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CHAPTER I 

INTRODUCTION AND STATEMENT OF THE PROBLEM 

A. Introductory Remarks: 

The h~gh-speed electronic compute.r is a new tool, different 

from any ever c.reated, for ext.endi~g the scientist's ~'mental 

activity in problem analysis. Small signals effect la~ge outputs 

of information involvi~g extensive data, multitudinal factors 

and mathemati'cal manipulations. Accumulated knowledge is stored 

electrically, correlated promptly and analyzed automatically by . 

planned pr~gramming to provide pr'ompt solutions to complex 

problems. They have been characterized in various contexts as 

"mechanical brains", "hardware" and "high-speed data processors tt • 

More exactly, an elec'tronic computer is a tool for analysis and 

simultation of activity systems. It can be used in designi~g 

such systems and as an aid to the decision process in a sy·stem 

already in bei~g. 

All computing automata fall into two, great classes: The 

digital, which counts electric pulses ~ike beads on an abacus, 

and the anal~g. The modern anal~g computer is an expansion of 

or~ginal computational schemes, such as the slide rule, but is 

capable of a. greater variety of uses and can solve extremely 

more comp lex prob le~s. I t is more versa ti Ie by vi rtue of 

electronic parts instead of mechanical parts. 

1 
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The modern digital computer has shown the greatest develop

JBent and most promise of all computing machines because of the 

concept of a stored progr~m. This stored information may be 

part~ of tables, data that is as yet unprocessed, ~tatistical 

data that has resulted from partial· or complete analysis, or 

instructional material that is part of the s.tored comP!-1ter 

program. The machine is pr~grammed to talk to itself, shift 

data around, work with it in a prescribed manner, and at various 

points along the way, to rep~rt out intermediate results until 

at the end of the program the final answers are ready. 

The analog computer, as its name indicates, uses an electri-

cal s~gnal such as voltage which is measured by an analog of 

some physical or measurable quantity under study. For addition 

and multiplication, a circuit is designed with adding units which 

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 accumulate the voltage over a period of time 

as an analog of integration. I f several equations are to be 

solved simultaneously, the circuits can be so arranged. 

The requirements of efficient computer use are (1) the 

presence and recogni tion of the prob lem, (2) an approach to 

solution of the problem, including certain stated hypotheses 

and methods of testing these hypotheses, and (3) translation 

of the testi~g procedure into· machine language. Computers 



do not rep lace thinking. They demand deeper tho~ght. They 

permit the thoughtful detailed sequence of l~gical steps used in 

the solution of a problem to be used repeatedly without repeating 

the same human expendi ture of effort.. Many di fferen t p rob lems 

require parts of the same thinki~g. Problem solvi~g has repeti

tious aspect~ at all levels, and this is what allows the use of 

pr~grammed machines. 

The secret to success rests in having a well-formulated, 

concise, answerable question in the first place. Automatic data 

processi~g without this leads to expensive processed data and 

nothi~g more. Large amounts of data can be reduced into precise 

answers only to the extent that there has been considerable 

logical thinking about the problem. There is a direct relation

ship betw~en time spent on the statement of the problem and time 

saved in data reduction. 

Electronic computers are rapidly achieving a place as a 

rec~gnized tool in the field of medicine. They are used exten

sively in medical and biological reseazch to aid in solvi~g, for 

example, statistical problems, biological simulation problems, 

and for pattern recognition and analysis. The computers have 

also been, geared for clinical ~se in epidemiologic studies, 

electroencephalography and electrocard{ology, psychological 

testing and differential diagnosis, to name but a few. Their 
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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. Statement of the Problem: 

The purpose of this thesis is twofold: 

To investigate craniofaciodental characteristics of clini

cally excell~nt occlusion in young adult Caucasian males. 

To collect data from this 'investigation as the initial 

phase in developing a program 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 analo.g and digital computers were mechanical. 

Lord Kelvin worked ·on an anal~g int~grator. Later both types 

became electromechanical. Gears, shafts and electric motors were 

used in analog computers and relays in d~gital computers. 

For a number of years prior to 1951, Brodman and his co-

workers attempted to develop a numerical system which would 

automatically place data taken from ~edical histories in a 

disease cat~gory. 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 lforkmen 

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 eno~gh time lfas left for 

thought. He suggested that electronic means be exploited to 

take over the data storage and retrieval areas in medicine. 

Nash (1954), working in England, .discussed the inadequacies 

of textbooks in making the many comparis.ons required in differ

ential diagnosis. ·He experimented with a special ruler with 

5 
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about 300 diseases or di~gnoses listed on the side. Into this 

ruler mUltiple inserts~ each labeled as a s~gn or symptom~ were 

inserted. Marked lines on these moveable inserts would lie op

posite the disease when that sign or symptom was present in that 

disease. The diagnostician would then use this aid by selecti~g 

those inserts corresponding to the observed positive signs and 

symptoms. When some disease~ or diseases~ were present with the 

lines across all or most of the inserts~ a diagnosis could then 

be narrowed to a few choices • 

. 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 equipment. 

In 1955~ a study was reported in which marginal punched 

cards were used to correlate data in the differential diagnosis 

of hematological diseases. In this study, by Lipkin and Hardy, 

data which characterized twenty-six hematological diseases were 

recorded. From the data which had been listed for each disease, 

a master code was made containing all the information~ and the 

data were then assigned to spaces on th~ periphery of marginal-

punched cards. Since the 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-



logical dis~ases. When a given finding was characteristically 

present in a disease, a triangular we~ge .was punched in the ap

propriate space on the disease card. In addition, those items 

of informat~on which were definitive di~gnostic cr~teria in each 

disease were noted by placing arrows to their appropriate spaces~ 

Findings in ~ pati~nt could then be compared with the character-

istic findi~gs in each disease as noted by the punched card. Al

tb0'!lgh it was possible to end this correlation procedure with no 

di~gnosis, it was impossible to end with the wrong diagnosis, if 

the data from the patient and the disease description on the card 

were correct. 

An anal~g method was used in 1955 by these same workers to 

measure the probability of a di~gnosis and to correlate data 

automatically in the differential di~gnosis of hematological 

diseases. A numerical value was assigned to each of the twenty

six diseases studied. If the presence of an item contributed to 

the establishment of the di~gnosis, 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 n~gative value. ·1£ its 

presence would in no way affect the diagnosis, it was given the 

value of zero. Thus each item might c~rry different weight in 

each disease. Eac~ disease description contained all the data of 

the master code, and each item in each disease carried an indi-



vidual numerical positive or negative number. 

In 1957, Lipkin and his fellow workers transferred this 

problem to a d~gital computer employing the use of three m~g

netic tapes. Tape A contains the case history of each patient. 

This is first compared to the material on Tape B wliich carries 

the definitions of classes of diseases. TapeC c~ntains the 

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

8 

son has been made between Tape A and Tape B, the appropriately'. 

suspicious classes are selected from Tape C. Then further com- j 
parison with the patient and further differentiation of the 

diagnosis from class to specific disease results. 

Lipkin has indicated th.at it is desirable to list the 

diseases in the differential di~gnosis in sequence of decreasing 

probability. He suggested that a program of this sort could be 

employed as an aid.in teaching differential diagnosis. Also its 

use in medical practice might contribute to an increasingly ana-

lytical basis for diagnosis. 

In 1959, Lusted and Ledley analr.zed the reasoni~g founda

tions of diag~osis. They indicated that to use a computer ef

fectively for diagnosis one must know how a clinician thinks or 

arrives at a diagnosis. They believed a diagnosis was made, in 

. ge~eral, in four steps which are: (1) Facts are obtained from 

the history, physical examinations and laboratory tests; (2) the 

( 

\ 
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relative importance .of each of the different signs and symptoms 

·are evaluated, some data bei~g of first order importance, other 

less. important; (3) all diseases which can reasonably resemb Ie 

the specific case are listed or considered; (4) one disease 

9 

after another is excluded from the list until it b~~omes 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 admitted to oversimplification and there was 

always the clinician's "feeli~g about the case", they believed 

that a medical diagnosis involves a process that can be systema

tically analyzed. They concluded that three factors are involved 

in the logical analysis of a medical diagnosis. These are: (1) 

Medical knowle~ge that relates disease complexes to symptom 

complexes; (2) the particular symptom complex presented by the 

patient; and (3) the disease complexes that are the final diag

nosis. The effect of medical knowle~ge is to eliminate from 

consideration the disease complexes that are not related to the . 
symptom complexes presented. The resulti~g diagnosis computed 

by means of logic is essentially a list of all the possible 

disease complexes that the patient can have that are consistent 

with medical knowledge and the patient's symptoms. Lusted 

suggests that the final mathematical model of medical diagnosis 

~ ., 
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may involve a sequence of a number of different approaches in

cluding symbolic logic~ probabi lis tic analysis ~ and theory value. 

Brodman~ van Woerkman, Erdman, and Goldstein (l95g) reported 

on a study with the Cornell Medical Index (CMI). They collected 
'- . 

data from nearly 6~000 consecutive male patients as an initial 

sample. Some sixty diseases were then studied and the pattern or 

score on the CMI was computed for each disease. Data \~ere then 

collected from 2,745 consecutive patients, and on the previously 

computed probabi Ii ties of each comp laint for each disease, the 

new patients were assigned likelihood indices for each of the 

sixty diseases studied. A diagnosis was considered or made when 

the index reached .a certain level. The computer diagnosed forty

four per cent of patients havi~g the sixty diseases and identi

fied the o~gan system in fifty-five per cent. When a random 

sample of 350 questionnaires were examined by both computer and 

physician, there was no statistically significant difference in 

the results except that physicians tended to diagnose psycho

neurosis more accurately than did the ~achine. 

Schenthal and Sweeny, in 1960, reported a ,method.o£ clini

cally applying large-scale elec'tronicdata processing machines • . 
They also evaluated and described analog and digital 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 help of the Cornell Medical Index and other aids. It 

was found possible to punch a history of 195 questions on IBM 

cards within forty seconds. It was pointed out that manual card 

punching can be eliminated by a procedure (mark-sensing) whereby 

'~ information recorded by electr~graphic lead pencils' can be trans-

. ferred directly to the punch cards by machine. Data in this form 

can then be easily stored and quickly retrieved. The study 

demonstrate.d the possibility of locati~g rapidly, in a very 

la~ge collection of records, a. group of charts meeting any de

sired combination of requirements. 

In 1960, Warner, Toronto, Veasey and Stephenson prepared a 

matrix of probabilities based on a study of 1,035 patients with 

suspected co~genital heart disease. They listed fifty symptoms 

and s~gns and thirty-three diagnoses. The incidence 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 card which was run thro~gh the com-. 
puter. A conditional probability equation was then worked out 

automatically with the appropriate probabilities from the table. 

Then the diseases with probabilities. greater than one per cent 

were printed out together with their respective probabilities. 

These workers plan to use the computer to recalculate the 

~ 
( 
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probabilities periodically as additional data accumulate in the 

fU.rther use 'of the program. In a sense~ then~ the pr~gram will 

"learn" from experience by -virtue of refinements of the table 

based on the accumulating data. 

Newall and Simon~ in the following year, s~ggested a means 

to study human thinking which is somewhat analogous to simulation 

experiments. In a very general pr~gram~ they suggested we ob

serve how a h'uman subject and the problem-solving analog called 

GPS (The General Problem-Solving Program) solve the same problem. 

To watch man and a programm~d machine work on the same problem 

would have the virtue of developing a specific diagnosis program 

useful in medicine while, at the same time, exploring,the ways in 

which an experienced diagnostician functions in arrivi~g 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 subtle art which may be mastered only after 

years of careful study and extensive personal experience. The 

purpose of their study was to find an explicit mathematical ex-

, 
" 

, ( 

pression for analyzing and improving the logical process by which , 

a diagnosis' is deduced from information, given by the patient. 

They felt such an expression might imptove the accuracy of diag-

nosis~ lead to a more scientific approach to the teaching of 
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medical diag~osis and provide a means, with the help of electronit 

computers., for relieving the physician the task of stori~g and 

recalli~g fDrpracti~al use in di~gnosis an ever increasing mass 

of.statistical data. 

Swenson and ~thers, in 1962, re~orted on thei~.initial ex

perience with a personality inventory test which could be used 

alone or in' combination with the Corne 11 Medi cal Index. This 

copyr~ghted text which was developed by Hathaway and McKinley at 

J the University of Minnesota, and called the Minnesota Multiphasic 
,~ 
1 Personality Inventory (MMPI) consists of 550 yes-no questions 

,-. 
,." 

which were originally standardized on a. group of normal persons. 

Patients were then selected who demonstrated rather clearcut 

psychiatric problems which could be classified in one of eleven 

different. groups. Grading the test consists of determining 

whether an individual patient answers the questions in a way con

sistent with the or~ginal normal group or with one of the psychi-

atric group categories. 

In 1962, Freidman, writi~g an editorial in the New York 

State Dental Journal, reported that derttists are now aware of 

"that'marvelous prodigy of the marriage of electronics and busi-

ness man~gement, the computers". 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. 

C 
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Rome (1962) defending the automation technique of diagnosis 

"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 perfect . .ly., 
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 pres~nt, 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 that computers have a happy faculty of a 

slavish adherence to whatever they are programmed to do, they are 

immune to distraction and incapable of boredom, preoccupation, 

forgetfulness, and the rest of the long list of idiosyn~rasies to 

which the human expert is susceptible. The price for this zeal 

comes high, he added, "for machines also lack inspiration, capac-
~ 
~ i ty to improve and, in the .accepted sense of the term, creative 

ability~ Furthermore, they are expensive, sessile, and require 

highly skilled nursing care to keep fit". 
,-



Lusted, 1962, stated that medical information at the 

present time is not in a form which is easily usable by a com

puter. A great deal of careful data collection and analysis 

15 

must be done by physicians, in cooperation wi th mathematicians. 

The attention of the physician's should be directed to two tasks: 

(1) defini~g symptom-disease complexes; and (2) determining the 

probabilities of these symptom-d~sease complexes. 

Mathematical logic (propositional calculus) is employed in 

order to ma'ke a computer list di~gnostic possibilities for the 

symptoms presented by a patient. The use of logic for this 

purpose is closely related to the concept of symptom-disease 

complexes (SDC's). A symptom complex isa list of the symptoms 

that a patient does or does not have; a disease complex 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. 

Lipkin and .his associates continuing their work with com

puters in he~atol~gical diseases, reported in 1962, that the 

most efficient data analyses have res.ulted from the use of a 

combination of d~gital and anal~g methods involvi~g probability 

calculations and matching procedures. The development of more 

sophisticated computer programs and the development of methods 

to assist in the translation of medical data into computer 5YS-

, 
t, 
• 
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tems should £urther.testthe usefulness of computers in this area 

Discussing the integration of data in diagnosis, Caceres 

(1962) said: 

"Like the physicians 'reasoning process, computer 
statistical programs are based on the use of many bits 
of data that. separate ly would not differen tiau one 
disease£rom anoiher. We know from medibal practice 
that values which themselves are not different enough 
to allow for differentiation or separability between 

. groups play an important 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
relevan~ or confusing data." 

Woodbury, in the· same year, in an article discussing the use 

of computers in solvi~g 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 availability of data in 

computer-accessible form. For some t~me. 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 andcomparati ve ly .easy means for instructing the com

puter, .once the. overall thinking is done. The complet~ instruc

tions that e.nable the computer to solve a problem are called the 

pr~gram. These programs are written usi~g a basic set of 

letters, numbers, arithmetic operations and punctuation marks. 

He noted, however~ that the sophistication of pr~grammi~g lan

guages is continuously increasi~g. At the lowest level are the 

machine-oriented languages, by means of which each step of a 

machine operation is executed. The symbolic languages are in a 

one-to-one correspondence with the machine language and· replace 

numeric instructions with conventional, mnemonic alphabetic sym-

boIs. Next in sophistication are the problem-oriented languages, 

which require special compilers to translate the terms into sym

bolic and machine language. This compiler itself is a computer 

.program that. gives the computer the instructions required to 

convert ·the initial instructions into the numeric la~guage of 

the computer. The problem-oriented langu~ges require different 

compilers for each type of machine with which the program is to 

be run. One such problem-oriented language that is in. general .. . 

use is FORTRAN, \'1hich is a general mathematical, or formula

translati~g, langu~ge. Another problem-oriented langu~ge 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 severalmachin"e instructions' by which that segment of 

the program 'can be carried out. When the entire program has 

been written on ~ards o~ tape, it can then be fed into the ~om

puter, for which a compiler has also,been written. 

Best, in 1962, discus~ed the potential role oj"computers in 

medical practice. In this article he presented an example of a 

computer pr~gramusing the program langu~ges of ALGOL-60 and 

FORTRAN. He also pointed out reasons for delay in medical uses 

of computers amo~g which are: (1) the expense of the hardware; 

(2) the, general practicability in medicine of the more involved 

pr~grams; and (3) the lack of well-developed suitable software 

or pr~grams. 

The possibility of every hospital or clinic havi~g a com

puter is obviously prohibitive. However, Mason and Bulgren 

(1964) have pointed out there is no reason why a group of physi

cians in small hospitals without computer facilities could not 

participate in a study as a "satellite" with very little local 

investment in equipment., This would have the added advantage for 

the central study of adding to the size of their sample as well 

as broadening the base from which the sample is obtained. 

The dental literature contains but few articles concerning 

computers. There is a complete paucity of literature dealing' 

with the automata and dental diagnosis. Significant as it may 

be, most references to the use of computer. in dentistry is in 
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the fieid of orth~dontics. Their application, however, was not 

i~ the realm of o~thodontic di~gnosis,bQt rather in the inci

dence of malocclusion. 

relle, in 1951, studied the frequency of malocclusion in 

Hedmark, Norway. He used a card-index or punched card system 

which carri,ed the,personal particulars of each observed child. 

The e~ge of the cards are punched-hole perforated and each hole 

is numbered. In this manner, each hole or number indicates a 

definite single symptom. Telle recorded eighty-one different 

symptoms, all of which are "closely defined and describes a 

si~gle simple detail of the jaws and teeth". 

No attempt was made to classify malocclusion according to 

an established system. "Each malocclusion consists of a complex 

of symptoms, and these symptoms taken t~gether can be used to 

determine which of the la~ger, groups it shall belo~g." 

The results are subsequently transferred to another punched 

card system of the kind used in the so-called "Power System" or 

IIHollerith System" where computation 1S done mechanically. Using 

this, it is possible to select a si~gle number or symptom, in the 

~ourse of ten minutes, from all the 2~349 cards collected. 

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

demiol~gical regist,ration of malocclusion. The study was design

ed to use detailed definitions of the recorded symptoms which 

't 
,I' 
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makes it possible to analyze the data by electronic computers. 

Their r~gistration of malocclusion was divided into three 

parts: (1) anomalies in the dentition, i.e., tooth anomalies, 

abnormal eruption patterns and malal~gn~ent of individual teeth; 

(2) occlusal .anomali·es· or deviations in the positional relation

sh'ip between the two dental arches and (3) deviations in space 

conditions, i.e., spacing or crowding of the teeth. 

The data collected are transferred to punched cards or tape, 

and it is then possib Ie to obtain, with respect to age,' sex, and 

stage of dental development, the prevalence of any anomaly or the 

combinations of anomalies. At the same time any particular symp

tom may be excluded. 

Jonsgar (1964) used this same method in an epidemiol~gic 

study of malposition of teeth of school children in Bergen, 

Norl'lay. The collected data were transferred to tapes and placed 

in a pr~grammed electronic computer. 

Any review would be incomplete without the mention of 

Norbert Wiener and the expression cybern~tics. The term, coined 

by Dr. Wiener in 1947, is derived from the Greek word steersman. 

By definition,it is the science of "the entire field of ~ontrol 

and communication theory, whether in the machine or in the 

animal" • 

Quoting Dr. Wiener from his book, Cybernetics: 

.... 
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"At this point there enters an element which 
occurs repeated,1y in the history of cybernetics--
the influence of mathematical logic. If I were to 
choose 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 symboli-C: 
logic of the present day. Now, just as the calculus 
~~arithmetic lends itself to a ~echanization pro
gressingthrough the abacus and the desk computer 

"machine to the ultra-rapid computing machines of the 
present day, so the "calculus rati~cinator" of 
Leibnitz contains the germs of the "machina ratio
inatrix", the reas oning machine. Indeed, Leibni tz 
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 

J the development of mathematical logic has at the same 
time led to the idea or actual mechanization of pro
cesses of tho~ght." 

B. Cephalometric Assessment Methods: 

21 

The era of roen~gen~graphic cephalometrics b~gan in the year 

1931. In the United States, Broadbent developed his precision 

instrument, the Bolton-Broadbent cephalometer. Hofrath in 

Germany--independent of Broadbent--published techniques for 

taking oriented lateral roen~gen~grams. ~ofrath's method never 

gained popularity, but. Broadbent's contributions laid the founda

tion for a new approach o~ scientific invest~gation in the field 

of orthodontics. 

Broadbent (1937) questioned the reliability of cranial land-
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marks used in anth'ropometric methods of measurement. From a 

study of skulls housed in the Western Reserve Anatomical Labora

tory and the American Museum of Natural History, he found that 

landmarks above t~e face, in the cranial base, are more stable 

and fixed than those located in the rapidly, growing lower face. 

Realizi~g that the sphenodial area was one of the most stable 

of points, he established the Bolton-nasion plane of orientation 

and the "Rn or registration point. This point is located midway 

on a perpendicular line erected from the Bolton-nasion plane to 

the center of sella turcica.' These references were then used for 

superposition and orientation for subsequent roentgenograms of 

the same individual. By including the Frankfort horizontal plane 

and a perpendicular to this at orbitale, dental and facial 

changes were noted in relation to these two planes as well as the 

Bolton-nasion plane. 

Wylie, in 1947, developed a method of analyzi~g cephalometric 

X-rays by which discrepancies in the size of facial bones in the 

anteroposterior plane could be assessed. Wylie's analysis is 

based upon linear measurements in millimeters. All measurements 

are projected to the Frankfort horizontal plane with ,the excep

tion of the mandibular length. The measurements of his analysis 

are: The most posterior point on the mandibular condyle to sella 

turcica, sella to the center of the pterygomaxillary fissure, the 
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pte~ygomaxillaryfissU~eto the buccal groove of the maxillary 

first molar~ thepterygomaxillary fissure to the anterior nasal. 

spine, and the mandibular length. 
I 

Wylie has shown with this method a very 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 conclusion that subsequent to the tre

mendous amount of research bei~g done on oriented lateral head

plate fi lms, someone would evolve a method of appraisal that was 

concise and not too complex for clinical use. It remained for 

William B. Downs to do this in 1948. 

The Downs analysis provides a method of determini~g 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 ~ge, each having excel

lent dental occlusion, balance, and harmony of facial musculature 

Downs divided his analysis into (1) the Skeletal Pattern, and 

(2) Relationship of Denture to Skelet~l Pattern, and employed fiv 

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 facial'patterns of Class I and 

Class II, division I malocclusion. The method involved measuring 
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traci~gs of orien"ted' head films related to a grid system of hori

zontal and ~ertical lines. Each traci~g was placed over milli

meter graph paper' that was divided into four quadrants by two co-

ordinates, one horizontal, one vertical, which intersect each 
. . 

other in the center of the paper. 

Serial tracings of lateral ·head films were placed so that the 

center of sella turcica was superposed at the intersection of the 

horizontal and vertical axes with the Frankfo.rt horizontal plane 

parallel to the horizontal axis. Thus, the location of any ana-

tomical point could be recorded as its distance (nearest 0.5 mm) 

from each of the vertical and horizontal coordinates. The read-

ing for any point then. gave its location in relation to all other 

poin ts. 

Steiner pub lished his cephalometric analysis in 1953. It was 

his desire to produce an assessment 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-Gn-SN, occlusal plane to SN~ interincisal angle, 

angle formed by the mandibular incisor with the mandibular plane, 
-

maxillary first molar to the NA line and the mandibular first 

molar to the NB line. 
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Sassouni j in a study of 100 lateral headfilms, developed an 

. analysis- for studyi~g the structural o:rganization of the skull, 

us·ing as a cranial base the anterior fossa.. He sought to find 

some acceptable. constant relationsh~ps to use in diagnosis and 

treatment planning. The four main horizontal plane_so used-for 

refer·ence are anterior cranial base plane, occlusal plane, pala

tal plane, and mandibular' base plane. In a well-proportioned 

face, these f.our planes meet in a single common point 0 ,.,hich 

lies posterior to the occipital contour. With point 0 as a 

center, anterior and posterior arcs are established using O-ANS 

and O-S as radii •. 

Williams (1953) invest~gated craniofacial proportions in the 

horizontal and vertical planes before and after the onset of pu

berty. He superposed the lateral headfilms on the sella-nasion 

plane usi~g sella as the registration point. Tracings were made 

on graph paper so that the paper was divided into four quadrants 

by the S-N lines and a perpendicular to this line erected at 

sella as the vertical reference axis. The position of each land

mark could then be established to two ~eferenceaxes. The dis

tances were recorded in millimeters and subjected to statistical 

analysis to establish a mean distance, mean proportion, standard 

deviation and range for each measurement. 

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



of variation in the de.n tofacial complex in indi vidualswi th 

norm~l occlusion~ 
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In his study he employed a meshdi~gram similar to th~ orte 

introduced to orthodontics by de Coster. Unlike de CosteT, he 

oriented his mesh to the skull base (N-S line) and _~he lowest 

border of the body chin. The mesh consists of sixteen squares 

within the . frame that is constructed by a line that joins nasion 

to the midpoint of sella,.a line passing downward from nasion at 

eighty-five·d~grees to the N-S line, and two lines perpendicular 

to A, and one through N (line B) and the other passing through 

the lowest point of the bony chin (line C). The vertical poste-

rior boundary 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 ~asic rect~ngle is then divided so 

that sixteen equal rectangles result. 

Moorrees used eight basic landmarks and superposed individual 

traci~gs on the mesh constructed as outlined above. The propor-. 
tionate differences between the individual and the average facial 

pattern was thus illustrated. 

Bjork (1955) invest~gated the effects of posterior cranial 

anatomy on facial pr~gnathism as well as the relationship of 

facial build to occ~usion. He devised a facial diagram to deter-
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mine facial prognat~ism by means of linear and angular measure-· 

ments •. These ~e4su~ements are assessed individually, in relation 

to one another, and as interrelated·parts· of the total facial 

di~gram. 

His di~gram was constructed as tollows: A line. drawn from 

the apex of the anterior nasal spine to nasion, to the ·center of 

sella turcic~, to articulare to the point of intersection between 

lines ta~gent to the base and the ramus of the mandible, to a 

point between lines tangent to the base of the mandible to 

p~gonion, and from there ~o infradentale. 

Bjork used the S-N line as a reference plane and measured 

p~ints ort the £acial profile to this plane •. This facilitates 

the orientation of the facial profile to the cranial base by 

usi~g nasion as a constant point of reference. 

In the same year, Altemus published a report on the dento ... 

facial relationships in normal and Class II, division 1 maloc

clusions. He selected landmarks on the mandible and upper face 

and analyzed anteroposterior dysplasia of the upper face using . 
.. 

a linear system similar to Wylie's. Fifteen linear and fou~ 

a~gular measurements were made to assess mandibular morphology. 

Perpendiculars were constructed from the reference line, the 

Frankfort horizontal plane, to the selected landmarks in the 

mandible and the measurements were recorded. 
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In 1958. Kean present~da cephalometric study to determine 

·the variationsin~facial depth relative to the type of occlusion. 

He used a coordinate system in the analrs.is of two groups of 

.children. one with Class II, division 1 malocclusion# the other 

. group with n.ormal occlusion. The Frankfort" planea_~.d a perpendi 
. 

cular to this erected at nasion were the axes of references. 

Measurement. of facial height were measured to the horizontal 

axis (F-H plane); .facial depth was measured to the perpendicular. 

The linear measurements were read with a specially constructed 

glass scale calibrated in millimeters. 

The· scale was constructed by taping fine stainless steel· 

wire along the horizontal and vertical centimeter lines of the 

. graph paper mounted on stiff cardboard. This wire mesh was then 

radi~graphed. Onto this' fi 1m of enlarged centimeter squares, a 

standard series of squares havi~g ten divisions per side was 

"fitted" by image projection. The film. was then removed and a 

phot~graphic. glass p late was exposed to the fi tted image. Thus, 

a permanent scale duplicating the enla~ged millimeter squares 

was obtained which was enlarged exactlY as the original.head

plate. Dista.nces between landmarks in the mids~gittal plane 

could now be read di rect ly from the tracing p laced on the. glass 

slide • 

. Harris. Johnston and Moyers (1963) constructed a template 



to indicate the d~gree of harmony of disharmony of the cranio .. 

facial complex. .'Fhe template was patterned after craniofacial 

'constructionusedby the University of Toronto in a study of. 

children in Burli~gton. Ontario. 
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The Bolton-nasion plane was used ·for orienting ~~e headfilms 

alo~gwith the mean occlusal plane. Growth vectors were obtained 

by a regression analysis of scattergrams of three selected land .. 

marks. This provided information to construct recta~gular areas 

for each landmark at each age invest~gated. The rectangles were 

des~gned t~ delineate the area within which each measured land

mark would fall in·sixty-eight per cent of the sample. Plastic 

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 cOmparison of individuals to a cross-sectional sample 

of children of the same ~ge and sex. 

H~.ggins and Burch (1964) studied the position of procumbent 

maxillary incisors before and after their retraction in maloc

clusions requiri~g bilateral extraction of teeth. They employed 

a transparent. grid scribed with one miilimeter squares oriented 

on the plane formed by joining the anterior and posterior nasal 

spines. The authors took the anterior nasal spine as a stable 

point from which to measure anteroposterior changes in position 

of the maxillary ineisors. Tne vertical changes were measured 
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irom the incisal tip 0'£ the tooth directly to the ANS-PNS plane. 

All the measurements were recorded in millimeters and analyzed 

to determine' the mean and ra~ge of change in positions,of the 

maxillary incisors before and after the treatment. 

In 1965, Wall used a recta~gular coor~inate system to assess 

changes in the maxilla and'positions of the teeth duri~g, or as 

a result of, orthodontic treatment. 

The sella-nasion plane was chosen as the horizontal plane of 

reference and the mid-point of sella turcica as the r!i'gistration 

point. Landmarks on lateral headfilms were spotted byperfora-, 

ting a small hole through the film~ Each spotted headplate was 

returned to the illuminating table with a sheet of millimeter 

paper under the fi 1m. The graph paper was oriented to the hori

Zontal reference line (S ... N), and a needle, as used to spot t,he 

headplates, was employed to perforate the, graph paper from the 

previous ly spotted fi 1m. Measurements from the selected land

marks to the vertical and horizontal axes were then recorded 

before and after treatment. 

Since 1931, cephalometric roen~genpgraphy has developed into 

a valuable diagnostic aid for the clinical orthodontist. Its 

technique has been refined; landmarks, measuri~g points, refer

ence planes and angles, along with nomenclature, have been 

s tandardi zed. 
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Interest in the employment of electronic computers. for medi

'cal di~gilosis. has "deve loped in the las t decade. The automata 

;have been used extensi ve ly for the di~gnosis, amo~g others, of 

hematological diseases, psychol~gical disorders,and cardiovas

cularprob lems. 

Computers have not as yet been applied to dentistry for di~g

nosis. It. is proposed that these high-speed data processi~g 

machines be applied to orthodontics with the aim of developing 

a method of di~gnosis. 



CHAPTER I II 

METHODS AND MATERIALS 

A. Selection of the Sample:' 

Fif~y y~ung adult Cauca~ian males were selected lor ,this 

study. These 'subjects were chosen on the basis of their excel

lent occlusions •. Th~ arr,angement and functional o"C'clusion of 

thei~ dentition ~atisfied, a~ nearly as possible, the eon~epts 

and standards of ideal occlusion. None of those selected had 

unde~gone, nor was undergoing, orthodontic treatment. 

Approximately 500 potential subjects were screened and 

examined. -The examination consisted of three parts: 
, , 

1. Extraoral evaluation of the face and jaws. 

2. Functional analysis of the temporomandibular joint 

and mandibular excursions. 

3. Intraoral examination of the hard and soft tissues. 

Candidates were eliminated if any facial asymmetry or 

pathol~gy was noted. No subject was accepted if functional or 

pathological disorders of the temporomandibular joints were dis

covered or if mandibular deviations were' detected during jaw 

movements. 

In addition to the aforementioned requirements, examinees 

were excluded, from the study if any of the following conditions 

were dis closed: 
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1. 'Pathology: ~f the hard o,r soft oral structures.' 

2,. Miss ipg teeth (except thi rdJl1olars) • 

33, 

3. Occlusion' of any of the teeth in a position other than 

neutrocl~sion, in both the an teropos terior and mec:tio-
" .. . 

lateral 4irections, when the teeth were in centric 

occlusion. 

4. Pronounced arch constriction and/or asymmetry in either 

of the arches. 

s. Excessive procumbency of the maxillary and/or mandibular 

anterior teeth. 

6. Overjet and/or overbite of more than four and one-half 

millimeters. 

7. Rotation of any tooth of more than twenty d~grees. 

8. Broken contacts displacing any tooth more than two 

millimeters from the arch. 

9. Spacing between any'two adjacent teeth of more than 

two mi llimeters. 

10. Teeth in poor repair or repaited with extremely la~ge 

restorations. 

Fifty-five candidates were chosen from the examined popula-

tion. Records consisti~g of lateral cephalograms, intraoral 

roentgenograms, facial photographs and dental impressions were 

taken on each of the fifty-five subjects. After reevaluation and 

I 
~1 
'. 
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review of their d~t1gnostit,: records; a'final samp Ie of fifty was 

se lected. 

At the time of record procurement, each subject was assigned 

an identification number. This not only assisted in brevity of 

identification, but also eliminated bias that might have arisen 

if the material b~ing investigated was not so coded. 

The subjects' dates of bi,rth were also recorded •. The mean 

age of the final sample was 25,years, 6.3 months. Their ages 

ra~ged from 20 years, 11 months to 36 years, 3 months • 

. B. Cephalometric Technique: 

The lateral headplate radiographs employed in this study 

were taken on a standard cephalometricmachine·(Universal). The 

tube housing of this machine incorporates a rotating anode and a 

h~gh volttlge generator providing a machine setting of 90 KVP and 

4S milliamperes. The exposure time for all films was one second. 

The cephalostat provided a fixed distance of sixty inches 

from the focal point of the roentgen tube to the midsagittal 

planes. The use of the head-holder was necessary to prevent dis

tortion errors due· to movement of the subject's head and to allow 

the operator to place each successive participant in the same 

spatial relationship to the roentgen-ray tube. The midsagittal 

plane to film distance was kept constant at fifteen centimeters. 
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Each subject'was oriented in the cel'halostat so that his 
, ' 

projected Frankfort horizontal plane was parallel to the floor. 

The ear rods' and ,orbit ale marker \fere used to aid fixing the head 

in this position.' The subjects were ins'tructed to maintain their 

teeth in full occlusion and to avoid,any movement during the ex

PO"SUre of the film. 

The radi~graphic film used was 8 by 10 inch h~ghspeed, Blue 

Brand, Kodak medic,al X-ray film. Each cassette was equipped with 

double high-speed intensifying screens to eliminate secondary ra

diation and to provide greater contrast. Development following 

the usual time-temperature method recommended by the Eastman 

Kodak Company was adhered to for all films. 

C. Description of the Rectangular Coordinate System: 

Rectangular coordinates were employed in the evaluation of 

the cephalograms. This method of assessment is extremely versa

tile; not only are landmarks precisely located, but a~gles are 

evaluated, linear distances measured and points of intersection 

located. 

This system of measurements is readily adaptable to the 

process of data reduction. Thus, this inquiry explored the pos-

sibilities of eombining rectangular coordinate measurements ob

tained from the cephalograms with elec~ronic computers so a 

program of computerIzed. orthodontic diagnosis can be developed. 
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Throu~h furt,her iI)vest~gation,. it is hoped that orthodontic diag

nosi~ and treatme~t .planni~g, 'as well as the assessment of growth. 

and treatment can be programmed to electronic computers. 

Sella turcica waS selected as the point C?f o.~~gin to which 

all·other poin~s Were related. Orth~gonal reference axeS 'were 

constructed to sella and all points were then measured to these 

axes. A line from sella turcica to nasion represented the hori

zontal reference axis, and a perpendicular to this line at sella 

represented the veTtical reference axis. Thus, a system of rec-

ta~gular or Cartesian coordinates was developed. 

D. Spotting Technique: 

Selected landmarks were spotted .on each of the lateral ceph

alometric headplates·. The spotting was accomplished by piercing 

a small hqle thro~gh the cephalogram where the landmark was de-, 

termined to be. A definite sequence was followed throughout all 

spotting procedure. 

All work was performed in a darkened room. No one spotting 

session lasted longer than thirty minutes. At the end of this . 
time, the investigator entered an adequately lighted room for at 

least ten minutes, after which time the .work was again resumed. 

These precautions were necessary to prevent eye strain and to re-

duce error due to fatigue. 
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The procedur~ was to place a sheet of cellulose acetate. 
. . .' 

pa~er 0.002 of an inch thick on a transilluminated tra~ing table. 

Each headplate tobe spotted was then placed on top of'the ace

t,ate. The acetate paper. not only provid,ed a uniform thickness 

between theheadplate and plastic surface of the trici~g table, 

but also aided in producing pinhole perforations of unfform di

ameter. The perforations were made by a phon~graph needle test 

. probe. The point of the probe was p laced at the se lected land-

mark and forced through the film into the underlying acetate 

paper. The phon~graph needles were replaced after. spotting ten 

headplates in order to have a consistently sharp point with which 

to make uniformly small perforations. 

To eliminate errors in locating sella turcica and nasion, 

the points orienting the horizontal reference axis, this investi-

gator located th~se landmarks on all films after which their 

locations were corroborated by the or~ginal spotter and the 
. 

author of the ~ompanion thesis. All. other landmarks, if not 

readily identified by this investigato~,were located by two 

others, and their locations were determined on a two-out-of-three 

vote basis· with this invest~gator and the two corroborators 

participating. 

To locate the spotted points in the rectangular coordinate 

system it was necessary to establish a rectangular. grid system. 
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This was provided by coordinate paper laid off in Dlaj or divi~ions 

of cen'timeters and'minor di vis ions of mi llimeters. Engineering 

paper fulfi lling these requi rements were obtained (Clearprint 

Paper Co. IC39). These she&ts were' 8-1/2 by 11 inches i~ size 

'and provided one maj or centimeter line for every ten~.~inor ,mi l1i

meter lines. ' 

Each spotted he~dplate was returned to the tracing table 

with a sheet of the, graph paper placed between it and thecel1u

lose acetate paper. The, graph paper was oriented so that sella 

turcica was located at the int~rsection 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 second major horizontal line fr~m the top (11 

inch) edge of the paper. These reference axes were then marked 

for easy identification by drawing over them with a fine, sharp, 

hard lead pencil. Sella turcica was then uniformly located on 

all sheets. When sella was placed in its correct position to the 

, graph paper, the sheet was rotated so that nasion was located on 
. 

the same horizorttal major centimeter line (second from the t9P). 

With these two points correctly located on the, grid, the film and 

graph sheet were fixed together with transparent cellulose tape 

(Figure 1). 
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-
The ph.on 0 g'raph needle was then used to reenter the perfora-

'tions made previo4sly in .the 'headfilms to pierce the, graph paper 

,at'the precis~ location of each landmal:k., ,The same, conditio~s 

and procedur~s yetef~llowed in spotti~g the, graph sheets a~ were 

adhered to in the" original spotti~g sessions. Afte_~. each graph 
" 

sheet was spotted~ the graph paper was correct ly oriented on top 

of the headplate. kachpinhole' was carefully located~nd circled 

with a hard. sharp pencil and marked with a' previously assigned 

id~ntification number. 
I ' 

E. Description of Selected Landmarks: 

The landmarks used in this investigation \)Iere selected be

cause of their clinical interest. diagnostic importance and ease 

and accuracy of identification. When possible, midsagittal plane 

structures were used. Most of the points were identified by in

spection. The method inVOlved to fix the location of points that 

required construction lines is described with each so established 

,landmark. In their description. the landmarks are numbered and 

appear in the same order as they appeared on the recording sheet . 
(F~gure 2). 

1. Anterior Nasal- Spine CANS) - Th,e most anterior point 

on the hard palate. 

2. A Point (J ar,ab ak) - A point measured two mi 11ime ters 

anterior to the intersection of a line drawn from the 
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LOCATlPN OF CEPHALOMBTRIC .LAN,DMARKS 
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- apex perp~ndicular to a line tangen-t to the root .and par

alleltothti :long a.xiso·f -the t·ooth. 

3. Articulare CAr) !"" Thep~int of intersection of the dors.,l 

. contour of the articular process of the mandible and the 

os .temporale. The midpoint was' ·used when doub Ie pro,j ec
:tions gave ~is~ to two points. 

4. B Point '- The deepest point on the contour of the alveolar 

projectio~. ~etween infradentale and pogonion. If this 

landmark was represented by a plane. a point on that plane. 

e.stablished bya. perpendicular drawn from the long axis of 

the mandibular central incisor at its apex. was designated 

as "B" P~int. 

s. First Cervical Vertebra (1st CV) - The most prominent 

point on the ventral contour of the body of the first 

cervical vertebra. 

6 .. Second Cervical Vertebra (2nd CV) - The point established 

by the intersection of the inferior border and ventral 

boundry of the body of the second cervical vertebra. 

7.Third Cervical Vertebra (3rd CV)- - The point established 

by the intersection of the inferior border and ventral 

boundry of ~he body of the third cervical vertebra. 

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

lare to the intersection of the ventral contour of the 
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articular process of the mandible and the os tempo-rale. 

9. ·Gladbell.a'- (GI) . - The most prominent point in the' mid-' 

sagittal plane of the.bony prominence joining the· 

supraorbital ri~ges. 

. '. 

10 •. Gnathion (Gn) ":'The lowest point of the median plane in .J 

the lower, border of the chin'. 

11. Gonion (Go) - The lowest, posterior and most outward. 

point of the angle. of the mandib Ie. This was estab

lished by bisecting the angle formed by ta1\gents to the 

. lower and posterior borders of the mandible. When both 

angles appeared on the roentgenogram, the point midway 

between the right and left side was used. 

12. Hyoid Bone (HB) - The most prominent point on the 

ventral contour of the body of the hyoid bone. 

13. Infrandentale (In) - The point of transition from the 

crown of the most prominent mandibular central incisor 

to the alveolar projection •. 

14. KeyRi~ge (KR) - The most inferior point of the zygo .. 
. 

maticomaxillary ri~ge. When both points appeared on 

the radiograph, the point midway between the right and 

left side was used. 

15. Nasion (N) Theantetior limit of the frontonasal 

suture. 

~ 
1 
J 

I 
I 
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16. Orbitale, (Or) · ... The deepest point on the infraorbital 

. margin;"~The midpoint was'used when double projections '. 

gaveri~e to two points. 

17. AnteTior·Pharynx (Ant Phar) - The most ventral point of· 

the pharynx· on 'a horizontal line passing th;ro~gh the 

p'oint of ;'identification for the third cervical vertebra. 

18. Poster-iorPharynx (Post Phar) - The most dorsa.l point 

of· the pharynx on a horizontal line passing through the 

point of identification representing the posterior nasal 

spine. 

19. Pogonion ,(Po) - The most anterior prominent point on the 

chin. , 

20 •. Porion (Por) - The midpoint on the superior margin of 

the .external aucH tory meatus. 

21. Posterior Cortical Plate of the Simphysis (PCP] ~ The 

most prominent point on the dorsal contour of the 

posterior plate of the mandibular symphysis. 

'22. Posterior Nasal Spine (PNS) - The most posterior point 

on the hard palate. 

23. Prosthion (Pr) - The transition point between the crown 

of the most prominent maxillary central incisor and the 

alveolar projection. 

24. Pterygomaxillary Fissure (PTM) - The most inferior 



45 

point" ,of the' 'pterrgomaxillaryfissure. 

25. 'Sella·Tut-cica (S) - The midpoint of the horizontal axis' 

of sella~urcica. 

26. S~gmoid Notch (Sig Not) - The deepest point on the' 

con·tour of the sigmoid notch. 

, ' 

27. T~p of Crown of .!. (~C.!.) ... The incisal point of the most 

prominent maxillary central incisor. 

28. Apex' of! (TR.!.) .. The apex of the root of the most 

prominent m'axillary central incisor. 

29. Tip, of Crown of ! CTC 6) -. The most mesiocclusa1 point 

of the' maxillary l.ft first molar~ 

30. Apex of ! (TR!) - The apex of the mesial root of the 

maxillary left first molar. 

31. Tip of Crown of T (TC TJ ... The incisal point of the most 

prominent mandibular central incisor. 

32. Apex of T (TR T) - The 'apex of the most prominent 

mandibular central incisor. 

33. Tip of Crown of 6" (TC '6) .. The most mesiocclusal point 
.. 

of the, mandibular left first molar. 

34. Apex of t (TR 6) .. The apex of the mesial root of the 

mandibular left first molar. 

3S. Interplate of the Frontal Bone (FB) .. A point on the 

frontal bone borderi~g the posterior boundry of the 
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frontal sinus on :the horizon·tal plane passing through 

glabe lla~:~ 

36~ Crista Galli (CG) - The most superior tip of the crista 

: . .' gaTli of the ethmoid bone. 
'. 

37 •.. '. Distal o·fCrownof ! (DC 6) ;.. The. most pro~~nent point 

on the. di;stal curvature of the. maxillary left first 

molar • 

.38. Distal Of. Crown of L (DC !J - The most prominent point 

on the distal curvature of the maxillary.leftsecond 

molar • 

. 39. Distal of. Crown of 6" (DC 6) - The most prominent point 

on the distal curvature of the mandibular left first 

molar • 
. 

40. Distal of Crown of 7 (DC 7) - The most prominent point 

on the distal curvature of the mandibular left second 

molar. 

F. Measuring Techniques: 

Data sheets were designed so that information acquired during 

spotti~g of the headp la tes could be recorded in tabular form. A 

list 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-



47 

nate o£ each- recorded pOint. The ·readingswere marked positive or 

n~gative corresponding to the quadrant within which they were 

located. 

A vernier caliper measuring to 0.1 millimeter was used in ob

taini~g· the readings' for-each point on the. graph she§.t •. A system

atic procedure of measuring was carried out by first reading all 

the horizontal measurements and then rotating the graph sheet 

ninety degrees to read all vertical measurements. Care was taken 

to insure that thebe~ks of the calipers were accurately placed 
" \ 

over each pinhold and ~ere correctly oriented with respect to the 

reference axis. As each reading was made on the vernier scale, it 

was recorded in the correct column on the data sheet. Measuring 

procedures were conducted under the same conditions as employed in 

the spotti~g teChniques. 

This method of measurement has been shown to be precise and 

accurate~ Wall (1965) has demonstrated that the ninety-five per-

cent confidence limits of this technique are plus or minus one-

half millimeter. 1 

This means ranges standard deviations and ninety-five per, . , 
cent confidence limits of all 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 numerous linear distances, angles, and combinations 

thereof worthy of investigation.. It is not within the scope of 

this. inquiry to examine all the possibilities, but rather to study 

cephalometric values that were of vital di~grtos tic importance and 

clinical interest. Many of the distances and a~gles stu4ied are 

presently accepted.. The· meri t of these measurements in cephalo

metric assessment and diagnosis has been demonstrated. Other 

measurements used ha4 not been previously investigated, but their 

values appeared :to: be of clinical and diagnostic significance • 
.. ' . ' . 

Whether the angles and distances investigat~d were familiar or not 

studied previously, means and normal. ranges for them were deter-

. mined for the young adult male. population. 

The angles or distances used in a cephalometric analysis can 

aid in assessing either the skeletal or dentoalveolar arrangement 

'. j 

of the cranium. teeth, and jaws. Therefore, any cephalometric . I 
t, 

~ 

measurement can be placed arbitrarily into one of two broad groupsF 

the category that assesses the skeletal parts and the portion that 

evaluates the teeth and surroundi~g alveolar bone. The skeletal 

assessment can in turn be subdivided. F?r the purpose of this in

quiry, it was separated into three parts: the posterior cranial 

assessment, the anterior crani al assessment, and the facial and 

growth axis assessment. The measurements evaluating the dento-

alveolar relationships were placed into one of two groups: 

--------------------------------------------------------~ 

I 
I 
t 
f 



maxillary or mandibular assessment. IHth the developmen·tof a 

cephalometric diagnosis applicable to an electronic compute"r in 

mind, this plan of approach appeared to be the most logical and 

reasonable. Theref"ore, in the listing and description of the 

various cephalometr~fc measurements invest~gated, each appears 

within "the ~roup to which it contributes. 

Ceph a I OJlE!t ri cMe as ure men ts.: 
. . 

I. Skeletal Assessment: 

A. Posterior Cranial Assessment (Figure 3): 

I. Saddle A~gle - measurement of the angle at 

sella turcica formed by the lines nasion -

sella - articulare. 

2. Articulare Angle - measurement of the angle. 

at articulare formed by the lines sella -

articulare - gonion. 

3. Gonial A~gle - measurement of the angle at 

gonion formed by the lines articulare -

. gonion - .. gnathion. 

4. Sum of the Three Angles - the total of the 

three above angles. 

S. Posterior Cranial Base Length - the distance 

of a line drawn from sella turcica to 

arti culare. 

49 
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1. Saddle A~gle 

2. Ar-tiClilare A~gl 

3. Gonial ~gle 

4. Sum· 

5. PCB Le~gth 

6. Ramus"He~ght 

7. Body Le~gth 

'-.../ 8. S .. 1st cV 

9. S 2nd CV 

10. S .. 3rd CV 

11. S Co 

12. S ... Go 

13. S .. Ant PJiar 

1'4. S - Post Phar 

15. S Por 
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FIGURE 3 

CEPHALOMETRIC MEASUREMENTS .. POSTERIOR CRANIAL ASSESSMENT 



. 6. Ramus Height - the .distance of a line drawn 

ftom articulare to, gonion. 

7.' Mandibular B.ody Le~gth - the dis tance of a 

line drawn from, gonion to. ~nathion. 

8~ Sella tti First Cervi~al Vertebra - %he.lin~ar 

distance from sella to the point identifyin, 

the. first cervical vertebra and the angle 

formed by the line and the horizontal refer-
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. I 

I 

ence axis (abscissa). I 
J 

9. Sella to Second Cervical Vertebra - the linear I 

distance from sella to the point identifying 

the second cervical vertebra and the angle 

formed by .that line and the abscissa. 

10. Sella to Third C~rvical Vertebra - the linear 

distance from sella to the point identifying 

the third cervical vertebra and the angle 

formed by that line -and the abscissa. 

11. Sella to Condyle - the linear distance from . 
sella to the point identifying the condyle and 

the a~gle formed by that line and the abscissa. 

12. Sella to Gonion - the linear distance from 

sella to the poi.nt iden:tifying gonion and the 

angle formed by that line and the abscissa. 

.1 
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13." Sella to Anterior Border of the Pharynx - the 

linear distance from sella to the pointiden~ 

d.fying the anterior border of the ph-arynxa'nd 

t1.ieangle formed by that line and the abscissa. 

14., 5'ella to Posterior Border of the Ph-arynx - the 
- -

t'inear distance from sell~ to the poin-t iden-

tifying the posterior border of the pharynx and 

the angle formed by that line and the abscissa. 

15. Sella to Porion - the di~tance f~om sellat~ 

the point identifying porion and the angle 

formed by that line and the abscissa. 

B. Anterior Cranial Assessment (F~gure 4): 

1. Anterior Cranial Base Le~gth - the linear 

distance from sella turcica to nasion. 

2. A~gle __ SNA - measurement of the angle at nasion 

formed by the lines sella - nasion - A point. 

3. Angle 5NB - measurement of the a~gle at nasion' 

formed by the lines sella - nasion - B point. 

4. ANB Difference - the difference in degrees ob-

tained by subtracting 5NB from SNA. 

S. Nasion to Anterior Nasal Spine - the linear 

distance from nasion to anterior nasal spine. 
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KEY 

1. ACB Le~gth· 

2.SNA 

3. SNB 

4.-_ ANB 

.5. N .... ANS 

6. S ... ANS. 

7. S ... A point 

8. S.. B Point 

9. S - Gl 

10. S .. Gn 

11. S .. HB 

12. S ... In 

13. S - KR 

14. S Or 

15. - S Po 

16. S ... PCP Sy 

17. S .. PHS 

18. S .. Pr 

19. S PTM 

20. S S~g No 

21. S .. CG 

22. S· ... fB 

CEPHALOMETRIC MEA§UREMENTS .. ANTERIOR CRANIAL ASSESSMENT 
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6. Sella to Anterior Nasal Spine - the linear 

dlstan~e' fr~~ sella to anterior nasal spine and~ 
.. 

the angle formed by that line and the:abscissa.' 

7~ $~lla to A Point - the linear distance £~om 

selia to A point and the angle formedbyth.,t 

line and the abscissa. 

8. Se lla to B Point - the linear distance from, 

. s.ella to B point and the a!lgle formed by-that 

- line and the abscissa. 

,9. Sella to Glabella - the linear distance from 

sella to glabella and the angle formed by th'at 

line and the abs ciss a. 

10. Sella to Gnathion - the linear distance ,from 

sella to gnathion and the angle formed by ~hat . 

line and the abscissa. 

'II. Sella to Hyoid Bone - the distance from sella 

to the point identifyi!lg the hyoid bone and the 

angle formed by that line and the abscissa. 

12. Sella to Infradentale - the distance from sella 

to the point identifying infradentale and the 

angle formed by that line and the abscissa. 

13. Sella to Key Ridge - the distance from sella to 

the point identifying the ke,y ridge and the 

. ~ \! 
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anale formed by that line and the abscissa. .~ 
14. Sella to Orbitale - the linear distance from I 

sella to orbi tale and the angle formed by that 

lih~ and.the abscissa. 

15. Se-11a. to P~gonion - _the linear distance. from 

seilla to pogonion and the ~ngle formed -by that 

line and the abscissa. 

16. Se~la to. the Posterior Plate of the Symphysis -

the linear distance from sella to the point 

identifying the posterior plate of the .symphysis 

and the angle formed by that line and the 

abs cissa. 

17. Sella to Posterior Nasal Spine - the linear 

. I 

distance from sella to posterior nasal spine and ~ 

the angle formed by that line and the abscissa. ~ 

18. Sella to Prosthion - the linear-distance from 

sella to prosthion and the angle formed by that 

line and the abscissa. 

19. Sella to Pterygomaxillary Fissure - the linear 

distance from sella to the point identifying 

the pterygomaxillary fissuxe and the angle 

formed by that line and, the abscissa. 

20. Selia to Sigmoid Notch - the linear distance 

I 

~ 

'1 

.i ,. 

1 
\ 
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from'sella to the point identifyi~gthe, sigmoid 

notch and the angle formed by that lino and the 

abscissa. 

21. Sella to Crista Galli - the linear distance from 

se'lla to the point identifying crist"a, galli and 

,the 'angle formed by that line and the abscissa. 

22. Sella to Intertable of the Frontal Bone - the 

linear distanc~ from sella to the point iden

tifying the intertab Ie of the frontal b'one and 

the angle formed by that line and the abscissa. 

C. Facial and Growth Axis Assessment (Figure 5): 

1. Angle Go-Gn-SN - the angle measured at the 

intersection of the lines drawn from gonion -

, gnathion and sella - nasion. 

2. Angle FMA - the angle measured at the inter-

section of the lines drawn from orbitale -

porion and, gnathion - gonion. 

3. Y- Axis - the angle me~sured at the intersection 

of the lines drawn from orbitale - porion and 

sella - gnathion. 

4. Facial Depth Angle - the angle measured at nasio~ 

formed by the lines sella - nasion and nasion -

gonion. 
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FACIAL AND GROWTH AXIS ASSESSMENT 
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. 5. . Angle of Faci al Convexity .. the angle measured 

at A point formed by the lines nasion - A point 

and A point - pogonion. 

II. Dent~alveolar Ass~ssment: 

A. Maxillary -Assessment (Figure 6): 

1. _ Maxillary One to SN - the .ngle formed:by the 

.lopg axi.s of the maxillary central incisor and 

th~ line drawn from sella to nasion. 

2. - Maxi llary One to FH - the a~gle formed by the 

long axis of the maxillary central incisor and 

the ·Frankfort horizontal plane. 

3.· Maxillary One to Mandibular One the angle 

formed by the intersection of the long axes of 

the maxillary and mandibular central incisors. 

4. Maxillary One toNA - the angle formed by the 

intersection of the long axis of the maxillary 

central incisor and the line drawn from nasion 

to A point. 

5. Maxi llary One to NA emm) - the length of the 

line drawn from the tip of the crown of the 

maxillary central incisor perpendicular to the 

.line drawn from nasion to A point. 

6. Ant~rior Nasal Spine to Prosthion - the linear 
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KEY -. 
1. 1·- SN 

2. 1 .. FH 

3.' . 1 - T 
. 

4. 1 - NA 

5. -.1 - NA (mm) 

6. ANS' ..Pr 

7. S'- Tel 

8. s - TR1 

9. S ... TC6 

10. S ... TR6 

11. S .. DC6 

12. S - DC7 

FIGURB 6 

MAXILLARY DBNTOALVBOLAR ASSESSMENT 
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distance from anterior na$al spine to ~rosthion. 

7. Sella to Tip of Crown of Maxillary One - the 

dis tan,ce from se lla to the, tip of the crown of 

,the maxillary central incisor and the angle 

fbrmed by that line and the abscissa. 

8. S~lla to Tip of Root of Maxillary One - the 

li~ear distanc.e from sella to the tip ,of the 

root. of the maxillary central incisor and the 

~ngle f~rmed by that line and the abscissa. 

9. Selia to Tip of Crown of Maxillary Six - the 

linear distance fr~m 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. 

10. S~lla to Tip of Root of Maxillary Six - the 

linear distance from sella to the point iden-

t,ifying the tip of the root of the maxillary 

first molar and the angle formed by that line 

and the abscissa. 

, i 

• 
'~ 

'.; ., , 
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11. Sella to Distal of Crown of Maxillary Six - the :4 
linear distance from sella to the point identi-

fying the distal contour of the crown of the 

maxillary first molar and the angle formed by 



· . that line and the abscissa. 

12. S~lla to Distal of Crown of Maxillary Seven 

the linear distance from sella to the ~oint 

-identifying the distal contour of the crown 

o~,tbe maxillary seco~d molar and the angle 

formed by that line and the abscissa.' / 

B. . Mandib.ular Assessment. (Figure 7): 

61 

1. Mandibular One to NB -the angle formed by the 

intersection of the .long axis of the m~ndibular 

c~ntral incisor and the line drawn from nasion 

to· B point'-

2. Mandibular One to NB (mm) - the linear distance 

of a line drawn from the tip of the mandibular . 

central incisor perpendicular to the line dr~wn 

from nasion to B point • 

. 3. Pogonion to NB·- the linear distance of a line 

drawn from pogonion perpendicular to the line 

drawn from nasion to B point. 

4. Mandibular One to·Pogonion - the.ratio of the 

distances of mandibular one to NB and pogonion 

to' NB. 

5. Angle IMPA - the a~gle ~ormed by the inter

sec~ion of the long axis of the mandibular 

,. 
" 
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FIGURE 7 

MANDIBULAR DENTOALVEOLAR ASSESSMENT 
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central incisor and a line drawn from gnathi.~n 

to gonion. 

6. Chin 'Angle - the angle formed by the intersec

tion of the lines drawn from infradent~le 

pogonion and. gnathion-. gonion. 

7 & Gnathion t.o Infraden tale - the line'ardistance 

from .. gnathion to infraden.tale. 

8. Condyle to Tip of Crown of Mandibular Central' 

'Incisor -: the angle formed by the intersection 

of the long axis of the mandibular cen.tral In

cisor and the line drawn from the point iden

tlfying the condyle to the tip of the mandibtilal 

central incisor. 

9. Condyle to Tip of Mandibular Central Incisor 

(mm) - the linear distance from the pointiden

tifying the condyle to the tip of the mandibulal 

central incisor. 

lO~ Seilato the Tip of Crown of Mandibular One -

the linear distance from sella to the tip of 

the crown of the mandibular central incisor an4 

the angle formed by that line and the abscissa. 

11. Sella to the Tip of Root of Mandibular One -

the linear distance frDm sella to the tip of 
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"ttie root ~f the mandibular central inci~or and 

the angle formed by that line and the abscissa. 

12. Sella to Tip of Crown of Mandibular Six - the 

line~i distance from sella"to the point iden-

. i 
~. 
i' 

, ... ~ 

. .~ 

tifying the tip of the crown of the mandibular t. 
first molar and the angle formed by-ih~t line 

and the abscissa. " 

13. Sella to Tip of Root of Mandibular Six ~ the 

linear distance from sella to the point iden-

tifying the tip of the root of the mandibular 

first molar and the angle formed by that line 

and the abscissa. 

14. Sella to Distal of Crown of Mandibular Six -

the linear distance from sella to the point 

.... .. . , 

identifying the distal contour of the crown of t 

the mandibular first molar and the angle formed 

by that line and the abscissa. 

IS. Sella to Distal of Crown of Mandibular Seven -

the linear distance fr~m 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. 



H. Description of Required Mathematical Equations to Compute 

Cephalometric Measurements. by an Electronic Computer: 
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For an electronic, c;omputer' to be effective in the solution of 

a scien:tific problem# the problem-solving pro,cedure must be pre

sented to the computer in a la~gu~ge it can "understa~~" ~ The 

computer's, basic, language consis ts of elementary instructions such 

as add# subtract". J5hift a number right or left .. or punch a card. 

The problem-solving,.·procedure therefore must be trans lated into 

simple instru~tions the computer is capable of obeying. 

The mathe.matical prob lems in this undertaking were to read 

linear distances or angles from a system of coordinates. Given a 

set of co~rdinates it was mathematically feasible to determine the 

length of a.line dictated by these number pairs.' Likewise it was 

possible to compute, a~gles from three or four sets of coordinates. 

The prob le,ms mus t be stated to the 'computer wi thout vagueness or 

" , 

ambiguity.. Mathematical solutions to the problems must first be ~ 

w~rked out by the investigator# then a set of directions written, 

and finally a computer program formulated which in turn can be fed 

to the machine. Only then can the computer perform thecalcula-

tions. The selected diagnostic cephalometric measurements can be 

solved by one of four mathematical equations. The mathematical 

solutions and examples of each of the four types of problems 

follows: 

Problem and Solution 1. 

" 



" 

The first ~athe~atical proble. w~Sto determine th~ 

distance of a l'andmark' from sella turcica and the angle' 

that that linerepresentihg that distance made with the' 

ho~izont.l re£eTence line or abscissa. All thirty-nine 

landmarks were 'measured from the fortieth (sellal.inthis 

manner. ,Forexamp Ie, the distance sella to gonion and the 

angle that line formed with the abscissa was calculated. 

Since one of the landmarks in this example was always the 

otigin (sella). one set of coordinates was always (0,0») 

y 

(x,y) 

xt----------~-----------x 
(0,0) 

Y' 

Distance = lfx2 + y2 

9 = (y/x). 

Problem ~nd Solution 2. 

The second type of problem dealt with finding the 

value of an angle when the coordinates of three points 

were given. In this case it was necessary to translate 

the coordinates so that the vertex (x2 , Y2) was at the 
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origin, i.e., x2 was' subtracted from every x value and Y2 

was Subtracted ,·.from every y value. An examp Ie of such a 

problem was the, determination of the size of the:gon~al 

aJlgle. 

Y 

Yl) 

. X ,'-.------f----:+---X 
. .. (0,0) 

. --

Y' 
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Translate .coordinates so the vertex is located at the.' 

origin. 

Y 

X'------------~~--~~-----x 
(0,0) 

Y' 

9 = a + B 

or 
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y 

X'--~--------~~~--~-----
(0,0) 

y. 

6 = a-B 

The a~gle. in the first instance is made Up in part 

of a neJativea~gle, B. In the second .xample.8 ~ a-B. 

Since th·e absolute value was not taken into account, the 

Problem and Solution 3. 
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Th~ third type of problem dealt with determining the 

linear distance betwe~~ two ~oints 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 deter~ination of mandibular body 

length. 
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y 

- (0,0) 

yt 

Problem and Solution 4. 

In t-he fourth type of problem it was necessary- to find 

the value of an angle when the coordinates for four points 

were. given. Each set of coordinates determined a line, and 

it was necessary to find the value of that angle formed at 

the point of intersection of the two lines. An example of· 

such a problem was the determination of the value of the 

angle Go-·Gn-SN. 

- 1 

1 
-~ 



Line W has the general formula Y = mx + b, where mis 

::5 e:::::s::da:"i(t;IY _ ~ y~nt).:::P::in:i::: 
'. Xi - x2 . 

theslopem can 

coordinates of 

point 1 for x' and Y, we have: 

Yl = + b. 

Solvi~g fo~ b, we have~ 

b = Y 1 • (: : ~ :: ) x l' 

Line Z has its own unique m and b producing its own 

, general equation: 

Y = mzx + b z. 

The x and y values common to both lines or common to 

their equations ~re the coordinates of I, the point of 

intersection. This is solved by the solution of simulta-

neous equations: 

i) Y = mw x + b,'l 

ii) Y = mzx + b% 

where mw' mz , and b z are just calcula~ed. Subtraction of 

i from ii yie Ids: y-y = mw x - mzx + bw 

Solving for x, we have: 

-j; 
..... ;J.: 

'j.: 
.t 
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b% b W. 
!-

X II 

mW mZ • .. 
Knowi~g xwe can now solve fory: 

The prob1~m is now the same as that shown' in problem 

and so1u~ion 2. since the c.oordinates of I, the intersee-

tion, are now k~own. 

Theangl~is calculated from one point on If, to the 

intersection, to one point on Z. If the obtuse angle is 
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calculated, for examp Ie 1 to I to 3, it is simp Ie to deter .. 

mine its supplement. 

Electronic Computer Program to Establish Means and Normal 

Ranges of the Cephalometric Measurements: 

1. Data Preparation: 

Means and normal ranges (ninety-five percent confi-

dence limits) of the x and y coordinates for the forty 

landmarks investigated, as previously noted, had been 

recorded. The mathematical solutions necessary for 

measuring linear distances and angles have also been 

explained and demonstrated. It was then necessary to 

create a program, applicable for. the electronic:; computer 

that would calculate the means and normal ranges of all 
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106 cephalometric measureme.nts investigated in thiss 

The x ~nd y .coordinates r~prese,nting the mean values, 

high and low ninety-five percent confidence limits fot 

each of the. f'orty landmarks were recorded. These values 

were written ori the layout sheet in ·a sequence that waul 

determine a specific angle or linear distance. For exam

pie, th·e sa.c1dle angle ,~as formed by the landmarks IS, 25, 

3 (nasion, sella, articulare), and it was necessary to 

record the x and y readings of each point on the layout 

sheet in exactly that order. This information was then 

punched.onto cards, and it was necessary to punch one or 

more cards for each of. the 106 measurements. 

The layout sheet was divided so that the first six 

columns contained a code number which corresponded to th 

landmarks making up the cephalometric measurement. In 

the example, saddle angle, the code columns contained th 

number 152503, thus indicating the landmarks and their 

sequence. Columns seven througn thirty-four were allot

ted for the name' of the measurement, and "SADDLE ANGLE" 

was printed in those columns. The next ten columns con-

tained the x and y readings of the high ninety-five per-

cent ·confidence limits for the first landmark stated in 

the code number. The next ten columns were allotted for 
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the x and y values of the high ninety-five percent confi-

dence~limits of the next number in the code, while the 

next ten columns recorded the same for the last:number in 

the code. The final fifteen columns on the sheet (66;"80) 

contained the x, and y coordinates of the low"'ninety-five 

percent conf~ence limits for the first landmark and the '1, 
'" 

x readi~gs for the second landmark. This fi lied the en- ~ 

tire eighty spaces of the layout sheet so another line, 

repre~enting a continuation card, was used to recordt~e 

remaining data. The y coordinate readings of the low 

ninety~five percent confidence limits of the second land-

mark in the code were placed in columns thirty-five 

through tbi rty-nine of the second line. The readings of 

the low confidence limits for the last number in the code 

were written into 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 

order dictated by the code number. (Figure 8.) 
~ 

After recording the information for each cephalomet

ric measurement onto the layout sheet, the data contained 

thereo~was punched onto IBM cards. For convenience the 

layout sheets are arranged and printed in a form exactly 

:, 
i 

as the punch cards, thus making the trans cribing of the ';,. 
, 
.;. 

" 
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INTERNAllONAl BUSINESS MACItINES. CO.RPORATION 

MULTIPLE·CARD LAYOUT FORM 

f<>rl1l X24·6599·0 

Pri~ted ill U. S. A. 

Dale Job No. Sheet No. 

999999999999999 9,9 9 99 9 99·9999999999999999999999999999999999999999999999999 9 9 9 9 9999 
I 2 3 4 5 6 7 8 9 10 If 12 1314 15 1& 11 18 " 20 21 22 23.24 25 26 27 28 29 30 31 32 33 34 35 3637 38 39 40 41 42 43 44 45 46 47 48 4UO 51 52 53 54 55 5& 57 51 59 60 61 62 63 64 65 8U7 68 &9 70 71 72 73 74 75 7111 78 1980 

~ 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9· 9 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
I 2 3 4 5 6 7 8 9 10 If 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 4& 47 48 49 SO 51 52 53 54 55 56 57 51 59 60 61 62 63 64 65 68 67 68 &9 10 71 72 13 74 75 71 n 7. 79 ., 
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data from the sheets to the ca~d~ a routine task.-

After ~he t8M cards were key-punched, they ~ere veri-

fied t6 detect errors in punchi~g. At the completion of 
- - -' 

this s tepe-ach -card contained, in the corre c't" sequence, 

the xand.y values (means and ninety-five percent confi

dence limi~s) construc~i~g an a~gle or linear ~istanc~ 

which represented a cephalometric measurement under in

vestigation •. 

2. FORTRAN Pr~gram and the Computer: 

The mathematic equations explained previously were 

written into a program which would direct the computer 

t~ calculate the means and normal ranges of all the 

cephalometric measurements. This set of instructions 

was written in a scientific computer language known as 

FORTRAN IV. 

FORTRAN, which is a shorthand form of formula trans-

lation, translates the problem-solving 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 large set of computer instruc

tions which can accept a problem-solving procedure, 

written in a form r.esembling the language of the proce-



16 

dure, and produce from it the proper e lementarr machine 

instructions that will solve the problem. A compiler 

. that is de,signed primarily for scientific and engineering 

problem-solving is generally spokeri of as an algeb~aic 

complIer. The user· of an algebraic compiler is not 

forced to learn the detailed operations of the computer. . ~ . 

. He is .there£ore able to concentrate from the onset on the 

problems to be solved rather than on .how the computer 

works. 

Thus, it is seen that FORTRAN is a language in which 

instructions, or a program, can be written, as well as a 

compiler program. The compiler program, usually written 

by the manufacturer of the machine, takes a FORTRAN pro-

. gram as input (source program) and translates it into an 

object program.· This translation is the compiling. The 

object program, or machine language program is a sequence 

of numbers, letters, or special characters, called opera

tion codes, which activates the circuitry of the computer 

to cause the machine to carry out the operation codes. 

Running a problem on the computer using FORTRAN in

volves two phases. In the firs t phase, the computer (IBM 

1401) is con.trolled. by the compiler. In the second 

phase, the computer is controlled by the object program. 
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A diagram of the 1401 computer system'used fo~ this study 

is illust~ated in Figure 9. 

The ·first step in formulating the FORTRAN program was 

to arrange a. worksheet or flowchart. This cl1art contain

ed allth& required operations, in:sequence, t6 outline 

the computer pr~gram. The flowchart with explanations is /' 

illustrated in Figure 10. 

After the flowChart had been prepared, the program 

was wiitten in FORTRAN IV. It is beyond the scope of 

this discussion to explain FORTRAN programming. In' 

general, however, it is a series of statements or in-

s tructions usi~g capi tal alphabeti c characters, n~merals, 

and special characters. Each statement is printed onto 

a coding sheet that contains eighty columns. One alpha

numeric or special character is printed into each column 

of one line. If the statement contains more than eighty 

characters, it is continued onto the next line or lines 
.. 

of the coding sheet until 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 (Figure ll)~ 

The punched cards were then placed into the 1402 card 

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

___ -'-ol..._~ ~ ___ ~ _ 
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CARD PUNCH . CARD READ LINE PRINTER 

OUTPOT f. INPUT OUTPUT· 

CONTROL UNIT 
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FIGURE 9 

DIAGRAM OF .T£E IBM 1401 SYSTEM 
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TIrn~ Flowcharting Worksheet 
• PRINTED IN U,S,A, 

X20··8021-2 

Programmer: Ashley Program No.: 1 Date: Page: ---,l~_ 
Chart /0: __ Chart Name: Loyola-..()rthodontics Program Nome: Cephalometric Analysis 
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IBM FORTRAN CODING FORM 
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contained in them passed onto the 1401 computer. Within 

a few minutes another machine, the 1403 line printer, re-

produced the program on paper. 

Once the FORTRAN pr~gram had been corrected and per

fected or. "debugged", the cards containing the means and 

ranges of the points signifying the cephalometric 

measurements were placed into the card reader. This in-

formation was 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. Electronic 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 

necessary to develop a program that would assess or diagnose any 

lateral headfilm. 

In the description of the cephalometric measurements each ap-

; -

. , 

J~. 

peared in one of five categories depending upon to t'lhich group it ,,' 

contributed. This arrangement was deliberate with the cephalo-
, .' 

metric diagnosis program in mind. 
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The overall outline of the cephalometric assessment appli-

cable to an electronic computer follows on the next page. 

";, 

. "'1, 
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Skeletal Assessment 

Posterior Cranial Assessment 

Retrognathic Normal Prognathic 

'-.J> 

Anterior Cranial Assessment 

Retrognathic Normal Prognathic· 

Facial and Growth Axis Assessment 

Retrognathic Normal Prognathi c 

Dentoalveolar Assessment 

Maxillary Assessment 

". 
Retrognathi c 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 confidence limits) established the limits within which a 

measurement had to fall to be considered normal. Skeletal or 

dentoalveolar morphology would assumed to be other than normal if 

any of the cephalometric measur~ments fell outside of these re-

strictions. In addition, requirements assuring correct maxillary 

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 must have a value 

equal 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. 

A FORTRAN IV program to assess lateral cephalograms was then 

developed. It was simila~ to the origin~l piogram differing only 

in the addition of the above limitations and the elimination of 

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

computer. 

Headfilmsnot previously assessed were then selected to test 

the validity of the computer method of evaluation. Five young 

adult Caucasian males were chosen as subjects. All posse~sed a 

full comp lement of teeth except third molars. One candidate had 

, 

,. 
" '«.\ 

excellent occlusion, another t'las clinically 'diagnosed as a Class ,;'1 

I arch length discre~ancy malocclusion. Of the three remaining 

subjects, one possessed a Class II, division I malocclusion, an-

other a Class, II, division 2, and the third had a Class III mal

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 locating 

cephalometric landmarks had been prepared prior to the development 

of the FORTRAN program. The data cards were fed into the computer " 

and information was received on the means and normal ranges of the 

106 cephalometric measurements under investigation. 

The observed ranges, 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 

described. Each angular or linear measurement is listed in one of 

the five tables according to the area of assessment to which it 

con tributes. 

The computer program was also tested for ability to distin-

gUish between normal occlusion and malo~clusions. Headfilms of 

subjects with normal and abnormal teeth and jaw relationships were 

measured by the described method of rectangular coordinates. 

These values were subjected to the computer program and the re-

suIts are listed in Table VII. Cephalom~tric measurements of the 

test runs that do not conform to the normal limits are also 

86 
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indicated in the table. 

In the preparation of the principle data, subjects were se

lected 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 normal ranges 

in biologic studies, ninety-five percent confidence limits are 

emp loyed. Th.e ninety-five percent confidence leve I means that 

ninety-five percent of the population which satisfied these re

quirements f·or normal occlusion should 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 used 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 distribution frequencies for samples of various sizes 

(T-tables). Each value is then added to its mean to establish the 

upper limits of the normal ranges 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 coefficient of variation relates the vari

ability of a distribution to the average magnitude of the vari-
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abIes 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 v = • x 

The coefficients of variation of the x and y coordinates 

range from a low to a relatively high value. Since this measure-

ment is employed to relate variability or precision, it can be 

postulated that coordinates with large V values are not measured 

as precisely 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. Group I consists 

of landmarks with x and y coordinates with small coefficients of 

variation. The structures in Group II have either or both an x or 

y coordinate with a large coef~icient of variation (fifteen or 

more). These landmarks can be easily located, therefore they show 
. 

a wide range of natural variation. Group III lists the landmarks 

that have a large V value because they are difficult to locate 

precisely. These findings are 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. their means. standard deviations and normal ranges were 

computed. These measurements. taken on young adul t 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 previous investigators. 

Tables VIII through XI. 

These meas~rements are listed in 

Many of the remaining measurements were described previously 

in the literature but are not widely employed in cephalometric 

analysis. Other measurements were introduced by this study. 

These measurements were tested to the rectangular coordinate sys

tem to facilitate data reduction for computer caiculations. These 

are the measurements from sella turcica to each landmark,. and re

sults 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 arigular ~easure

ment from the abscissa follows "each measurement in parentheses. 

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

This measurement relates the fi~st cervical 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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2. Sella to Second Cervical Vertebra (94.8 rom, 101.0°)---

This determines the position of the second cervical 

vertebra in relation to the cranial bases, and it can 

also relate vertical craniofacial development to the 

vertebral column. Gonion was observed to lie, at an 

average, twelve millimeters anterior and opposite the 

ante+oinferior 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. 

3. Sella to Third Cervical Vertebra (116.1 mm, 104.8°)---

This measurement relates the third cervical vertebra to 

the cranial bases. The hyoid bone has been reported to 

lie opposite CV 3 in dolichocephalic faces and lower in 

brachycephalic faces (opposite CV4). 

4. Sella to Condyle (34.0 mm, 112.00)---This measurement re

lates the condyle to sella turcica anteroposteriorly and 

vertically. Mandibular posture is directly re1ated to 

condylar location. 

s. Sella to Gonion (91.2 mm, 98.8°)---The relationship of 

gonion to sella relates the man-dibular angle to the 

cranial bases. This measurement is an indication of 

.-
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vertical development of the ramus and its direction of 

growth. 

6. Sella to the Anterior Border of the Pharynx (112.0 mm, 

97.9°)---This measurement evaluates the width of the 

pharynx at the level of the third cervical vertebra. 

91 

This measure~ent can be used to evaluate pharyngeal size 

.nd perhaps the etiology of pharyngeal disorders. 

7 •. Sella to t~e Posterio~ Border of the Pharynx (52.3 mm, 

103.S 0 )---This measurement, taken at the level of the 

first cervical vertebra, is an indication of pharyngeal 

development at the level of the palate. 

8. Sella to Porion (36.5 mm, 146.l o )---This measurement 

locates porion in relation to sella turcica. Its posi-

tion will generally vary, vertically and anteroposteri-

orly, with cranial morphology. The linear distance from 

sella to porion and the measurement from sella to condyle 

are very nearly in a 1 to 1 ratio. 

9. Sella to Anterior Nasal Spine (106.1 mm, 37.2°)---This 

measurement is an indication ot the forward and downward 

development of the nasal portion of the maxilla in re-

lation to the cranial bases. 

10. Sella to A Point (92.1 mm, 4l.5°)---This measurement 

locates the ·maxillary basal bone to cranial anatomy. It 

". 
" 



indicates the anteroposterior and vertical position of 

the maxillary denture base. 
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11. Sell a to B Poi n t ( 12 1. 0 mm, 61. 1 0) - - - Th e man d i b u 1 arb as a I ' \ 

bone is located both anteroposteriorly and superioinferi-

orly to the cranial bases by this measuremerii. 

12. Sella to Glabella (85.7 mm, 8.4°)- __ This distance mea

sures the anteroposterior depth of the skull from sella 

turcica to the most prominent point 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, therefore, be dependent upon frontal sinus develop

ment as well as anterior cranial base length. 

13. Sella to Gnathion (140.0 mm, 68.0 0 )---This measurement 

evaluates chin position. It indicates the forward and 

downward development of the mandible in relation to the 

cranial bases. Essentially th~ angular measurement is 

identical to the Y-Axis. 

14. Sella to Hyoid Bone (126.4 mm, 86.l 0 )---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. 
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15. Sella to Infradentale (115.2 mm, 56.1 o)---This measure

ment locates th~ highest projection of the mandibular 

aveolar process between the central incisors. It re

lates anterior alveolar he~ght of the mandible to the 

cranial bases. 

16. Sella to Key Ridge (68.1 mm, 49.So)---This locates the 

key ridge in relation to sella turcica. 

17. Sella to Orbitale (63.1 mm, 26.5°)---This locates the 

lowest point on the orbital rim in relation to the 

cranial bases. It is an indication of development, 

anteroposteriorly and vertically, of the superior one

third of the face from the anterior cranial base to the 

maxillary antrum. 

18. Sella to Pogonion (137.1 mm, 64.9°)---This measurement 

relates the most anterior point on the chin to the 

cranial bases. It evaluates the downward and forward 

direction of facial growth. 

19. Sella to the Posterior Cortical Plate of the Symphysis 

(123.1 mm, 68.l o)---The linear and angular relationship 

of the most prominent point on the posterior contour 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 the symphysis. 

20. Sella to Posterior Nasal Spine (54.2 mm, 70.S
0
}---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. 

21. 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-

gree of alve~lar growth in the anterior region of the 

maxilla. 

22. Sella to Pterygomaxillary Fissure (48.2 mm, 68.3°)---

This measurement is useful in defining the posterior 

border of the maxilla. 

23. 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 bas~s of morphological differ

ences, places all mandibles in three classes. With ethel 

criteria, the sigmoid notch measurement can aid in de-

scribing the types of mandibles. 

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

located on the superior surface of the ethmoid bone coule 
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be useful in describing the length of the anterior crania 

base from sella to that point. It would~ therefore, as

sess the posterior three-quarters of the anterior cranial 

base as to its length and direction of growth. 

25. Sella to the Intertable of the Frontal Bone,··(70.0 mm~ 

10.IO)---Growth of the anterior cranial base~ after ap

proximately 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. 

26. Sella to Tip of Crown of ! (114.0 mm, 51.4°)---This mea

surement locates the tip of the crown of the maxillary 

central incisor in relation to sella. 

27. Sella to Tip of Root of ! (89.5 mm, 43.5°)---This mea

surement locates the tip of the root of the maxillary 

central incisor in relation to sella. 

28. Sella to Tip of Crown of ~ (90.0 mm, 64.5°)---This mea

surement locates the tip of the mesiobuccal cusp of the 

maxillary first molar in relation to sella. 

29. Sella to Tip of Root of ~ (74.3 mm~ 54.8°)---This mea

surement locates the tip of the_mesiobuccal root of the 

maxillary fi~st molar in relation to sella. 
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30. Sella to the Distal Contour of the Crown of !(84.S mm, 

6S.S 0 )---This measurement locates the most prominent 

point on the distal contour of the· crown of the maxil

lary first molar in relation to sella. 

·31. Sella to the Distal Contour of the Crown of 7 (74.2 mm~ 

72.S o )---This measurement locates the most prominent 

point on the distal contour of the ~rown of the maxil

lary second molar in relation to sella. 

32. Gnathion to Infraden~ale (35.4 mm)---This linear distance 

measures the height of the mandible at the symphysis. It 

is a measure of the vertical development of the body and 

its alveolar. process at the central incisor region. It 

could be useful in differentiating alveolaT from skeletal 

dysplasias. 

33. Condyle to the Tip of the Crown of T (109.4 mm, 89.9°) __ _ 

Jarabak has proposed that for maximum stability of the 

mandibular incisors, the long axes of these teeth should 

describe an angle of riinety ddgrees with the line drawn 

from the hinge axis to the· tip of their crown. This 

study has shown this hypothesis to be well founded and 

sound. 

34. Sella to Tip of Crown of T (111.0 mm, 5l.4°)---This mea

surement locates the tip of the crown of the mandibular 

.-:~ 
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central incisor in relation to sella. 

3S. Sella to Tip of Root of T (120.2 mm, 62.S0)---This mea

surement locates the tip of the root of the mandibular 

central incisor in relation to sella. 

36. Sella to Tip of Crown of ~ (91.2 mm, 62.8°)~~-This mea

surement locates the tip of the mesiobuccal cu~p of the 

mandibular first molar in relation to sella. 

37. Sella to Tip of Root of ~ (106.0 mm, 72.2°)---This mea

surement locates the tip of the mesial root of-the 

mandibular first molar in relation to sella. 

38. Sella to the Distal Contour of the Crown of ~ (87.0 mm, 

69.l o )---This measurement locates the most prominent 

point on the distal contour of the crown of the mandibu

lar first molar in relation to sella. 

39. Sella to the -Distal Contour of the Crown of T (79.5 mm, 

74.S0)---This measurement locates the most prominent 

point on the distal contour of the crown of the mandibu

lar second molar in relation to sella. 

Q 
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TABLE I 98 
i COORDINATE VALUES OF CEPHALOMETRIC LANDMARKS 
! (IN MILLIMETERS) 

LANDMARK , COEFFICIENT 
NUMBER, OBSERVED STANDARD 95% CONFIDENCE LIMITS OF 
NAf'.m AN 1) RANGE MEAN DEVIATION VARIATION 
VARIATION x y, 
GROUP x Y x Y X Y Low High Lot" 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 
(I) to to 

+90.1 -69.3 , 
• 

I 2. A Pt. +54.7 -51.4 +69.2 -61.2 5.4 4.3 +58.5 + 79. 9 -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 3.9 3.3 -13.7 -29.1 -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 -118.5 15.1 6.2 
(II) to to 

+75.1 -123.1 , 
; 

5. 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 
(I I I) to to 

-30.0 -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 
(I I I) to to 

-48.0 -106.3 

7. 3 CV -19.7 -97.3 -34.0-111.2 8.9 7.4 -16.4 -51.S ·96.7 -125.8 26.2 6.7 
(I I 1) to to 

-54.0 -128.1 

"'(" . ' 
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TABLE I (CONT'D) 99 

LANDMARK 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 
8. Co -7.6 -24.7 -15.1 -30.6 3.6 4.7 -8.0 -22.2 -21. 3 -39.9 23.8 13.6 

(I I) to to 
-26.1 -48.0 

9. G1 +74.3 + 7.5 +85.1 +12.6 5.4 2.7 +74.4 +95.8 + 7.3 +17.9 6.2 21.4 
(I I I) to to 

+100.6 + 19.1 , 

10. Gn +34.7 -110.7 +53.9 -128.7 8.8 7.0 +36.6 +71. 2 -114:9 -142.6 16.3 5.4 
(II) to to 

+70.2 -143.4 

11. Go -0.5 -74.6 -16.6 -B9.2 5.2 6.5 -6.2 -26.9 -76.5 -102.0 31.3 7.2 
(II) to to 

-32.0 -116.1 

12. HB -13.3 -112.6 +8.2 -125.g 5.8 7.B -3.2 +19.6 -110.5 -141.3 70.7 6.2 
(III) to to 

+21.2 -145.1 

13. In +49.7 -B1.2 +66.6 -95.4 6.3 5.6 +54.0 +79.1 -84.4 -106.9 9.3 5.8 
(I) to to . 

+7B.O -10B.0 

14. KR. +30.7 -43.1 +44.5 -5l.B 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 +6B.7 0.0 +7B.0 0.0 4.7 0.0 +69.3 +87.3 0.0 0.0 0.0 0.0 
(I) to to 

+B9.1 0.0 

---- ~--- ----



TABLE I (CONT'D) 100 

LANDMARK· 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 Hi.gh Lot" High X Y 
16. Or +44.9 -20.9 +57.3 -29.3 4.5 2.8 +48.4 +66.3 -23.7 -34.9 7. 1 9.6 

(I) to to 
70.6 - 35.4 

17. Ant. 0.0 -83.9 -16.1 -Ill. 1 8.5 8.1 -0.6 -32.8 -95.2 -127.1 52.7 7.3 
. Pharo to to , 

• (I II) -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 
Pharo to to 
(III) -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 -136.1 

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 
(I I I) to to 

.. 39. 6 -32.2 ; 

• 
21. PCP +28.9 -91.9 +45.9 -114.2 7.3 7.2 +31.4 +60.3 .. 100.0 -128.3 15.9 5.4 

Syn. to to 
(I I I) +60.0 -131.2 

22. PNS +7.4 -44.6 +17.9 .. 50.5 4.1 3.4 +9.7 +26.0 -43.8 -57.3 22.9 6.7 
(III) to to 

+27.6 -59.3 

23. Pr +56.8 -63.6 +72.6 -75.5 5.6 4.6 +61.5 +83.1 .. 66.5 - 84.6 7.7 6.1 
(I) to to 

+84.1 -85.2 
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LANDMARK 
NUMBER, OBSERVED 
NAME AND RANGE MEAN 
VARIATION 
GROUP x y X Y 
24. PTM +6.9 -38.6 +17.7 :'45.5 

(III) to to 
+26.7 -54.0 

2.5. S 0.0 0.0 0.0 0.0 
(1) to to 

0.0 0.0 

26. Sig. -B.1 -31.6 ~3.6 .. 40.9 
Not. to to 
(111) +13.0 -49.1 

27. TC-1 +54.1 -77-.6 +72.3 -89.0 
(1)- to to . 

+S6.0 -100.1 

2S. TR-l +49.0 -52.9 +64.5 -62.5 
(1)- to to 

+ 76.3 -72.1 

29. TC-6 +30.0 -70.0 +40.1 -SO.O 
(1)- to to 

+50.1 -91.2 

30. TR-6 +33.1 ... 53.7 +42.6 -60.5 
(1)- to to 

+56.0 -67.1 

31. Tc-T +53,8 -72.4 +69.5 -B5.7 
(1) to to 

+83.2 .. 99.4 

TABLE I (CONTINUED) 

, 
~., 

,'I., 

STANDARD 95% CONFIDENCE LIMITS 
DEVIATION 

x y 

X Y Low High Low Hi 9:h 
3.9 3.5 +10.0 +25.4 -38.5 -52.5 

0.0 0.0 0.0 0.0 0.0 0.0 

• 
3.4 4.2 -3.2 +10.4 -32.7 -49.2 

6.1 4.6 +60.2 +84.3 -79.9 -9B.O 

5.5 4.3 +53.6 +75.4 -54.0 -71. 0 

5.7 5.5 +28.7 +51. 4 -69.1 -90.9 

5.0 5.3 +32.B +52.5 -50.0 -71.0 
.. 

6.0 5.4 +57.7 +81.3 -75,1 -96.3 

101 

COEFFICIENT 
OF 

VARIATION 

X Y 

22.0 7.7 

0.0 0.0 

, 

94.4 10.2 

8.4 5.2 

S.5 6.S 

13.2 6.3' 

11. 8 8.S 

8.6 6.3 
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TABLE I (CONTINUED) 102 

LANDMARK ~-OEFF I CI ENT 
NUMBER, OBSERVED STANDARD 95% CONFIDENCE LIMITS OF 
NAME AND RANGE MEAN DEVIATION VARIATION 
VARIATION x y 
GROUP X Y X Y X Y Low Hi-.&h Low l-Ii $!h X Y 
32. TR-T +37.9 -'92.9 +55.8 -106.6 6.4 5.1 +43.1 +68.4 -96.5 -116.7 11. 5 4.8 

(I) 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 
(I) to to 

+68.0 -118.8 

34. TR-6 +14.9 -61.9 +33.7 -100.7 6.8 7.6 +20.2 +47.2 -85.7 -115.7 ·20.2 7.5 
(III) • to to 

+46.7 -113.1 

35., FB +60.0 +7.0 +69.0 + 12.6 5.1 2.7 +58.9 +79.0 . + 7.3 + 17.9 7.4 21.4 
(I I I) 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. 7 15.3 1~.4 
(II I) to to 

+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 - 82.7 14.9 5.6 
(lIn to to 

" 

+46.3 .- 84 .• 0 

38. DC-7 +13.7 -60.4 +22.8 - 70.3 5.0 4.8 +12.8 +32.8 -60.7 - 79.9 21.9 6.8 
(III) to to 

·+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 
(III) to to 

+45.6 -90.4 
40. DC-7 +12.3 -63.7 +21.6 .. 76.5 5.2 5.0 +11.3 +31.9 -66.6 - 86.4 24.1 6.5 

to to 
+34.4 -86 • .8 



TABLE II 103 
POSTERIOR CRANIAL ASSESSMENT 

VALUES OF SELECTED CEPHALOMETRIC ~EASUREMENTS 
(In Millimeters or D~grees) 

95% 
CONFIDENCE 

.OBSERVED STANDARD .LIMITS 
MEAS URE MENT RANGE MEAN DEVIATION Low High 

1. Saddle Angle 110.1 - 134.1 123.3 5.1 113.2 133.4 

2. Articu1are 
#'" 

Angle 130.3 - 161.2 144.2 6.9 130.8 157.7 

3. Gonia1 A~gle 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 89.9 

8. Sella-1st 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. 
Distance 81.2 - 113.4 94.8 7.8 79.5 111.1 

Angle 100.1. - 116.7 107.0 3.5 102.5 113.5 

10. S-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 99.5 114.1 

11. S-Co Dis tance 22.9 - 53.1 34.0 6.2 30.2 49.1 
Angle 101.0 - 131.4 112.0 4·7 104.4 120.4 

12. S-Go Distance 78.4 - 102.1 91.2 7.2 77.2 105.5 
Angle 87.7 - 111.6 98.8 5.0 92.1 104.5 ,. 

13. S-Ant. Phar. 
Distance 83.9 - 128.4 112.0 8.6 95.5 129.6 

"" .. ;. 

Angle 90.0 - 107.9 97.9 3.6 90.8 105.0 

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 Dis·tance 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 
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ANTERIOR CRANIAL ASSESSMENT 
VALUES OF SELECTED CEPHALOMETRIC MEASUREMENTS 

(In Mi 11 i m·e t e r s or Degrees) 

95% 
CONFIDENCE 

·OBSERVED STANDARD LIMITS 
MEASUREMENT RANGE MEAN DEVIATION LOw Hl.gh 

1. ACS 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. SNS 75.7 - 89.1 80.7 3.1 74.7 86.6 

4. ANB - 4.0 - + 8.1 1.1 2.6 - 3.8 + 6.0 

s. N-ANS 50.4 - 63.6 57.1 3.0 51.2 63.0 

6. S-ANS Dis tance 96.6 - 123.2 106.1 3.8 99.2 113.5 
Angle 35.3 - 38.2 37.2 1.6 34.2 40.2 

7. S-Point Dist ance 78.1 - 106.0 92.1 2.1 84.1 100.2 
Angle 40.0 - 45.3 41.5 1.1 39.4 43.6 

8. S-B Pt. Distance 100.2 - 142.3 121. 0 7.6 106.1 136.0 
Angle 56.9 - 67.1 61. 1 3.7 54.0 68.2 

9. S-G1 Distance 74.5 - 97.2 85.7 4.6 76.6 94.8 
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 Di~ tance 110.1 - 148.1 126.4 6 •. 8 113.5 139.3 
Angle 83.0 - 92.2 86.1 2.1 82.1 90.1 

12. S-In Distance 100.1 - 132.1 115.2 6.4 103.3 127.1 
Angle 53.7 - 57.0 56.1' 1.5 53.3 58.9 

13. S-KR Dis tance 68.1 - 82.6 68.1 3.4 61.6 ·74.6 
Angle 48.3 - 54.5 49.5 1.1 47.5 51.5 

14. S-Or Distance 54.5 - 71.2 63.1 2.8 57.1 69.1 
Angle 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 

o· 
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95% 
CONFIDENCE 

OBSERVED STANDARD LI ~fITS 
MEASUREMENT RANGE MEAN DEVIATION Low High 

16 •. S-PCP Distance 115.0 - 140.8 123.1 4.6 113.6 132.6 
A~gle 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 Dis tance 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 Dis tance 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 

20. S-Sig. Not. 
Distance 33.6 - 50.6 41. I 3.9 33.6 48.6 

Angle 78.5 - 96.2 86.3 4.0 78.5 94.1 

2 i.. 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 Dis tance 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 

. 

~J.l-.; 1 

-

.' 
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TABLE IV 

FACIAL AND GROWTH AXIS ASSESSMENT 
VALUES OF SELECTED CEPHALOMETRIC MEASURE~1ENTS 

(In Degrees) 

95% 
·CONFIDENCE 

OBSERVED STANDARD LIMITS 
MEAS URE MENT RANGE 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 

s. Angle of 
Facial - 8.7 - 10.1 1.8 4.1 - 6.2 9.8 

Convexity 

,. 
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TABLE V 

MAXILLARY DENTOALVEOLAR ASSESSMENT 
VALUES OF SELECTED CEPHALOl>1ETRIC MEASUREMENTS 

(In Millimeters or Degrees) 

95% 
CONFIDENCE 

. OBSERVED STANDARD LIMITS 
lrlE AS U RE MEN T RANGE MEAN DEVIATION Low High 

1. 1 - SN 93.7 - 122.1 105.6 5.6 95. T 115.9 - ... 

2. 1 - FN 102.1 - 127.4 113.4 5.4 103.2 123.6 -
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 

A~gle 47.7 - 56.2 51.4 2.0 47.5 55.3 

8. S - TR 1 
Distance 76.0 - 104.1 89.5 6.7 76.9 98.4 

Angle 41.1 - 46.7 43.5 1.4 40.8 46.2 

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 
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 75.1 93.9 

Angle 62.9 - 72.1 65.5 2.4 61.3 69.7 

12. S - 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 

-
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MANDIBULAR DENTOALVEOLAR ASSESSMENT 
VALUES OF SELECTED MEASU~EMENTS 

(In r,li IIi me te rs or Degrees) 

95% 
CONFIDENCE 

OBSERVED STANDARD LIMITS 
MEAS UREtvtENT RANGE MEAN DEVIATION Low High 

1. 1 - NB 13.6 - 33.5 24.6 4.9 15.1 34.1 
'.- . 

2. T - NB (mm) 0.0 - 9.7 4.8 2.3 0.4 9.2 

3. Po - NB 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 83.6 - 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 - 102.1 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 l02.9 119.1 
Angle 48.5 - 54.7 51.4 1.2 49.3 53.5 

11. S-TR T Distance 105.4 - 132.3 120.2 6.2 108.2 132.2 
Angle 59.8 - 67.1 62.5 1. 1 60.5 64.5 

12. S-TC 6" Dist ance 79.0 - 103.5 91.2 3.8 83.6 98.8 
Angle 57.5 - 67.5 62.8 2.2 58.8 66.8 

13. S-TR 6" Distance 88.1 - 115.2 106.0 6.1 94.0 118.0 
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 91.0 
Angle 65.0 - 73.7 69.1 1.7 65.4 72.8 

15. S-DC 7 Distance 68.6 - 82.6 79.5 3.2 73.4 85.6 
Angle 70.0 - 80.8 74.5 2.2 70.4 78.6 

. 



TABLE VII 109 

CEPHALOMETRIC VALUES FOR TEST CASES 
(* Indicates measurement beyond normal limits 

CLASS I CLASS CLASS 
, ARCH 11,** 11,** 

NORMAL NORMAL LENGTH DIVISION DIVISION CLASS 
MEAS UREMENT RANGE TEST DIS CREP. 1 2 rI1** 

1. Saddle Angle 113.2 - 113.4 115.1 122.1 132.6 129.2 125.2 

,2. Articu1are Angle 130.8 - 157.7 155.7 146.8 139.0 140.7 134.6 

3. Gonia1 Angle, 112.0 - 132.6 120.3 130.2 124.1 . 125.0 '127.5 

4. Sum 379.4 - 399.6 391.1 399.1 395.7 393.8 387.3 

5. PCB Length 33.7 - 46.5 41.7 37.2 38.2 39.4 39.9 

6. Ramus Height 41.3 - 63 p 7 57.1 53.0 48.1 54.7 60.2 

7. Body Length 73.2 - 89.9 82.0 77.1 74.6 79.0 85.7 
, 

8. S-lst CV Distance 42.6 - 70.9 58.2 64.1 51.0 56.0 48.2 
9. Angle 81.2 - 113.7 100.2 103 .. 2 120. 1 * 113.7 lq8.4 

\ 

" 10. S .. 2d CV Distance 79.5 - Ill. 1 95.0 95.7 86.4 92.1 85.5 
11. Angle 102.5 - 113.5 104.3 105.2 115.9* 110.4 108.5 

! 
12. S-3d CV Distance 98~5, - 133.7 115.2 115.3 107.3 Ill. 7 115.5 
13. Angle 99.5 - 114.1 100.1 106.2 104.7 108.0 101.2 

14. S-Co Distance 30.2 - 49.1 35.0 37.6 38.7 39.4 32.3 
15. Angle 104.4 - 120.4 107.1 104.8 132.0* 129.6* 118.0 

16. S-Go Distance 77.2 - 105.5 96.1 86.2 79.4 86.1 92.7 
17. Angle 92.1 - 104.5 95.5 100.3 108.0* 102.0 97.5 

1111; 3 ,,' iff ~ ~. '".~,. - ,,~,.:- ."..;-,-:': " ,.~. -. ".~. "-,;c<,_ -.- ,,;_'';h''P " ," ."1 III 1 "-".,"' .. _'~-<!J"'"~_t--''\ "r~ __ "" __ l-C;"_7~ __ -~'''''' •• _ "~·"jU<I)!iIt:l!YJ],,, 
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TABLE VIr (CONTINUED) 110 

CLASS I CLASS CLASS 
ARCH 11,** 11,** 

NORMAL NORMAL LENGTH DIVISION DIVISION ,CLASS 
MEASUREMENT RANGE TEST DISCRE P. 1 2 111** 

18. S • An t • Ph a r • Dis'tance 95.5 - 129.6 110.0 113.7 115.2 109.4 103.2 
19. Angle 90.8 - 105.0 92.2 102.1 ' 102.9 101.7 93.8 

20. S-Post. Pharo Distance 44.8 ... 59.8 56.3 58.2 50.1 55.0 47.5 
21. Ang Ie 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 
23. Ang Ie 137.2 - 145.3 143.4 145.2 141.6 143.2 ,135.5* 

• 
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* 90.1* 94.0* 107.5 " 

30. , Ang Ie 34.2 ... 40.2 35.0 39.4 38.7 39.7 39.8 

S'1. S-A Point Distance 84.1 - 100.2 98.2 89.6 84.4 92.7 92.0 
32 •. Aug Ie 39.4 - 43.6 42.3 43.2 43.1 42.2 43.2 

33. S-B Point Distance 106.1 ~ 136.0 130.7 120.2 106.8 115.1 138.2 
34. Angle 54.0 ... 68.2 56.9 63.4 65.0 60.1 58.0 

35. S-G1 Distance 76.6 ... 94.8 88.4 94.3 90.2 84.0 85.0 
36. AIl:g1 e 4.8 12.2 6.1 8.0 6.0 6.1 8.7 

--~------. ------~-.- ~-
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CLASS I CLASS CLASS 
ARCH 11,** 11,** 

NORlvlAL 'lORMAL LENGTH DIVISION DIVISION CLASS 
ME AS U RE MEN T RANGE TEST DISCREP. 1 2 111** 

37. S-Gn Distance 126.6 - 154.1 150.2 140.2 123.0* 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 
40. Angle 82.1 - 90.1 82.3 90.0 96.0* 89.7 80.4* 

41. S-ln Distance 103.3 - 127.1 124.0 115.0 Ill. 9 108.0 I? 3.2 
42. Aug1 e 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. S-Or Distance 57.1 - 69.1 66.7 63.5 58.0 59.3 62.5 
46. Angle 24.4 - 28.6 27.0 27.9 29.0* 28.2 27.8 

47. S-Po Distance 128.6 - 145.6 142.1 138.0 122.2* 129.3 145.8* 
48. Angle 61. 6 - 68.2 61.9 68.2 69.6* 62.9 61. 5* 

49. S-PCP Dis tance 113.6 - 132.6 130.0 122.0 107.3* 114.4 127'.5 
50. Angle 64.5 - 72.7 65.7 72.0 73.4* 63.7* 63.6* 

51. S-PNS Distance 44. 7 - '63.7 '58.2 59.2 53.6 50.1 57.1 
52. ~ng1e 64.5 - 76.5 68.9 71.3 ' 71.5 72.0 71.5 

53. S-Pr Oi stan ce 96.0 - 113.0 110.0 101.1 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 Distance 4~.0 - 53.4 50.6 51.4 5U.5 47.0 50.0 
56. Angle 66.3 - 70.3 67.5 72.3* 69.5 72.0* 72.5* 

"',"~. ~..F"' .",.-•• ,' . - .~ - ,,-. 
-"'_..,.....~~'""_A~~"~'''':,..'''-:"..,~~, ,.... _ i !!! .1. 
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TABLE VII (CONTINUED) 112 

CLASS I CLASS CLASS 
ARCH 11,** 11,** 

NORMAL NOIU-IAL LENGTH DIVISION DIVISION CLASS 
MEAS Ul~E~'iENT RANGE TEST DISCREP. 1 2 II I ** 

7. S-Sig. Not. Distance 33.6 - 48.6 45.9 45.3 39.2 42.4 42.7 
8. Angle 78.5 - 94.1 80.2 87.4· 79.4 93.1 83.2 

9. S-CG Distance 40.4 - 60.4 43.1 51.8 60.4 55.5 44.5 
O. Angle 14.8 - 24.4 22.7 22.8 17.1 17.0 18.2 

1. S-FB Dis tan ce 66.0 - 74.0 68.7 72.6 73.1 70.2 72.2 
2. Angle 8.0 - 12.2 10.1 11.0 10.7 9.1 10.5 

3. Go-Gn-Sn 21. 7 - 37.9 30.0 37.4 35.9 28.0 26.5 

4. FivlA 13.6- 31.8 24.9 30.1 24.3 24.1 19.0 

5. Y-Axis 53.2 - 65.0 57.2 63.0 59.6 61.2 60.2 

6. Facial Depth Angle 36.4 - 48.6 46.1 43.2 36.1* 42.0 44.6 

7. Angle Facial Convex -6.2 - 9.8 -3.0 2.0 4.0 2.0 -11.1* 

8. 1. - SN 95.7 - 115.9 112.0 111. 9 98.4 91. 8* 109.8 

9. 1 - FH 103 • .2 - 123.6 118.2 119.2 109.2 95.3* 112.5 

O. 1 - T 115.2 - 145.4 133.3 120.1 129.0 153.0* 134.9 

1. 1 - NA Angle 16.6 - 32.2 30.1 31.6 28.1 S.O* 29.5 

2. 1 - N A (mm) 2.4 - 10.4 6.1 6.1 8.0 . 0.0* 10.6* 

3. ANS - Pr 12.1 - 23.9 20.6 18.0 19.2 18.2 13.7 
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TABLE VII (CONTINUED) 113 

CLASS I CLASS CLASS 
ARCH 11,** 11,** 

NORt-IAL NORMAL LENGTH DIVISION DIVISION CLASS 
MEASUREMENT ' RANGE TEST DISCREP. 1 2 111** 

4. S - TC 1 Distance 102.9 - 127.1 120.1 108.3 115.3 109.2 116.0 
5. - Angle 47.5 - 55.3 50.0 52.6 56.4* 54.7 50.5 

6. S - TR 1 Dis tance 76.9 - 98.4 95.2 87.2 81.6 88.0 90.1 
7. Angle 40.8 - 46.2 45.0 46.2 4.7.1* 44.1 45.1 

8. S - TC 6 Distance 78.8 - 100.2 91. 7 ' 88.6 84.9 86.1 I 87.5 
9. - Angle 60.5 - 68.5 62.0 65.7 67.2 66.9 63.0 

O. S - Tl{ 6 Distance 65.3 - 83.3 76.2 73.7 70.7 72.0 72.5 
1. Angle 50.9 - 58.7 56.3 57.1 57.3 56.2 55.7 

2. S;.. DC 6 Distance 75.1 '- 93.9 80.0 81.0 75.4 77.6 80.0 
3. Angle 61.3 - 69.7 65.3 67.2 69.5 67.8 6,7.0 

4. S - DC 7 Distance 66.4 - 82.0 81.2 74.6 67.0 67.9 74.5 
5 • 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 22.0 

7. T - NB (mm) 0.4 - 9.2 2.2 3.0 4.0 1.0 7.0 

8. Po - NB 0.6,- 6,.8 6.0 1.0 5.0 4.0 1.0 

9. T - Po Ratio 5.3:1 - 1:5.3 1:3 3:1 4:5 4:1 7:1* 

O. H'lPA 84.4 - 102.4 86.2 89.2 96.0 87.2 87.8 

1. Chin Angle 58.0 - 75.6 61.4 67.0 67.0 69.0 76.0* 

2. Gn-In 31.4 - 39.4· 38.7 38.1 33.7 35.0 38.0 
~-. "" ~ ~.---"--~' -- - . ~ -- -'" """""" ~,~_ t~~ ~:f'4:"'~ .,. ....... -',;\ 

_. 
-~,."""-,,,,--... ... -~ -";"",,,',;-
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CLASS 1 CLASS CLASS . 
ARCH 11,** 11,** 

NOR~lAL NORMAL LENGTH DIVISION DIVISION CLASS 
MEASUREMENT , RANGE TEST DISCREP. 1 2 111** 

93. Co - TC r 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 - l'C T Distance 102.9 - 119.1 116.2 108.3 97.3* 101.0* 115.2 
96. Angle 49.3 - 53.5 50.0 53.0 55.4* 52.6 47.0* 

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 62.1 64.2 69.0* 64.9* 58.4* 

99. S - Te 6 Distance 83.6 - 98.8 94.9 89.4 81.6* 83.1* 88.0 
100. Angle 58.8 - 66.8 62.0 63.7 68.6* 59.6 57.4* 
101. S - 'fR <r Distance 94.0 "" 118.0 108.3 114.6 93.0* 99.1 108.2 
1u2. Angle 76.1 - 88.3 77.7 76.7 78.4 75.4* 72.0* 

103. S - DC 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 • 
1 OS. S' - D,C 7' Distance 73.4 - 85.6 82.0 74.1 67.2* 68.4* 78.5 
106. Angle . 70.4 - 78.6 72.0 74.0 77.0 73.2 73.0 '. 

'; 

**Failed **Fai1ed **Failed 
1imita- lind ta- limitation 
tion 2 tion 2 1 describ-
des crib- describ- ing maxi1-
ing max- in g max- lary and 
i11ary i11ary mandibulaI 
and man- and man- incisor 
dibular dibular relation-
molar molar ship. 
relation- re 1at ion-
ship. ship. 

. >w··",,_ .- ,- . '~ .. ~., .. ,;::'':'',_.~-f;~~~::~,,,f1'"''';''''''' . ·i:~ti:"':~, .. ,- -~~ ... :.<~~~,," ~ .. ~,_, ...... ~,.,,-::.,.,-:;: '"' -.\ ..... : __ :(_~,,..,,.~">J _~ ,.-<", ''''''4't;IIJ"",::-:._~.«.J'~_'''i-.'' ::'" " .... -.·A .. ~~"'f,.,,~9!,. 
-,",,' " ~ ,*' ~ ~. ~ . ,-. ,- .~ ~ .... -"- ""'-~~~-- ......... ~re4t,$$U .' " 



TAULU VIII 

MEASUREMENTS FROM BJORK ANALYSIS 

115 

(Bjork's data is obtained from 21-22 year-old Swedish males) 

1. 

2. 

"sadd.le AnJ:!le 
The measurement of the angle 
at sella turcica provides a 
means of measuring the shape 
of~he cranial base. Its 
architecture has a dire~t 
influence on mandibular 
pos ition. 

Articulare Angle 
This angle measures_the forward 
or backward diversion of the 
"mandibule. 

Gonial Angle 
This m~asurement at gonion de
scribes the angular. relation
ship of the ramus of' the mandi
ble to the mandibular body. 

4. Sum of the Three Angles 
The sum is an indicator of the 
direction of cra~ial growth and 
its influence on facial morpho-
logy. " 

Anterior Cranial Base Length 
This linear measurement will 
partially determine the degree 
of facial prognathism. 

Bj ork 

This Study 

Bjork 

This Study 

MEAN 
123.6° 

123.3° 

143.3° 

144.2° 

Bjork 130.9° 

This Study 122.4° 

Bjork, 397.0° 

This Study 389.5° 

Bj ork 73.2 mm 

This Study 78.0 mm 

STANDARD 
DEVIATION 

5.33° 

5.10° 

6.91° 

6.90° 

7.31° " 

5.30° 

5.90° 

5.20° 

3.26 mm 

5.60 mm 

NOR~-1AL 
RANGE 

107.1° - 139.0° 

113.2° - 133.4° 

122.5° .. 164.0° 

130.8° - 157.7° 

108.9° .. 152.8° 

112.0° 132.6° 

381.4° .. 403.Uo 

379.4° .. 399.6° 

63.4 mm - 83.0 

67.5 mm .. 89.1 
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TABLE VIII (CONTINUED) 116 

STANDARl> NORMAL 
MEAN l>EVIATION RAN GE -

Posterior Cranial Base Length Bj ork 37.0 mm 3.3 mm 27.1 mm - 47.0 m 
The length of the posterior 
cranial base, in part, detcr-
mines the backward or forward 

,This Study 40.1 mm 3.3 mm 33.7 HlIlI - 46.5 m 

divergence of the mandible. 

• Ramus Height Bjork 53.2 mm 5.16 mm 37.8 mm - 68.7 m 
The length of the ramus of 
the mandible partially deter- This Study 55.5 mlJl 4.2 mm 4 7 • 3 llUB - 6 3 • 7 III 
mines the height of the face. 

8. Mandibular Body Length Bjork 80.7 mm 5.16 nun 65.2 ml1l - 96.1 m 
The length of the body of the 
mandible will ~ffect facial This Study 81.5 mm 4.4 mm 73.2 mm - 89.9 III 
height and prognathism of the 
profilc~ 

• Chin Angle I3j ork 64.2° 6~43° 45.0° - 83.5° 
This angular measurement 

4.60° 58.0° - 7S~6° indicates the degree of This Study 66.8° 
mandibular a1veolarp~o-
cumbericy. 

o. Nasion to Anterior Nasal Spine, Bj ork 55.41 mm 3.25 mm 51.2 mm - 63.0 m 
This linear measu»ement 
ev~luates nasal height. This Study 57.1 mm, 3.0 mm 50.4 mm - 63.6 mm 

"~--..-
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TABLE IX 

MEASUREMENTS FRON DOWNS ANALYSIS 
(Downs' data was obtaine~ from 12 to 17 year~olds, 

Aijgle of Facial Convexity (NA-Po) Downs 
This angle measures the degree of 
protru~ion of the maxillary This Study 
portion of ,the face .to the 
total profile. 

MEAN 
0 0 (or 
180 0 

) 

1.8 0 

Y-Axis Downs 59.4 0 

This angle measured at its inter-
section with the Frankfort hori- This Study 59.1° 
Z 011 tal plan e evaluates the di-
rectiort and degree of forward 
and ~o~nward development of the 
face in telation to the cranium. 
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male and female) 

STANDARD NORMAL 
DEVIATION llANGL 

4.3° 10° 8.5 0 

4.1 0 9.8 0 - 6.2 0 

3.7° 53.0 0 
_ 66.Uo 

3.0 0 53.2° 65.0° 

, Frankfort Mandibular Plane Angle Downs 21.9° 4.6 0 17.0° - 28.0° 
(FMA) , 
This angle m~asuresthe skeletal' This' Study 23.2° 4.9 0 13.6° - ,31.8 0 

degree of existing facial ,diver-
gence. 

• Incisol" Mandibular Plane Angle Downs 91.4° 4.4° 82.5° _97.0° 
(IMPA) , 
This angular measurement relates. This Study 93.4° 4.8° 84.4° - 102.4° 
the mandibular central incisors 
to mandibular apical base. 

• I to T Downs 135.4 0 5.7° 130.0° _ 150.5° 
This angle measures the degree 
of procumbency of the maxillary This Study 130.3° 7.9° 115.2° _ 145.4° 
and mandibular incisor teeth. 
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MEASUREMENTS PROM STEINER ANALYSIS 
(tiata obtained from Reidel of Individuals over 18 years of age) 

MEAN 
1. SNA . Steiner 82.0° 

The angleSNA locates the maxil-
lary apical base to the cranial This Study 81.8° 
plane S-N. 

2~ SNB Steiner 79.97° 
This angle relates the mandibu
lar apical base to the cranium. This Study 80.7° 

3. ANB. Difference Steiner 2.04° 

4 .. 

5. 

This measurement is Steiner's 
method to indicate'the antero
po.terior relationship of the 
ma~illary and mandibular basal 
arches. 

This Study 1.1° 

Go-Gn-SN Steiner 
This angle indicates .the verti- . 
cal development of the mandible This Study 
and the.direction of facjal growth. 

1 to NA Rteiner 
This measurement relates the maxi
llarycentral incisors.anteropos--
teriorly to the maxillary denture This Study 
base •. It is a method of relating 
these teeth to a landmark in the 
face rather th.an the cranium. 

32.0° 

29.8° 

22.0° 
4.0 mm 

24.4° 
6.4 mm 

STANUAIW 
DEVIATION 

3.89 0 

3.3 0 

3.6 0 

3.l P 

1.81 0 

3.1° 

4.1° 

4.2° 

4.0° 
2.1 mm 

NUI{iI/AL 
RANGE 

75.4° - 88.2 0 

74.7° - 86.6° 

3.8° - 6.0° 

23.7° - 38.6° 

21 .7° _.37.9 0 

16.6° - 32.2° 
2.4 mm - 10.4 mm 



TABLE x (CONTINUED) 

6. T ~o-NB 
The mandibula~ c~ntral incisor 
is related to thci mandibular 
denture base both linearly and 
angularly by these measurements. 

MEAN 

Steiner 25.0° 
4.0 mm 

This Study 24.6° 
4.8 mm 

STANDARD 
DEVIATION 

4.9° 
2.3 mm 
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NORMAL 
RANGE 

15.1° - 34.1° 
0.4 mm - 9.2 mm 
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TABLE XI 

M5ASUkEMENTSOF OTHER INVESTIGATORS 

1. 

• 

Po to NB 
This measurements relates the 
chin to the NB Plane. 

1 to Po (Holdaway Ratio) 
This measurement relates the 
mandibular incisor to the chin. 

., Facial .Dept.h Angle (S-N-Go) 
This. describes the antero-

• 

'·5. 

posterior depth of the face 
and indicates the morphology 
and4irection of growth of 
the mandible. 

1 toSH (Ja~abak and Schaffer) 
This angular measurement evalu. 
ates the relationship Df the 
maxillary central incisor to 
the cranial base plane s~ll~ -
nasion~ 

1 to PH 
'This measurement .relates the 
m~xillary central incisor to 
the cranial base plane F-H. 

~lcAN 

Holdaway 4.0' mm 

This Study 3.7 mm 

Holdaway 1:1 

This Study· 1. 3: 1 

Jarabak 42.0° 

This Study 42.5° 

Reidel 103.97° 

This Study 105.6° 

Reidel 111.2° 

This Study 113.4° 

STAN LlARD 
LlEVIATION 

1.6 mm 

2.1 mm 
• 

3.2° 

5.8° 

5.6° 

5.9° 

5.4° 

12); 

l{AN GE 
VARIATION 

0.6 10m - 6.8 mm 

5 • 3: I -. 1: 5 • 3 

36.4° - 48.6° 

95.7° - 114.8° 

97.5° 115.9° 

101. 7- 121.6° 

103.2°. 123.6° 



CHAPTER V 

DISCUSSION' 

P~~gramming prthodontic ~reatmertt is one of the m~st criti-. 

cal tasks con~ron~ing an orthodon~ist.· Grbwth, morphologif pa~

. terns of the. craniofacial complex, sizes and shapes ... af teeth, 

den tal size ratios between the teeth in the two arches., .. and 

, facial, asymmetries are but a few of· the major considerations 
. . :<. ~. - , 

which enter.into thedevelopm~nt of a treatment plan. It,is the 
. '. C . 

'purpose of t~isresearch to prepare the groundwork for, treatment 

prograJl,lpli~g .,p.singan electronic computer. In order to. accomplish 

. this , it \(as. necess ary to arrange the dat~ de.ri ved fro~the cepha 

. ,logram in to various categories amenab Ie to the computer process. 

These da:t . .a:were arranged as follows: 

1. Conver~i.on of all Jileasurements into rectangular co-

ordinates •. 

2. Arra~ging these ~it~ to establish: 

a. The morphOlogy of the posterior cranial base. 

b. The morphOlogy of the anterior base. 

c. The morphology of the mandible. 

d. The re lati onship of the cranial bases to each other. 

e. The relationship of the teeth to each other. 

f. The relationship of the teeth to their respecti ve . 
ap,ical bases. 
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In order to give meaning to t-he data, it was necessary to 
, " 

establish sQlIlestandards. This, was done by selecting a sample 

c'o,mptised of Y'OUll,g adult males who had completed their', growth' 

and who ltadiiearly ideai occlusions. By usl.ng a sample of non

growing subJects~, the influence of growth was excluded from this 

: investigation. E'liminating this c'omp lex factor unti 1 ',such a time 

when the, compute~':i>rogram is pe.rfected removed many' problems. 

Growth assessment<'answers will come from future studies after a 

batic proar.m is desi~ned.' 

5ucces9ful p~ogramming demands isolating data into sp~cific 

yet meanl-ngful components which can be understood, electronically, 

by the compute'r. This was done as out lined by converting all dat 

into rectangular coordinates and then arranging these data to as

certain what each of the va~ious areas of the craniofacial comple 

contributed to t.otal facial morphOlogy. 

Rectangular coordinates are discrete packets of information 

readily acce~ted by the computer, that is, these data are in a 

form suitable for computer computation~. 50 that the machine 

could receive this information, the coordinates of the selected 

landmarks were ,recorded on punch cards, in various sequences, tha 

constructed specific cephalometric measurements. The exact layou, 

of the cards and the methods to accomp I-ish this are exp lained and 

illustrated in Chapter III. This information is now permanently 
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re.corded in an easily retrievab'le form, thus the task of regathe:q.., 
. . & " 

~ng these primary d~t~ is eliminated. 

'Once the data is contained within the machine, instructions 

supplied by the computer program dictate the calcul,~tionsth.ta 
'\ 

to be carried out'. This program was written ,in a problem;..orient.~, 
, • . " ':.J 

" ,;....~ .:'~' V 11 .'~ 

langllageknownas FORTRAN which is a general ma thema ti,ca I 'o,rfor;"i 
,.' '} 

,~ .~. "i~;r,· 

mUla .. translating,eomputer language. This is the language, oi' 

choice for solving scientific problems; therefore, i t,~a~;.u~ed' int:· 
• 'I'; 

\ " i 
this resear~h. These data were manipulated as instructed'oy theg, 

pr~gram and the results--distances, angles, and pointsoi!i~i~r~ 

section--resulted. These then were the measurements that were 

used to a$ses~ the lateral cephalogra~s. 

Examining the data now becomes necessary if it is t~ '~ve 

meaningfulness in' des i gning a di agnos is and, trea tment p lannf~g 
, ' , 

program oriented to the computer. Since these were adult s~])jec ' 

it might be well to compare data derived from these individuals 

with those from other investigators and show how these data ~ere 

arra~ged lor computer programming. 

Considering. the numerical breakdown of the posterior 

base first, it is interesting to note that this area, morphologi~ 

cally speaking, ,COmpares favorably wit~ the observations made by 

Bjork. Th'esaddle and articulare angles {In the two popUlations 

were nearly identical. Bjork found a value of 123.06 degrees 

/ \ 
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the s addle angle, the same angle in this study was 12-3. 3 d~grees·. 
-;. ,.1. 

j\rticulare aIlgle. v·i:llues are 143 .Jde greesfrom Bjork's $ tudy and 

144.2 d!,grees as established here. The values of these. two a!l~les 

indicate Bj ork' s·,p~J?ulation (Swedish males, 21 to 22 ye ars o~d, 

4is~e~ardi~gocclusion) was about the same as the American popu

l~tion. of a compar~bleage.· 

The, gon~al an~~e of the American population was significantly/ 

smaller than· tfie5wedish conscripts. This means that the relation 

~hip ~etw~~n asceridi~g ramus and body was more acute. Prom this· 

we may,· gather that'mandibular growth \'las more horizontal in the 

American than the Swedish males. Bj~rk reported a Value of 130.9 
., 

degrees, this study 122.4 degrees • 
. \ 

The sum of these three angles is an indicator of ·the direc .. 

tiori of. growth of the posterior cranial base. As the mandible is 

directly connected to this portion of crania·! anatomy, themor

pho!ogy of the posterior cranial base influences mandibular posi

tion. The sum of the three angles was significantly less for 

this investigation, and this reduction can be attributed to the 

decreased gonial angle. 

The chin angle was another angular measurement employed by 

Bjork for which this research reported findings. This·measure

ment was iricluded in the mandibular dentoalveolar assessment 

section. The. American population showed somewhat more mandibular 



alveolar procumbency, as indicated by the increase in t.his angle, 

than . the Bjork sample. The difference between the two. studies was 

2.6 degrees and is not considered to be s~gnificantly great!. 

Five linear JIleasurementsproposed an'a-evaluated by Bjorkwe,..e·· 
; 

also use.d in this .~ asses.sment pr~gram. These were the anterior and 

posterior cranial. base, lengths, ramus height, mandibular body 

le~gth, and the distance from nasion to a~terior nasal'spine~ The' 

measurements for the anterior and posterior cranial .bases ~n ·the 

two invest~a~tions.· showed significant differences. Both cranial 

base$ were larger in this popUlation, and the increase in .growth 

was nearly p·r!~portional. Bjork found a mean value of 73,.2 milli

lJ1eters anc:l.A7 .... 0millimeters, respectively, for the anterior and 

poster;ior cr,",p,ial bases. . ., ... ", . This research reports values of 78.0 an . . -, 

40 .. 1 mil1ime~ers, respectiv.ely. The length of the anterior base 
.. 

partially. det,e7;minesthe degree of facial prognathism, whi}e, the 

posterior cranial base length, in part. establishes the forward o· 

backward: dive.rgence of the mandible and influences facial h,eight. 

Ramus· height and mandibular body length were also studied. 

Both of these measurements are included in the posterior cranial 
. . 

assessment division of the analysis. Ramus height influences 

fa~ial height, and body length facial prognathism. No significan 

differences were found between the American and Swedish subjects. 

The other measurement investigated in this and the Bjork study wa 
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the linear distance from nasion to anterior nasal spinewhi C;h as

.sesses·' nasal.heigltt or height of the upper face. Both studies 

again reportessen·tiaily simi lar findings, Bj ork reporting a 
iengthof 55.41 millimeters while ·this study gave a melin of"·57.1 

millimeters.·· This'·JIleasurement is placed in the anterior cranial 

asses'smelit ·for ·purposes of programming. 

Acephalometi'l.,c method of. recording the skeletal ~ndfacial 

pattern by which "facial· form C;1n be measured was introduced by 

Downs (194"8)" Ilis, re~.earch was conducted on a group of twenty 

individuals, "12 to 17 years old,. wi th exce llent occlusion. Piv.e 

angUlar meas'urements of the Downs analysis were included in this 

assessmen t program. Comparis on between the results of this study 

and Downs' orig'inal work follows. 

Three measurements are essen tia lly simi lar in both investi. 
" " 

gations. The V-axis assess the direction and degree of downward 

and forward development of the face in relation to the cranium. 

Downs reported a mean of 59.4 degrees, this study 59.1 degrees. 

This is a significant observation becaU$e it points out the fact 

that beyond a certain age, 14 years according to Downs, there is 

very little change in the vertical height of the face, a distance 

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

fort mandibular plane angle were part of the growth axis division 

of the assessment program. The FMA, a measure of existing facial 

" 
~' 

I 
i 

f 

;, 



anterior "teeth w~s ;;een ~n tn.!s sample by its redueed:v,alue. 

the a!lgle w,asfollnd to be 130.,3'; d~'gI'eeS'"# wid Ie Downs l'.PQl"ted ;~e 

,1.: 

Steiners clinical ~ephalo.e't:Tic anal~rsis is CQJIlP:ri.$~4;of" 

tliirt'een measurell!ents ,of which e~gh,t were ,used in t.h.i~eoap\lte"r 

".sse.ssJllen~" pr~gram;" "The angle's SNA and ~~NB relate. the .• axillary 

and Jlandibul.r~~al bases· to cranial anatomy. Reid,l h~as ' 

studled thesl.'va'l!les: for· various age groups, and our ci,.,t" will be 

c:ompa~r.dwd.'thiifi;Jld:ings derived. by Reide I for. sub jects::oY.·l,T';.18 

ye;a" 10£ ta:ge.i:' ,-lhfreporte'd,theSNA -measurement .to· be . 83.,0.egreesl, 

,This"study 1:~».;loc'.ting A point as advocated by Jaraba~, f,,.~nd, a 

'Jlean of ,a·l .. :8 xli.pes.AsA ,p'oillt (J.arabak) . is 10Cf,teQ:,.,terior 
,," 

to thepoiDt.':~"'.rally emp·l'oy,.e;d. and.since. the two studt •• r,port, 

basically; s:~itlI4ltValue5, tlii.spopulati on ha$ aore maxi ll .. ~y pro .. ; 

euaheneyf/than i!tite Reidel sample. The'SNB values are l)earlyic1en-: 

tical':CR'eidel1.,;.J 7~. 97 de grees ,thisst udy-- 80.1 degrees). The AN.; 

diffet-~ulcefifoUJ1d!by Reidel as 2 .. 04 .degrees. was .reduceci to .. I.l 

degrees: 'fo-r ',otir;populati E)n. The di ffe renee is exp lained,1il1 the' 
.. 

ldc.tidtti selected for A point in the two investigations and 

therefore {Ii're "'presumed to be nearly identical.', 

Reid.n also repo.rted values for the angle GO-Gn-SN for a 

population'I8years or Older. Reidel .founda. mean value of 32.0 

degrees; . It:was 29;8 degrees in thisstudy,- As this angle is 



in,dic~tor o£·,,'th.e vertical development of the mandible and,the 

ve:rgence()f facia,lgrowth, thepopulati,onof this study shows' a' 

patte,rn . of'£a:~ial. development 'more forward and lessdo\llnw .. ~. , 

,.This ,is als~ in aJree~ent with thein~:ormation derived: fro~Bj,()rk 

findi~gs:eThe,Go';'Gn-SN measurement was' inCluded in, th~. g:.owth 

,.axis.assessmeat .,()f:.this an a1Y5i&. 

The four're.JJi'~ning ,measu;remen,ts of the Steiner analysis .eval 

uat e·'thte 'Dtax.flla1o/·and mandibular central inc is ors, an t era]? O:s t e r1 

orlYr'tottfe;itdentu~ebases. The measurtfmentl to NA, is \lssigne 

a va{ue ol22'.O: deg'rees and 4.0 millimeters by Steiner. The 

ings of this"r?es\earch are 'l4.4degrees and l 6.4 millimeters. Ail 

increasefo~these measuremerltswas expected' as A point was lo

cated morepostl!riorly in thfs' study. Re locating A point fn: this 

way increases both the angular and linear measurements, and this 

was found. Therefore, theresul ts of both investigations ~i're con 

sidered to 'be essentially similar. The angular measurement .. of T 
. ' 

to theN! plan1e is, given a value of 25.0 degrees by Steiner, and 

the linea'idistanceis placed at 4.0 millimeters. The fiIldings 

derlved'froJJl this population are almost identical, then-eans bein 

24.6 degrees 'and 4. 8mi llimeters • 

. Holdaway has proposed a ratio that'. relates the position of 

the mandibul8,rincisors to the chin. The line'ar values'of 1 - NB 

and Po to NB were measured and compared. Ideally both measure-



,ments' should be, 4.,0 mi llimeters, and a I to 1 ratio should 

,This study, ,found t,esults favorab'leto tbose advocated by Holdaway 

_as the.ean ratiowas,calculated to be l.$:to I with a,~standard' 

devia~ion of 2.1. ' "This measure,ment is found in the mandibular 
, , ~ . 

,dentoalveolar sect,ion of the assessment program. 

~arabak h.~ p'ropos'ed, that for maxim~m stability ()£ th-e, ,man- ' 
"' '. '. -,' ,-

dibulfLrinci'sors, ,the long axes of these teeth should 4'8S cri-he a~ 

,angle' of ninetyi~e~,rees with the line drawn from the hinge, axis 

'radius to the fact,sal edges of the mandibular central i,ncisor 

'crowns.' t!Th'fs': :~ese',arch has pro\red this sUltgestion qUite'vatl,d as 
, . 

~the Die'an'Wa~foundto be 89.9 degrees. 
, , 

TJuf ·facia.~l; depth angle' (S-N-Go), measured at nasion, eValu

'a:testhe morphOlogy and gr:owth direction ,of the mandible as' well 

as describl~g' the anteroposterior depth of the face. Jarabak has 

su'ggested tbis"~n'gular measure~ent, and a vaiue of 42.0 degrees 

is' generatrya"Ccepted as the norm. This' study reported a mean of 
, ' , 

4i.s degt~.~.lt is included in the growth axis assessmeni 

, Section. 

The k.!~iular measurements of 1 to t'he SN plane (Jarabak and 

Schaefferr~'tld .!. .. FH relate the, maxillary incisor teeth to 

cranial planes., Reidel, investigating patients 18 years old or 

older, reported a mean of 103.91 degrees for the 1 - SN measure

ment~ A smean of IOS~6 degrees was arrived at in this study. 



Reidel; uSingth'e':':same sample. gives a value of 111.2 for the 

angle! t~ fA., while our fihdi~g'was a'~ea~of 113.4 d~g~ees. 
". ". ' ., . ",' ~," 

These two measurements, by th'eir illcre~se. denote a gr$ater dear. 
" : " ., ..... 

of maxillary inci$o~ procumben~y 'forihis' population. 

All themeas~rements calculated by th~ machine were also 
. , 

m,easured manually • Both methods produced comparab Ie results, and 
. '-", . :.' .~ . .'~:: .. ;~ .: .. -. 

the feasibil,ity of using the computer and the rectangular coordi- . 
'. '.,;. 

nate systemfo·]:. as'sessment of :lateral cephalograms was est ab,li sh:-
'.',", .. 

ed. This"approach makes it p os~ ib Ie todeve lop programming 
'. ;;.; '~. ", ,~~ .,.;.":< " '", ... ," '·f··':~:i', ... · 

methods whi ch can furnish vas t quant i ties of' fundamen tal diagnos-
,;: \" '.~ t~ . :,." ' ': .. ; , . "-

tic data. This. in turn. can lead ultimately to a complete orth-

od~ntic . ass~ssment ~nd diagnosis by the electronic computer. 

: Angles ·ahc;i'· distances suggested by other researchers w~re 

discussed pr~viously. New measurements, computed from the rectan 

gular- ;~oordinat~s. were introduced by' this investigatio~. These 

m~asurem~n~~ ~irovide for a more sensitive and useful assessment 

of' the' va~ious, parts of the craniofacial complex and thereby aid 
,. 

in arriving at a more accurate diagnosis. The significance of 

these various lines and angles was discussed in Chapter IV. 
,." " 

To test the validi ty' of ·the computer program to detect diffe 
, . ~';' .. ",' 

ences in the points~ angles, and distances establish~d £or normal 

OCClusion' .and those ,of mal~cclusions, ii~e' cephalograms. were se .. 

lected and'pro~essed in the computer. These headfilms are de .. 

\ 
.,ill\·.,i· .•• 
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scribed in Chap~er III. 

, . The cep'hathgramof normalocclusion's\1ccess fully met' a~l the 

requirements eS1:ablish;ed by this invest~gafion for 'normal'oc'clu;" 

.' .sion. that 1"5,. no:a~gles, . lines, or points"were rejected by th.e 

machine. 

In testing a"Class larch length dis«;repancy malo~ciusion' 

against th.e cc:J~tro~sample, three measuremellts wereno"t accepted 
, 

by the eompa~er~,.·>.One 01 these was the liIl"ear value from'5"ell.a 

tut~i. e« :.'io"tlf.: itrtterlornaSal·splne. Th"is measurement: ~as:-- nine 

millimet"ci'rf'liIiotterthanfite stctndard e~tabli~hed by the 'cont"rol 

,ample. #e'it'ititis·· the measurement from s'el1a 'to the most inferior 
~ ", '. ",:' "".' "", '" ;: :~ "', " +t _, " .:_ ',' - f' ~ 

tip of the" slbiCt6w 'representing the pterygomaxi llary fissure. 

was an' 'angulat ifaIue, andth~ d~fferencewas two degrees 'less t 
" 

The combined value of these 'two 

measur~metits"poi'rlted out the fact that the overall 

depth of the uppe~ face and length of the maxi lla were less than 

that shown In:t"he:sample of' adult normals. 
, .~. 

The:ihrid measurement to fall outside of the normal limits 

was the 4is'tttnce from the condy Ie to the tip of the crown of 'the 

ma~dibular :eentralincis or. This distance was three millimeters 

below the lower limit of the normal ra~ge.;.' A decrease 1ft the 

measurement,i ~ith'out a concomitant change "in theg'onia 1 angl~ 

measu'rement ,signifies a' reduction in mandibular body iength. 
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:This c,an,' e,xp'lai,Jl~he mandibular arch len~th dis crepancy" jus~ 
'"i: 

:tp.e. ciiminishe~', anier~ppsterior dep'th of the maxi lla can account,: 
. >' ' . :-' .. : ~ . 

,f,orthe, arch, length discrepancy in that jaw • 
• !. ;, '., .' .. '" '," ; .. _' ...' • 

~he Class 11_. Division 1 malocclUsion failed t9,place 

~wo ~easu~emen~s ~ithin the parameters of normal. Bot4 the SNA 
.. ' 

5:bothjaws we.1-,8 pO$terior .to cranial' anatomy. AlthoughBul~y of 
" '\. '''::j .• <~ ," -: . 

': >~ • 

·the oth~t::Ii;)F'~lIl~rily~mployed diagnostic measurements. gave a,nindi-

cation of the malocclusion, on lythese two fell beyond 'the normal 
'.' \, "-", :{ ...• " , 

'limits. However,familiar cephalometric criteria detect.d evl-
.'. ~>f 

dence o:f abnormality and 'located the specific areas of dysplasia. 
',i 

. Several of the measu~ements to various points on the mandiblewer 

diagnosti;callyconsis~entand implicitly illustrated the morphol-

0Q' and r~.lati~nship of the lower jaw to the remainder of the 

cr~lniofa~~.al c,omp lex. 

Some of these me~surements will now be discussed. The angu-

lar measure.ments from sella to condyle. gonion. gnathion, pogoni-
.-

on, the posterior border of the symphysiS, and infradentale were 

i all increased above the limi ts for the normal in the range of one 

to two degrees. These increased angles.indicated a mandible more 

backward divergent than normal. Linear measurements, less than 

average, from sella'to gnathion, the po~terior border of the sym-
I, ' . 

physis, and pogonion Suggested that the mandible was smaller than 



that observed j.nthe normal sample. They also suggested that the 

mandib Ie was in a;'inore d~wnward and forward posi tion. The facial 

:deptha~gle (S-N-.Go)' was also less' than no'rmal which i'ndicated' 

that~ gonion did n:ot' occupy a position in space normal to cr,anial 
. . 

anatomy.' This,' combined with ."the increased angular-' measurement 
i- d 

from sella to'the condyle, was indicative' of a mandible in a more 

. superior position' in the cranium • 
. " 

. The p o~'teriO.r posi ti on of the maxi lla in' re lati onship to 

crantal 'anat~myw:asagain iIidicated by .the diminished -linear 
,L ," .J 

mea~urementS f~o. sella turcica to the anterior'nasal spine ~nd 
-. • , I, . ' 

prosthion. The angles from the horizontal reference plane to' 

prosthion and orbi·tale were greater than in the norm~l occlusion 

group. Together these distances and angles suggested' a pattern 

of maxillary development that was more downward and less forward 

than those in the con trol. The linear measurement from the con-

dyle to the mandibular central incisor was less than in the norma 

group indicating that the mandible was shorter. The linear mea

surements from sella to the crown and ,.root of this tooth were als 

decreased an~ substant~ated the preceding observation. Theangu-
I ' 

lar measurements to the crown and root of the mandibular incisor 

were above the normal limits and indicated that tilis tooth was 

more downward and less forward in relat"ion to cranial anatomy 

than found in normal occlusion. Linear measurements to the first 

/ \, 
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and second mandibular molar crowns were decreased and below those 

of the no~mal, group. Thi,s suggested tnat the vertical height of, 

i the posterior portion of the face was less than tha.t observed in 

the control. All angular measurements fro~ sella to these land

marks ,were above normal values # indicating the mandible was pos

terior to the uppe-r face. 

The Class' II #' division 2 molocclusion had seventeen meas.ure- .' 

ments that w~re not in agreement with values of the normal popula

tion. The distance from selli turcica to the anterior nasal spine 

I. was less while the angle to the pterygomaxillary fissure was 
i' 

:·1:·: , , 

.reater. Togethe~ these indicated that the maxilla was related 

more posterior~y ,to cranial anatomy tilan found in the normal group 

The angular measurement from sella to the condyle was above the 

normal range of values which indicated that the condyle was more 

superiorly placed to the structures in the posterior cranial base. 

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

also increased signifying the mandible was more backward divergent 

than the normal occlusion group # and this agreed with the preced

ing observation. The distances from s'ella and the condyle to the 

crown of the mandibular central incisor were shorter than the 

normal limits which suggested that either the mandible was shorter 

or it was oriented more posteriorly to the cranial anatomy than 

seen in the control-sample. As would be expected in a .Class II, 

, .. 
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division 2 malocclusion. the angular values of I to SNand I to 

FHwere smaller 'as' were theline'ar and angular measurements of 

1 .to NA. .These measurements all indicated that the maxi llary 

central' inciso:rwa:s much· less, procumbent than it was in th~ no:rmal 
. . 

. occlusi'ons. This decreased procumbency .of themaxil1ary central 

incisor was respoll'sib Ie for the large interincisal angle. Dis

,tances from sella to the crowns of the mandibular first· and second 

molars were less _t~an normal signifying there \'1as a deficiency in 

the vertical height of the posterior part of the face. , 

The Class III malocclusion had eighteen measurements which 

were rej ected by the computer. The SNB angle \'1as much greater 
. . 

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

hyoid bone was pOSitioned more anteriorly as evidenced by the de-

creased angular measurement from it to sella. Porion was located 

anteriorly which indicated a small saddle angle. Measurements to 

various points on the mandible pointed out the presence of mandib

ular dysplasia. The angular measurements from sella to infraden

tale. posterior border of the symphysis. and pogonion were below 

normal limits while the linear meaSure~ent to the latter landmark 

was increased~ These all indicated that the mandible \"as longer 

than found in the normal occlusion group. The angle of facial 

convexity was far beY9nd the normal range (-11.1 mm). The 

Holdaway ratio and c~in angle were larger indicating derital and 

'",'. 

".:' 
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al veolar mandibular procumbency in. addition to the mandibular 

skeletal disharmony. Greater than normal growth of the. mandible: . 

was also seen by the decreased angular measurements from sella··~·f 

.turcica to. the crowns and roots of the mandibular central in~i~o~ 

and first molar. The angle from sella to the pterYlomax~liary 
.. ',. 

fissure was gre ate r th an in the normal s amp Ie an d s ugg.~s ted ·that 

the maxi l1a. was forward to cranial st ructures. The distance 

NA was lO.6millim.eters and might be considered a functional·adap

tation of the maxillary incisors to the anteriorly posifiori~'d man. 

dibular incisors. 

A single test case of each of the classes of malocclusion 

does not imply. that this program was capable of differential diag-.· 

nosis withol,lt further refinements. This was not the purpose 'of 

this research, rather it ~as to demonstrate that a computer pro

gram could be developed to distinguish normal occlusion fro~'mal

occlusions. This goal was achieved in part. 

This study was also an investigation of normal occlusion. 

Therefore, a large number of measurements were necessary to devel 

op a thorough research. These increa~~d the sensitivity of the 

compufer program considerably. Many of the measurements appear 

to be dup.licates, and in the further refinement of assessment pro 

grams it might be best to discard angles or distances that are 

rep~titious or of little diagnostic value. Because electronic 
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computers ~an ,readily store and evaluate, great quanti ties of data,: 

it is not infe~re~ that a diagn~sis pr~gram should be reduc~d, to 

,just a few m'easurements. This is not necessary when employing the' 

compu,ter. 
. ' 

It is not t~e aim of this investigation to evaluate malocclu. 

sion data. Those values that are other than normal and distingui 

one malocclusionf~om another are peculiar to each group. Future 

studies of all classes of malocclusion will be necessary whereby 

mean~ and ranges of the various measurements can be established 

for each of the, groups. Comparison between normal occlusion and 

the classes of malocclusion can then be performed by th. electron. 

ic computer. 

Although the validity of this computer program was demon

strated, it is not proposed that it is the ultimate model of an 

orthodontic assessment program. Further work will provide new 

ideas, additional data will be made available, new machines de

veloped, and the capabilities of electronic systems expanded. 

The possible applications of'electronic computers in orthodontics 

should be thoroughly investigated. Their use should be initiated 

as another tool in the advancement of refini~g orthodontic diag

nostic criteria. Human error in judgement can thus be reduced, 

and a more scientific and reliable approach to orthodontic endea-

vors can be realize~. 



CHAPTER VI 

SUMMARY AND CONCLUS IONS 

. This the's is was des i gned to accomp lish tl,/O obj ect:i ves. The 

firs't '\~as tb .invest~gate normal bcclusion'in youngadultCauca

sian males th:rough cephalometric measurements. The' second was to 

,develop an initial program of orthodontic assessment applicable 

to an electronic computer. 

~earlifive:hundred individuals were examined before a final 

sam~leo~ fifty was selected. Those chosen fUlfilled not only 

th. dentai reqtiirements ~et forth by this investigationJ but also 

.satisfied a numb~r'of other requirements as to function~ skeletal 

and facial moiphology. The imposed limitations contributed to 

the homogeniety of the sample. 

Cephalometric information vas obtained'in a form acceptable 

to the electronic computer. Data collection and reduction was ac 

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 accurate anaiy 

sis of the craniofacial complex can be designed by the employment 

of the Cartesian coordinates. The collected data is readily' 

adaptable to the, electronic computer •. 

The cephalometric study was divided into five ar~as of as-

139 
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. sessment. -EacO: measurement was placed into one of these five 

groups according :to the area to' which it con tributed.- Many of 

the angles an~ linear distances were esta~lished measu~ementsof 

. proven meritirt ortho,dontic diagnosis. Other measurements were 

developed for and, introduced by this invest-igation!,_ A sizeable 

number of angles 'and' dis tances were employed so that every area 

Of assessment ~otild be thoroughly inve~tigated. 

A serieso~explici,t ins'tructions. the computer program, was 

developed to 'interpret the coordinate readings so that sp~cJfic 

angles and linear di~tances could be calculated by the machine. 
'i • . 

This step was accom~lished by using a problem-oriented computer 

language knowl} as'FORTRAN. R.esults of the cephalometric measure-

ments were obtained, and standards for the angles and distances 

were establish~d. 

The capabilities of the computer assessment program were 

also tested. Coordinate data obtained from previously unassessed 

cephalograms were ,compared to information stored in the computer. 

These measurements were collected from a headfilm of an individu-
.. 

al with normal occlusion and from headfilms of subjects with .al-

OCClusions. The automata calculated the required measurements 

and it was,found to be capable of recognizing differences between 

the data collected from normal occlusions and malocclusions. 

The following may be concluded from this study: 
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). A~·.accurateand reliable analysis of the craniofacial 

.. complex~an be designed by the use of rectangular. co

ordlnates. 

2. Analyt~cal problems are readily adapted to the electronic; 

computer·through the use of .rectangular coordi~ates .• 

3. The computer is a· time-saving device which can eliminate 

or minimize human error. Primary data can be retrieved 

from. the. computer. thus eliminating the repetitious col-
.". ~ . 

lection of this information. 

4.A research problem must be concise ·and explicit. then 

stated i~ an organized language acceptable to the com

putei to effect a workable program. 

S. A computer program was developed that can differentiate 

between data collected from cephalograms of normal 

occlusions and malocclusions •. 

6. Thro~gh future efforts and investigations. a comp lete, 

unbiased program of orthodontic assessment by the elec

tronic computer is feasible. 

7. The computer is now available·~ as an orthodontic research 

tool. Its application to orthodontics should be initi

ated without hesitation. 

8. Many craniofacial landmarks are located with less preci-
. 

sion on th~ lateral cephalogram. and the natural varia-
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tion in 10~ation for some. structures is greater than it 

. isfoi· others. 

9. Cephalometric measur~ments of young adult·mal~s with 

n~rmal occlusion show a wide ra~g~ of vari~tion. 

10. Cephalometric m~asurements have been standa.rdized from a 

largesa'mple with normal occlusion for a specific age, 

sex, and racial group. 

1.1. New ·mea..surements for cephalometric assessment are intro

duced.Their possible significance, means, and normal 

ral\ges are reported. 

12. Cephalometric measurements suggested by other investiga

tors were also studied. The results of this research 

generally 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 ~nvest~gated by Bjork. 

b. Both the anterior and posterior cranial bases are 

larger in the American sample than in the Swedish 

population. 

c. .A g·reater de gree of maxi llary procumbency is ob

served in this sample· than found in populations 

previously described. Thi.s is evidenced by the 

increased values for the NA-Po, 1 - FH, and 1 - SN 
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angles. A de~rease was also observed in the 

interirtclsal angle value. 

,13. , ,Th~ Y-ax1s ~a1u'e found in this study is essenti~liy" r 
'iden'tica1 to'that reported by Downs for a younger " 

, , ,,, " " , , ,"', " ;., j, , 

saJIiple. : Therefore it can be concluded that £ac~41 .' . " ' , '. "',. ,- . 

he~ gh t does not cha~geappre ciab 1y from te'enage, 'q~/ 
. ..... 

. :~ I,t' 

.\ 
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