 7.4 {-16,4 -51,51{ ~-96,7 ~125.8¢ 26,2 6.7
(III) to to ' ' '
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LANDMARK ) COEFFICIENT
NUMBER, OBSERVED STANDARD 95% CONFIDENCE LIMITS OF
NAME AND RANGE - MEAN DEVIATION % VARIATION
'VARIATION ' - y
GROUP X Y X y X y Low High Low High X y
8. Co -7.6 -24,7 -15,1 -30.,6} 3.6 4.7 }-8.0 -22,21%-21,3 =39,9 23.8 13.6
(11) to to .
-26,1 -48,0
9, Gl +74,3 + 7.5 +85,1 +12,6 ) 5.4 2.7 |+74,4 +95,8) + 7.3 +17.,9 6.2 21,4
(I1I) to to . | -
+100,6 +19,1 :
10, Gn +34,7 -110,7 +53,9 «128,741 8.8 7.0 }+36.,6 +71,2 -114:9 -142.4 16,3 5.4
(ID) to to
+70.,2 =-143,4
11, Go -0.5 -74,6 -16,6 -89,2)] 5,2 6,5 -6,2 =-26.,9}] -76.5 =-102.,04 31.3 7.2
(1I) to - to A :
' -32,0 <116,1
12, HB -13,3 =112,6 +8,2 -125,49 5.8 7.8 -3.,2 +19.61 -110.5 -141.; 70.7 6.2
(I11I) to to ‘ '
+21.,2 =145,1
13. In 1+49.7 -81.,2 +66.,6 =-95,41 6.3 5.6 -+54.0 +79,1] -84,4 -106,5 9,3 5.8
(1) to to | 5
+78,0 =108,0
14, KR . +30.7 -43,1 +44,5 -51,8} 5.1 5.2 {+34,5 +54,5] -41,5 -62,2 11,2 10,4
(1) to ~ to : : ‘
+53,1 -68,2
15, N +68.,7 0.0 | +78.0 0.0] 4.7 0.0 [+69.3 +87,3 0.0 0.0 0.0 0.0
(1) to to : ' S
+89,1 0.0
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LANDMARK . ' , _ v COEFFICIENT
NUMBER, OBSERVED : : - JSTANDARD 95% CONFIDENCE LIMITS OF
NAME AND ‘ RANGE _ ME AN JDEVIATION . - VARIATION
VARIATION : X y -

GROUP X y X y X y Low High Low High X y
16. Or +44.9 “20.9 +57.3 “29.3 4.5 2.8 +4804 +66.3 "2307 "'3409 7.1 906
(1) to to '

70,6 . -35.4
17, Ant, 0.0 -83,9 -16,1 -111,148.5 8.1 -0.,6 -32,81 -95.2 -~127.1} 52.7 7.3
Phar, to to . , ’
(I11)} -36.,1 -128,4 .
18, Post, +2,0 =44,6 -11,2 -50.5 |5.6 3.5 +0.7 -22,3} -43.6 =-57.5| 50,0 6.9
Phar., to to :
(I11){ -24.1 -59.3 _
19. Po +43,2 -103.7 | +61,6 -122.4|7.7 7.1 |+46.4 +76.9|-108.4 -136.4} 12.5 5.9
: (1) to to : :
+76.2 -13601
20, Por -19.8 -12.6 | -29,1 -20.0 3,9 4.6 {-21.4 -36.,8{ ~-11,0 -29,0{ 13.3 23.0
(I111) to to ’ '
_ _ -39,.,6 -32.2\ ‘ . \
210 PCP +28.9 "91109 +45.9--114.2 7.3 7.2 +31.4 +6003 -10000 "12803 1509 5.4’
Syn. to to .
(111)} +60,0 -131,2
22, PNS +7.4 --44.6 '+17.9 -50.5 (4.1 3.4 1+9.7 +26,0} -43,8 -57.3f 22.9 6,7
(11I) to to :
23. pI' v +56.8 "63.6 +72.6 -75.5 5.6 406 +61.5 +83'7 -66.5 "'84(6 707 6'1
(D to to ‘ .
’ +84.1 -85'2
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LANDMARK . COEFFICIENT

NUMBER, ~~ OBSERVED ' STANDARD 95% CONFIDENCE LIMITS . OF
NAME AND - RANGE MEAN » DEVIATION - VARIATION
VARIATION ' | o - x y
GROUP . X Y X y X y Low High Low High X y
24. PTM +6.9 ‘38'6 +17.7 "45.5 3.9 3.5 +10.0 +25.4 "38.5 -52.5 22.0 7.7
(III) to to
+26.7 -54.0
25. S 0,0 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0 0,0
: - (1) to to ,
0.0 0.0
26, Sig. -8.1 . =31.6| +3,6 -40,9 | 3.4 4.2| -3.2 +10.4|-32.7 -49.2| 94,4 10,2
Not, to to _

(I11) | +13.0  -49,1 | | |
27. TC‘l +54.1 -77(6 +72.3_-8900 601 4.6 +60’2 +84.3 ‘79.9 ‘98.0 8.4 5.2

(1)~ to to -
+8600 ‘10001
28..TR-i +49.0 -5209 +64.5 -6205 5.5 4.3 +53.6 +75.4 -5400 '71.0 8.5 6.8
(1) to - to : » '

+76.3 -72,1

29, TC-QJ +30,0 -70.,0} +40,1 -80,0 5.7 5.5{ +#28,7 +51.4}| -69,1 =90,9 13.2 6.3
. (1) . - to - to - L A
’ +50.1 v -91.2

30, TR-'_G_ +33,7 -53.,7{ +42.6 -60,5 5.0 5.3} +32.8 +52,5} -50,0 -71.0} 11.8 8.8
(1) ‘to to : o '
+56,0 -67.1

31, TC-T +53,8 ~72,4} +69,5 -85,7 6,0 5.,4] +57,7 +81,3%1 -75.1 -96,3 8.6 6.3
(1) to to |
"‘83.2 -99’4
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LANDMARK ‘ OEFFICIENT
NUMBER, "OBSERVED STANDARD 95% CONFIDENCE LIMITS OF
NAME AND RANGE " . MEAN DEVIATION VARIATION
VARIATION o ' X v
GROUP X y _X y X y Low High Low High X y
32, TR-T +37.9 -92,91 +55,8 -106.6} 6.4 5,1] +43.1 +68,4} -96,5 ~116.7] 11.5 4,8
(1) . to to '
+68,0 -118.8
33. TC-6 +37.9 -92,9| +55.8 -106.6{ 6.4 5,1{ +43,1 +68.4| -96.5 -116.7 12.3 5.5
(1) to to ‘
+68.0' ‘118.8
34, TR-6 +14,9 -61,9¢ +33,7 -100,71 6,8 7.6} +20,2 +47,2 -85.7 =-115.7} 20,2 7,5
(I1I) to ~ to :
+46,7 =-113,1 }
35, FB +60,0 +7,0( +69.,0 + 12,6} 5,1 2.,7}| +58,9 +79,0¢f + 7.3 + 17.9 7.4 21,4
(I1I) to to -
+82,1 +19,1
36, CG +23,0 +11,1{ +48,3 + 16.1} 7.5 2,8} +33,4 +63,2| +10,5 + 21,74 15,3 17.4
(I1I) to to _
1 +63,.1 +22.4
37. DC-6 +24,7 -66.7 +32,8 - 74,4) 4.9 4,2} +23.,1 +42,5}) -66,2 - 82,71 14.9 5.6
(ILT) to to ‘ .
o +46,3 ~-84,0 - ‘
38. DC-7 +13,7 -60,4} +22,8 - 70,3} 5.0 4.,8%{ +#12.8 +32,8Y -60,7 - 79,9 21,9 6.8
(I1I) to to '
E +33,9 -80.4 _
39, DC=6 § +23.5 -71,0}) +32,3 - 80,5] 5,0 4,4 +22.3 +42,2} -71.9 - 89.1} 15.4 5.5
(I11) to to | : '
40. DC"? +12.3 -63.7 +21.6 - 76.5 502 5.0 +11.3 +31.9 "66:6 - 86'4 24.1 6.5
. to to : ‘ '
+34o4 "86.‘8
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POSTERIOR CRANIAL ASSESSMENT
VALUES OF SELECTED CEPHALOMETRIC MEASUREMENTS
(In Millimeters or Degrees)
95%
- CONFIDENCE
' : OBSERVED STANDARD _LIMITS
MEASUREMENT ‘ RANGE ME AN DEVIATION{ Low High
2, Articulare , - |
Angle | 130.3 - 161.2[144.2 - 6.9 | 130.8 {157.7
3. Gonial Aggle 111.7 - 135.6{122.4 5.3 '112.0 {132.6 |
4. Sum ~ }367.9 - 399.9]389.5 5.2 | 379.4 ] 399.6
S. PCB Length - 35.6 - 50.0} 40.1 3.3 33.7 ] 46.5
6. Ramus Height 45.3 - 64.1] 55.5 4.2 47.3 | 63.7
7. Body Length | 70.2 - 90.3] 81.5 4.4 73.2 1 89.9
8, Sella-1lst C.V, : .
Distance 40,6 -~ 72.3} 56.7 6.9 42,6 70.9
Angle | 98.6 - 119.4]108.5 4.2 81.2 | 113.7
9. S§-2 C.V. - | :
Angle | 100,1 - 116.7{107.0 3.5 102.5 | 113.5
10. §-3 C.V.
Distance| 98.9 - 132.3}116.1. 8.7 98.5 | 133.7
Angle| 91.6 - 118.8]104.8 3.3 9.5 ] 114,1
Angle | 101.0 - 131.4(112,0 4.2 104.4 ] 120.4
12, S-Go Distance 78.4 - 102,1} 91.2 7.2 77.2 1 105.5
Angle] 87.7 - 111.6] 98.8, 5.0 92,11 104.5
13_0 S"Ant. Phal‘.
Distance| 83.9 - 128.4{112.0 8.6 95.5 ] 129.6
Angle] 90.0 - 107.9} 97.9 3.6 90,81 105.0
14, S-Post. Phar,
~Distance 44,6 - 64,5] 52.3 3.8 44.8 59.8
Angle] 88.1 - 113.0{103.5 3.7 96.0] 110.0
15, S-Por Distance} 22,4 - 51,6} 36.5 6.2 24,2 48.5
Angle] 133.0 - 148.3[146.1 3.1 137.2{ 145.3

_



TABLE III 7 104
ANTERIOR CRANIAL ASSESSMENT
VALUES OF SELECTED CEPHALOMETRIC MEASUREMENTS
(In Millimeters or Degrees)

95%
CONFIDENCE

; OBSERVED STANDARD LIMITS
MEASUREMENT RANGE MEAN DEVIATION [ Low High
ACB Length 71.0 - 89,6 78.0 5.6 67.5 89,1
2. SNA 75.6 - 90.0] 81.8 3.3 " 75,4 88.2
3. SNB 75.7 - 89,1 80.7 3.1 74.7 | 86.6
4, ANB - 4.0 - + 8,1 1.1 2.6 - 3,81+ 6.0
5. N"ANS 50.4 - 63.6 57.1 300 5102 6300
6. S-ANS Distance{ 96.6 - 123,2}106,1 3.8 99.2 { 113.5
7. S-Point Distance{ 78.1 - 106,0] 92.1 2.1 84.11 100.2
' Angle| 40.0 - 45.3| 41,5 1.1 39,4 43,6
8, S-B Pt. Distancel100.2 - 142,3|121.0 7.6 106.1] 136.0
Angle 5.5 - 11,1 8.4 1.9 4,8 12,2
10, S-Gn  Distance{121.1 - 156.2}140.0 7.4 126.6 | 154.1
Angle{ 64,1 - 73,1] 68,0 2.4 63.5 72.5
11, S-HB Distance{110,1 - 148.1]126.4 6.8 113.51{ 139.3
Angle] 83.0 - 92,2 86.1 2.1 82.1 90.1
12, S-In Distancel{100.1 - 132,1}115.2 6.4 103.31 127.1
Angle{ 53.7 - 57.0] 56.1 1.5 53.3 58.9
13. S-KR Distance] 68.1 - 82.6] 68.1 3.4 61.6] -74.6
14. S-Or Distance] 54.5 - 71.2] 63.1 2.8 5s7.1] 69.1
Anglel 23.0 - 29.2) 26.5 1,2 24.4 28.6
15. S-Po Distance}] 127.3 - 154,0}137.1 4.4 128.6] 145.6
: Angle} 60.0 - 70.3] 64.9 1.7 61.6 68.2

em——




TABLE III (CONTINUED) 105
95%
CONFIDENCE
| OBSERVED STANDARD _LIMITS
MEASUREMENT RAN GE MEAN | DEVIATION [ Low High
16, S-PCP Distance |115.0 - 140.8]123.1 4.6 113.6| 132.6
| Angle| 65.0 - 74.1| 68.1 1.9 64.5{ 72.7
17. S-PNS Distance| 44.7 - 62.7| 54.2 4.9 44,7 63.7
Angle| 66.0 - 78.1] 70.5 3.1 -64.5] 76.5
18, S-Pr Distance| 90.8 - 116.4]104.5 4.4 96.0{ 113.0
| Angle | 42.5 - 49,6 46.5 1.3 44.0{ 49.0
19. S-PTM Distance| 39.5 - 58.4| 48,2 2.7 43,0] 53.4
Angle | 64.1 - 75.4| 68.3 2.1 66.3] 70.3
Angle | 78.5 - 96.2]| 86.3 4.0 78.5] 94.1
21. S-CG Distance| 38.0 - 66.2} 50.4 5.2 40.4| 60.4
Angle | 16.6 - 28,2 19.6 2.5 14.8) 24.4
22, S-FB  Distance | 59.5 - 81.2| 70.0 2.1 66.0| 74.0
Angle| 7.1 - 12,9} 10.1 1.3 8.0] 12.2
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TABLE IV

FACIAL AND GROWTH AXIS ASSESSMENT -
VALUES OF SELECTED CEPHALOMETRIC MEASUREMENTS
(In Degrees)

106

Convexity

- 10,1

. 95%
“CONFIDENCE
OBSERVED STANDARD LIMITS
MEASUREMENT RAN GE MEAN | DEVIATION{ Low High
1. Go-Gn-Sn 21,2 - 39.2 29.8 4.2 21.7 37.9
2. FMA 13.1 - 36.2 23,2 4.9 13.6 31.8
3. Y-Axis 53.4 - 66,2 59.1 3.0 '53.2 65.0
‘4, Facial Depth ,
Angle 35.6 - 49,7 42.5 3.2 36.4 48.6
5. Angle of
Facial 8.7 1.8 4.1 6.2 9.8




TABLE V

MAXILLARY DENTOALVEOLAR ASSESSMENT
VALUES OF SELECTED CEPHALOMETRIC MEASUREMENTS
(In Millimeters or Degrees)

107

95%
. CONFIDENCE
_OBSERVED STANDARD _LIMITS
MEASUREMENT RANGE MEAN | DEVIATION| Low High
1, 1 - SN 93.7 - 122.1 | 105.6 5.6 95,7| 115.9
2, 1 - FN '102.1 - 127.4 | 113.4 s.4 | 103.2} 123.6
3. 1-T 114.0 - 149.1 | 130.3 7.9 115.2 ) 145.4
4., 1 - NA 10.2 - 36.3| 24.4 4,0 16.6 | 32.2
5. 1 - NA (mm) 2.7 - 10,1 6.4 2.1 2.4) 10.4
6. ANS - Pr 11.8 - 22.8 ) 18.0 3.0 12.1} 23.9
7. Sella - TC 1 ,
| Distance 100.1 - 128.9 | 114.0 6.6 102.9 ] 127.1
Angle 47.7 - 56,2 51.4 2.0 47.5) 55.3
8. § - TR 1
~ Distance 76.0 - 104.1] 89.5 6.7 76.9| 98.4
9. S - TC 6 |
~DisTance 78.8 - 102.3{ 90.0 5.5 78.8 ] 100.2
Angle 60.1 - 67.7] 64.5 2.1 60.5] 68.5
10, S - TR 6 j
Distance 59.5 - 87,0 74.3 4.6 65.3] 83.3
Angle 51,4 - 57.5| 54.8 2.0 50.9] 58.7
11. S - DC 6 .
DisTance 72.0 - 103.4] 84.5 4.9 75.1f 93.9
Angle 62.9 - 72.1 6505 204 61.3 69.7
12, § - DC 7 . :
Distance 62.5 - 86.1{ 74.2 4.0 66.4] 82.0
Angle 69.0 - 78.1| 72.5 2.0 68.6) 76.4




TABLE VI 108

MANDIBULAR DENTOALVEOLAR ASSESSMENT
VALUES OF SELECTED MEASUREMENTS '
(In Millimeters or Degrees)

95%

_ CONFIDENCE_
| oBSERVED | sTanDARD LIMITS

MEASUREMENT . RAN GE MEAN | DEVIATION| Low High
1. T - NB 13.6 - 33.5| 24.6 4.9 15.1 34.1
2. T-NB (mm) | o0.0- 9.7} 4.8 2.3 0.4 9.2

3. Po - NB 4 1.0 - 8.1 3.7 1.6 0.6 6.8

4. T - Po Ratio ~ | 9:1 - 1:7 |1.3:1 2.1 5.3:1] 1:5.3
5. IMPA . - "183.6 - 102.5| 93.4 4.8 84.4 | 102.4
6. Chin Angle 57.7 - 76.2 | 66.8 4.6 58.0 75.6
7. Gn-In | 30.7 - 39.3 | 35.4 2.2 31.4| 39.4
8.. CO‘TC T 76.0 - 10201 89.9 5.9 78.3 101.5
9. Co-TC T (mm)  |99.2 - 124.0 {109.4 6.2 101.4 | 117.4
10. S-TC T Distance] 95.1 - 121.2 | 111.0 4.3 102,9 | 119.1
Angle 48.5 - 54.7 5104 1'2 49.3 5305
11. S-TR T Distancell05.4 - 132.3 | 120.2 6.2 108.2 | 132.2
Angle| 59.8 - 67.1| 62.5 1.1 60.5 64.5
.1 J12. s-1C & Dpistance] 79.0 - 103.5 | 91.2 3.8 83.6 98.8
i - ~ Anglel 57.5 - 67.5 | 62.8 2.2 58.8 66.8

[
S

i 13. S-TR 6 Distance| 88.1 - 115.2 | 106.0 6.1
~ Angle} 68.5 - 77.1 72.2 2.0 76.1 88.3
14, S~DC 6 Distance] 79.1 - 98.1 87.0 2.1 83.0 91, 0f
15. S-DC 7 Distance| 68.6 - 82.6 79.5 3.2 73.4 85.6
2.2 70.4 78.6

Angle] 70.0 - 80.8 74,5




~ TABLE VII 109
, CEPHALOMETRIC VALUES FOR TEST CASES
(* Indicates measurement beyond normal limits
CLASS I CLASS CLASS
, ARCH II,** II,**
NORMAL NORMAL} LENGTH DIVISION | DIVISION CLASS
MEASUREMENT RANGE TEST | DISCREP, . 1 2 III**

1, Saddle Angle 113,2 - 113,4} 115,11 122,1 132.6 129,2 125,2
12. Articulare Angle 130,8 - 157.7] 155.7] 146.8 139,0 140,7 134,6
3. Gonial Angle. 112,0 - 132,61} 120.3} 130.2 124,1 125,0 ‘127.5
4, Sum 379.4 - 399.61 391,1} 399.1 395,7 393.8 387.3
6. Ramus Height 47,3 - 63,7 57.1 53.0 48,1 54,7 60,2
8, S~1lst CV Distance | 42,6 - 70,9 58.2 64,1
10. S-2d CV Distance} 79.5 - 111.1] 9s5.0] 95.7
11, Angle j102,5 - 113,5}] 104.3] 105.2
12, S-3d CV Distance | 98.5 - 133.7] 115.2] 115.3
13, Angle] 99.5 - 114,1] 100,1} 106,2
14, S=-Co . Distance} 30,2 - 49,1 35.0 37.6
15, Angle 104.,4 - 120,.4) 107.1} 104,8
16. S=-Go Distance] 77.2 - 105.5] 96.1] 86.2
17, ' Angle | 92,1 - 104,.,5}{  95.5| 100,3

T




TABLE VII (CONTINUED)

110
CLASS I CLASS CLASS
ARCH LI, ** I1,**
NORMAL NORMAL |LENGTH |DIVISION| DIVISION .CLASS

MEASUREMENT . ~ RANGE TEST |DISCREP. 1 2 III**
18, S. Ant, Phar, Distance| 95,5 - 129.,6] 110,0}| 113,7 115.2 109.4 103,2
19, Angle| 90,8 - 105.0 92.21 102.1 102.9 101.7 93,8
20, S-Post. Phar, Distance} 44.8 - 59,8 56.3] 58.2 50.1 55,0 47.5
21, Angle| 96.0 - 110.0| 97.3} 103.7 108.9 107.8 100.1
22, S-Por Distance| 24.2 - 48.5] 33.7] 31.6 32.8 40,0 31.2
24, ACB Leng th 67.5 - 89,1 82,1} 76.3 82.5 77.2 78.0
25, SNA 75.4 ~ 88.2 83.0|( 80.0 70.5% 82.0 80.9
26. SNB 74,7 - 86,6} 84.5{ 78.0 69,2% 79,0 86.8*
27. ANB - 3.8 - 6.0 - 1.5 2.0 1.3 3.0 - 6.1*
28. N-ANS 51,2 - 63,0 59,0 56.3 61,0 59,2 62,8
29. S-ANS Distance| 99.2 - 113.5! 112.5| 90.2*
30, . : Anglel 34,2 - 40.2{ 35.0| 39.4
31. S-A Point pistance| 84.1 - 100.2] 98.2}] 89.6
32, Ang le| 39,4 - 43,6 42,3 43,2
33, S-B Point Distancel106.1 - 136.,0] 130.7} 120.2
34, ' Angle| 54,0 - 68.2 56,9|  63.4
35, S<G1 Distancef{ 76,6 - 94.8] 88.4 94,3
36. Angle 4,8 12.2 6.1 8.0




TABLE VII {CONTINUED) 111
CLASS I | CLASS CLASS
: ARCH II,%* I1,**

NORMAL NORMAL [LENGTH | DIVISION | DIVISION CLASS

MEAS UREMENT RANGE TEST |DISCREP. 1 2 III**

37. S-Gn Distance |126.6 - 154.1] 150.21 140.2 123.0% 132.6 146.,0
38, Angle | 63.5 - 72.5 69.0] 71.6 73.6% 67.0 64.5
39, S-HB Distance |113.5 - 139.3 136.7| 125.2 111.2* 126.4 116.5
o Angle | 82.1 - 90.1} 82.3} 90.0 96,0% 89.7 80.4%
41, S-In Distance | 103.3 - 127.1f 124.0] 115.0 111.9 108.0 123.2
42. Angle { 53.3 - 58.9 55.9] 58.6 61.0% * 55,9 51,4%
43, S-KR Distance | 61.6 -~ 74.6] 71.2) ¢66.4 63.1 62.1 70,2
44, Angle | 47.5 - 51.5| 49.9] 49.2 51.2 48.2 50,5
45. $-0r Distance | 57.1 - 69.1] 66.7] 63.5 58.0 59.3 62.5
46. Arlgle 24.4’ - 280() 27.0 27.9 29.0* 28.2 2708
47. S-Po Distance [128.6 - 145.6] 142.1] 138.0 122.2% 129.3 145.8%
48. Angle 61.6 - 6802 61.9 68.2 69.6* 0209 61.5*
49. S=-PCP Distance |113.6 - 132.6} 130.01] 122.0 107.3* 114.4 127.5
50, ~Angle | 64.5 - 72,7 65.7{ 72.0 73, 4% 63.7% 63.6%
51. $-PNS ‘Distance | 44,7 - 63.7] -58.2| 59.2 53.6 50,1 57.1
52, :  Angle | 64.5 - 76.5| 68.9| 71.3 71.5 72.0 71.5
53, S~Pr Distance | 96.0 - 113.0}110.01} 101.1 95,0% 103.7 112.0
54, Angle | 44.0 - 49.0] 46.3| 47.7 50,1% 48,9 46.6
55, S-PTM bistance | 43.0 - 53.4] s0.6| s51.4 50,5 47.0 50,0
56, Angle | 66.3 -~ 70.3] 67.5| 72.3* 69.5 72.0% 72.5%
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TABLE VII (CONTINUED) 112
CLASS I | CLASS CLASS
| ‘ ARCH I1, %% II,**

: NORMAL NORMAL{ LENGTH | DIVISION | DIVISION CLASS

MEASUREMENT . | RANGE TEST | DISCREP. 1 2 ITI**

57. S-Sig. Not, Distance| 33.6 - 48.6| 45.9 45,3 39,2 42 .4 42,7
59, S-CG ‘Distance| 40.4 - 60.4] 43.1 51.8 60.4 55.5 44,5
61, S-FB Distance| 66.0 - 74.0) 68.7 72.6 73.1 70.2 72.2
162. Angle 8.0 - 12.2 10.1 11.0 1007 9.1 10.5
63, Go-Gn-Sn 21.7 - 37.9) 30.0 37.4 35.9 28,0 26.5
fo4. Fma 13.6 - 31.8| 24.9 30.1 24,3 24,1 19.0
l65. Y-Axis 53,2 - 65.0] 57.2 63.0 59.6 61,2 60,2
l66. Facial Depth Angle 36.4 - 48.6| 46.1 43,2 36.1% 42,0 44,6
l67. Angle Facial Convex -6.2 -~ . 9.8] -3.0 2.0 4.0 2.0 -11.1%
j68. 1 - SN 95,7 - 115,94112.0 | 111.9 98,4 91,.8% 109.8
1 - FH 103.2 - 123,61118.2 | 119.2 109.2 95 ,3% 112.5

70, 1 - T 115.2 - 145,4]133,3 | 120.1 129.0 153.0* 134.9
71, 1 - NA Angle 16,6 - 32.2] 30.1 31,6 28,1 §,0% 29,5
72, 1 = NA (mm) 2.4 - 10.4) 6.1 6.1 8.0 0.0% 10.6%
73. ANS - Pr 12.1 - 23.9] 20.6 18.0 19,2 18.2 13.7




‘TABLE VII (CONTINUED) 113
CLASS 1| CLASS CLASS
o B ARCH II,** I1,%*

~ NORMAL NORMAL{LENGTH | DIVISION | DIVISION | = CLASS

MEASUREMENT | RANGE TEST |DISCREP. 1 2 III**

74. S - TC 1 Distance|102.9 - 127.1]120.1 | 108.3 115.3 109.2 116.0
75. - Angle| 47.5 - 55,3] 50,0 52.6 56.4* 54.7 50.5
76. S - TR 1 Distance| 76.9 - 98.4] 95.2 | 87.2 81.6 '88.0 90.1
| 2 = Angle| 40.8 - 46.2| 45.0 46,2 47.1% 44.1 45,1
79, ~Angle| 60.5 - 68.5| 62.0 65.7 | 67.2 66.9 63.0
80. S - TR 6 Distance| 65.3 - 83.3| 76.2 73.7 70.7 72.0 72.5
81, , : Angle| 50.9 - 58.7] 56.3 57.1 57.3 56.2 55.7
82, S°- DC 6 Distance| 75.1 - 93.9| 80.0 | 81.0 75.4 77.6 80.0
83, Angle| 61.3 - 69.7| 65.3 67.2 69.5 67.8 67.0
84. 5 - DC 7 Distance| 66.4 - 82.0] 81.2 74.6 67.0 67.9 74.5
85. _ Angle| 68.6 - 76.4| 70.1 74.0 74,1 73 .2 72.4
6. T - NB Angle | 15,1 - 34.1] 19,2 27.2 21,2 25,0 - Z2.0
7. 1 - N (am) | 0.4 - 9.2 2.2 3.0 4.0 1.0 7.0
58, Po - NB . 0.6 -~ 6.8] 6.0 1.0 5.0 4.0 1.0
k9. T - po Ratio 5.3:11 -~ 1:5.3] 1:3 3:1 4:5 | 41 7:1%
 po. mpa o | 84.4 - 102.4] 86.2 | 89.2 96.0 | 87.2 87.8
b1. chin Angle 58.0 67.0 67.0 69.0 76.0%
92, Gn-1In | s1.e 38.1 33,7 35.0 38.0




TABLE VII (CONTINUED) 114

CLASS 1 CLASS CLASS .

c o ARCH I1,** IT,** :
v NORMAL NORMAL} LENGTH DIVISION | DIVISION - CLASS
MEASUREMENT ; "RANGE TEST | DISCREP, 1 2 ITI*>*
93, Co - TC T Angle 78,3 - 101.5] 97.1 89.0 83.9 83,1 95.1
94. Co = TC T (mm) {101.4 - 117.4]104.7 98.,4%|  93,1* 96.8* 110.0
95, S - TC 1 Distan¢e 102.9 - 119,1]116.2 108,3 97 .3% 101,.0%* 115,2 -
96, " Anglef 49.3 - 53,5| 50.0 53.0 55.,4* 52.06 47 .G*
97. S - TR T ~ Distance{108.2 - 132.2|130.4| 117.0 | 105.5%* |-115.7 128.7
98, ‘Angle 60,5 - 64.5» 2.1 64,2 09,0* T 64,9* 58,.,4%*
99, S - TC 6 Distance| 83.6 - 98.8f 94.9 89.4 | 81,6* - 83,1%* 88.0
101, S - TR & Distance| 94,0 -~ 118,001108.3 114.6 | 93.0%* 99.1 108,72
1U2. . . Angle 7().1 - 88.3 77.7 . 7().7 78'4 75.4* 72.0*
l103. s - p¢c T Distance| 83.0 - 91.0| 89.4 86.4 |  78.1% 79,9% - 87.8
104, | Angle| 65.4 - 72.8] 67.2 69,2 71.4 73.8% | 67,1
105, § -~ DC 7  Distance| 73.4 - 85.6| 82.0 74,1 67.2% 68.,4% 78.5
| | | **Failed | **Failed **Fajled
linita- linita- limitation|
tion 2 tion 2 1l describ-
describ- | describ- ing maxil-
ing max- }ing max- lary and
illary illary mandibulan
and man- | and man- incisor
dibular dibular relation=-
molar molaxr ship.,
relation-|{ relation-
-ship., ship,




of facial prognathism,"

TABLE VIII 115
MEASUREMENTS FROM BJORK ANALYSIS
(Bjork's data is obtained from 21-22 ycar-old Swedish males)
STANDARD NORMAL
MEAN DEVIATION : RANGE
Saddle An% Bjork 123.6° 5.33° -107,1° - 139.0°
fhe measurement of the angje
"at sella turcica provides a This Study 123.3° 5.10° 113,2° - 133.4°
- means of measuring the shape :
of 'the cranial base. Its
architecture has a direct v _
influence on mandibular ' s ‘
position, ‘ ‘
Articulare Angle Bjork 143.3° 6.91° 122,5° - 164,0°
This angle measures .the forward ’ :
or backward diversion of the This Study 144,2° 6.90° 130.,8° - 157,7°
“mandibule, '
Gonia‘l_Angle - Bjork 130.9° 7.31°. 108.9° - 152.8°
This me€asurement at gonion de-
. scribes the angular relation- ~ This Study 122.4°  5,30° 112.0° - 132,.6°
ship of the ramus of the mandi- o : ‘ - .
ble to the mandibular body.,
Sum of the Three Angles. ' Bjork. 397,0° 5.90° 381.4° - 403,0°
The sum is an indicator of the L S : ' _
direction of cranial growth and  This Study 389.5° - 5.20° 379.4° - 399,6°
its influence on fac1a1 morpho- . :
logy.
Anterior Cranial Base Length Bjork 73.2 mm 3.26 mm 63.4 mm - 83.0 wmm}
This linear mcasurement will ‘ :
partially determine the degree This Study 78,0 mm 5.60 mm 67.5 mm - 89.1 mm
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TABLE VIII (CONTINUED)

Posterior Cranial Base Length
The length of the posterior
cranial base, in part, deter-
mines the backward or forward
divergence of the mandible.

 Ramus Height

The length of the ramus of
the mandible partially deter-
mines the height of the face.

Mandibular Body Length
The length of the body of the

~mandible will effect facial
height and prognatulsm of the
‘profile.

Chin Angle »

This angular measurement
indicates the degree of E
mandibular alveolar pro-f
cumbency. :

N351on to Anterior Nasal Splne

This linear measunement
evaluates nasal height.

Bjork

*This Study

Bjork
This Study

Bjork

This Study

_Bjork

This Study

Bjork

This Study

116

STANDARD NORMAL

MEAN DEVIATIGN RANGE
37.0 mm 3.3 mm 27.1 mm - 47.0 mm
40,1 mm 3.3 mm 33,7 mm -~ 46,5 mw
53.2 mm 5.16 mm  ~37.8 mm - 68.7 mn
55.5 mm 4,2 mnm 47 .3 wm - 63,7 umf
80,7 mm 5.16 mnm 65.2 mm - 96,1 nm*
81.5 mm 4.4 mm 73.2 mm'- 8§9.9 mm

64,2° 6.43° 45,0° -~ 83,5°

' 66.8° 4.60° 58.,0° -« 75.,6°
55,41 mm 3.25 mm  51.2 mm - 63.0 mm
57.1 nmm . 3.0 mnm S50.4 nm - 63,5 mm




. portion of the face to the
~ total proflle.

MEASURLALNTS FROM DOWNS ANALYSIS

TABLE IX

(bowns' data was obtalneu trom 12 to 17 year-olds, male and female)

Angle of Facial Convexity (NA Po)
ThlS angle measures the degree of
protrusion of the maxillary

Y-Axis » -
This angle measured at its inter-
section with the Frankfort hori-

-zontal plane evaluates the di-

rection and degree of forward
and downward development of the

face in relation to the cranium.

'Frankfort Mandlbular Plane Angle

(FMA) A

This angle measures the skeletal
degree of exlstlng faclal dlver-
gence, - ; )

Inc1sor Mand1bu1ar Plane Angle
(IMPA) :

This angular measurement relates
the mandibular central incisors
to mandibular apical base.,

1 to T

This angle measures the degree
of procumbency of the maxillary
and mandibular incisor teeth,

Downs

- This Study

Downs

“This 3tudy

Downs

" This Study

Downs

‘This Study

Downs.

" This Study
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115,2°

STANDARD NORMAL
MEAR DEVIATION RANGE
0° (or 4,3° 10° - 8.5°
1180°) : ,
l-8° 4¢l° 9.8° - V 6020
r9.4° 3.7° 53Q0° - 66.U°
59,1° 3.0° 53,2° - 65.0°
21.9° 4.6° 17.0° - 28,0°
23,2° 4.,9° 13.6° ~ .31.8°
- 91.4° 4,4° 82.5° - 97,0°
93.4° 4.8° 84,4° - 102.4°
135,4° 5.7° 130.0° - 150.5°
130,3° 7.9° - 145,4°




: - MEASUREMENTS FROM STEINER ANALYSIS
(Data obtalned from Reidel of Individuals over 18 years of

SNA

The angle SNA locates the maxil-

lary apical base to the cranial
plane S-N, -

SNB

This angle relates the mandlbu-
lar apical base to the cranium.

~ ANB Difference

This measurement is Steiner's
method

maxillary and mandibular basal

'arcnes.

Go-Gn SN

This angle indicates the vertl-'

cal development of the mandible

to indicate - the antero- -
~posterior relationship of the

TABLE X

Steiner

Tiis Study

Steinef

This Study

Steiner

This Study'

" Steiner

This Study

and the‘dlrectlon_pf_facgal growth,

1 to NA

This measurement relates ‘the maxi-
llary central incisors . anteropos-’
‘teriorly to the maxillary denture This Study
It is a method of relating

base,.

these teeth to a landmark in the
face rather than the cranium,

Qteiner

118
age)
STANDARD NORMAL
MEAN DEVIATION RANGE
82.,0° 3.89°
81080 3-30 75.40 - 88020
79.97° 3,.6°
80.7° 3.1° 74,7° '« 86.6°
2.,04° 1.81°
1.1° 3.1° 3.8° - 6.0°
32,0° 4,1° $23,7° - 38,6°
29.8° 4.2° 21.7° - .37,9°
22,0°
4,0 mm
24.4° 4.,0° 16.6° - 32.2°
6.4 mm 2.1 mm 2.4 mm - 10.4'mm




 TABLE X (CONTINUED)

6. TtonNs ~
The mandibular central incisor
is related to the mandibular
denture base both linearly and
angularly by these measurements,

Steiner

Thris Study

119
STANDARD NORMAL
" MEAN DEVIATION RANGE
25,0°
4,0 mm
24.6° 4;90 lsolo - 3401°
4.8 mnm 2.3 mm 0.4 mm - 9,2 mnm




TABLE XI

MhASUREMENTS OF OTHER INVESTIGATORS

Po to NB _
This measurements relates tne
cnln to the NB Plane,

1 to Po (Holdaway Ratio)

"+ This measurement relates the

mandibular incisor to the chin.

Facial/Depth Angie’(S-N-Go)
This describes the antero-

posterior depth of the face

and indicates the morphology

.+.and direction of growth of
- the mandible.

ij1 to SN (Jarabak and Schaffer)
This angular measurement evalu--
‘ates the relationship of the

maxillary central incisor to
the cranial base plane sella -

‘ana51on.

1 to FH o

This measurement relates the’
maxillary central incisor to -
the cranial base plane F-H,

Reidel

Holdaway
This Study

Holdaway

This Study

Jarabak

This Sfudy

‘Reidel

. This Study

“This Sfu&y

12
'STANDARD RAN GE
MEAN  DEVIATION VARIAT IOW
4.0 mm
3;7 mm 1.6 mm 0.6 mm - 6.8 mm
1:1
1.3:1 2.1 mm 5.3:1 - 1:5.3
42.0° |
42.5° 3.2° 36.4° - 48.6°
105.97°  5.8° 95.7° - 114.8°
105.6°  5.6° 97.5° - 115.9°
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CHAPTER V

_ DISCUSSION

PrOgrammlng orthodontlc treatment is one of the most cr1t1¢.,

’cal tasks confrontlng an orthodontlst., Growth morphologlc pat-h
terns of the cran10fac1a1 complex, sizes and snapes of teeth
',}dental 51ze ratlos betWeen the teeth in the two arches ,aﬂd:
facial asymmetrles are but a few of the ma;or consxderatlonsi’
hWﬂlCh enter. 1nto tne development of a treatment plan. It is the
Epurpose of thls research to prepare the groundwork for treatment

‘prOgrammxng u51ng ‘an electronlc computer. ~In order to accomplish

{]thls,_lt was, necessary to arrange the data derlved from the cepha-'

Jélogramilnto‘yarloushoategorres}amenable to the,computer process,
; Theseodatahwere arranged‘as follows:
1. Conversionvof all measurements into rectangular co-‘
ordinates. ‘ |
Z.VZArranging these data to establlsh-_
a, The morphology of the posterlor cran1a1 base.
b. The morphologyvof the anterior base.
c. vThe»morphoiogy of the'manéible.
' dt“‘The’relationehiplof the cranial bases to each other,
e. The relationship of the teeth to<each other,
f. The relationShip of the teeth to_their respective
vapicallbaSes, |
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In order.to‘give meanlng to the data, 1t was necessary to
» establlsh some standards. Thls was done by selectlng a sample
comprxsed Of young adult males who had completed thelr growth
’;and who had nearly 1deal occ1u51ons. By u51ng a sample of non-:v
"grow1ng sub;ects the 1nf1uence of growth was excluded from thls\'
ikblnvestlgat1on. Elimlnat1ng thls cOmplex factor until such a tlme
when the: computer prOgram is perfected removed many problems:
Growtn assesswent answers will come from future studles after a
basic program is de51gned L
Successful prOgrammlng demands isolating data 1nto spec1f1c‘
}et meaningful-componentS'whlch can be understood, electronxcally,,
by tne'conpdter."This'wasfdone as outlined by'convertiné_all‘data
bi?t° TeCtanguInrtCoofdinates and tnennarranging these data to as-
certain what éach of the:varions areas of the craniofacia1 comp1e£'
contribﬁted'to total facial morphology. |
dRectenguIar coordinatee are discrete packets of‘informetion h
readily acceﬁted by.the computer, fhat is, these data ere in‘a‘. ﬂc

form suitable'for'computer computations. So that the machine

could receive'this information, the‘coordinates of the_selected

landmarksiwere'fecorded on bunch carde, in various sequences;dtha
constructedISpecific cephalometric measurements, The exact laYou'%
of,tne cands and_thevmethods:to acconplish this are explained and |

‘iliustratedwin Chapter III. This information is now permanently
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) recorded in an ea511y retr1evab1e form, thus the task of regatheryp,

“(?

1ng these prlmary data is elimanated I S _ﬂ.ﬁd*;”r;:f

‘Once the data 1s contained w1th1n the machlne _instructions |

jg' o SupPlied by the computer Program dictate the calculatioﬂaftﬁ?§'31$1

_to be carrled out.i Thls program was wrltten,in a problem;orientﬁeif

language known as FORTRAN which is a general mathematlcal or for-

'mula-translatlng eomputer language. This 1s the language ef\

St

°h°1°e for SOlVlng sc1ent1f1c problems~ therefore it waf”used 1n¢7

‘this research;. These data were manlpulated as 1nstructed by the

’ prOgram and the results--distances, angles and points of 1nter-_§

sect1on--resu1ted. These then were the measurements that were

used to assess. the lateral'cephaIOgrams.

Examining the data now becomes necessary if it is to have |

meanlngfulness in designing a diagnosis and treatment planning

prOgram orlented to the computer. Slnce these were adult subJec :

it mlght be well to. compare data derived from these 1nd1v1duals

with those from other 1nvest1gators and show how these data werekeﬁ'

-

arranged for computer programming. R
Considering the numerical breakdown of the posterior cranial

i

% ] base first,'it is interesting to note that this area, morphologi{d
¥

cally sPeaking;.cOmpares favorably with the observations made by§‘*§

Bjork. The ‘saddle and articulare angles in the two populations

were nearly 1dent1ca1 BJork found a value of 123, 06 degrees foﬁ
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the saddle angle the same angle in th1s study was 123.3 degrees.V

2y N

: Artlculare angle values are 143 3 degrees from BJork's study and

'144 2 degrees as. establlshea here. The values of these two angles S

'g1ud1cate BJork's pOpulatlon (Swedlsh males, 21 to 22 years old,

‘ dlsregardlng occluslon) was about the . same as the American p0pu-'

lation of a comparable age.v

The g0n1al angle of the American poPulatlon was 31gn1ficant1y7f

'smaller than the Swedlsh conscrlpts. This means that the relatlon
”asn1p between ascendlng ramus and body was more acute. From th1s.
We may gather that mandlbular growth was more hor1zonta1 1n the
u,Amerlcan than the Swedlsh males. BJork reported a value of 130 9
'degrees, thls study 122.4 degrees.‘

| The sum of these three angles is an 1nd1cator of ‘the dzrec-
t1on of growth of the poster1or cran1a1 base. As the mandlble is

d1rectly connected to this portlon of cranial anatomy, the mor-

ph010gy of the posterlor cran1a1 base 1nf1uences mandlbular p051-“

tion. The sum of the three angles was sxgnlflcantly less for
thls 1nvest1gat10n, and tnls reductlon can be attributed to the
_decreased gon1a1 angle. | - e
The ch1n angle was another angular.measurement employed by
'BJOrk fOr which thlS research reportea flndlngs. Thls measure-_

ment was 1nc1uded in the mandlbular dentoalveolar assessment

section. The Amerlcan pOpulatlon showed somewhat more mandlbular

g




alveolar procumbency, as 1nd1cated by the increase in thls angle; ;
than the Bjork sample.. The d1fference between the two: studles wasf
2.6edegrees~and 1s not-con51dered to be s1gn1f1cant1y great.,?

- Flve linear meaSurements proposed and evaluated by BJork wereix
?valso used 1n thls assessment prOgram. These were the anterlor and{?
1: posterlor cran1a1 base lengths, ramus he1ght mandlbular body 7 :
length and the dlstance from na31on to anter1or nasal splne. "fhe*3‘
’kmeasurements for the anterlor and posterlor cran1a1 bases 1n the :
two lnvestxgatlons showed s1gn1f1cant dlfferences, Both cran1a1
- bases were larger in th1s p0pu1at10n and the 1ncrease inc growth
; Was nearlyhpr0port10na1.i B;ork found a mean value of 73’2 milli- |
’meters and 37 0 m1111meters, resPectlvely, for the anterror and
‘posterlor cranial bases. This research reports values of 78. 0 and
40;1}mllllmegers,‘reSpectlvely. The length of the anter1or base

partielly\determihes_the,degree of facial prognathism, while: the

posterior crsniel base length, in part,kestablishes thevforward‘o'
beckwardbdivergehce of the mandible and influences fecial_height.f
Ramus-height and handibular body length were also studied. f
Both of these measurements are 1nc1uded Ain the posterior cran1a1
ssessment d1v151on of the analysxs. ‘Ramus helght 1nf1uences c
».fac1al helght and body length facial prOgnathlsm. No 51gn1f1cant
dlfferences were found between the Amer1can and Swedish sub;ects.

The other measurement 1nvest1gated in thls and the Bjork study was
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the 11near dlstance from na51on to. anterlor nasal 8p1ne whlch as-

'sesses nasal helght or height of the upper face, Both stud1esvu

’ agarn report essentlally 51m11ar flndings BJork reportlng a

lvlength of 55 .41 m1111meters wnlle thls study gave a mean of S7 1v‘

’mllllmetersf“ Thls measurement is piaced 1n the anterlor cranlal;
f assessment for purposes of prOgrammlng._ - | |
A-cephalometrlc method of recordlng'the‘skeletal gnd:faelal“
‘Apattern by whlch faclal form can be measured was 1ntroduced by |
Downs (1948]. st research was conducted on a group of twenty

. ind1v1duals "12 t0'17'years old w1th excellent occ1u51on. Flvef
angular measurements of- the Downs ana1y51s were 1nc1uded in thlsi
assessment prOgram.: Comparison between the results of thls,study
and Downs' origlnal work follows. | PR

" Three measurements are essentlally similar in both 1nvesti-

gations.’ The Yeaxls‘assess the_drrectlon and degree of downward_.

and forward development of»the face in relation to the craniun;l“
Downs reported a mean of 59.4 degrees, this study 59.1 degrees.
'This’is a.significant observation beeause'it points out the fact
that beyond a certain age, 14 years accordlng to Downs, there is
very little thange in the vertical helght of the face, a distance

assessed in'part'by'the Y-axis. This measurement and the Frank-

fort mandibular plane angle were part of the growth axis d1v1510n

of the assessment program, The FMA, a measure of existing facialj




’i:degrees for our’ pOpulatlon.- The difference is explained. by the

"therefore wre preSumed to be nearly 1dentica1.~~

ﬁanterlor teeth was seen 1n this sample by its reduced value.’ Heréq:
] the angle was found to be 130 3 degree&, wnlle Downs reported nhex;

?,mean as’ 135 4 degrees."

Steiners clinlcal cephalomeurlc analyszs is comprisad of

‘fAthirteen measurements of which e1ght were used in thls computer fgef
f::assessment program. The angles SNA and SNB relate. the maxillary
'and mandibular apical bases to cranlal anatomy. Re1de1 has |
'studied theee vaiues for varxous age aroups, and our data w111 bef
“°cdmpared ‘with findmngs der:ved by Reidel for sub;ects over 18 7
?:yeene»ofaage. He reported the ‘SNA measurement to be 82 0 éegreem.
é;This study, xelocating A pomnt as advocated by Jarabak feund a.

‘| mean - of 81.8 aegrees. As‘& -point (Jarabak) . is locatea~paﬁter10rx‘n

|

tical '(Reidel-79.97 degrees, this study--80. 7 degrees), -The ANB|

~to the poxnt gwnerally empleyed, and since. the two studi&s report
"basxcally sﬁnﬁbar values thxs populatlon has wmore maxxll;ny pro~

'cumbeney ‘than 'the Reidel sample. The 'SNB values are nearly 1den-

‘differeﬂ¢°s found by Reidel as 2.04 degrees, was .reduced to 1.1 ﬁ“'“

»

locatlons seleCted for A p01nt in the two investigations and

Rezdei a1s0 reported. values for the angle Go- Gn-SN for a

pOpulati0h 18 years or older. Reldel'foundfa‘mean value of 32.0

f

degrees- ii ‘was 29.8 degrees in thls study. As this,angle,is eng

T L
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Pnllndlcator of the Vertlcal development of the mand1b1e and the di- {ﬂ

Vergence of fec1a1 growth the pcpulat1on of this study shows ali?f

:;»pattern of fac1a1 deveIOpment ‘moTe forward ‘and less dounwa:d
“;;This is also in agreement w1th the 1nformat10n derlved from BJork‘ii?
flndxngs.v The GoeGn-SN ‘measurement was 1nc1uded in. the grouth :ﬁ
?*ax1s assessment of thxs analysis.- ‘ A _ .

| The four remainlng measurements of the Steiner ana1y315 evaldf
uate th@ maxlllery and mandlbular central 1nc1sors,*anteropesterl-i’
orly, to the;r denture bases._ ‘The measurement 1 to NA 1s a551gneﬂgl

a value of 22 D degrees and 4 0 m1111meters by Stelner. ‘The. flndﬁ

ings of th1s1researeh are'24.4‘degrees and 6.4 m1111meters. An
increase for these measurements was expected as A point was lo-
cated more posteriorly in this study., Relocating A point in this

way increases both the angular and linear measurements, and this

was’ found. Therefore,‘the'resultsvof both investigations are cen;

sidered to be essentially similar. The angular measurement of T

to the NB plane.is;given'a-valne of 25,0 degrees by Steiner, and 1_~

-

{ the lineaiﬂdistenée'is'placed at,4.0emillimete:s. The fiﬂdings
defi&edﬂ?tdﬁ‘thislbopuletion are almostfideﬁtical,ethe;heans‘bein;
24.6 degrees and 4,8 millinmeters. |

Holdaway ha$ prOposed a ratio that relates the pos1t10n of
the mandlbuiarflnc150rs.te the chln; The‘llnear values' of 1 - NBf-

L]

and Po to NB were measured and'compared.’»Ideally'beth measure-
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'gments‘should be 4 0 mllllmeters,‘and a 1 to 1 ratlo should result.?i;
‘_;Thls study found results favorable to those advocated by Holdaway,;ﬂm
Af:as the mean ratlo was calculated to be 1. 3 to 1 w1th a. standard :
'f;dev1atlon of 2 1. This measurement is found in the mandlbular

llfdentoalveolar sect1on of the assessment program.

'.dlbular 1nc130rs the long axes of these teeth should describe an
"langle of nxnety degrees w1th the 11ne drawn from the h1nge axis

1rad1us to the 1nclsa1 edges of the mandlbular centra1 1ncisor

ﬁcrowns., Thls research has proved this suggestlon quite valid -as

‘Ethe mean wa's ?ound to be 89,9 degrees.‘

idtes.the.morghofogy and growth direction of"the\mandibléﬂes’well‘
as descrihingvthekanterOPosterior depth of'thehface.ﬁ'Jarahak‘has
;suggested thls angular measurement and a value of 42 0 degrees'

Lls generally accepted as the norm, This- study reported a mean of
42.5 degrees.‘ It is included in the growth axis assessment :

: 'Sectl.on.

Schaeffer) %hd 1 - FH relate the maxlllary incisor teeth to
‘C€ranial planes.-,Reldel 1nvest1gat1ng patlents 18 years old or
older, reported a mean of 103.97 degrees for the 1 - SN measure-

‘ment, ,Asmeah of 105.6 degrees was arrived at in this study.

| Jarabak has pr0posed that for maxxmum stabxllty of the man-

b

The\facia;‘ﬂePth ansle (5-N-Go), measured at nasion, evalu-

LAY

The angular measurements of 1 to the SN plane (Jarabak and

S e B - . . : N L R
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| Reidel,
h:angle 1 to FH while our f1nd1ng was a mean of 113 4 degrees.-
.These two measurements by the1r 1ncrease denote a greater degro

‘of maxxllary 1nc1sor procumbency for thls p0pulatlon.

‘/measured manually.v Botn methods produced comparable results, and
‘»the feasxbllity of”u51ng the computer and the rectangular coordl-:;r

'nate System for assessment of lateral cephaIOgrams was establish-kff

‘odontlc assessment and dlagHOSIS by the electronlc computer.

of the varlous parts of the cranlofaclal complex and tnereby a1d

‘occlu31on and those of malocclu51ons, f1ve cephalograms were se-

lected and processed in the computer. These headfxlms are de-

-u51ng the same sample gzves a value of 111 2 for the .

All the measurements calculated by the machine were also ;f?

#

ey

S .
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edQ' This approach makes 1t pOSSlble to develOp nrogrammlng
. R .
methods whzch can furnlsh vast quantltles of fundamental d1agnos-‘d,

t1c data.* This, 1n turn can lead ultlmately to a complete orth--

Angles and dlstances suggested by other researchers were
discussed prevlously." New measurements, omputed from the rectan+ﬁ“'
gular coordxnates,swere 1ntroduced by this 1nvest1gatlon. These

measurements prov1de ‘for a more sen81t1ve and useful assessment

e

in arr1v1ng ‘at a more accurate dl&gnOSlS. The s1gn1f1cance of
these var1ous 11nes and angles was dlscussed in Chapter Iv.

To test the va11d1ty of the computer prOgram to detect dlffe‘?ﬁﬁ

ences in the p01nts, angles and distances establlshed for normal
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. | requrrements establxshed by thls investigatzon for normal occlu-1"*
',WSLOn, that is, no angles, 11nes, or p01nts were regected by the

i agalnst the coutrol sample three measurements weTe not accepted

] millimeters shotter tnan tne standard estebllsnea by the control

| sample.‘ WOXt was the measurement from sella to the most 1nfer10r

scrlbed in Chapter III.,

The cephaIOgram of normal occlusxon successfully met all theZt

In testing a Class 1 arch length dlScrepanCy ma10¢c1u51on

by the ébmputer. EOne of these was the 11near value from sella"

turcica to the anterior nasal ‘spine., This measurement was’ nine'"

tip of the fha&ow representing the pterygomalelary f1ssure. Thlst
was an’ angular VaIue, and the d1fference was two degrees less thanﬂe
the establlshed}normal limits,',The combxned value of these two
measﬁremeﬁfs&ﬁefﬁted out the'fact‘that'theheverell anterepgs%erior'=
depth‘bf}the upuerhfaceeand length of the maxilla were less than
that shoun - the sample of adult normals. | : | :: |
‘The thfrd measurement to fall out51de of the normal limits"

was the distance from the condyle to the t1p of the crown of ‘the

mand;bular;éentral inclsor. This dlstance was three mlllimeters'
below the lower limit of the normal range,f A decrease 1n the
meas“reménf;wﬁithbutha concomitant chenge:in the genial angle

measurement, signifies a reduction in mandibular body length.
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;;the dxmlnlshed anter0poster10r depth of the max111a can account'

'flfor the arch lengtn dlscrepancy 1n that Jaw.

'%backward dlvergent than normal. L1near measurements, 1ess than

;Thls can axplaln the mandabular arch length dlscrepancy, just asf

‘5(70 5 ) and SNB (69 2 ) measurements were decreased 1nd1cating
';both Jaws were posterlor to cranlal anatomy.' Although~many of
éthe other%;onmonly employed.dlagnostlc measurements gave an 1nd1-
:catlon of the malocclusion, only these two fell beyond the normal
111m1t8.1 However,,famlllar cephalometrlc cr1ter1a detected evi-

:;dence of abnormalxty and located the 5pec1f1c areas of dysp1a51a.

_ogy and relntlonsnlp of the lower Jaw to the remalnder of the :

(cranlofaclal complex.. :

'all 1ncreased above the 11m1ts for tne normal in the range of one

The Class II D1v131on 1 maloccluszon fa11ed to place th1rty-§;*

£y

Some of these measurements w111 now be d1scussed. The angu-"

°h;.the posterlor border of the symphy51s, and 1nfradenta1e were

to two degrees.v These 1ncreased angles 1nd1cated a mandlble more

:average, from sella to gnathlon, the posterlor border of the Sym-

phy51s, and pOgon1on suggested that the manalble was smaller than

,\A,..,..,

‘;¢“° measurements wlthln the parameters of normal.« Both the sNA l i

7;Severa1 of the measurements to various poxnts on the mandrble werég'

;dragnostlcally cons1stent and 1mp11c1tly 111ustrated tne morphol- f

?lar measurements from sella to condyle gonlon, gnathlon, pOgonl-.’
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that observed 1n the normal sample. They.also suggested tnat the;
‘mandlble was in a more downward and orward posztlon.i The faclal;“
‘depth angle (S N-GO) was also less than normal whlch tndlcated

fEthat gonlon d1d not occupy a p051t10n in Space normal to cran1a1
‘anatomy.J Thls,'cOmblned with the 1ncreased angular measurementc
'from selia to the condyle was 1nd1cat1ve of a mandlble 1n a more 7
krsuper1or p051t10n in the cranlum. | - |

The posterlor p051t1on of tne max111a in relatlonshlp to

cran1a1 anatomy ‘was agaln 1nd1cated by the d1m1nlshed 11near
measnrementsqfrom sella turclca to the anterlor nasal Splne and
:7ptostnion.h The angles from the horizontal reference plane to‘
prosthlon and oroltale were'greater than in the normal occlu51on’
 group. Together these dlstances and angles suggested a pattern’
of maxlllary development that was more downward and less fo;ward
’than those in the control. The 11near measnrement from the con=-
dyle to the mandzbular central incisor was less than in theﬁnotma#‘
Agroup 1nd1cat1ng that the mandlble was shorter. The iinear mea-
surements from sella to the crown and xoot of this tooth were alsdi
decreased anu substantlated the precedlng observation, ane angu-
lar measurements to the crown and root of the mandlbular 1ncxsor

were above the normal 11m1ts and 1nd1cated that tnls tooth was

more downward and less forward in relatlon to cran1a1 anatomy

tnan found 1n normal occ1u51on. Llnear measurements to the first




135

and second mandibular molar‘cr0wns were decreased and below those

of the'normal group; Thls suggested that. the vertical helght oft
:the posterlor portlon of tne face was less ‘than that observed 1n‘

_the control.g A11 angular measurements from sella to these land-‘_

marks were above normal values, 1nd1cat1ng the mandlble was pos-

terlor to tne upper face.A

The’ClaSS'II d1v151on 2 molocc1u51on ‘had seventeen‘measure-"
ments that were not in agreement w1th values of the normal p0pu1a-i
tlon.' The dlstance from se11a turcica to the anterlor nasal spine,

was less wnlle.the angle;to the pterygomaxillary f;ssure was

greater.- Together these indicated that the'maxilla wes related
‘ more posterlorly to cranial anatOmy tnan found in the normal group

1The angular measurement from sella to the condyle was above the-

normal renge of values which indicated that_the condyle was mere

Superiorly placed to the structures in the posterior cranial base,

. The angle from sella to the posterior border of the symphysis was

also increased signifying the mandible was more backward divergent
than the normal eeciusion‘group, and this agreed with the preced- 
ing’obseryation. The distances from sélla and the condyle”to the
crown of the mandibu;ar-central incisor were shorter than the
normal 1imitstwhich suggested that eitherkthe mendible was shorter

or it was oriented more posteriorly to the cranial anatomy than

seen in the control ‘sample. ‘As would be expected in aJClass 11,
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‘division 2 malocclusion, the angular values of 1 to SN;and‘l to
,FHewere smaller as were theoliheer and angular measﬁrementSiOfI'

1 to NA, These measurements all indicated that the maxillary

ecentral’inciSor'was much . less procumbent than it was in the normalf

"décluéidns; 'This decreased procumbency of the max1llary central

inc1sor was reSpon51b1e for the Iarge 1nter1nc1sa1 angle.v Dis-

‘molarvaere’less than normal 51gn1fy1ng there was a deflciency in
the vertical helght of the posterlor part of the face,
The Class III malocc1u51on had eighteen measurements thCh

were re;ected by the computer. The SNB angle was much greater“

than normal and the ANB difference was minus 6.1 millimeters. 'TheL'

hyoid-bone was positioned more anteriorly as evidenced by the de-
creased angular‘measuremeni from it to_sella. Porion was loeeted
anteriofiytwhich indicated a small saddle angle;' Measurements to
various’poiﬁts on the mandible pointed out the presence of mandib-
ular dy5p1351a.. The anguler measurements from sella to'infreden-
tale, posterior border of the symphy51s, and pogonion were below
normal lImltS while the 11near_measurement to the latter landmark
was increased;"These‘ell indicated that the mandible was-longer
ﬁhao foundkin the‘normel occiosion group. The angle of facial

‘convex1ty was far beyond the normal range (-11.1 mm). The

Holdaway ratio and chln angle were larger 1nd1cat1ng dental and

,tances from sella to ‘the ‘crowns of the mandibular first: and secondL;
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alveolar mandlbular procumbency in addltxon to the mandzbular ﬁ£7

skeletal disharmony. Greater than normal growth of the mandlblei

e 3

was also seen by the‘decreased angular measurements from sellag

e

turclca to. the crowns and roots of the mand1bu1ar central 1nclsor

R

3 «*and flrst molar.‘ The angle from sella to the pterygomax1llary Y
A T

flssure was greater than in the normal sample and suggested that

T i ot £

the maxllla‘was forward to cranial structures. The dlstance l to
NA was 10. 6 mllllmeters and might be con51dered a functlonal adap-;f
;;“tatlon of the maxlllary 1nC1sors to the anter1or1y p051tloned maan:
dibular 1nclsors.- | | e
A 51ng1e test case of each of the classes of malocc1u31on
does not 1mp1y that this program was capable of dlfferentlal dlag-id
nosis without further reflnements. This was not the purpdse ‘of
this research ‘rather it was to demonstrate that a computer pro-‘
gram could be. developed to letlngulsh normal occ1u51on from mal-
'OCCIUSIOHS.V Thls goal was achieved in part. |
This study was also an 1nvest1gat10n of normal occ1u51on.

Therefore a large number of measurements were necessary to deve1~

|
!

0p a thorough research These increased the sensitivity of theb‘
computer program con51derab1y. Many of the measurements appear"
to be duplrcates, and in the furtherbrefinement of assessment pro-i*
granmns it might be besthto discard angles'or distances that are

repetitious or of little diagnostic value, Because electronic
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-computers can read11y store.and evaluate great quant1t1es of data,}
21t is not znferred that a dlagn051s prOgram should be reduced to |
. just a few measurements. Th1s is not necessary when emplOylng the}
’computer.b o | | | | '
» It is not the a1m of thls 1nvest1gat10n to evaluate malocclu-fd
sion data.» Those values that are other than-normal and dlstlngulsﬁV
xbone malocc1u51on from another are pecu11ar to each group._ Future
.studles of all classes of malocc1u51on w111 be necessary whereby
means and ranges of the various measurements can be establlsned
for each of the groups.vaomparlson between normal occ1u51on and
the classes of malocc1u51on can then be performed by the electron-i
ic cqmputer;_vj | | S
Althougn-the valldrty of this c0mputer‘program was demon-
strated it 1s not proposed that it is the ultimate model of an
:Orthodontlc assessment-prpgram. Further work will prov1de new
ideas;‘additicnal data will be made available, new machines de;
Veloped: and'the capabilities of electronicbsystems expanded.
The possible app11Cat10nS of electronrc computers in orthodont1cs
should be thoroughly investigated, Their use should be initiated
as_anether tool in the advancement‘bf refining orthodontic_diag-
noStictcriteria. Human error in Judgement can thus be reduced

and a more sc1ent1f1c and re11ab1e approach to orthodontic endea-

-

vors can be reallzed.




'flrst was to 1nVest1gate normal occ1u51on in young adult Cauca-
'_sian males tnrough cepnalometrlc measurements. The second was to -
;develop an 1n1t1a1 prOgram of orthodontlc assessment appllcaole
“to an electronlc computer.

‘semple-of-fIfty.was'selected. Those chosen fulfllled‘not"only

Wsatlsfled a number of other requlrements as to functlon, skeletal,

the homOgenlety of the sampie.

CHAPTER 29
SUMMARY AND CONCLUSIONS

 This’thesis'wes designed5te accomplish two objectives, The

Nearly flve hundred 1nd1v1duals were examlned before a f1na1
the dentai reqﬁifements set forth by this’investigation' but also'
and fac1al morphOIOgy.-_The imposed limitations contr1buted to

Cephalometric information was obtained in a form acceptable
to the electronic computer, Data collection and reduction was acd
complished through the use of Cartesian coordinates., By knowing

the coordinates of the landmarks in the dentofacial structure, a

considerable quantity of information concerning their location,

»

position;.and'interrelationShips was obtained, An accuraee anaiy._
sis of the‘creniofaeialecemplex can be designed by the employment‘
of the CarteSian ceordinates, The collected data is readily'
adaptebie fo,the_electronic eomputef. . |

The cephalomefric study was divided‘into five areas of as-
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’Sessment.yiEaéh ﬁeasuremént‘Wés‘placed into one of these five‘ |
groups accordlng to the area to which it contrlbuted : Many‘of
the angles ana llnear dlstances were establlshea measurements of*

gproven'merltﬂln orthonontlc dlagn051s. Other measurements were -

developed for andlihtrddhéed by this investigation, A sizeable
‘number of angles and distances were employed so that every area
of aSsessmentiéddld be thoroughly invéStigated.

A serLes of expllcxt instructions, the computer program was

o it B i o R UG

develoPed to 1nterpret the coordinate readlngs so that spec1f1c
angles and 11near dlstances could be calculated by the machlne.
Thls step was accompllsned by using a problem-or1ented computer
13“8“323 known as FORTRAN. Results of the cephalometrlc measure-
ments were 6btained, and standards for the angles and distances
were established, | |

The capabilities of the computer assessment program were .

% ‘ also:tested, Codrdinate data obtained from previously unassessed
é | cephaIOgrams were compared to information stored in the computer,
These measurements were collected from a headfilm of an 1nd1v1au-
al with normal occlusion and from headfilms of subjects with mal-
occlusions. Thékautomata caléulated the required measurehents
and it was found to be capabie of recognizing differences between
the data collected from normal occluéions and malccclusions;

The foilowingAmay'be concluded from this study:
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An’ accurate and - rellable ana1y51s of the cran10fac1a1 !

‘hcomplex can be desxgned by the use of rectangular co-

,ordlnates.

Analyt1ca1 problems are readlly adapted to the electronlc{

- computer through the use of rectangular coordinates.
‘The computer 1s a t1me -saving deV1ce which can e11m1nate
or mlnlm;ze human error, Prlmary data can be: retrleved

from the computer, thus elrmlnatlng thekrepetltlous col-

lection'of this information,

jA research proolem must be concise and exp11c1t then

stated 1n an organlzed language acceptable to tne com-

‘puter to effect a workable program.

A computer program was deve10ped that can dlfferentlate

' betweeu data collected from cephalograms of normal
‘occlusions_and malocclusions,. | |
sThrough‘future efforts.and investigations, a compiete,'

‘ unbiased program of orthodontic assessment by the elec=-
"tronlc computer is fea51b1e. |

the computer is now available* as an orthodontic research

‘tool, Its appllcatlon to orthodontlcs should be initi-

ated without hesitation,

Many craniofacial landmarks are located with less preci-

‘'sion on the lateral cephalogram, and the natural varia-
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tion in location for some.structures is greater than it

" is for others.

Cephaldmétric measurements of young adult:malgs with

normal occlusion show a wide range of variation.

Cephalometric measurements have been standardized from a

large sample with normal occlusion for a specific age,

sex, and racial group.

‘Newfmeasuremenfs-for cephalometric assessment are intro-

‘duced. Their possible significance, means, and normal

fanges are feported.‘v

"Cephalometric measurements suggested by other.invésfiga-

tors were also studied., The results of this research

;genérally concur with values reported previously; how-
.ever, several findings differ significantly:

'a. The gonial angle is more acute in this population

than'in the Swedish males %nvestigated by Bjork.
b. Both ‘the anterior an& posterior cranial bases are
largér in the American sample than in the Swedish
populafion. | T
c. ,A!gieater'degree of maxillary procumbency is ob-

served in this sample'thankfound in populations

previously described, This is evidenced by the

_incfeaSed values for the NA-Po, 1 - FH, and 1 - SN




- ‘1‘3. ‘yy:-
”fidentlcal to that reported by Downs for a younger

‘;fjsample., Therefore 1t can be concludea that facbal eﬁ

;The Y-ax1s value founa 1n thlS study is essentlally

~height aoes not change appreclably from teenage tq

‘eadulthood
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angles. A deCreASe’was also observed in the

1nter1nc1sa1 angle value.
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