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Introduction,

Mesio-occlusion is that condition of malocclusion
of the teeth in which the lower molars occlude more
meesially then normal with the uppér molers. It
constitutes Cless 111 of Angle's Cleesification of
Malocclusion and is the least common of the three
classes.

The relative rarity of thie condition may be the
reason why so little attention has been given to the
roentgenographic cephalometric study of the cranio-
facial petterns associated with it. The published
papers are few, whereas thos@dealing with the opposite
condition, disto-occlusion, &re many.

The main purpose of this study ie to remedy, in
some meacsure., this deficiency by meking a roentgeno-
graphic cephalometric study of the cranio-facial
structure, using lateral skull rediographs of patients
with mesio-occlusion. In eddition an opportunity is
taken to analyse the changes in the cranio-facial
structures during and after the Orthodontic treatment
of mesio=-occlusion. The publications on this aspect
of meeio-occlusion when thie study begen in 1984 were
a eingle paper and a few case reports.

The questions which were posed at the commence=-

ment of the study are as follows:i=-

l. 1Is there a specific crenio-faciel psttern
associated with mesio-occlusion? If not, are there

verioue relationshipe and proportions of the
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structures involved thet cen combine to produce &
gimilar occlusal picture? If thie is so,how do these
proportions and reletionshipe differ from those
associasted with neutro-occlusion?

2¢ Do the growth changes in crenio-facisl
pettern differ in mesio-occlusion from those that
occur in neutro-occlusion?

3¢ Ie there any evidence of sex differences in
the cranio-facial pattern in mesio-occlusion?

4 Whaet are the chenges that are found after
Orthodontic treatment, and to whet extent ere these
changes the result of treastment or of growth?

fo What sre the factors associated with the
relapse of a corrected meaio-bccluaion?

In the following pages,after a review of the
relevant literature, the patients studied end the
methods employed are described and discussed.

The findings end conclusions of the theeis are
presented in two parts.

In Part z. the first three questions posed sbove
are investigated by means of a roentgenographie ceph-
alometric anslysis of 226 patiente with mesio=-occlusim
and 167 patients with neutro-occlusion.

Part 11 ie primerily concerned with the last two
questions and coneicts of seriel roentgenographic
cephalometric analysee of the changes following
Orthodontic treatment in 130 petients with mesio-

occlugion. The findings of the serisl studies are
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elso correlsted with the findinge in Part z regerding
growth end development chenges.

The statisticel data is contained in the appendix
which hee been bound eas a seperate volume. Tebles 4~
26 relating to the text in Part I have been pleced in

the eppendix because of their size and for esse of
reference. The remaining tables, 26-%8, eare

included with the text as are the illuetrative figures
1-4 in the introducticn. For ease of reference the
rest of the fipures 5-26 end the illustrative pletees
1-31 of treated casee heve been put in the appendix.
The different eections oi the appendix are indicsted
Py index tete and the tables 4-25, the figures 5=25

and the plates 1-31 heve been given numbered tabs.
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Review of Literature.
As hes slready been explained in the introduction,

the decieion to underteke thie study was influenced
in pert by the lack of roentgenographic cephalometric
studies of Class 111 mslocclusions.

The papers on this subject published prior to
the commencement of the study in 19564 are very few
but, as will be seen, some papers have been published
since. In sddition it was thought worth-while to
take into consideration several craniometric studies
of Cless 1il melocclusion which have been publisheds
These use data gathered by measuring living subjects
or skulls, Particularly valuable are those of
De Coster (1927) (1929) and Hellmen (1927) (1931)
(1939). It is however to the eesrlier work in this
field by Rushton (1911) that reference will be made
at the outset. Ruehton's paper is the earliest that
hes been found dealing with the meassurement of Jaw
form and jew relationships in malocclusions, as
oppo:ed to their subjective clinical ascessment. fise
work deserves mention not only becesuse he realiced the
necessity for measurement to provide standards for the
comparison of the normsl with the ebnormal, but also
becausge he foreshadows modern me thods of ascesesment of
jew relastionships based on roentgenogrephic cephalo-
metrie techniques. He made a lsrge number of

measurements on living subjects and skulls. or

intereet to thies etudy are his measurements of the
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mandible and of his auriculo-facial or profile sngle.
Comparing the protruded maendible with the normel he
found & lerger mandibular angle both in adults end in
children. The lineer dimensions of the mandible did
not differ from the normal greatly in either age group
but Rushton himeelf stressed that his measurements
could not he regarded as biometrically accurate. The
other messurement of interest is the "auriculo-facisl
engle." This he formed by a line from nssion to the
prominence of the chin (pogonion) and one from nasion
to & point in front of the antihelix of the esar.
(Approximates the tragion of De Coster end Hellmen q.v )
This angle correesponde to the facisl angle of Downs
(1948)., Rushton found the angle grester than normal
in ceses of protrusion and he noted that protrusion
of the mendible, &s judged by the profile angle, may
exiet without lebial occlusion of the mandibular
incisors (i.e. Cless 111 occlusion), This assessment
of the jew reletionships, independent of the ocelusion,
foreeshadows the skeletal classification of Bellard
(1948).

Nine yeers later Sicher and Krasas (1920) (192g)
reported on their exesmination of 62 skulls whose
occlueions were classed as i~ normal 40, Angle Clses iz
6, end Angle Clase II1 7, They concluded thet the
reason for the different occlusions was related

entirely to the size of the lower jaw. In the

Class 111 group they noted an incresse in the
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messurement basion to nssion (Creniesl Ease Length.)
Following the¢ publicaiion of the first paper by
gicher end Krees, Grieve (1921) published & critical
review of their work after re-examining the same
'ekulle. Inetced of an increese in the craniel base
' measurement, he found & decrease in the distance
nagion to baesion compered with the normal and he
' concluded that the Class 11l crania were partly
"opisthognethie” (mexillury retrusion) and partly
prognethic (mendibuler protrusion). Shortly sfter
Pfaff (1923) published hie findings on an exsminstion
of 764 skulls of which 13 were Clase 1ii. Of these

latter he seid that while there was & slight recession

of the mexilla the main difference was in the grester
' eige of the mendible.
De Coster (1927) mede memsurements on living

subjects. Using tragion as his bese point, he made

redisl measurements to nession, naso-egpinale, prosthion,

infradentsle and gonion. He a2leo measured the distence

 gnathion - gonion. He messured 1,500 adults and 200

children. He selected #04 adulte &s normel and

divided the remainder into groups of cases of maxillarg

protruesion, maxillary retrusion, and mendibular

prognathisme. The criterie for classification and the
number in each group were not given. Hie conclusions

were the ssme as those in his later paper. (De Coster

(1929), in which ueing the esme materisl he applied
the method of D'Arey Thompson, (1917) constructing a

grid ueing the Freankfort Horizontel as & bese line.
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He compared the grids of an unspecified number of
Class 111 ceses with the grid for normel ceses. His
mein conclueions were that in 66% of his cases the
measurement tragion - nasion, (craenial base) was
increased, in 12% of cases the measurement tragion =-
neso-spinale (mexillary length) was decreased but was
almost normal in the remainder. There was an
incresse in overall mandibular length but not always
in horizontal remus length and there was an increessed
facial height. He stressed the diverse morphology
of Cless 1il malocclusion and found only two
"gymptoms" common to all cages - the mesio-occlusion
of the cheek teeth and the projection of gnathion in
advance of the Orbital Plane of Simon. De Coster
later adepted his krid syetem of snalysis to lateral
skull rediographe (1939) but no Clesss 11l cases were
surveyed in thies report.

Hellmen studied the morphology of Class 111
malocclusion in several papers (1927) (1931) (1929).
He compared the facial pattern of Class 11l cases with
that of normal occlusion by meens of faciel diagrams
constructed from facial measurements of living
subjecte and of skulls, in a eimilar manner to
De Coster (1927). His principal conclusion in his
study was "the occlusal relstionship of the teeth in
Class 111 malocclusion is only a relative one, i.e. -
while the lower teeth sre anterior to the upper it is not
certein which of the two dental arches ie in its

normal antero-posterior position,"
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He considered the disturbence of occlusal
relationships to be determined by disturbsnces in the
harmonious developmeni of the fece as a whole and that
either jaw might very in dimension and position. In
‘hie 1931 study, Helilmen compared 26 Class 11l cases
with 62 case¢es of normel occlusion, all the subjects
being adult mele medical students, Using as his
standard of normal + 18D, he found i~

“The moet comspicuous peculierities of Class 11l

faces are thus & supernormel fece height

associated with en open-bite, a subnormal

upper face height with & super normal nasel

height. The upper face is also very often

shallow, (suriculo-prosthion) and the lower
fece, deep (euriculo-menton) and the mandib~
ular angle often obtuse" and he concluded thet

"such investigetione surprise one thet

Class 111 is so rere in view of the fact that

there is so little difference between it and

the normal when the face as a whole is taken

into sccount."”



Roentgenographic Cephslometric Studies of

¢sio=occlusion.

-

The first report of the use of radiographs to
study mesio-occlusion is thet of Hauptmeyer (1913)
end hic work is of historicsl rather than scientific
interest. To judge by the illustrstiones in his
peper & letersl oblique §iaw of the skull was taken.
Heuptmeyer did not record eny measurements and
basing his opinione on the interpretation of the
radiogrephe came to the conclusion that in inferior
protrusion (Cless 111) there is an incressc in the
length of the body of the Jew which hae & slender
ascending ramus and en obtuse sngle.

Following thie pioneer study no further
references to Roentgenograephic Cephalometric Studies
of msaio-oécluaion heve been notea until aiter 1931,
- when Broadbent (1931) and Hoffrsth (1921) quite
independently of each other published their
techniques for stenderdised roentgenographie cephalo=-
metry which héve been employed in principle by all
subsequent workers in this field, with individual
modificatione es roegerds the radiologicel technigue
and the method of anslysis of the lateral skull
rediograph. The first investi_atlon, based on the
Broadbent-Hoffreth techniqueg contsining eny dats
regarding mesio-occlusion, ies that of Noyes, Rushing

end Sims (1943) who exsmined the inclinetion of the

upper end lower incisors in skulls end living
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subjecte. They found the upper incisors in the 156
Class 1il sdult cases in their msterisl to be more
proclinated and the lower incigors more retroclinsted
then in the normel adult semple of 9 Indian skulls
and 14 males.

In 1947 Bjork published his now classic psaper
"The Fsce in Profile". (Bjork 1947) His subjects
comprised 322 twelve yeéar old boys and 281 conscripts
There were 8 Class 11l ceses among the boys and 26
emong the conscripts.

Compering the meassurements of the 26 sdult
Class 111 ceses with the mean for the whole adult
material, Bjork found the mendibuler base more
prognathic end the mexillary base less prognathic
then the mean, the alveolsr prognathism in esch Jaw
veried the seme smount epproximately ae the beses and
from this Bjork concluded "mendibular overbite" is on
everage due to relative differences. in besal prog-
nathism with local alveolsr changes of minor
significance. He found the mexillery incisors
proeclinated and the mendibulsr incisors retroclinsted
compared with the mean,thus tending to countersct the
differences in basel prognatnism. An snalysis of
the faciel diagrsms to determine which fecisl
components had the greatest effect in incressing
mendibuler prognathism, showed the length of the
mexille to be less and that »f the msndible to be

greater thsn the mean, while the mendible (end its
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articulation) was displaced Torward relative to the
maxille, due to & reduction in the saddle (N-S=-Ar) and
joint (S-Ar-Go) angles and to a shortening of the
"vertical arm of the cranial base", this latter differ-
ence being significant stetietically. He concluded that
the important factors were the relative change in size
of maxills to mandible and the changes in the facial
diagram causing & forwerd displacement of the body of
the mandible relative to the maxille. Bjork found

the same factors present in the 8 Class 1il cases

emong the boys,

Steff (1948) carried out & eephalometric eppraisal
of 67 cases of Cless 111 malocclusion without regsrd to
age, sex, or the severity of the deformity. He com-
pared his resulte with those of Brodie's study of the
growth of the fuce from 3 months to eight yesrs in
children with normal occlusion. (Brodie 1941). He
concluded that the Class 1ii skeletal pattern is an
expression of the continuation of mandibulsr growth
beyond normal limitse. His conclusions are open to
criticism on the grounds that he has assumed thet because
Brodie stated that he had found a steble growth patterh
in children vetween 3 months end 8 years, that the
seme stability of relationship end proportion of psarte
persists throughout the whole period of growth and
development. Thie misconception is prevalent in
Orthodontic literature snd ignores both the
differentisl growth of parte, and the slterations in
the relationehips that are necessary for the trans-

formation of the embryo into the sdult (Bercroft 1946)
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end takes no account of individual variation. it
results from the confusion of the mean pattern of a
serial study with that of the individuale comprising
it. Recont roentgenographic cephelometric work is
tending to concentrste on individuval studies rather
then on evidence gathered from observation of a group
of individuals. For exasmple, Moore (1959) seye, "The
coneept of the constency of the faecial growth pattern
wee gquestioned when apolied to the individual. Ample
evidence waes presented to demonstrste that variastion
not constancy is the rule."

Lende (1962) studying growth cephalometrically,
| found individvel variation, with changes in the
- direction of growth of parts moetly continuing in the
saune tremd bul in some cases changing again back to
the originsl direction. Of particular interest to
| this study was Lende's finding of & difference in
growth behaviour betwevn the mexille end mancible, the
mendible tending to become more prognathic with & mean
tendency for this to ocecur after seven years.

Adams (1948) in a cephelometric investigation of
manditular form in various melocclusions, examined a
rendom series of individuals. He found the Class ziz
mendivle to have & greater goniei engle sund a
narrower sntero-posterior width ol the escending ramus
He slso observed that the occlusal plene formed a more
ecute angle with the lower border of the mandible.

Schoenwetter (1948) examined the relationship of

the upper and lower first permanent molare to the
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fece in 26 Class Eii malocclusions whose ages ranged
from 4-29 years. He found the angle of the occlusal
plane to the lower border of the mendible more obtuce
than normal in contrast to the finding of Adems. He
sleo found the height of the symphysis, (Gnathion to
the tip of the mandibular incisor) to be greater in
Cless 111 end that the upper first permenent molar wae
further forward in relation to the craniesl bsse.
McCormick (1949), criticised these resulte of
Schoenwetter's, pointing out thet his assumptions sare
based entirely on slight differences in mesn measure-

ments and thet no statiestical tests of significance

- were applied. MeCormick compared cephalometrically,

86 Clase 11 Division (i) cases with 34 Class 1il cases
none of which, clinieslly, showed any lateral or
entero-posterior displacement of the mandible on
closure. The age rsnge was from 7 years to adult.
His principsl conclusions were "there are no
essentisl differences in the relationships of the
structures of the upper face, either to each other or
to the cranial base, in ceses of Class 11 Divieion 4 )
and Class 111 malocclusions, with the exception of
variations in erch length."

Sanborn (1956) in the first roentgenographic
cephalometric analysie of the totel cranio-facial
pattern ddvoted to mesio-occlusgion only, comnpared a
Claee 111 ssmple of 42 adults, 26 mslee and 16 femsles
of average age 21.8 yesrs, the sge range being 16-36

years, with a control sanple of 35 adults, 26 males,



¢ females, with excellent occlusion. The average sge of
the control sample was 24.6 years with a rsnge of
16-38 years, Both the Class 11l and the control

' sample were of the wuite race. In the construction
‘of his fecial disgram, Senborn used Bjork's srticulare
for the posterior end of the cranial base snd the same
method as used in this study for locating gonion,
gnathion and the mendibuler plane. Senborn used
Downe'occlusal plane and the Frenkfort Horizontal end
he related the axial inclination of the maxillary
i1ncisor to the peletal (mexilleary) plene.

A summary of his principel findings ie aes followe-

1. A Cless 11l malocclusion does not imply
a typical skeletal pattern.

Z2e The most striking difference between
Class 111 end the normel is the engle
of convexity, (Downs) Fig. &., with
normal mesn end S.U. of 1.24’3 6. 28,
compared with a Class 11l mean of
~12.48" + 4.93.

bs The maxille tends to be less and the
mendible more prognathic than normal.

4, The mexillery incisors sasre more proc-
linated end the mandibular more retroc-
linated than normal.

£« There is no significent difference in
mandibular rsmus length and height, but
in Class 111 the gonisl angle is more
obtuse. Normal 123°, the S.D.15.0
Cless III 188, 6, SoD.46.54.
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He found no significent difference in the eaddle
angle of Bjork (cranial base angle) but did find a
gignificant difference in the joint angle of Bjork
(/sArGo).

Senborn does not discuse the cranial base
measurements, only giving the length of s;m. which
was i~ Meen and S.D., normael 73«4 + 3.7 and in
Class 111, 71.4 # 5.0.mm.This difference, whilst not
significent, approached significance with a "t"
value of 1.99, (significant level t = 2.0).

Korkhaus end Neumann (1967) made & roentgeno-
grephie cephalometric comparison of B0 cseses of
"Progenia" (Class 1ii) (divided inte 19 deciduous
dentition, 21 mixed dentition, 1C permanent dentition)
with 39, 11-14 year 0ld children with "anatomically
correct occlusion.” The eges of the Class 11l ceses
were not given. Their analysis wes carried out
according to the previously published methods of
Kerkhaus {1957). In comparison with the normal
material they found in the Cleass E cases the following
trends:- in the cranisl base a2 decresse in length of
the 8~N line, in the maxilla a decrease in length and
in the degree of prognathism end in the mandible a
lengtheming of the mendibular base Go-Gn, increased
prominence of the chin and en incresse in the
mandibular angle.

Moss snd Greenberg (1966) direct attention to

the growth of the craniel base, comparing 49 adol=-
escent children with malocclusion comprised of 28
Classll end 21 Cless III, with 151 randomly selected
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individuals in sge renging from the new born to adults.
Their evidence indicated thet only in the Class 111
group was there significant alteration from the normel
in the spatial relstions of the pre-sella pattern of
the skull base, the cribriform angle being significantly
smaller in the Class 11l group. This angle can be
equated with the saddle engle (creniel base angle)

of Bjorke.

Jean (1957) compared cephalometrically. 20 cases
of Class 111 (age resnge 6-27 years) with en unstated
number of normals. Individual and mean dimensions of
the Cless 111 and the mean dimensions only of the
normel cases are given. Comparing the means of the
Clees 111 end normele, he found in the Claes 11l ceses
en increase in mendibuler prognethism, the mandibtular
(gonial) engle end mendibuler linear dimensions, and a
decrease in maxillary length and prognathism. The
upper incieor wee more proclinated and the lower
incisor more retroclinated. The differences between
the Class 111 end normel meens were not great €.g. -
0.9y 1.7 and O«.7mm for the overall, vertical and
horizontal dimensions of the mendible and in the
absence of more statistical date their significance
cannot be assessed.

A recent paper by Maj, Luzi, Lucchese (1968),
presented in 1968 but not published until 19869, gives
the results of a roentgenographic cephalometric

analysis of B0 Clase 111 malocclusions comprised of
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boys end girle of from 8-1F yesrs of age compared with
a eimilar group of normel children. Their findings
are difficult to assess because the dete published is
inadequate end the method of analyeis (Me] et al 19867)
is more geometrical than enatomicel. Summarising
their findinge they found protrusion of the mendible
reletive to the mexilla in 78): of cases due either to
an increese in size of the mendible or a more forward
position of the mandibuler srticulstion. The
mendibular increase was due to increesed horizontal
length, the mandibular angle wae "not disturbed."”

The inclination of the upper incisors was within
"normal range", while the lower incisors were retroc-
linated. In general lines the skeletal snd dental
pattern is "like one of the normel orthognathic type."
Summarye.

A comperison of the findinge in the pepers gquoted
is difficult both on sccount of the diverse nsture of
the samples studied snd the varying reference points
employed. No information is sveileble ss to the
methods employed in the craeniometric studies on skulls
by Sicher and Krase, Grieve and Pfaff. In the bio-
metric studies of Hellman &nd De Coster, Hellmen used
& head-spenner which gave the distance of the profile
pointe from the trans-porioniec axie in the median
sagittal plane. De Coster on the other hand used
gimple dividers and his measurements from tregion to
points on the profile would be influenced by the
faciel breadth,

In the various roentgenographic cephslometric
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studies, it is not possible to compare the findings
gquantitatively beceuse of the unknown factore of
megnification and distortion in eaqh case and also
because of the varying reference points used to con-
etruct the lines and engles measured and the methode of
analysis employed. For instence Bjork's gnathion
differs from that of Sanborn and would give a slightly
lerger velue of the gonial (or mendibular) sngle,
Iwhilat Korkhaus and Neumen's uce of tragion instead of
erticulare, resultes in & ler_er value again for the
.gonial or mandibuler angle, whilst the analytical
method of Maj and his collesgues differs markedly from
those of other investigators.

Despite these difficulties it is poseible to
compare the various findings in terms of their general
trends which may be summarised as followsi=-

Crenial Base, The general conclusion is of the
probability of the cranial base being foreshortened due
to en increased flexure. Bjork, Senborn, Korkhesus and
Neumnan, Moess snd Creenberg, all support this finding
either in terms of decreased linear or angular
components or both. gicher snd Krese's finding of an
incressed basion-nasion distence ie offeset by Grieve's
‘eontradictory conclusions regarding the same materisal.
More weight cen be ~iven to De Coster's findings of an
inereassed tragion nseion distence in 66): of his
patients, but in the absence of fuller data than is
given in his peper, one can only speculate as to the
reason for thies difference between his findings in this

respect and those of the majority.
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Mendible.
With the exception of Maj and his associates, it

ie generally agreed that the mandibuler angle is more
obtuse. Bjork did not find the esnguler difference
significant but Senborn did. There are differences
in the linear dimensions. Bjork found & relative,
rether than ebsolute incresce in mendibuler length
when compared with the maxillary length. Korkhaus
eand Neumen, De Coeter snd Mej et al. found the
horizontal component Go-Gn increessed. Hellmen found
mendibuler dimensions varieble and Sanborn found no
significent difference in the length of the verticel
and horizontal componente. The genersl conclusion is
that the mendibular size is variesble and may be
larger then normal or within the normal range of
variation, the relative size of the maxilla being an
eqgually important factor.

lla,

De Coster, Korkhaus and Neumen, and Jeen, all
found & decrease in mean maxillary length, De Coster
in 12% of cases only. Hellmen states the length is
variable whilst Bjork finde & decresase relative to
the length of the mandible.

n gm.

As ie to be expected there is generasl sgreement
that the mandible is relatively more prognathous than
the mexille. Gricve, Korkhaues and Neuman, Sanborn,

Bjork and Jeen, all describe the maxilla as less
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prognathoug and the mandible as more prognathous than
normal. Senborn goee further &snd groups his patients
into combinations of various degrees of maexillary end
mandibtular prognathiem.
Incisal Relationships. Only Noyee et al., Bjork, Senborn
and Jean record the axial inclinations of the upper
end lower incisors. They all find the upper incisors
more proclineted and the lower incisors more retroclinated
than normsal. Mej et al. differ in describing the
upper incisors' inclination as within normal range.

It ie neceaseary to keep in mind in coneidering
the papers revicwed sbove thet the suthors have mostly
drawn thelr conclusions from s study of mean differences
in verious linear end engulsar values and apart from
Bjork and Ssnborn, have not applied staticstical teests
of eignificance to their figures. An examinetion of
the range of the Clees 11l measurements where given
shows many of them %o be within the range of Valpaa of
the comparsble normsl dimensions. This suggeste that
the crsnio=facial pettern associsted with a Class III
malocclusion is not & single entity sharply demsrcated
from the normal by certain clearly definsble differences
of size form or relationship and that there exist:
varying degrees of malreletions and proportions of
parts concerned which give rise to the varying degrces
of mesio-occlusion obeerved clinically

The principal cephslometric studies of mesio=-
occlusion published since this work was sterted, are

those of Senborn (195E) Korkhesus and Neumen (19857)
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Jeen (1957) end Maj et al.(1958). Of these,only
Senborn's meen differences between normel end

Clase 111 were tested for statisticel significence.
Whilst his sasmple wee adequate statisticslly. in
numbere,it covered only the permasnent dentition. The
individuel age groupse were not given and it comprised
both sexes. Korkhesug end Neuman (1967) cover all
dentitional grcups, the mixed dentition group however
numbered only 10 children which was the only group for
which there was comperable normal meterial (59 children
who were from 11-14 years of age.) The sample of

Mej et a2l.includes both mixed and permenent dentition
ceses (B8=15 years). Jean's semple of 20 individuals
of ages renging from 6-27 covered too wide & span of
growth and development. The number of Class 111
ceses in all these studies totals only 218 individuales.
There is therefore a need for more information
concerning the nature of the Claes 1ll crenio-facisl
pattern at all steges of development. The present
study numbers 226 cases of Class izz malocclueion, 22
in the deciduous dentition, 128 in the mixed dentition

and 76 in the permanent dentition.
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Material,

The patients for this study were taken from
thoee attending the Orthodontic Department of the
Edinburgh Dentel Hospital.

They were classified according to Angle's
Cleszification of malocclusion, Angle (1899), which is
briefly as follows:~-

Cless 1. Normel occlusion of the first pera-
enent molars with malocclusion of one or more teeth:-
Neutro-occlusion. |

Class 1i. Distal occlusion of the lower first
permenent moler with the upper first permanent molar:-
disto-occlusion. Division(i, proclined upper incisors:
Divieion(ii, retroclined upper central incisors and
proclined upper lateral incisors.

Cless 111, Mesial occlusion of the lower first
permanent molar with the upper first permanent molar:-
mesio-occlusion.

Before classifying a melocclueion, allowance is
made for mesial drifting of the first permanent molars
in cases showing premature loss of the deciduous

molars anterior to them.

Distal (rf“¥)) (’LF’%) <WT“L4r) Mesisl

Class 1  Clese 11 Cless 1il
Neutro-occ. DPisto-oce. Mesio-occ.
(normel) (post-norm) (pre-norm)

Qcclusal relationships of the first permanent

molsrs in Angle's clasgification.
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(Note: In normel occlusel relstionships of the first
permanent molars, the anterior buccel cusp of the
maxillary first permenent molar occludes in the
anterior buccal groove of the mandibuler firet
permanent molar.)

In both normal occlusion and Angle's Class 1
melocclusion, the first permancent molars gre in
"neutro-occlusion".

In diegnosing cases on the border line betwesn
Claess 1 end Class 11l where the picture was often
complicated by the premature loss of one or more
deciduous molars, the occlusion of the canines and the
general clinicel appearance were taken into saccount.
Angle's original statement that in Class I1I the
mandibular molar was a premolar width mesial hes had
to be modified. It has been found in clinicsal
practice that such a test of mesio-occlusion would
include in Claes 1, meny cases that skeletslly and
occlusally were Cless 11l end which, from the point of
view of treatment, reguire to be treated as such.

The subjects comprised 226 patients diagnosed
clinically as Angle Class 111 malocclusions (megio-
occlusion) in future designated "Class 111", who
were compared with 1867 patienis showing either normel
occlusion or Angles Class ] malocclusion, in future
referred to as "Neutro-occlusion."

S8ince the essential features under investigation

are the skeletal features associated with mesio-
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~occlusion and eince in both Angles Cless 1 and
normal occlusion the first permenent molers are in
Neutro-occlusion, it was felt permiseitle to combine
these groupe for purposes of comparison. Ko attempt
wee made to escertain the number in easch of these
latter groups for two reasons, firstly the noramal
group was very small and secondly meny of the Clese 1
malocclueione were basieally normel, exhibiting either
transient anomalies srieing in the course of occlusal
development, or meloeclusions due to locel ceuses
which the av;tlablc-cvxdgnco suggests do not
influence the besic skeletal pattern (Brash 1929),
end it is being essumed thet this is 8o for the pur-
poee of this etudy. The remeinder or.thu Cless 1
malocclusions apart from miscelleneous conditions
such as cross bite were cases showing genersl
erowding veuelly in both arches., In so far es the
crowding wae limited to the upper Jaw and was due to
e small jaw in relation to the smount of tooth |

' material, the inclusion of these ceses is open to
eriticiem eince maxillery-mandibvuler dieproportion is
thought to be a prime csuse of mesio-oeclusion. One
cen Justify their inclusion however on the ground
thet even if,in these Cless I cesee, there ies @

mexillery mendibuler disproportion, it is not of such

& nature or deg 9 es to prod.ce mesio-oceclusion and
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their presence in the control material should set as
a check upon any undue weight being given to minor
differences in mexillsry mandibular proportions.

The age range of both the Class 1il end the
Neutro-ocelusion was from 4 years to 21 years. The
' age division of both groups is presented in Tebles 1 & 2.

The material was divided into three groups
according to dental age rather than chromological age
as follows:- (1) "deciduous"” (2) "mixed" end
(8) "permanent dentition" groups. It was not
possible to refine the grouping by using a method of
dental ages such ss that of Hellman (1927), owing to
the great number of children who had suffered
premature loss of several deciduous molars. The
eriteria used to decide the claseification of a
particular dentition were the occlusiocn of the first
and second permancent molars as followei-

le Deciduous dentition. All children in whom
the first permanent molars were nct in occlusion.

2. Mixed dentition. All children showing
occlusion of the first permanent molers but not of
the second permasnent molars.

3. Permenent dentition, All children showing
occlusion of the second permanent molars. The use
of the occluesion of the first and second permanent
molars resulted in some patiente being classed as decid-

uous dentition who hed lower permesnent central



Table 1.
Showing the distribution in age and dentitional
groups of the Neutro-occlusion (Class z and Normal

occlusion) material.

NEUTRO-OCCLUSION.

Deciduous Mixed Permanent Age

Dentition Dentition Dentition Groups

Combined

Age| M F frotal| M F |Total| M F |rotal| Totals
4 | 2 3 5 5
6|3 2 5 5
6 2 2 - | S 5]
T 1 1 9 1 10 %
8 4 12 | 16 16
9 6 8 | 14 14
10 3 15|18 18
1 16 10 |26 (5] 3 29
12 & 6 9 o ¥ 10 19
13 2 i 3 3 b 8 i1
14 2 2 L. B 3 5]
156 1 5 6 6
16 1 4 5 5
by o 3 | 8 S
18 1 2 1
19 1 1 1

20

21 5] S 5
8 5 18 147 54 91 9 %4 |43 187




Table 2..

Showing the distribution in ege and dent~

itional groups of the Clsss 11l materiel.

Class 111

Deciduous Mixed Permesnent Age

Dentition Dentition Dentition | Oroups

Combined

Age| M F [Totall M F [Total | M F |Total| Totals
4 1 1 1
6 |4 & © 9
6 7T 3 10 i 1 2 12
4 1 3 2 8 7| 18 7
8 8 15| 23 2d
9 18 17 | 80 30
10 22 13| 36 36
11 4 10| 14 2 2 16
i2 2 2| 4 1 8 9 13
13 12| 38 |59 |1 18
14 2 2 2 12 14 16
16 4 6 10 i0

16 135 | 4 4
17 3 6 9 9
i8 2 8 3] &
19 2 2 2
20 1 b 3 1
21 b 3 8 8
13 9 22 61 67 128 21 66 76 226




incisors erupted and in some ceses being classed as
permenent dentition who still had deciduous molars
or cenines present. It wes however considered that
the oe:lusion of the first end second permenent
molars respectively represent landmerks in occlusal
development and imply the necessary growth in arch
length to esccommodate them.

A study of the tsbles shows that in both the
Clese 11l end the Neutro-occlusion groups, as one
would expect, there is a marked overlepping in
chronological ages both between the deciduous end
mixed and between the mixed and permenent dentition
groups.

With regerd to the differences in the numbers in
each group it should be explained that the Cless 111
cases wore collected a8 they presented and it was not
until the material was grouped in ages that any
indication of the size of each group was obtained.

It is unfortunate that more children could not be
obtained both for the deciduous dentition groups end
for the permenent dentition neutro-occlusion male
group but field work to eollect material was not
possible. The disedvenfage in the size of these

two samples could heve heen overcome from & numgrical
viproint by combining the mald& and female groups for
ell the material but apart from Bjork's work which
compared 12 year old boys with young adults and the
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works of Werner (1956) end Coben (1965), which give
deta concerning scperate groups of boys and girls.
There sppears to be little informastion about either
sex as such, the majority of the studies involving
mixed samples. It was therefore decided to accept
the disadventages in these two samples. It is hoped
to continue the compilation of date on this study and
the long term result will, it ie hoped, remedy the
present shortcomings.

In general girls outnumber boys by 131-95 in the
Class :11 group and by 96«61 in the Neutro-occlusion
group; only in the deciduous dentition do boys out-
number girls; the reason for this letter is not clear
ee it is usual in an Orthodontic department for girls
to outnumber boys, prcbably because of a greater
concern with appearsnce on the part of both girls and
the parents of girls., It is not necesssrily an indi-
cation of greater incidence of malocclusion in girls
then in boys.

It will also e seen when the figures for
Clase 111 treatment ere considered, that not all the
patients in the Cless 11l group received treatment,
the ressons being thet treatment was not indicated
where the overjet and overbite were normal, or the
bite was edge to edge, and as some patients were not

treateble Orthodontically they were referred for

surgical treatment. Others declined treatment end

some patients left the district.
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The Roentgenogrephic Method Emuployed.
All the lateral skull radiographs were taken

with the pati-nt positioned in & Shandon Cephalometer
with the head orientsted in the Frankfort Plane.
The distance from the X-ray tube to the centre of the
cephalostat (median sagittal plane of the patient)
was 64.£L" and from the centre of the cephalostat to
the film, the distance was 7.8". The total distance
from anode to film being 72", The X-ray tube was
centred on the ear rods of the cephalometer. The
X-ray tube was & Watson Dynemex 26, using 100 MA at
63-67. 6K.V. for 1.2 - 1.5 seconds. The K.V. and
exposure time being varied by the rsdiogreapher
according to the age and development of the patient.

The film used was Ilford High Definition
10" x 12", placed in a cassette between intensifying
screens. S8ince only the profile views were
required in the soft tiesue exposure, a 10" x 12"
film was cut into three stripe and a strip of filﬁ
12" x 3" epproximetely was placed in the cassette in
front of the inteneifying screens in the appropriste
position. This procedure reduces film consumption
by 33% and ie a considerable economy where large
numbers are involved.
Radistion za

8ince this study wes started there hss been a

growing emphasis on the dangers of radiation. The
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eversge "r" dosage has been kindly ecslculated by
Mr. A. R. Bradshew, ags O,6r per laterasl skull
exposure which compares very favoursbly with the
exposure for other dental radiographe. As a safety
measure a lead apron is etretched acroes the frame of
' the cephalostat shielding the patient from shoulder
.leval downwards.

easurin 8.

Tracings of the films were made on fine trescing
paper using a 9H pencil and the various landmarks
employed marked. The planees and angles to e
measured were then constructed. The linear measure=
mente were made in millimetres with fine pointed
caliperse, having e Vernier scale reading to 1/10mm.

The angular measurements were made vith a circulsr
protrector of 4" redius giving clear reedings of 0, 5% |
‘Definitions of woints end planee employed as besis |

for linesr end enguler messurements. Figs. 1, 2, 3.
A. Downs' point A - subspinale the decpest mid-

line point on the premaxilla between the anterior
'naesel spine end prosthion.

B. Downs' point B - supramentsle the most
pogterior point in the concavity between infra dentale
and pogonion.

A'. The point of intersection with the maxillary
plane of a perpendiculer to the maxillsry plane from

point A.
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FIG. 1. Anatomical and constructed points and planes

employed in the cephalometric analysis.

Note Figs 1, 2 and 3 are duplicated at the end of

the thesis in fold out form for ease of reference.
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ANS. Anterior nassl spine. - The tip of the
anterior nasal spine ae seen in norma lateralis.

Ar. Articulere - "A point formed at the (inter-
section of th%)contour of the external cranial base
and the dorsal contour of the condyler process."”
(Bjork and Palling 1954).

Ba. Basion - The lowermost point of the
anterior margin of the foramen magnum in the mid-
saggital plane.

Gn. Gnathion - A point on the symphysis
obtained by bisecting the angle formed by a line from
menton tangent to the lower border of the mendible in
the region of the angle of the mendible with & line
from nasion tangent to pogonion.

GO. Gonion - A point on the bony contour of
the gonial angle obtained by bisection of the angle
formed by the intersection of & line from Ar tangent
'to the posterior border of the mendible with & line
from menton tangent to the lower border of the
mendibk in the region of the angle of the mandible.

Id. Infradentale - The point of transition
from the crown of the most prominent mandibular
medial incisor to the slveolsr projection (Bjork).

Ii. Incision inferius - The incissl point of
the moet prominent medial mandibular incisor.

Ii'. The point where a line from Ii perpendicular
to the occlusal plane meets the occlusal plane.

Is. Incision superius. = The incisal point

iAdditional to the definition as given by BJjork and

Palling. Its ommission by them may be sccidental.
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of the most prominent medisl mexillery incisor.
ig. Point where projection of long axis of
mexillary incisor meets the mexillery plsne (MxP).

Le Point where projection of long eaxis of
mandibular incisors meets the mendibular plene.

Me. Menton - The lowermost point of the sym-
physeal shadow &s seen in norma leterelis.

MxP. The mexillsry plene formed by & line
connecting the tip of the aenterior nassl spine and
the tip of the posterior nasal spine.

¥nP. The mandibulesr plene formed by a line
Joining Gn end GO

Ne Nasion = The most anterior point of the
fronto-nasel suture &s seen in norme lsteralis.

0.Ps Occlusal plene = A plene formed by a line
joining Is to the posterior cusp of the mexillary
firet permanent molsr or the enterior cusp of the

second permenent mol:r if the first molsr ie sbeent.

(In the deciduous dentition the distal cusp of the
second deciduous molar is used.)
O.P', Point of intersection of OP by line ANS-GN.

Po. Pogonion = The most anterior point of the

ehin as geen in norma lateralis.
FNS. Posterior nasal spine - The Jjunction of
the herd and soft peslates as seen in norms . laterslis.

(Where thie could not be seen beceuse of the position



of & developing moler, Biork's SNP wes ucscd,. Thise
is described as "Intersection of pterygo-palatine
fosce with junetion of herd and soft palate."

Bjork (1947).

PHE'., The point where a perpendiculer line from
PNS meets the occlucssl plene.

Pr. Progthion - The trensition point tetween
the crown of the most prcminent medial mexillery
ineisor and the alveolar projection (Bjork 1947).

Se The centre of the sella turcica as deter-
mined by inspection.

Ue Point on SN where projection of long axis
of the upper incisor meets the line SN.

<] The tip of thes distal tuccal cusp of the
first permenent molsr (mesigl buceal cusp of 7 if
6 is lost.)

Discuseion of FPoints and Plenese,

THe pointe and planee are tnose generally
employed in roentgzenogrephic ecephslometriec anslysis.
Where the diffevences of definitlion exiet ee in the
case of menton end gnethion end in the location of
the mandibulsr plene, the usesge followed agreéa with
the recently publiehed recommendetions of Krogman end
Sessouni (1957).

The definition of the occlusal plane follows
Bjork (1947), rather than the more generally used
definition of Downs (1948). Downs'definition is es
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follows - "Occlusal plene - & line bisecting the
occlusion of the first molars and central incisors.
Should either incisor lack full eruption or be in
supra or infre oscclueion the general occlusion as
determined by the premolars is used.".

The Downs occlusel plene was found impractical
for two reasons. One was that in many cases it was
not poscible to draw & line that bisected both the
molar occlusion and the incisor occlusion, the other
reason was that in moet of the mixed dentition cases
the deciduous molars had been lost and the premolers
wére not erupted. Bjork's plane has the merit that
there is never eany difficulty in constructing it as
it involves Jjoining only two easily defined points.
The difficulty is in deciding what relation it bears
to the occlusal plane which shows & varying amount of
curvature. In Class 1il cases with anterior open
bite & line joining the molar cusp to the incisal tip
risee anteriorly and will beer little relation to the
occlusal surfaces of the premolars. In the acssess~
ment of after -treatment changee the plene will be
affected by proclination of the upper incicore giving
the impression that the occlurel plane has tilted up
anteriorly and been depressed posteriorly with little
relation to any sctuel alterstion in axial incline-

ation of the molars. Bjork's occlusal plene has
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been used e the least unsatisfactory but with
reservetions &s to the value to be given to any
findings invelving ite employment.

Articulers wee ueed both as the dorssl end point
of the craenicl base ané as & substitute for the
condyvler head. Basion,the true dorsel end of the
eraniasl base, was often difficult to pick out
acecurately and the msndibular condyle was eeldom
definsble, therefore whilst prefereble to erticulare,
these pointe could not be employed. It muet Le
remembered that in ueing articulsre as & mendibular
point one ie csescuming in compering one mandibuler
length , es expressed by the distance Ar-Gn, with
enother, that the length of condyle head obscursd by
the shadow of the crenlal bese is the ssme in both
ceseés and that the thickness of the intersrticulsr
dise does not vary significaentlye.

8-Ar, beeides being an approximate measure of
the posterior length of the crenial bese, is alaﬁ an
~indirect measure of the antero-posterior position of
the temporo-mendibuler aerticulation in relation to
point sella and thus to the anterior crsniesl base

and maxillae.
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Linear end Anguler Vescurementg.

Crenio-faciel diagrame from the tracing for
each subject were corstiructed end the following
linsar end anguler mcesurements wers mede ueing the
points and plenee defined (Fig. 1) The linear
measurements were made to 1/10th of & millimetre end
the angulsr meesurcments to the neerest half degree.
Each measurement was given a nnﬁber ana is referred
to as Linear 1 or Anguler 1 ete. snd are deei_neted

in the various teblee ge L1, 18, Al, A2 etc., for

brevity.
Lineer Meacuvemente (M) Fige 2, 3
e Detween Pointe. | M, Between Fointe.

L1 S =N Fig 2 (4A) Li4 N.- I8 TFig 2 (B)
L2 §~Ar (A) L16 N-8B (B)
L3 Ar - N v (A) 1Li16 N-Po (B)
L4 Ar - GO . (A) 117 ANS - OGN " (A)
L6 Go = Gn " (A) 1Li8 ANS - op' ™ (c)
L6 Ar - Gn " (4) L19 GN - op' " (c)
L7 PNS - As ¢ (A) 120 Is - is " (A)
18 PNS - A " (B) Le1 Ii - L o (a)
L9 FHS - Pug' " (A) 122 W-ANSeANC-QN (&)
110 He-aAN8 " (A) 188 I -Ii " (D)
Lil N = &' "m (B Lee Is=-1xi' " (D)
Lig N = A " (A} 126 PNs'~- 6 B (&)

L13 N - Fr " (A)
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FIG. 2, Diagrams illustrating the lines and angles

measured in the cephalometric analysis.
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Angular Measurements in Degrees.
N. lotation.
Al /NSAr Angle between lines
A2 [/SArGo Angle between lines

snd 4 Fig. 2A
Ad [AerGn Angle between lines 4 snd & Fig. 2A
A5 /SNB  Angle between lines 1 and 16Fig. 2B

emd 18Fig. 2B

1
2
4

A4  /SNA  Angle between lines 1 and 12Fig. 2A
1
A6  /SNPr Angle between lines 1
1

A7 /SNId Angle between lines 1 end 14 Fig. 2B
A8 /SKPo Angle between lines 1 snd 16 Fig. 2B
A9 /NAPo Recorded as the complement of engle

between lines NA snd APo, Fig. 3A. Recorded
as negative if A lies behind NPo. When

Ny A and Po lie on a straight line, the
reaeding is O. "Downs' angle of convexity."

A10 JOP/SN Angle between line (S=-N) and occlussal

plene Fig. 3B. "Occlusal Plane Angle."
All /unP/SN Angle between lines 1 (8-N) end &.
(mend. plene) Fig. 5B. "Mand. rlsne Angle."

Al2 /IsU/S8N iostero-inferior engle formed by
intersection of line at "U" by projection of
long sxie of upper incisor. Fig. 3B.

Al13 /Ii-L/MnP Postero-superior angle formed by

the intersection of the mandibular plane
at "L" by the projection of the long exis
of the lower incisor Fig. 3B.
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"ANGLE OF CONVEXITY (DOWNS)
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Diagrams illustrating (A) the angle of convexity

and (B) Y axis, chin angle and incisal angles.
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Angular Mecasurements in Degress Contd.

N. Hotation.

Al4 [UIs/Iil. Internal angle formed by inter-
section of long exis of upper and
lower incisors. TFig 3B.
"Interincisal aengle."

Al /NSGn Angle between lines NS end Scn Fig.
ZBs "Y axis."

A16 (MnP/OP  Augia hetween mendibular plene end
occlusal plane Fige. 3B.

A17 /MxP/SN Anglle between maxillary plane and
line 8N. Fig &R. "Mexillsry Plane
Angle. "

Al18 /MxP/OP . Angle between maxillsry plene end
occlusal plane, Fig. &B.

Al9 /IdPo/MnP Angle between forward projection of
the merdibular plane =nd ihe
projection from Po of a line

Jo‘mn‘ Id=Po. Fig. &B. "Chin An{.jle"
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Discussion of Linser and Angulsr Measure¢ments Employed.

In choosing the dimensions and engular relstion=-
ships to meassure, there were two chief considerations.
One wss the accuracy with which the reference points
could be determined, this is discussed under "Errors",
and the other was to choose points whose relationships
to each other would as far ss poseible represent the
relationship of anatomical structures to each other
rather than their relationshiv to some arbitrary point
in space. |

The anstomicazl structures (or complexes) studied
were, the crenial base, the mendible, the maxilla and
the fece in profile. Ideslly the crsnial base would
e measured from basion to the foramen caecum. As

' already msntioned basion was excluded, erticulare
being substituted. The foremen ceecum is rerely
discernible. Nasion, the generally accepted
substitute, was used. When serial studies of treated
cagses were made, nasion was found to have a disadvant-
age. This 1s discussed in the description of the
technique of superimposition usged in the gerial studye.

The anterior portion of the creniel teee S~N is
influenced by growth at the epheno-ethmoidal synchon-
droeis. Changee in the dietance S - Ar, do not
necesearily reflect growth at the spheno-occipital

synchondrosis because articulere is not & fixed point.



on the cranigl base but is dependent on the position
of the neck of the condyle. The overeall length of
the cranial bese is given by the distance N-Ar.

Mendituler dimeneions were measured by; Ar-Go
verticel remus height, CGo~Gn horizontsl ramus length
and Ar.-Cn overall length. Anterior occlusal height
was meescured by Ii-MnP.

The various components of fece height were
recorded by the following messuremente:- N-ANS (10),
N-A' (11), N=-A (12), N-Pr (23), N-Id (14), N=-B (15),
N-Po (16), ANS-Gn (17) ANS-OP' (18), 'or-Gn (19),
N-ANS+ANS-Gn (22).

The maxillary length is measured by ANS-FNS (7),
posterior height occluselly by PHS-PNS' (9) and
anteriorly by Is-is (20). The height of the mexilla
above the maxillery plane was measured anteriorly by
N-ANS (10).

An a2dditionel messurement of maxillery length
PNS~A" wes made. A' being determined by dropping a
perpendiculer from point A to the maxillary plane.
The enterior nssel spine e&s seen rediographically
variee from a short blunt proceege to Bn elongated spine,
the tip of which merges into the surrounding shadows.
This mekeeg for veriation in ite location. It was
thought that FNS-A' might give a more relisble
estimate of mexillary length and also represeant, from
a tooth supporting view point, the maximum length of

basel bone. This is an aspproximation and it is
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incorrect to describe Point A as being level with the
maxillary incisor apex and representing snastomically
the anterior limit of mexillary basal bone.

Angular relations.

The cranial base angle NSAr and "jaw sngle"
SArGo employed by Bjork (1947), were used. with
regard to the msndibular angle, ArGoGn (3), when
comparing its values with those obtained by other
workers the points used in its construction muet be
borne in mind. For instance, Bjork uges menton
(celled gnathion by him) for hie eymphyseal point
which will give slightly larger values than those
obtained by using thb gnathion as defined by Krogman
end Sassouni (1967) and used in thie study. Angles
4-8 give the degree of prominence of the profile
points A (4), B (&), Pr (6), 1da (7)s, Po (8), as
expressed by the angles they form with the S-N line.

Angles 17, 10 and 11, give the angular relstion-
ship of the mexillery, occlusal and maendibuler planes
to the anterior cranial base line S~N and angles 16
end 18 give the relationship of the occlusal plane
to the mexillary and mandibuler plenes, whilst the
difference between angles 11 (mendibular plane to 8-N)
and 17 (mexillery plane to SN) givee the enguler
relationship between the maxillary and mendibular
planes.

The axiel inclination of the upper incisor (12)

wee relsted to the S-N plane. Some writers now
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relate the upper incisors to the maxillary plane,
this angle cen be deduced from the available data, it
is equal to the sum of angles 10 and 17.
The mandibular incisor is related to the

mendibuler plene (A13). The interincisal engle is

Al4 end the so called "Y" exie /N-8-Gn is Alf

The chin angle of Bjork (1947) is formed by the
intersection of & line joining infredentale and
pogonion with the mandibuler plane. This engle
reflects changes both in the angulation of the lower
incisor and of the prominence of the chin. It vill
be noted that the Frankfort Horizontal plene has not
been employed as & reference plane in the enslysis
although used to position the patient's head in the
cephalome ter, Cephalomc tric porion is based on the
metal shadow of the ear rods and e xperience showed
that there was consideraeble varietion in the
poaitioning of the ear rods with the same radiographer
and the ssme patient on different occasions. This
sgrees with the findings of Steiner (1953). The
Frankfort Horizontal was rejected by Bjork (1947) es
less reliable then S-N end Kozki (1953) also does not

favour its use.
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5 ¢ Method.

The sources oI error maey be conesidered under
three headings:=-
le Thoseé arising Ifrom veristions in radiographiec

technique. .
2e Those¢ arising from variations in determining

the cephalometric landmarks employede.

Se Those arising from errors of measurement.
LRediogrephic Technique.

As described earlier this was a standardised
procedure with the patient adjusted in thehgephalo-
meter so thaet the head wac orientated in the
Frankfort Plene end the distancee from the asnode to
the mid-sagittel plsne of the patient end from the
film to the nid-ssgittal plene were constant .
Magnification end Distortion.

With a standard distance and ccorrect head
positioning one can assune that the megnification

| factor is the seme in ell films. This subject hsas
been discuseed smongstothers by Adeus (1940), Bjork
(1947) end Hallett (1969). Ademe discusses the use
of corrective scalegs but while advoceting their use
he concludes that "there is no substitute for pgin-
staking technigue." Bjork (1947) emphasizes that
"the messurements quoted in this work are all
projections of the actual measurements,s fact which,
although not referred to sgein, should not be taken
for granted."” Hallett (1959) iiets the verious
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sourcese of distortion and emphssizes the need for
stability of the cephslometer and of the patient in
the cephalometer, the use of short exposure time and
the anode film distance. Hallett deels with the
protlem of magnification and distortion by the
ingenious use of a pantograph capable of correcting
the various magnifications of the original trecing.
His method however is of recent publication and was
not availeble when the measurements were being emrried
out.

A simple experiment wes carried out to
demonstrete the verying emount of megnificetion of
the dimensions measured. A skull was placed in the
cephalometier with lengths of stainless steel tubing
placed along the median plane of the palate, across
the foramen magnum and slong the posterdior vorder of
the horizontal ramus of the mendiblee. Measurement of
the length of the rod compusred with its projected
shadow on the film showed, z® Bjork (1957) and others
have obeerved, that a megnification of 10-12,, is
obtained of dimenesions in the median segittel plane,
and that the magnificetion is reduced by distortion in
planes not paresllel to the median segittel plene.
Table 3 showe the mezsurements obtained. or
particuler significance to this study is the

observation thet 1f the magnification end distortion
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factor for eech dimension is not known, it is not
poseible to compare linear dimensions obtained with
different rediographic techniques, as regards anode=-
patient-film distences and centering of the X-ray
tube, but does not prevent the comperison of
dimensions within the same cseries, although as Bjork
(1947) points out, there is the eifect of varying
breadth of the face to consider which will effect

dimensions not perallel to the median plene.

Teble 3,

Actual end magnified messurements of wire
ingerts pleced as indicated on a skull and X-rayed

in the cephalometer.

Length of Tubing in MM.

Location of wire insert A X 1
Maxilla ANS-PNS 61.3 67.8 6,6 10.7
Mandible Vertical Remus 67.8 62.9 6.1 8.8
Mandible Horizontal Remus 90.3 92.5 2.0 2,2

Foramen Magnum A/P Diameter 36.0 40.5 4.6 12. 5
Ant.Border Sella-Forsm.Csecum| 46.5 52.56 6.0 12.9

A= Actusl messurement. I = Increaese
Percentage

X = Meacsurement on X-ray film. %I = Increase.
Angles sre less affected. Hallett (1969)
states "Segittél angles alter too little to meke any
gignificent difference, lateral angles e.g. the gonisal,

awey from the centrsl exie open 1~-2° (egrees with
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Adams)". Theee errors of megnification and
distortion ere inherent in the method and must be
keépt continually in mind.
2. EBrrors in Determining Cephelometric Lendmerks
BJork (1947) ccnducted e peinestaking and
meticulous testl of the relisbility of vearious
reference points and planec. The points and planes
uged in this study are among those that he found
relieble., Dick (1968) investigated the varisbility
of cephalometric lendmerks, es determined by
different cbservers in the seme film. She concluded
thet "well treined observers do not always designate
the cephalome iric landmerks nn the same locetion."”
Dick grouped lgndmorke sccording to the degree of
diepersion and found sella turcice, nasion, mexillcery
end mendibular incisor tips, gnathion and srticulare
among the least veriesble, the most varieble point
being "glenoid fossa«" Dick does not record the
congisteney of individuel observers in re-marking out
the same landmarke on the same ilm, A test of this
wae made first by marking the points employe¢d on a
radiograph of the seme patient on five different
occagions and superimpoeing the tracings on & common
reference frame of horizontal end vertical lineé.
When viewed by transmitted 1izht a high degree of
concordence wae seen sella, nasion, erticulsre,

incisal end maendibulsar outlinees being least veriable.
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More verietion was found with ANS, FNS, tip of
posterior cusp of 6 and points such as A snd B on the
alveoler profile.

The results obteined have been reproduced
photogrephically, employing & method suggested by
Professor Romenes. (Fig. 4) This consisted of
drewing the horizontal and vertical reference lines
on a piece of thin card under which wae another piece
of cerd with & carbon paper between. Each traecing
was then aligned on the refarﬁnce linee on the top
card and ihe landmarks impressed with & sterecil pen.
A slight blurring of the marks results from the
carbon hut it gives & good indicetion of the degree
of variance in locsating the zointe and landmarks.

A fupther test was done to show the e¢fiects upon
the linear and sngular measurements of varistion in
locstion of the landmerks by repeating trecings end
measurements of six cases. A msrked difierence in
measurement was not expected as the greateet die-
persion of the pointe for any one lendmerk did not
exceed l.ims. and ss this wee for point A and
occurréd in & vertical direction eo thet ite effect
on the important angle SNA would be slight. Some
varistion in maxillary length wa: expected &s ANS in
gome cagos ende in a very fine point which tende to
merge with the surrounding shsdows st ite extremity.

The resuvlis of this check are given in deteil in the

.
apoendix. Before commenting on them, mention should

4 sgection IV.
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FIG. 4. Photograph of superimposition of five tracings of the same individual
to show the degree of variation in the identification of anatomical landmarks.
For description of method sée text. (1) ana (2) single dot and dash for com-
parison with multiple registrations. (3) and (4) Horizontal and verticel

registration lines.
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be made of the veristions found in remeasuring the
seme trecing es this factor will of course be present
in check tracings and & knowledge of its extent will
assist in evealuating the varietions arieging from
retracing.
8+ Errors of Messurement.

Nine cases were remeasured and the results
tabuleted in the appandixf If done with cere, one
would not expect when measuring the distance hetween

two pencil dots, to find a varistion in mescsurement

‘much greeater than the sum of the width of the dots,

or where the dot 1s on & line greater thsn the width
of the line. An examination of the resulis shows
that the meximum in linear messurement veariation wes
0. &mm. Varisetion in angular measurement never
exceeded O.5° except in one instance when it wes 19,
In retracing the same X-ray slightly greeter
variation in neasurement was found. The gresteet
variations in linear messurements in iddividual cases
of different tracing from single X-rays occurred in
maxillery length ANS-PNS and were differences of 2.3
end 1.9mm. (reeding Lincar 7 csses 3, 4.) but in
general variations tended to he Pelow 1.0mm.
Anguler variatione ranged from nil to 2.50. The
greatest variation being found in the incisal engles
and angles involving the occlusal plane. The incisal
angles varied up to 1.5° and whilst thie has to be

considered when comparing one case with another, it

section ive



does not detrect from the velidity of obkserved chsnges
of en axiel inclination in the same paticnt s the
acccpted practice wes followed in the soriel studies
of treneferving the axisgl line drawn through the
incisor on the originel tracing to subscguent
tracings.

The variation mentioned of 2.5 occurred in csse
6 angular reading 18 (occlusal plene to naxillery
plane ), tiuis wes essociated with & variation of 2.0°
in the relation of the occlugal plane to the &~N line.
One further source of error wust be mentioned and this
is a misresading of the calipere or protractor. The
time involived in remeasuring on & separalé occasion
the 28000 (approx.) méasurements involved in this one
pert of the study alone rern. ered ihis impracticsble.
The procedure szdopted was 1o read thae instrunent,
record tre measurcumente and re-read the ilnstrumeat.
This wae not infallible as on occaslion thic game mis=
reading was made. A further check wae (lnot uany
readings followed each other in sicpe and a mis=-
reading was imunediately obvious. A few nejor errors
were detected when the zeme reading for each individe
val was tebuleted in cclumne for statisticel purpoaeé
end in & few instances values which were obviously
incorrect, were found to be due to transcribing
errors or to reading in the wrong direction on the

protractor. As @ Tinel check 8ll meximum sand
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minimum veluee for easch reading were rechecked on the
tracinge
Thilgt every preciical 2{1ort hae been mede to

eliminate error, one muet assure thet sone clisnce
errors remoin undetected but oa§ ip sdvieed that
stetistically if the semple ie large enougn theoe
errore will tend to counecel ¢sch cther ené one ean
only conclude thig section by cuoting Hatton end
Grainger (1958), whoee mein conciusion efter
investigsting the prelisbility of messurements from
cephalogreams =t the Burlingtion Orthodontic Reseerch
Centre ip thati:-

"It wae found that by far the greateat source of

distrivution veriaticn ieg due Lo reel difrerences

between children and that from the point of

view of econcmicel production of detas for

creating norue end permitting comuparisons, the

bveet experinentsl procsdure is to wed & suff-

icient number ef children rather than attempt

to reduce technicel error furthe: by duplicating

messurenerts, ™



Method of superimposition of serial tracings.

The two moat frequently used planes of super-
impoeition used to study growth end trestment changes
in serisl roentgenographic cephalometry, rre the
Bolton plene of Brosdbent (1937) and the sells-nasion
line of Brodie (1941). The Bolton plane wes not
used becausge of the difficulty met with in loceting
the Bolton point. The sellea-nasion line veas
employed es the base line in &ll the original
trecings in this study snd lster modified in the study
of the seriasl iracings in the following msnner:- The
sella~nasion line is drawn on the tracing of the first
lateral skull X~-ray and tracinge of the second and
subsequent lezteral skull X-rays of the same pstient
are superimposed on the genersl outline of the
anterior craniel bese (De Coster's line) in the first
tracing. The selle nesion line of the first tracing
is then transferred to the second tracing and point
selle is wmerksd in. Anteriorly the line msay or may

‘not pess through nseion on the second tracing. If it
does not then the point of intersection of the line
with the enterior surfece of the frontesl or nasal bone
is marked and used as if it were naaion.i The original
selle nasion line is then uced as the cranial bege
reference line for epgulsr meassurement reglistering on
sella in subsequent tracing. Angular meczeurements

made to it are therefore in the same relstion to the

41 Referred to later as "Artificial" nssion.
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cranial base in all tracingse. The resson for
modifying the sella-nasion line originally was thet
its employment in some ceses gave & picture of
chaengee in the general facial pattern that were not
thought to be correct. An example is shown in
Plete 26f The superimposition on gella-nesion with
sells registered gave a picture that showed changes
in the cranial baese engle, the angle of the maxillary
plane and the direction of mexillary growth. The
maxillary chenge did not agree with the cliniecal
Picture or with the picture given by the direct
superimposition of the maxilla. ¥Yhen the tracings
were superimposed on the generasl line of the anterior

cranial base the changes were more in line with othsr

- findings Pbut nasion had moved downward. A check of

other cases superimposing on the anterior cranial

. bese line showed that in the majority of casss the liﬁe

sella~-nasion, when drawn on the serisl trecings,
continued to coincide with the original sella-nasion
line, nssion moving forward on the extension of the
originel selle-nssion line, but in & few casee nasion
moved either ebove or below the original eella-

nasion line. A review of the relevant literature
shows that Bjork (1965) stated that he found the
geelle~-nasion line a reliesble line of superimposition

with nasion on successeive tracings meintaeining a

constent relation to the original sella=-nasion line.

4 s
Plates 1-31 Appendix Section III.
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8cott (1966) (1968) criticised nasion as an end ‘

point pointing out that it moves upwerds in growth,.
Ford (1968) cuoted Keith end Cmmpion (192%2) as having
first noted thie uvpward movement of nasione. T"hey
observed that although this upward movement is the
rule ror modern REuropeans, in other races and enclent
Europcang it may remain stationary or eéven move ‘
slightly downwarde. De Coeter (1951) firet drew
. attention to the stebility in children after the

seventh year of the anterior outline cof the crsnial }

bese and sugpested ite employment as & line of supsr—‘

imposition. Thies line is rcferred to subseyuently
' es De Coster's line. Scott (1964) Maronneaud (1956)i
and Ford (1968) support De Coster's findings. i
| Merronesud concludes thet whilst no guiding marks of |

absolute value can be esteblished, De Coster'c line

is at the moment the best orientation line aveilable.
Hausser (1968) reports difficulty in following

| De Coster's line. FEtter (1966) comments on the

difficulty of interpretstion of resdiographs of the
enterior cranial fossa. Muller (1969) criticises

' both the sslla-nasion and De Coster’s line and

‘ suggests supecrimposing on the occipital condyles and
adjzcent structurcs. Axperience in tracing

‘ De Coster's line confirms the above obscrvations as ‘
to ite constancy after sbout 7 years and as to the

difficulty on occasion in treeing it.



‘Minor variations were seen in seriel tracings of the
\mixad dentition and permanent dentition ceses but
!they were negligible compsred with the differences

:seen in the seérial studies of the deciduous dentition
cases, ag le scen in Fige 265, Appendix Section I.
Trecing the trecings for reproduction combined
with the reduction of scale in photographic
reproduction tends to iron out minor variations and
the illustrations give an impression of greater
concordence than actualiy exists.
| As this work was being complcted Moore (1959)
iindapendently of De Coster reported his adoption of
'the efitéerior cranial base area for purposes of super-
impoeition using both the line used by De Coster end
the roof of the anterior cranial fossa. Moore elso
uges a similar technigue with regard to the sclla-
nasion line to thsat evolved in this study. He
observed in some cases that using this line nesion

descended as had been found in the presont study.

|In a morc recent publication Stramrud (1959) advised
'the ure of an internal creniel base rersrencé line.
In a recent paper Bjork (19E8) also now notes that
nasion may ascend or descend in growth in relation
to the anterior cranial base.

The use of artificial naaibﬁ%instead of true
Inasion in meking angular messurements ol chenges due

to growth or treatment was not found to produce any

1
See pesge b63.
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significent differences in angulsr readings compared
with the re¢adings obteined by the perpendiculsar
projection of nasion to the cranial base reference
line. .

The method of superimposition outlined is
coneidered in the light of the evidence to be an
improvement on the nasion-celle line in so fer es it
removes the varieble factor of nasion end is based on
an intra-cranial anatomical area which anatomical
evidence showe to be relatively stable efter about
7 years of age. It is of course not possible to
obtain an aﬁaolutely unvarying registration eres.

The superimpositions shown in the deciduous cases are
affected by the growth that has occurred in fhe
anterior eranial bese during the period of observatim
but as the same method wee used in all cases the
changes between cases are comparable. The lines
representing the axial inclination of the upper snd
lower incisors were transferred from the first
tracing of a case to subsequent tracings by super-
imposing on the outline of the ineisors in fh' first
tracing, thus removing the source of error noted when
drawing in the axiel inclination on repeat trascings
of the same radiograph.

In the study of the growth changees in the mexilla
and mendible, the maxilla wae superimposed on the

maxillary plene in the first tracing with PNS.

registered. This wes chosen as giving & better
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‘picture of forward growth of the maxilla than that
given by regictering on ANS., The mandible wae super=
imposed on a line from menton tangent to the lower
border of the mandibuler engle with ganathion
registered. In using this superimposition it has

to be remembered that mandivular growth mey hsesve &
backward component (the posterior border) as well as
a downward and forwerd one, &s is shown in Plate 21
It also gives an appesarance of basckward movement of
the incisors relestive to pogonion in cases showing
remodelling of the mental region. It must also be
remembered when sssessing relative maxillery snd _
mendibuler growth, thet verticel mandibulsr growth
has not ohly to provide for vertical growth of the
alveolus of the horizontal remus of the mandible
itself, btut also for the downward growth of the
maxillary complex and for mexillary vertical alveoler
growth
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Part I. Roentgenographic Cephelometric Analysis of
Mesio=occlugion,
Introduction to Part I.

Part I of this study is concerned with the
investigation of the first three cuestions posed in
the introduction. They were:-

le 1Is there a specific crasnio-facisl pattern

associated with mesio-occlugion? If not,

are there various relationshipe and proportions

of the structures involved that cen combine

to produce & similer occlusal picture? If

this is s0 how do these proportions and

relationships differ from those associsted

with neutro-occlusiond

2. Do the growth chenges in cranio-fecial

pattern differ in mesio-occlusion from those

that occur in neutro-occlusion?

8. Is there any evidence of sex differernces

in the crenio~faeisl pattsrn in mesio-

occlusion?.

The general plan of the investigations cerried
out is as follows:i=

I. The fecial disgrams constructed from the
mean linear and esngular messurements for eech Claess ILil
and lNeutro-occlusion sex/dentitional group are
compered (Page 68).

II. A comparieson is made of the mean linear gnd

gngular measurements of the individual structures, 6.g.
erenial base, mexilla, mandible etc., in the Class III

end Neutro-occlusion facisl disgresms, (Page 70).
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III. fThe Class Lil material ie grouped secording
to the different combinations of the varying degrees
of maxillary end mandibular prognathism, The groups
s0o formed are exsmined for differences of cranio-
facial pattern as messured by + 18D of the mean
measurements of the Neutro-occlusion samples. (Pege 99)
(This procedure ic, for convenience, referred to in the
text as "the differential analysis'.)

zf- An enalyeis is made of the linear and
engular measurements in individual cases based on the
standard deviations of the mean Neutro-occlusion
measursmente. (Pagei=0).

V. An exsminetion is made of the mean measure-
mente of the Class 1Ll and Neutro-neclusion ssmples
at the different dentitional sges, deciduoues, mixed
and permenent, for evidence of growth chenges.(Page 125).

VI. The mean measurements snd the results of the
"differential enalysis" are exesmined for sex differ-

ences in the Class 1II material. (Pageis).

Theoretically a mesial occlusion of the mandibular
teeth relative to the maxillary teeth may develop in
various ways. The mendible may be overdeveloped or
the mexilla may be underdeveloped. The over or under-
development mey afiect the whole bone or the slveolar
process only. The size both of the maxilla and of
the mandibtle may be within the normal renge of
varistion but the maxills mey be small in relation to

the mandible. In addition , the relationships mey be
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affected by varistions of the crenial base. A
decrease in length of the anterior cranisl base, to
which the mexills is attached, could result in a
relative protrusion of the mendible. An increesed
flﬁxnrc of the cranial base could result in a
brotruaion of' the mandible through & more forward
positioning of the temporo-mandibular erticuletion.
A similsr effoct may also be produced by a decresse
in length of the posterior cranial base. (S-Ar)

In analyeing the cranio-facial pattern in mesio-
occlusion it ie necessary therefore to coneider the
dimensions of the mexilla, the mandible and the creniel
base and their relationehips to each other.

In the mexille the principsi dimeansion to
conelder is that of antero~-posterior length. The
mendible ie more complex, the overall length from the
head of the condyle to the chin point being effected

by veristions in the length of the body and of the
ramus end in the size of the mandibular angle.

Thus with the same vertical and horizontel dimensions,
an incresse in the mendibuler engle will increase the
overall length. Similar considerations apply to the
cranial base whose overall length mey be altered by
variastions in length of the anterior or posterior
parts or in the size of the angle.

The sntero-posterior relaetionship of the maxilla
to mendible is described in terme of the degree of
prognathiem of each jaw in relestion to the profile.

As & result of the investigations enumerated on



Pagec2y, it will be shown that all the above factors
mey be present invarying combinations and degrees in
the ersnio-facisl petterns found in mesio-occlusion.

It will further be shown thet there sre three main
cranio-faeciesl patterns in mesio=-oecclusion. As regards
the individual factors associated with mesio-oeclusion),
it hes not been posesible to evaluate with preecicsion
either the relative importance of the various factors
or the effecte upon the facial patiorn of their mutual
interaction. It will also be shown that a character-
istic of the growth pattern in Class zii is a greater
than normel incresse in mendibuler prognathism
reletive to maxillery. Finally it will be shown
that epart from size there ere no sex differences in
the Class I11 crenio-fecial pattern.

Method.

The linear and engular meaepguremente described
earlier were determined for each individual in the
Clase 111 and Neutro-occlusion groups. The mean,
stendard error of the mean, the standard deviation,
maximum snd minimum values and the range for each
measurement were calculated snd the findings for esch
dentitionel group (deciduous, mixed, permanent
dentition) male and female, in both the Class 1ii
and Neutro-occlusion were tabul-ted. (Appondix)

Facial diegrame were constructed for eaech of the
groupe from the mesn linear esnd engular velues,Figs. §,
6 and 7} The Class III group disgrams were¢ each

compared with their corresponding control group

1 These and subseqguent figures are in the appendix.
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diasgram by superimposition. The Sells-Nssion line
‘was used as the bese line with Sella registered,

' Fige. 8, 9 end 10. The positions and exisl
inclinstione of the maxillaery end mandibular central
incisors tein; represented by their long exee projected
to the 8-m line and the mendituler plene (Go-Gn)
respectively.

In comparing the means of the linear and angulser
measurements of the Cless 11l materisl with the
controls, the general picture ig firet examined and
‘then the three main snatomical siructures, the cranial
base, the msxills and mendible, are compared individ-
uelly. Following & comparison of Tace height the
angular relationships of the maxilla and mandible to
the cranial base and each other are compared. The
incissl angulations and relationships are next
coneidered and then the other various sngular relastion=-
ghips of the parts to each other are¢ compared.

The mean linear and engular measurements of the
individual components of the facial diasgrams to be
considered:= cranial base, maexilla, mendible, fuce
height eic., have been sbstracted from the mein
statisticel date in the spoendix snd set out in
individuael tables which for easse of reference have
aleo been pleced in the appendix (Tables 4-19). It
will be seen that not gll the messurements in the main
data are discussed. This is because some of the
measurements were primerily included to assist in {the

construction of the mean facial dlisgrans.
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The significence of differences between the
Claes 11l end Neutro-occlusion means was aesegsed by
meane of the "t" test, (Snedecor 1986). "Lt" is
obtained by the formula:=-

t = Difference between semple means

S8tendard error of the difference between means
(SeE.diff.)

S.E. diff. = ¢$E| + SE:

t = iy = Ma
,/Sﬁf + SE{

where g snd Y2 are the mesns under comperison end Skg
and SE2 are their standard errors. The level of
significance accepted was &t the 5% level represented
by & "t" value of 2.0. The omigsicu of a "t" value
in the tebles for any pair of meen velues indicates an
ebsence of any significent difference beiween the means
in question.

Yhen comparing the facial diagrams and in the
comparisons of individual dimensions that follow,
allowence has to be made for the small size of the
;daciduoua dentition groups and of the male permansent
Neutro-occlusion groupe An gdditional factor to take
into account iz the distribution of the age groups in
fha sanples. Thie is important in the compsrisons of
linear dimensions in the fezale deciduous and male
permenent groups in which the average ages of the
Clees LLL groups are b.& end 16.5 years, as againset 4.6

end 13.F yeare in the Neutro-occlusion groups. Larger
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linear dimensions can be expected in the older subjects
end these may be sufficient, when compared with those
of the younger subjects, to conceal any trend to =&
smaller messurement and exaggerate any trend to a
lerger messurement in the Class I1L groups.  Although
thies impairs the usefulness of these groups in the
present study, it does underiine the importance oi
knowing the agge distribution in groups in a semple.
Thie fect ie often sbeent in published dats. It also
emphasices the importence in cephslometriec studies of

having compearable groups in respect of growth and

developasnte.
B!Bul EE.
I. Comperison of tue Jsen Cles ial

Diegreme with the Corrsspoading Neutro-occlusion Fec
Disgrame,

The superimposition of the facisl diagrems shows
that in Cless 1Ll the maxilla is retruded and the
mandible is protruded. The retrusion of the maxilla
is associated with a shorter anterior crsnial base
length (selle-nssion) except in the female deciduous
end male permenent Cless 1il., The probsble reasson for
thie has been referred to. The protrusion of the
mendible ies essocisted with & smaller cranial base
angle (/Naesion-selle-articulsre) in all groups.

When allowance is made for the "weighting" of the

Class TIIT linesr dimensions in the female deciduous
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end mele permanent groupe. Facisl height behaves
differently in the permanent dentition groupe to the
remaining groups.

In the permanent dentition face height is greater
in the Class iii, while in the deciduous and mixed
dentitions, Class 11l race height is less than in the
Neutro-occlugion groups. A reverse overjet and
reverse overbite of the incisors in the Class 11l is
comnon to all groupe and the maxillary incisors in
general are more proclineted in Class Iil, while the
mendibular incisors are more retroclinated.
Discussion. -

In the theoretical consideration of the nature of
mesio-occlusion, the principal factors that were
considered to be productive of mesio-occlusion were
veristions in the dimensions of the maxilla, the mend-
ible end the crenisl bese end in the relative antero-
posterior positions of the mexilla anéd mandible. The
comparison of these diagrams suggests that the above
fectore are indeed involved in mesio-occlusion, so a
more deteiled comparison‘of the components of the
facial disgrems is reguired to ascertain the sites of
significant differences between the Clase Ill and the
controls.

The difference in mean facial height between the
permanent dentition end the younger groups is unexpected
end indicetes the presence of different fecial patterns

within the Class 1il groups. These may be the result
of growth in the periocd between the mixed and permenent
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dentitions, or may be due to the existence of two
distinct Clgse III crenio-facial patterns, one of
which happene to predominate in the mixed dentition
samples and the other in the permanent dentition
samples. Thies question ie coneidered furthker in the

"differentiel enslysis."
II. Comperison of Clees I1I snd Neutro-oeclusion Meen

Linear snd Angular Megsurement.
Having shown & difference ketween the Clase JII

and Neutro-occlusion fseciel diagrasme by simple super-
imposition, the individual components of the fecial
diagrem and their relationships to each other were
next compared. The differences in the meen lincar
end angular meeseuremente were tested for significance
using the "t" test as described, The following
results were obtained:-

(In the following sectione ell the differcnces
described refer to those between the Class Lil mal-
occlusion groups snd the equivalent Neutro-occlusion
groups, unless otherwise stated, and are given ans
differences in the Clase Lil semple groups.)

Cranigl Base Fig, 11, Teble 4. (Tables 4-25 will he
found in sppendix. )

The construction representing the craniesl base was
superimposed on that for the Neutro-occlusion on the
Selles lasion 1ine with Sells registered (Fig.l1l1l) as in

the comparieson of the measn facisl diagrems.

Results:
Cranial Base Aligle (/H§AI‘.A12. The cpanial bese angl.
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is smaller in all the Class 1li groupe and the
difference is significant in all groups except in the
permenent dentition where the difference between the
female groupe is 2.2° (t=1.91) and between the male
groups is 0.8° (t=0.40). The Cless 11l meens are
however the ssme in both sexes (122.8°) and the
absence of eny indication of & significant difference
in the male groupe is probably associated with the
small size of the permasnent Neutro-occlusion sample.
ear ension

The Anterior Crenial Baee length (N-S, Ll.) shows
e significent difference between the Class I1l snd
Neutro-occlusion in the female mixed dentition only,
where the Cless 11l mesn is smaller t=3.4 The
posterior crenial bese length (S-Ar, L2) is significently
smaller in the female mixed and permenent dentition
Cless IIl t = 4.4 end 3.9, Overall cranisl base
length (Ar-N, L3) tends to be less in Clese 111 end
shows significant differences in the female and male
mixed dentition and female permenent dentition groups,
t = 6.8, 3.81 and 3.80 respectively. When allowsnce
is made for the factor referred to eerlier affecting
linear dimensions in the deciduous and male permesnent
groups, the general trend in the cranial bsse is to
smaller lineer measurements in the Class IIl groups,
eleven out of eighteen measurements are smaller, and

of these, six showed significant differences.
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Riscussion.
Crgnial Bsse Angle.

As slready steted, theoretically e decreascd
cranial base engle could produce a mesio-occlusion
through the more forward positioning of the temporo-
mandibuler articulation that could be associated with
it and it is of interest to find a smaller craniel base
engle one of the most coneistant differences between
the Class III and Neutro-occlusion.

The eignificantly smaller cranial bsse angle in
Clees 11l confirms the findings of Moss and Greenberg
end othere referred to in the review of the
literature, of a smaller angle in mesio-occlusion.
Senborn (19864) did not rind the difference significant
(t=1.7). The resson for this may be found in the
nature of hie semple and will be referred to later in
the discussion of "the differentisl anslysis" of the
Class 1il materisl.

Of equeal interest is the epparent stability of
the cranial base angle during post natal growthj there
is no significant difference between the mesns of the
Clese IILi female groupe. The mele Cless 11l groups
show no significant difference between the mixed end
permenent dentitions but a "t" difference of 2.04
existe between the deciduous and permanent Class TIT .
groups. It should be emphasised that in these and
all the other compasrisons to be mede, too much weight

is not attached to the presence or absence of
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seignificant differences in either of the deciduoue
groups or the male permanent group becsuse of the small
number availeble in them.

Bjork (1947) found no signifieceant difference
between the mesns of the cranial bese engles (saddle
angle) in 12 year old boys end conscripts. A follow
up seriel study of the 12 year old boye (BJork 1958)
showed only minor chenges in the meanes at 20 years as
conpared with 12 yeare, but individual alterations
with inereascs or decreases of up to &° were found.
These changes may be related to the use of nNasion as
the anterior end point. The varisbility of this
point has been discussed earlier and is referred to
agein in Part II. It will be shown that the serisl
studies of trested Claes 11l ceses confirm the picture
of & relatively steble cr=nial bese angle when the
angle is formed by the junction at selle of a line from
basion with the creniasl base reference line. This
construction eliminates eny changes due to alterations
in the positions of nasion or aerticulare. This
finding egrees with the work of Moses end Greenberg (1988)
who found the angle between the plenee of the
eribriform plate and the clivus constant in post-natal
life. It suggeste that Scott (iQEB) mey be correct in
his theory that the area where changes in the flexure
of the crenial bese occur is the junction of the

synchondroeis between the pre-sphenoid end post-

sphenoid elements of the body of the sphenoid bone,
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which he says, persiets in mean orly until birth. It
iwould appear therefore that if the skeletal morphology
' producing & Clese I1] mslocelusion is determined by the
flexure of the craniel bese then the cause of the
_malocclusion must be sought in genetic or environmentel
:factors which determined cranlel base form before
‘birth.
:Laagga_namgngaggag

The finding of significant differences in toth
enterior snd posterior cranial base lengthe in the
female mixeJ dentition, suggeste thet the size as well
es8 the flexure of the ephenoid bone may be an important
factor in the production of meeio-occlusion, since the
Ibasi-sphenoid. which forms the central portion of the
cranial bese , is involved in increases in both
anterior and posterior craniul vase lengths through
;growth et the spheno-occipital and spheno-ethmoidsl

synchondroses. Deflieclency of cartilazinous growth gt

the synchondroses will of course also ailfect the iength
of the besi-occipitsl end ethuoidal sections of the
crenial beee. A leck of anterior growth will result
:1n a lese forward position of the maxilla, whilst a
'lack of poseterior growth will to some degree affect
Imandibular pogition, eince the posterior movement of
the temporo-mandibular Joint will be less then normel.
These observations on the cranial base length cennot
however be regarded es conclusive because of the
unsetisfactory nature of the points &prticulare and

| nasion, both of which esre only approximations to the



75

enterior and posterior ends of the base, the foramen
caecum and basion. A smeller posterior cranial base
length can be regerded as indiceting a more anterior
position of the temporo-mandibular articulation then normal
relative to the enterior cranial bese and the maxilla.
Overall Length.

8ince the overall length (Ar-N) of the cranial
base may be shortened by a reduction in the cranial
bese angle or by decreases in length of the anterior or
posterior sections, a more significent reduction can be
expected and is found in the overall length, than in
that of its individual components.

Mexille Fig. 12. Table 6. (ANS-PNS L7)

The meen diagrams of the mexillse in the Class 111
groups were superimposed along the line joining
ANS-PNS - the maxillary plane - with P& registered.
The results show the mean maxillery lengths to be less
in ell groups except in the deciduous female and
permaenent male groups. The differences were signifl=-
icant in the female and male mixed, and in the female

permanent dentitions, "t" values being 2.5, 4.2 and
2.3 respectively.

The exverimental measurement of maxillary length
PNS-A' referred to earlier, varied directly as PNE~ANS,
and was significantly different in the female mixed
(t = 3.4) and permenent (t = 3.4) groups but the means
of the male mixed dentition group showed no significant
difference. The rcason or this is not understood,

but statisticully appears to be related to the mean
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value for PN8-A' in the Neutro-occlusion male mixed
group, which shows & standard error of the mean and &
stendard deviation more then twice that for PHNS-ANE.
Discussion.

The finding of a smaller mean maxillary length in
the major groups (female enéd male mixed and female
permanent groups)sgrees with previous observations
cited in the review of the literature. The super=-
imposition of the mexillse however, brings out the fact
that the reduced degree of mexillery mognathiem is not
golely due to a reduction in length of the mexilla.
The antero posterior discrepancy in the alveolar
profiles ie far lese than is epparent in the super-
imposition of the whole facial diasgrams in which the
position of the maxilla is influenced by the reduction
in length of the snterior cranial base in Claes I1.il.
Maxillery height is discussed as & component of fsecial
height.

Mendible Fig. 13. Teble 6,

The mean disgrems for the mandible were superimp-
osed on the mandibular plane (line Go-Gn) with Go
registered. The mean horizontel length (Go-Gn) was
greater in all Class 11l groups, and was markedly so
in the female deciduous and mele permenent dentitions,
for the same reasons that affected lincar dimensions
in the cranial base.(Pages7) The differences were
significant in the femele t = 2.8 and male permanent
dentition, t = 2.8. Vertical height (Ar~Go) showed

little difference between the groups for mean values,
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only the male pcrmanent groups showing & significant
difference, t = 3.00. Mean overall length Ar-Gn was
greater in ell the Cless 11l groups showing &
gignificent difference in the female (t = 2.3) and
mele, (t = 3.65) permanent groups.

The mandibuler sngle (/ArGoGn) whilet greater in
all Class LIl groupn? showed no significant differences,
only the femsle permanent group approaching significence
with & "t" veluve of 1.9.

Discussione

The review of the litersture showed most of the
previous workere have found increased mandibular
Gimensions a factor in mesio-occlusion and it ie there-
fore surprising to find that although the Cless 11l
meens were generally larger,there were no significant
differences between the means for any measuremcent in
the deciduous and mixed dentition groups. It must
however be rememvered that the mgority of observers
besed their conclusions on a simple comparison of
meane and did not test the meen differences for
significance, Of those who did, Sanborn also found
no significsnt difference in the vertical and
horizontal length of the masndible.

These findinge taeken in conjunction with the
figures for the creniel base end maxilla, suggest that
although there is & trend to increased mandibuler
lineér dimensione in the younger patients, craniel bsse

end maxillery factors are of greater importance at

L. g )
ixcept in the female deciduous group.
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these ages. The clinical appearasnce of an enlarged
mandible may be relastive rather than abesolute. The
change from a trend in the mixed dentition to
slgnificant differences in linear dimeneions in the
permanent dentition indicstes an increasse in adverse
mandibular dimensions with age, which aecords with
clinicel experience. A comperison of mexilleary/
mandibular lengths in the different dentitionsl groups
is mede in the next section.

Even more surprising than the sbeence of
geignificaent differences in the majority of the linesar
mandibular measurements, was the astsence of any
gignificent difference in the means for the mendibular
engle,

An obtuse mendibular engle has been regerded
elmoet as a pathognomic eign of mesio-occlusion.
genborn (op. cit.) found e markedly significent
difference with a Class 11l mean of 133.6°, compared
with 123.0° for his normel occlusion esnd "t" value of
B¢ 17, The reasons for the conflict between the
present findinge and those of previous investigations
may be twofold. Firstly to judge by many of the
standerd texte, & mesio-occlusion which does not show
an obtuse angled mendible wae not regarded as & true
Clees ITT. The ceuse of the mesio-occlusion in these,
g0 ealled "false" Claess LIl, ceces was sought in
environmentsl factors such &s enlarged tonsils or

protrusive hsbits instead of in the basic skeletal

morphology. Therefore, since an obtuse angle was
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regarded as a sine qgua non of mesio-occlusion, it is
not surprising that p large mandibular engle was a
consietant finding in earlier investigations.

Secondly, in the writer's opinion, there is &
type of mesio~occlusion charsacterised by a small
mandibular aengk end many such are included in the present
study. It is probable that the mean figure for the
mendibular angle hes been influenced by the inclusion
of the smell sngle csees which ﬁill have counter
belanced the cases with & large wmandibular angle.

' (The meen of the minimum valuee of the mendibuler
angle for each Class I1i group waes 120.3°% and that of
the maximum velues wes 140.6°. The corresponding
figures for the Neutro-occlusion groups were .20.0°
end 138° respectively.)

It ie not the obtuse angle which is the ceuse of
the mesio-occlusion but the adverse Tactors associsted
with it, such as & reduced maxillary length, as will
be ehown later in the'differential analysis'of mesio=
' occlusel skeletal patterns, For & given horizontal
length, &n lncresse of the maendibular sngle will
decreaee mandibular prognaethism, but will increasce
the fecial height., A reduction in the mandibular
engle has the opposite effect, mandibular prognethism
increased and fece height decreased.

Comparisons of Mexillary end Mendibular Lecngths,
The relative length of the maxilla to the mandible

hes been stiressed earlier es an important fector. In

the following teble the mean mexillery lengthe in the
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Class 11l and Neutro occlueion groups are expreseed
ag percentages of the overall mendibular lengths in

each group.

1
Table 7.
ANS-PN8 (L7) e |[Decid. Dent. Mixed Dent. Perm. Dent.

% of Ar-Gn (L6) [Female Male Female Mele Femsle Male

Neutro-occlusion (60.01Y E0.4 49,7 50.2 48,5 48,8

Class 111 B0.2 48,7 46.04 47.1 45.6 45.4

In both groups maxillery length as a percentage
mendibular length shows a decresse between the
deciduous and the mixed dentition and between the
latter and the permanent dentition. This is more
strongly merked in the Class IIIL group. This suggests
e greater relative growth of the mandible ia both
Neutro-occlusion end Clese 11i. (In part 1L, the
study of serisl tracings of treated ceses which
relapsed showsthe relapse to be due to a continuing
mendibuler growth with little or no maxillsry growth.)

Because of the small size of the deciduocus dent-
ition group, too much cannot be inferred from the Aiff-
erence between these and the mixed dentition groups.
The control group shows little change over thie period
compared with the Class izz group whieh shows a more
mearked trend to a decrease in maxillary length
reletive to mandibular. This may be felated to the
guite merked change in the prorfile of the symphysis

observed in some children, which is described in the

{Alno given in the appendix.
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serial study of treated Cless 11l deciduous dentition
ceses in Pert Il. This hes slso been observed by
Mereditn (1967) in a serial study of 34 children from
4 to 14 yeare Of age.

Comparison of the Antero-posterior Position of the
Maxillery First Permenent Molar in Clese TTT
eand Neutro-occlusion Cases. Iable 8.

The antero-posterior position of the first

permanent molar in the maxilla was assumed constant by
Angle and he founded his occlusal classification upon
it, (Angle 1889). ‘This assumption ie not accepted
today and if a more distsl position of the upper first
molars could be shown in Cless 1Ll cases it could
account for a Class 11l malocclusion in the presence
of a normal basal bone relationships of maxilla to
mendible.

Schoenwetter (1948) found the position of the
upper first moler more mesial in Class Iil than in
Class I end Class ﬁ malocclusions. His findings
however were based on small mean differences which he
had not tested for significance, nor was it possible
to do so with the data given by him.

The pesition of the first molar has been
determined by measuring the distance PN8' -6 (19),
i.e., from the tip of the disto-buccal cusp of the
first molar, (mesial cusp of 2nd molar if the first is
abdent) to PNS', (the point on the occlusal plane

where a perpendicular from PNS meets the occlusal plane).
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The fact that in some cases in the permanent
dentition group the mesial cusp of the second molar
has been used in the ebsence of the first molar is
not thought to be of eignificance partly because such
cases were few and partly because following the loss
of the first molar the second molar usually moves
meeially a sufficient amount to meke the two points
comparable.

There is no significant difference in the
antero-posterior position in the maxillery arch of
the first permenent moler in either the Class I1l
or the Neutro-ncclusion groups except in the male
permenent where there is a significant difference
(t = 2.1) between the Clases 11l group end Neutro-
oeclusion. The distance from 6 to PNS' is greater
in the Class III group. This is probsbly due to
the older age groups in this sample in whom the increase
in maxillary length to accommodate the third molars
will have taken place.
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acisl Height. Table 9,
Faciel height is divided into upper face height -

Nesion-Anterior Nesal Spine - end Lower face height -
Anterior Nassl Snine-Gnathion. Lower face height is
subdivided into mexillery height end mandibuler height
which in thie study ere represented by the distence
ANS to the occlusel plane and gnethion to the occlusel
plane recspectively.

Total Pace Height N-AlS~Gn (L10 + L17).

There ie no significant difference between the
meene oi the Cless II1 end Neutro-occlueion groups
except in the female mixed dentition where the
Cless izi total face height is eignificantly less,

t = 3.6,
Upper FPece Height N-ANS. 110
There ie no significent difference tetween the

means of eny of the groups.
Lower Face Height ANS-0n, (L17).

The only significant difference between the meane
is, &8s in total face height, in the female mixed
dentition where the Clase 111 mesn is legs, t = 3.5 .
Maxillary Pace Height ANS-OF (L18).

Significent differences occur only in the mixed
dentition where the male and female Class 1li mem\s
(t = 4,04 and 2,06 respectively) are less then the
Neutro-occlusion.

This pointe to & reduction in the maxillary fece
height being the explenation of the eignificant
differences found in totsl fsce height and lower face
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height in the female mixed dentition Clase iii group.

A similer trend is present in the meens for the male
mixed dentition Class ILI but only reaches significsnce
'in mexillary face height.

Mandibulsr Face Height OPLGn. (L19).

The female permanent dentition group is the only
one to show a significent difference between the meamns,
'the Clese 11l being the greater t = 2.39. The male
Cless 111 (t = 1.8) showe the ssme trend vhich is a
‘reversel of the trend in the mixed dentition in which
the Cless :iz meane are lese than those ol the Neutro-
occlusion groups.

Anterior Mendibuler Height. Ii-#Mnt. (L21),

The previous measurement of mandibtular face
height represents the contrivution of the mandible to
lower face height when the tceth are in occlusion and
ean be regarded as anterior mandibular height lese the
smount of the incisal overbite. The present measure-
ment from the tip of the lower centrel ineisor to the

'mandibular plane ean be regardeu as a measure of
enterior mandibuler height uninfluenced by the degree
of overbite. The means show no significant difference
'and in contrast with the previous measurement, the

Class 11l female permansnt group, instead of being
gignificently grester, shows a mean (38.49) less than
that of the Neutro~occlusion (39.26).
Discussion.

Facial height is affected by the mandibulsr angle,

8 large angle lengthening andé small angle decressing
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the height of the face. The sbsence of any significent
- differences for total face height, axcept in the female
mixed deatition, is probably due to the présence in
the samples of two contrasting fsciel patterns, one
with a larger then, snd the other with & smallsr than
normel mandibular anglees The finding of & significent
difference in maxillsry height in the mixed dentition
only, may be due to growth teking plece between the
Imixed end permanent dentitions, or to the smell
| mendibular angle type of Class m being wmore common
in the mixed dentition thsen the high angle tv pe. Th1§
| i8 snalysecd {usrther in the "differential sunalysis" of
| the Clees L1ii materisl. ‘The sbsecnce of any significent
| difference in upper face height (N-ANS) in Class III,
| shows that vertical growth of the maxillary complex
{dbove the floor of the nose does not differ Trom
- normal.
| Thie observation is not however wholly eupported
:hy the resulte of the "differentiel analyeis" where it
' will be shown that there is evidenece indicating e
reduction in uppsér face height in the Clses :Iz ZLOouUp)y
| ageocicted vith a small mendibular engle.
| The difference between the resulte for mandibular
face height (OPLGn) and mendibuler enterior height
(Ii-MnP) in the permenent dentition is due to the
lesser degree of overtite in Clase 111 than in Neutro-

occlusion in the permanent dentition, M=nditulsr

!
face height (OP=-On) as previously mentioned, is the
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mandibular height less the incisor overbite, whilst
mandibular enterior height is measured from the incisal
edge of the lower incisor. Reference to the figures
for overbite (Table 18) shows that whilst the overbite
in the mixed dentition is approximetely the same in
both Class Ei: end Neutro-occlusion, in the permesnent
dentition the Class 11l overbite is much reduced.

This reduction with age of the Cless 11l overbite is
confirmed by clinical experience and as will be shown
in the serisl studies in Part 11, is the result of
mandibular growth.

Mexillary Prognethism. Tsble 10. Basal (A4) Alveolar (A6).

The differences between the means for baeal (/SNA)
maxillary prognasthism show & common trend, the
Class II: mean being less in all groups but the
difference between the means only reaches significance
in the femele permenent group, (t=2.78). Alveolar
(/SNPr) prognathism shows, genereslly, a similar
picture with & significant difference again in the
female permenent group, (t=2.59). There is however
little difference in the means of the other female groups.
Discussion,

The general picture of a le sser degree of
maxillary prognathism in Clase IIT suggests that the
Class III samplee include a greater number of petients
with a less than sversge degree of mexillary proge-

nathism. The lack of significant differences in the
mixed and deciduous dentition groupe suggest that
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mexillary retrognathism, whilst undoubtedly a factor
in some cases, is not a major factor in the ma jority
of cases. The rcason for the significent differences
between the means for basal and alveolar prognathism
in the female permenent groups and the greater
differences between the means in the male pe rmenent
groups then in the mixed dentition, is not clear. In
the study of treated ceses in Part 1L relapses will be
shown to occur in older patients because of an increased
forward mandibular growth without corresponding
forward mexillary growth. These observations may
provide a clue by suggesting an earlier arrest of
mexillary growth in the Clase ILL then normel. If
this view is correct the fault must lie in slveolar
growth, since maxillary length, as measured by
PNE8-ANS, does not show any greater diccrepancy in the
permenent Class 1lL groupe than in the mixed dentition
Class IIL groups.
Mandibular Prognathism. Table 11

The angles that the three points on the profile
of the mandible, infradentale, Downe' point B and
" pogonion, form with the S-N line, /SNId, /SNB end /SNPo
respectively, are here described as the angle of
elveolar, the angle of basal alveolar, snd the sangle
of mandibular prognathiem, respectively. The mesns
for all the angles are significantly greater in the
Clase IIL in all the mixed dentition groups with "t"

values renging from 3.13 to 6.1. The deciduous
denti tion Class III means are significently greater for
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ell sngles except for the female Class 1il engle of
alveolar prognsthiem SNId, which has a "t" value of
1.9. In the permenent dentition groups, all the angles
in the Class zi: are significantly greater except
alveolar prognathism in the male "t" = 1.93 and
mandibular prognathism in the female, "t" = 1.78.

8 on:

The general picture confirms statistically the
clinical observation that the mandible in profile is
more prominent in Cless 11l cases then in Neutro-
occlueion cases. The difference in maxillary
prognathism between the Class 11l and Neutro-occlusion
can be explained in part by the trend to a decresse in
mexillary length in Claes I11. The major cause of the
very much greater difference in mendibular prognethism
between the Cless 1Ll and Neutro-occlusion in the
mixed dentition, is not the increassed dimensions of the
mendible in Class 111, as the differences between the
Cless I1I and Neutro-occlusion means are not
significant. It is considered that the difference in
prognathiem is in the mein due to the factors causing
a more anterior position of the mendible relative to
the maxille in Class I1l. These factors, ae has been
suggested earlier, are decreases in the cranisl base
angle and posterior cranid base length.

Relative Maxillesry Msndibular Prognathism, Tsble 12.

This is & key relationship in determining the
antero-pogterior relstionehip of the teeth &snd in

clinical practige is assessed by determining the
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difference between the mexillery angle SNA and the
mendibuler angle SNB, the figure obtained being
referred to as the A/E difference, which is positive
if SNA is the larger angle, and negative if SNBE is the
larger.

In what ie known as the "Skeletal Classification",
the antero-posterior basal bone relationships of
mexilla and mendible are classed as Skeletel Class I
II or III, depending on the SNA-SNB difference &s
follows:i-

Skeletal Class I or Normal A/P relationships.

A/B difference +2° to +4°

Skeletal Class zi Mandible distal to maxilla,

A/B difference +5° and more.

Skeletal Class 111 Msndible mesial to maxilla.

A/B difference +2° and less.

Table 12 shows the mean SNA-SND velues and
differences for the Class 111 and Neutro-occlusion.
Discussion.

It will be seen thet in the Neutro-occlusion
groups, the A/B difference is always positive whilset
in the Class z:z group it is negative in all groups
except the female deciduous where the difference is
+1.17° but is still within the Skeletsal Cless iii
range. It should be made clear that the Skeletal
Classes i,'ii end izi are not equivalent to Angle's

three classes of malocclusion.

Generally epeaking Skeletel CIaasos'ii end 111

— e e
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are usuvally sesociated with Angles Cless ii end

Class 11l malocclusions, but a Skeletal Class I may be
associated with & normal occlusion or any of the
Angle Classes of Malocclusion.

Angle of Convexity (Downs). Teble 13, (Fig. 34).

Thie measures the relative protrusion of the

maxilla at Point A to the mandible at pogonion. It
also gives an indication of the shape of the profile,
& positive velue indicating & convex, and & negative
value, a concave profile. A value of "O" is obtained
when N, A, end Po, are in a straight line, indicating

e verticel profile. The Claes 11l values are positive
| in the deciduous and negetive in the other groups and
the Neutro-occlusion veluese are all positive with
gignificant differances between the means of the
Class 111 end Neutro-occlusion in all groups.

While the standard deviations show that Class 1.1
casee may have a positive angle of convexity, a
negative velue is characteristic and increascs with
agee

neisal ulation, Teble 14,

Maxillary Incisors (Axiel inclinstion to &-N, AlR)
The Clase 11l meane are all larger than the
corresponding Neutro-occlusion means but gignificant
differences are present only in the female deciduous

(t = 2.0) and mixed dentitions (t = 3.3).
Mendibulaer Ineisors (Axial inclination to MnP, Al3).

The Cless III means, except for the female
deciduous, are all smaller then those of the Neutro-



91.

-ocecluslion groups, significent differences occurring in
the male mixed dentition (t = 2.08) and male permanent
dentition (t = 2.36) end female (t = 3.68).
Inter-incisal angle.

There were no significant differences between
the means for any of the groups.

Discussion.

An increased proclination of the maxillary
incisors and increased retroclination of the mand=-
ibular incisors has been noted by several writers.
Noyes ¢t al, Bjork, Senborn and Jean (op. cit.),

Maj et al. (1958), found the upper incisal sngulation
to be within the range of normal but the lower
incisors were retroclinated. In the preeent study
significant differences between the Class 1ii and
lieutro-occlusion means for both upper and lower
incisel angulations were not found in sny oneé group.
The smell means of the anglee for both upper and lower
ceéciduous incisors in the female deciduous Neutro-
occlusion group are due to the inclusion in the five
cases of & child with marked retroclination of both
upper and lower incisors.

The lack of any significent difference in the
interincisal angle is due to the prociinstion of the
upper incisors being compencated by the retroclination
of the lower incisors. The effect upon the overjet
of the incisal angulations is to counteract the trend

to an increased reverse overjet resulting from the

differences in busal prognathisme.
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Angulation of Plenes to the Anterior Craniasl Base.
I’ able 1Eo

Mexillary Plesne., (A17).

There are no significant differences between the
meens in any of the groups.
Mendibular Plane. (All).

There ie a significant difference between the
means of the Cless 111 and Neutro-occlusion female
mixed dentition groups but not between any of the
others. The Class Eii mean is smaller (t = 3.98).

lus 1 (A10).

The angle of the occlusal plene with the cranial
bese ie only eignificantly emaller in the deciduous
dentition groups (mele t = 2.41, and femele t = 2.0)
end in the female mixcd dentition groupe, (t = 3.14).
Discussion.

The lack of significant difference in the angle
made by the maxillary plane end the anterior cranial
base in any of the groups implieg thet the anterior and
posterior vertical growth of the maxilla above the
maxillary plene end the mid line nasal structures
agssociated with it meintain similar proportions in
both Clese ILI end Neutro-occlusions. A vertical
growth at one or other end of the mexille would tilt
the plane. This balance of growth together with the
absence of any significant difference in the lineer
height, N-ANS, suggests that in the vertical plane this

pert of the maxilla does not differ from normal. An
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exception to this occurs in the smell mendibular angle
Clase 11l type, as will be described later. In the
clessical type of Clase III with a large mendibular
engle, the mandibulsr plane forms a larger than
normal angle with the cranial base. The same
observations that were mede regarding the different
Cless 111 types (Pages 78-9)yhendiscussing the mend-
ibular engle apply to the iigures for the mandibular
plane angle.

The finding of & eignificently smaller angle
between the mendibular plene end the cranisl base in
the female mixed dentition is relsted to the reduced
face height. Since the mandibular plane angle varies
with the mendibuler angle and a small mandibular
angle decresscs face height, the small mandibular
plene engle supports the view expressed esrlier that
it is probeble that the Clses 11l pattern characterised
by & low mendibuler engle is more common in this
semple than the large angle type and this is
confirmed in the "differential snalysis.”

The significant difference found in the female
mixed dentition for the occlusal plane angle shows
the same trend ss that for the mandibular plene and
is associsted with the reduced anterior maxillery
height ANS-OP', The angle of the occlusal plane is
dependant on the relative vertical positions of the
distel cusp of the mexillsry first permanent molar

and the central incisor tip. Since there is no

significant difference in the vertical distance of
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the molar cusp from the maxillary plane in the

Class 111 and Neutro-occlusion mixed dentition female
groups, the smaller occlusal plene engle in the

Class IIl cases must be due to the smeller snterior
mexillary height found in this group. (The verti.cal
distence of the moler cusps from the maxillary pleane
is approximated by the distance FNS-PNE' where FiNE' is
the point of intersection of a perpendicular from Fig
to the occlusal plane. The means for this distance,
16485 + 0,87 (Neutro) and 16.59 + 0.29 (Cless 1ii),
show no significant difference.)

XY Axis Teble 16. (/NSGn A1S).

Cless 111l means ere¢ smaller than the Neutro-

occlusion in all groups, but the differences between
the meane are significant only in the mixed dentition
where "t" velues of 4,868 and 2.69 were obtained for
the female and male groups.

on,

The 80 called Y Axis hae been used in roent eno-
graphic cephalometric studies to express the resultant
of the downward and forwerd growth of the face, but
Dixon (19£9),in & recent study, hes found thet it does
not asccurately reflect the direction of facial growtn
and in this study it is used chiefly to show changes
in mendibuler position end in the direction of
mendibular growth in the serial studies of treated
cases.

The angle of the Y Axis varies directly with the

mendibular angle. It is decreased by an increase in
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the horizontel length of the mandible. The presence
of significently smaller values for the Y Axis in the
mixed dentition, but not in the permenent dentition,
ie probsably relsted to the presence in the mixed
dentition of the cases with a small mendibular angle.
As will be shown in the "differentisl enslyesis", these
ceses tend to show &n ineressed horizontal length.

In the mixed dentition the overbite (Tsble 18)
tends to be gresster thsen in either the deciduous or
permanent dentition. This suggests & greater amount
of closure in the mixed dentition with the chin
trevelling farther upwerds and forwards which will
also reduce the angle of the Y Axis. A further
factor may be the smaller anterior mexillary height
found in the mixed dentition groupe.

Chin Angle (Bjork) Tsble 17. (419).

The chin sngle, described by Bjork (1947), is
formed by the intersection of & line joining infra-
dentale &end pogonion with the mandibular plane. It
ie a2 meassure both of mental prominence and incisal
retroclination, the more prominent the chin and the
more retroclineted the mandibvuler incisor, the

gemaller is the chin engle. Teble 17 shows a
significant difference only in the female permanent
group where the Class Eii group is significantly
smaller, "t" = &.10. In the other groups the means
are smaller in the de@iduous dentition, the mean

difference approaching significsnce in the mele group,
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but in the mixed dentition there is little difference,
the means, contrary to expectation, being fractionally
lerger in the Cless 1Ll groups.

Discussion.

Thie does not appesar to be & measureuent of
crucial significence, the incissl engulation end
prominence of the mental region being more directly
determined ss hes been described.
Qverjet. Table 18, (L24)

A mesn negetive or reverse overjet is present in
all the Clese 1il groups, eech group differs
significently from the Neutro-occlusion group. A
reverse overjet is of course g prominent but not essential
occlusal feature of mesio-occlusion and therefore forms
part of the problem being & tudied. (There were 11
cases witlh mesio-oeclusion and 2 normal overjet and
overbite. 8uch a cese is 1llustrated in Plate 29.)
Ouerbite. Table 18, (123).

Overbite has been discussed in its relstionship
to the mandibular height as determined by OPLGn in
which mecasurement the overbitc of the lower inelcsor
isjyas it were, deducted. There is no significent
difference in eny of the groups between Cless 111
end Neutro-occlusion. As already noted & comperison
of the mean valuee of the overbite in the mixed and
permaenent Claes 1li groupe shows a trend to a
reduction in this measurement in the permanent

dentition, perticulerly in the mele groups. The
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' reduction of the overbite in individual cases is
illustrated in the scriel estudies in Part 11,

The conclusions which can te drawn from the

| comparisons made of the mean linser and sngular

; measgursments may be listed as followss=

1. The cranial baese dimensions in general and

. the cranial base angle in particular are impnortant

| factore in the production of megio-occlusion. (It is
assumed that the incressed flexure, or more correctly,
the decreased straightening out of the craniel base,
| results in the temporo~mendibular foese being in a

| more anterior posifion relative to the maxille. It é
is also secumed thet & decresce in posterior length |
as deilned in this study by Ar-8, indicetes a more

: forward position of the fosca and hence of the
‘mendible relative to the maxille, )

Ce A constant factor is a tendency to a decrease inj
mexillary length associsted with a tendency to an !
increase in mendibuler length cresting & disproportioJ
| between them. The change from a trend to a
significant difference with increesing sge implies

that mesio-occlugion may be & progrescsive condition

- which worsens with growth end d-velopment.

3« The lack of significent differences in the
. mendibular angle between the Class 1.i end Neutro-
: occlusion is the mein difference from the previouely

published findinge of mandibulsyr dimeneions. It ise
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ekin to the conflicting findings in the mixed end
permenent dentitions regarding facial height. Both
can be expleined by postulating the presence of |
Icontrasting facial pstternse within the samples. The !
"differential snelysis" described in the following

' section will sghow evidenes confirming this hypothesis.
| 4, The significent differences ohserved between
the Class LLI and Neutro-oeclusion for mexillary and
'manéibular prognathism, whilst characteristie, are not:
:in themselves fectors in the production of mesio=-
occlugion, but ere the ex ressions of the variations
in slge and rclationships orserved in the cranisl

' base, the maxilla and mmdible.

B« The incressed proelination of the maxillary i
incisore and retroclination of the mendibular |
incisors have a compensating effect end tend to redauce
the reverse overjet nroduced by the jaw relstionships.

5« The general direction of growth of the
.m&ndible ss expressed by the Y exis is more forward
' in Clsss III than in Neutro-occlusion, vhile the |
Class 11l maxilla does not differ significantly in
its angular relation to the crenial base from Neutro-

- oeclusion.
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III. "Differential Aneslyeis" of the Cless Iil Meterisl,

The comperison of the mean values of the linesr
end anguler measurements of the Class 11l snd Neutro-
occlugion material has indicated the aversge trend of
the cranio~facial pattern in mesio-occlusion but it
gives no indiestion of the way in which the many
variations of size end relationships combine to
produce mesio-occlusion in the individual.

In the clinicel diagnosis of mesio-occlusion, a
differentiel diagnosies is made on the basis of a |
subjective estimation of the relative development of
maxilla and mandible end the case may be diagnosed in
such terms as "mandibulsr protrusion" or "maxillary
retrusion" or & combination of both. It was
coneidered that a breakdown of the Class 11l materisl
on these lines might help both to clarify further the
picture as derived from the statistical analysis,
particularly with regard to the mandibuler engle and
faciel height end to test the velidity of the eclinical
concepts of the different faciel types associsted with
mesio-occlusion that have been formed. These fall
into three main groups, "mandibulasr protrusion",
'mexillary retrusion" and in the third group neither
jaw is markedly over or under developed. In this
laet group the occlusal disturbance is mild but the
mandible, whilst not protrusive, is more prominent
in the profile than the mexilla. These are referred

to as "dominant mandible" cases.
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Method of "Differentiel Analysis."
The combinations of relestionshipe giving rise to

the relatively grester mandibular prognathism observed
in the Class iiz cases may be due to maxillary
retrognathiem, mandibular prognathism, a combination
of both, or an unfavoursble combination ofr normsl
maxillary and mandibular prognsthism. For the
purpose of thies analysis, an arbitrary stendard of
normal, which was +1 standard deviation of the mean
values for prognathism in the Neutro-occlusion
material was used. The degree of maxill:ry
prognathism wes determined by the angle SNA, and
mandibular prognathism by the sngle SNPo (Fig. 14).
Table 20 shows the various combinstions of maxillary
and mendibular prognafhism that were obtained and the
distribution of the Class 11l ceses emong them. The

Cless 11l caeses fell into three main groups:-

Mexilla /SNA Mandible /SNPo
1. Within renge + 18D Within range + 18D, Group A.
2e " " 4+ 18D Greater than/+_lSD. Group B.
S« Less then - 18D Within range + 18D, Group C.
Shown diagrameticelly in Fig. 14.

These three groups sccounted for 217 of the 226
cases. ‘The remainder (9 cases) as they do not
appear to affect the general picture, are discussed
later, where they are of interest.

The Class 11l ceses falling into eech category

were esnaelysed individually in respect of the principal
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linear snd angulasr measurements, the signs "O0", "+",
or "-" being recorded according as to whether the
messurement under consideration was within, greater
then, or less than the range of +18D of the mesan of
the Neutro-occlusion value for the corresponding sex
and dentitional group to which the Cless 11l case
belonged. For exemple, in the 33 female mixed
dentition cases falling in Group A, the findings for

cranial baese dimensions were s followsi-

Cranial Base 0 + =

/NSAr 21 4 8
N-8 22 3 8
S-Ar 20 1 12
NeAr 19 1 13

It will be seen for instance, that in 21 out of
the 35 ceses the craniel base engle wae within + 18D
of the mean cranisl base angle for the fensle mixed
dentition Neutro-occlusion sample. In four cases it
wes greater than + 18D and in eight cases it was more
minus than -18D of the Neutro-occlusion mean.

The number of nougnt, plus and minus values for
each measurement in each Group A Cless 1ii dentitional
group were added and the totals for each group added
together to meke combined totals of 0, +, - values
for all the Clase 1Ll cases in Group A. The combined
total of O vel ues was then expressed as a percentage

of the joint totals of the O, +, and - values in
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Group A and similsrly for the plus and minus value
totals. (As each 0, +, or - represents the
measurement concerned in an individusl cese, the
combined total of O, +, and - values gives the number
of caseés in Group A.) The seme procedures were
' carried out for Groups B and C. The collective
resulte are shown in Teble 22, where it will be seen
for example that of the 107 Group A cases, 63.5% had
e cranial bese sngle within 4 18D (0) of the Neutro-
occlusion mean, 9.4% had an angle greater than +18SD
(+) and 27.1% had an engle more minus than -18D (=).
The linear O, + and - values in the Cless 111
male permenent group have been excluded from the
linear percéntages for reasone slready mentioned
(Page 67) end because of their exclusion the figure
representing 100% for the combined totals of linear
values of "O", "4+" and "-" in each group is less than
the figure for 100% for the angular "O", " ' and "-"
values which latter figure represents the number of
the Cless 11l cseses in each of the groups A, B, C.
The number of Class ::: cages in each category
excluding the minority groups are expressed as
percentages of the whole material in Table 21.
Findings:  Just under helf of the Class 11l cases
107 or 47.7/fell into the category Mexillary and
Mendibuler Prognathism within + 18D of Neutro-occlusion
(Group A). The next largest group (Group B) contains
74 cases or 32.8), being those ceses where mendibulsr

prognathism exceeds +18D of Neutro-occlusion, the
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maexilla being within + 18D of Neutro-occlusion. The
third principal group (Group C), consists of those
cases where maxillary prognathiem is minus more than
-15D end that of the mandible is within +18D of
Neutro-occlusion. Of the rcmaining categories the j
most adverse combinetion (Maxillary prognathism more ;
minus than -18D end mendibuler greater than +18D) was |
found ?nly in 1 case or 0.4 There were four caaeaJ
or 1.8%3 wh;re the prognathism of both jawe exceeded
+18D and three cases or 1.3 where in both jaws I
prognathism was more minus than -1SD. It is é

considered that these cases mey be regarded as oxtremoé
| at either end of the + 18U range. The remaining
case presents a theoretically most improbeble
combination of maxillary prognathism greater thean
+18D and mendibuler prognathism more minus than -18D.
In the illustration of this patient (Plate 29), the
profile suggeste disto-occlusion rather than mesio-
occlusion and this indeed was the clinical impression
formed on first seeing this patient. This is an !
extreme example of a facisl pattern classified !
clinically as "lower alveoler protrusion” in which the
basal maxillary and mandibular progne thism are usually
within ¢+ 18D. Other cases similar in profile were
found to fall within Group A.

Typical cases in Groupse A, B and C are shown in

Plaies 21 and 26, The percentage figures for the

measurements in Tsble (22), except those for the

Percentages to nesrest decimal place hence
sgpperent discrepancy in multiples of 1)
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various angles of prognsthism and the Y Axis, have
been set out in the form of "histograms" to illustrate
the findings graphically. In a normal distribution
approximately two thirds or 66.6,- of a sample will
fall within +1 standerd deviation of the mean value
of the semple (= O value in histogram), 16.7/. or one
gixth will have values more minus than =1 standard
deviation (= minus value in histogram) and 16.7,. or
one sixth will have velues greater than +1 standard
deviation. (= plus value in histogram). Lines have
been drawn at the 66.6% and 1647, level for
comperative purposes. The distribution of Claess 111
values for any meassurement will not of course
correspond with this distribution unless they corres-
pond epproximately in mean value and range with the
Neutro-occlusion figures . The results are now
exsmined to see whether there sre any differences in
the distribution of the O, + and = vaelues in the¢ three
maln groups. ieé. =

Group A. Mexilla /SNA + 18D Mandible /SNPo + 18D

Group B. Mexilla /SNA + 18D Mencible ZSNPO>; 18D

Group C. Msxille /SNAC- 16D Mendible /SNPo + 18D
Cranial Base. Fige. 15 A, B.
graniel Base (Seddle Angle) NSire

Group A shows an incresse in minus velues 27.1%

at the expense of plus values, Group B is similar
with marked minue values 40, 5% and few plus values

ledia Group C shows a different picture with a
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Inm:-ked increcase in O values 8Z.4% and decreased plus
end minus values.
All three groups show a similay picture with O

| values around the 66.6% level and increassed minus

'valueg at the expense of plus values.

' Posterior Length. 8—Ar.

Group B approximstes a normal distribution with

gome inercsse in minus values. Group A showe &

' marked incresse in minus values. Qro.p C is similer

with a greeter number of minus velues 42,8, and fewer
"O" values 46, £
Overall Length, NK=Ar.

Groups A end B are similar with increscsed minus

velues and decreased plus end 0 values. Group C is

- eimiler in regerd to low plus values but shows a

smaller inercese in minue values.

| Mexillery Length. PNS-ANS, Fig. 16.

In all groups O values are a little low with a
marked incrceee in minus vslues chiefly &t the expense

of plus velues which are nil in Group C.

~ Mendible. Fig. 17

Mendibular Angle /JArGoGn. Fig. 17A.

Group A hes increesed O and plus valuesg, Group C
mainly increased plus end reduced minus values, whilst
Group B differs in showing lncreased minus values, 23l
Vertical Height. Ar-Go, Fig 17A.

Bellaves more as & normal distiribution and suggests

little difference from Neutro-occlusion in any group,
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only Group B showing much variation with incrcased o
and reduced minus values.

Horizontal Length Go-Gn. Fige 178,
All groups show varying reduction in minus

values. Groups A and C have en increase in O values
whilet Group B has & merked number of plus values 37. %
at the expense mainly of O values.
Qverall Lengthe Ar-Gn. Fige. 17B.

Group B shows a normal distribution, A an increase

in O velues, end C an increase in plus values.

Facial Height. Fig. 18,
Querall Height., N-Gn (N-ANS-OGn). Fige 18A.

All the groups present & different picture.
Group A haes an spproximetely normal distribution,
Group C tends to increased plus values (28.5.), whilst
minus velues predominate in Group B. (53.7%).
| Upper Fece Height N-ANS. Figs 18A.

There is sn increase in O values in Gpoup C and

minue valucs are not so marked except in Greup B,
(37.8%) which shows an incresse mainly at the expense
of plus veluese (1¢5%).

Lower Face Heighte ANS-Gn Fige 18B.

Ehows & similar distribution to overall height
with a normael trend in Group A end msrked minus values
in Group B (49.2%). There are also & greater number
of plus velues in Group C (32.1%) which contrasts with

Group Be.
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!&11&;:2 Fmﬂ Hﬁlﬂhto &VSﬂP'. E;g. lBQ.

Group C hees & normal distribution Group A some

increase in minus velues and decrease in plus values.
' Group B again is consistent with large minue values,
(43.3%) and negligible plus values, (2.0%).
Mendibular Face Height., OP'-Gn. Fig. 18C.

A fairly normal picture in Group A, some
inereascd minus values in Group B but much less than
the increase seen in mexillary face height. Group C
- shows & reduced number of O val es with an egual

inecrease in plue and minus values,(26%).

Prognathism. Mexilla /SNA (A4) /SNPr (A6)
Mandible /SNro (A8) /siB (AB) /SKId (A7).

The picture of prognathism in Groups A, B, end C,

of course reflecte the basis of the classificetion of
the groups with 1005 "O" values for SKNA in Groups A
end B and 100% minus values in Group C end 100% O
values for SNFPo in Groups A and C and 100/ plus values
in Group B. The engle of maxillary alveolar prog-
nathism /ENFr reflccte the values of /SNA. In group
IA, O values predominste whilst in Group C minus vsal ues
are most frequent. Group B showe no minus values, the
plue values of 16.2/ can be correlated with the
increesed plus values for maxillary incissl inclination
‘shown in this group. Men divuler elveolar prognathism
/5KId similerly veries with /SNPo. (Mandibuler basal
prognathism. )

The angle of mendibular basal slveolar
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prognathism /SNB reflects the velues of /SNFo in
groupe B and C but shows &n increase in plus vealues
(26.25) in group A. The engle of convexity /NAFo, &
measure of relstive mexillery mandibular prognathism,
shows no plus values in any groupe. Groups B &nd C
having 90. 6% and 86. 1) minus valuee respectively,

whilet Group A agein reflecte the prominence of the

- mendible in this group with 50.8;. minus velues and no

| plus velues.

X Axis. /snGn (A16).

Group A and C are similer with marked increases
in O values B82.2% end 91.6) end corresponding merked
decreeses in the plus and minus val ues. Group B in
contrest has no plus vslues, 19/ "O", and 81/ minus

values,

Incisal Angles, 019,

Mexillary Incisor, /JIs/SN (AlZ2).

Group A shows & slight increase in O snd plus

values &end & decrease in minus velues. Group B &

- marked increase in plus values (36.6%) and Group G,

unexpectedly, an incresse in minus values, (285.00:).
Meandibuler Incisor. /JIi/inP (A13).

Groups A and B have near normal O values with
reduced plus and increesged minus velues. Group C
ghows & merked increase in minus values (47.2%)
together with decreasses in O and plus values.
Angles of Plenes to Anterior Cranisl Base (S-N)Fig. 20,
Mandibular Plane. /MnP/SN (Al11),

Each group differs markedly. Group A is the
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| nearest to hormal with slight increases in O and plus

' yelues. Group B has & sharp reduction in O values

(40, 5%) with plue velues non-existent and a grester

' percentage of minus velues then O values, (59.86%).

Group C shows a merked increase in + values (41.6%)
and decresse in minus velues to 8.6 with O values
dowvn slightly.

Mexillery Plane /MxP/SN _(Al7).

Groups A and C are similar in trend showing
inereased plus and decreased minus values but
differing slightly in degree,whilst B contrasts with
a merked reduction in plue values (4.2%) and increase
in O values.

Discussion.

The charectericstice of the crenio-fscial

| etructures of the cases 1in Group A, B and C, s&e shown

by the distribution of nought, plus end minus values

for the messurements considered are now discugsed for

| each group in turn.

Of importence from & csusative viewpoint are the

dimensions of the cranial baee, of the mexilla end of

| the mandible. Pacial he.ght and ite components &leo

reflect the variations in these etructures and the

incisal inclinations ere a messure of the aception of

the occlusion to the Jjew relationshipe.

Group A. "Dominent Mandible." (Plates 6,8,20,21.)
The dominance of the mandibie in this group is

relative, there being no increase in plus valueg for
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vertical or horizontal length, the characteristic
feature is an increase in O values. The mandibular
engle show: only a slight increase in plus values.

The cause of the relative protrusion of the
mandible lies in the maxilla and cranial base. The
| maxillary length shows about twice the number of
minug velues (80.4%) compeared with & normal distri-
bution and there is sn incresse in minus velues for
| maxillary height AlS-0F which includes the alveolar
bone end ite underlying "basal" bone. The figures
for the cranial bsse show marked incresses in minus
values incluaing those for the cpranial base angle and
posterior length. A more anterior position of the
temporo-mandibular fossa (and hence of the mandible)
relative to the maxilla is related to a smaller than
normal value for these measurements. There is some
increece in minus valuee for anterior length suggeating'
e leses forward position of the maxille. The eifect
of all of these fsctors is to produce an unfavoursble
antero-posterior relationship of maxills to mandible.
Thie tendenecy to decrease in all the dimensions of
the cranlel base is reflected in the overall length
which has the most minus values for this measurement,
(89.2%) for sny group.

The velues for facial height reflect the noramesl
trend of mandibular dimensione showing & more or less
normal distribution. An incresse in minus values

for maxillsry height is compensated by a &light
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increase in mandibular height. The angle of the

mandibuler plane to the cranial base reflects the
glight incresse in the plus values for the msndibular
angle.

The .ncisel inclinations are charscteristic of
Clsss IiI showing a tendency to inereased maxillary
and decrcased mendibular proclination and tend to

compeneste for the adverse Jjaw mslationehipe.

Group B. MMendibuler Protrusion". (Plates 3,5,12,13,

Cases in this group give the appearance of a
retruded end underdeveloped middle third of the face
and, although the mandible wae prominent, were classed
clinicaelly &s maxillary retrusion since the major
fault appeared to be in the maxillea. In thie group
the causative Tactors appear to be in the cranisl
base, the maxilla and the mendible. In the creniel
base, the major single factor is & marked tendency to

a small cranisl base angle with minus values 40, 5%

- Anterior length with 29,9% minus values is also of

importence. The effects of these on maxillary-

mandibular relstionships have been ment.oned. These

- values are reflected in a marked increase in the

minus velues for overall length, (56.8%).

The maxilla is affected in length end in height.
Length PN3-ANS shows 3:.9% minue velues end, as is
described below, the maxillery componente of facial
height show an inecrease in minus values. In the

mandible the most significent fector is & merked

25.)
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!increase in horizontal length, plus values 37.8%
:Alao characteristic is a decressed msndivular sngle

' ghown by inerczsed minus values (22.0%)s The effects
|ofthesa factors on overall length are opposite, with

| the result that it shows a normal diétribution; The
ireasona why, in spite of a normal overall mandibular

' length, this group emerges from the "differential
Ianalyais" as mandibular protrusion are firstly, the
decrease in the mandibular angle incresses the

prognathiem of ths mandible relative to the profile.

and secondly, the effect of the reduced anterior

 erenial bese length (S-N) on the point nssion. The

' more poeterior this point (nasion) is relstive to pogonion,
the greater the angle of msndibular protrusion (/SNPo).

| The clinicsl impression of maxillary under-
development is confirmed by the figuree for feciel

| height. Overall height shows the largest percentage |

of minueg values for any measurcment, (863.7/.). Every

| component of feacisl height contributes to thie dacreasb.

mendibuler height 23,97 minus values, mexillary height

45.3% and upper face height 37.3%  Maxillery height |
' (oPdANS) and upper fece height (ANS=-N) measure the
vertical development of the maxills. The compsrison

of Class 'i_ﬁ end Neutro-occlusion mesn values showed

a significent reduction in maxillary height (OPLANS)
| in the mixed dentition but no significsnt differences

were found for upper face height (ANS-N). This

latter finding suggested that verticsel development of
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the maxilla above the floor of the nose was not
ebnormal in Clase IIL. This view however does not
appear to be tensble for Group B which is the only
group to show increassed minus and decressed plus
values for this messurement. The e vidence of
decressed maxillery height and length suggests
maxillary underdevelopment as a factor in Group B
cases and whilst on the basis of the "differentisal
analyeis" Group B is correctly designated, mendibular
protrusion, the clinical lebel of maxillary under-
development is also walid.

The decreased angle of the mendibular plene to
the anterior cranial base with no plus values and
more minus (59.6)) than O (40.6%) velues is conseyuent
to the incressed minus veluee for both the craniel
base and mandibular angles. The incisal angles are
ae in Group A charscteristic of Class III with sn even
greater tendency to proclination of the mexillary
incisors.

Group C. Maxillsry Retrueion. (Plstes 17,22,25.)
Clinically Group C cases present the classical

picture of mandibular protrusion with a large
mendibular angle, 30.5% plus values and increased
facial height, the opposite of the picture in Group B.
As with Group B, the differential enalysis" reversed
the clinical laebel which for the Group C type of case
was "mendibular protrusion". As in the other two

groups, crenisal base fectors are of importance, the

cranial bsse angle with 83.47% 0 velues shows a strong
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| "O" values wee exemined for any svidence of a tendency

; for the values to fall to one or other end of the +1SD

; renge, but an even disiribution wes found.

This assgociation of s laryge mendibular angle with

e normel crenisl bese engle may explain the lack of &

: significant differencs between the mean cranial base
engles in Semborn's samples of Olass 1ll and Normal

| which showed e merkedly significent increase in the

| Cless Iii meen mandibular angle.

| In view of the relationship of the maxills to the

. enterior cranial bsse, the finding that the minus

values for the lstter (26.04) were less thsn in

| Group B (£9%), was unexpected. The minus valuss

- (42.8%) for the cranial base posterior length appear

to be more eignificant than the snterior length and

indicate a more snterior position of the temporo-

. mandibular joint reletive to the anterior cranial bas%

end the maxilla. The maxilla is affected in entero-

posterior length which showg, ae might be expected,
on the vssis of the "differentiel anslyeis'the
! greatest number of minus velues (36.7/) for eny group1
Overell maxiliary height is uneffected es 1is shown byi
" the componente of facial height, upper fece height |
(N~ANS) and mexillary height. (ANS=0F) The forumer |
ghows & decrease in minus veluee, (7.2x) end the
latter a normal distribution.

The mandible shows & near normal distribution for

both vertical and horizontal length whieh suggests that
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the relative protrusion of the mendible ie proba™ly |
due to the enterior positioning of the mandibulap ‘
|

Joint relstive to the cranisl bese a&s shown by the

merked ineresee in minus veluves (42.87) for posterior
?cranial tase length. The increese in overell
\mandibular length (267 plus) resulting from the
ineressed mandibulsr sngle, produces sn ineresse in
itaee height rether than protrusion, &s wes shown
earlier. Overall fecial height with increased pluse
:and decressed minus values reflects ﬁoth-tha incressed |
mandibular engle with ite associated incressed lover |
face haight &nd, as noted in discussing the maxilla,
ithe normal verticael development of the maxillas whieh iq
in contrsst with the signe of its underdevelopment in
Group B,

The mandibular plane with 41, 8% plus velues refl-

eécts the incresse in mandibular angle plus values end

the mexlillary plane shows the same trend to e lesser |
:dogree.

The maxillary inciesl inclination in Group C diffe

Irnom thet in Groups A and B, Group C being the only

group to show increased minue values, The rescon for
|

this ean only be surmised but it maey be related to &8 |
dower than normal position of the tongue which was

noted in some cassca in sseocistion with a2 merkedly

bbtuae angle of the mandible. Any adverse efiect of
the mexillary incisal inclination on the reverse over-'
jet is offset by the merked incresse in minus velues

(47.2%) for the inclinetion of the lower incisors to
i the mendibular plane. ‘



116.

Summery end Conclusions.

" re 1 Se e

The "differentisl analysie" of the Class IiL cases
on the basis of the relative degrees of maxillary and
mandibular prognathiem hes shown the exiastence of
three principal groups which have been called Groups A,
B &nd C. They correspond with three e¢linicelly
recognisable cranio-facial patterns. Group A (Mx and
Mn &+ 18D) correeponds in general characterietics with
the clinical type celled "dominant mandible", but
Group B (Mx 4+ 18D Mn ) + 1SD) "Mendibular protrusion"
had the charscteristice of the clinical type called
maxillery retrusion, whilst Group C (Nxcf-lSD Mn + 18D)
"Maexillary retrusion” had the characteristics of the
clinical type called mendibular protrusion.

The principal factior associated with mesio-
occlusion on the baeis of this eanalysis is a trend to
reduced engular end linsar dimensions of the cranial
base which wae a constant factor in all three groups
except for the creniasl base augle (Saddle Angle) in
Group C. These variations in dimension secondarily
effected mexillo-mandibular relationships. The other
constant factor is & tiend to reduced maxillary length
in ell groups. The overall height of the maxilla
( ANS-OFP'+ANS~N) behaves differently in Groups B end C.
It is markedly reduced in Group B where it is

asgociated with & reduced face height, while in Group C
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it showe & tendency to increase and is associeted with
increesed face height.

Mandibular dimensions were not so prominent a factor
as might have been expected, being of most importance
in Group B where & decreased angle and increased
horizontel length were key factors.

In Group A manQibular dimensions were more or less
average with a suggestion of dominance shown by & lees
than average number of minus values rather than by
inecreased plue valueg, whilet in Group C the mein
- features vere the incressed mendibulsr angle and the
consequent increases in overall length and in face
' height.

It has been suggested eerlier (Pagess) that the
different facial heights seen in the femasle mixed and
. permesnent Cless Lil groups were due to the predominence
in these groups of different Class Ezz patterns.

The percentages of Groups A, B and C in the two
Cl-se III female dentitional groups are reproduced

from teble 21 for convenience and are &s followsi-

Group A Group B. GroupC.
Mixed Dentition 49,3 43,3 Ee® %

Permanent Dent. 49.1 21.8 29.1 %

The percentage in Group A is similer in both
dentitional groups; Group B, (43.3%) predominates

over Group C, (5.9%) in the mixed dentition group,

whilst in the permanent dentition there is a larger
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percentage of Group C, (29.1%) wi th Group B, (£21.8%).
It hes been shown that a reduced fecial height is
characteristic or‘Group B and an inercased height of
Group C. This would appear to be the explenation of
the differences seen with regard to fecial height in
the Claes 11l female mixed snd permanent dentition
Eroupse A similar trend, though not so merked,is seen
in the male mixed and permenent Clase 11l groups with
Group By, 22.9% in the mixed and 33.3% in the permanent,
compared with Group C, 11.4% in the mixed snd 38.1% in
the permsanent.

The contraest between the facial forme in Group B
and Group C (Plate 25) is merked. It raises the
question - is the reduced overall maxillary height in
Groups B a compensatory varistion induced by the
reduced mendibular angle and the resultant reduction
in vertical space between the horizontal ranus and
cranial base or not%. - If not,does the reduced
mandibular angle follow a reduction in mexillary
heightv Similarly, is the increased mancibular sngle
in Group C, with resultant reduced mandibuler prog-
nathism, induced by the lack of antero-posterior
growth of the maxilla, or are the roles reversed?

An examinetion of the full face and profile photo-
grephe of the two typical Group B and C subjects in
Plate 25 shows that vhen the third dimension of
breadth is considered the doliocephalic Group C face

is elongated and compressed laterally whilst the
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brachycephalic Group B face is foreshortened and
broadened and it is obvious that the variations in
mexillery and mandibuler dimensions fouhd in these
faces are but one aspect of the larger problem of
general cranio~facial morphology.

In the absence of information a&s to the
correlation and control of the genetic influences
determining éranial‘base, maxillary and mendibular
form and size and the interaction of the environment
with them, it is not poscible to do other than
speculate about the relative importance of the factors
determining the form size and relationehips of the
eranio-fecial structures. However in view of the
evidence pointing to the cranial baese ss playing a
leading role in determining mexillary-mandibular
relationships, it is suggested that encuiry into the
esetiology of antero-posterior Jjaw melreclationships
should be directed to a study of the embryology and
development of the sphenoid and the related bones which
form the creniel base to determine their relationship
to end effects upon the maxilla, the mandible and the
temporo-mandibular articulation.

In the section that follows an ansal ysis is made
of thé variztions in structural dimensions and

relationships in individual ceases.
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IV.
Individugl Anslysis of Semples of Class III

Male Mixed Dentition Cases in Groups A, B and C, and a
Comparison of the Results with an Individusl Analysis

The comparison maede of the distribution of 0, +
and - values hes given a composite picture of the
trends in Groups A, B end C. Of equal importence is
the fact that in the individual cases many of the
measurements were within the range of the Neutro-
occlusion semples. In Group B for instence, the
cranial base dimensions showed thet the saddle engle
(cranial base angle) in 58.1%, the anterior length in
64.25% and the posterior length in 62.7% of the
individuals in Group B were all within the range of
418D of the Neutro-ocelusion samples. To try and
assess the significance in relation to mesio-occlusion
of the variation of the different messurements in the
individuael, an exemine tion was made of the distri-
bution of the O + and - values in individual cases
but no ovvious pasttern dr aseocistion between the
measurements could be seen. This wee particularly so
in the Group A cases end & further analysis wes under-
taken. A group of measurements which sppeared to be
essociated with mesio-occlusion were selected as
followsi-

Cranisl Bese: /Nsar, (A1), s-N (L1), s-ar (L2)
Ar=N (L3).
Mexilla: ANS-PNS (L7), /SNA (A4) /SKPr (A8)
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Mandible: /ArGoan (A3), Ar-Go (I4), Go-Gn (L5)
Ar-gn (L6), /SNB (AB) /SN1d (A7),
/8NP0 (AB).

The Y Axis (A15) end the asngles of inclination
of the upper (Al2) end lower incisors (Al3) were also
included. The measurements were examined in each
case and given a score of +1, +2, +J or 0, depending
on whether they fell within +1, +2 or +3 of the
standsrd devistion of the corresponding Neutro-
occlusion measurement, or corresponded with the meen
figure. The plus or minus signes were given not
according &s to whether the measurement was greater or
lees than the standsard devisation, but according to
whether an increase or decresse on the mean fi gure was
conegl dered productive of or essociated with mesio-
occlusion or the reverse. The Cless 11l factors were
given & minue end the "anti" Cless I1I a plus sign.
Thus for example, all craniesl base, maexillery, Y Axie
end upper incisor velues less then the corresponding
Neutro-occlusion mean cerried a minus sign end all
velues greater than the mean values, & plus sign. A
measurement coinciding with the mean scored O. All
mendibular velues greater than the mesan carried a
minus sign, maxillary prognathism vel ues less than
the mean and. mandibular prognathism values greater
then the mean carried a minus sign and vice-versa for
for plus signs. The nett score for a case is the sum

of the plue and minus scores for each measurement and
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will carry a + or - sign sccording to which was the
more NUMEroue.
Materieal,.

The firet dozen Class 1II male mixed dentition
cases falling in Group A and six cases each in
Groups B and C were compared with the first ten cases
recorded in the male mixed dentition Neutro-occlusion
group. An asdditional cese (No.43) was also added to
the Group A ceases for a reason to be given. The
results are shown in tables 25-26, An € xemination of
the resulte in Group A (Teble 24) shows in more detail
the same apparent lack of individusl pattern seen in
the simpler enalysis into O + end -, besed on +18D.
An attempt to find some significence in the oversll
scoreg of Class :z: Group A ceses compared with cases
in the Neutro-occlusion semple fails. Nett scores
for the two groups show a similar range, only one
Neutro-occlusion case (No.7) has a nett plus score.
A separate examination of the scores for measurements
of crenisl base, maxills and mandible in Groups A, B,
Ce end Neutro-occlusion again shows & wide renge of
individual veariastion, nett plus scores sre found in
the Cless IlL groups, €.g. cranial base nett scoree
of +6, Case 20 Group A, +2, Case 16 Group B and +5,
Cese 60 Group C, whilst Case 8 Neutro-occlusion, hes
g nett cranial b ase score of =-b.

8ix casc¢s each in CGroups A, B end C eand 6 Neutro-

occlusion caces are shown graphically in the form of
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Standard Deviation Disgrams after Hellman (1927),
Fige. 21-24. Theee diagrems es presented, differ
from the ususl form in thet firstly the + and - signs
‘refer to the plus and minus scores s0 that the left
'hend side of the disgrem represcnts the trend to
|class ziz and the right hand side the opposite.
Secondly the actual measuremente are not indicated,
only the faect that the measurement in question lies
within +1, +2 or +& £.D. of the meean. (Diggrame indi-
cating the individual measurements were prepa: ed but
they did not further clarify the picture.)

A study of the four sets of diagreme brings out
more clearly than the figures certain effects.
Group A (Fig. 22) and Neutro-occlusion (Fig. 21) both
show the verious velues arranged sround the mesasns withI
no one set of meassurements, consistently going to
'right or left in contresst with Groups B and C,
i(Figa. 28, 24.) In Group B the Y Axis and mendibular
prognathism and in Group C the maxillsry section are
consietently plaeced to the left of the mean. In
Group C, maxillary prognathiesm &nd in Group B,
‘mendibular prognathism behave as expected on the basis
of the clascification. These few cases suggest that
& reduction in length of the maxilla rather than its
dietal position is the prime factor in maxillsary
retrusion. Mandibular dimensions in Group B are
varisble. In Case 9 protrusion is found with normal
linear dimensions combined with a larger than normsl

anglee. The reverse combination is seen in Cese 14.
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The elinical history of the Clese 1ll cases in

 Groups A, B and C shows that the majority of them

have been successfully treated and the results are

getable at the moment of writing. Cases 11, 21 end

|43 in Group A, Ceses 29, 3% in Group B end 60 in

' Group C, show varying degrees of relapse. There is

nothing ebout their petterns to suggeet this. It is

of especial interest to find marked relapses in Group A
where the basel bone malrelationship ie only slight,
as in Case 11 where /SNA-/SNB = 0°.  If however

| Cese 11 were to be classed on the present jew reletion=

' ships it would fall into one of the minority groupe,

the maxillery prognathism being now more minus than

-18D and the mendibular prognathism more than +18D of

Neutro-oceclusion, These cases are considered in more

|
detail in Part 1l but are mentioned now to show that |

' the present snalysis does not offer eny guide to

future growth and developmehnt.
Summery end Conclugions,

The scoring system does not differentiate between

'Clase 11l cases and Neutro-occlusion and does not

indicate, except in & genersl way, the variations of
parte and relationships of significance in the pro-
duction of mesio-occlusion and it is not any guide
to future growth. The scoring system does show,
particularly in the form of the standard deviation
score diagrams, the infinite variety of combinstions

of parts end proportions that cen produce mesio=-
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-occlusion or Heutro-occlusioﬁ end suggests that
cranio-facial analysis in terms of mean dimensions hss
considersble limitations when applied to individusals -
who differ significantly in occlusion from the normal
but who do not differ markedly from the normal ss
regards general cranio-facial morphology. The
stetistical enalysis, whilst givin; some informstion as
to the significance in relation to the facial pattern
of the varistions in size and relationship of the
parte examined, does not indicete the effects of the
interplay between them. Thue for exaﬁplo. it is not
known to what extent an increased enterior cranial
bese length offsets a decressed cranisl base angle.

In maeny cases it is the integration of the
variebles that determines balance or imbslance of the
facial structures. There appesars to be a trend to
normel which operates by mesne of compensetory
¥arigion. A high velue for one part being compen=
sated by reduced values for one or more of the others.
Compensatory variation is seen for instance in the
aseociation of &an obtuse angled mendible with a short
maxilla (entero-posteriorly) or of & small angled
mendible with decreased maxillery height. This
verietion of parte combining to produce & similar
oversll effect is seen in other psrts of the body.

The standing height of two people mey be the ssme but
the sitt;ng height may be markedly different,
indicating veristions in the other components of

standing height.



126,

Comperison of the mean values of the linear and
enguler meaguremente in the Cless IIIl snd Neutro-
occlusion dentitional groups for growth and develop=-

mentel chenges and sex differences,

A study of the mean measurements of their cranio-
fecial petterns has shown some significant differences
between the Clese 111 and Neutro-occlusion feciel
petterne and it has also been shown that the Clase 111
eranio-facial pettern can te further differentisted
into three mein types with differing charascteristice.
The remaining sections of Part I are concerned with
the second and third queetions posed in the intro=-
duction, which were, whether the ygrowth changes in the
Class ILI pettern differed from those thet occurred

in Neutro~occlusion and whether the mean messurements

showed any differences between the sexes,

i. Comperison of mean meaguremente for growth
Shenges.

(In the followin; comparisons of means,
reference is made to the appropriaste tables of mean
measuremente (Tebles 4-19). It is pointed out
however that the "t" values given in these tsbles
refer to differences between the Clese 111 end the
corresponding lieutro-occlusion eex and dentitional
group. These are not to be confused with the "t"
values in the following text which refer to

differences between either the Class ILL or the

Neutro-occlusion dentitional stages.)
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Linear Dimeneiong.

During growth end development lineer dimensions
naturelly increesse and it is the relative amount of
increase of one pert compered with another end the
effecte such veriations may have on antero-posterior
reletionshipes that ere of interest to this atudyQ

ra Baese (Teble 4).

The guestion of the growth of the anterior cranisl
base is discussed in Part LI (Pagel5?) where it is
shown that increases in length from the age of
approximately seven occur mainly between foramen
csecum and nasion anterior to the cranial base proper
end so do not affect the sntero-posterior position of
the mexilla. The incremente of posterior cranial
base length do not differ significantly between
Clees 111 and Neutro-occlusion.

Mexille snd Mendible. (Teblee 5 end 6).

The relative amounts of mexillery and mendibuler
inecrements have alresdy been discussed (Psge 80) end a
decresse in maxillary length FNS-ANS as a percentage
of oversll mandibuler length Ar-Gn, has been ghown in.
both Clese ILl and Neutro-occlusion, (Tsble 7). The
decresse is morc merked in Class 11l indiceting a
greater relative growth of the mendible to the maxille
than in Neutro-occlueion. BEvidence supporting this
will be shown in Pert 11 in the study of the cesuses of
relapses in corrected mesio-occlusion,

The vertical height of the mandible grows
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reletively more than the horizontel length forming
68, 6/ of horizontal length in the deciduous, 607 in
the mixed and 62 in the permanent dentition in the
female Class I1l. The male Class Iil groups show
similer chenges from B68.2): in the deciduous to 64.3.
in the permenent dentition, The Neutro-occlusion
also shows similar changes from 69.27% in the decid-
uous to 66.47 in the permenent dentition in the femele
end there does not appear to be any difference in the
mean growth pattern of the mandible between Neutro-

occlusion and Class III

Anguler DinMensionst.
Greniel Bese Angle (Teble 4).

Allowing for the small size of the deciduous
dentition samples the craniasl base angle does not
alter significantly in either Clase 1il or Neutro-occlusion.

Serial studies in Part II will show that in the
deciduoue dentition csases no significant changes were
seen in the cranial beaee asngle when basion wes used &8
the posterior end of the cranial base. In the mixed
and permanent dentition serial studies, changes of 420
were seen in individuel cesee using erticulare (Ar) as
the posterior end peoint. The sgignificance of the
gtability of the craniel base angle post-natally hes
been discussed earlier.

Mendibuler Angle. (Taebls 6).

The male groups show no significent differences
from one enother. In the Class 11l females a
gignificent difference is present between the mixed

(130414°) and permenent dentitions (127.4°) (¢t = £.5)
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and & similar significent diifference is present
between the Neutro-occlusion female mixed and
perqmanent groupse.

Discussion.

The msandibular sngle shows & eimilar behaviour in
both Clase 11l and Neutro-oeclusion. Keen (1945),
Coben (19565) and Jensen and Paelling (1954), report a
decrease in the engle from birth onwards with the
greatest change in the earlier yesrs. Keen snd also
Jensen end Palling dissgree with the traditional
description of an incressed asngle in old age, Keen
finding a significant increese only in the presence
of loes of teeth &nd eltered muscular strésses.
Evidence from the serial studies in Part 11 shows &
consistent tendency to decresse in the deciduous
dentition casea‘ covering the sges of 5~10 years
approximstely. The mixed and permanent dentition
cases showed & more varisble picture with individusal
changes of from =6,8° to +3.8° which is in line with
Coben's findings of individual changes in girls end
ﬁoya between 8-16 years of ~10° to +3° but with a
mean decrease overall. On the other hend a
comperison of Bjorks mesn figures for 12 year old boys
end conscripte showe no gignificaent difference,

(Bjork 1947). This agrees with the male mixed snd
permenent Clase 111 and Neutro-occlusion groups

elthough the latter is too deficient in older patients

4¢aaea where treatment wae started in the deciduous
dentition.
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in the permenent dentition to make it comparsble on an

ege besis with the mixed dentition. These findings,
whilst not strictly relevent to the main study, are of
interest and suggest the need for further study of
this aspect of mendibular growthe.
Anguletion of Plangs to the Crsniesl Base., Teble 186,
=) 1 Plene

No significant differences were found between the
'Neutm-occlusiongroupa or between the mixed and perm=-
anent Class 11l groucs. Significent differences were
found between the deciduous and mixed Class zzz groups
(t=2.2 female and 3.06 male.) 'These may be due either
to the small size of the deciduous samples or to growth
changes in the anterior cranial bese and in the maxille.

Mandibulsr Plsne. No significent differences were

observed between any of the groups.

Occlusel Plene.

Significant differences between the deciduous and
permenent dentition reflect the occlusal cheanges over
this period and are to be eéxpected. No eignificent

' differences were observed between the mixed and

permanent dentition groups.

Mexillery Prognathism., Teble 10,

Basal Prognethism /SNA. There ie & slight but
constent trend to decrease in Clase ;If compered with

the Neutro=occlusgion which showe a elight decrease in

the mixed compsred with the decicduous end permenent

dentition.
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Alveolar Prognathiem (/SNPr).

There ie no significsnt difference and no trend

between the Cless ILl groups. In the Neutro-occlusion

groups this angle showe & tendency to increase with
age.
Mendibular Prognethism, Table li.

Basal slveoler (/sNB)and elveoler prognstniem
(/sNId) show no significent differences and no trends
- except the female Neutro-occluslon which shows
significent increases in both engles between the '
mixed snd permenent dentitions, (t = 2.4 aind 2.2),
Class III basal mendibular prognathism (/SNPo) shows
a tendeney to increase in both sexes which is not
however significant. The female Neutro-occlusion
showe & significant difference between the mixed and
permanent dentitions, (t = 2.9).

(In assessing these findings in the discussion,
the greater incidence of Group B (Mx+1€D Mn) +1SD,
i.e.~ /SNPo )+ 18D.) in the mixed dentition and its
smaller incidence in the permenent dentition with
consequent effecte on the meene for mendibular
prognathism is taken into account. The same factor
affects the changes in the Y Axis.)

The Angle of Convexity (/NAPo) ZTsble 15.

The angle of convexity showe increeses in &

negative direction between all groups with eignificant

differences tetween both the female (t = 3.1) and male

(t = 8.5) deciduous and mixed dentiticne. The
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Neutro-occlusion groups do not show eny merked changes
between the mixed and permenent groups.
The Y Axis. (/NSGn) Teble 16

The Y Axis shows & significent increase in the
female (t = 2.06) and nearly 8o in the male (t = 1.9)
between the Class L1l mixed end permenent dentitions.
There are no significant chenges in the leutro-
occlusion groups.
chin Angle. (/ii~-Po/Go-Gn) Teble 17,

There ies a ganeral trend towerde a decresse in
the chin angle from the deciduoue to the permsnent
dentition with significent differencee between all
the femele groups, (deciduous/mixed t = 4,09,
mixed/permanent t = 4.4.) The Neutro-occlusion
follows a similer pattern between the deciduous and mixed
dentitions but there is no marked difference between
the mixed and permanent dentition groups in contrast
with the Class IIL groupe.
dncisal Inclinstion.

There is z common trend in both sexes to
increased proclination of the upper incisors and
retroclination of the lower inclsors from the
deciduous to the peramsnent dentition. By contrast
in the Neutiro-occlusion both the upper and lower
incisore show & tendency to incressed proclinstion.

er,je nd srbite.

The overbite tends to decrease hetween the

mixed and permenent dentitions in Class II1I. This
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is more sccurately reflected in the femaels grouns

| recause of ths more satisfactory ssmplee as reygsrds
age distribution end numhers compured with the male
I

‘grnune, which however show a slmilar trend. The

|raverse overiet shows & decresse in the female between

the mixed and permanent dentitions. There is little |
| difference in the male groups. Neutro-occlusion showé
no marked chan e bvetween the mixed snd permancnt |
dentitions.

The generel picture in both Class lIi and Neutro-u

I
|
‘ gion,
|
iocclusion is of 2 stebility of the overell pattern

' between the different aces. There is no marked

Ichango in the anguler relstionshipe of the eomponent i

;parta to the pranial bese and this itself shows 1itt10!

' change in the sngle hetween its enterior and posterior
gections.

| Despite this oversll stability there is & trend

iin Clase zzz toward & change in the profile which

' becomes more concave with &n increase in mandibuler

'baeel prognaethism while maxillsry basel prognathism

tende to decresse. This chenge in relstive basal !
'mendibulsr prognethism ie reflected in the incressed |
langle of convexity, in the decresse in chin engle end f
' the inecreassed nproclinstion of the upper and retro-
'clination of the lower incisore.

It agrees with the observations made in the

serial studies in Part II of trested cesee which
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| ehanged their Croups (differentiel enelyeis Groups A,

R and C) due to alterstions in the velues of mexillary
end mendibuler besel prognsthism, This contraete

with the Neutro-oeclusion groups where both maexillary

- end mendibular basel prognathism tend to increase

(the latter more markedly) in the permenent dentition |

compared with the mixed dentition. ™"he ietter

finding agrees with thosge of Bjork (1947) and Lande
(1982).

Theee findings suggest thet the comparative
feilure of the maxilla in Class 111 to move forward
with nasion end pogonion (ze ie evidenced by the
negative ineresse in the sngle of convexity /NAPo) is
due more to & lack of maxillery forward growth then to
en excese of mandibular forwerd growth. This may be
the explenation of the relepsing or worsening of
mesio~oceclusion cases hetween the mixed and permencnt
dentitions. Evidence supporting this is seen in the
greater incidence of "mexillery retrusion" ceses
(Group C) in the permanent dentition, (described in
the previous section) compared with the mixed
dentition and in the svidence from the serial studies |
in Part I1 of feebleness ef maxillary growth in some

ceges which relapeed in the permanent dentition.

| There is also evidence from the serisl studies that in

some ceses the incressed bhacsel mandibuler prognathiem
(/SNPo) mey be due to locslised sccretion of bome et

the symphveie rether than to & more snterior position
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of the mandible as & wiole.

In conclus.ion the Class I1L pattern does not
differ from Neutro-occlusion in the general progress
of growth end developuent. The basic malrelationships
a8 determined by the cranisl base factors persist but
Class II1 differs from Neutro-occlusion in shoving a
tendency to decreessed maexillary forward growth which
causes the malrelationehip to worsen between the
mixed and permanent dontitions. Evidence in support
of this will be adduced from the serisl studies in
Part II. It must be sircssed that meny Class Iil
occlusions do not worsen materially over the yesrs and
that the e¢fiect on the mean figures for measursments
at different sges, of those that do, may be only to
indicate a tendency rather than cause a statistiecally

significent differsnce.
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Thie is the lset of the questione ssked in the
introduction to be econsidered in this part of the
study. Apert from the work of Coben (19656), no
reference could be found in genersl roentgenographic
cephalometric studies to comperieons of the pexes.
None of the Clees 11l etudies mentioned in the review
of the literature dealt with this aspect end it wae
considered to be of general interest to do eo. in
sddition it wes desired to test s clinicel impreesion
thet the Group B type of Cleee 11l was more common in |
girls. ‘
dethog.

The materiel hes been exsmined for sex differences
between the male and femele Clees 1il groupe by &
comparieson of the means of the linear and snguler
mesgurenents for the sexes. The incidence of the
 various types of Cleses Iil malocclusion es defined by
the differentiel mnalysis hees also been exemined for
sex differences,

Results.

The differences are slmoet entirely confined to
the lineer dimensions which are significently lerger
in the male mixed snd permanent dentition groupe for
all the dimensions examined. These were¢ the linear
dimensione of the cranial bese, the maxilla, the

mendible and ell the components of feeisl height.
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On the other hend the means of the sengulsr
dimensione show no significant differences. The angles
examined were the cranial base angle, the msndibular
angle, the angles of prognasthiem, the Y Axis, the
incisel enguletions and the engles of the mexillery
end mendibvler planes to the cranial bsse.

-

From this it is concluded thet the meen Clees III
pattern ie the seme in both sexes, the differencee
being solely one of size.

Particular attention was given to the mandibulap
engle for which & sex difference ies claimed by some,
the female angle being said to be more obtuse, &.g.,
Herdlicka (1920), (1940), and Izerd (1927). At first
examination a sex difference appesred probasble between
the male and female permanent dentition, the female
angle being the larger but the difference was not
statistically significant (t = 1.9). This agrees
with Keen, (1960), Werner (1965) and Jensen and
Palling (1954), who,while all eagreeing that the female
engle tended to be the larger, did not find the
differences significant statistically. It is of
interest to note that the minimum velue for the
mendibular engle found in thie study wes e 116° in a
femele subject end the maximum of 144.8° was in & male.
This indicestes the dangers of applying mean findings
to individual cases.

The exsmination of the percentages of males &nd
femeles in the Class IL1I groups A, B and C &s
esteblished by the differential enalysie shows that if
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the sexes are compered without regerd to the dentite-
ionel groups there is no merked difference between the

sexes as the following figures show:=-

Table 26,
F M ¥ 7] ¥ M
% 49,2 49.4 36ed 3S8.8 ibed 18.4
No. of cases 64 43 46 28 20 16
100% Female. | (F) = 130. 100% Mele () = 87.

An exemination of the percentagee of msles &nd
femaleés in Groups A, B, C in the dentitional groups
(Teble 21,Appndx.) shows & somewhat different picture :
to that in Teble 26? In the mixed dentition Croup A

' ghows en spproximstely similer distribution in both
sexes,; 49.3% female and 54.1). male, compared with

Group B, 43% female and 22.9% male. @Group Cy, with a

' smaller number of both sexes, shows 5.9% female snd
11.4% male. The greater percentage of females than
males in Group B confirms the impression formed
clinically that more girls than boys had presented
with this Clees I1I type in this study.

In the permenent dentition useful comparisons are
difficult becsuse of the relstively emall number of
males. In group A the femalee show the ssme figure,
49%, &8 in the mixed dentition, Group B shows
approximetely half as many, 21% and Group C unore thean

twice as meny, 29/, as in the mixed dentition. The

males show a marked reduction in Group A to £5% with

1 Tables 26-38 will be found accompanying the text.
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| incregses in Group B 38% snd Group C $0% It must be|
stressed with regerd to these figures that the sample
is comprised oI patienis who sought advice or treat-
ment end does not unecessarily reéresent a true

picture of the gex incidence in the populetion &t

| large, perticulerly in respect of the yoﬁﬁg adu it
patients wvho ceme mainly on their own initiative. In
thie latter group therefore, Jirls being move
conscious of their appeersnce, couvld be expected to

| precominsete, not only in totel numbers tut elso in the

In view of a2ll these factore it is not conaidernq

less severe conditione represented by Group A

that the evidence shows sny sex difference in the
incidence of the various patterns of Class zzz
malocelusion . The most thet can be said ie thatl |
there is the hint of a trend to the more frecuent
occurrence of mendibular protrusion (Group B) in
femsles end of maxlllary retrusion (Group C) in msies{

|
In 80 far as this observaetion ig valid it is of

interest in relation to the opposite condition of
disto-occlusion where voth Young et al, (1932) and
Rlaeser end Wylie (1948) found mexillsry protrusion |
more frequently in meles snd mancdibular retrusion

more freguently in females.



140,

Sumnmnery Par; ;.

Using & stenderdised technigue, a roentgenographic
cephalometric anaiysis has been made of 2206 patiqnts
diagnosed as having Angle's Class EEI malocclusion and
of 167 patients with Neutro-occlusion (eithsr & normal
occlusion or an Angle's Ciass i malocclusion.) The
Class I{l and Neutro-occlusion semples were aivided
into groups based on the sex and the stage of occlusal
development as follows:-

1. Male and female deciduous dentition.

2 ¥ele and femele mixed dentition.

Oe Mele and female permesnent dahtition.

e

The purpose of the snelysis ol the Cless lil aud
Neutro-occlusion ssmples was to determine:-

1. Is there & specific crasnio-~facial pattern
associated with mesio-occlusion? If not,
are there varioug relstionships end
proportions of the structures involved
that can combine to produce a similar
occlusel picture¥ If this is so how do
these proportions and reliationships differ
from those associasted with neutro-occlusion?

Ze Lo the growth cheanges in crenio-facial
pattern differ in mesio=-occlusion from
those that occur in neutro-occlusion¥

Se Is there any evidence of esex differences
in the eranio-facial pattern in mesio-

occlusion?
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The nosns by which these probleus were investi=-
gated were as followsi-

Faciul diesgreme for each sex &nd dentitional
Class 1il and Neutro-occlusion group were consiructed
from i1he mean velues for easch group of the linesr and

engulaer measurements made of the crenio-facial

gtructures and relationships in the cephalonmetric
anelysis. The faciel disgrams so constructed were
superimposed, the Class ILL upon the corresponding
Neutro-occlusion diagram end the differences beiwesn

| these ckserved.

in the Cless 1lil fscial diasgreus vere compered with

thoee ©f the Neutro-occlusion for dirfferencese of
etatisticel gignificence, & "t" velue of £.0 beirg
regeraed ee significent.

| A differentisl enslysie of the Clsee 111 cares

was mede baeed on the degree of maxillary and

The meesn measuremente of the component structuree

mendibuler prognsathism in ecch cese uging ae & measure

of normel +18D of maxillary end mendibular prognathiamI

in the corresponding KReutro-oeclusion dentitional sex
groupe

| The Class 111 cesve in the three mein groupe A,
'B and C, resulting from this anelysie wers then
examined individuelly in respect ol certein linoér
and angular measurements. A "OY, "4+" or "=" was
recorded for each measurensnt 1ln each case depending

on whether it was within, more than or less than +1SD
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of the NKeutro-occlusion measurement for the corres-
ponding Se¢x/Dentitional group. The totsls of "O",
"+" and "-" for each measurement in Groups A, B 2nd C
were then expreeced &s percentages of the combined "O"
"+" and "-" total end the results in the three groups
compared.

An individual enslyeis of ten rendomly chosen
mixed dentition Neutro-oeclueion ceses and of & number
of mixed dentition Clase I1i cases in each of the
Groups A (13) B (6) and C (6), was done giving each
case & score based on +3, +2 or +18D. The resulte
were exemined for evidence of score differences
between the Neutro-occlusion and Group A, B and C
cases. Standard Deviation diasgrams were made of six
cases each of Groups Ay, B snd C and compared with the
diagrame for six of the ﬂaﬁtro-occluaion cases.

An examinetion was made of the differences between
the means of the dentitional groups, both Class 111
and Neutro~occlusion, for evidenece of growth changes
between the different steges of oecclueel development.

Finelly the Class ILL mean vaslues were tested
for sex differences as was also the incidence of the
different Class 111 cranio-facial patterns resulting
from the differential analysis.

Findinge and Conclusions.

The principal findings of the investigations

carried out and the conclusions based on them are as

followss=
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1, The mean cranio-facial pattern in Class 11l
malocclusions (mesio-occlusion)differs from that in
Neutro-occlusion and is a composite picture made up
of differing Clase Iil cranio-facial patterns.

2. The Class 1il profile is conecave with a
negative engle of convexity (Downs). Maxillery
prognathism ie decreased and that of the mandible
ineressed, the latter being of statistical significance
more frequently than the former. Facial height
varies according to the Class :iz type and may te within
the normsl renge increased or decreased. The upper
incisors are proclinated and the lower incisors retro-
clinated and there is typically a reverse overjet and
overbite.

e The Class zz: profile is the resultant of
significent variations in the dimensions and
relationshipe of the cranisl base, the maxilla and
the mandible.

4. The variations tnat may be present in these
structures srei=-

i. Cranisl Base: The dimensions of

the crenial bese (saddle) sngle, anterior
length, posterior length and overall
length, all show significant decreases.
These are the most consistent factore in
all the Clese 111 semples and this

consistency indicates that the cranisl
base is a primary factor in Class IIT

morphologye.
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ii. The mexillas showe & significent reduction
in antero~posterior lengtn in the larger |
gsamples and less frecuently & significant
reduction in verticel dimension.

iii. The masndible shows trends to incressed

vertical height, horizontal and overall

lengthe, that are not eignificant except in

the older cge groups. The nsndiﬂular engle

tends to be larger but the difference is

not signiticant.

Oe Distinctive Class ::i crenio-feciel patterns
ere produced by differing comcinstione of cranisl tase,
maxillary and wendibuler dimeneionel vsriations.

There are three principal Cless 1ili cranio-facial
typee which have been celled:-

ks "Dominant Mendible" (Group A differential
snslysis)

ii. "dendibuler Protrusion" (Group B)

iii. "Mexillery Retrusion" (Group C)

6. The characteristic features of these three
groups are as followsi=

i. Dominent Mendible (Group A.)

A tendency to decrease in the crenial base angle
end all crsnial base linear dimensions. Mexillary
length tends to be less whilst mendibular dimensions
are¢ normal, The cauese of the relative mandibular
protrueion lying in the cranial base and maxilla.
This type in genersl resembles Neutro-occlusion spart

from the dominant appesrance of the mandible.
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ii. Mendibular Protrusion (Group B.).

A merked tendency to a small creanial bsee
angle and a legser tendency to a rveduction in anterior
cranial base length. Maxillary length end Reight are
reduced. The mandible is characterised by # normal
or decreased mandibular angle and a marked iuncrease in
- horizontal length. Faéial height is reduced.

iii. Mexillery Retrusion (Group C).

The accepted picture of a Clase 1.1
malocclusion. The crasnial bhase sngle has a strong
normal tendency but cranial bassge vostorior length is
markedly less. The maxillary length is less. The
mandibuler angle is more obtuse Iincreasing the overall
length but the vertical and horizontal components tend
| to be normal. Facial height ies merkedly incressed.

7. The analysis of the meessuremente of inrdividual
Class :zz and Neutro - oeclurion cseer by stenderd
devistion scores feiled to establish gny vettern of
correlation between one varient aud enother excépt for
e general sppearance of compensatory varistion wherehy
extreme varistions in one pert appeared to be

compenseted by an opposite veriation in an aseoclistaed
structure.

8« The study of growth chengee by & comparison
of the mean linear and angular dimensions of the three
dentitional eteges showed thet the growth psttern in
Clases zil like that in Neutro-oceclusion dispileye &

generel stebility. The crenicl bese engle & owe no
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| significant chsnge and there are no marked changee in

the anguler pelatlonshise of tae other structures to
the cranial base. ‘

Cless LI differs from Neutro-occlusion in ome
Lmportant respect. ne normal trend-to & greater
relative incresee in mandibuler bvassl prognethiem.

than mexillery baesel prognathism between the mixed end

| permanent dentition is exaggersted in Claes 131 Ly @

tendency for wmexillary prognsthisa to decresce. This
is reflected in a decrease in maxillary length es a

percentage of msndibular length, an increase in the

' negative degrse of the angle of convexity and in the

incressed proclinetion of the upper and retroclinstion -

of the lower incirgors. in contrsest Heutro-occlusion |
|

shows no marked changes in the angle of convexity end

a tendenecy to increased proclination oi both upper and

- lower incisorse. j

G« HNO sex differencec apart irom thst of sizge wcko

found in Class 1l.i. There was a tendency for the

- mandibular angle to e larger in femalesz but this was

' not signilicent end the smallest mandibuler angle

recorded was for a female. Therc was a suggestion of
& greater incidence of manditular protrusion (Group B)
in females and of maxillary retrusion (Broup C) in

meles.
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Finel Conclusions Part I,
le The crasnio-facial pattern in Class III

differs from that of Neutro-occlusion. The
differences erise from variations which, in order of
significence, are found in the cranial base, the
maxilla and the maudible.

2 Different combinations of these variations
produce three main Class zii eranio-facial patterns
here cslled, "Dominant Mendible", "Mandibular
Protrusion", and "Mexillsry Retrusion,"

S« The cranial base variziions are & reduction
in the angle and in the linear dimensions which
separately and collectively give rise to & more
forward position of the mandible relative to the
maxille.

4, The maxilla tepda to ke deficient in length
and sometimes in helight.

6« The linear dimensions of the mandible ere not
necessarily greater than normel tending to become
relatively greater with age. Contrary to previous
findings en increaseéd mandibuler angle is not an
essential factor in the Class 11l picture. The angle
may be of less than average size. It is stressed that
an increase in the mendibular angle per se ie not a
cause of mandibulsr protrusion and has the opjosite
effect, it is o decrease in the angle that increases
the degree of prognathism.

6. The craniasl bsse is the most consistent



8.

variant in alltypes of Class 1ii melocclusions end it
f is suggestsd that, through its relationships to the
| mexilla and the temporo-mendidbular joint, it is ths
primary factor in determining mexillary-mandibular
relationships. The post=-nztel elability of the
cranial bas: angle suggests that the genesis of a
:clasa III malocclusion tskes place early in life and
I probebly hefore virth. The poss=ibility of future
;lmelioration or deterkoration in Jjaw reletionships
- depending on the relative forward growth of maxille

to mandible. There is a tendency in Cless iil for

this ratio to be unfavoursable.
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Part II.
entgenogr ¢ Cephalometric alysi r
Tregted Cases egio-occlusion.
Introduction:

Pert 11 is concerned with the last two questions

posed in the introduction. They are:-

4. What ere the changes that follow
Orthodontic treatment and to what extent
are these changes the result of treat-
ment or of growth?

6. What are the factors ascociated with the

relapse of & corrected mesio-occlusion?

The changee following treatment and the causes of
relapse were determined by & cephalometric analysis of
lateral skull radiogrephs taken before, during and
aefter treatment. Clinical observations were used
where possible to support and clarify the results of
the cephalopetric analysis.

Correlation with the conclugions of the first
part of this study is made where relevant, for example
in the study of the growth changes in the treated
cases.

ev of eratur

The Roentgenographic cecephalometric analysis of
changes following treatment in Class III cases has
received little attention. Brodie, Domns and

Goldstein (1938) included a few cases of Class ILL
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in their peper concerned with all clesses of
malocclusion, They stated in the summary of their
observations on the chenges they found in Claes Eii
cases, "Because of the smaellness of the sample, no
definite conclusions may be drawn except that treat-
ment seemed to have little or no effect on any |
structure other than the alveolar process."”

Apsrt from some illustrative cases in a peper by
McCallin (1955) on the disgneeis and treatment of mesioc-
occlusion and references to individual Class 111
cases in growth studies such &s thoee of Bjork (1961)
and Donovan (1963), no further review of treatment or
growth chengss in a series of Class 1l1 cases appeared
until the peper of EBracceei and Lucchese (1968) on the
skeletal and dental changes in 30 treated cases of
Cless Iil maloeclusion aged 8-12 years. Their
conclusione may be summarised by saying that they
found successful treatment depended on & favourable
pattern of growth. They found in some cases an
increase in besal maxillery mendibular disproportion
greater than the increese in normal subjects over the
same period and this "adverse bony base ratio is not
modified by treatment."

Gugny (1959) reported on chengee in two cases
snd streseed the dominance of growth rather than the
effects of applisnce therapy in determining the
results of treatment. Parker (1960) and Gould (1960)

have each described chenges in a single case.
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Meterisl.

The materisl consisted of serisl roentgeno-
graphic cephalometric recorde, dental record casts and
full face and profile photographs of 139 caeses of
menip-occlusion. Nine cases Judged untreatable by
Orthodontic means were referred for surgical
correction, e.g. - Case PHl4 Plato 26, The
remainder were divided into groups based on the stage
of the dentition at the first examinstion and
comprised:-

Deciduous Dentition 14
Mixed Dentition 96
Permenent Dentition 20
Total 130

Methods of Treatment,

In the majority of cases appliance treatment was
used with the primary aim of correcting the incisal
relationship but in a few casee observation only was
thought necessary. The method of treatment was mainly
by removeble appliances, other forms of trecatment
included ~functional appliances, occipitsl traction by
meeans of & chin cep, and head gear and intermaxillary
traction by fixed appliances. For convenience
abbreviations are used in the text to designate the
type of eppliance used in a particular case and a

glossary of the sbbreviations used is given b elow:-

A/P Ex  Antero-posterior Expansion using
& Jounson Twin Wire Arch with
coil springs on the bueccal tubes.
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CeLelsPe Cast Lower Inclined Plene
cemented on to the lower
incisors and cenines.

Functe. Functional Appliance. Reverse
Andregen or Bimler type
appliances.

L.ReAs Lower Removsasble Appliance to

retract the lower incisors with
molar capping to open the bite.

Q.ieTe Occipito-mental Traction:i-
Occipital traction plus forward
traction on the maxilla by
elastic bands attached to posts
on the chin cap.

O.T. Occipital Traction:- Backward
traction on the mandible with
elastic traction from a chin
cap to a head cap.

ReI.M,T. Reverse Intermexillary Traction
by means of fixed appliances.

T.V.4. Johnson Twin Wire Arch.

UsRe Ao Upper Removable Appliances with

finger springs, screws,or rubber
pegs to proclinste the upper
incisors. The bite is opened
to unlock the incisor bite by
molar ceapping.

Methode of Analysis,.

A.. Messurement of Anguler Changes.
The technicue used in the roentgenogrephic

cephalometrics analysis wae the same as that used in
the analysis in Part I. The methods of transferring
the cranial base reference line and the incisel exis
from the original tracing to subsequent tracings of
the same patient have been described.

The principal angles studied before and after

treatment are given overleaf, together with the
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ebbrevistions used to indicate them in the tahles of

angular changes.

Angle. Abbrevistion.
1. Angle of Upper Incisor to cranial
base reference line, UI.

2. Angle of Lower Incisor to
Mandibuler Plane. LI.

3. The difference between /SNA and /SNB A/B diff.

4. The Y Axis /NSCn Y. Ax.
6. The Angle of the Occlusal Plane to

the Cranial Base reference line. O.P.
6. The Angle of the Mendibular Plane

to the Cranial Base reference line. MnP,
7. The Mendibular Angle /ArGoGn Mn/
8. The Angle of the Maxillary Plene to MxP.

the Cranial Bsse reference line.
9. The Angle of Convexity. /Con.

The records of anguler changes in individual
cases in the mixed end permenent dentitions are
tebulated in the Appendixf The cranisl base re¢ference
line is transferred as described earlier (Page 56)
Because in some cases its anterior end does not pass
through nseion and because it is in the same relastion-
ship in all trzcings of the seme individual to the
anterior crenial bese, it is referred to as the
crenial base reference line rather then as the S-N
line. As explesined earlier the point of intersection
of the line with the frontal or nasal bone is used as
nasion for sngular measurements in ceses where nasion
in later traces of X-rays of the same individual does

not lie on the 8-N line transferred from the first

1 —
Section V.
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trecing. |Nasion is described &s "constant" if it
lies on the cranial bese line in serial X-ray
tracings.

In the deciduous dentition cesee where the
anterior cranial bese was s8till growing, the maximum
superimposition possible was made along the horizontal
portion of De Coster's line.

B. Assessment of Changes Due to Growth.

The direction and asmount of growth in each cease
was assessed by superimposing the successive trecings
on the cranial basse line to observe the genersl
direction end amount of growth, followed by individual
guperimposition of the mexillary end mendibuler outlines
using, a8 described earlier, the maexillsry plane with
FNS registered and a plane tangent to the lower border
of the mandible at the engle and psssing through
menton with Gn registered. It is not practiceble to
describe in deteil the growth changes in each of the
recorded casee apart from cases of special interest,
end an aversge picture only of the meterisl ss & whole
cen te given. The amount &nd direction of chenge was

not measured and is deccribed in general terms.
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Findings.
Introductions

It has been shown in Part : thet verietions in

the cranisl basc area sre among the primery factors

associeted with mesio-occlusion and it ie not to bte
expected that the spplicaiion of corrgetive forces to
the dento-alveolar structures will modify the mesio=-
occlusion cranio-facisl pattern in this arca.

Theoretically the most thet can be expected is a
modification of the edveree ratio of msndibular to
maxillary growth sufficient to permit steble normael
incisal occlusal relationships. ¥hether or not
Orthodontic treatment is eble to alter or modify the
inherent pattern of Jjaw growth is however an extremely
controversial queetion end the findings in this study
do not support the positive view. It will be shown
in the followiny sectione thet the primary effects of
Orthodontic trestment are limited to the teeth and

alveolar bone but secondery effects on mandibular

position consequent upon the corrected incisal
relstionships do also occure. Further, it will be
shown that the growth patterns of the maxilla and
mendible ere not only not altired by treatment but
also thet they determine the success or failure of
trestment end the long term stsbility or relapse of
the treated case.

The findings are considered under three main

hesdingse=



156,

I. Treatment end growth changes in the
ceses whose trestment wae started in
the deciduous dentition.
II. Trestment end growth changee in the cases
whose treatment was started in the
mixed or permsnent dentition.
III. A comperison of the treatment and

growth changes in a series of releneed
cases with those in & series of
succeesfully trested casées.

I. Deciduous Dentition. ‘

The changes noted in the 14 deciduous dentition

cases during and after treatment &re considered in
two main respects: (A) The effects of treatment, end
(B) growth changes.

" (A). Bffects of Treatment.

The aspecte of treatment of especisl interest in
the deciduous dentition cases &re twofold. Firstly
to see whether the correction of the deciduous incisor
occlusion influenced the occlusion of the permanent
incisors. Secondly, to mcasure if possible any
effecte upon the mandible of bsckward traction upon it.
(The trestment changes in the deciduous dentitbn ceses
after the eruption of the permanent incisors presented
& similsr picture of course to these cases started in
the mixed dentition and so are not discussed, as the
same ground will be covered in more detail when

describing the mixed dentition cases. Individual

4
case histories ere given in the appendix. )

1
Section V.
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1. Results following incisal correction in the
Deciduous Dentition.

The correction of a reverse overjet and overbite
of the deciduous incisore either by appliance treat-
ment or by grinding the occlusion had no effect on the

occlusion of the permanent incisors. In the five
cases 80 treated the permenent incisors erupted into
a reverse overjet and overbite.

Discussion.

In the past it has been accepted as part of the
rationale of the treatment of mesio-occlusion in the
deciduous dentition that the correction of the
deciduoue dentition incisors would benefit the
occlusion of the permanent incisors. The few cases 80
treated in this study do not support this assumption.
However Ritchie (1960) reports that in two out of four
uniovular gquadruplets, correction of lingually occlud=-
ing deciduous incisors was followed by normal occlusion
of the permanent incisors. In the other two the
permanent incisors erupted in lingual occlusion.

Except in the case of a forced or functional pro-
trueion where, following correction, the meandible
ocpludoa in a less forward position, there is no reason
why the ﬂcciduoua incisor correction shoulu affeet the
permanent incisor relationship.

The evidence of Breitner (1940) is that the
forming crown of a permanent tooth is deflected by the
tilting of & deciduoue tooth root in an opposite
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direction to that of the deciduous crown. Any effect
on the permanent incisor thest proclinetion of an upper
deciduous incisor might have would therefore be
unfavoursble.

In this study an exemination of the relationship
of the deciduous maxillary incisor roots to the
permenent inecisor crowns showed that at the age at
which treatment ies worthwhile the permanent crown lies
above the root of the declduous incisor. At a leater
age the deciduous root is being resorbed and treat-
ment is not justified in view of the approaching
shedding of the deciduous incisors. Any efieéct on
the supporting alveolar bone of the incisal
proclination is temporary as this bone is of course
resorbed with the shedding of the deciduous tooth, the
alveolar bone of the permanent inecisor zrows up with
the erupting tooth. This is clearly seen in some of
the serial studies.

The relationships of the permenent incisors must
be determined hy other fasctors. This conclusion is
supported by reports of self correction of the
incisors with the chenge of dentition, Kantorowiez (1926)
Korkhaus (1934) (1957b) end it ie posc=ible that
Ritchie's two successful cases would have shown self
correction without treatment. The fectors thet
determine the permenent incisor relationship are
discussed further in the section on growth and

development changes.
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Effects of Treatment contd:

A.
2. Resulte of Head and Chin Cap Trestment.

This time honoured aspplisnce, probebly first used

by Gunnell in 1822 (Weinberger 1926), wae only
employed in cas:g showing & marked reverse overjet.
The analysis of the results obtained do not support
any claims that its use will restrict mandibular
growth, alter mandibular form or chan e the direction
of mandibuler growth. Three paticent, DPF4, DM3 &nd
DF6 were treated for five years, four years and for
seven months respcclively, by this method. The
inereeses in oversll mandibuler length (Ar-Gn) znd the
changes in the mandibular angle and the Y Axis were

' compared with those occurring in seven psatiente. who
were not so trested. The results ere shown in

Table £7 (PageisQ.

Increases in megndibular length were greater in
the occipital traction group then in 6 of the 7 non-
trection cases. Case D.F.5 (Plate &) showed the
greatest decresese in mandibular angle =4° but she wore
the eppliance o only 7 months. The three traction
cases showed an increase in the Y Axis, the greatest,
+3°, being in Case DFS, but five of the non-trection
cases 2lso showed increases of from +0.85° to +3°, one
showed no change end one a decrc&se. Clinical
observation showed no improvement in the occlusion of
the buccal segments in Case DF4 (Plate 2). The improve-

ment in the occlusion in Csse DM3 (plete £) wes sseribed
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more to the influence of a forward traction on the
maxillery teeth than to backward traction on the

mandible.

Teble 27. Comparison of lineer and anguler growth
changes in Traction (T) and Non-traction (NT) cases in
mendibular length Ar-Gn. Mandibular Angle /ArGoGn,

Y Axis /NSGn. Period under observation, P.0..

Case g.g. T/NT| Ar-Gn /ArGoGn Y Axis.
DF4 5~0 T6Y +16. 1 +1. 6 +2.6
DF6 | 4=0 | T7M | +10.1  =4.,0 +3.0
DM3* 4-10 | T4Y +10.1 -2.0 +1. 5
DF1 | 3=10 | NT +9.8  =3.0 +2.0
DM2 | 2-8 NT +8.1  =2,0 0.0
DM4 | 3-8 NT +6.1  =2,0 -1,0
DME | 4~5 NT | +14.2 =2.0 +2. 5
DH6 | 3-4 NT +9.3 =10 +0. B
DM8 | 3=6 NT +9.3  40.5 +1.0
DM9 | 43 NT +9.0  =1,5 +3.0

¥ = Occipito-mental traction from age 8-1lyrs.

Discussion.

Continuous pressure can distort permanently, the
shape of & growing bone as is shown by foot binding
and similar practices. Intermittent pressure, as
applied by the chin cap worn at night only, can
produce local effects as ie shown in its successful
use by McCallin (1956) and others, to retroclinate

lower incisore. In order to produce a more general
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effect, pressure must be applied to the cartilaginous
part of the growing condyle and it is doubtful if any
pressure from occipital traction does this. It is
more than probsble that the backward and upward force
is countered by the mandibulsr musculature snd
ligements. In their recent experimental work on
animals, Salter and Field (1960) have sghown lesions
varying from superficial necrosis to the loss of the
full thickness of en articular cartilage as a result
of continuous compression. The mandibuler cartilage
could therefore be expected to show some diminished
activity if it waes under pressure, which would result
in diminished mandibular growthe

The evidence presented here does not warrant any
generalisation being concerned with only three cases
but, teken in conjunction with the considerations
mentioned above, it is sufficient to raise doubts as
to the value of this method of treatment when used
with the aim of modifying the direction or asmount of
mendibular growth.

B. Growth snd Developmentsl Chenges.,

The sspects of growth and development of esvecisl
interest in the period covered by the deciduous
dentition cases are those concerning:-

ie The factors in the development of

the permenent incisor occlusion.

Ce The growth of the anterior cranisl

base.

Se Growth chenges in the mandible.
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ie The development of the vermenent incisor occlugion.

Thie ie of intereet because of the poscibility
described earlier of the permanent -incisore erupting
into normel occlusion following a Class 11l
occlusion of the deciduous incieore. It wae thought
thet one explanation of the ceses of sell correction
guoted could be thet the axial inclinstions of upper
and lower incisore were favourable to normsel occlusion
end thet convereely the occurrence of & lingual
occlugion of the upper incisors, &s in all the ceses
oteerved in thie study, could be due to unfsvourable
exiel incisal inclinations. An exsmination of the
materiael was therefore mede from this viewpoint.

The records of all caseés were not complete and the
aveilable data regsrding the pre- and post-erupted
inclinations of the upper and lower incisores in 13
Cless 11l casee is shown in Tebli€ 28, (cephalometriec
recorde were not svaileble in one cese). These
figurea are compered in Teble 29 with the figures for
the 14 Neutro-occlusion cseses and with figures for 8
cases given by Tulley (1967) in a study of the path
of eruption of the permanent incisor. Tulley's
paper, apart from a reference by Moyersg, Hervold et el.
(1984) to unpublished work by Hervold, was the only
one on the subject to be found. The ctudy of

Teble 29 shows thet the Clase 11l cases predominate
in the higher degrees of proclinaiion rfor the upper

incicors, Section A, and show no marked difrerence in
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Axial Incliratiomn in degrees of upper end

' lower incicore to the anutsrior cranial bese and

Mn Plane bvefore gnd after eruption,

Upper incisor

Case No.

Before cruptionjarter

Pl
DF4
DFb
DF6
DF7
DNE
DME
D4
Dil®
DNS
. Dus
| DuS

Du1o

106, 5

107. 5

97 100

108.0

98. 6
89,0

95 5
105.0
111. 5
100, &
102, 0
94, &
104. 6
96
100.0
94.0
86.4
100, 6
90,0

Lower inciesor
Before sruption After
| 99,0| 72.5 73.0 | 91.0
108,0 | = - -
1045 | = 86.5 | 90.0
111.0% - 111.5 [112.5
89,0 | = ".6 | 89.0
116,0% = 75. 0 89, &
116.0% 79.0 83.0 | 96.0
108,60 | = 85.56 | 88.0
108.0% - ” »
96,0 | ~ - 764 6
- 79.5 78.6 -

+These ceses were under treztment during the

eruption of the inciecrs and somes of the

inereasged proclinetion is a result of trestwment.
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Comperison of pre-eruptive axial

inclination of upper (A) and lower (B) incisors

in Class 11l cases with Neutro-ccclusion and

Tulley's cases. (C) 8keletal Classification of |

Claes ILI and Neutro-occlusion cases in A.

A Upper incigor inclinetion between
BO~90° 90-100° 100-110° 110-120° 120°%
CIII 2 3 5 1 -
Ne 2 8 2 i 1
Tull. 1 6 2 - -
B. Lower 1ncI§or inelination between
60-70°  70-80° 80-90° 90-100° 100-110°
CIil - B 3 - 1
N. ~ 3 2 5 -
Tull, i 3 [ - -
Skeletel Classificeation of Class IIL
and Heutro.cases in A.
Ce SKI 8KIL SKIIL
IZSKAPZSHB. +20-449%  4+5° end above 2° end less
0Lil 1 1 10
Ne 6 7 - §

N = Neutro-occlusion. Tull. = Tulley's cacses =~

Normal end Class zi»

Tulley used the same line 8-N for measuring the
upper incisor inclinetion as used in thisg study. His
-mandivular bese line is not defined hut may safely he
assumed to be one of the standaerd constructions snd as
' the figures are to be compared in 10° ranges sny
slight differences due to using a different base to
the one in this study can be ignored.
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the lower incisor inclinetion from the Neutro-
occlusion and Tulley's ceses (Section B.)

Section C of Teble 29 ghows the skeletal
classification ( Page 89, Part I) of the Class 11l
end Neutro=occlusion cages. Apabt from one cese in
Skeletal Clsss 1. Case No. DP4, (thyroid deficiency)
which has an atypical akeletai pattern, and one csase
in Skeletal Clesa I, all the Cless 11l casss are
skeletal Clase 111, whilst only one of the Neutro-
occlusion csses comeg in this clacge. From this it
appears thet the sntero-posterior relstionshio of the.
jawe rather than the incissl inclinetion is the
primary factor in determining the occlusal relation~
ships of the upper and lower incisoras. This is of
particular importance in relation to the material
examined, &s, with the exception of cases No. DF4,
DF6, DM3 end DM9, the Clese LIL cesee show either an
edge to edge occlusion or & slight reverse overjet
of the decliduous incisgore and in these cases an
adverse incisel inclinstion cen be expected to be the
crucial factor in determining incissal relationships.

A8 regards pogt-~eruptive inclination, compared
with Tulley's series, which show a uniform trend to
inereased proclination in the post-eruptive phase in
both upper end lower incisors, the Class TII caess
are veriacle and this is no doubt related to the

adverse reciprocsal pressures on the incisors.

In two ceses in which the post-eruptive
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inelination of the lower incisor wee recorded before
and after the eruption of the upper incisor, an
increase in inclination was shown after the eruption

of the upper inecireor.

Case DM2.Case DM8,

Inclination of 1 before eruption 77. 5°
f " 1 after L 89.0 764 5
" * T " eruption of 1 93.5 83, &°

This observation is of importance in relation to
the question of the forced protrusion szid to be
produced by premature incisal contact with forwerd
displacement of the mendible to avoid the iunclisal
occlusal interference, the so called "false Class L1l.'
It would eppesr that in casep where the mutual
adjustment of the incisore hse occurred, the incissel
occlusion is not the primery factor in inducing a
forward placement of the mendible in occlusion.

After the correction of the inelsor relationship
in case DM8, the lower incieor inclinastion fell back
to 78° without trestment. This spontancous retro=-
clinstion of the lower incisor will be ghown to be
common following correction of the reverse incisal
occlusion in the mixed dentition ceascs and is
discussed further in that scection.

In conclusion, the evidence shows that a fevourable
or an unfavourable incisel inclination is not the

primary factor in determining the incisal relation-
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-ghips of the permanent incisors. The determining
factor is the basal bone rélationship and this being
80y it suggests that the cause of the self correction
seen in some Clese LLl cases must be sought in an
improvement in basal bone relaetionships because of
growth coincident with the eruption of the permanent
incisors.

S. Growih changes in the Cranial Base in the
deciduous dentition cases.

In Part 1 the craniel base e¢merged from the
comparison of mean measuremente and the differentisl
enalysis as an important factor in the Class I.ii
cranio-fecial pattern. Any informstion &8s to its
bohaviour in growih is therefore of considersble
intercst. In addition, &as described earlier, the use
of De Coster's line for the superimposition of serisl
trecings, is based on the findings of the relestive
stebility of the anterior crsnial base after 7 - 8
years of age. As is shown in Plate (26), the use of
De Coster's line, rather than the sella-nasion line,
mekee & vital difference to the interpretation of the
gserial tracingé. Evidence supporting the choice of
this line in preference to sella-nasion is therefore
of importanceée.

ind S
Cessation of growth in the Anterior Crenisl Base (Fig25)
It is of course not possible to determine exsctly

when growth ceases from the relastively infrequent
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serial trecings. But if growth has ceased , then
the age: at which it has done so must be somewhere
between the sge of the trecing in which the snterior
crenisl btase shows no change when compsred with later
tracings, end the gge of the trecing precedding it.
Tebulating these two dates for the ceses examined
gives the following picture referring to the earlier
age as "A" end the later age as "B".
Table 30,

Age B = Age of trecing after which succeeding
traces showed no change in De Goster's line.

Age A = Age of trecing preceeding tracing in

column B.
A B

Case No. | Age Yrs., mo's. | Age Yrs. mo's.
DF1 No recorad 5 3
DF4 ] 2 8 3
DF® b - 3 -
DF7 No record Y -
DM2 [ - 6 8
Dii3 6 3 7 10
D4 4 6 g 1
DME 6 9 8 1
DM6 6 1 8 "
Du8 6 11 8 3
DM9 7 8 10 g¥

¥ This natient wae not avaeilsble for records

between 7/ end 10/6.
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These figures confirm in & generasl way the view
that there is little,if any, growth of the anterior
crenial base after about seven years, besring in mind
the range of individual verietion that is to be
expected. They support the usce of De Coster's line
for the superimposition of serisl trecings after the
cessatlion of growtih in this ares.

Creniel DPase Angle.

In the deciduous dentition ceses, &8 it was

poscible to define basion, the cranigl bsse angle wae
teken &8s the angle made by the line Ba=-3 with the
cranial base reference line. leeion ie deseribed as
"econetant" if the craniel base line pesses through it
in serial trecings of the sesme individuel.

The engle &s defined ebove remained constent in
all cases except one where it decressed 1° (Case DM6) .
As thie wae an isolgted instence and the chenge was
within the possible iracing error, it wes not
regarded as significant. (If all the csases had
shown a change of 1° it would have been considered as
probably significent despite being within the field
of occasional error,)

lleasion was constant in 8 cases, moved sbove the
line in two cases and below it in two ceses,
Discussion.

In Part I the comparison of means for the eranisl
base angle measured by /Nasion-Sella Articulere,

showed no significant difference between the means of
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' the dentitional groupe. The findings of the
'individual serial studies confirms this picture sand
supports the view edvenced in Part 1 that es en
aetiological factor in mesio-occlusion the cranisl base
.angle ie sctive before birth rather than afterwards.
It was suggested earlier (Page 73 ) that Bjork's
findings of individuel changes in the cranisl base
angle with sge, were perhave related to variations in
Ithc vertical poszition of nasion which he considered
constant. It will be seen from these findings that
had true nasion been used in the serial tracinge of
these ceses, the cranisl baee angle would have
incressed in two cases and decressed in two.

Se Growtih changes in the mandible.

The general picture of growth and devclopm:nt in

the deciduous dentition cases does not differ from
that to be doscrived in more deteil for the mixed and
permanent dentition serial studies. Ywo points of
interest sbout mandibular growth were however nonted.
One wss the more constant beheviour of the mandibuler
engle in the deciduous dentition cases gs compared
with thet in the older groups which wes verieble in
thies respect. In the twelve ceses observed, &
reduction in the angle occurred in ten. The average
'decreese was 1.9° with a range of 1° - 40, In two
cages no change wae noted snd therec was no cese
showing &n ineresse. Thie is too small a ssmple to

form definite conclusions but the trend shown does
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agree with the observations of Jensen and Palling
(1964) referred to in Pert I (Pege29). The other
aspect elreesdy enticipated in discuesing the mancible
in Part I (Page20), is the remodelling of the
symphysie with the change from the deciducus to the
permenent ineisors, resulting in & more concave
profile of the eymphveie with apparently greater
prominence of pogonion than of point B. This was
noticed to a greater or lesser degree in th: ten of
the eleven cases with records covering the change of
dentition. This change is brought sbout by alveolar
remodelling and apnears to be of a different nature
than the increase in mentsl prominence to be

described in some of the older patients. This letter
process secemad to be more in the nature of a localised
aceretion to the chin rather than & renodelling of the

alveolar process above it.
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zi. Treatment and Growth Chenges in Cages Where
Treatment was Started in the Mixed or Permenent

Dentition.

ntroduction:

The resulte of treatment in the 116 cases of
mesio~occlueion whose treatment waes started in the
mixed or permenent dentitions are divided into two
main groups, 97 "steble" cases and 19 "relapsed and
other cases." The placing of stable in inverted
commas is intended to emphasize the point that will
emerge in the findings that the possibility of relapse
is always present until growth has cesased. Pollow up
records are not yet complete for many of the so far
succeesful treatments in the mixed dentition and
stability cannot yet be claimed with certainty for some
of these cases. The "relapse and other cases" group
includes cases which did not respond to trestment or
whoee treatment relapsed or who were under obseprvation
only.

Individual case histories are not reported but
cases are grouped according to the method of treatment
and dentitional group but angular changes in
individual casee are given in the appendixf The
angular changes after treatment are described in terms
of mean asnguler changes for each appliance and
dentitional group large enough to Jjustify calculastion.
The angles considered and appliances used in treatment
are indicated by the abbreviations given earlier. It

will be seen from Table 31 which tebulates the number

1 Section V.
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of cases treated by the vearious epplisnces that the
majority of the mixed dentition cases were treated by
removeble appliances while the permanent dentition

cases were treated mainly by means of fixed appliances.

Teble 31. Methods of Appliance Treatment in 97

"stable" cases of mesio-occlusion.

WA
Applisnce |URA LRA Funct. CLIP RIMT OMT Miscell.

Mixed Dent.| 62 3 4 53 6 1 1

Perm. Dent. 4 1 8 1 1

Miscell, = combination of verious methods: For

key to cther abbreviations see Pages 151-2,

The detaile of the appliance treatment are not
described as the study is of the changes following
treatment raether then of methods. Following the
consideration of the angular changes in the success-
fully treated cases a general description of growth
changes is given and a comparison is then made of the
angular changes and the growth picture in a group of
treated cases which have been stable over a number of
years with the chenges in the group of relapsed ceses.
Findings,.

The angles examined were those showing chenges
which were considered to be related to the appliance
treatment. The engles have already been enumerated
but they are repeated here for convenience:- Upper
and lower incisor inclinations; the angles SNA and

SNB expressed in terms of the /SNA - /SNB difference
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- A/B difference. The angle of convexity, the Y Axis,
the angles of the occlusal and mandibular planes to
the craniel base and the mandibular angle.

The effect upon these angles of aeppliance treat-
ment ie best illustrated by & simple case, MM17
Plate 10, in which the immediate after treatment

changes are as follows:i-

Age UI LI A/B /Con YAx 0P MnP
Before Treat. 10/3 88.5 88 =0.65 =3.5 64 21,5 £9.0°
After Trest. 11/1 97.0 82 0.0 =3.0 66 17.5 20.5°
P.C. 0/10 4846 =6 40,5 40.5 +2 =4.0 +1. 8
P = time between records. C = change in angular
measurement.

The active treatment consisted in the proclination
of the upper incisors 8.6° and the other engular
chengee followed from this. The spontaneous retroc=-=
lination of the lower incisor is typical and is
probably due to lip pressure following the removel of
the forwerd force from the reverse overbite of the
upper incisor. The positive geins in the A/B
difference, the angle of convexity, Y Axis and
mandibular plene angle, result from the mandible not
swinging so far forward and upward following the
incisal correction, Thie is only & slight movement
in this case and as only 0.5° is involved it could be
considered within the limits of measuring and tracing
error but the increase of +2° in the Y Axis tends to

confirm that some change has occurred. The incresase
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of the mandibular plene engle 1.8° is & reflection of
the same change. The decrease of the occlusal plane
angle by 40 is due to the anterior determinant of the
plane - the tip of the upper incisor - being moved
forward and upward. It may be due also, in some
instances, to vertical eruption of the upper molar
which will also decrease the angle.

The englec of the occlusal plane is also affected
by changes in the position of the upper first molar
following the extraction of deciduous molars.
Extrection of teeth may affect the incisal inclination
as is seen in Case PF10 where following extrection of

» the upper incisal inclination was unaffected but
:hf lower incisor retro-clined 6.8°. On the other
hend Case WMF39, Plate 11, shows & retroclination of the
upper incisors of 7° following the extraction of 4/4.
Relapse however was already occurring in this case and
it cannot be said that the premolar extraction was the
gole or even the prime cause of the incisor relapse.
Extractions of upper tecth in other cases have not
been followed by retroclination of the upper incisors.
Treatment by U.R.A.

The picture of changes in Case MM17, whilst
typical, is not by any means invariable as will Dbe
seen from taeble 32 which shows the mean chianges in the
angleé considered in 62 cases treated by means of &n
UsReAe

The range of the changes is quite large. They
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do not give e strictly accurate picture of the initisl
changes following trestment because in some cases it
wae not poseible to obtain after-treatment radiographs
until some time after the sppliance was removed and a
greater or less amount of after treatment adjustment
had occurred. The second column of mesns and ranges
in Teble 32 shows the after treatment changes as
recorded in further follow up radiogrsphs in 38 of the
original 62 cases which vary in time from seven months
to five years nine months lster,
bl 2e
4+ Mean changes in angulsr measurement, A, in

62 mixed dentition cases trested by U.R.A..

N=62 N=38

A. Mq Ry Ma Ry

UI | 49.3 |+ 2,0 to +19.5 | 47.8 C.0 to +15.0
LI «3:3 =120 " 4 1,5 |=3.6 [=12,0 " 4 1.5
A/B [+lel= 2.5 "™ 4 3.0 | 40.8 [~ 4.5 " 4+ 2.0
Con | +1.6 |= 0.6 " 4 8,0 | 40,7 |= 6.6 " + 8.0
YeAX. | 40:9 |= 1486 " 4445 | 40,7 | = 1.5 " + 4.0
OeFo [=8eB|= 940 " 42,0 |[=1,8 |= 5.6 " + 2.0

MnP +0. 8 |= 4.6 . +3. 0 1-0.3 - 4,5 "o 4,0

N = number of cases. Mi = mean end R1 = range of
chenges after treatment (62 cases). My = mean and
Ry = range of later after treatment changes in 38
of the 62 csases. Aversge time between M, and
Hqg= 2.3 years. Rangeé = 7mths. to Eyrs. 9mths.

The immediate after treatment mean changes show

a proclination of the upper incisor +9.3° and retro-

clination of the lower =3,3 . The extreme figure of
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+19. 5° wes in a case (if4), where the upper incisor
wae retroclinsted at 86.&° before correction. The
extreme retroclinetion of ~12° for the lower incisor
wae in a case (MF8) where the upper centrel incisors
were occluding between the lower centrals and lsasterals
eggraveting the proclination of the former which
therefore corrected a more than asversge amount.

The average positive incresse in the A/B
difference of +1.1° and in the angle of convexity of
+1.6° together with the opening of the Y Axis of
between 0.9°%, hav: been explained in the discussion of
changee in Case MM17. The minue velues in the range
of velues for the A/B difference, angle of convexity
end Y Axis, may be due to adverse growth changes as
for example in Case MFR27, where there wae a treatment
time of 6 months but an interval of 1 yesr © months
between trecings. The engular changes of -1.85° end
-1.0° in the A/B difference and angles of convexity in
this case, reflect an unfavourable growth trend,
maxillary growth being downwerds and mendlbular growth
downwards and forwards, over the period in guestion.

The occlusal plane shows an average change of
~2.8°2 with a range of =99 to +2°., The change of +2°
seen in the range for the occlussl plane wse from
Case MM12 where there was an interval of 2 years 9monthe
between tracings. In this,as in the msajority of
mixed dentition cases, allowance haes to be made for the

mesial drifting of the upper first molars &s it was the
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exception for a patient to present without premature
loss of one or more deciduous molars. The Y Axie and
mandibular plane vary in the same direction with means
of +0,99 and +0.8° respectively. The large positive
values in the renge of +4.5° and +3° are associated
with abnormel paths of closure of the mandibvle from
rest to occlusion before treatment.

The mean values of the angular changes in the 38
cas¢s where follow up records were ottained (Tsble 32)
showed & tendency for the initisl proclinsestion of the
upper incisors to decrease although incereases occurred
in individual ceases. The lower incisors showed e
change to incressed retroclination by a smell fraction,
egain with individual variations. The trend to
increased mendibular prognathism seen in the Cless 111
meterial as a whols in the siudy of meen growth changes
in Pert I is shown in the decrease to 0.7° of the
mean positive gain of +1.6° in the angle of convexity
present immediately after treatment. The angle of the
Y Axis has decreased more often than it has increased
and the occlusal and mandibular plane angles have
behaved similarly.

There is a general tendency for the angles to
elter in the direction of the original angles but with
merked individual variations some of them increasing
the cheanges. As the study of the growth changes in
the Jjaws in the "stable" end "relapsed" ceses will
show, the angulsasr changes, apsrt from the immediate

after treatment chanses. are largelv & reflection of
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growth changee in Jjaw re¢lationships snd it does not
appear as il the effects of appliance treetment will
alter an unfavourable growth pattern. It is possible,
but difficult to prove, that treatment mey influence
the growth pattern favouraebly in border line ceses.
Ceges treated by U.R.A &re illustrated in Plaetes 10-14.
Consideration waes given to an exanination oIl the
question whether the treatment results differed in
cases in Groups A, B, end C. (Part I). It was not
thought that they would as the classing of a case &s
Group A, B, or C does not give an eéxact indication of
the degree of antero-posterior malrelationship which
is more sccurately judged by the A/B difference. A
group A case for example in which the maxillary
prognathism was exectly -18D and that of the m&ndible
exactly +18D, would show & greater discrepancy than a
Group B cease where the prognathism of the maxilla was
exactly +1SD and thet of the mandible was Jjuet over
+18D. To confirm the ascsumption that no difference
would ﬁe seen, the meen degrees of upper incissal
proclination were calculeted for the Group A, B and C
ceses in the 62 mixed dentition UKA cases in Table 232,

The results were as followsi-

Group A Group B Group C
UI Mean proclination 9.3° N=37 9.6° N=19 B.7N=6

end show no significant difference between the groups.
unctional liances

There were four cases, two trested with a reverse
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Andrecen and two with a Bimler functional applience,
(Plate 16). The proelinetion of the upper incisors
wee much legs than in the U.R.A. ceees renging from
+1° to +79.  Lower incisel retroclinetion wee similer
to that in the U.R.A. group verying from 0° to -10, 5°.
Follow up recorde in three ceses 3% - 4 yeers later,
showed little chsnge in the lower incisore with
ineressese in upper incisal angulastion in two cases.
The engle of the Y Axls increased in &ll ceses but the
follow up ceses showed & decresse in the before
treatment engle in two ceses and & modified ineresse
in the third. The chaenges in the occlusel snd
mendibuler planes did not differ from these in the
UsReAe group.

Cast Lower Inclined Plane. (Calel.Ps)

Thie eppliance which is cemented to the lower
enterior teeth wss used in £ cases, in one csse because
of leck of co-operation by & child who would not wear
a removable plste as instructed and in the others
because of the premeture loss of some or gll of the
permenent first molars. The incisal angle chenges
were similar to those in the U.Hi.A. and Functional
Applieance group; the increasee in the proclinstion of
the upper incisor were from +4° to +13° end the retro-
eclination of the lower incisors veried from O.5°,
which represente no resl change of inclination, to
«12°, Th¢ chenges in the other angles were within
the rangee of those in the U.l.A. group. Three cases

were followed up, two for 2=3 yeare and thc¢ third for
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four years. Upper incisal proclination increased

in all three cases snd lower incisal retroclination
increased markedly in one case and decreased in
another. The A/B difference, angle of convexity and
Y Axis showed positive geins in two cases reflecting

a favoureble growth trend eand negstive incresses in

the third, which, despite the unfavoureble trend, has
been steble Ifor four years. Thie last case MF36,

wes also of interest because at the original consultation
the first permenent molars were present but when called
up for treatment all molars Had been extracted and the
patient presented the typical picture on which is
based the "bite of convenience" theory of the cause

of mesio~occlusion and it may be said that no

evidence to support this theory wass found in this

study . A patient treated with a cast lower

inelined plane is shown in Plate 17.

Lower Removeble Appliances.

This eppliance was used in csses where either the
upper or lower incisors or hoth, showed »proclination
before treatment aes in Case MM24, (Plste 18), where
both the upper and lower incisors appeared to be
excessively proclinsted. The results in the three
cases are of interest. In Case MM24, retroclination
of the lower incisors 10° was followed by 8° spont-
aneous retroclination of the upper incisors, negative
increases of 1.6° in the angles of convexity and A/B

difference and incresses in the anglecs of the
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occlusel and mandibulsr plenes. Five yesrs later the
upper incisor wee 8° retroclinsted from its originel
position, whilst the lover incisor hed returned to its
originel degree of proclinstion.

In cese Mi38, where there waes & tongue thrusting
hebit on swa}lowing. the lower incisors were retro-
clinsted 4° end the upper incisors proclinsted 2°,
There were slight negative incressee in A/B difference
end engle of convexity, while the angles of the Y Axis,
occlusel plane and mendibular plane Ffollowed the U.R.A.
group trend. The follow up two yeers five monthe
later shows the incisors sbout halfway bsck to their
originﬁl poaitions.

In the third case MME9, the lower inciesors, whieh
were widely spaced, were retroclinated 109 gnd the
upper incisors came forward +16°9, which wae & larger
chenge in proclination then occurred in many cases
vhere the incisors were proclinsted by sn applisnce.
It must be ascumed thst the lower incisors were
forecing the upper incisors palataslly and thst they
were moved forwerd by tonjue pressure on removal of
the lower irncisor prescure. The follow uvp three
years eight monthe leter showed the upper incisors
relapsed slightly to +12.8°, the lower incisors
remaining stable.

In ell three cases the engle of the Y Axis had
increesed in the follow up trecings, 2.5° to 3° and
the occlusal plane showed a trend beack to its

original angle.
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(*) 1i

Two cases were treated by appliances to proc-
linate the upper end retroclinate the lower incisors
and botia show large initial changes in inclinstion of
both incisors, (rlate 19). The follow-up examination
two years later shnow in one case some relapseé of the
upper incisors end increased proclination of the
lower, whilst the other case showed the rcverse

picture.

(Qbservetione on Extrections in Mixed Dentition Cases.

The problem of extractions did not arise in
mixed dentition cases where early trecatment was
possible as, frecucntly, deciduous teeth had been lost
prematurely and the premolere had yet to erupt. In
8 few cases deciduous cénlines were extracted in the
upper arch to provide epece for the eslignment of the
permanent incisors and in the lower arch to encourage
lingual movement and vetroclination of the permancnt
incisors. Premolear extr.ctions were carried out
later in meny cuses thot attended for follow up
studies as crowding developed with the eruption of the
canines and premolars. These however were not
primerily problems in the appliance treatment or in
the analysis ol the changes following treatment and
80 this has not been discussed in any detail here.)

Fixed Applisnce Trestment.

The Johnson Twin Wire Arch with Reverse Inter-

mexillery Traction:-~ This form of treatment weas

only found necessary for eix patients who had not
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responded to simpler forms of treatment or who were in
e late stage ol the mixed dentition with crowding
developing in the canine-premolar region. In three
cases antero-posterior expansion of the upper arch
with compressed helical coil springs was carried out
in addition to the intermexillary traction. This has
the double effeet or ereating space for the csnines
end premolers and of proclinating the upper incisorse.
Extraction of four second premolars was necessary in
one cuse snd of lower first premolars in another case.
Teble 46 gives the mcan changes in the angular measure=-
ment in 6 cases8 immedietely alfter treatment. Later

records were available for five of these cases.

Table 33,

4 Mean changee in angular meéasurements (A) in 6

mixed dentition cases treated by T.Weld. + R.I.M.T.,

Appliance T, WeA « RoIeM.I
A N=26 N=25§
My Ry My Rz

UL | +8.3 |42.0 to +16.5| +8.3 | +1.0 to +12. 6
LI | =6e3 |=3.0 " = 9.0 | «B,0 |=3,5 " =11.56
A/B | 4#1.6 | 0.0 " 4+ 3.5| 40,9 |=0.5 " + 2.0
Zcon | +1.7 [=1,8 " 4 B.O| +1.3 |=2.5 " + £.0
YeAXe| 4108 =086 " 4 4.0 | 40,6 |=2.0 " + 3.0
O¢Pos | =B3e0 (=66 ™ = 140 | =3.9 |=6.0 " « 3,0

MnP. +1.7 |=1,0 " 4 4e0Q | =0,6 |=3.b "4+ 4.0

N = No. of cases. s =2nd Rz = mesn and range of
changes after trestment. Mz and Rp = mean and
renge of later after trestment changes. Average
time between g ond Mg = 2.4 years range li-4yre.
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The average increase in proclination of the upper
incisor was +8.3° and in retroclinetion of the lower
incisor =6.3%°  Individual casee showed variationsof
from +2° to +15.8° for the upper incisor snd of from
-3% to =90 for the lower incisor. The alterstions in
the other angles showed & similar range to the U.R.A.
group. Follow up records in five casges showed no
change in the mean value for upper incisel inclination,

all cases being relatively steble. The mean value
for lower incisal retroclinstion incressed to -89,
three casee were relatively stable and two showed
increased retroclination. The individual and mean
changes for the other angles resemble those for the
U.R.A. group, the decrease in positive mean increases
for the A/B differences, anglﬁ of convexity and Y Axis
between the first after treatment and final tracings
reflecting a relative increase in mandibuler prog-
nathism, Plates 20 and 21 illustrate treated csses.
Per (®) .

There were 156 "successful" cases. Of these 8
were treated by fixed applisnces, 4 by U.R.A. and 1
by & L.R.A., 1 by a combinetion of & L.R.A. end an
Upper Fixed Appliance and 1 bty Occipito-mental
Traction.

d 1 e Cases

8ix cases were treated Ly 1ntermaxillary tractions

In four of these, extractions were carried out in

both arches followed by retraction of the lower
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incisors and canines. Two cases were also treated
by Antero-posterior expansion of the upper earch with
a Johnson Twin Arch and helical coil springs.

Teble 34 gives the mean changes in angular measure-

ments.

Tegble %4.
+ Mean chenges in enguler messurements (A) in 8
permenent dentition ceses treated by T.W.A. 4+ R.I.M.T.

M = mean. R = range. N = number of cases.

Appliance TeWeAe + ReI.M.T.
A. M. R (N=8)
Ul +6. 3 +0.5 to +9.5
LI -6.4 -1,0 " =2.5
A/B +0.8 0.0 " +2.0
/Con +0.9 -1.0 " +3.5
Y. Ax. +0.7 -1.0 " +2.0
0.P. =33 0.0 " =6.0
MnP +0.3 -1.0 " +1.5

The mean angular change in upper incisal
proclination of +5,3° was less then in the mixed
dentition fixed eppliance or U.R.A. groups, The
mean value for lower incisal retroclination was =6.4°
but thie value is heavily influenced by a marked over
retroclination of -25° in one case, PM19 (Plate 22).
Removing this figure givee & mean of =3.7° gimiler to

thet for the U.R.A. groups and less than that for the
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fixed applience mixed dentition cases. The combined
effect of proclination and retroclination in the
permenent dentition is less than that in the mixed
dentition groupe apart from the results in the
Functional Appliances groupe The changee in (he
other engles resemble those of the U«ReAe group.
Folliow up records were available in only iwo cases
which presented no r'eatures of interest except in the
case of PM19; where the lower incisor retroclination
of -26° had relspsed -8.8%, leaving a net gein in
retroclinaticn of =16.8°.

Upper Removable Applisnce Ceasés.

Four cases were treated by this method. One is
illustrated in Plate 235. The mean value for upper
incisal proclination was +10 and for lower incisel
retroclination =2.5°. |

In the lower Jaw, &8 regerdes retroclination of
the incisors, one case showed no change and incrcases
of =0.8° , -4.5° eand «5° occurred in the other three.
Before analysis of the permanent dentition cases
it hed been thought by the writer that the spont-
eneous retroclination of the lower incisors observed
in the mixed dentition cases would not be found to
the same e¢xtent in the permanent dentition. In the
mixed dentition the four lower incisore were oiten
etanding elone or with only the canines to support
them end thus would be more easily moved by lip

pressure than in the case of the permenent dentition
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with a complete arch of mutually supporting units.
The resulte such ag they aré¢ do not support this ides.
The remeining cases PF40, (L.R.A.) Plate 24,
P.F.38 (Removeble plue fixed upper lingual arch with
finger spring) and PF24 (O.M.T.), present no features
of interest except case PF24, as a successful treat-
ment by Occipito-mental Traction which showed changes
of +8° for the upper incisor and =2.5° for the lower
incisor togethcr with large positive increases in the
A/B difference, +3°, angle of convexity +6.8°, and
Y Axis, +2.8%°  This was not & functional protrusion
case as the figures might suggest, there being no
change in the moler relationship and a "hinge closure"
before and after treatment from rest to occlusion.
The reason for the changes apnears to lie in the
marked vertieal slvsolar developmcut ceen in the
upper molar region and to a lesser extent in the
lower incisor region, indicating overclosure before
treastment with marked upward and forward travel of
the chin.
Sumnarye.

LChanges following spplience trestment.

The effects of appliance treatment when

evaluated by an analysis of the angular changes
following appliance treatment in 97 cases of mesio=-
occlusion irrespective of the method of treatment,

differed only in degree and showed the esme general

picture which wes es follows:=-
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An increased proclination of the upper incisors
and en inecreaesed retroclination of the lower incisors.
There were positive increases in the A/B difference
end angle of convexity, usually shown as a reduction
in the negative values for these angles. The angles
of the Y Axis and mandibuler plane were incresseed end
the angle of the oecclusel plane was decreased.

Follow up studies in 57 of the cases treated. showed
on the svers e a high degree of stability as regards
the alterations in the upper and lower incisal
inclinations, but there was a trend to a return to the
before treatment values in the other angles. The A/B
difference showed less average relapse than the angle
of convexity reflecting a relatively greater increese
in bassl than alveolar mendibular prognathism which
egrees with the findings on growth in fart z.

Individuel ceses varied in the direction of
chenge after treatment which is the resultant of the
emount and direction of growth. Some cases showed
continuing inereasee in the angular changes resulting
from treatment whilst others showed little change or
e retern to the before trestment values or even a
change in the opposite direction. These individual
varistions show that the bessic pattern of growth has
not been altered by appliance treatment and that where
this is unfavoursble it will nullify any improvement
in mandiktuler position effected as & result of the

occlusal re-ad justment. This is not to deny the
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helpful influence of trestment wvhen the growih
pattern is basicelly favoureble. The influence of .
- growth upon the etebility of the chenges eifected by
applience trestment is considered more fully in the
section 11l where a comparieson is mede between stable
caces and caees that have relspsed. Occlusal chengee
were the correction of the reverse overjet and over-
bite and epproximetely one cese in five showed en
improved moler occlusion which implies that in the
majority of ceaees there was no functional protrusion
of the mendible.

2. Summery of changes due to growth.

Observations have alreedy been made on some of
the changes due to growth in the case reports in the
deciduous dentition cases. The general picture
obtained of facial growth by superimposition of serisl
tracings on the crenial base reference line is of a
downward end forward movement of both jaws relstive
to the cranial base, with increases in the verticsl
height and antero-posgterior depth of the face.
Individual cases vary both in the amount and general
direction of growth. In the majority of cases &
constant angular relationship is maintained between
the maxillsry plane and the eranial base although
individuval veriations were seen. The occlusal and
mandibular planes very following occlusal adjustment
end & decreased degree of closure of the mandible.

Changes in the direction of mandibular growth as
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indiceted by alterations in the sngle of the Y axis
also occurred independently of esny incresse that
might be shown immediately after trestment due to
occlusal changes.

Superimposition of the maxillary and mendibular
outlines by the methods described showed the same
individuel variestion in amount and direction of growth
as wes seen in the overall picture. Maxillary growth
wes forward (or horizontal) with a varisble amount of
inerease in alveolar moler, and alveocler inciesal,
height. The vertical descent of the maxilla &g seen
in the overall picture occurs mainly because of
growth above the level of the maxillary plene which
descended in relestion to the cranial base. The
mandible showed increases in the horizontal direction
in the body of the mandible and inercases in vertical
height from the condyle to the angle. Iocalised
remodelling of the symphysis was seen in several
caseée producing a grcater prominence of the base of
the chin relative to the alveolar region of 1ihe
symphysis. This remodelling is referred to &s
"symphyseal accretion", and as mentioned earlier,
differed from the remodelling seen in the deciduous
dentition cases. The mandibvuler angle was unchanged
in some cases and increased or decreased in others,
changes of from =8.8° to +3.8° being recorded. The
majority of cases showed marked vertical alveolar

growth in the moler and incisor regions. The various
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combinstions of maxillery and mandibuler growth
patterns csn be seen in the tracings of the cases in
the illustrative plates of treated cases in the

appendix. Section III.
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IIT. A comparison of the treatment and growth changes

in a egeries of relspsed csses with those in s series
of successfully trested cases.

The 19 cases which relapsed or were unsuccessfully
/treated have been analysed and compared with ten
succesefully treated cases of whieh half have been
stable for over five years, four for over four yesars,
and one for nearly four years. The purposeé of the
comparison being to try and determine the treatment
and growth fectors that make for stability or relapse
or feilure in treatment. In this latter respect, as
already noted, there were nine cases in the cliniesl
material which were adjudged untreatsbls by
Orthodontic meens and which were referred to the Oreal
Surgeon for edvice as to the possibilities of surgicsl
correction. Theee cases heve not been discusseéd es
it wss thought more profitable to examine the cases
which were judged clinically to be treatable by
Orthodontic means but which turned out to be untreat-
eble or in which partial success only was achieved.

The csses under the heading "Relapsed"
consisted of 3=

1. C.R. cases which had been successfully

treated and were stsble for a pariod before

relapsing completely.

2. P.R. successfully completed cases which

were stable for a time and then partielly

relapsed to a steble position.
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3¢ Us.S. cases in which treatment was
unsuccessful despite the patient's co-
operation.

4. Q. cases which were under observation
only and showed an increase in the degree

of mesio-occlusion.

The number of cases in each category was:-
9' P.R. £y U.Se. 2y, and 0. &.

The cases were compared by tabulating the

following data:=

1. The A, B, C, group ("differentiasl analysis")
Part 1.

2. The ege at the first and final exam=-
inations and the period of observation.

% The method of appliance treatment.

4, The original A/B difference, the angle
of convexity and the angle of the Y axis.
6. Angular changee during the period of
observation. These are recorded as the
difference between the original measurement
eand the lest recorded measurement - the

net angular change.

The results are shown in Table 35, stable cases,

Teble 36, female relapse and Teble 37 male relapse

cases. Teble 38 comperes the mean net angular

changes in the stable and relapse groups. Stable

casses are illustrated in Plates 13, 18 and 21.

Relapse cases are illustrated in Plates 11 and 25-28.
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Data for 10 8table Cases.

grouping.

of Observation.

195.

I.Ge 8nd F.G. = Initial and Final ABC

App. = Appliance employed.

leAe 8nd F.A, = Initiﬂl AS' and Fiasl Ag.-

Orig. = Original,

P.O. = Period

Key to abbreviations for aengles and sppliances given earlier in text.

Case No | MFl. MP4. MFS. MP37 MP43 MP48 NS4 MM21 MMB6A MMB6
1. I. Group| A B B A B A AY A B A
F. Group | No changs.
2. I.A. /- 8/¢% 8/2 9/2 9/11 8/11 8/= 7/10 8/8 11/1
F.A. | 11/1 13/D 13/8 13/9 14/8 14/3 13/6 18/1 18/6 16/B
P.0. 4/1 ®/1 8/6 4/ 4/9 8/4 5/6 b5/5 4/9 3/8
8. App. | CLIP URA. R.A. URA. URA. URA. LRA. TWA. URA. TWA.
4.0rig. A/B | =B.6 0.0 =2.0 40,5 =2.0 41.0 +1.5 +1.5 =1.5 =d4.6
"l0on. | 4.0 «1.6 =8.0 1.5 =8.0 42.0 43,5 8.5 «=3.5 7.0
Y Axis | 63.0 64.5 60.0 66.0 68.56 67.0 62.6 60,0 61.0 63.0
. Net changes in engular readings between I.A. and F.A.
U.I. +13.0 47.5 +44.8 +6.0 +M4.5 =3.3 -6.0 +120 40,0 +28.5
Lele |=2.5 2.0 #0.56 4,0 «9,0 =4.0 =0.5 =i0.5 =7.5 +1.5
A/B  |#4eB +1.B +1.5 =2.0 «1.0 3.0 «1,5 =1.0 0.0 +0.5
Joon 45,0 «2.8 40,5 «B.B =50 48,0 =0.6 =5.65 40,5 =2.0
Y Ax. 0.0 «1.5 =1.0 0.0 «0.5 43.0 +3.0 +0.5 40.5 +3.0
0.P. “4e0 «B.0 «2,8 =2.8 «2,5 +1.5 40,5 3,0 3.0 «3.5
MnP. 4.0 =3.0 =4.5 =2,0 =3.5 +1.6 40.6 0.0 <1.6 +1.0
Mn/ “1e6 ~4.0 =2.F =B, 0 =3,5 3.6 0.0 =~1.6 1.0 0.0
MxP 0.0 41,0 =0uB 1.0 «0.65 +1.5 +83.0 =1.0 3.0 +2.0
Note: ” A+ = Mx ) +18D Mn ) +18D.
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Date for nine relapsed ceses (female). I1.G. and F.G. =

Initial and Final ABC grouping.
Final age. P,0. = Period of Observetion.

lI.A. and F.A. = Initial age and

App. = Appliance employed.

Orige = Original. Key to sbbreviastions for angles endesppliances and

degree of relppse given earlier in text.

Case No MF10 MP13 MF18 MP22 MF39 MFB6 MF66 PP7T PF31)
Relspse C.R. C.R. ] PsRs CsRs UsBs P.R. C.R. C.R.
1. I.G. B B B B B B B A B
F. G, B B B B B B B A B
B¢ Xads 7/8 9/11 13/~ 10AO 8/2 8/10 8/ 9/11 8/9
F.A. 13/2 18/1 16/~ 18/2 18/7 12/8 13/7 16/3 14/7
P.0O, 4/11 3/2 3/= 5/4 6/6 3/10 5/4 §/4 65/10
3. App. URA. UR.A, 0. H.RA URA. OMT. URA. URA. LRA.
4.0rig. A/B  +1.8 4.0 06 =B.6 «1.0 ~4.0 0.0 +0.5 =3.5
"/Gon 47,0 =9.5 =4.0 =140 =B.5 =9.0 2.0 0.0 =9.0
" Y Ax. 63 63 65 66 63. 6 60 63 68 59
6. Net changes in angular readings between IL.A. and F.A.
U.I. “8.0 49,0 45,0 41,85 2.0 8.5 4100 +83.5 +3.0
L.I. +3e8 =2,0 =1.0 =B.0 8.5 ~6.0 ~2,0 <11,6 =6.5
A/B 0.6 =1.6 2.5 «1.0 «3,0 =2,0 ~4,0 =3.5 =2.0
/Con “B.6 =88 B0 8.0 B8 <=BO 9,0 9.5 «B.0
Y Ax. 0,0 4146 =1.56 =06 =1,0 0.5 =1,0 «1.5 =8.0
0.P. 1,0 =1,0 «2,0 «3.5 «6,0 =2,0 =1.5 =0.b ~8.5
MnP 5.0 +1.5 0.0 =B8.5 42,0 43,0 =2.0 =1.5 =3.5
¥Mn/ -3.0 0s0 1.8 =2,0 48.6 =0.5 ~4.0 0.0 =4.0
MxP “0.5 «2.0 +1,0 40,5 40,8 ~1.0 +2.0 +2.5 +1.6
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Data for 10 relapse cascs (male).

I a! le g?.
Initial and Final ABC groups.

I.G. and P«G. =

I.A. and F.A. = Initial Age and

Final Age. PoO. = Period of (bservation. App. = Appliance
employed. Orige. = Original. Key to gbireviations for angles,
appliances end degree of relapee given in esrlier text.
Case No. | MM11 Mi18 MM22 MMR9 MMO3 MM43 WM62 PMBA DPu8. PM11
Relapse. CeRs Q. UeSe Qe PeRe CeR. P.Rs C.Re CeRe PeRe
g als Ay o4 A B B A A A At B
F.G. Mn+ A B B B A A B B B
2. I.A. 10/8 10/8 18/7 11/ 9/1 7/10 10/4 14/4 14/4 13/7
Fehoo 18/5 13/4 17/8 14/6 18/8 18/1 1&/4 17/9 17/2 17/9
P.0. 4/7 2/8 4/i /1 4&/7 §/5 &/= B/5 2/10 4y2
3.  App. URA. O. RIMT O, URA. URA., RIMT RIMT RIMT RIMT
4e Orige A/B | =065 4148 =ief =246 =2.0 =1.0 =1,5 =3.0 =4,0 =2.5
ZCon. | =40 48,5 =4.0 =115 =5.0 =1.0 =4.0 =~8.0 =120 =7.0
Y Ax. 69.0 7B.0 68.0 67.0 61.0 64.0 70,5 55.5 64,0 68.5
8« Net changes between I.A. and F.A. in angular readings.
UeIs 7B +5.5 46,0 =4,0 0,0 «1.0 410.0 =2.0 +3.5 +6.5
L.I. “lef 4645 =4.0 . 00 =1,5 =9, =5.0 0,0 =-8,0 0.0
A/B. «4e0 ~0e6 =8.0 =06 =1.5 0.0 =0.5 =2,0 =3.5 =0.5
/Con. =100 =2e8 =80 =2,5 =8.5 =10 =2,5 =7,0 =7.0 =1.5
Y Ax. =20 40,80 =8.0 =08 =2,0 43,5 =1,0 «0.5 0,0 =1,0
0.P, 46,8 =2.0 =6.0 4845 4145 =2.5 =6,0 =2.0 «1,0 =106
MnP *2:0 4140 =153.6 =0eb +0s5 =50 =2,5 =3.0 0.0 =2,0
Mn/ +1e6 40,85 =0.5 =2,0 =26 +3.0 =1.0 +1.0 +1.0 +0.5
MxP #4200 0.0 =1.5 +1.56 0e0 ~2,5 =0,8 +1.8 =1.0 =1,0
Note: * A+ = Mx M4+ 18D. Mn >4 18D: “x-ne = ux (-18D in D+18D




Table 38,

Mpan net angular changes in 10
8table (8) and 19 Relepse (R) ceses over
the period of observaetion, P.0..

UeI. LeIs A/B. /[Con Y Ax O.P. MnP, Mn/ Mx¥.

S (10) 4649 =5.0 40,8 =1.0 40.7 =2, 1 =1.8 =1.3 40,9

R (19) +2.4 3,0 ~-1.2 ~4.8 «0.6 «2:.0 «1.7 =0. 5 +0.2
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Findings.
Comperison of Mean Net Anguler Changes.

The incisal changes are smaller in the relapsed
group. The A/B difference shows a mean negative
increase of -1.2° compared with a mean positive
increase of +0.8° in the stable cases. The most
marked difference is in the mean angle of convexity
which has increesed =-4.8° in the relapsed group
compered with -1,0° in the stable group. The Y axis
shows & slight positive change in the stable group
and a slight negative chenge in the relapsed group.
The occlusal plane angle,mandibular plane asngle gnd
the mandibular angle all show a decrease of varying
degree in both groups. The maxillary plane angle
shows & positive change in both groupe greater in the
stable group but both under 1°,

As in all the other compserisone made of the
materiael in this study, the picture given by the mean
values of a measurement for any group is contrsdicted
in one respect or another by the individuals making
up the group. The mean value of any character
measured is comperaeble to Ideal Normal Occlusion, a
useful fiction not to be confused with reality. It
is true that individuals will be found displaying the
meean value for one or two measurements but to find
any number of mean values occurring in one individusl
is highly improbahle. It is the combination of all

the variations in the perts and relationships
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measured that produce the individual pattern in all
its infinite variety.

A study of the individual ceses brings this out.
The one consistent feature in all the relapse cases
isa a negative increase in the angle of convexity
varying in degree. For any other velue exemined
there is alweys at least one individual who does not
conform to the general pattern. This applies as
much to the steble ceces as to the relapeed group.
Cases MF43 (Plete 13) and MP48. have both been stable
for over 4~b6 yeare and show no signs of relapse,
having come safely through the pubertal growth spurt.
The net angular chenges in these cases are in marked
contrest. Except for an increased retroclination of
the lower incisors in both cases, every other angle
shows an opposing value.

The consistent negetive incresse in the angle of
convexity in all cases in the relapse group was
regarded as the most significant finding pointing to
an increasse in mandibular basal prognathism relative
to maxillery prognathiem as the primary factor in
relapse. This increase in mandibular prognathism
relative to mexillary prognathism with age, is, as
has been mentioned, a feature of normal facial growth,
Bjork (1947), Lende (1962). It prompte the suggestion
that the fault in Class IIL relpases is an exaggerstion
of a normel trend (Braccesi and Lucchese 1958)

produced either by excessive mandibular growth or by

normal mandibular growth and deficient maxillery growth,
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These possibilities were investigseted by firstly
comparing the Ay, B C grouping (Differentiel Anelysis
Part I ) of the Relapsed end Stable csses at the
beginning and end of the observation period and
secondly by the study of growth in individuel stable
end relapsed cases by means of the superimposition of
.serial tracingse.

The A, B, C group assesement showed in the
steble group, 6 group A (femele 3, male &), 4 group B
(female 2, male 2) with no change in individual
grouping over the observation period. In the Relspse
caseg the initial grouping was:- Female; 1 Group A,

8 Group B and Male; 7 Group A, 3 Group B. Class~
ification at the end of the observation period showed
that in the femaleées no individuel had changed groups
but in the males three Group A cases had become

Group B cases and one (Case MM1l, Plate 26) fell into
the extreme group of mexillary-mandibular malrelation-
ship (Pﬁrt I Page 1) making the distribution & Group A,
6 Group B and 1 Group, "Maxilla {-1SD and Handib1ﬁ>+1sn".
These findings confirm the clinical impression already
mentioned as to & greater incidence of Group B csases
in the female mixed dentition group in this study end
more important it confirme the pointer given by the
comparison of the meane in the relapse and stsble
groups to a relative incresse in mandibular

protrusion being the cause cf releapse. Thie of

course does not rule out maxillary deficiency as a
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contributory factor. The female relpase cases
elready showing & mendibular protrusion (Group B)
initially could not necesserily be expected to show
any further change of group if mexillary growth is
still sufficient to keep the degree of maxillary
prognathism within 418D. On the other hend four of
the scven male CGroup A cazseés showed s worsening in
maxillary-mandibuler relationsbips merked enough to
be detected by the reletively coarse standard of +18D.
An exeminction of the before treatment measure-
ments for A/B difference, angle of convexity, engle of
the Y axic end degree of revaerse overjet and overbite

feiled to show any consiegtent difference between the

stable and relapse group or between the different

| differentiate for instance vetween the case that was

caetegoriez of "relapse" within the raelapse grouv.

There was nothing ia the angular messurements to

corrected and gtable for 3 years and then reslapsed |
end the casé which was corrected with greet difficulty
and relapsed immediately.

Considerstion is therefore given to the amount
and direction of growth in individusl cuees in the
steble and relapse giroups to see if thege factors are
the céuses of succéss or Ifeilure.

Growth Chenges in Stable Caseg.

These are the casSss shown in Table 36 together

with other illustrative csacses. For convenience, ayges

in years and monthse are indicated as in the tablqa;

€.gs 6/4 = six years four months.
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QQQG MF1l.
Growth record: 7/0 - 8/4, slight general

incresse both jawe. 8/4 = 9/10, more marked growth,
9/10 - 11/1, little change. The general picture is
of downward and forward growth with maxille and
_mandiblc showing proportionate increases,
Case No. MP4.

8/9 - 11/10, marked forward growth of the maxilla
end mandible. 11/10 - 13/10, slight forward growth
of the maxilla with mandibular growth more vertical
than forward with reduction of the overbite. The
angle of convexity has increased due to accretion at
the symphysis.

Case No. WFS.

8/2 - 11/1, marked maxillary snd mendibulex
growth. 11/1 - 13/8, slight growth in either jaw in
marked contrast to the first period.

ase NOo. 37

9/2 - 12/6, moderate amount of maxillary ahnd
mandibuler growth. 12/5 - 13/9, moderate maxillary
growth with more marked mandibular growth with an
ineresse in negative A/B difference but the occlusion
remained stable.

Case No. WF43. (Hate 13)

9/11 - 12/8, proportionate mexillary mandibular
growth. 12/8 - 14/8, slight msxillsry growth with
fairly marked menditular growth forwards end

vertically. Despite thie unfavoursble trend sghown
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by the marked negative increase in the angle of
convexity, the occlusion remained stable, a factor in
the stability of the case may be the amount of back-
ward displacement of articulare.

Cgse No. MP48,

8/11 - 11/10, mexillary growth forward and
mendibular growth more downward than forward. 11/10-
-14/3, very slight maxillary growth with some
mandibular growth but markedly less in either,
compared with the first period. The pattern in this
case contrasste sharply with the previous case MF43,
the engle of convexity showing & positive gain of &.5%

ase Pla 18).

8/0 - 11/10, proportionate growth in both jaws
more vertical than horizontal in the mandible.

10/10 - 13/6, slight growth in both jaws with marked
vertical mandibular growth.
ase No. MM21,

7/10 - 11/86, general growth of both jaws but
greater in the mandible. 11/5 = 13/1, no perceptible
maxillary growth, some mandibular growth downwards and
forwards.

Case MM36A.

8/10 - 13/6, slight growth in both jaws. 10/4~
-13/6, marked growth proportionste in amount in both
Jjaws.

a . . Plate 21
11/1 - 13/0, little change noted. 13/6 - 16/3,
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marked growth in both jaws.

Growth picture in illustrative cases not included in

the series of 10 stable cases in Teble 35.

e . 69 Pl 1

10/3 - 14/3, proportionate growth of maxilla and
mandible with mandible showing more backward than
forward placement.

€ . y & (Plate 10).

10/3 - 14/2, proportionate growth both jews with
some tackward placement of articulare, symphysesl
remodelling.

ase No. MM61, Plate 20

10/6 - 13/11, slight growth in either jaw and
little backwerd displacement of articulare compered
with MM17 (Plate 10).

Case No. PF3. (Plate 25).
No obvious growth 1§/3 - 16/6.
ase No. PF40. (Plste 25).

Slight growth 13/4 - 17/0.

Case No. PM19. (Plate 22.).Growth incrememts 16/4- 19/10.

I h és in lapse Series
1, C.R. Cases showing complete relapse.
8 . 10

Correction etable 7/3 - 11/0 (epprox.) relspsed
between 11/0 - 12/2. Tracinge 7/3 - 9/6 show slight
growth of mexille with marked downward and forward

growth of the mandible.
Case No. MF13. /
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Cese No. MF1S.
9/11 - 10/9, slight growth in either juw.

10/9 - 13/1, slight maxillery forwerd growth,marked
mandibular growth downwards and forwards associsted
with releapse.

Case No. MF39, Plate 11.

8/6 - 11/6, generel maxillary and mandibular
growth correction steble from 9/1 - 11/6. 11/6 - 13/7,
very slight maxillary growth, the mandible shows
continual downward and forward growth with marked
accretion at the symphysis. Incisor occlusion
relapsed.

€ . S

There wae & previous history of correction and
relapse by the patient's own dentiste. Recorrected
by age 8/6, relapsed again to an edge to edge bite by
the age of 10/10. Growth: 7/10 - 10/10, moderate
mexillery growth with more merked mendibular growth
vertical and forwards. 10/10 - 13/1, slight
maxillary growth with marked mandibular growth. The
mandibular angle opened 3° without any marked
poeterior movement of articulere and therefore the
incresse in overall length due to this was felt mainly
anteriorly. The bite rel apesed from edge to edge to
a reverse overjet and overbite.

Case No. Pu8.

Correction followed by quick relapse. 14/4 =
17/2, negligible maxillary growth moderate mandibulsr
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growth, less from 16/6 - 17/2 then from 14/4 - 16/6.
Case PMBA.
Incisal ocelusion corrected and stable 13/3 -

14/4; post-treatment cephalometric records only were
eveilable and show the following growth picture:-
14/4 ~ 16/7, forward mexillary growth, mendibuler
growth more vertical than horizontal but the resultant
was more forward growth then in the maxilla with
relapse of the incicor overbite. 16/7 - 17/9,
negligible mexillary growth, mandibulaer growth slight
presenting a similar picture to Case PM8.

Case No., PF7. (Plste 27).

9/11 = 11/11, moderate growth both jews. 11/11 =-

- 14/2, moderate mexillary with merked mendibular
growth associated with relapse. 24/2 - 14/3, no
maxillary growth,slight verticsl mendibular growth.
Case No. PF3l1. _(Plate 285).

Stable after correction from 9/6 - 11+, having
relapsed by 12/6. The radiogreaph at 8/9 was not
taken in the cephealometer and cannot be used for
linear comparisons. 12/6 = 14/7, slight maxillary
forward growth compared with mandibuler forward
growth, which itself is not marked, suggesting that the
main spurt in mandibular growth occurred before 12/6.

& Q. 11, Plate

Treatment started 8/6 and continued until 10/8,

correction being obtained with difficulty and

relapsing almost immediastely. Cephalometric records
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of relavee only. 10/8 -~ 13/4, slight mexillary
growth with moderate mendibuler growth more forward
than downward. 13/4 - 15/3, maxillasry growth slight
marked verticel mandibular growth with opening of
mandibuler angle, the forward component of vertical
growth resulting in an increase in the reverse
overjet.

2. PR Growth Pi re in Case ng Pertisl
Relapse

ase No. M .

8/% - 12/6, general maxillary and mendibuler
growth with that of the mendible relatively greeater,
symphysesal accretion incressing the negative angle of
convexity, but the occlusion was stable. 12/6 = 13/7,
negligible maxillary growth and mandibular growth
marked verticelly with no forwaerd growth, accompanied
by a chenge in the incisal relaetionship from an
overjet to an edge to edge bite of the incisors with
retroclination of the upper incisors.

Case No. MF22,

Treatment slow, with some relspses. An edge to
adge bitc was achieved 14/8, which was stable at 16/2.
Growth picture; 10/10 - 12/2, elight growth in either
jaw. 12/2 - 14/8, general growth more marked in the
manditle. 14/8 - 16/2, negligible maxillery growth,
8light mandibular growth.
Ceee No. MM33e

No cephelometric record of éorrectad condition &t
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9/11, but relapsing by 10/11. Growth record;

9/1 -~ 10/11, mexillery and mandibular growth with that
of the mendible relatively gresters Incisor bite
relepsed from overbite to edge to edge. 10/11 - 12/8,
glight growth in either jaw, incisor bite steble.

12/8 = 13/8, slight maxillary growth with relatively
marked mendibular growth. Incisor bite relepsed to
reverse overjet but no reverse overbite therefore not
regarded as complete relapse.

Case No. MM62,.

Correction by 11/9 with an overjet but no over-
bitg. Growth picture; 10/4 - 12/4, proportionste
maxillaery and mandibular growth. 12/4 - 14/0, slight
growth in both jaws with that of the mandible greater.
14/0 - 15/4, negligible maxillary growth with merked
mandibular growth and accretion at the symphysis.
Incicsor bite relapeed to slight reverse overjet.

Case No, Pull,

Correction with cverjet and overbite 14/6.

Growth record; 13/7 - 15/11, genersl growth of both

jews with merked vertical growth in the mandible.

The incicsor bite rcmeined stable. 156/11 - 17/9, no

perceptible increase in maxillary growth forwerds with

marked vertical and siight forward growth of the

mandible. Incisor bite relapsed to edge to edge.
lapse e

S uccessful E8e

Cese No. MFES. /
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Case No. MFEE&,

Ocecipito-mental traciion applied for 18 months
without success and referred for surgical correction.
Poor prognosig initislly. Growth record 8/10 - 12/8,
small smount of mexillsry growth with an average
amount of mandibular growth.

Cage Noe HM22,

Considersble previous trestment to proclinate
21/12 without success. Some success achieved with
fixed appliance followed by immediate relapse.

Growth; 13/7 - 15/9, poor maxillery growth, good
mandibular growth. 16/9 - 17/8, negligible maxillary

growth with eome mandibular growth.

4. O. Caoges under cbservation only.
' Cage No. MF_18.

Mesio~occlusion with normel overbite and
congenitel absence of 173. The incisal overbite
changed to an edge to edge occlusion over the
obgervetion periods Growth record; 13/0 - 16/0,
selight mexillary growth with positive mandibuler growth,
most marked vertically.

se No 18

Mesio-occlugion with normael overjet and overbite.
Decreased overbite during the observetion period.
Growth record 10/8 = 13/4. There wee horizontal and
vertical growth in toth Jjaws but more marked in the

mandible.
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gse No. MM29, 1

8light mesio=occluecion with normel overjet and
| overbkite. Disasppearance of overjet and decreesesed
' overbite increused mesio-occlusion during observetion
pericd. CGrowth record; 11/6 - 14/6 forwardé maxillary
growth with marked mandibuler verticel growth but
little horigzontal grovth snd symphyseal accretion.

Suaaary and Discussion.

The comparison of growth in the two groups made
on a subjective basis shows differences of sufficient
degree to be detected by this nethod of assessment. |
The principal factor appears to be the relative
anounte of maxillary and mendibuler growth taking
place over any period. Exeminetion of the etable
caseg showe a Talrly consistent pattern of joint
ectivity or relative quiescence of growth. Théere is
& tendency for menditular growth to be greater than
maxillary in the later perliods. The patterns of
mexillery end mesndibular growth in the "relepse"
groupe show a much lesser degree of synchronisation.
In the esrly periods both jaws ere growing equally.
As time passes maxillery growth slows down consider-
ably or becomes negligible in the majority of cases
whilet mandibular growth pereiste,. This resuits in
a greater discrepancy in the relative amoints of
growth in the jaws than occurs in the stable cases.
As already mentioned, some linereases in mendibuler

prognathiem reletive to that of the maxilla in the
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later stages of growth is pert of the normsl develop-
mental pattern, Bjork (1947), Lande (1962). The fault
in the relapse cases may be a premature slowing of
maxillary or a delayed slowing down of mendibular
growth or a combination of these factors. That a
deficient growth potential in the mexilla may be a
greater factor in some cases 18 suggested by Case No.
MF6b6, & Group B casey which showed markedly below
average increments of maxillary growth from the e_e of
8/10 onwards, ( Tsble 36)s It will e recelled thet in
Group B cases deficient vertical and antero-posterior
mexillary growth comuaonly occufs.

The site and direction of mendibular growth plays
e part in determining the etebility of the recsult.
Cese MF43, is a stable cese, (Plate 11) but the engulep
changes suggest & relapse. This cese shows marked
mandituler growth but at the ssme time &s gnathion hes
moved downward end forward, erticuvlare has moved down-
ward end backward to & grester extent than is seéen in
other cases; ¢€.g. Case No. PF7., (Plete 27) which is
& relapse case. The smount of horizontal and vertical
growth of the manditle veries. In some csases i1 1is
proportionate and in others one predominstes over the
other. It was shown in Part I that in both Neutro=-
occlusion and Class III mean mandibuler height
increased more than horizontal length.

In Case No. PF31, (Plate 25) horizontal growth

eppears to be the major fector in producing the marked
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relapse. Where verticel growth is predominant, the
effect ile to reduce the overbite rather than increase
the antero-posterior discrepeancy. This is well shown
both in the stable and relapse casss, Decreasges of
overbite of varying degree associated with narked
increeses in the vertical component of mandibular
growth were seen in Cases MF4, MM29 and PMll. In
CaseiF4 there was still an overbite but in the other
cases the blite became an edge to edge. Thie is
clearly agsin a matter of degree and is aen exaggerastion
of & normal developmental process.

The remodelling of the symphysis termed "Symphysesl
Accretion", previously mentioned, increeses the
negative value of the angle of convexity and was seen
in & number of ceees both eteble and relapsed and
does not appear to be a casuel {ector in relapse. |

|

The time of relapse was of interest tending to
occur later in boys than in girls and to be associsted
in several ceses with the adolescent growth spurt.

In girls relepse appesars to set in around eleven yesrs,
Cese MF39 (Plate 11i) is & typicasl example. ‘The
incisor correction remained stable for over three
years, relaspeing coincident with the general physical
pre-menarche development, maxillary growth over this
period being negligible, whilst mandibular growth was
marked.

A similar picture was seen in Case MF10 which

again wes stable for three years, relapse occurring
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' between 11 snd 12 years. During this period the

patient's mother remarked that she hed to refit her
with clothes every qua:rter.

¥here relapse occurred in boys after & period of
etebility the age of onset was later around 13 - 14
yeers, as in Cases PMSEA and MM62. Not all the
relapse cases were associated with relapse at the
adolescent period following a period of stability.
Several cases relapsed immediately such as Ceses No.
MM1l, HM43, snd PM8. In these cases there waes
nothing to indicate that the basal malrelationship waé
too great at the start of treastment to permit of a
stable result. In thoee ceses where records
ccvering the period were avaeilable such as MM11, &
marked worsening occurred during the period of
adoleseence.

The general picture of growth in hoth the stsble
end relapse cascg suggests a relationship with
adolescent development. The periods of most asctive
growth in both Jjeswe over the period observed (approx.l
8 = 17 years) tended to occur earlier and die out |
eardier in girls than in boys. Complete serial
studies are not available and accurate figures cennot|
be given tut the few cuses observed in the older age |
groups suggest thet by 15 years or earlier the
adolescent epurt as regarde Juw growth had finished
in the girls, (Plate 24), maxillary growth exhausting

itself eerlier thsn mandibuler, where-es in the
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boys, maxillaery growth is teiling off by 16 - 16 yesars
and mandibular growth is slowing by 16 - 17 years.
 (Plates 22, 28) It must be stressed thet these are
only observetions on a few cases and no generalisations
are veing mede. It is suggested that individusl
studies of growth over this period in normal and
abnormal occlusione would be of value. Tenner (1968)
comments on the relative lack of orthodontic studies
covering thie aspect of facial growth. He statec
that there is little doubt that an adolescent spurt
occurs in most faclal mesgurements and that it is |
greatest In the mandible, the maxille accelerating
elightly. Figures given by Tanner for the aversge
onset end duration of the spurt in height at edol-
escence are 10} ~ 16 yeare in boys with a peak et :
sbout 14 yesrs and 9% - 14% yeare in girls with a !
peak at 12 yesars. The observations made on maxillary
and mendibular growth fit approximetely into these
periodss i
A further matter for investigation in relsation to
facial growth is the relative influence of the
gonadotrophic hormones upon cartilaginous as opposed
to appositional and sutural growth of bone, the
. former being the prinecipal factor in msndibular aend
the letter in maexillary growth. The relstively
greater mandibular than maxillary growth during the

adolescent spurt ie presumebly a matter of horwmonal

control and appears to be the eritical factor in
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determining stsebility or relspse. Confirmatory
evidence is seen in the merked response to trestment
often seen in disto-occluegion cases during this
periode. iere the relstively grester mandibular
growth is & major factor in successful treatment.

Enowledge of the imminence of the adolescent
spurt wou'd be of advantage in the timing of ortho-
dontic treetment senerelly and it would be of interest
to know whether there is any clinical test by which
the commencement of the pubertal hormonal secretion
cen be detected.

clusions., Comparison of "Relepsed"snd"Steble"Case
‘e The principsl factor in the relapse or

unsuceessful treastment of mesio-occlusion wes &an
unfevourable maxillery-mendibular growth pattern :
resulting in en increesing degree of malrelestionship |
with age.

2¢ A marked wormening occurred during the
edolescent growth spurt causing relepse in cesecs where
e stable result hed been obtained and making unsucecess-
ful cases untreateble by orthodontic means. !

3s No diagnostic criteria in terms of the
cephalometric analysis could be esteblisghed to
differentiste the stable group from the relapee groupi
befor: treatment.

4. The prineipasl Tactor in ensuring etevility

of the treated result is a favourable growth pattern.

O« No evidence was round in the study orf the
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growth of the jaws in the treated cases to suggest tha#
orthodontic eppliance treatment had any effect on the :
besic growth pattern.

6. The type of appliance used in treastment was
not a factor in the stebility or relasnse of the

treated case.
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Summery end Conclusions. Part Il.

A clinicel and roentgenographic cephalometric
eanalyeis hes been made of 139 cases of mesio-
occlugion, (Angle's Clase I1l malocclusgion). Nine
ceses were ajudged untreatable by Orthodontic means.
Seriel observations have been made of the changes in
eangular relationships following Orthodontic treatment
in the remaining 130 which were grouped as follows,
tased on the dentitionsl stege at the iirst
exeminationi=-

Deciduous dentition 14
Mixed dentitlion 96
Permaneat dentition 20

Total 130

The purpose of the analysis was to determnine:-

1. What ere the chenges that follow Orthodontic
treatment and to what extent are the changes the
result of treatment or of growth?

2+ What are the factors associated with the

relapse of a corrected malocclusion?

The investigations carricd out to determine these

' questions were as follows:~ The material was divided

into three gsectiong =
I Thote cases whose trestment wes started in the
deciduous dentition -~ deciduous dentition cases.

Il Those ceses whose treatment wes started in
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the mixed or permanent dentitions - mixed and
permanent dentition ceses.

III Those cases which relapsed Or were unsuccess-
fully treated.

I. Deciduous dentition ceses (14) were invest-

igeted chiefly for aspecte of treatment and growth
peculiar to their age range. These aspects and
otlers imvestigsted were:-
a. The effect upon the subseguent occlusion
of the permanent incisors of the correction
of a reverse overjet and overbite in the
deciduous incisors.
b. The effects of backward traction upon
mandibuler growth.
c. Factors governing the development of
the permanent incisor occlusion.
de The growth changeg in the anterior

cranial baese and in the mandiblee.

II. Mdixed and Permanent dentition cases (97)

The casee were grouped according to the type of
orthodontic appliance employed and the dentitional
stage. The chenges were recorded in those anglss of
the cranio-fecisl diagrams which were thought to be
primarily or secondarily affected by the various Torms
of espplience treatment or by growth changec. The
emount of growth was assessed subjectively by super-

imposition of the serial tracings.

III Relapsed or unsuccessful cases (19).

For the investigation into the causes of relapse
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or failure in treatment, & detailed comparison wss
made between the 19 "relapse™" cecses and 10 succeesiul

lcases in which the corrected occlusion hed been stable

for 4~6 years. !

A genersl compearison wae mede of growth changes
between the "relapse" and succescful ceses.
Included in the lstter in addition to the ten mentioned
ebove, were & further eix cases showing long term
' stebility.
Summary of the findings of the investigetions made and
of the conclusions based on them.
z. Deciduoug Dentition Cascsg,.

le The correction of & rsverse overjet oi the

‘deciduous incisore does not influence the occlusion of
' the permanent incisorse.
| 2e Backward trection on the mantiibie had no
|d13cornible effect upon the direction and amount of
'mandidbular growth in three ceses and this form of
treatment ie of doubtful value.

3¢ The primery lector governing the occlusal
' relationehips established by the permanent incisorse
ion eruption is the maxillary-mandibular basal bone
:reletionship &nd not the pre-sruptive inclinstions of
the incisors.

4. The crenial base angle is constant after
birth and growth of the snterior cranial base proper
ceases approximetely between the ages of 7-8 yeurs.

£« The mandituler sngle shows & marked tendency
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ito decrease tetween 4-10 years. Marked remodelling
'of the alveolar profile st the symphysis frequently

occursg with the change from the deciduous to the

ipermanent incisors. |
| i |
|

II. Mixed end permanent dentition cases whose treatment

'wag successful:-

|
|
A. The principal angular changes Tound immediate-‘
' 1y after appliance trestment in 97 cases wers as
follows ;=
le An increased proclination of the upper
incisors and & retroclination cf the lower incisors.
The sponteneonus rctroclination of the lower incisors
' following proclination of the upper incicor only by
evpliance treatment, was & marked festure in the
Imixed dentition cases.,
| 2. A reduction in the angle of the occlueal planp
to the cranial base. |
3¢ A positive incresse in the A/B difference
(/SNA-/SKB) end in the angle of convexity (Downs!').

4. An increscse in the sngle of the Y Axie and in:
the angle of the mandibular plane to the creniesl base.
6. - The angle of the maxillery plane to the
| eranial base wes reletively unchanged in the majority

of caseg.
6. The A/B difference, snd the sngle of
convexity, the Y Axis &nd mendibuler plene angle,

showed the greatcst changes in casee with evidence of

overcleosure or forward displacement of the mandible
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in occlusion before treatment and the leasst or no
'change in cesee with & normal path of closure before
treatment. The changes in the engles of the incisors

'and in the occlusal plane angle are directly due to

the eppliance treatment. The remaining chsnges

' follow from tne alteration in mandibular position

consequent upon the correction of itheé incisor oceclusion.

|§; Follow up studies of the angular changes in 867 of
|

o+

he 97 successful ceses.

' These naturally showed a reletive stability of
the chsnges in ineisal axisl inclination with oniy &
slight tendency to rslapse. There wes & relatively
grseter tendency for the other eangles, especielly the
angle of the Y exie and the angle of convexity, to
return to their original values. Since these two
angles reflect the direction of mexillery and
mandibular enterior growth, thie is evidence thet the
appliance treatment hac not altered the basic pattern
of growth and that where this is unfavourable it will
nullify eny improvement in mandibular position
effected by the occlusal reedjustment.

Ce A comparison oif the effects of differing forms of

appliance treatment end of the results of ihe seme

applience uged in different Clese 11l petterns.

There vwae no aifference in the general effect

produced by the different forms of &ppliance nor was

there sny difference in the rc¢sponee of the three main
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Cless ili patterns to the same method of trestment.

‘D Growth changee.

| The overell picture of growth in the seriel studies
'showed downward and forward movement of the maxilla an&
mendible in reletion to the cranial base and agrees
‘with the current concepts of normal facial growth.

;The individuel growth of the maxilla snd of the msandible
varied markedly in amount and direction in different
individuals. The smount &nd direction of faciel
growth was not influenced by appliance trestmenti.

The mendibuler asngle incressed in some casges and
decressed in others in contirast to the consistent
tendency to decresse in the deciduous dentition cases.

Further findinge and conelusions on growth changes
are given in the following sections.

:III. Compsrison of Stable end Relapsed Cases,

The stable snd relepsed caseés were under
obmervation for an average period of 4-§ years. The
findings and conclusions reached about the factors
meking for stability or relpase after treatment esre:-

1. The principal factor in the relepee or
Iunnucccssful treatment of mesio-occlusion is a
‘disproportionate emount of mandibulsr growth relative
to mexillary growth producing en incresse in the
degree of malrclationship between the jawse and
‘evidenced by a marked negative increese in the angle

of convexity.

2. This unfavourable growth trend may be &

eontinuous factor militating against successiul treat-
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-ment or may not vecome manifest until the oneet of
the adolescent growth spurt end mey then cause the
relepse of coses in vhich the correcteéd occlucsion hss
keen sterle for three or more years.

3« A corollery of the ebove finding is that no
cage of corrected mesio—~occlusion cen bs regurded as

satisfactorily completed until after adolescencs.

4, No diasgnostic criteria in terms of elther the

linear or angular cephalometric analysis or the
"differential enalysis" of Class 11l facial patterns

(Groups A, B and C) could be established to differ-

-¢ntiate the stable Irou the relapse cases, or the 1n1&ially

- treetavle from the untreatable. Clinical judgement

must therefore continue to be the final arbiter.

5. The principal factor in the stability of the
stable case is a proportionate forward growinh of
maxilla and mandible or in other words & favoursble
growth psttern.

6. The enalysis of 2 csee before treatment
givee no indicetion of future growth trends.

7. The type of eppliance trestment had no

 bearing on etebility or relapse.
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Final Conclusions Part iz.

1. The changes in the cranlio-facisl pattern
in mesio=-occlusion found after sppliance treatment are
in general the results of growth and development and
are not related to the sppliance treatment excent for
changes in inecisel inclination end alterations in the
mandibular position in occlusion consequent upon the
correction of the incisal relstionships.

2. The amount end direction of jaw growth in
mesio-occlugion ie not influenced by appliance
treatment.

3« The ceause of the relapse occurring in
corrected cases of mesio~occlusion is a failure of
maxillary forward growth to keep pace with mandibular
forward growth, (This occurs in approximately one

case in six.)
| 4 This relative feilure of mexillary growth

tends to occur during the adolescent growth spurt.
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