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INTRODUCTION 

Current concepts in orthodontics emphasise the 

non-pathological variation in craniofacial morphology 

in relation to etiology of malocclusion, while less 

frequently malocclusion is considered to result from 

pathological and functional anomalies. It would appear, 

therefore, that a system of orthodontic classification 

predicated to morphology, should facilitate assessment 

and treatment planning, and at the same time fulfil the 

requirements of description and communication. 

The distinct categories of the Angle classification 

have allowed concise description, while the stability of 

the maxillary firs·t molar as defined by Angle, did suggest 

the groups as morphological entities. However, subsequent 

investigations have shown the variability of this molar 

in relation to the cranial base, and the Angle system is 

now considered to ca·tegorise clinical entities rather 

than groups with specific morphological featureso 

Although the Angle classification appears to have 

definite etiological limH:ations, studies of skeletal 
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patterns. within the groups have made significant 

contributions to the understanding of these malocclusions. 

In this investigation Angle Class III malocclusion is 

further studied by re-examining in 1965, some 40 

individuals from the sample of 44 Class III malocclusions 

previously analysed by Cleall in a cephalometric study 

in 1960. 

Malocclusions in this previous study were grouped 

as having 'True' and 'Pseudo' Class III anomalies and 

were compared with a group having normal occlusion. 

The ;True' group contained those malocclusions with an 

Angle Class III molar relationship and were considered 

to exhibit abnormality as resul·t. of mandibular prognathism. 

The 'Pseudo' group consisted of malocclusions with 

anterior crossbite but having an Angle Class I molar 

relationship and therefore were considered to show a 

normal mandibular pattern.: The investigation was 

necessarily cross sectional and certain linear and 

angular measurements showed statistically significant 
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differences when the 'Pseudo* and 'True• groups were 

compared with each other as well as with the Normal 

group .. 

Subsequent examination and headf i.lms, after a 

five year period, gave an opportunity to investigate 

general and individual variations with age changes and 

growth. Relatively few serial studies of Class III 

malocclusions have been reported and no similar studies 

have been cited in the literature • 
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OBJECTIVES OF T~ INVESTIGATION 

variations in the material suggested limitations 

to the scope of this study. Of primary importance 

was the number of children who presented at the 1965 

examination with normal or near normal dental 

relationships. Approximately half of the sample were 

assessed in 1965 as Acceptable occlusions and the 

remainder as Angle Class III malocclusions. 

The former group was used as a control sample, 

and as such, the 1960 headfilms allowed a retrospective 

investigation of this group and the Angle Class III 

group. On the other hand, the Pseudo and True groups of 

the earlier study were prospectively studied using the 

records obtained in 1965. 

Therefore the objectives of this investigation, 

enumerated as follows, were : 

A. Prospective Study 

1. To re-examine 40 individuals of the 1960 Pseudo 

and True Cla.ss III groups by clinical assessment 
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and the use of lateral headfilm$. 

2. To apply central tendency statistics (mean 

and standard deviations) in order to compare 

the 1960 Pseudo and True groups after a five year 

period using 10 variates of the earlier study. 

B .. Retrospective Study 

1. To consider the predictive value of 2 facial 

angles in the 1960 headfilms on the basis 

of the 1965 clinical assessment. 

2. To compare group craniofacial morphology 

using central tendency statistics as follows : 

(a) The 1960 Acceptable group and the Normal 

control sample (Cleall 1960), using 

16 variates. 

(b) The Acceptable and Class III groups in 

1960 and 1965, using 20 variates. 

3. To describe and compare mean growth changes 

in both the Acceptable and Class III groups 

over the five year period, using 20 variates. 
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4. To investigate and compare possible growth 

relationships in the Acceptable Class III 

groups, by use of correiation coefficient 

statistics. 

5.. To examine individual variations in the 

craniofacial morphology of a group of 

randomly selected children. 
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R~IEW 0~ THE LITERATURE 

A .. Class III Malocclusion 

1. Angle classification 

2. Early Clinical Observations 

3. Craniometric Investigations 

4. Cephalometric Investigations 

(a) Cross sectional 

(b) Longitudinal 

B. Pseudo Class III Malocclusion 

\ 
\ 



- 8 ,_ 

A~ Class III' Malocclusion 

( 1. Angle Classification 

Dental irregularities and their association with 

facial morphology have been documented by earlier 

writers. Attempts to systematise, these malocclusions 

remained unsuccessful until 1899 when Angle introduced 

his morphological classification based on the mesiodistal 

relationship,of the first permanent molars. 

A:ng.le' 07 , described the Class III malocclusion as 

an abnormal relationsl;lip of ·the jaws, in which the 

position of the mandibular first molar is mesial in 

relation to the maxillary first molar, when compared 

with normal occlusion. Variations within the class, 

such as crowding, spacing. or retroinclination of the 

teeth, were also described. 

The Angle classification assumed the stability of the 

maxillary permanent molar in the sagittal plane; and 

therefore the positions of the teeth'reflect the 

relationship of the jaws. 
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. . . . . 21 
However, thJ.s theory was not supported by Case , 

S .. . 22 . h 27 J.mon • Bras • Cephalometric investigations by 

Bjork 4 7, Brodie 5·3 , and others, are summarised by 

Salzmann 65 who states : usubsequent investigations have 

shown that the anteroposterior position of the first 

permanent molar is not constant in relation to the base 

of the skull. Malocclusion of the teeth may or may not 

be associated with anomalies of the facial skeleton". 

Altemus 55 considered that the classification may 

obscure the basic picture, and suggests that conflicting 

variations in morphological findings, may be the result 

of a classification based on dental anomalies .. 

Authors of orthodontic textbooks are less rigid in 

interpreting ~~e Angle system. 58 For example, Strang 

added further bases for evaluation, Moyers 63 describes 

. . . 61 
the Class III Syndrome, and Graber stresses the 

broader implications and limi·ta"cions 9f the classification. 

The value and the limitations of the Angle 

classification are recognised by Ast et alia 65 
• They 
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suggest that it may be useful in the broad description 

of clinical entities, but. consider it to have serious 

shortcomings as a method by which to categorise the 

variety of occlusal patterns encountered in the general 

population .. 

2. Early Clinical Observations 

Various combinations of skeletal anomalies were 

. 07 19 21 
descr~bed by Angle , Dewey 1 case , and 

Lundstrom 25 

The anomaly was considered by Angle to result from 

a forward positioning of the temporomandibular 

articulation~ This produced faulty tooth positions 

with subsequent abnormal mandibular growth. 

Dewey suggested that in some patients, the 

malocclusion was the result of underdevelopment of 

the premaxilla, while Case considered the dental 

malocclusion to be a symptom of "poor jaw relationship 11
, 

and recognised both maxillary underdevelopment and 

mandibular overdevelopment. 
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Lundstrom advanced the concept of "apical base" 

limitations, and emphasised the differences in apical 

arch size giving anomalies in tooth relationships. 

3. Craniometric Investigatio~ 

The use of dried skull material allowed a more 

accurate approach to the measurement of the facial 

skeleton. 

S . h d K 20 & 21 . d 7 . 'th ~c er an rasa exam~ne · cran~a w~ 

Class III malocclusion and compared them with 40 crania 

exhibiting normal occlusion. They concluded that the 

variations were confined solely to the lower jaw. 

Pfaff 
23 

examined 754 crania of which 13 showed 

a Class III malocclusion. Pfaff agreed with Sieber and 

Krasa, but also considered that the alveolar arch of the 

upper jaw showed a slight recession. 

The variability of the facial morphology in Class 

III, was stressed by Hellman 31 after an extensive 

clinical and craniometric study. Polygons for individual 

Class III skulls were compared with a mean polygon from 
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62 European skulls. Both mandibular and maxillary 

abnormalities were shown, but in some malocclusions it 

was not certain which of the two arches was in a normal 

anteropostero position. Further, as the result of 

clinical observations, Hellxnan demonstrated that growth 

changes may unprove or worsen the malocclusion. 



- 13 -

. . 
4 .. Cephalometric Investigations (Radiographic) 

(a) cross-sectional· 

An early cephalometric ·study by Hellman 39 , compared 

facial measurements of 25 Class III adults with 62 adults 

with no.rra.al occlusion. The most frequent subnormal 

measurements involved the upper facial region; in 

particular, upper facial height (nasion-prosthion) and 

in depth (auriculo•prosthion). Super normal measurements, 

were most frequently related to the mandible, namely 

lower facial height and auriculo-menton depth. 

Extensive cephalometric studies were undertaken by 

Bjork 47 , involving 322 boys aged between 12 and 13 years 

and compared with 381 SWedish conscripts aged between 21 

and 23 years. In these groups, 8 boys and 26 adults 

showed mandibular overbite, the incidence being relatively 

greater in the adult group. This supported a finding 

for the total group: that the angle of the mandibular 

prognathism (S : N : Pg), increased significantly during 

the growth period. 
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Bjork considered that variation in mandibular 

overbite is mainly the secondary effect of a relative 

difference in the prognathism of the jaw bases. 

Analyses of mean values indicated these differences in 

prognathism of the jaws to result from : 

(a) elongation of the lower jaw relative to 

the upper .. 

(b) reduction of the saddle (N ; S : Ar), and 

joirit (S : At : GO) angles~ 

(c) Shortening of the cranial base · (Na - S). 

In the majority of cases, these factors were found 

in varying combinations, but in a few cases, the main 

cause may have been local; either from changes in the 

·.alveolar arches, or in the inclination of the incisors. 

Xn an investigation on mandibular morphology, 

48 . . . . . •. · . . • Adams · found the Class III mand.J.ble to vary WJ.dely 

from Class I and class II, t:he main differences being 

an increased gonial angle and a narrow width of the ramus. 
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Stapf 48 considered the facial morphology of 37 

Class III children, without regard to age, sex, or 

severity, as compared with 21 children age.d 8 years 

with normal occlusion. The major characteristic in the 

Class III pattern was an increase in total facial height 

resulting from an increased mandibular height. The 

mean Class III pattern showed no difference in the 

forward development of the maxilla .. 

McCormick 
51 

compared the structures of the upper 

face in 34 Class III malocclusions and 31 Class II 

division 1 malocclusions ... No essential differences were 

shown except variations in arch length. 

Sanborn 55 made a comprehensive investigation 

of the Class III pattern using headfilms of 42 Class 

III adultso and a control sample of 35 adults with 

excellent occlusions. Polygons derived from mean facial 

pa·t.terns were compared using Sella-Nasion as the common 

reference line. Findings suggested that no typical 

-class III skeletal pattern existed, and that variations 
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were dependent upon the amounts of maxillary and 

mandibular' prognathism.·· Generally the maxilla tended 

to be iess prognathic,··. while the mand.ible tended to be 

more prognathic, and in none of the Class III sample was 

the angle of convexity (Downs) positive.' No significant 

differences were shown for mandibular body length or for 

ramus height ... · Sanborn • s findil:v:;s 'were not in agreement 

47 \ ' 
with Bjork in regard to a reduced saddle angle 

(N-S-Ar), but both writers considered the joint angle 

(S ... Ar-Go) to be reduced. 

A cephalometric analysis of adult material was also 

. 65 
reported by Joffe • when mean measurements of 45 

individuals with mandibular prognathism were compared 

with a group showing normal occlusion, an important 

difference was the increased gonia! angle in the Class 

III group,. Area measurements of the mandible were shown 

to be similar in both groups .. However the effective 

length of the mandible wa.'s found to be larger in the 

Class ttl group and was considered to account for the 

increased gonial angle. 

.I 
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Timmons 60 , used a sample of 165 Class III 

individuals with.an age range 5 to 46 years (mean 

16 yrs) and compared a normal occlusion sample used 

by Coben 55 
" A coordinate method of analysis similar 

to Coben was employed, with Sella-Nasion as a reference 

line. Findings showed increased mandibular prognathism 

with age, the znaxillary prognathism therefore, showing 

a tendency to become proportionally smaller with age. 

Timmons also showed a higher positioning of the glenoid 

fossa, and some cases a more acute cranial base angulation, 

but concluded that the individual pattern is determined 

by the integration of a number of variants. 

The findings of Cleall 60 are of particular 

interest and generally support the findings of Bjork, 

sanborn, and Timmons. :tn comparing the mean ·values 

of 22 ''True • Class III children and 22 children with 

Normal occlusions, both groups had a similar distribution 

for age (6 - 11 years) and sex. Sella-Nasion was used 

as the common reference line., In considering the skeletal 
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'. . ' 

morphology, differences between the mean values at the 

1% and 5% levels were as follows : 

1. 1% level - the Class III group showed1 

(a) reduction of the saddle angle (N : S:Ar). 

thus suggesting a forward position of 

the temporomandibular joint in this group. 

(b) negative angle of convexity (Downs) .. \ 

2. 5% level - the Class III group showed; 

(a) decrease in the length of the maxilla (Ptm-A) 

(b) reduction in Sella-articulare distance 

(c) increased genial angle 

(d) increased facial angle (S : N : Pg) 

No significant differences were observed in either 

facial height or mandibular length .. Cleall suggested 

the age of the sample as a reason for these contradictions, 

in that further growth during puberty spurt could affect 

both of these measurements. 
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cranial base angulation and its correlation with 

dental malocclusions was examined by Moss and 

55 Greenberg • Mean values of the cribriform angle 

(clivus and cribriform planes) were compared,· using 

samples of 28 class ·III and·89 Class I and Class Il 

malocclusions in children and adults .. The Class· III 

group. differed signifiaantly, sho\lling a decreased angle 

at the o.ol% level of significance,.' indicating that 

the anomaly may be craniofacial in nature. 

The crani.ofacial pattern was analysed by Hopkin 65 

using lateral headfilms .of 226 children \vith angle Class 

III malocclusions. This sample was compared with one 

o.f 157 children who showed either normal occlusion or 

Class I malocclusion. The age of the children ranged 

from 4 years to 21 years and sexes were mixed. Sella-

Nasion was used as the common reference line. 

Mean linear and angular measurexnent$ were compared 

and differences in pattern in the Class III group were 

shown to be associated with : 
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(a) A reduction in cranial base length and in the 

cranial base angle (N : s : Ar). 

(b) A reduction in the length of the maxilla 

(ANS - PNS). 

(c) A trend only, in increased mandibular 

dimensions. 

The Class III sample was arbitrarily subdivided 

according to relative degree of maxillary or mandibular 

prognathism as assessed from the headfilm. The 

resultant groups were analysed and the findings again 

suggested the size and shape of the cranial base as 

a principal factor in the Class III pattern. 

Maxillary dimension appeared to be of lesser 

importance as also were differences in mandibular 

measurement .. Considerable individual variation in the 

extent and direction of measurements was suggested and 

no consistent pattern of variation was determined. 
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(b) Longitudinal Investigations 

Apart from ref~rences to, indi.vidual cases, very 
' . . 

few longitudinal growth studies of Class III malocclusion 

have appac,1red in the literature .. Of the investigations 

cited, two studies involved treated patients, and these 

are included in this review .. 

;Bjork 53 reported on findings based on a further 

cephalometric investigation on the 12 year old group 

used in his 1~47 analysis; a second headfilm being 

obtained for 243 of this group at the age of 20 years. 

In the 12 year old sample only. 6 individuals showed 

a Class III malocclusion. 

As a general finding, age changes in the total group 

result;ed in a forward displacement of the lower arch, 

relative to the upper arch. However, the relative 

forward displacement of the lower arch was, on an average, 

greater for the Class III malocclusion. In some 

individuals the mandibular overjet increased, while in 

others it remained unchanged, hut none of the Class III 

sample showed a diminishing overjet. 
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In this study, Bjork also reported a significant 

correlation between age changes in cranial base 

'-
(N : S : Ar), and age changes in mandibular prognathism. 

The mandibular·prog-nathisrn increased as the cranial 

base angle became more acute. 

Braccesi and Lucchesi 58 reported findings of 

skeletal and dental changes in 30 treated Class III 

malocclusions. TWo headfilms were taken at time 

intervals varying from l~ to 4 years. The ages of the 

patients ranged from a to 12 years. In all cases the 

bony base ratio appeared to have become less favourable 

with growth., There was an increase in total mandibul.ar 

length, which was not compensated for by a proportional 

increase in the middle facial skeleton. 

h . ' ' t' H k' 62 d In a compre ensJ.ve J.nvestJ.ga J.On, op J.n use. 

serial cephalometric records of 130 patients with 

mesiocclusion judged "(:rea table by orl:hodontia means. 

The age group involved deciduous, 1ulxed, and pe.nnanent 
. . . . . ' 

dentitions .. Treatment appliances were varied, and 
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included both removable and fixed types. The serial 

tracings were superimposed on De Coster's line, and 

the s-:N line of the first tracing was transferred to 

subsequent tracings and used as the common reference 

line,. 

The findings of this study supported the view that 

orthodontic treatment does not alter, or modify the 

inherent pattern of jaw growth. However, secondary 

changes in mandibular position sometimes did occur as 

a result of correction of incisal relationships. The 

general growth pattern for the total group showed downward 

and forward growth of the maxilla and mandible in relation 

to the cranial base. However, considerable individual 

variation was shown, in.both direction and amount. 

In comparing patients whose treatment appeared 

stableo with those showing •relapse• after treatment, the 

latter group were found to have a greater discrepancy in 

relative growth of the maxilla and mandible. This 

difference seemed to be associated with a deceleration of 
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maxillary growth, while growth .of the mandible. persisted. 

'l'he time of relapse corresponded with the pubertal 

spurt, .and therefore sex differences were apparent. 

Consistent differences of prognostic .value col:lld 

not be obtained in before treatment measurements of 

stable and relapsed cases. Measurements cqnsidered 

were A/B difference; angle of convexity: Y axis angle7 

degree of reverse. overbite: and the. overjet. Changes 

in point articulare sho\-.red considerable variation, and 

in some cases these changes appeared to have reduced 

the effective amount of mandibular growth~ 

M'll 66 . . d l 't"d' l . t' ··t' f J. s 1.n a mJ.xe ong 1. u 1.na J.nves J.ga J.On o 

Class III malocclusion during orthodontic treatlnent 

c9nsidered mainly incisor changes,. However his findings 

emphasised the .importance of the anteroposterior skeletal 

relationships in assessing prognosis, 
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B. •Pseudo' Class III Malocclusion 

The mC!t.ny investigations·of both dental and skeletal 

morphology in Class III malocclusions have suggested a 

combination of a number of variables. It has been 

considered, that in some cases, the variations are 

confined znainly to the dent;.o ... alveolar structures: the 

skeletal morphology showing a normal or near normal 

pattern. These dento-alveolar variations have been 

considered an atypical pattern~ resulting in such 

te.t"lnS as i apparent I Class III, • postural 1 Class III I 

•incipient• Class III, or *Pseudo• Class III., 

43 Dewey described the 'l?seudoi Class III as 

resembling the Class III malocclusion in appearance. 

The anomfllly was considered to .t•esult from malposition of 

the maxillary incisors, sometimes necessitating a 

functional protrusion on closure .. 

'Apparentt and •True• patterns were considered by 

36 Barber .. The 'Apparent' group was described as 

showing a normal lower jaw associated with a shortened 
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maxilla and an edge to edge, or labial position, of 

the lower incisors. The molar occlusion was normal, 

although a functional protrusion could sometimes occur. 

The 'True• Class III was suggested to result from a 

normal maxilla and an abnormal mandible, the molar 

relationship being Angle Class III. 

Certain Class III malocclusions, showing under-

development of the maxilla, and an Angle Class I molar 

relationship were described by Crain 55 • He suggested 

that this pattern could later develop into a *True' 

Class III pattern. 

39 55 . 55 63 Hemly a McCallum , l<Jellgren , Schwarz and 
I 

Ballard 64 , all describe the atypical pattern as having 

a functional mandibular protrusion, resulting from either 

underdevelopment of the maxilla, or as the result of 

incisor malrelationship. Kjellgren considered the 

prognosis for treatment to be :J;avourable, but emphasised 

the difficulty in assessing the future development at 

the time of the deciduous and mixed dentition. 
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Hopper 55 in a limited study of clinically selected 

material* found little evidence of forward positioning 
~ ~ ' 

of the mandibular condyles in a •false' Class III group .. 

It was suggested that the incisor relationship adapted . . . . , ' 

to allow normal co~dylar function. In some individuals, 

posterior extractions resulted in increased overbite, 

the over closure giving an apparent protrusion.. A 

. . l 1 . . . by u ,_ • 62a h . d d S.J.ml. ar cone usJ.on was gJ.ven nopr..J.n , w o consl. ere 

functional protrusion in Class III to occur relatively 

infrequently, a deceptive appearance often being produced 

by an overclosure of the mandible. 

The sample studied by Cleall 60 ~ consisted of 22 

•pseudo' Class III malocclusions. The criteria for 

selection required an anterior crossbite involving at 

least four maxillary anterior~teeth, and an Angle 

Class I molar relationship. In comparing this Pseudo 

group with the •True• Class III group, Cleall showed 

significant differences involving mandibular morphology. 

A greater degree of mandibular prognathism was shown by 
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the. 'True • group~ the significant measurements being 

angle S : N : .J?g7 angle N : A : Pg; and angle A : N : B .. 

In comparing the 'l?seudp' wi~h the Normal occlusion 

sample, only the anteroposterior apical base difference 

(angle A : N : B) sh.owed significance at the 1% 1e·vel. 

Measurements of both angle of convexity (N ; A : Pg) and 

maxillary length· (Ptm - A) were less than for the normal 

group (5% level). A.s the chin point was eimilarly 

placed in both groups, the 'Pseudo' group was considered 

to be characterised by a disharmony in the development 

of the anterior maxillary base, and associated incisor 

relationships .. 

Both the 'True' and *Pseudo' samples showed a 

forward positioning of the temporomandibular joint 

when compared with thenormal group. The 'True• Class 

III Showed a difference at the 1% level while the 'Pseudo' 

group showed considerable variation, resulting in a 

difference at the 5% level. Cleall 
64 

considered this 
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decreased saddle angle (N : S : Ar) in some of the 

'Pseudo' group to be of diagnostic importance and 

suggested that future growth may result in a 'True• 

Class III malocclusion. 
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MATERIAL AND METHOD 

A Material and Selection of Material 

B Selection Criteria 

C Records 

D Statistical Analysis 

E Definition of Radiographic Landmarks 

F Regions Investigated 

G Summary of Regions Investigated 
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A;. Material and Selection of Material 

.Material. 1,. l960.Study 

TWo groups each consisting of 22 chil¢tren of 

European st;ock, were selected from Dunedin primary schools 

by Cleall in 1960. The children of one group were 

clinically diagnosed as having '!'rue Class Ill malocclusions 

while the other group consisted of children considered 

to have a Pseudo Class III malocclusion. 

The ages of the children ranged from 6 years to 

10 plus years, the mean age being eight years five months. 

The two groups were matched in age and sex~ 

As a control sample, Cleall used lateral head 

radiographs of 22 children diagnosed clinically, as 

having Normal occlusions. The radiographs of this 

Normal group were selected from the files of the 

Orthodontic Department, University of Otago Dental School. 

The age and sex distribution matched that of the Pseudo 

and True Class III groups. 
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2• 1965 Study 

In the present investigation 40 individuals of 

the 1960 Pseudo and True groups were available for 

re ... exam:Lnation. The distribution of former PSeudo and 

True malocclusions resulted in 20 of each group being 

re•examined, and the ,samples showing only slight variation 

when matched for age and sex (Figure 1). 

B. Selection Crit.eria 

1. 1960 Study· 

· In the study by Cleall the following selection. 

criteria are reported : 

(a) True Class' III group 

"These children had an Angle Class' III relationship, 

the mandibular buccal: segments were in malocclusion by 

the width of one premolar unit or more, and the anterior 

teeth were in a position of reversed overjet., 

(b) Pseudo Class Itt·group 

Children forming this group had an Angle Class I 

molar relationship with the anterior teeth in crossbite. 
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The maximum number of maxillary teeth in crossbite was 

four, thus reducing the possibility of including children 

with anterior crossbites due to simple local causes such 

as prolonged retention of deciduous incisors. 

Children having had deciduous molars extracted were 

not used in either group~ unless the mental J:epositioning 

of drifted permanent molars left no doubt as to the 

classification. Children with mutilated or deformed 

arches due to repaired cleft lips or cleft palates were 

not used in this study.. Those children with marked 

posterior crossbites were used only if they could be 

accurately classified in either group. 11 

2 .. 1965 Study 

After clinical examination the 40 individuals of the 

former Pseudo and True Class III malocclusions were 

reclassified without reference to their earlier classification, 

into one of two groups : 

(a) Acceptable occlusion 

(b) Class III malocclusion 
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The criteria for such classifications required : 

(a) Acceptable·Occlusions 

A normal or near normal molar relationships and the 

four maxillary incisors to show positi·ve overjet when the 

posterior segments were in occlusion,. A s:m:al,l number 

of individuals, as result of lQCalised anomalies in the 

buccal segments (e.g., bicuspid crowding or extractions)~ 

were strictly·Class I malocclusion.. In each of these 

individuals the canine relationships were acceptable and 

the mental repositioning of the molars resulted in normal 

relationships .. 

(b) Class III Malocclusions 

The molar occlusion in this group showed Angle Class 

III relationships and where mental repositioning of molars 

was necessary as result of buccal crowding or tooth loss, 

the relationship was also Class III. Individuals in this 

group also showed a reverse anterior overbite of all or 

some of the anterior teeth with absence of clinical evidence 

of functional protrusionr or in a few individuals an edge 
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occlusion of the anterior teeth. 

c. Recgrds 

1. Clinical Examination 

The 40 individuals were examined clinically and 

information considered relevant to this study was : 

(a) Age and sex. 

(b) Dental history, with particular reference 

to previous orthodontic treatment .. 

(c) Dental relationships using the criteria 

outlined in the previous section. Those 

individuals whose dental relationships could be 

classified as Normal or Angle Class I are 

subsequently described in this study as the 

Acceptable group. 

2. Lateral Head Radiosraphs 

Lateral head radiographs were taken for the 40 children 

of the present study~ each individual being radiographed 

with the teeth in occluaion. 
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A Margolis cephalostat, without a chin rest, was 

used in conjunction with a Meyer i'Colonel" 30/85 X-Ray 

machine. The Exposure time was 1% seconds at 30 

milliamperes and 65 K.V~P., and the target film distance 

was five feet .. 

The above criteria were the same as those described 

for the 1960 radiographs. In maintaining a constant 

target film distance for all headfilms, the magnification 

for linear measurements was found to be in the order of 

ll. 800,.6. 

The contours and landmarks were selected from the 1960 

and 1965 radiographs, traced on to 11Euthelon .. plastic 

tracing paper and measurements recorded from the resultant 

80 tracings. 

D. Statistical Analysis 

The linear and angular measurements were obtained from 

tracings and were recorded to the nearest 0.5 millimetre 

and the nearest 0.5 degree respectively. 
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The magnification error was cons·tant for all 

radiographs and also for any specific area on individual 

radiographs. ',fhereforl? the validity.of the results is 

no·t affected by the magnification" . 

In order to compare morphological differences 

between the groups, the measurements were analysed using 

the following statistical methods : 

1. pifferences Between the Means 

The arithmetic mean, standard deviation, and range 

for each v-ariate were computed, and used to compare : 

(at Morphological differences between the Pseudo 

and ';[~rue groups in 1960 and again in 1965. 

(b) Morphological differences between the 1960 

(Cleall) Control group and the Acceptable 

group in this study. 

(c) Morphological differences between the Acceptable 

and Class III groups in 1960 and in 1965. 
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2. ,Pifferences Between the Means of the Growth ··Changes 

In comparing nett growth changes between the Class 

III. and Acceptable groups in 1960 and 1965, the mean of 

the growth changes, standard deviation, and the range 

for each V'ariate, were computed, 

3. Correlation Sta:tistics 

The degree of relationship during growth, between 

certain pairs of variates in the Acceptable and in the 

Class III groups, was measured by determination of the 

coefficient of correlation., 

Statistical Signific~nce 

In order to determine the degree of significance in 

differences between the variates, the •t• test was applied .. 

The •t• value for the appropriate degrees of freedom 

was obtained from Scientific Tables (62 ), and compared with 

the • t • value resulting ft'om the testing of the mean 

measurements. Significant differences, when determined, 

are indicated at the 5% level P< o .. os), the 1% level 

(P< O.oOl) or at the O<tl% level (P< 0 .. 001). Where the 
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probability of differences having occurred by chance was 

greater than at the 5% level (P < 0.05), the differences 

were considered not significant. 

The 't' test was also applied to determine the 

significance of the values obtained for the coefficient 

of correlation .. 

ln order to test the validity of predictive values 

for certain cephalometric angular measurements, Chi-square 

tests were used and the Table x2 was consulted to determine 

significance. 

Note : Three asterisks (***) indicates a significance at 

the 0 ..• 1% level. 

TWo asterisks (**) indicates a significance at 

the 1% level. 

One asterisk (*) indicates a significance at 

the 5% level. 

N.s. implies no significance. 

Statistical formulae used in this investigation 

are shown in Appendix A. 
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E,.. . Definit.ion of Radiographic Landmarks 

The reference points used in this study are defined 

as follows : 

1... .t4idsagittaL landmarks (Figure 2) 

. ·Nasion' . N - the most anterior point on the naso-frontal 

suture as. seen from norma lateralis. 

Anterior Nasal Spine: ANS .... the tip of the anterior 

nasal spine as seen. on the lateral film. 

Posterior Nas.al Spine: PNS ... the tip of the posterior 

spine or the palatal bone as seen on the lateral film. 

. . i d b (S2 \ .. SubspJ.nale: A .... def ne · . y Downs · as the deepest 

point on the premaxilla between ANS and prosthion. 

Supramentale: B -+ defined by Downs as the most 

posterior point in the concavity between infradental and 

pogonion. 

Pogonion:~ Pg - the most anterior point on the contour 

of the bony chin. 

Gnathion: Gn - for this study is defined as the . · 

point of intersection of the facial and mandibular planes. 

" 
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Menton: M - the lower most point on the symphyseal 

shadow as seen in norma latera.lis. 

Sella; S - the midpoint of Selaa turcica determined 

by inspE?c·tion .. 

Basion: Ba - the lowermost point on the anterior 

margin of the foramenmagnum in the midsagittal plane., 

2. Bilateral Land:m.arks (Figure 2) 

Where double projections gave rise tq.two images, the 

midpoint between each pair of bilateral landmarks was 

us.ed .. 

Gonion: Go - the point on the bony con·tour of the 

genial angle of the ma11dible located by bisecting the 

angle formed by the intersection of the mandibular and 

ramus planes. 

Articulare: Ar - defined by Bjork (4?) as the point 

of intersection of the contour of the external cranial 

base (os temporale) and the dorsal contour of the condylar 

process. 
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l?terygornaxillary Fissure: Ptm - the projected contour 

> of the fissure. The anterior wall represents .the 

re.tromalar tuberosity o.f the maxillcil.f the posterior wall, 

the anterior curve of the pte;l=ygoid process. 

3~ Planes, Lines, Angles, and Projeci;.ions 

The following planes and lines were cpnstructed on 

each trac;Lng : 

(a) Planes (Figure 3) 

Mandibular Plane: Go-M, the line passing through 

the points Gonion and Menton • 

. Ramus .Plane: Ar-c;o, the line passing through the 

poi,nts Articulare and Gonion. 

Nasion Sella Plane~ N-S., the line passing through 

th,e points Nasion and Sella, and this study is employed 

as the commqll reference, plane. 

Palatal Plane: ANS-PNS, the line joini119 the 

anterior nasal spine (ANS) and the posterior nasal 

spine (PNS). 



-917 -



" 

_, 47 -

(b) Lines (Figure 3) 

Facial line : N-Pg, the line joining Nasion and 

p,ogonion. 

Nasion/point A: N-A, the line joining Nasion and 

point A., 

Nasion/point B: · N•B, the line joining Nasion and 

point B. 

Y axis: S-Gn, the line joining the points S.ella 

and Gnathion. 

Sella/Basion: S-Ba, the line joining points Sella 

and Basion., 

Sella/Articulare: S-Ar, the line joining points 

Sella and Articulare. 

(c) Angles (Figure 4) 

Facial Angle - S :N : Pg, the posterior inferior angle 

formed by the NS p~ane and the facial line. 

Angle of facial convexity - N : A : Pg, the acute 

angle formed between the lines Nasion/point A and point A/ 

Pogonion. and read as a plus or minus deviation from 180°. 
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Cranial base angle - S : N ; Ba, the inferior angle 

formed by the Nasion/Sella and the Sella/Basion lines. 

Angle of Cranial flexion - N : S : Ar, Bjork's saddle 

angle formed between the lines N-S and S-Ar .. 

Joint Angle - S : Ar : Go~ the anterior angle formed 

between the lines S-Ar and Ar-Go. 

Genial Angle - Ar : Go : Me the angle between the 

Ramus .plane and Mandibular plane .. 

Mandibular Plane Angle - NS : Go : Gn, t:he acute 

angle formed between the N•S plane and the Mandibular 

plane,. 

Angle S : N : A, the angle between the lines N•S 

and N-A. 

Angle S : N : B, the angle between the lines N-S and 

N-B .. 

Angle N : S : Gn, the angular relationship between 

the Y axis and the N-S plane. 

Projections (Figure 5) 

Perpendiculars were constructed from the Mandibular 

plane to the following points : 
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Ar and Pg 

Perpendiculars were constructed from the Facial 

line to the following points : 

ANS and M. 

Perpendiculars were constructed from the palatal 

plane to the points A and Ptm. 

F. Regions Investigated 

The craniofacial structures studied on the lateral 

headfilms were associated with the regions outlined as 

follows : 

1~ Cranial base region. 

2. Maxillary region .. 

3. Mandibular region. 

4. Combined cranial and facial regions. 

This investigation did not include a: study of the 

dento-alveolar structures as almost one third of the 

individuals had received orthodontic treatment in the 

period 1960 ... 65. 
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1. Cranial Base Region (Figure 6) 

The median sagittal structures of the cranial base 

indicate in the skull the division between the cranial 

vault and the facial skeleton- A relationship between 

the form of the cranial base and facial morphology has 

been suggested by Bjork (55 >, Ricketts (55 >, Moss and 

Greenberg (S5) a.nd others, and age changes in this region 

may be of particular importance in the Class III patient. 

For convenience the cranial base may be divided into 

three segments (Scott '58). 

(a) Posterior segment - Basion to sella tucica 

(b) Middle segment - Sella turcica to foramen caecum. 

(c) Anterior segment - Foramen caecum to nasion 

The nasion-sella plane is considered a relatively 

stable base from which to appraise changes in the dento-

facial complex (Graber 1958). However, it must be noted 

that changes in the vertical plane have been suggested to 

occur at point Nasion (Keith and campion 22 , Scott (Sa). 

Stramrud (sg) and Hopkin (62b)• Furthermore as pointed 
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out by Moorrees and Kean (SS), the N-S plane is subject 

to variation between indiv'iduals in relation to the line 

of natural head balance7 this latter objection would 

appear valid for any intra cranial reference line. The 

use of the NS plane in this study, allowed comparisons to 

be made with angular and linear measurements of other 

studies. 

The length of the anterior cranial base was determined 

by measuring the distance between points N and S while the 

distance s-Ar represented the lateral cranial base 

length (Bjork 1947). 

In measuring the angle of cranial flexion both the 

midsagittal angle (N : s;Ba) and lateral angle (N : S : Ar) 

were obtained., 

The measurement of the saddle angle (N : S : Ar) and 

the line S•Ar are considered to give the position of the 

temporomandibular joint in relation to the anterior cranial 

base (Bjork 1947). The true position of the condyle in 

the glenoid fossa is obscured in the radiograph by the ear 

rods and the dense bone overlying this region. 
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2. Maxillary Region (Figure 7) 

In this study point A (Downs) was us"ed to define the 

anterior limit: of the maxilla rather than the anterior nasal 

spine, the latter often being difficult to determine 

accurately in the horizontal plane. 

In most radiographic studies the middle and anterior 

segments are combined and the anterior cranial base is 

designated by the Nasion Sella plane. 

The angle S : N : A was measured to determine the 

anteroposterior relationship of the anterior surface of 

the maxilla to the anterior cranial base. 

The effective anteroposterior length of the maxilla 

was measured as the distance betwee.n points A and Ptm. 

These two points were projected as perpendiculars on to 

the palatal plane. 

The palatal plane was selected as a maxillary reference 

line for the following reasons : 

(a) The palatal plane is a constant plane closely 

paralleling the Frankfort plane~and at the same time is 
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more easily and. reliably located in the headfilrn than 

is the ·Frankfort plane - Graber (1956). 

(b) The palatal plane lies in close proximity to 

the variable landmarks (pointsA and Ptm). and therefore 

errors of measurements are less likely to occur as a 

result of projection- Saseouni (1959). 

The third measurement made in the maxillary region 

was the height of the upper face. This was determined 

by measuring the distance between the points N and a 

projected point ANS along. and perpendicular to, the 

facial line (N-Pg). 

3. Mandibular Region (Figure 8) 

The total effective length of the mandible was 

assessed by measuring the distance between points Pg and 

Ar when projected on to the mandibular plane. This 

length will vary depending on ramus height (Ar-Go) and 

gonial angle (Ar : Go : Gn) and therefore these latter 

measurements were also determined. The length of the 

mandibular body was also determined using the measurement 
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Pg~Go projecteQ on to the mandibul~r plane. 

The height of the lower face was taken ~s the 

distance between the projected point ~NS and the 

pe.t:pendicular projection,of Menton on.tp the facial line. 

A study of this region was completed by determining 

the relative forward projection of the mandibular apical 

base by measuring the angle S : N : B. 

4. Corr~ined Face.and Cranial Base Region (Figure 9) 
' 

Three facial profile measurements were determined : 

. (a) Angle of Facial convexity (Downs) N : A : Pg. 

This angle locates the chin point in relation to the 

middle face. 

(b) Total mandibular prognathism which was 

assessed by measuring the angle S : N : Pg. 

(c) The relationship of maxillary apical base 

to the mandibular apical base was determined by subtracting 

the valu.e of S : N : B from that of S : N : A. The value 

is negative if angle S : N : B is greater than angle 

S : N : A .. 
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The total facial height of the face was measured as 

the distance between points N and M on the facial line 

and therefore includes the heights of both the upper and 

lower face. 

In order to determine the relationship of the 

mandible to the cranial base, the following angular 

measurements were obtained : 

(a) Joint angle (S : Ar : Go). '!'his angle was 

measured in order to relate the mandible to the posterior 

cranial base .. 

(b) Angle of Facial Divergence (NS : GoGn). 

This angle was preferred to the Frankfortmandibular 

angle# the latter involving difficulties and errors in 

locating the Frankfort plane. 

(c) 'Y' axis (N : S : Gn)~ The 'Y' axis was 

determined to provide an indication of changes in 

downward and forward direction of mandibular growth in 

relation to anterior cranial baSee 
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G. Summary of Regions Inve~tigated 

1. Cranial Base Region 

Linear Measurements .. . Length of anterior 

cranial base, N - s. 

: Length of posterior 

cranial base, S - Ar. 

Angular Measurements : Angle of cranial 

2. Maxillary Region 

Linear Measurements 

Angular Measurements 

flexion (midsagittal) 

N : S : Ba,. 

: Angle of cranial 

.. • 

flexion (saddle angle} 

N : S : Ar,. 

Length of the maxilla 

l?tm - A .. 

: Upper facial height 

., 
• 

N - ANS. 

Antero postero position 

of the maxilla s : N ~ A. 
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3q Mandibular Region 

Linear Measurements 

Angular Measurements 

• .. Length of the ramus 

Ar - Go. 

: Length of the body of 

the mandible Pg - Go 

: Total length of the 

mandible, Pg - Ar 

: Lower facial height~ 

. • 

ANS - M.. 

Gonial angle, 

Ar : Go : Gn. 

: Anteroposterior position 

of mandibular apical 

baseo S : N : B. 

4. Combined Facial and Cranial Base Regions 

Linear Measuremen·ts : Total facial height, 

N - M.. 
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Angular Measurements . . Total mandibular 

prognathism (Facial angle) 

S : N : l?g .. 

: Angle of facial convexity, 

~l : A : Pg. 

: Anteroposterior 

difference in maxillary 

and mandibular apical 

base# S : N : A/S : N : B 

difference ( A : N : B 

angle). 

: Joint angle, 

S : Ar : Go .. 

: Angle of facial divergence, 

NS : GoGn. 

: 'Y' axis~ 

N : S : Gn .. 
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A. Result.s of the Clinical Examination 

1.. Age .and Sex 

The age and sex distr.ibution of the groups are 

shown in Figures 10 and 11. 

Mean age of the Class III group was 14 years 8 months, 

and the range was 12 years to 16 years 6 months. 

Mean age of the Acceptable group was 13 years 1 month 

and the range was 11 years to 15 years 11 months. 

2. Dental History 

As shown in Table I, 14 of the children had received 

orthodontic treatment. 

Alignment of anterior teeth using removable appliances 

had been completed for 12 of this treated group, and 2 

children had received treatment with multiband appliances 

after the removal of premolar teeth. 

3. Dental RelationshiRs 

A total of 21 children were classified as Acceptable 

occlusions, (Angle Class I molar relationship and normal 

inciso.r relationship} .. 

DENTAl SCHOOL 
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The remaining 19 children snowed Angle Class II.I 

molar relationships and varying degrees of incisor 

malrelationship. In this latter group, the dental 

relationships did not show evidence of a functional 

protrusion, other than to a minimal degree on final 

closure in a few individuals. 

Table I shows the distribution of the 1965 sample in 

relation to both the 1960 classification and to previous 

orthodontic treatment. 

TABLE I 

1965 1965 
Acceptable (21) Class III (19) 

Non Non 
Treatment. Treatment Treatment Treatment 

1960 
Pseudo 5 9 4 2 
(20) 

1960 
True 5 2 12 1 
(20) 

40 10 11 16 3 

- -------~ ... ----·-- ---- ~·--~---------·-·· 
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DISCUSSION 

Approximately one third of the sample had received 

orthodontic treatment and therefore tooth movement, 

during the five year period. It follows that measurements 

involving the teeth were necessarily excluded from this 

study .. 

However, tooth movement of this type undertaken for 

the treated children in this study cannot be considered 

to alter or modify the inherent skeletal pattern. Such 

conclusions have been suggested many times since Lundstrom's 

papers on apical base (25 ), and more recently Hopkin (62a) 

and Mills (GG) using treated Class III material have 

contributed further supportive evidence. 

The possibility of altered mandibular position as the 

result of corrected anterior crossbite was also considered 

by Hopkin, but his findings suggested ·that functional 

protrusion in Class III malocclusion were less common 

than often supposed, and were more likely to result from 

overclosure. The selection of the 1960 material excluded 
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individuals with a ma~ked functional protrusion. It is 

therefore unlikely that correction of incisor relationships 

for any individuals in the sub-group of treated patients 

has resulted in significant alteration of mandibular 

position. 

The number of individuals from both the 1960 Pseudo and 

True classifications who, in the absence of appliance 

treatment, were able to meet the criteria required for the 

1965 Acceptable group are of particular interest. Active 

finger or lip pressure may have been responsible in one or 

two individuals, but for the remaining children the crossbite 

correction appears to have occurred spontaneously. The 

ages in 1960 of all but one of this non treatment Acceptable 

group were between 6 and 8 years, thus suggesting the need 

for carefuL assessment before appliance therapy during the 

early mixed dentition. 

Furthermore, the apparent spontaneous resolution of 

malocclusions previously classified in 1960 as either 

Pseudo or Class III, does not indicate an etiological 

relationship between incisor malrelationship and the 
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development of a Class III pattern, as suggested by 

R 't h' (60) l. c l.e • 

A disproportion of male and female distribution 

in the 1965 sample, is shown in the histogram (Figure 8)~ 

As the circumpuberal growth spurt commences approximately 

. 1 . . . 1 Tanner (62) d h two years ear ~er 1n g1r s , an as t e age 

in 1965 of a large proportion of both sexes lies within 

this period of rapid skeletal growth, such sex differences 

may be further accentuated-

Consequently cephalometric measurements of 

individual amounts and rates of craniofacial g .,. ""~·'"'" 'h .;f;w'-'!fY ..... .a. .. 

could not be compared in this study. 
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B. Cephalometric Results. 

1. Comparison of Pseudo and True Class III Groups 

(19.60 Cleall Classi:Eication) 

Mean values from the 1960 radiographs of the 'Pseudo' 

and 'True 1 Class III groups were tested against each other 

to determine any statistical differences between the groups. 

Measurements from the 1965 radiographs for the same group 

were similarly tested. 

Ten variates were selected for measurement, including 

those.measurements which had shown significant differences 

between the two groups in ~he earlier 1960 study. 

Results of the present investigation are shown in 

Tables 2 and 3 .. 
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TABLE 2 

Comparison of ._the Pseudo and True Groups in 1960 

Pseudo Group True Group 

Var;i.(;lte Mean S.D. Mean S .. D. t . Significance 

SNA 0 80.77 2.74 80.02° 4.,64 0.625 N.S. 

ANB 1 .. 65° 1 .. 65° 0.12° 2.73 6 .. 801 *** 

NAP +3 .. 12 3,.89 -1.52 6 .. 93 2 .. 61 *** 

S:N:Pg 79 .. 20 1.,75 80.72 4.11 4.,82$ *** 

NS:GoGn 36 .. 47 3,.63 34.72 5.07 1.258 N.S. 

N:S:Ar 120 .. 30 3 .. 32 119.75 4.92 0.413 N .. S. 

. N:S:Ba 127,80 3.38 127.80 4.50 o.oo N. S. 

Pg-Ar 96 .. 90 4.95 100 .. 75 7.30 1.-954 * 

Pg-Go 68.37 3.43 70.50 5.41 1.49 N.s. 

Ar-Go 41 .. 32 5 .. 52 43 .. 55 5.70 1.259 N.S .. 

~--- - --·--~~ .. ------
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Important differences between the Pseudo 

and True Class III groups were the relationship 

between mandibular and maxillary apical base, and the 

facial angle and the angle of facial conveJdty. 

These differences were significant at the o.l% level .. 

The length of the body of the mandible was 

found to be greater in the ~rue Class III group, 

the differences being significant at the 5% level., 

No significant differences were found when the 

mean measurements of the remaining skeletal variates 

were compared. 
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TABLE 3 

Comparison of the Pseudo and True Groups in 1965 

Pseudo Group True Group 

Variate Mean S.D. Mean S.D .. t Significance 

S:N.:A 81.30 2.97 80 ... 17 3'!87 1 .. 036 N.S • 

A:N~B + 0.80 1 •. 61 ... 1.12 4.22 1 .. 904 N.S. 

N:A:Pg o.oo 4.30 -5 .. 07 9.,43 2.185 * 
S:N:Pg 81.30 2 .. 59 82.60 4.91 1 .. 048 N.S. 

NS:GoGn 34 .. 92 5.,40 33.,97 5.39 0.558 N.S. 

N:S:Ar 121.27 4.,07 122.00 5.18 0,.496 N.S. 

N:S:Ba 127 .. 77 4.28 128 .. 30 4.31 0.389 N.S. 

Pg ... Ar 108.22 6.25 112.62 10.56 1 .. 61 N.S. 

Pg .... Go 76.77 3.,97 78.55 6.63 1.028 N.S. 

Ar-Go 47 .. 05 5.24 50.,75 7.13 1.868 N .. S. 

·-"- .... 

(\ 
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The angle of facial convexity was found to be 

less in. the 1965 True group, the difference being 

significant at the 5% level. 

The values of the mean measurements for the 

remaining variates were not found to be significantly 

different. 
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DISCUSSION 

The morphological differences shown by Cleall, 

within essen·tia.lly the same groups of Pseudo and True 

Class III malocclusions, were corroborated when the 1960 

headfilms were analysed* 

In both studies differences were shown in Angles 

A : N : B; N : A : Pg and S ; N : Pg at the 1% level of 

significance. The True Class III pattern in these 

children, aged between six and eleven years, showed a 

greater apical base disharmony and greater tendency ·to 

mandibular prognathism. As in the earlier study the 

size of ·the :mandible was larger in the True groupu the 

differences in effective length being significant at the 

5% level. 

However, when the same groups were compared again in 

1965 statistically significant differences were not evident 

with a sirigle exception that of the angle of facial 

convexity at the 5% level. 
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Therefore, apart from a difference in facial 

convexity in the 1965 groups, the absence of differences 

in mean measurements suggested considerable variation in 

the craniofacial mprphology of individual children in 

the groups. Furth ex· support for such individual 

varia·tion is evidenced by the distribution of Acceptable 

and Class tit children in the 1965 clinical assessment. 

(Table I) .. 

It is apparent, therefore, that the Class III dental 

relationship in the early mixed dentition does not allow 

a satisfactoJ::'y assessment of prognosis for the malocclusion. 

Furthermore, because of individual growth changes in the 

late mixed' and adolescent dentitions, the definition of 

Pseudo Class III malocclusion may be best applied to a 

functional mandibular protrusion due to overclosure as the 

result of loss of posterior occlusion., 

As an alternative to dental relationships as an indicator 

of prognosis in Class III malocclusione the anteropostero 

relationships. as measured from the headfilms are considered 

in the following section. 
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2. Comparison between a Cephalometric Ranking of 

the Sample in 1960 and the Clinical Cl(lssificati.on 

in 1965 .. 

Angle A : N : B representing the anteroposterior 

difference of maxillary and raandibular base, and angle 

N : A:Pg as the angle of facial covexity, were selected 

to evaluate the occlusions in the total sample in 1960. 

The predictive values of the two angles were tested by 

comparing cephalometric rankings obtained from the 1960 

headfilms with the results of the clinical classification 

in 1965. 

Confidence intervals of 1 S.D .. and 2 S .. D .. from the 

means, and toward the Class III distribution were used as 

ranking divisions for the angular measurements. 

Mean and standard deviation figures for angle A : N : B 

and angle N : A : Pg were obtained from a cephalometric 

assessment of 44 N.z. children with normal occlusions by 

Gresham ( 63 ) .. Mean values and the standard deviations 

for the angles were : 
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Angle A : N ; B 3.0° + 1 .. 5° 
~ 

Angle N : A : Pg 
0 3.5° 4.0 + -

Comparisons between the radiographic classification 

in 1960 and the Clinical classification in 1965 are shown 

in Tables 4, 5, 6, and 7. 

A comparison of the results of the clinical 

assessment in 1965 with rankings obtained by measurement 

of the 1960 headfilms is shown in Table 4. The 

ranking division was at the arbitrary level of min~s one 

S.D. from the mean value of Angle A : N : B .• 

TABLE 4 

Angle A : N : B Clinical Assessment 
I 1960 Headfilms 1965 
i 

Total 1960 Sample ~cceptable Class III 
I 

' I I 

! 

Number within 1 S.D. " • 
18 15 3 

0 . A : N : B 1.5 or greater 

Number outside 1 S.D. 
= 22 6 16 

0 A : N : B less than 1.5 

40 21 19 
~~~----~~-~--



. , 
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The 1960 headfilms of the total sample (40) showed 

18 individuals with an A : N : 0 B angle of 1.5 or greater. 

When clinically assessed in 1965~ 15 of the 18 children 

were found to have an Acceptable occlusion, and 3 a Class 

III malocclusion. 

Similarly 22 individuals of the total sample showed 

an A : N : 
0 B angle of less than 1.5 1 of these 6 were 

classified in 1965 as Acceptable and 16 as Class III. 

The Chi-Square test: was used to determine the 

significance of the observed differences in the Acceptable 

and Class III groups, that resulted from the 1 S.D. division 

of angle A : N : B. 

'l'he value of Chi-Square (.x? = 12 .. 475) showed the 

observed differences between the samples to be statistically 

significant at the O.l% level • 
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TABLE 5 

Comparison of the clinical assessment in 1965 with 

the 1960 headfilms where the ranking division was at 

confidence .level of minus two S.D. from the mean value of 

angle A t N : B. 

Angle A ; N : B Clinical Assessment 
1960 Headfilms 1965 

Total 1960 Sample Acceptable Class III 

Number within 2 S.D. 0 I 
• 

A : N : B 0~0° or greater 28 18 10 

Number outll*ide 2 S.D. . .. 

A : N : B less than o.o 0 12 3 9 
-· 

40 21 19 
~---~"-·--"~-~--~------ --- --~-~-------·~~· ---

The 1960 headfi1ms showed 28 individuals with angles 

0 of o.o or greater. When assessed in 1965, 18 of these 

children were found to have an Acceptable occlusion and 10 

'~~ 
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a Class III malocclusion. Similarly 12 individuals of 

the sample showed an A : N : Bangle of less than 0.0°r 

of these 3 were classified in 1965 as Acceptable and 9 as 

Class III. 

The observed differences were not found to be 

statistically significant as the result of a Chi-Square 

test. 

'!'ABLE 6 ·-4 t~~· 

Comparison of the clinical assessment in 1965 with the 

1960 measurements using angle N : A t Pg~ The la t:ter sample 

was divided at the confidence interval of one s~o. from the 

mean value of angle N : A : Pgo 

Angle N : A : Pg Clinical Assessment 
1960 Headfilms 1965 

Total 1960 Sample Acceptable Class III 

Number within 1 S.D. : 
24 17 7 

0 N : A = Pg o.s or greater 

Number outside 1 S.D. : 
16 4 12 

0 N : A. : Pg less than 0,.5 

40 21 19 
····-.~~--
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Measurements from the 1960 headfilms resulted in 

. 0 . 
24 individuals with angles of o.s or greater,. 'When 

assessed clinically in 1965, 17 of these children were 

found to have an Acceptable occlusion and 7 a Class III 

malocclusion,. Again of the 16 ,cbi.ldx,ero. with angles less 

than 0 .. 5°, 4 were found to have an Acceptable occlusion 

and 12 a Class III malocclusion .. 

A value of Chi•square (x2 
== 8 .. 085) showed the 

observed differences to be significant at the l.~A 

level .. 

TABLE 7 

Comparison of the clinical assessment in 1965 

with the 1960 measurements using angle N : A : Pg. 

The latter sample was divided at the confidence interval 

of two S.D .. from the mean value of N : A : Pg. 

"' 
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T~BLE 7 

Angle N : 1\. : Pg Clinic~l As.$essment 
. 1960 Hea.dfilms 1965 

Total 1960 sample ~cceptable· . Clcass III 

Number within 2 SuP<> 31 20 11 
0 N ; A : l?g -3.0 ?J: greater 

.. 

Number outside 2 S .. D .. 
9 1 8 

0 
N : A : Pg less than -3 .. 0 

40 21 19 
· .. 

.Measurements from the 1960 headfilms resulted in 31 

children with angles of minus 3 .. -0° or greater ... When 

assessed clinically .in 1965, 20 of these children were 

found to have an Acceptable occlusion and 11 a Class l:II 

mal.occlusion •. Similarly, of the 9 children with angles 

. 0 
less than minus 3.0 only 1 was found to have an Acceptable 

occlusion, the remaining 8 hav:ing a Class III malocclusion .. 

> 
A value of Chi'!"'Square (x? = 7.954) showed the 

observed differences to be statistically significant at 

the l .. OOfi, level. 
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P.r~.dic.tive Values of An5fles A. ~ N. :. B .. and N :. A ; Pg 

When the num'be,w of correct cephalometric predictions 

was exprestc;led as a percentage of the total number in 

each of the ranked groupsli the most satisfactory vaJ,:ues 

were : 

(a) Within one standard ¢leviation of the mean 

( 63) value of angle A ; N ' B Gresham · ~ 

88% of the 1960 Pseudo and True Class !II groups 

within this range of measul:ement were reclassified as 

having an Acceptable occlusion in 1965 .. 

(b) Outside two standard deviations of the mean 

63 value of angle N ; A : Pg (GJ;esham ) ~ 

8~!& of the 1960 Pseudo and True Clas$ IIi groups 

outside this range of measurement were reclassified as 

having .a Class III malocclttsion in 1965. 
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DISCUSSION 

The confidence intervals used in this sttidy 

represent variation in a selection of normal occlusions, 

and therefore malocclusions showing measurements outside 

the two standard deviation interval could be expected to 

have an unfavourable prognosis.. However, the large 

percentage of clinically acceptable occlusions in 1965 

that showed in 1960 an A : N : B angle within one 

standard deviation, e:mphasdses the importance of skeletal 

pattern in assessing the future occlusion~ By contrast 

the small but significant number of occlusions which 

cannot be correlated with the above relationships, must 

reflect the influence of both soft tissue morphology and 

dento .... al·veolar adapt ion. 

ln this study cephalometric assessment of the 

antero•postero relationships using angles A : N : B and 

N : A : Pg has resulted in a comparatively reliable 

assessment of Class III Malocclusion in the early mixed 
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dentition. This finding is in agreement with that of 

Hopkin (G2a), who showed a greater degree of antero-postero 

disharmony in Class III malocclusions that had relapsed 

after orthodontic treatment .. 
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3. Comparison of ·the Acceptable Group (1965 Classification~ 

with a Normal ContJ::ol Group 

In order to relate the Acceptable sample with a 

selected Normal control sample of similar age and sex, 

the retrospectively classified 1960 Acceptable group 

was compared wi·th the Normal control sample cited by 

Cleall in 1960. 

The mean value for 16 skeletal variates of the 

Acceptable and Normal groups are shown in Table a. 
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TABLE 8 

Comparison of the 1960 Acceptable Group with the Normal 

Control Group ( 60) 

Variate Acceptable _Normal Signifi-
'Mean S.D. Mean S.,D. t cance 

. ' 

S : N : A 80.38 2.84 80.80 3.24 - N,.S .. 

A : N : B 1.95 1.,83 3.,20 1.-70 2.319 * 
N : A : Pg 3 .. 52 4.54 5,.40 3 .. 64 1_~492 N,.S .. 

'· 
S : N : Pg 78.60 1 .. 75 78,.70 2 .. 70 - N.S. 

NS : GoGn 35.93 2 .. 41 35.30 - ... N.,S. 

N : S : A:r 119.76 3 .. 14 124.40 3 .. 71 4 .. 461 *** 
s :: Ar : Go 143.40 t=: 1 Q 

V, • ..L._J 140.30 6,.30 1 .. 631 N,.S. 

Ar : Go : Gn 132.78 3.05 130.40 5.55 1.750 N.S. 

S - N 69.62 3.29 69.,00 - - N.S. 

S- Ar 30.90 2 .. 97 32,.80 3 .. 31 1,.983 N.S. 

N- ANS 47.81 3.71 49.90 - - N.S. 

M-ANS 61.64 3.32 60.60 ... - N.S. 

N-M 109.45 5.47 110.30 - - N .. S. 

Pg - Ar 96.14 4 .. 97 97.80 3.~64 1.248 N.S. 

Pg- Go 67 .. 97 4.56 70.80 3.66 2,.246 * 
Ar - Go 40 .. 71 2.94 41 .. 70 2.45 1 .. 192 N .. S., 

-· -~'----'-.. ------·-"----~--~- ~ L...-. ·--~----~------ ~- ----~-------~-~----~ ----- . -- -- ~~---~-~-1 



.... 91 .... 

The angle of cranial flexion (saddle angle) was 

found to be significantly smaller in the Acceptable group 

when the mean values were compared. The difference was 

highly significant at the 0-1% level. 

The body of the mandible was shorter in the 

Acceptable group than in the Control group, the difference 

being significant at the 5% level. 

A difference in angle A : N : B was also shown at 

the 5% levelu indicating a difference in anteroposterior 

apical base relationships. This difference was not shown 

when values for angle N : A ; Pg were compared .. 

No significant differences were found when the 

mean measurements of the remaining skeletal variates 

were compared~ 
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DISCUSSION 

Longi·tudinal headfilms of the 1960 :Normal sample 

were not available and in this investigation the 

retrospectively classified 1960 Acceptable group 'W'as 

used as the control group. 

Therefore this latter group consisted of children 

who had been classified in the earlier investigation as 

either Pseudo or True Class III ·and subsequently 

presented with Acc~ptable occlusions. 

:tn order to relate the facial morphology of this 

group in 1960 with that of normal occlusion in children 

of similar age and sex, the mean measurements were 

compared with those obtained from the Normal control 

sample of Cleall in 1960. The two samples were almost 

evenly matched in both age and sex, the mean ages of the 

groups being 8 years 1 month and 8 years 3 months for the 

Acceptable and Normal groups respectively. 

Facial polygons constructed from mean skeletal 

measurements are shown in Figure 12. 
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The findings showed a highly significant reduction 

in the angle of cranial flexion in the Acceptable groups 

while the length of the mandibular body significantly 

larger (5% level) in the Normal group,. 

This latter finding was unexpected butthe increased 

mandibular size in association with decreased values for 

the joint angle (S : Ar : Go) and the gonial angle 

(Ar : Go : Gn), appear to have compensated for the 

increased angle of cranial flexion. The result has been 

a similar position of chin point in both groups. Although 

the facial profile is slightly flatter for the Acceptable 

groupo the mean differences are small and would suggest 

the malocclusions of this group in 1960 to be dento•alveolar 

rather than skeletal in origin• 

The shape of the posterior cranial base has been 

classically described using the midsagittal angle N : S: Ba, 

but Bjork (4?) investigated the lateral cranial base using 

angle N : S : Ar, and the linear measurement S - Ar as the 

length of the posterior cranial base. Point articulare 
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was employed in order to study the position of the mandible 

in relation ·to posterior cranial base, and to relate 

positional changes in the glenoid. fossa and temporomandibular 

joint to variations in posterior cranial base. 

In 1955 Bjork showed the midsgittal angle N : S : Ba 

and the lateral angle N : S : Ar to be significantly 

correlated and studies by Lindegard (S3) and Sanas (S9 ) 

confirmed this finding~ (55) Furthermore Coben . in a 

longitudinal study of normal occlusion concluded that 

linear changes at point Ar relative to the position of 

Basion showed little change, if at all. 

(55) .! Moss and Greenberg using the clivtu$ and 
i 

cribriform planes to give the cranial base angle, found 

this angle significantly smaller in Class III malocclusions 

than for all other types of occlusion. 

Bjork in 1947 suggested that variations in the size 

and shape of the cranial base were related to varying 

degrees of facial prognathism~ In sub~equent papers (S3), 

(GO) Bjork considered that vari<lltions in cranial flexion 
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generally affect both jaws, a decrease in cranial flexion 

increasing the total facial prognathism and conversely 

an increase in the angle giving a decrease in total 

prog11a thism,. On the other hand variations in cranial 

base that were related to differences in mandibular and 

maxillary prognathism (e.g .. , Class III malocclusion) were 

suggested to result from variations in the length of 

posterior cranial base. 

In the present investigation the decreased angle of 

cranial flexion (N : S : .A.r) obtained for the Acceptable 

group has not resulted in a significant difference in the 

antero-postero relationship of the maxilla and mandible 

from tnat shown by the Normal groupp This finding would 

suggest that the shape of the posterior cranial base as 

defined by the angle N : S: Ar ie not necessarily associated 

with an unfavourable sagittal relationship of the maxilla 

and m.andibleu nor does it suggeet an unfavourable prognosis 

for the future dental relationships. 
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4.. Radiographic Comparison of the Acceptable and 

Class III groups (1965 Classification) 

Tables in Appendix B show the mean, standard 

deviation, and range of the variation, for all 

measurements in this section. 

The mean value of 20 skeletal variates in the 

Acceptable and Class III groups in 1960 and again in 

1965, were tested against each other in order to 

determine any significant differences. 

are shown in Tables 9 and 10. 

The results 
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TABLE 9 

Comparison of the Acceptable and Class III 
groups in 1960 

Varia:te Acceptable. Class III 
Mean S.D. Mean S.D. t 

N • s • Ar 119 .. 76 3 .• :'14 120.31 5.28 0.395 .. .. 
N .. s : Ba .. 127 .47 3 .. '64 128.50 4.23 1.405 . 
s - N. 69 •. 62 3 •. 29 .6$. 71 .· 3.81 0 .. 805 

s - Ar 30 .. 90 2 .. 97 31.18 3.27 -
s . N . A 80.38 2.84 80.42 3.85 0.03 • • 

Ptm - A 47.26 1.95 46 .. 92 2.80 -
N- ANS 47.81 3.71 50.34 3.74 2.144 

s . N . B . 78.43 1.97 80.81 3.56 2.586 .. .. 
Ar . Go . Gn 132.78 3.o05 134.76 5.85 1.320 • • 

Pg - Ar 96.14 4 .. 97 102 .. 05 7.23 2.984 

Pg - Go 67.97 4 .. 56 71.15 4.41 2.239 

Ar - Go 40.71 2 .. 94 43.81 6.19 1.987 

M-ANS 61.64 3.32 60.73 6.79 -
A . N • B 1.95 1,,83 -0.29 2.64 2.928 . . 
N : A • Pg 3 .. 52 4.54 -2.21 6.19 3.312 • 

s : N . Pg 78.60 1.75 81.47 3.62 3.112 . 
NS = GoGn 35.93 2 .. 41 35.21 5.96 0.514 

N . s .. Gn 66.57 1.90 65 .. 29 3 .. 26 1.405 • .. 
s : Ar .. Go 143~40 6.19 140.47 6.94 1.401 . 
N-M 109.45 5.47 112.18 7-.14 1.344 

Signifi-
cance 

N.S .. 

N.S • 

N .. S .. 

N.S. 

N.S. 

N.S. 

* 
* 

N.S. 

** 
* 

N.S. 

N.S. 

** 
** 
** 

N.S. 

N.S. 

N.S. 

N.S .. 
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Significant differences shown in the 1960 groups 

are summarised as follows : 

1. at the 1% level 

(a) the effective length of the mandible (Pg-Ar) 

(b) the apical base difference (angle A : N : B) 

(c) the angle of facial convexity (N : A : Pg) 

(d) the facial angle (S : N : Pg) 

2. at the 5% level 

(a) 

(b) 

the upper facial height (N ..... ANS) 

the mandibular apical base angle (S : N 

(c) the length of the body of the mandible 

(Pg - Go) 

B) 
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TABLE 10 

Comparison of the Acceptable and Class Ill 
groups in .1965 

Variate Acceptable Class III 
Mean S.D. .Mean S.D. t 

N .. s : Ar 121..81 3 .. 57 121.44 5.65 -9 

N : s : Ba 127.71 3,.93 128.86 4.74 -
s - N 73.00 3,.64 73.05 3.35 -
s - Ar 35.28 4.18 33.97 3.09 1.139 

s : N : A 80.76 2.85 80.71 4.01 -
Ptm - A 50.98 2.86 50.53 4.01 -
N ... ANS 54.02 3 .. 88 55.24 4 .. 40 -
s : N . B 79.17 2.89 82.71 3.70 3.339 • 

Ar : Go . Gn 130.33 3.56 133.66 6.67 1.936 • 
Pg - Ar 107.43 5.95 113.84 "l A ., r"' 

.J..V • .J..::> 2 .. 400 

Pg -Go 76.33 5.43 79.13 5.22 1.657 

Ar - Go 47.00 4.32 51.00 7.76 1.986 

ANS .... M 68.14 4.90 68.13 5 .. 58 -
A . N . B 1.59 2.51 -2.10 2.99 4.202 . . 
N : A . Pg 1 .• 28 6.19 -6.79 6.85 3.898 . 
s . N·: Pg 80.12 3.06 83.97 3.88 3.468 . 
NS . GoGn 34.67 4.26 34.21 5.92 -. 
N . s . Gn 66.85 3.18 64.60 2.99 2.307 • .. 
s . Ar . Go 142.66 5.69 139.02 7.22 1.758 . . 
N- M 121.66 6.60 123.39 7 .. 56 -

Signifi-
cance 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

** 
N.S. 

* 
N.S. 

N.S. 

N.S • 

*** 
*** 
** 

N .. S,. 

* 
N.S • 

N.S. 
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Significant differences shown in the 1965 groups 

are summarised as. follows : 

1. at the o.l% level : 

(a) ·the apical base difference (angle A : N : B) 

(b) the angle of facial convexity (N : A : Pg) 

2. at the 1% level : 

(a) the mandibular apical base angle (S : N : B) 

(b) the facial angle (S : N : Pg) 

3. at the 5% level : 

(a) the effective length of the mandible (Pg - Ar) 

(b) the angle of the •y' axis (N : S : Gn) 
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DISCUSSION' 

Comparison of.the Acceptable and Class IJ;I groups 

in 1960 and in 1965 showed important differences in the 

variates relating to the facial profile and.mandibular 

size. The mean facial patterns may be compared by 

reference to the superimposed facial diagrams in Figures 

13 and 14. 

Significant differences in 1960 between the mean 

values of the angles s : N : B (5%), A : N : B (1%), and 

N ; A : Pg (1%) contrast the sagittal relationship of the 

maxilla and mandible and emphasise the convexity of the 

facial profile in the Acceptable group and the concave 

facial profile in the Class III group. These differences 

are further accentuated in the 1965 groups the levels of 

significance being 1%. 0.1%, and 0.1% respectively. 

The size of the mandible was larger in the Class III 

group as shown by the mean values for the effective length 

( Pg - Ar) and t:he length of the mandibular body ( Pg - Go) , 

the differences between the groups in 1960 being significant 
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at the 1% and 5% levels respectively. In 1965 the mean 

values for mandibular size were again larger in the 

Class III group but the only variate showing a significant 

difference was Pg - Ar at the 5% level. 

The mean angle of the •y• axis which was shown to 

be slightly smaller in the Class III group in 1960 has 

become significantly smaller (5%) level in 1965, thus 

indicating a more horizontal vector of mandibular growth 

when compared with the mean growth pattern of the group 

with Acceptable occlusion. 

Differences in cranial base length and flexion were 

not found to be statistically significant and similar 

results were shown for measurements involving lower and 

total facial height and genial angle. 

Contrary to many previous investigations, the mean 

cranial base and maxillary measurements did not show 

significant differences when the Class III pattern was 

compared with the pattern of Acceptable occlusion either 

in 1960 or 1965. Instead, the. size of the mandible 
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appears to be the most important difference in 1960, but 

this Ciif;ference.became. less marked when the 1965 groups 

were compared. 

It is evident that morphological differences in 

the Acceptable and Class III groups are small, but that 

the combination of even sroa.ll variations may result in 

considerable differences in ante~o-postero relationships. 

Despite the apparent similarities in the pattern in 

1960 and again in 1965, the differenGes in antero-postero 

relationship have increased as the result of age changes 

over this interval .. This finding is similar to that of 

. (65b) 
HopkJ.n and cannot be accounted for by the normal 

mandibular growth differential occurring at puberty. 
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5. Growth Changes in the Acceptable and Class III 

Groups; Between 1960and 1965 

Tables in Appendix B show the mean, standard 

deviation, and range of variation for all measurements 

in this section. 

Mean growth changes occurring in the Acceptable 

and Class III groups were compared by testing the 

differences between the means of the growth changes. 

. ' 

The smaller variance obtained by this method 

allows a more accurate analysis, in ·that the 

differences previously present in the 1960 groups 

were excluded from the comparison. 

The mean values of the growth changes for 20 

variates in the Acceptable and Class III groups, were 

tested against each other in order to determine any 

significant differences. The results are shown in 

Table 11., 
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TABLE 11 

Comparison of Growth Changes in the Acceptable 
and Class III groups 

Variate Acceptable Class III 
Mean s.o. Mean S.D. t 

N : S : Ar 2?05° 3!'46 1~13° 2.37 1.082 

N : S ; Ba 0.24° 2.17 0.34° 2.02 0 .. 148 

S .... N 3.38rran 1.62 3.79:mm 1.49 0 .. 666 

s- Ar 4.43mm 2 .. 43 2o87rnm 1 .. 86 2 .. 187 

S : N ; A 0.38° 2 .. 54 0.29° 0.87 0.145 

Ptm - A 3.7lrom 1.75 3.50mm 1.64 0,.390 

N- ANS 6.16mm 2,89 4.76mm 2.92 1.608 

S : N : B 0.64° 2.51 1 .. 89° 1.29 1.629 

Ar : Go : Gn 
. 0 

... 2.45 2 .. 31 -1.08 
0 

2.30 1 .. 794 

Pg- Ar 11.28rom 2.18 11 • 89nm1 5 • 41 "' 11'"1"'1 Vo"1:f I 

Pg - Go 8.43mm 1.75 7.55:mm 3.02 1.144 

Ar-Go 6.28m:m 2.83 7.18:mm 3.82 0 .. 855 

M .... ANS 6 .. 50mm 3.69 6.47rom 2.68 0.029 

A : N : B -0.36 
0 

1.57 -1.74 
0 

1.93 2.559 

N:A:Pg -2.24 
0 3,58 -4.60° 3.67 2.159 

S:N:Pg 1.52° 2.41 2.50° 1.81 1 .. 454 

NS : GoGn -1.26 
0 

2.13 -1.0° 2.32 0.328 

N : S : Gn 0.29° 2.13 -0.68° 1.69 0.569 

N- M 12 .. 21m:m 3 .. 06 11.76mm 3.69 0.,423 

S : Ar : Go -0.74 
0 

4.59 -1.44 
0 

2.42 0.602 

Signifi-
cance 

N.S. 

N!'S~ 

N.S. 

* 
N.S. 

N.S. 

N.S. I 

I 

I 
N.S .. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S .. 

* 
* 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 
--·-~-~ ----· -- - ~--~~ ~---·---·-~-------~ -~--~-------~- - --·. . --- ~--------------------------·---
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Significant differenc.es shown between the Acceptable 

and Class III groups are summarised as follows : 

At the 5% level 

(a) the length of the posteri()r cranial 

base (S - Ar) 

(b) the apical base difference (angle A : N : B) 

(c) the angle of facial convexity (N : A : Pg) 
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DISCUSSION 

It was shown in the previous section, that the 

differences of the means in 1965 were not consistent 

with those obtained from the 1960 headfilms of the same 

groups,. Therefore an an attempt to isolate any 

differences that may have occurred as the result of 

growth changes during the fi·ve years from those 

differences already existing in the morphology in 1960, 

the mean values of the nett growth changes were 

determined for each of the variates. 

The findings again showed a larger degree of 

unfavourable profile change in the Class III group with 

age" The mean changes in ang·les A : N : B and N : A : Pg 

showed inter-group differences which were significant at 

the 5% level, and in this respect support the findings of 

the previous section for these variates., 

Variates describing mandibular size, cranial flexion, 

anterior cranial base and maxillary legnths, which may 

have been expected to contribute to these profile variations, 

did not show any significant differences in growth between 
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the two groups. 

The one other variate which showed a significant 

difference when the mean nett changes were compared, 

was that of posterior cranial base length (S- Ar). 

The smaller amount of growth in the Class III group may 

indicate the importance of growth in this region as a 

determinant in the development of favourable or unfavourable 

antero-postero relationships during the late mixed and 

early adolescent dentitions. 
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6. Comparison of Growth Relationships in the 

Acceptable and Class III GrouEs 

The coefficient of correlation was determined in 

order to test the degree of association between age 

change occurring in one variate and the age change in 

another variate over the five year period. 

The value of the coefficient was obtained for the 

selected pairs of variates in each of the Acceptable and 

Class III groups and the results are compared in Tables 

12, 13, and 14. 

TABLE 12 

Comparison of the Acceptable and Class III groups in which 

the variates in each group showed a significant value for 

the coefficient of correlation 

Acceptable Class III 

Variates 'r'' •t• Signi- 'r • 't'• Signifi-
ficanc cance 

N:S:Ar/N:S:Ba o. 768 8.629 *** 0.584 3.912 ** 
S :l>l:Pg/Pg-Go 0.487 2;.933 ** 0.587 3.913 ** 
S:N:Pg/NS;GoGn -0 .. 944 39.333 *** -0.442 2.383 * 
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TABLE 13 

Comparison of the Acceptable and Class III groups in 

which the variates in each group showed a non significant 

value for the coefficient of correlation 

Acceptable Class III 

Variates • r • t t. Signifi- • r • •t J Signifi-
cance cance 

S-Ar/N: S :Ar ... Q.303 1.530 N.s. -0.301 1.,447 N.S. 

S-Ar/Ptm.,.A 0.1.73 - N .. S. 0.075 - N.S. 

S-Ar/S:N:Pg 0.239 1 .. 366 N.s. 0 .. 048 - N.s. 

e· S-Ar/Pg-A:r 0~238 1 .. 160 N.S .. -0.176 0~792 N .. S. 

S-Ar/Ar-Go 0.150 0 .. 704 N.S .. -0.193 0.873 N.S. I 

I 
Ar-Go/NS:GoGn -0.021 - N.S. 0 .. 015 - N.S. 

S-Ar/N-~NS -0.126 0.586 N.S. 0.056 - N .. S. 

S:Ar:Go/S:N:Pg -0.017 - N.S. -0.315 1.521 N.S. 
c.______ ________ --~--- ~--·_.. __ _:_.:__ ___ ,: __ - ---- ' ...• ---·-"·--
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TABLE 14 

Comparison of the Acceptable and Class III groups in 

which the variates in one of the groups showed a 

significant value for the coefficient of correlation 

Acceptable Class III 
Variates •r' • t. ~ignifi- • r, •t' Signifi-

canoe cance 

N: S :Ar/S :N:Pg -0.603 4.338 *** -0~351 1.746 N.S. 

N:S:Ar/S:N~A -0.468 2.744 * -0.335 1.645 N.S. 

S:N:Pg/S:N:A 0 .. 797 10 .. 000 *** 0.282 1.336 N.S. 

S-Ar/Pg-Go 0.446 2.548 .... 0.049 ~· .... 
"" - !.'d • i:) • 

S-Ar/N•M 0.489 2 .. 945 ** 0.028 - N.S. 

S-Ar/S:N:A 0.470 2.760 * 0.324 1.571 N .. S. 

N-M/Pg-Ar -0 .. 094 - N.S. 0.500 2.906 ** 

M-ANS/Ar-Go -0 .. 070 - N,.S. 0.465 2 .. 583 * 

Ptm-A/S-N -0.011 - N.s. 0.565 3 .. 622 ** 

L 
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DISCUSSION 

The degree of association during growth between 

paired angular, and linear measurements, in each of the 

groups, was investigated by determining the coefficient 

of correlation. Comparison of the values for several 

selected pairs of variates are shownm ·the preceding 

Tables where ; 

Table 12 shows statistically significant intra pair 

relationships occurring in both the Acceptable and 

Class III groups. 

Table 13 shows intra pair values that were not 

statistically significant in either group9 

Table 14 shows intra pair relationships where a 

significant correlation was found in either the Acceptable 

group or the Class III group alone. 

In Table 12 both groups showed a highly significant 

value for the relationship between age changes in the 

midsagittal cranial base angle (N : S ; Ba) and age changes 

in the lateral angle (N : S : Ar). These findings are in 
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'th · k <s5 ) · nd s · <59 > d · a· agreement W.l.. BJor a arnas an 1.n·1.cate 

that changes in posterior cranial base are accompanied by 

changes in the temporal bone and hence the glenoid fossa. 

The high correlations therefore supports the use of angle 

N : S : Ar in describing cranial flexion. 

In both groups, changes at pogonion are strongly 

related to increases in length of the mandibular body 

(Pg -Go), and to changes in the mandibular plane angle 

(NS : GoGn) as shown in Table 12. This latter finding 

compares favourably with the coefficient (-0.75) obtained 

by Van der Linden (60) using a similar sample of children 

with normal occlusions .. 

The absence of a significant association between the 

mandibular plane angle and ramus height {T<:.~.ble 13) supports 

the findings of Bjork (63 ) whose implant studies showed 

the importance of the direction of ramus growth rather 

than increases in ramus height. 

Growth changes in several variates were tested for 

association with linear growth changes in posterior cranial 
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base length ( S - Ar ) and no significant correlations 

could be shown in either group. (Table 13.) Earlier in 

this investigation it was shown ·that the mean linear 

growth changes in S .... Ar were smaller in the Class III 

group and therefore the relationships of S - Ar with 

N : S : Ar and S : N ~ Pg were of particular interest. 

The coefficients obtained for these pairs along with the 

others tested in Table 13 do not suggest that growth along 

S - Ar is strongly related to changes in pogonion .. 

Findings indicating differences between the Acceptable 

and Class III groups are shown in Table 14. Evidence of 

a highly significant negative correlation in the association 

of cranial flexion and angle S : N : Pg was not supported 

in the Class III group, although a moderate negative 

correlation was shown. This difference may indicate that 

this relationship in Class III malocclusion is of lesser 

imp.ortanae than has been sometimes suggested .. 

Furthermore a similar relationship to the above was 

shown when changes in cranial flexion were related to changes 
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in angle S : N : A. These findings suggest that age 

changes in maxillary prognathism and mandibular prognathism 

are similarly related to age changes in the angle of cranial 

flexion. Thus the findings of this study were similar to 

those of Bjork (SJ). The values of the correlation 

coefficients when S : N : Pg and S : N : A were similarly 

related to changes in angle N : S : Ar were reported by 

Bjork as -0.,31 and -0 .. 33 respectively. 

Differences between groups were also accentuated 

when changes at Pogonion were related to changes in angle 

S : N : A. The much smaller ·value obtained in the Class 

III group emphasises the differences between the groups in 

regard to horizontal changes and may be related to smaller 

increments of maxillary growth. The significant 

relationships shown between variates Ptm - A/S - N in the 

Class III group (Table 14) add support, by suggesting that 

growth changes at Point A are limited and follow the 

appositional pattern of growth taking place at Nasion .. 



,, 
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Although other statistically significant coefficient 

values were shown, the relationships were inconsistent 

and not considered to further identify any differences in 

growth pattern between the Acceptable and Class III groups. 
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Age Changes in Individual Patients 

Inspection of the standard deviations and the range 

of measurements indicates considerable ·variation in 

individual patients.. Thus trends for the groups as shown 

by mean values cannot be applied to the individual. Some 

of these variations during growth are considered by 

referring to a small group of randomly selected individuals .. 

Six patients of the group selected for individual 

study in 1960 again presented at the 1965 re-examination. 

Three of the patients were classified in 1965 as Class III, 

the remaining three having Acceptable occlusions. Tables 

21 and 22 in Appendix B show the individual age changes in 

the variates measured, as well as the mean age changes in 

the Class III and Acceptable groups. 

Superimposing on the N ~ S line with 'S' as registration 

point, polygons were constructed for each individual using 

the 1960 and 1965 measurements (Figures 17 - 22). Skeletal 

changes in these individuals over the five year period may 

be compared with the mean polygons of the Acceptable and 

Class III groups (Figures 15 and 16). 
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lndividu.al.patients are described as follows : 

1,. Patient LlO (Feraale) 

The age of. the patient in 1960 was 8 yeats 5 months, 

and ·the ma.locclusion was 1 classified at that date as a 

True Class III,. Orthodontic treatment was completed 

using removable appliances after removal of four first 

bicuspids. In 1965 the patient was reclassified as 

having a Class III malocclusion. 

Facial growth changes over the five year period are 

shown by the polygons in Figure 17 and measurements of 

growth changes in all ·variates tested are given in Table 21. 

No marked differences from the mean Cla$s III pattern 

can be shown and the unfavourable antero-postero relationship 

in 1960 appears to have become worse as the result of the 

normal growth differential in the maxilla and mandible 

during the pubertal growth spurt. 

2. Patient L68 (Female) 

Facial polygons are shown in Figure 18 and measurements 

of growth changes in Table 21. 



Ar 

\ 
\ 
\ 
\ 

- 126 -

,.-....---------, M ,, 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 
I 

'}. 

·Go' 
I 
I 

\ ., 
.... 
' ' ' 

- I 
I 
I 
I 

' - I 
' ' ·~ I 

' I ··' ' I 
', I 

PATIENT Lo3 
PEMALE 

', L 

' I ' ' I 
', I 

10 year& 2 month& 

15 year& 2 months ----: _ 

Figure 19 

' I ....... 
Gn 

. ' 

. I 

-1 

• I 

-, I 

. I 



- 127 .... 

In 1960 the patient was aged 11 years 5 months and 

was classified as having a Pseudo Class III malocclusion. 

No orthodontic treatment had been undertaken and in 1965 

the malocclusion was classified as Angle Claf);s IJ:I. 

The age of this girl in 1960 was greater than. average 

and probably accounts fo~ the smaller growth changes shown. 

However, changes over the period are similar in proportion 

to those of the Class III group. exceptions being the 

relatively smaller age changes in maxillary length and 

posterior cranial base length. 

3. Patien.t L33. (Female) 

Facial plygons for this patient are shown in 

Figure 19 and measurements of the variates tested in 

Table 21 .. 

The patients age in 1960 was 10 years 2 months and 

her malocclusion was classified as True Class III4 No 

orthodon·tic tlt'eatment was attempted and in 1965 the 

malocclusion wc..s cla$sified as Angle. Class III .. 
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Although the linear measurements of posterior 

cranial base and maxillary length were both less than the 

group averages~ the extreme increase in mandibular 

prognathism appears to have resulted from excessive growth 

of the mandible, in both body length and in the ramus 

height. 

The angle of cranial flexion has increased to a 

greater degree than average for the Class III group while 

the increase in facial height is close to the group 

average,. 

4. J?a.tient L69. (Male) 

Facial polygons for this patient are shown in Figure 20 

and the measurements of the variates tested are shown in 

Table 22., 

.The age in 1960 was 6 years 9 months and the malocclusion 

classified as Pseudo Class III. No orthodontic treatment 

bad been undertaken and i11 1965 the patient was classified 

as having an Acceptable occlusion. 
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Age changes in both linear and angular measurements 

are similar to the mean changes shown for the Acceptable 

group .. An exception was the greater than average increase 

in maxillary length which in association with favourable 

angular and linear changes in the posterior cranial base 

has resulted.in a maintenance of the favourable antero

postero relationship. 

5. Patient L5.5 (Mal~) 

Facial polygons for this patient are shown in 

Figure 21 and the measurements of the variables tested 

in Table 22, 

The age of the patient in 1960 was 10 years 6 months 

and at that time he was assessed as a Pseudo Class III 

malocclusion .. No orthodontic treatment had been undertaken, 

and in 1965 the patient was assessed as having an c 

Acceptable occlusion .. 

Greater than average changes in ramus height and to 

a lesser degree in lower facial height would appear to be 

associated with a more vertical vector of mandibular growth. 



- 132 -

5 -,}{. 
~ . I 

I p 
// ,, 

I II 
A I ,, 
~r- f ,, 

. ' ,, . 

I t' 
I I I 

I I/ 
I I I A 
I I A:\. 
I I 4 
l I 
I I 
I I · Go', 1 

' I ' ' ' ' ' ' ' ' PATIENT No.L32 ',, 
' FEMALE ', I 

'-4 

7 yeo.rt 5 month& 
12 y4ars · S months 

Figure 22 

Gn 

.:;l 



- 133 .... 

However the greater than average increases in the length 

of posterior cranial base as well as the increased angle 

of cranial flexion appear to account for the relatively 

small change at chin point. Therefore, despite a smaller 

than average gr~Nth change in maxillary length, the 

antero-postero relationship of the maxilla and mandible 

shows little change. 

6 o l?at.ient L32 (Female) 

Facial polygons for this patient are shown in Figure 

22 and the measurements of the variates tested in Table 22 .. 

The age of the patient in 1960 was 7 years 5 months 

and her malocclusion was classified as Pseudo Class III. 

No orthodontic treatment had been undertaken and in 1965 

the patient was considered to have an Acceptable occlusion., 

Linear mandibular growth changes were larger than those 

of the group but no change was shown in the relative 

antero•postero relationship of the maxilla and mandible 

despite a smaller than average increase in maxillary 

length .. In this patient, such favourable growth changes 
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appear to be associated with the marked increase in 

the angle of cranial flexion which has occurred without 

increase in posterior cranial base length., 
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DISCUSSION 

The children represen·ted varied in age and sex,. and 

therefore differences in rate and amount of growth may, 

at least in part, be attributed to differences in 

maturation levels. Furthermore, for some of the younger 

individuals, the mandibular growth differential during 

late puberty is likely to reult in less favourable 

antero-postero relationships. 

lvnile the number reported is small, individual 

differences in the growth pattern are evident. Variations 

in the growth of the maxilla, the mandible, and the 

posterior cranial base, have been described and show 

differences not only in amount but also in direction. 

Similar observations have been described by Bjork ( 53 ), 

Coben ( 55 >, Ricketts ( 55 ) and in Class III malocclusion 

. {62a) 
by Hopkkn • 

Despite variations in the growth patterns# the changes 

in individual profiles (antero-postero relationships) were 

comparatively small, an exception being individual L33, 
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who showed considerable change. This girl was an 

extreme example associated with markedly excessive 

mandibular growth, resulting in a malocclusion well 

ou·t.side the range of orthodontic treatment. 

For the remaining individuals, the variations in 

profile with age appear to be much less than the 

variations in growth of the jaws and cranial base. This 

was true for individuals in both the Acceptable and Class 

III samples. Thus the skeletal pattern of the mixed 

dentit:ion tends to persist and as observed by Brodie (S3), 

the variations during growth appear to be compensatory 

in order to maintain an essentially stable pa·ttern. 
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GENERAL DISCUSSION 

Lateral headfilms have been used by numerous 

investigators to study the morphology of the facial 

skeleton .. However, such studies using Class III 

materials have been relatively few, and almost all have 

been cross sectional .. In this study, measurements after 

a period of five years in groups where the age and sex 

of the individuals are matched, have allowed a limited 

longitudinal analysis of some aspects of Class III 

morphology. 

The design of this study did not allow the classical 

method of comparison which utilises a control group 

consisting of matched longitudinal records of normal 

occlusions .. Instead, the favourable proportion of 

Acceptable occlusions presenting at the 1965 re-examination 

made possible the use of this group as a control sample .. 

The morphology of the Acceptable children suggests 

that as a g.r·oup, their position on a frequency distribution 

curve of normal occlusion would lie on ·the Class III side 

of the curve. In this respect the use of such a control 
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sample is likely to test more severely the significance 

of any differences in the Class III group. 

The Acceptable group comprised of individuals from 

each of the earlier Pseudo and True classifications, and 

thus indicated the considerable variation in apparent 

Class III morphology during the early mixed dentition. 

The absence of differences in the mean measurements of 

the 1965 Pseudo and True groups can be considered to 

further emphasise the heterogeneous nature of the groups. 

Normal molar relationships distinguished the Pseudo 

malocclusions, and in the 1960 age group these proved to 

be unreliable guides in prospectively assessing this type 

of malocclusion. However, using lateral headfilms it 

was shown that antero-postero measurements did allow a 

reliable assessment of the future pattern for a large 

percentage of individuals9 Furthermore it is suggested that 

the definition of the Pseudo Class III be restricted to 

those malocclusions resulting from a functional mandibular 

protrusion in association with vertical overclosure • 
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When the lateral headfilms of the Acceptable group in 

1960 were tested against a matched Normal sample, highly 

significant differences were shown in the angle of cranial 

flexion. Similar differences were not observed between 

Acceptable and Class III gropps at either age; both groups 

showing a decreased angle of flexion. It follows that 

this measurement cannot be regarded as a critical variation 

in the development of Class III relationships. Furthermore 

when correlation coefficients were compared, antero-postero 

growth changes in the maxilla and mandible were similarly 

related to changes in the angle of flexion in each of the 

groups. The findings in this study do not suggest that 

changes in the angle of cranial flexion are strongly 

associated with the development of antero-postero relationships. 

This latter finding also gains support from the concepts of 

~ . h d . ( 2 2) { 64) d k . ( 6 0) h KeJ. t an CampJ.on , Moss , an Kos l. , w o 

consider age changes in cranial flexion to be associated 

with the growth of the functional systems of respiration 

and deglutition. 
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When growth changes in the Acceptable and class III 

groups were analysed, the linear change in posterior 

cranial base was larger in the Acceptable group. Although 

correlation coefficients did not exhibit strong relationships 

with age changes in the maxilla and mandible, this difference 

was considered important. Recent studies by Powell and 

Brodie (G3), and Konie (G4 ) have shown a much earlier 

ossification of the sphe~o-occipital synchondrosis than 

had been previously considered. It follows that changes 

in the posterior base rnay be related to adolescent maturation 

and further investigation is necessary to clarify these 

associations-

Other than the differences in posterior cranial base, 

the growth changes in the Acceptable and Class III groups 

were similar. ~us normal growth cannot be applied only 

to normal occlusions. However, comparison of the 

correlation coefficients indicates the importance of 

variations in.the growth of the mandible and the maxilla 

when related to anteropostero relationships. Analysis of 
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the changes occurring in individual patients further 

emphasised the variance in these areas of the face, as well 

as in the posterior cranial base. Although these variations 

would appear generally to result in the maintenance of the 

early pattern, the correlation of some of these changes 

with the soft tissue and dental morphology requires 

further investigation. 



- 142 -

CONCLUSIONS 

1. During the early mixed dentition, the 1960 

"True" and "Pseudo" groups defined in this 

study, merely described the molar relationships. 

Differences in facial morphology previously considered to 

have been associated with these groups, were not 

substantiated by serial analysis. It follows therefore, 

that the subdivision does not offer a reliable pro13pective 

assessment for malocclusion in children of this~e range~ 

2. A radiographic cephalometric assessment of the 

antero-postero relationships during the early 

mixed dentition resulted in a satisfactory level for 

prediction of occlusal relationships after a five year 

period. Therefore, where Class III incisor relationships 

are present, measurements of the profile angles A : N : B, 

and N : A : Pg, may usefully indicate the severity of the 

antero-postero malocclusion, and allow a prognostic 

assessment for most individuals. 
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3. Age changes in the mid-sagittal and lateral 

cranial base angles, N : S : Ba and N : S : Ar, 

showed high correlations in both groups. This finding 

·. further supports the use of point. Articulare as an 

alternative to point Basion in describing the angle of 

cranial flexion. 

4. The reduced cranial base angle present in both 

the Acceptable and Class III groups suggests that 

the angle of cranial felxion is not a critical variation 

in the morphology of Class III malocclusion~ Furtherrno.re, 

the relationships shown between age changes in this angle 

and variation· in mandibular prognathism may be applied 

with similar validity to variation in maxillary prognathism. 

5. Although the Acceptable and Class III groups 

had the same general tendencies in their growth 

behaviour, the profile differences tended to inc;rease 

during the five year period~ The significant difference 

in linear growth of the posterior cranial base (.S .. Ar) 

suggests that further investigation of this region is 

desirable. 
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6. The facial pattern appears relatively stable 

at the time of the early mixed dentition, but 

individual analysis of age change emphasised the variation 

in the growth of the cranio-facial components. In 

part,i:cular, variation in the ramus and body of t.he mandible, 

the maxillary base and the posterior cranial base, appear 

most important during the transition to the permanent 

dentition. 
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SUMMARY 

A longitudinal cephalometric investigation was made 

of 40 children who, five years previously, had been 

selected for a study of mandibular prognathism. 

Pseudo and True Class III malocclusions, each of 20 

children, of this earlier study were found at re-examination 

to show either an Acceptable occlusion or an Angle Class 

III malocclusion. A second series of lateral headfilms 

was obtained. 

The 21 individuals who presented with an Acceptable 

occlusion at the second examination formed the control 

sample to allow comparison with the remaining individuals 

with Angle Class III malocclusion. Measurements with 

the Acceptable group were compared with those of a control 

sample used in an earlier study. 

All samples compared showed a high degree of concordance 

in regard to the age and sex of the·children. The 
~ 

measurements were analysed statistically and the morphological 

differences evaluated. 
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In this investigation the Pseudo and True grouping 

was shown to 'be anoma.lous. Retrospective studies o~ 

the Acceptable and Class III groups characterised differences 

in the craniofacial. morphology, showed similari·ties in the 

pattern of growth, and indicated certain age changes 

which may account for the individual variation associated 

with the growth of the face and jaws. 
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A.. STATISTICAL FOR!\IDIAE 

1. Differences between the Means. 

(a) Standard Deviation 

S.D.= /Enx2 2 
m X ;~ 

where E = sum of 

X ;:::: individual measurements 

within the variate. 

n = number of subjects in 

the group. 

m ::..-= arithmetic mean of the 

variate for the group 

(b) ·'t' test. (Standard Error Test) 

M, - m1 
t - ·~ - -

j SD2 SD2 
+-

nl n2 

Degrees of freedom .. 

n * == (n - 1) + (n - 1) 1 2 
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(c) •t• test (Students) 

t == d - d l 2 

~ 2 - 2 
E(d1-d1 ) + E(d2-d2) 

Degrees of freedom 

n* == (n~l) + n •l) 
I 2 

n1n
2

(n
1

+n
2
-2) 

nl + n 
2 

where d == difference between serial 

measurements (growth changes) 

d mean of the growth changes 

n :::: number of subjects in the 

group 
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2~ Coefficient of Correlation - •r• 

Ex;y - (x) (y) 
(a) r = _.;;,;;,n ____ _ 

SxSy 

where X = 

y 

-X = 

-y 

Sx r.::; 

Sy 

s~ -!~ - n 
- 2 

- X 

Sy = jE:f;2 -2 
- y 

(b) Standard error of 

1-r2 -S.E.r = 
/ n 

observations of one variable 

observations of other 
variable 

Mean observations of 
one variable 

Mean observations of 
other variable 

standard deviation of 
observations of one variable 

standard deviation of 
observations of other variable 

'r' - S.E. r 
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(c) •t 1 test 

t 
'r, --- SE 

r 

(d) Degrees of freedom 

n* n .... 2 

Chi - Sgua:re Test 2 
-x 

(a) 

(b) 

2 
X ::::: 

Where 

E ,f. - f!)2 s .. 

f ::::: observed frequency 

pJ :-:;: expected.frequency 

n* = (n - 1) (m ..,. 1) 

Wh.ere n "* number of classes in one 
category 

m :;::: number of classes in the 
other category 
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B. TABLES 
,. 

TABLE 15 

The 1960 Acceptable group, 21 children aged 6 years 

to 10 years 8 months 

Variate Mean Standard R_fl.n51e --- Deviation 

N- S 69.62mm 3 .. 29 62.5 - 74.5mm 

~ 

s - Ar 30.,90mm 2.97 25.5 - 37.0mm 
N : S : Ba 127 .. 47° 3. 64 

0 
120.5 - 133.0 

N,-: S ; Ar 119:76° 3.14 
. 0 

114.5 - 125 .. 0 
PTM - A 47.26nun 1.95 44 .. 5 - 51 .. 0mm 
N- ANS 47.81mm 3.71 41 .. 5 - 55 .. 0mm 
S : N : A 80.38° 2.84 72.0 - 84.0° 
Ar - Go 40.71nu.n 2.94 34.0 - 45 .. 5mm 
Pg- Go 67.97mm 4.56 55.0 - 74 .. 5mm 
Pg- Ar 96.14mm 4.,97 88.0 - 104. Onun 
ANS • M 61. 64:mm 3.32 55.0 - 68 .. 5mm 
Ar : Go : G:n 132 .. 78° 3.05 .125 .. 5- 137.5° 
S : N : B 78.43° 1.97 73.0 - 81.0° 
N- M l09.45mm 5 .. 47 98.0 - 119.0mm 
S : N : Pg 78.60° 1.75 74.5 - 81.0° 

c 14.5° N:A:Pg 3.52 4.54 -6.5 -
1.95° 

0 
A : N : B 1.83 -1.0- 7.0 
s : Ar : Go 143.40° 6 .. 19 

. 0 
138.0 - 150 .. 5 

NS : GoGn 35o93° 2.41 
. 0 

32.5 - 40.5 
N : S : Gh 66.57° 1 .. 90 

0 
62.5 - 69.0 
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TABLE 16 

The 1965 Acceptable group, 21 children aged 11 years 

to 15 years 11 months 

variate Mean Standard Ranse - Peviation 

N - S 73.00:mm 3.64 65.,5 - 7B.OOro:m 

s - Ar 35.28ro:m 4.18 25.0 - 40.0mm 
N ; S : Ba 127,.71° 3.93 

0 
121.,5 - 136 .. 0 

N : S : Ar 121.81 3 .. 57 
0 

115 .. 5 - 129.0 
PTM - A 50.98mro 2,.86 46.5 - 56.5mm 
N - ANS 54.,02ro:m 3.88 48.0 - 60.0mm 
S : N : A 80.76° 2.85 73.5 - 86.0° " 

Ar-Go 47.00mm 4 .. 32 38 .. 5 - 55.5mm 

" Pg - Go 76.33mm 5.43 60 .. 5 - 84.5mm 
Pg- Ar 107 .. 43mm 5.95 94.5 - 116,5mm 
ANS - M 68.14mm 4.90 58.0 - 76.0:mm 
Ar : Go : Gn 130.33° 3.56 

0 
123.0 - 137.0 

S : N : B 79 .. 17° 2.89 
. 0 

74.0 .... 83.5 
N-M 121.66mm 6.60 111.0 - 132.0mm 
S;N:Pg 

0 3.06 
0 

80.12 75.0 - 84.5 
N : A : Pg 1 28° 6.,19 -15.5 - 13.0° • 
A : N: B 1 .. 59° 2 .. 51 .... 4.0 - 7.5° 
S : Ar : Go 142.66° 

0 
5o69 134.$ - 154.5 

NS : GoGn 
0 4c26 

. 0 
_34.67 2P .. 0 - 42.0 

N : S : Gn 66 .. 85° '3 ... 18 62.0 - 72.0° 

0. 
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TABLE 17 

The 1960 Class III group, 19 children aged 7 years 

to 11 years 5 months 

variate Mean Standard Range 
Deviation 

N- S 68.71mm 3.81 64.5 - 75.0 
s- Ar 31.18mm 3.27 26 .. 5 - 34.5 
N : S : Ba 128.50° 4.23 120.5 - 135.5 
N : S : Ar 120.31° 5.28 111.0 - 131.0 
PTM - A 46 .. 92nun 2.80 42.5 - 51.5 

~ N-AN'S 50.34mm 3.74 43.5 - 55 .. 5 
S : N : A 80~42° 3.85 74 .. 0 - 89.5 
Ar - Go 43.81mm 6.19 36~0 - 63.0 
Pg - Go 71.15mm 4 .. 41 63.0 - 80.0 
Pg - Ar 102.05xnm 7.23 91.0 - 114.5 
ANS- M 60.73mm 6.79 50.5 - 70.5 
Ar - GoGn 134.76° 5.85 120 .. 5 - 142.5 
S : N : B 80.81° 3.56 77.0- 90.5 
N-M 112.18mm 7.14 102 .. 0 - 122.0 
S : N : Pg 81.47° 3.62 77.5 - 91.5 

0 
N : A : Pg -2.210 6.19 5.5 - -16.5 
A : N : B -0.29 2.64 5.0 - - 7.5 
S : Ar ; Go 140.47° 6.94 126 .. 5 - 151.0 
NS : GoGn 35.21° 5.96 22.5 - 45.0 
N : S t Gn 65.29° 3.26 56 .. 0 - 70.5 

-~~-------
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TABLE 18 

The 1965 Class III group, 19 children aged 12 years 

to 16 years 6 months 

Variate ~ Standard Range 
Deviation 

N - S 73605mm 3 .. 35 68 .. 0 - 79.5 
S ... Ar 33.97mm 3.09 30.,5 - 39.5 
N : S : Ba 128.,86° 4.74 121..0 - 139.0 
N : S : Ar 121.44° 5.65 111.0 - 130.5 

" PTM - A 50.53mm 4 .. 01 43 .. 5 - 58.0 
N-AN'S 55.24mm 4.40 48.5 - 64.5 
S : N : A 80.71° 4.01 74.0 - 90.5 

' Ar .,.,. Go 51.00Irllfi 7.76 40.0 - 65.5 
Pg - Go 79.13mm 5.22 72.5 - 93.0 
Pg - Ar 113.84mm 10.15 92.0 - 138.0 
ANS - M 68.13mm 5.58 60.0 - 75.0 
Ar : Go ; Gn 133.66° 6.67 121.5 - 144.5 
S : N :B 

0 3.70 77 .. 5 - 90.0 82 .. 71 
N- M 123.39mm 7.56 111.0 - 132.0 
S:N:Pg 83.97° 3.88 78 .. 0 - 91.5 

0 
N : A : l?g -6 .. 790 6.85 +2 .. 0 - -19.5 
A : N : B -2.10 2.99 2.,0 - - 9.0 
S : Ar : Go 

0 7 .. 22 127.0- 150.0 139 .. 02 
NS : GoGn 34.21° 5.92 26.0 - 41.0 
N : S ;: Gn 64.60° 2,.99 58.5 - 69.0 ' 

I 



- 167 -

TABLE 19 

Growth changes occurring in the Acceptable group 

between 1960 and 1965 

Variate Mean - Standard Ranse 
Deviation 

" 

S : N : A 
0 2 .. 54 + 0.38 - 6 .. 5 - 6.0 

S : N : B + o. 74° 2.51 - :LS - 4.5 
A : N : B 

0 
1.57 - 3.0 - 1..5 - 0.36 

0 3.58 4.0 Na : Pg - 2.24 - 9.0 -
S : N : Pg + 1.52° 2.41 - 3 .. 0 - 4.0 

0 
NS : GoGn - 1 .. 26 2.13 - 6 .. 5 - 3.0 
N : S : Gn + 0.29° 2.13 - 3.5 - 4.5 
N ·: S : Ba + 0.24° 2.17 - 3.5 - 4 .. 5 
N : S ; Ar + 2.05° 3 .. 46 - 2 .. 5 - 11.0 
S : Ar : GO 

0 4.59 -10,.5 - 9.5 - 0.74 
Ar : Go : Gn 

0 2.31 - 8,.5 - 1.0 - 2.45 
S - N + 3.38mm 1. 62 - 1.0 - 6.5 
S- Ar + 4.43mm 2 .. 43 .... 0 .. 5 - 9.0 
N - ANS + 6.16mm 2.89 - 0 .. 5 - 11.0 
M-ANS + 6.50mm 3. 69 - 1 .. 5 - 15.5 
N-M +12.2lmm 3.06 7.0 ,_ 21 .. 0 
Pg- Ar +11.28mm 2.18 7 .. 0- 15.0 
Pg- Go + 8.43mm 1.75 5.5 - 11.5 
Ar-Go + 6.28mm 2~83 0.5 - 13.0 
PTM - A + 3. 71nun L. 75 0.5 .... 6.5 



" 

- 168 -

TABLE 20 

Growth changes occurring in the Class III group 

variate 

S : N : A 
S : N : B 
A : N * B 
Na : Pg 
S:N:Pg 
N : S : GoGn 
N : S : Gn 
N : S: Ba 
N : S : Ar 
S J Ar : Go 
Ar : Go : Gn 
S - N 
S- Ar 
N - ANS 
M-ANS 
N- M 
Pg - Ar 
Pg - Go 
Ar-Go 
PTM - A 

between 1960 and 1965 

Mean -
0.29° 
1 89° • 0 

-1.74 
0 -4,60 

2.50° 
0 -1.0 

0 
-0 .. 68 

0.34° 
~ ~30 
..1. • ..1. 

0 
-1.44 

0 
-1 .. 08 

3.79 
2.87mm 
4. 76nun 
6.47mm 

11. 76mm 
11 .. 89mm 

7.55mm 
7,18mm 
3.50mm 

Standard 
Deviation 

0.87 
1 .. 29 
1 .. 93 
3 .. 67 
1.81 
2.32 
1.69 
2.02 
2 .. 37 
2.42 
2 .• 30 
1.49 
1.86 
2.92 
2.68 
3.69 
5.41 
3 .. 02 
3.82 
1.,64 

Range 

- 1.5 - 2.0 
- o .. s - 6 .. 0 
- 7.0 .... 1.5 
-15.0 .... 2.5 

o .. o - 6.5 
- 5.0 - 2.5 
- 3.,0 - 2.5 
- 2.0 ... 6.5 
- 0.5 - 5.5 
- 7.0 - 2.5 
- 3.5 - 4 .. 5 

1.0- 7.0 
- o .. s - 7.5 

0.5 - 9.5 
1.5 - 11.5 
7 .. 5 - 19.5 
2.0 - 26,0 
2.0 - 13.0 

1.5 - 14.5 
1.0 - 7.0 
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TABI,.E 21 

Class III (1965) 

Variates gQ L68 L33 proup - - Mean 

S ~ N : A 0.5 -1.5 ... 1 .. 0 0 .. 29 
S : N : B 2.0 -0.5 6.0 1.89 
A : N : B -1.5 -1 .. 0 .... 7 .. 00 -1.74 
N : A : Pg 4.50 3.50 15.00 +4.60 
S : N : Pg 2.0 o .. o 6.50 2.50 
NS : GoGn -0.5 -1.0 +0.5 -1.0 
N : S : Gn -0.5 o .. o -2 .. 50 -0.68 
N : S : :Sa -1.5 3 .. 0 2.50 0.34 
N : S : Ar 1.0 2.50 3.50 1.13 
s : Ar : Go -2.0 o.o .... 7.5 -1.44 
Ar : Go : Gn -1.0 -3.5 4.5 -1.08 

S - N 2.5 2.0 3.5 3.79 
S- Ar 3.0 0 .. 5 o.o 2.87 
Ptm- A 2.0 1.5 2.5 3.50 
N- ANS 3.0 2.5 4.5 4.76 
M ... ANS 7.5 7.5 7.5 6.47 
N- M 10.5 10.0 12.0 11.76 
Pg - Ar 4.0 5.0 26.0 11.89 
Pg- Go 5.5 4,0 13.0 7 .. 55 
Ar-Go 6 .• 0 3.5 14 .. 5 7.18 
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TABLE 22 

Acceetab1e (1965) 

. 

variates L32 L69 L55 Group - - - Mean 
... 

S : N : A -1.0 2.0 1.0 0.38 
S : N : B -1.0 2.,0 -0 •. 5 0"'64 
A : N : B 0.0 o.o +1.5 -0 • .36 
N:A:Pg o.o o.o 1.,5 2,.24 
S : N : Pg -o.5 2.,0 0.5 1.52 
NS : GoGn 1 .. 5 ,...1~o -1.5 -1.26 
N : S : Gn 1.5 .... o.5 1,.0 0.29 
N : S :Ba 3.5 l .. O 1.0 0 .. 24 
N : S : Ar 8.5 1.5 5.0 2,.05 
S : Ar : Go -6.5 -2,.0 -6 .. 5 .... Q.74 
Ar ; Go : Gn -2.5 -1 .. 0 0 .. 0 -2.45 

S - N 4.5 3.5 3.0 3.38 
s - Ar -1.0 4.5 6 .. 0 4.43 
Ptm - A 2.0 5.5 2 .. 5 3.71 
N- ANS 6.0 7.0 4.5 6.16 
M-ANS 5.0 5.0 8.5 6.50 
N- M 11.0 12.0 13.0 12.21 
Pg - Ar 13.0 13 .. 0 10.5 11.28 
Pg- Go 9.0 9.5 6.5 8.43 
Ar-Go 7.5 5.,5 13~0 6.28 

I 




