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THE FRANKFORT-MANDIBULAR PLANE ANGLE IN ORTHODONTIC
DIAGNOSIS, CLASSIFICATION, TREATMENT PLANNING,
AND PROGNOSIS

CrArLEs H. Tweep, D.D.S.,, Tucson, ARiz.

HE material presented here is the result of constant elinical observation

covering a period of many years. While not unexpeeted, it is nevertheicss
gratifying to find that in the main my eliniecal findings, although arrived at in-
dependently, bear an extremely high degree of correlation to, and actually pro-
vide additional emphasis and concrete evidence of, the validity of the results and
conclusions obtained by some of the outstanding seientific laboratory research
workers in the field of orthodontics, However, many of our very able research
men, after presenting their findings to us, have added to our confusion by dis-
regarding, if not actually refuting, their own secientific investigations. I refer
especially to the fact that they frequently will not or do not relate their statis-
tical and laboratory findings to their treatment procedures. This is most unfor-
tunate beeause when clinical findings and scientific research are more elosely
wedded, only then will many of our complex problems in orthodonties be solved—
not before. Let us all remember this faet.

My elinieal observations have been focused for many years on (1) the
position of the mandibular incisors as related to the medullary bone of the body
of the mandible—I have in the past referred to this as basal bone or dental
base—and (2) the normal facial estheties and their deviations. My observations
have led me to the convietion that in all orthodontie therapy involving Class T,
Class II, and bimaxillary protrusion types of malocclusion, where the growth
pattern of the face is not too abnormal, the mandibular ineisors must always be
positioned upright on the alveolar proeess and over medullary bone, Further-
more, [ am convineed that the normal range of variation of the inclination of
the mandibular inecisor teeth, as related to a plane parallel with the lower border
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or base of the mandible in sagittal view, is approximately £5°, with 90° as the
norm when the incisors stand at right angles to the plane parallel with the lower
border or base of the mandible, i.e., the mandibular plane.

This variation in range of the normal was aceepted hy me as a result of my
study of individuals whom I considered to possess normal ocelusion. The nor-
mal as I visualize it must have, in addition to correet ocelusal relationship, all
five of the other gualifications as outlined in the correct interpretation of Angle's’
definition of the line of oecelusion. The possessor of all six of the fundamental
requisites for normal ocelusion as outlined by Angle must have a faeial growth
pattern normal in its entirety.

In my opinion, a thorough coneept of the normal growth pattern of the
child's face or any face is as important to orthodontists, if not more so, as com-
plete mastery of the seienee of oeclusion. Oeclusion and facial estheties, whether
normal or abnormal, are so intimately associated and interdependent one apon
the other that orthodonties must embrace both equally, because they eannot be
digsociated. This thought was originally expressed by Angle. The man un-
able to correlate normal ocelusion with the normal growth pattern of the face is
indeed a sorry orthodontist. Let us settle the argument now and forever that
it is possible to overemphasize facial estheties in orthodonties. Normal oeelusion
in its correct sense is impossible without a normal facial pattern, and a normal
facial pattern is none other than the ultimate in balance and harmony of facial
estheties.”

I might state here, but shall have more to say ou the subject later, that the
45° normal range of variation in the inelination of the mandibular inecisors, as
related to the plane formed by the lower horder or base of the mandible, applies
to those cases only in which growth has approximated the general normal pattern
of the individual.* It applies also to all those cases where lack of osseous growth
has been general and has resulted in a slightly diminished strueture of the hones
of the maxilla and mandible, without markedly disturbing the directional growth
of the jaws. In these cases a diserepancy often can be observed between the
mesiodistal eonfiguration of the dental areli and the tooth-bearing bones of the
jaws, resulting in erowding and displacement of teeth, and giving the general
appearance of too much tooth material for the available bone in whieh the teetl
are to be accommodated. If this condition is pronouneced, it becomes necessary to
reduce the mesiodistal dimension of the dental areh in order to obtain both nor-
mal tooth-bony base relationship and normal facial esthetics,

The foregoing does not apply to true Class ITI cases or to those cases where
lack of growth in the condylar growth centers has perverted the growth pattern
veetor from the normal downward and forward direction to too mueh downward
and not enough forward. The lack of growth in these growth ecenters which
causes these abnormalities is, in my opinion, more common than most of us
realize. We are prone to dismiss this deformity from our problems by calling
it type. Perhaps half of all our problem cases fall into this category in vary-
ing degree, In its more pronouneced forms it is a condition for whieh the ortho-
dontist can do little as far as facial estheties are concerned. We shall discuss

these cases more fully later.
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Broadbent,* Brodie,® Margolis,” and others have made splendid contributions
on the growth and development of the head and face of the child. Brodie has
demonstrated the angnlar constaney of the lower border or hase of the mandible.
By that, T mean he has shown that the plane of the lower border of the mandible
when related to any fixed point, and the gonion angle when related to any eon-
stant plane, always vemain virtnally the same., In other words, growth is of
such a nature that the planes formed by the base of the mandible at various ages
from 3 months npward ave always approximately parallel to one another.®

The parallel growth of the lower border or base of the mandible is due to
its angular constancy and is quite obvious to all who have studied facial growth.
Margolis® deserves eredit for heing the first to relate the axial inelination of the
central mandibular ineisor with the sagittal plane tangent to the most de-
pendent points on the lower horder or base of the mandible. He has named the
angle formed by the interception of the long axes of the mandibular incisors
with the plane formed by the lower border of the mandible, the ineisor man-
dibular plane angle. Margolis® also calls attention to the faet that the philosophy
which calls for distal movement of the denture, in certain cases of malocelusion,
and the maintenance of the denture in normal relation to the rest of the head
structures during orthodontic treatment, depends on the degree to which the
mandibular ineisors e¢an be placed and maintained in an upright pesition over
the medullary bone of the body of the mandible and that all of this is in ae-
cordance with evolutionary tendeneies of facial growth.®

As stated by Margolis:% ““Up to this peint (Figs. 1 to G), it seems quite evident that
there has been n reduction in the alveolar hone in man ad compared with anthropoeids and
primitive man, so that in modern man o chin has developed. The chin is not so much a for-
ward development of the mental eminence but rather the result of a recession of the alveolar
hone. It becomes obvious then, that the mandibular incisors hnve been straightened upward
during the process of evolution or better, during the reduction of the nlveolar hone and the
formution of the ehin.’’

In spite of this conclusive evidence, 1 find some highly regarded seientifie
workers in the field of orthodonties who contend actually that it is good elin-
ical procedure to reverse evolutionary trends in the orthodontic treatment of
our patients and to make X in Fig. 9 look like IX,

As man fulfills his evolutionary destiny we find the eranium becoming in-
creasingly larger and the face correspondingly smaller in their relative pro-
portions to each other in the skull. While this is going on, the mandibnlar in-
cisors are bécoming less proenmbent. - Mandibular prominence is developing in
direet ratio to the diminishing degree of the procumbeney of the mandibular in-
cisors. The more procumbent the mandibular ineisors, the less the mandibular
prominence, and, inversely, the more upright the mandibular incisors as related
to the lower border of the mandible on the sagit:al plane, the more pronounced
the mandibular prominence, or chin.

The aceeptance of the premise that in normal occlusion the mandibular
ineisors are always upright over medullary or basal bone certainly adds to the

*T am indebted to Dr. Margolis [or the use of Figs. 1 to 12 which he has loaned me to
demonsatrate our views.
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Fig. 1—An adult baboon. Note the skull and u«wrﬁmm the high degres of prog-
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complieation of orthodontic¢ treatment. Distal en masse movement of teeth is
always more diffieult than mesial en masse movements, I find it most diffieult to
accomplish distal en masse tooth movement when there is insufficient osseons
structure into which to move the teeth. Those who wear size 12 shoes and have
ever tried to get their feet into size 8 shoes will know what I mean.
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Fig. 3.—An Afriean adult male, the tooth-beuring bones carrying the Incisors, while greatly re-
duced in their anterior development, are stlll prognathous when compared to the anthropoid.

Occasionally a diserepancy can be observed between the tooth pattern and
the tooth-bearing portions of the jawbones which is of such a nature that the
mesiodistal eonfiguration of the dental areh is too small in proportion to the
bony base. In these cases we find spacing between the teeth. Irregularly ar-
ranged teeth and/or bimaxillary protrusion in such cases are rarely observed.
The reason is that there is ample bony hase to allow all the teeth to arrange them-
selves in accordance with the functional demands of normal denture mechanies.

When the tooth pattern-hony base discrepancy is reversed and the bone is
too small in proportion to the tooth pattern, with the bony base insufficient to
accommodate the teeth in normal oveelusion, we find either (Mlass T maloeelusion
when the facial museulature is normal, or bimaxillary protrusion if the museu-
lature among other causes is abnormal. Irregularly arranged teeth then are fre-
quently a manifestation of a discrepancy between tooth pattern and basal bone,
as pointed out by Salzmann.” Failure in growth of the basal bones oceurs for
various reasons, which may be apparent or obscure, and maloeclusion results.



180) CHARLES H. TWEED

The dentition itself can remuin quite stable onee it reaches 4 state in maloe-
¢lusion in which the forces originally responsible for the initiation of the maloe-
clusion became neutralized. The proof of this statement can be found in the
faet that, as a rule, the eondition of maloeelusion in the examples referred to in
the foregoing do not become progressively worse, onee a state of balanee in the
forees responsible for the maloeelusion has been reached. The funetional bal-
ance, although manifestly existing in a stale of maloeclusion, resists change. The
irregular dentition in balanee is, therefore, u far more stable condition than the
same dentition treated orthodontically but foreed out of halance and into pro-
trusive relationship to the medullary portion of the bhony base. Such ortho-
dontie treatment is usually followed by “* collapse.”™

Fig. 4.—A nonprognathous Massachusetts Indian.

Facial estheties arve better with a dentition in balance, regardless of thes
degree of the irregularity of arrangement of the teeth, than when the irregu-
larities are corrected at the expense of loss of dental balance. When the bony
base is deficient and the dentition cannot be maintained in a state of balanee by
distal en masse movement of both maxillary and mandibular teeth, and in the
majority of cases this is impossible, it is my praetice to reduce the number of
the dental units to be accommodated, rather than to ereate a state of imbalance

with subsequent ‘“collapse.”
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Fig. 5.~—A nonprognathons Californla Indlan with the mandible slightly more receded than in
the Massgachuszetls =zkull,

Fig., .—A composite x-cay photograph of a heautiful profile, certalnly not prognathous, wheare
the incisor mandibular plane angle ls 30.5%, or — 34" jn the *5* formula.
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As a general rule, teeth are irregular for the same reason that third molars
are so often impacted. The reason is, T repeat, that there exists a diserepancy
between tooth pattern and basal bone because of a lack of osseous growth over
which the orthodontist has no econtrol. Until we recognize and accept this fact,
treatment planning will remain obscure and resulls of treatment will eontinue
to be as indifferent in the future as they so frequently have been in the past.

Flg. 7.—A sagittal section of the jaws of the mandible of man and monkey. Note the
uurlzhtlng of the mandibular incisorg in man. (From Arboreal Man b} F, W. Jones, London,
1926, Bdward Arncld & Co.)

Figs. § and 9. —Further éexamples of the reduction of the alveolar bone, the development of
the chin and, last but not least, the uprighting of the mandibular incisora, (From QOur Fage
From Fish to Man, by W. K. Gregory, Knlckerbocker Press, G. P. Putnam’s Sons, 1929.)

Let us briefly review some of the more recent research findings on tooth and
jaw growth. Schour and Massler' have demonstrated that after the third year
adverse environment cannot influence the size of the teeth. They tell us that the
pattern is fixed. Schour'' has demonstrated the rate of hone growth during nor-
mal health. There are indications that during periods of severe childhood illness,
normal growth process can he retarded or stopped, to he resumed again only
with the recovery of health. Tt is further indicated that sueh losses in bone

erowth may never be regained by the individual at any later date.” Something
in growth is lost forever, and the individual never attains the optimum in os-
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seous growth intended by his genetie pattern. Broadbent' coneurs in this
opinion.

When we consider that the size of the tooth pattern, after the third year,
cannot be influenced by adverse health eonditions, but that illness can, and does,
affect osseous growth between the third and twenty-first years, it beecomes guite
apparent that there could be, and probably are, discrepancies between tooth
pattern and the tooth-bearing bones of the jaws in the majority of eases that
come Lo us for treatment.

g, 10. Fig, 11.

Flga, 10 and 11.—Maoargolis' concepl of the correct application of this principle in correct
orthodontie treatment.  Fig. 10, Before treatment, Fig. 11, After treatment,

Then, too, there is the widely aecepted possibility that man is in one of the
acute transitional periods of his evolution. The eranium is inereasing in size
in its proportion to the face.'* The face hones are becoming smaller. The teeth
are hecoming less and less procumbent and all spacing between them has closed.
Man is the only animal, to my knowledge, which normally does not have some
spacing between the teeth. Man frequently shows failure of some of his teeth
to develop. Tt has been pointed out that man is in a transitional period of his
evolution in which a reduection in the number of his teeth is in process. When
the transition is ecomplete and the accepted formula is twenty-eight teeth, or
less,"™ perhaps the tooth-hone diserepaney problem will vanish, at least tem-
porarily,

Regardless of the etiology, the fact remains that all too often the orthodontist
i faced with the problem of a diserepaney between tooth pattern and medullary
or basal bone, And what is even more regrettahle is the fact that most ortho-
dontists either fail to recognize the eondition or refuse to do anything about
it in their treatment procedures.
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Brodie, in his paper, ‘‘Some Reecent Observations on the Growth of the
Mandible, "' indieates that it is impossible to make tooth-bearing bones grow
by means of orthodontic appliances.

Brash, working in England, Schour and his co-workers,”” and Brodie,” in
Chicago, both groups using alizarine dye injeetions on monkeys, gave us valu-
able information as to where and when growth in the mandible takes place, and
where and when it does not. They found growth to beé general throughout the
entire body of the mandible until the eruption of the first permanent molars.
Thereafter, growth was restricted to the posterior borders of the rami, the alveo-
lar process, the border of the sigmoid noteh, and the head of the condyle. The
mandible grows forward by additions to the posterior borders of the rami, while
some resorption of the anterior bhorders (now questioned by anatomists) main-
tains the pattern of the hone. Vertical growth is confined to additions to the
alveolar process and the upward growth of the heads of the condyles against u
plane that is deseending. This forees the mandible downward. The condyles
are apparently the growth centers that retain their activity the longest, for they
must act as the compensating factors that take eave of all the vertical growth
processes of both mandible and maxilla.

Since generalized growth throughout the hody of the mandible ceases with
the eruption of the first permanent molars and is thereafter restricted to the
areas mentioned above, and, as Brodie has shown us, we cannot make the body
of the jawbone grow with orthodontie appliances, what are we to do when we are
confronted by a patient in our dental chair, about 12 years of age, with blocked-
out canines or premolars or enlocked lateral ineisors. Just what should we do
under these circumstances? )

Let us review this picture carefully. We have our patient, aged 12 years, in
the chair. He has high canines or premolars blocked out, or enlocked lateral
incisors. We cannot mové the teeth back because Brodie has shown that it is
impossible to make basal bone grow. Brodie and Schour and his co-workers'?
agree that generalized growth of the body of the mandible is over by the time
our patient reaches 12 years of age. Whatever growth may occur at this age
is restricted to areas other than the canine or lateral inecisor region. There is no
chanee, therefore, of moving these teeth posteriorly in the buceal segments. Shall
we try to reverse evolutionary trends and ‘‘round out’’ the arches by position-
ing the ineisor teeth off the medullary bone, produecing a uni- or bimaxillary
protrusion which is usually followed by ‘‘eollapse’ ¥

Tweed* says the mandibular ineisors shonld always be positioned upright
over the medullary bone of the jaw because all normals are that way. The
growth studies of both Brodie and Broadbent substantiate Tweed’s contention,
even though Brodie states he does not agree.

In the August, 1944, issue of the AMERICAN JOURNAL 0F ORTHODONTICS AND

(OrAL SurceRry, I stated the following :

For years I have contended that in normal occlusion the mundibulur incisors
are always positioned in an upright position on mandibular basal bone; that nor-
mals do present & variation in the axial inclination of the mandibular ineisors but
that this variation falls within the 25° range, 0® being vertical and upright.
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To the best of my knowledge, Dr. H. Margolis was the first to relate the
mandibular incisors to the mandibular plane to create what he lins termed the
“‘Ineisor Mandibular Plane Angle.’* He further found that in most white children
with normal dentitions and nonprognathous faces, the mandibular incisors were at
right angles to the mandibular plane and therefore the ineisor mandibnlar plane was
90 degrees and the varintion was less than 5 degrees either way in 80 per cent of
the 300 children examined, Any variantion from the right angle in this type face
being townrd the minus.®. ¥
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An enalysis of the incisoremandibular
plane angle based on readings of mansurable
cagses taken from Brodle's pbservations on
growih of face. A.J.0., p. 750, August 1940
According to Srodle, these were normal male
children picked at random.
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cases selected by Erodie, The remsining
9 cases did pnot have the roots drawn in;
but, Judgzing from the crownas, they indlcate
the same range.

Note: No Ilnolisor has a greater in-
¢lination than the upper limit of the
sugitested range.

Fig. 12.

In the August, 1940, issne of the AMERICAN JOURNAL OF ORTHODONTICS AND
OrAt. SurGERY, there appeared an artiele by Allan G. Brodie, **Some Recent
Observations on the Growth of the Faee and Their Implications to the Ortho-
dontist.”™ The basis of his report was the records of twenty-one normal chil-
dren who were seleeted at random—on the basis of excellence of roentgeno-
grams—eleven in the three-month to seven-year range and ten in the six-month
to eight-year range. Bach series of roentgenograms consisted of fourteen sets
of headplates taken quarterly during the first year of life, semiannually from
1 to 5 years, and annually from then on. All were males. On-page 7560, Fig. 8,
of the article by Brodie mentioned here, are shown the growth patterns of these
children. In nine of these cases in that series only the erowns were traced and
not the roots, so the incisor mandibular plane angle could not be measured, In
the other eleven instances the incisor mandibular plane angles are as follows:

In one cuse the angle is 92 degrees,
In six eases the angle is 90 degrees.
In one ease the angle is 84 degrees,
In one case the angle is 87 degrees,
In one ease the angle is 85 degrees.
In one cuse the angle is 835 degrees.
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The angular variation of the mandibular incisors with relation to the lower
border of the mandible is 8.5° in this group of normals, |

The average for these eleven cases is an inecisor mandibular plane angle of
88.3°, which is vertical or upright and well within the range of the +5° formula.
In fact, it is —1.8°,

In the Angle Orthodontist, October, 1941, page 239, Kig. 11, in B. Holly
Broadbent’s paper, “Ontogcm(- Development of Oceclusion,”” there appears an
illustration surmmarizing the study of normal dentofacial developmental growth
from the Bolton Study records of 3,500 white Cleveland children.®  This illus-
tration reveals the following faects:

1. The composite, representing the elildren in the $%-yeur hrmkc shows the
incisor mandibular plane angle to hg 90°.

2. The composite, representing the children in the 7-year brucket, shows the
ineisor mandibular plane angle to be 81°.

3. The composite, representing the children in the 14-year brucket (the onés
we are most interested in), shows the ineisor mandibular plane angle to he 87.5%.

4. The composite, representing the udults, shows the incisor mandibulur
plane angle to be 91.5°,

The average for these 3,500 cases is an incisor mandibular plane angle of
87.9°, which is within 0.8° of the average for the normals reported by Brodie.
Again, an incisor mandibular plane angle of 87.9° is upright and nearly vertical;
being so, it is obvious that in normal ocelusion the mandibular incisors are up-
right on mandibular basal or medullary bone of the body of the mandible, as I
originally pointed out. The findings of Brodie and Broadbent were arrived
at independently by them. They certainly did not go out to *‘prove’’ any-
thing. They engaged and are engaging in research in order to report the faets
as they find them. Tt is indeed gratifying that their findings substantiate my
elinical observations and conclusions, regardless of the faef that the men them-
selves did not correlate their findings to my elinical procedure as shown in the
foregoing and in the facts presented below,

Let us come back to our patient: Our little friend iy still in the chair wait-
ing, Our patient, or at least his mother, is interested only in changing her
child’s ‘‘funny face’’ for a better appearing one and his “‘crooked teeth’’ for
‘‘straight ones’’ that will remain ‘‘straight.” His bueccal teeth cannot be moved
distally according to Brodie, Sehour, and many others. The mandibular in-
eisors must not be displaced forward info protrusion, according to Tweed and
many others since, who are at long last enjoying the practice of orthodonties,

There is much work to be done if we ever hope to elear up this eonfusion
of thought and iron out eorreet treatment procedures. Clinical observation and
research and secientific research and correlation must become brothers. Advance-
ment in orthodontics, as in other fields of medical scienece, is equally dependent
on both.

The import of Broadbent's contribution to orthodonties has not been fully
appreciated by many of us. The advent of cephalometrics was indeed a happy
day for orthodentics. The tracings of the growth studies of Broadbent, Mareolis,



FRANKFORT-MANDIBULAR PLANE ANGLE 187

Brodie, Higley, Humphrey, and many others, are most enlightening. These
authors point out planes, angles, curves, trends, ete. It is unfortunate that many
of us look only where they point their fingers, no further, and say, ** Wonderful.””
Most of us have again missed the boat just as we did by interpreting incorreetly
Angle’s definition of the “‘Line of Oecelusion.”” No man, ine¢luding Broadbent,
I feel, has ever completely digested the information made available from his
tracings. Most of us have been guilty of glancing at them only, and passing
them hy.

BOLTON MASIOM PLANE

-
ORIENTATIOM
R= HEGISTRATION POINT

GROWTH or me FACE

Fig. 13.—Chart of normal dentofacial developmental growth from the Bolton Study
reeordn.s{Broadbent, B. Holly: Ontogenic Development of Occlusion, The Angle Orthodon-
List 11s 239, 1941.) (Incisor mandibular plane angle drawn In by Herbert I. Margolis.)

A recent review of these tracings, with a eloser study of lateral photographs
of skulls and heads of living subjects oriented on the Frankfort plane, has added
further corroborative evidence of the validity of certain faets which I had ar-
rived at by elinieal study and investigation. I shall endeavor to present here a
practical method of value in diagnosis, classifieation, treatment planning, and
prognosis, whieh ean be used in the everyday practice of orthodonties without
additional expensive equipment. The procedure to be presented here employs
the Frankfort plane and the plane tangent to the most dependent points on the
lower horder or hase of the body of the mandible, i.e., the Frankfort and man-
dibular planes, which when extended into space meet and form the Frankfort-
mandibular plane angle.

A study of the tracings made from sagittal head x-rays of normal growing
children reveals eertain trends that are not too difficult to understand. When
one becomes familiar with the normal growth pattern, it is quite simple to com-
pare it with the growth pattern of the abnormal and determine approximately
the extent of the deviation from the normal. However, this information has in
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the past been regarded as being of academic interest only. 1t need no longer
remain so, because, as we shall show here, it has a deep and vital significance in
our daily praetice.

As shown in the foregoing, Brodie™ and others have demonstrated that onee
the growth pattern of the facial bones is established, whether normal or ah-
normal, it is virtually constant and resists ehange. or instanee, in those eases
where there has been injury to the condylar growth e¢enters that temporarily
retards growth in these centers, we find short rami, and growth is diverted more
downward and less forward than in the normal egrowth vector, which is down-
ward and forward. This loss in the normal, proportional hone pattern is never
regained by the individual by future growth spurts. This statement is sup-
ported by the faet that the parallelism of the lower horders of the mandible
continues in the abnormal direetion during the subsequent growth of these in-
dividuals. It is obvious to all of ns that sueh a ease is to he avoided beeanse
there is little other than correction of oeclusal relationships that the orthodontist
can do for these patients. Yes, we all recognize that, but T wonder how many
of us realize that a great many of our problem cases are but variations of this
same condition. And, because we fail to detect a faulty growth pattern, we he-
come befuddled. Were we more observant, we would recognize these cases at
onee and realize that, because of the abnormal growth pattern, we shill never
be able to attain all of our orthodontic objeetives, regardless of how we treat the
case,

A classifieation of prognosis® that will pick out these cases should be of
great value to all of us, My purpose is to make a start in that direction, with
the hope that others will consider the problem worthy of further study.

In using this diagnostic method, we can employ Salzmann’s Maxillator®!
and take our measurements directly on the patient, or we may employ a sagittal
head x-ray or profile photograph.i

When sagittal x-rays or photographs are used, the Frankfort plane is ex-
tended posteriorly through the hack of the head. The plane formed by the lower
border of the mandible is likewise extended posteriorly until it intercepts the
Frankfort plane. The degree of the angle formed by the intercepting of these
two planes will determine the location of the point of interception of these
planes, which is somewhere distal to the auditory meatus. We shall refer to this
angle as the FFrankfort-mandibular plane angle when the Frankfort plane is
used ; the Bolton-mandibular plane angle when the Bolton plane is used. We
shall use the Frankfort plane, because for our purposes it is more practical.

If the Frankfort-mandibular plane angle (these figures are at present ap-
proximations) is between 16° and 28° the growth veector has been downward
and forward to a degree which is normal. These cases will frequently have

*By “prognosis’” 1 mean the attaining of, or as nearly as possible the attaini of, all
tour orthodontic objectives which, 1 feel, all orthodontlsts shonld strive for. These unrg S

1. The best possible in faclal esthetics,
2. Permanency of end result.

2. An efficient masticating apparatus,
4. Longevity of the dentition,

1Add § to 7 degrees to the above figures when mensuring on sagittal head x-rays,
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normal oecelusion or an osseous growth pattern of but slight deviation from
normal, even though the malocelusion is of a severe nature. The orthodontist
ean be reasonably eertain of a permanent result with excellent facial estheties
if he will reduce the tooth patlern so that it is in keeping with the osseous bulk

T |"|_1_1A l'l-—._}ﬂ excallant face pattern in which the l-'r:_mlcrml-ummllhulur plane angle Is 20°,
l'm':- "'—1\‘-'.' Is a ‘.’In_.-:*-r !I mulocelusion complleated by a discrepancy between tooth pattermr and
abu bone. If this discrepancy I8 corrected, thers Is no reason why all four of the orthodontic
‘Diectives cannot be attalned. Prognesis is excellent.
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if and when such procedure is indicated. The Frankfort and mandibular planes
will intercept each other somewhere behind the head. The distance of their
interception posteriorly from tragion will vary from 3% inches to S inches or
more, depending on the degree of the Frankfort-iandibular plane angle. The 45°
variation of the mandibular inecisors will apply (o all of these cases. Iowever,

{ L]

- >
SRR — Lt

Fig. 15.—Another favorable growth pattern in which the Frankfort-mandibular plane
angle is 25°, The case is a Class 1I, Division 1 malocclusion, complicated by a discrepancy
between tooth pattern and basal bone, which requires the removal of all four first premolars
Prognosis |s very good.



FRANKFORT-MANDIBULAR PLANE ANGLE 191

the +5° will apply more to those cases whose Frankfort-mandibular plane angle
is nearest the 167 extreme, and 0° to those eases that fall around the Prankfort-
mandibular plane angle of approximately 22°. When the Frankfort-mandibular
plane angles range from 22° to 28°, the correct positions of the mandibular

T Fig. 16.—Another favorahle growth pattern. The Frankfort-mandibular plane angle is
20%°% The ense ls 4 Cluss I, Division 1 mulocclusion in which there exists a discrepancy be-

tween tooth pattern and basal bone requiring the extraction of all four first premolars. Prog-
nosls is good,
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ineisors will vary from 0° when Lhe Frankfort-mandibular plane angle is 22°,
to —=5° when that angle increases to 28°. My opinion is that about 60 per cent
of all maloeclusions will fall within a 16° to 28° range of the I'rankfort-mandibu-
lar plane angle when measurements are taken from profile photographs. More
than half of these cases will require reduetion of tooth pattern if proportions

approximating the normal are to he realized.

Fig. 17.—Here the directional growth of the face is only faly, The Frankfort-mandibular plane
angle s 32°, A nonextraction case, Prognosis is fajr,
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When the Frankfort-mandibular plane angle is from 28° to 356° (measure-
ments taken from photographs), the growth veetor is not so favorable. (Cases in
the angular classification that fall nearest the 28° extreme can be, in most in-
stances, satisfactorily treated with favorable changes in both facial estheties
and oecelusal relationship. The growth veetor is not too abnormal and the +5°

r Fig., 18.—The face pattern [s not too favorable, The Frankfort-mandibular plane angle is

S3%.  The case ix a Class II, Division | malocelusion, complicated by s discrepancy between

tooth pattern and basal bone requiring the extraction of all four Aral premolars. Prognosis s
r.
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formula ean be applied, but it will be found that the inelination of the mandibu-
lar inecisors must fall near the -5° eéxtreme. Prognosis is good. A larger per-
centage of these cases will require extraction of teeth, as procumbent tendencies
are more pronounced. When the Frankfort-mandibular plane angle approaches

*

Fig. 10,—This case pregents a Frankfort-mandibular plane angle of 36°, which would indi-
cate that the directional growth of the face pattern is bad., The case is complicated by a dis-
crepanty between tooth paitern and busal bone requiring the removal of all four first premolars.
From the standpoint of obtaining all four orthodontic objectives, prognosia is bad.
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nearer to the 35 extreme, prognosis is only fair, and favorable prognosis dimin-
ishes in direet ratio to the inerease in degree of the Frankfort-mandibular plane
angle. The +5° formula cannot be applied to these cases beeause the mandibular
ineisors must be positioned from -5° to -10°,

When the Frankfort-mandibular plane angle is much greater than 35°, few
of these cases ean be appreciably benefited by orthodontie treatment. Prognosis
is bad. Virtually all cases showing a Frankfort-mandibular plane angle of from
28° to 35° will require removal of teeth. When the Frankfort-mandibular plane
angle is from 30° upward, the +5° formula will not apply.

Fig. 20.—Here the divectional growth of the face pattern is chaotic. The Frankfort-
mandibular plane angle Is approximately 41° and prognosis is virtually nil. The extraction of
teoth in this instance would perhaps complicate matters rather than enhanee facial esthetics.

Ag the Frankfort-mandibular plane angle increases from 35° upward,
favorable prognosis is nil. In some instanees the removal of teeth in this range
(when the Frankfort-mandibular plane angle is 40° or more) will complicate
matters and detract from, rather than enhance, facial esthetics, The growth
pattern in this calegory is so perverted that the veetor of growth is virtually
downward and but slightly forward, rather than downward and forward. As
the Frankfort-mandibular plane angle inereases in degree, it approaches the
tragion point more elosely.

To Summarize.—

1. In cases that fall within the Frankfort-mandibular plane angle range of
16° to 287, the prognosis varies from excellent for those nearest the 16° extreme
lo good for those cases nearest the 28° extreme.

2. In cases that fall within the Frankfort-mandibular plane angle range of
289 to 327, the prognosis will vary from good at 28° to fair at the 32° extreme.
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3. In eases that fall within the Frankfort-mandibulur plane angle range of
32° 10 35°, the prognosis is fair at 32° and not favorable at 35°.

4. In cases that fall within the Frankfort-mandibular plane angle range of
35° upward, prognosis is not favorable at 35° and virtually nil at extremes such

as 45° to 55°.

Fig. 21.—Method of obtaining Frankfort-mandibular plane angle,
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Procedures for Obtaining the Fronkforl-Mandibwlar Plane Angle—In actual
practice on the patient, the Frankfort-mandibular plane angle ean he obtained
by means of the Salzmann Maxillator or by the following method :

The fingers and thumb of the right hand are extended, palm down. The fingers are
kept together while the thumb extends from the palm of the hand at approximately a 90-
degree angle from the fingers, The thumb is placed in the arvea at subnasion on the patient,
and gnathion, or the ehin, will rest in the ungle of the hand formed by the thumb nnd palm
(Fig. 21). A slight upward pressure 6f the land with the fingers extended under the lower
horder of the mandible to gonion will elearly outline the lower border. With the left hand
place n rule lightly against the patient’s fuce, connecting orbitale and tragion. Have the
rule extend posteriorly beyond tragion at ledst G or § inches. The assistant now places an-
other rule along the Jine formed by the palm nnd upper border of the index finger with the
lower border of the mandible. The Frankfort-mandibular plane angle will be formed af the
intersection of the two rules.

Fig. 22.—Frankfort-mandibular plane anglé Is 4% Inches posterior to traglon.

If the Frankfort-mandibular plane angle lies from 314 to 10 inches posterior
to tragion, the growth pattern is normal, or at least favorable, and prognosis is
good, This does not mean that extracting of teeth is not indieated. The +5°
formula applies to these cases. Prognosis increases from good, when the Frank-
fort-mandibular plane angle lies 4 inches posterior to tragion, to exeellent when
it lies 8 or more inches from that point (Iig. 22).

When the Frankfort-mandibular plane angle lies from 114 to 314 inches
Dosterior to tragion, the growth pattern has not been so favorable. Prognosis
decreases from good, when the Frankfort-mandibular plane angle lies 314 inches
posterior to tragion, to poor when that angle lies al 2 inches. More and more
extracting will be necessary in this group. The +5° formula will apply to those
cases nearest the 314 inch extreme and the mandibular ineisors will approach
the —5° extreme of the + or —5° formula, but the formula will not apply to
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those cases nearest the 1% inch extreme. It becowes quite apparvent, because of
the angular variation of the lower border of the mandible, that it would he mueh
better and more simple to relate the inelinations of the mandibular ineisors to
either the Frankfort or Bolton plane rather than the lower border of the man-
dible. The reason is that the 45° formula can be applied o the lower border
only when the face pattern is normal or nearly so.

When the Frankfort-mandibular plane angle [alls ¢loser than 114 inches
posterior to tragion, the growth pattern is so abnormal that there is little the
orthodontist ean do for these sled-runners and Class 111s.

Fig. 23.—The Salzmann Maxillator. Left A, Tragion point serew: B, orbital point sorew;
C, serew in vertical slot used to adjust the Mandibular Base Piece D, sgainst the base of the
mandlble. Photograph on right shows front view of maxillator applled to face of patient. D
Indicates Mandibular Base Piece against base of mandible, (Courtesy Dr. J. A, Salzmann.)

If Salzmann's Maxillator® is used, the Frankfort-mandibular base angle
is obtained by direet measurement on the head of the patient and read on the
right-hand side protractor on the mandibular base piece. This gives the reading
without resorting to the foregoing method or to profile roentgenograms or photo-
graphs.

To obiain the Frankfort-mandibular plane angle with the Salzmann Maxillator, the
patient is seated upright with the head on a line with the torso,

Place the Maxillator with serew assemblies 4 and B (see Fig. 23) at the tragion and
orhital points, respectively., Sight along the vertical millimeter scale for the length of the
face at the orbital plane. Adjust serew assembly € to this point. Adjust the Mandibular
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Bise Piece D so that it lies flat and is pressed against the lower border of the mandible, while
serew assemblies 4 and B are maintained at their respective points on the face, indicating the
Frankfort plane. :

The Frankfort-mandibular plane angle is the angle formed by the Frankfort plane
and the plane tangent to the base of the body of the mandible and is showsn on the Maxillator
on the protrnctor at the bottom of the cirenmferénce of the cirele on the right side of the
Muandibular Base Piece, E, where the lutter is erossed by the edge of the vertieal G-inch side

of the Maxillator.
-

The illustrations shown in IMigs. 24 to 45 present additional evidence in
confirmation of the philosophy and method of procedure set forth in this paper.
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nonorthodontic normal ocelusion, The Frankfort-mandibular plane angle s 24°,
Note the relationship of gnathion to subnasion.
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?

Fig. 28.—A patient precenting n Class 1T, Divislon 1 malocclusion in which théere is no
f,“;,‘,'f"“l"-‘lltl:}' between tooth pattérn and basal bone, The Frankfort-mundibulae plane angle (s
21" Note the location of pnathion ag related to subnasion.
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N Y 5" - i ok 3
| SvAs —a 1 i ¢ A ?‘i
Fig. 30.—Another trented Class 1T malocolusion with a4 most favorable Frankfort-mandibular
plane angle. A nonextraction case,
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31 _”Fil-:. ::.2.—.\ treated case with an osseous configuration simiiar to that of the skull In Fig,
and l-‘!] Frankfort-mandibuinr plane angle ia 24° amd the discrepancy hetween tooth pattern
&n u'l‘."“ ullnry hone has been eorrectod with the results viewsd in the illustration. Note that
shathion is not as far forward as related to subnesion as was true In the previous Hlustration.
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Fig, #8.—Another treated malocclusion in which the Frankfort-mandibular plane angle is 2015°%,
hence prognozis is most favorable. An extraction case,
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- ﬂ it o "‘ ~Rg ! .

Fig. H.—Here the patlent presents a face pattern not quite as favorable as the previous
i;ll.t[mlt, The Frankfort-mandibular plane angle is 20°, and while the lower part of the face Is a
'““ ‘-“n““""‘"‘. favorable proportions have been malntained, An extraction case. Note that
Enathion lies farther distal in its relation Lo subnusion,
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Fig. 36.—A young nonorthodontic pantient who has a most favorable directional growth

batlern, the Frankfort-mundibulur plune angle being 2614°, It 15 quite obvious to all who have
made a study of faces that thers is o diserepancy between tooth pattern and basal bone which
Will require the removal of all four first premolars at a later date if the orthodontic objectives
that should be atiained are aciually attained.
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Fig. 37.—A typical nonorthodontic bimaxillary protrusion. The Frankfort-mandibuiar
plane angle is 27° and Lhe directionel growth of the face iz fair. Some would call thiz =
nirmal occlusion. but 1 cannol agree with them, even though the cuspal relations are normal.
An obvious case Iin which all four first premolars must be removed if all orthodantic objectives
are tv be attained,
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St 2= =

Fig. 39.—A treated cuse in which the Frankfort-mandibular plane angle is 84°, The face Is
greatly improved and so is the occlusion. An extraction cuse,
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Fig. 40.—A severe Class IT malocclusion complicated by a discrepancy between tooth

Pattern and

L ADEle ig 350,

basal bone. The case was treated ten years ago. The Frankfort-mandibular plane
and while the face I8 by no means normal, it {8 a gratifying improvement,
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Fig. 41,—Here the Frankiort-mandipular plane angle must be & bit beyond 35°. All four
first premolars were extracied and facial esthetics and occlusion have been greatly improved,
glthough facial esthetics are far from normal,
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- Fig. 42.—This 1ad presents a Frankfort-mandibular plane angle of 35°. FPrognosis is not good
w0 rar as facial esthetics are eoncerned. An extraction case.
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5 "ot ,lmfrif-;i”“-t-n—ld )ll"l'ﬂ.ll:d orthodontic case Lhal presenls a Frankfort-mandibular plane angle
= ¢ s 7y 209" Arv BEraT - X > . - . .
'|i Premolars, mialy 30°,. A grave error was made In resorting Lo the extraction of all four flrst
e '
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I wish to acknowledge with thanks the assistunee of Dr, J. A. Sulzmann in the prepara-
tion of this paper.
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