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Abstract:-

The clinical application of a cephalometric analysis developed to define the areas of craniofacial
imbalance is described. Data was derived from ‘computer analysed serial data from lateral radiographs
of 60 boys and 64 girls from 2 to 20 years of age and from other surgical and orthodontic cross
sectional data. The cephalometric analyses areillustrated on a “‘normal’’ 18 year old female and on a
24 year old male with a maxillary deficiency and with severe mandibular overclosure, pre and post
operatively. The methodology determines variations in cranial base, orbit and zygoma positions,
craniofacial divergence, maxillary and mandibular positions, relations and size, dental arch size and
position and the effects of the combined parameters on the soft tissues of nose and lips.
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INTRODUCTION:
Surgical

Surgical intervention for craniofacial skeletal
imbalances has changed recently. Innovations to
maxillary and mandibular surgery have produced
major technique changes under influences of
Obwegeser (1964/69), Bell (1969/75/80), Epker
etal., (1974/80), and many others. Craniofacial
surgery, profoundly influenced by Tessier
(1968/76), has produced startling changes to the
craniofacial complex, although Whitaker et al.,
(1976), in a review of inherent serious

complications, emphasised the moral desirability-

of limiting this extensive surgery to major
craniofacial units. Indeed, extensive orthograthic
surgery is not without its complications, ranging
from the minor, temporary or permanent loss of
adjacent nerve sensitivity (Vladivelo 1980)

to the infrequent and rare malunion and other
bone graftting sequelae ( Bell et al.,1980 ),

and even condylar atrophy after sagittal
osteotomy (Philips & Bell 1978) emphasized the
desirability of limiting this surgery to major
craniofacial units, because of its extensive nature
.and inherent risk of serious complications.

Traditionally, the various types of cranio facial,
including maxillary and mandibular surgery,
were restricted to individuals in whom active
growth had ceased. However, some evidence is
accruing to substantiate early intervention
(Munro 1978, Wolford etal., 1979), whereas
somewhat contrary evidence has documented
the varying post surgical alterations achieved,
not only in this “growing group’ {(Freihofer
1975/77), but also in other surgical groups
(Cook et al., 1973, Wilmark 1974 Isaacson et al.,
1976/77,Hovingaet al., 1979.)

One of the difficulties in orthodontic surgical
intercommunications in these fields has been the
differences in interdisciplinary assessment
techniques. The surgical field has principally
utilised assessments related to the patient’s
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complaint e.g. soft tissue disfigurement (nose,
chin, lips, etc.). Patients were assessed from
clinical photographs and study casts, although
utilisation of cephalometric analysis (Hinds et
al., 1972), has markedly increased, particularly
over the last decade, and now includes
application of computerised digitising
technology, at least in some major centres,
(Schendel et al., 1976, Wolford et al., 1978/79).
Prediction of post surgical contours by these
technological changes (Kanazawa et al., 1978);
and/or by reshaping of radiographic image sized
photographs (Henderson 1974/78), is now
considered an important element of case analysis.

Orthodontic

Orthodontically, case analysis has followed a
similar “developmental pattern’’ often with
orthodontic research providing the basic
methodology for adaption to allied inter-
disciplinary fields. These methodologies include
roentgenographic cephalometrics (Broadbent
1931, et al., 1975, Bjork, et al., 1963-72),
coordinate system analyses (Walker 1971/72),
computer technological applications (Walker
1972, Solow 1970/73, Chebib et al., 1976,
Burstone 1980, Faber et al., 1978) and in
utilising combinations of these technologies and
concepts for predicting craniofacial growth
(Ricketts 1957-72, Johnson 1968/75, Popovich
etal., 1973/74/77)

Cephalometric methodology, no matter how
scientifically applied is dependent on the validity
of points selected for analysis, as well as the
statistical parameters quantifying the data sets.

Cephalometrics contribution to clinical analysis
is indirectly allied to the evolution of traditional
concepts for lines of reference (Broadbent, et al.,
1941/75, Bjork, et al., 1947-75, Enlow et al.,
1969/75), for lines of superimposition in serial
studies (Broadbent, et al., 1941/75, Bjork, et al.,
1947-75, Ricketts 1957-79, Coben 1979), and
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for assessing individual growth patterns and
deviations (Brodie 1941/42, Bjork, et al., 1947-
75, Moorees & Kean 1958, Sassouni 1969/74,
Ricketts 1957-79).

Data Analysis

Severe limitations are imposed on the accuracy
of analysis and also of prediction concepts, by
sample sizes in many serial studies. For example,
16 males and 16 females throughout all ages in
Bolton Broadbent published tables (Broadbent
et al., 1975); a variation from 47 males at 9
years to 23 at 16 years and 36 females at 8 years
to 9 at 16 years shown in the University of
Michigan series (Riolo et al., 1974). Similar
limitations exist in many other serial studies of

" craniofacial growth (Nanda 1955, Burstone
1967, Ricketts 1972/79). The lack of adequate
statistical validation of individual (Brodie 1942},
and group (Bhatia et al., 1979) craniofacial
growth patterns in serial studies, which
frequently have data analysed cross sectionally,
imposes severe limitations in making sweeping
statements on constancy of pattern concepts and
on growth prediction tendencies eg, ‘‘after the
age of 5 years the basic dento-skeletal
morphology is established in.almost all (97%)
individuals”, (Wolford et al., 1979). Frequently,
patterns of craniofacial development undergo
considerable and subtle changes with age (Bjork
1955, Tweed 1966, Bjork et Skeiller 1972/77,
Ricketts 1972/79), and particularly during
adolescent maturation, changes in direction may
occur as the mandible accelerates its growth in-a
predominant horizontal direction (Bowden
1978) and this acceleration is not always
matched or compensated for by other
craniofacial elements (Hunter 1966, Roche &
Lewis 1976).

The prediction of growth dependent
parameters has many inherent deficiencies, be
they as diverse as height, (Tanner et al., 1975,
Roche et al., 1975), heart size (Maresh 1948), or
craniofacial skeleton {Ricketts 1957-72-79,
Bjork 1947-75, Johnson 1968/75, Woodside
1970, Mitchell et al., 1975, Moyers et al.,
1971/79, Popovich et al., 1975/76 Houston
1979).

Prediction methodology is based on the
statistical function of parameters (Cameron
1978, Moyers et al., 1971/79), but it is also
equally dependent on the reliability of
assessment techniques utilised to determine
initial size, (Knott 1941, Speilman 1972,
Cameron 1978) and the changes in body pattern
development with age (Bayley 1959, Tanner et
al., 1975, Roche 1978). All developmental
tissues, craniofacial skeleton included, respond
differently to the flowing and ebbing of genetic
and environmental influences with age, and
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these are reflected in biochemical changes and
particularly neuro endocrine activities. (Winter
1978, Grumbach et al., 1974/78/80). The
combined circulating biochemical factors
institute profound and variable responses to the
varying receptor and effector mechanisms at the
cellular levels {Roth et al., 1980}, and thus
modulate genetic and environmental influences.

MATERIALS AND METHODS
Material

The data used in the present investigation were
analysed from the records of 60 boys and 64
girls enrolled in a serial, multidisciplinary study
at the University of Melbourne Child Growth’
Study (Roche and Sunderland 1959), from 2
years to over 20 years of age. The tables in this
paper utilise specifically the statistics derived
from Child Growth Unit data of 60 boys and 64
girls at 9 years and variable serial data from 9-19
years but include at a minimum 38 boys and 49
girls, the numbers at 19 years of age. The basic
Child Growth Unit data was augmented by cross-
sectional data of 580 from an orthodontic group
and 115 from a surgical assessment group.

The radiographs were taken on a Bolton
Broadbent cephalometer and the enlargements
for the lateral radiographs were similar to those
defined by Broadbent et al., 1975. Enlargement
factors are a potential source of considerable
error in assessment, not in angular dimensions,
but certainly in size analysis and these
enlargements have been extensively reviewed
recently (Bergersen 1980). For example, Y Axis
Length (S-Gn) may be over 150 mm and the
variations produced on different head holders
change from Bolton Broadbent (object film
distance of 9 cm), to the Ricketts (object film
distance of 18.cm), i.e. a potential difference in a
150 mm length of 12.5 mm (i.e. 2 x S.D’s). The
object film distance also will have a significant
bearing in the amount of distortion of mid line
structures (S) compared with lateral structures
(Go, Co) as detailed by Slagsvold Pederson
1979. The figures quoted in this publication
have not been computed to actual size to
simplify direct clinical adaption to measurements
on radiographs, however, the Growth Unit
computer analyses perform actual size
corrections in those -analyses where size
parameters are utilised (Bowden 1978).

All radiographs were preliminarily traced and
digitised directly on the radiographs (Bjork &
Solow 1962), solely by the author in a
regimented pattern after experimentally having
defined specific anatomical shadows (Bowden
1970). The whole series for each child were
initially superimposed manually on a “constant”
cranial base pattern according to the techniques
of Bjork, (1975/78). This superimposition was
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transferred throughout the serial group by cross
grid identification procedures. Later complex
computer controlled superimposition procedures
duplicated and checked the superimposition
methodologies {Bowden 1980).

Data Analysis Technigque

The data analysis technigue has been
developed and redefined over the last eight years
and is based on storing radiographic images (in
contra-distinction to reference points) in a
computer compatible format by means of a sonic
Graf pen digitiser, coupled to a rigidly
controlling PDP11/10 and 11/34 mini computer
programming system. A connection to a
Tektronic 4006/1 graphic terminal allows for
preparatory cleaning of data directly at input,
and corrects for “electronic.glitches™
(Baumarind & Miller 1980). The data structure
is anatbmically, not cephalometrically based and
is a further development of techniques described
by Walker 1972, Solow 1973 and Miller et al.,
1970. The mini computers are connected by data
lines to the University of Melbourne’s Cyber, the
C.R.J.E. (PDP11/70) and to the VAX computers
for rapid data analysis, storage and data base
systems development.

[t should be emphasized that the anatomical
basis of the data allows for the computer
identification and calculation of “cephalometric”
reference points. Many of the errors of
cephalometric reference point digitising
{Baumarind & Miller 1980), may be
compounded by human limitations both in
precision of “fiducial point” alignment and-the
larger source of errors, inter- and intra-operator
variations in strict identification protocols for
reference points. These errors may be computer
“meaned” to give “‘scientific’’ authenticity, but
they do not fix inherent operator deficiencies.
Many so-called simple reference points e.g. S,Po
tend to be “‘eye-balled” and lend themselves to
1-2mm inter- and intra-operator errors. The
“whole image anatomically based” system
concept allows for computer controlled re-
identification of reference points, according to
the strictest mathematical protocols and
“operator equivalent” methodologies are almost
impossible to attain by even well disciplined
professionally trained operators, not to mention
the laborious nature of a similarly regimented
operator identification approach.

The reference point analysis system calculates

- 247 reference points from wholeimages, cross
checks these by a variety of identification
protocols, and also compares 31 of them with 31
classical reference points entered by the operator
as “‘single points”. Errors in reference point
identification are printed and retained before
“calculations” protocol calculates 1565
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craniofacial dimensions. These reference
craniofacial dimensions are compared with data
base means, both.chronological age and
maturation age based, by “‘comparison”
protocols and deviations from the “means”
statistically analysed and flagged (Ricketts
1972).

The Growth Unit data base analyses include at
present 155 measurements from the lateral
radiographs and these have been narrowed to
those shown in the tables, specifically with
clinical usage in mind. Separate publications
(Bowden 1978/81) deal with definition of
cephalometric points, statistical parameters and
the variations of these results compared with
other studies. k

Methods of Determining Clinical Variation

The variability of the structural components
composing the craniofacial area have historically
been highlighted by statistically defining the
parameters of the degree of variation from the
mean. Whilst in strict statistical terms this should
be defined by the coefficient of variation
{S.D./Mean), (Fischer 1950, Garn 1958), the
clinician frequently utilises the number of S.D.’s
the variable deviates from the mean asa measure
of the degree of deviation or outlying of a
measurement (Downs et al., 1948/52/56, Bjork
1961/63, Ricketts et al., 1957-79, Solow 1980).

Adaption of “‘the comparison with mean”
principles have taken graphic format by
production of template superimpositions-and
these look at selected areas which are different
to a “mean’’ template {(Moorees et al., 1958/76,
McEwan & Martin 1967, Walker 1972, Ricketts
etal., 1972, Broadbent et al., 1975, Ackerman
1979, Popovich & Thompson 1977). The
clinician applying such reference template
systems, needs to know not only whether thereis
a deviation from the mean, but also, to be alerted
to the amount of the deviation and the “t x
S.D.’s” attempts to alert to this amount,
however, strictly speaking it alerts only to the
percentage of the population in which the
deviation may occur e.g. 3 x'S.D.’s = 0.01% of
the population.

The inclusion of serial Growth Unit, and cross
sectional orthodontic and surgical data in the
combined data base section was an attempt to
extend the range of variability in extreme
patterns, making the data more applicable to
gross clinical cases. In this regard all means and
S.D.’s quoted in this publication’s tables were
rounded up to the next whole number,
attempting to accentuate this variability, to make
the tables clinically easier to calculate and to
highlight definite statistical associations.
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Description of Table Format

Throughout the Tables, the data is presented in
a similar format, to facilitate clinical use, i.e.,
four columns for 19 years and four for 9 years.
The data shows “‘rounded’” means and standard
deviations (S.D.} separately for males (J') and for
females (). The “means” and the S.D.’s for each
sex and for each age are shown separately, only
when there are significant differences; where no
significant sex or age differences exist, the
figures are combined and listed in the male
columns only. This has been done to emphasize
the sex and age related nature of some
measurements, i.e. sexual dimorphism.

Table 1

MEASUREMENT AGE_ MEAN S.D.
Cranial Base Relations J ¢ g 9
1.Ba SN ‘Angle 19 131 — 6 —
deg 9 130 - — —
2.SN Length 19 75 70 4 3
mm 9 69 66 3 2

In the male columns for example, the angle

Ba S Nissignificantly different at 9 years and
at 19 years. The changes are minimal from 130-
131°, but the change is significantly different,
however, there are no significant sex differences
and the standard deviations are similar at 6°. For
SN length there are significant age and sex
differences, i.e., for females at 9 years the mean
is 66 mm with a S.D. of 2 mm; at 19 years the
mean is 70 mm with a S.D. of 3 mm. For males,
who show significant differences to females both
at 9 and 19 years, the mean is 69 mm at 9 years
with a S.D. of 3 mm and this mean increases to
75 mm at 19 years when the S.D. is 4 mm.

In the results section, 4 columns on the right
hand side are added to show the actual
measurements for a female “C.M.” of 18 years
and amale “B.A.” of 24 years, together with the
number of 5.D.’s each measurement deviates
from the mean for that age:-
® signifies no significant difference;

-- signifies 2 x S.D.’s below the mean for that
age and sex;

+++ signifies 3 x S.D.’s above the mean for
that age and sex.

It should be emphasized the Tables attempt, for
convenience of presentation, to delineate
. abnormality in specific areas, but the significant
differences should be finally grouped by the
clinician to interpret the degree of inter-
dependence of relationships as to causality
(Solow 1966/80), and for treatment planning,
small deviations should not be interpreted too
freely. Within the Growth Unit, multivariate
analyses highlight inter-relationships, similar in
concept to many other reports, (Solow 1966/80,

Aust. Orthodont.d.,6,0ct. 1980

Johnson 1968, Bhatia et. al., 1979), but these
are to be reported separately.

Clinical Interpretations from Tables

The use of ages 9 and 19 years were selected
for various reasons but among which may be
listed deliberations of:-

(i) Common ages of assessment e.g. 9 years
for orthodontic analysis, 19 years ‘“‘after
growth cessation” for surgical analysis.

(ii) 9 years is usually just after the midgrowth

spurt and prior to the adolescent growth

spurt, two periods characterised by
accelerated phases of general and
craniofacial growth (Nanda 1955, Bjork,

et al., 1947-75, Woodside 1970/77,

Grave et al., 1971, Popovich et al.,

1975/76, Bowden 1976/78/81).

9 years and 19 years allows for ready

comparison with other investigations

(Ricketts et al., 1972, Broadbent et al.,

1975, Riolo et al., 1974, Bhatia et al.,

1979).

Whilst there are no specific mean increments
per year shown from 9-19 years (it would have
added to table size and complication),
nevertheless they would be of limited value,
because size increments should be extrapolated
not as much on chronological age but more
meaningly on maturational age. However, some
indication of “‘average’ increments may be
extrapolated, dependent upon the clinician’s
application of growth and development
principles. The tables allow approximate
interpolations of 5 years to maturity for females
i.e. 9 to 14 years, and 10 years to maturity for
males i.e. 9-19 years. This allows additions of
approximate increments per year e.g. female (?)
SN = 66-701.e., 5 years = 0.9 mm/yr and male
() SN 69-751.e., 10 = 0.6 mmlyr.

The clinician should be aware of the variability
in maturation with age and select valid
maturation related criteria e.g., marked statural
acceleration (Frish 1974, Burstone 1967),
secondary sex characteristics, (Tanner 1962/69,
Marshall et al., 1970-78), hand-wrist and knee
radiographic epiphysial maturation, (Greulich &
Pyle 1959, Tanner et al., 1962/75. Roche
1975/78), to validate such interpolations by
assessing the relative skeletal maturity of the
components being analysed (Bjork et al.,
1967/71, Bowden 1971/76/78). Clinical
extrapolations of these derived ‘‘average”
annual increments may be made further by
allowing for varying maturation rates at different
ages. For example, if a female is early maturing,
and a prediction of adolescence-from epiphysial
markers is for adolescence to occur from 10-13
years, the modules of incremental growth should
be advanced or retarded from the “average” e.g.,

{iit)
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RESULTS & METHODS OF ASSESSMENT

Cranial Base Measurement

=

Fig. 1 C.M. ¢ 18 yrs. Cranial Base Relations
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Fig. 2 B.A.-7 24 yrs. Cranial Base Relations

Table 2
MEASUREMENT AGE MEAN S.D. C.M.? AGED 18 | B.A. * AGED 24
Cranial Base Relations d @ 4 9 | Actual Deviation | Actual Deviation
1. ANTERIOR/POSTERIOR Angle 19 131 6

BaSN deg 9 130 129 ® 125 -
2. TOTAL ANTERIOR Length 19 75 70 4 3

S-N mm 9 69 66 3 2 71 ® 66 -
3. TOTAL POSTERIOR Length 19 48 45 3

S-Ba mm 9 42 46 ® 47 ®
4. POSTERIOR SPHENOID Length 19 20 18 3

$-S.0.8 (Mid) mm 9 16 15 2 17 ® 17
5. CONDYLAR POSITION Length 19 26 25 4

S-Colh) mm 9 20 19 3 25 ) 24 ®
6. POST/ANT. LENGTH Ratio 19 64 6

S-Ba Length

S-N Length % 9 60 63 3 64 ® 71 +
7. COND/POST. LENGTH Ratio 19 54 55 5

S-Col(h} LengthS-Coth) Length

S-Ba Length % 9 48 45 54 ® 51 ®
8. POST.SPHENO/LENGTH Ratio 19 42 40 3

5-5.0.5 Length

S-Ba Length % 9 39 37 — 37

SN length 0.8 mm/yr increments accordingly
would be more likely 0.5 mm for 9-10 years, 1.0
mm from 10-13 years and 0.5 mm for 13-14
years, etc.

Table 2 for Cranial Base Relations summarizes
in the “MEAN"’ columns the changes with age
and sex. It illustrates a pattern of significant
increase in cranial base angle (Ba S N) from 9-
19 years with no sex differences but sexual
dimorphism is seen (&' > ?) in length
measurements and in changes from 9-19 years,
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e.g. 5-Nd 69-75mm and € 66-70 mm.
Similarly sexual dimorphism is shown for S-Ba,
$-5.0.S,, $-Co(h) and in the ratios shown in
Measurements 6, 7, and 8. The ratios are an
important component of an individual’s
assessment, because they attempt to.coordinate
size with the area of mal-relationship or
disproportion. For example, if S-N length is
small, has there been a proportional reduction in
other dimensions e.g. $-Ba? A dimension
smaller than the “mean” is not of great
consequence clinically, if other dimensions are
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also small and in proportion. The compensatory
changes make for harmonious relations, be it in
“miniature’” or “gigantism”, but disproportion is
more important in producing disharmony in
interrelationships. ‘

Fig. 1 and Table 2 illustrate that for female
“C.M.” at 18 years the cranial base angles,
lengths and proportions approach the mean and
“normalcy”’. They are not significantly different
from the mean figures, apart from the ratio of
sphenoid to occipital proportions in the posterior
cranial base (Meas. 8 = 42 c.f. 37%). The S-
S.0.S. (Spheno-occipital synchondrosis)
compared with S-Ba length (Meas. 3}, shows
mild disproportion, maybe because S-Ba length
is Imm “‘high” and $-5.0.5.length is 1 mm
“low”, i.e. the individual measurements are not
“abnormal”, but combined suggest a *‘slight”
statistical suspicion of the proportions being
reduced.

In contrast, Fig. 2 and Table 2 for male “B.A.”
at 24 years, shows a slightly reduced cranial base
angle Ba S N, (131°-125°} a markedly reduced
S-N anterior cranial base length (75-66 mm),
and a slightly reduced posterior sphenoidal basal
bone (5-5.0.S. length = 20-17 mm). The
anterior cranial base length (S-N) is not only
small for age and sex butin proportion to
posterior cranial base length (S-Ba), which is

CHILD GROWTH UNIT
UNIVERSITY OF MELBOURNE
NAME

& . REFBSY
B faes

NUMBER SEX USER
235 . MoMeU
781 M- RMC
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OMMINR
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. s
BIRTH < R-GRAPH SN—-FKT~PAL~MAN/F (-
S21208 © 731288 77 9 8 48 38 %

‘551825 781214 86 12 6. 22

21.8 58 74 115 B85 127 . 47 7
23.2 54 5t 15 58

v
\'?“{0‘1
.-f.tt_!é
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“normal’’, the anterior cranial base proportion
{Meas. 6) is reduced (64-71%). The S-Co(h)}is
not reduced significantly in absolute size {26-24
mm), neither is it reduced in proportion to S-Ba
length (Meas. 7 = 54-51%). Similarly, the
sphenoid component ($-5.0.S.) of the posterior
cranial base is reduced (42-37%). Other
computer measurements, not shown in the
Tables but illustrated in Fig. 3 show that patient
“B.A.” has a primary defect in the cranial base
produced by a small sphenoidal complex,
anteriorly displayed by a S-spheno-ethmoid
(S.E.) reduction, posteriorly by a S-S.0.S.
measurement reduction, and also spheno-
ethmoid to nasion (i.e. ethmoid-frontal) complex
is reduced.

These cranial base changes are illustrated in
template format-when a computer selected
“mean”’ adult male individual from the Growth
Unit data base “‘J.R.” is compared with “B.A.” in
Fig. 3 and the differences are reflected in cranial
base angles and sizes. The proportions in
anterior cranial base of S-spheno-ethmoid, S-
middle fossa are obvious as are the changes in
relationships of the posterior cranial base. Fig. 3
illustrates the changes in condyle head position,
zygoma, maxillary and mandibular areas

Fig. 3 Computer graphic comparison-of “B.A.” and "J.R.”" —
the “mean’’ male adult standard of Child Growth Unit.

L) \‘
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CHILD SROWTH: UNIT

UNIVERSITY: OF  MELBOURNE
NAME
Pt ¥
Rl ecoids

NUMBER ‘SEX. USER
218 Mo MGU
781 M RMC

PATIENT CLASS
OPR2NN
BRP3NR

BIRTH - R-GRAPH:SN-FKT-PAL-MAN/FKT
521829 ..731806 71 7::3.27 28
551825 - 781214.667 12 6 22 9

AGE U/L HT FR~GBN-ANS CO-PO-XI/PQ
21.8:57 68 114 B9 12548 7
23.2.54. 5t : 115 .59 129° 658 7

Fig. 4. Computer graphic comparison of “B.A.” and “P.G.”
— an individual with similar cranial base relations from data

base of Child Growth Unit.

showing changes in size and position. Angular
changes for SN - FKT {Frankfort), SN - Pal
(atine), SN - man(-dible) and man(-dible) to
FKT (Frankfort) are illustrated. Figs. 3 & 4 also
compare the U/L HT (upper/lower facial heights),
FR -GN (mandibular facial axis length), FR -
ANS {mandibular length), Co - Xi (ramus
condylar length) and Xi - Su Po (body corpus
length). In Fig. 4 the comparisons of size
discrepancies in anterior cranial base are made
more obvious when the computer selected and
superimposed an individual “P.G.”, with a
similar Ba ‘'S N angle and the smallest S-N
length recorded in the Growth Unit male sample.
Although the cranial base measurements of
“B.A." and “P.G.” are similar, differences are to
be noted e.g., SN (66-71 mm) and S-spheno-
ethmoid and S-middle fossa are reduced in
“B.A.” by 5 and 4 mm respectively. Notice how
in spite of these anterior cranial deficiencies, the
orbital roof of “B.A.” is longer than *“P.G.” and
the posterior cranial base (S-Ba) is 5 mm shorter
as is'5-Colh). These compensations in middle
fossa position and condylar head position etc.,
have allowed “P.G.” to develop a more
satisfactory and harmonious pattern, by subtle
compensatory modifications (Solow 1966).
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The cranial base measurements for “B.A.”
particularly S-N length, demand that any
measurements utilising S-N as a base or
reference line must be initially compensated for
in length for that age, i.e. $-N length should be
grown 9 mm (from 66-75) before valid use can
be made of SNA, SNB, SNPo, angles etc. (Downs
1956, Hinds et al., 1972, Coccaro et al.,
1974/80), and this “growth’ is illustrated later
in Fig. 5, where analysis of maxilla and
mandibular positions show obvious differences.
The clinical implications from the analysis in
Table 2, for the surgical management of “B.A.”",
is that he would appear closer to “‘mean”
measurements or to the computer templates,
either of the standard “d.R.” or to a “‘similar”
cranial base individual “P.G.”, if Surgical Le
Fort Il or lll procedures were contemplated in his
treatment, thus enhancing the S-N length and
particularly compensating for the very small
sphenoidal complex.

Facial Divergence

It should be noted, the ““normal tendency’” with
development, for facial divergence shown in
Table 3 “MEAN” columns, is for no significant
sex differences in any of these angulations
except measurements utilising mandibular
position for mandibular plane angles. There are
significant changes with age for mandibular
plane to SN and to Frankfort plane, to reduce
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Facial Divergence

Fig. 5 C.M. ¢ 18 yrs. Facial Divergence
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Fig. 6 B.A. .7 24 yrs. Facial Divergence

Table 3
MEASUREMENT AGE MEAN S.D. C.M. ? AGED 18 | B.A. < AGED 24
Facial Divergence 4 @ 4 Q| Actual  Deviation | Actual Deviation
9. SN-FRANKFORT Angle 19 10 3

S N/Po Or deg 9 10 ® 14 +
10. SN-PALATINE Angle 19 10 4

SN/ANS PNS deg 9 9 3 11 ® 9 L
11. SN-MANDIBULAR Angle 19 33 7

S N/Go IMS deg 9 36 5 35 ® 26
12. FRANKFORT—MANDIB  Angle 19 24 5

Po Or/N Po deg 9 27 4 23 ] 12 —
13. FACIAL PLANE Angle 19 89 3

Po Or/N Po deg 9 86 3 90 ® 112 ++++++
14, CONVEXITY Depth 19 2 2

A-NPo mm 9 2 ® —21
15. FACIAL TAPER Angle 19 67 4

N Po/Go IMS deg 9 71 + 56 o

from 9-19 years in both males and females by 3°.
Later in Table 7, similar changes are shown for
occlusal plane to follow the mandibular plane
changes. The data confirms a pattern of forward
or anterior rotation of mandible with
development (Bjork 1969, Ricketts
1972/75/79), and it has been shown that this is a
sex maturation phenomena, as it predominantly
occurs during adolescence (Bowden 1978/81).

Fig. 5 and Table 3 for female “C.M.” at 18
years show ‘“normal” facial divergence (i.e.
skeletal, saggital orvertical dysplasia), with only
a mild increase in facial taper angle (67-71°
Meas 7 = N Po/Go 1.M.S.). The measurements
indicate that for ““C.M.” the cranial base, palate
and mandible are angulated satisfactorily to the
SN and Frankfort lines, but the mandible in

profile is low angled from chin to lower border

(facial taper).

In contrast, “B.A.” at 24 years in Fig. 6., shows
marked changes in comparison with the “mean”
figures.

(i) SN-Frankfort is increased from 10°-14° with
anterior cranial base diverging from the
horizontal — i.e. not only is S-N length short
{Table 2) but.S-N line diverges, demanding
that as well as corrections for the SN length
{Table 2) any angular measurements to SN
must be corrected for this angulation, to
Frankfort plane before e.g., SNA, SNB,
Convexity, SN Po measurements may be
used for assessments. (Downs 1956, Moorees
and Kean 1958, Hinds et al., 1972
Coccaro et al. 1974).
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(ii) SN — Mandibular Plane is significantly
reduced from 33°-26°, as is Frankfort to
mandibular plane from 24°-12°. This
reduction occurs in spite of “high” gonial
and corpus mandibular angles (Table 5) and
such a clinical phenomena are explainable
usually by.an element of anterior mandibular
posture or over closure; producing an
anterior mandibular positioning and thus
disguising the high mandibular gonial angle.

(iii) Facial plane of 112° is markedly increased
from 89° and even if SN length is grown to
“normal’’ i.e. 9 mm, the facial plane still
remains high. This is also unusual, because
the mandible is not large in size ({CoPo length
is normal Table 5), but the indications are for

a positional mandibular overclosure problem.

(iv) Convexity (A-NPo) is markedly reduced from
+2 to -21 mm and even‘if SN is grown 9 mm
to “normal’’, the facial plane converted to
89° on this “new” SN, the maxillary ,
convexity is still -12mm indicating a
posteriorly positioned maxillary base at “A”".

(v) The Facial Taper is greatly reduced from
67°-57°, even after correction of SN (grow
length 9 mm and change SN-Frankfort
angulation by 4°) there remains a reduced
facial taper.

It is particularly important when a combination
of cranial base angle (Ba S N) and SN-Frankfort
angulation show variations from “‘normal” to
analyse where the abnormality lies. Is “*S” too
low?Is “N” too high? Is “B.A.” too far forward ?
The use of BaN will obviate one of these
potential anomalies, i.e. the position of **S” and
the use of Ba-Horizontal as suggested by Coben
(1979) also is a help, however, they are
dependent on the vagarities of “N”" and ““Ba”,
the former quite variable and the latter less so,
although “Ba” also changes significantly with
development (Bjork 1955, Thilander & Ingervall
1973, Melsen 1974, Solow 1980). The best
alternative is to use a combination approach of
many planes to minimise point dependent
assessment errors.

The analysis of the relationship of “S”” and *‘N”’
o an “anterior cranial base line” represents
another approach to this problem. This so-called
“NSL Line” of Bjork (1955-78) represents a
check on “‘S” and “N”’ positions. For the “NSL”
line, the Child Growth Unit computer analyses
use an interpolated line of anteriorcranial base
(i.e. entirely along cranial base from anterior
pituitary fossa to tubercullum sella, along
planum sphenoidale, the median image of
frontal-orbital roof and the cribriform plate
{Bowden 1970). The computer derives and
draws a “‘mean” line representing these areas,
which is almost equivalent to Bjork’s

162

Aust. Orthodont.J.,6,0ct. 1980

superimposing manually on cranial base line. If
the anterior cranial base or “NSL”’ line remains
constant with age, as suggested by De Coster
1951/53, Bjork 1975/78 and endorsed with
reservation by Thilander and Ingervall 1973,
Melsen 1974, Solow 1980, then *“N”’ appears to
go inferiorly with development.

1t should be remembered that Frankfort plane
may not truly represent “‘natural” head position”
and has a possible variation of +1° to -3°
(Downs 1956, Moorees and Kean 1958, Solow
etal., 1976/79). Similarly, the angle of SN to
Frankfort plane is variable by up to 6° in an
excellent occlusion sample (Thurow 1970), and
the mean angulation ina serial group may change
from 4 to 6.5° between 4-16 years of age (Riolo
et al., 1974). Obviously the variations within
groups maybe real, but are dependent on precise
definitions of landmarks, Porion particularly,
(anatomical v ear rod) requires extreme operator
consistency and orbitale does have the
possibility of range of inter and intra operator
inaccuracy. (Baumrind & Franz 1971). It should be
remembered in allowing for-a variationin
interpretation and although serial radiographs
should improve operator “‘consistency’” they
need not necessarily improve the operator’s
anatomical “‘accuracy’’.

Orbit and Zygoma Positions

The orbital rims and zygoma positions are
fundamental to the facial appearance, especially
from the frontal view, (Hinds et al., 1972,
Tessier 1967, Munro 1978, Engel et al., 1979),
and discrepancies in anteroposterior position
highlight some of these alterations to the ‘“malar
bases” (Leonard & Walker, 1977). The
measurements in Table 4, analyse the position of
the orbital rims (Or), and key ridge (KR), relative
to cranial base (S), to the back of the maxillary
complex {FR = “Foramen Rotundum”) and to
the front of the maxillary complex (ANS =
anterior nasal spine). It should be noted that FR
position throughout the series does not attempt
to represent a true anatomical foramen
rotundum, (the reproducibility tests inter- and
intra- operator were very poor, Bowden
1977/78). “FR” was taken as the computer
selected mean of the most posterior and the most
superior position of the anatomical shadow of
the pterygo-palatine/maxillary fossae (mean
right and left), being careful not to include the
superior shadow of the spheno-palatine foramen
(Bowden 1970/78).

The angles to Or, KR and FR reflect changes in
position of these respective anatomical points,
but give no idea as to the size of any discrepancy
unless the angles are related to a specified length
{e.g., SN length and/or height). The positioning
of any point e.g., orbital rim {Or) can be
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Orbit & Zygoma Positions

Fig. 7 C.M. 2 18 yrs. Orbit & Zygoma Positions

Aust. Orthodont.d.,6,0ct. 1980

Fig. 8 B.A. d 24 yrs. Orbit & Zygoma Positions

Table 4
MEASUREMENTS AGE MEAN S.D. C.M.2 AGED 18 | B.A. 4 AGED 24
Orbit & Zygoma Positions g 2 J 9| Actual Deviation | Actual Deviation
16. ORBITAL RIM Angle 19 99 181 4

SOrN deg 9 98 100 103 ® 86 -
17. ORBITAL RIM Length 19 62 60 3

S-Or mm 9 55 56 2 58 ® 56 -
18. ORBITAL RIM Height 19 34 27 2 1

N-Or (perp to Frank.) mm 9 32 24 . 27 ] 34 -]
19. KEY RIDGE Angle 19 74 79 4

SKRN. deg 9 75 80 70 — 70 ®
20. KEY RIDGE Length 19 62 58 3 2

S-KR mm 9 b6 54 2 58 ® 56 —
21. KEY RIDGE Height 19 58 48 2

N-KR {perp. to Frank.) mm 9 51 44 1 48 ® 52 --
22. ORB/KEY. HEIGHT Ratio 19 60 55 2

N-Or

N-KR (perp. to Frank.) % 9 60 55 1. 56 8 66 ++4+
23. ORB/KEY. LENGTH Ratio 19 100 103 3

S-Or

SKr % 9 98 103 100 — 102 ®
24. UPPER MAXILLARY Angle 19 17 16 3

Or FR ANS deg 9 156 14 19 ® 14
25. LOWER MAXILLARY Angle 19 22 16 2

KR ER ANS deg 9 19 14 23 +++ 21 ®
26. UPPER MAXILLARY Length © 19 43 41 3 2

FR-Or mm 9 35 36 2 39 — 38
27. LOWER MAXILLARY Length 19 44 37 3

FR-KR mm 9 39 34 2 37 ® 35 -
28. UP/LOW MAXILLARY Ratio 19 97 108 3

FR-KR % 9 96 106 2 105 —_ 92 —
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accurately positioned by geometric truncation by
using the height of Or from N, (N-Or measured
perpendicular to Frankfort Plane), the length
from S (S-Or) and the S-N length. It is this
combination of angle (S Or N), length {S-Or) and
height (N-Or) which provides optimum
positioning. The addition of Rickett’s Nasal
Gnomen (N FR ANS) has been computed in the
data base and will be considered and included in
another publication {Bowden 1981).

It should be noted from the “MEAN" columns
for age and sex, that sexual dimorphism exists in
most measurements, including the angulations,
thereby indicating the close inter-dependence of
these areas of the upper craniofacial skeleton to
similar sex differences in the general
developmental tendencies of the upper face
(Table 5) and the significance of this pattern of
sexua] dimorphism is discussed elsewhere
(Bowden 1981).

Fig. 7. and Table 4 for Female “C.M.”” at 18
years suggest most measurements are within a
“normal’’ range but the lower inter maxillary
angle (KR FR ANS) is significantly increased.
The measurements illustrate for a-female a
tendency for a slightly long upper maxillary
component compared with lower maxillary
components (Meas 24 & 25), but slightly
reduced in measurements analysing the orbital
rim position (S-Or, FR-Or and ratios with Or),
although these measurements are only one S.D.
outlying, apart from KR FR ANS angle.

Fig. 8 and Table 4 for male “B.A.” at 24 years
illustrate the effect of the anterior cranial base
length reductions, including the associated
sphenoidal components, reflected on orbit and
zygoma positions. The angles S Or N and OR FR
ANS, are reduced slightly and in absolute
dimensions, S-Or length (Orbital Rim position)
S-Key Ridge and FR-Key Ridge are significantly
reduced. In combination, the small sphenoidal
and ethmoidfrontal complex, of the cranial base
components (Table 2 and Figs., 2, 3 and 4)
reflect or occur in conjunction with a reduced
maxillary and zygomatic complex Table 4., Fig.
8. The upper face is small in absolute antero-
posterior dimensions (S-Nlength) and the
combinations of zygoma, orbital rim positions,
pterygo-palatine/maxillary fossa position (FR)
and maxillary base length to ANS are all showing
reductions.

The indications from these analyses, confirm
that “ideal” improvement should eventuate from
asurgical Le Fort Il or IIl anterior and vertical
downward movement of the anterior cranial base
and it should include the zygomatic and
maxillary complexes. The anterior movement
would change the middle third of the face and
the downward movement would compensate for
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the extremely small sphenoid and maxillae and
their resulting retruded and inferior positions.
Whether this reduction in maxillary complex of
“B.A." is merely “‘associated with” or “‘resulted
from” the mandibular over closure position is
very debatable. More likely the maxillary and
zygomatic deficiency is a direct result of the
small sphenoidal complex in the cranial base,
which has been spatially dominated by the
mandible. Perhaps they resulted from early loss
of teeth and subsequent loss of vertical
dimension from a very early age, particularly as
these changes occurred prior to the large

. accelerations in these craniofacial areas at

puberty (Nanda 1955, Bjork 1967, Bowden
1978/81). These are fundamental reflections on
the interconnecting roles of form and function in
maxillary and mandibular development and the
experimental evidence of Harvold et al., on
monkeys (1973), in first branchial arch defects
(1975), and in cleft palate deformities (1973,
Chierici 1973/77) do not allow these apparent
“over statements’’, to be completely dismissed.

Maxillary & Mandibular Relations

Attention is drawn to the ‘‘normal” pattern of
change from 9-19 years with an increase in mean
figures with age for Y Axis Angle (Meas. 29-N S
Gn 59-60°) and of Mandibular Facial Axis Angle
(Meas. 31-Ba C F6n 87-89°). The mean changes

occur predominantly in males and suggest the

tendency for more anterior rotation of mandible
with development, (i.e. from 9-19 years)
somewhat agreeing with Bjork concepts from
implant studies (1969/75), and follows the
concept of Ricketts (1972/75) on forward
mandibular growth rotation. These figures do
not substantiate the “R.M.D.S.” concepts that
Mandibular Facial Axis (Ba CF Gn) does not
change with age, but do concur for a reduction of
mean corpus {Co(h) Xi SuPo) and gonial (Co(p)
Go IMS) mandibular angles, (Schulhof & Bagha,
1975, Ricketts etal., 1972/75/79).

There is sexual dimorphism shown in the
length measurements i.e. in Y, Mandibular and
Maxillary Facial Axes lengths, Mandibular
lengths (total, ramus and body) but also in
angular measurements involving the mandible.
These changes endorse the concept of anterior
rotation with development (Bjork 1969/75,
Ricketts 1972), principally occurring during
adolescent acceleration (Bowden 1978/81). The
sex related changes are somewhat hidden in the
mean female measurements, who would tend to
mature earlier (Tanner 1962) and would
therefore show less of the sex related changes. It
is interesting that there is sexual dimorphism
with age for mandibular corpus angle but not for
mandibular gonial angle. This suggests that
either corpus angle (Ricketts 1972) or the
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Maxillary & Mandibular Relations

Fig.9 C.M. A 18 yrs. Maxillary & Mandibular Relations Fig. 10 B.A. & 24 yrs. Maxillary & Mandibular Relations

Table 5
MEASUREMENT ] AGE MEAN S.D. C.M.2AGED 18 | B.A.d AGED 24
Maxillary & Mandibular Relations d @ 2 | Actual Deviation | Actual Deviation
29.Y. AXIS Angle 19 60 58 4

N-SGn deg - 9 59 63 + 55
30. Y. AXIS Length 19 140 127 6 5

S Gn mm 9 116112 5 4 123 ® 136 ®
31. MAND. FACIAL AXIS Angle 19 &9 5

BaCF Gn deg 9 87 89 4 87 ® 103 +++
32. MAND. FACIAL AXIS Length 19 115 104 5

FR-Gn mm 9 92 89 4 102 ® 115 e
33. Y/MD. FACIAL AXIS Ratio 19 82 3

FR-Gn Length

S-Gn Length % 9 79 2 82 ® 84 @
34. MAX. FACIAL AXIS Angle 19 126 125 5 125 ® 120 -

Ba FR ANS deg 9 123 4
35. MAX. FACIAL AXIS Length 19 69 64 5 4

FR-ANS mm 9 58 57 3 66 ® 61 —
36. MX/MD FACIAL AXES Ratio 19 61 3

FR-ANS Length

FR-Gn Length % 9 64 3 65 + 53
Mandibular Dimensions
37. MANDIBULAR Length 19 126 114 6 5

Co-Po ) mm 9 104 101 4 115 ® 129 ®
38. MD. FACIAL AXIS Ratio 19 91 3

FR-Gn Length

Co-Po Length % 9 88 3 89 ® 90 ®
39. RAMUS Length 19 49 44 4 3

Co-Xi mm 9 40 3 46 ® 50 ®
40. BODY Length 19 76 69 4 3

Xi-SuPo mm 9 62 61 3 70 ® 78 ®
41. RAMUS/BODY Ratio 19 65 5

Co-Xi Length

Xi-SuPo Length % 9 65 64 ®
Mandibular Angles
42. CORPUS Angle 19 147 145 5

Colh) Xi SuPo deg 9 149 4 144 ® 152 +
43. GONIAL Angle 19 126 6

Colp) Go IMS deg 9 129 123 ® 144 +++
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“mandible superimposition plane” (Bjork
1969/78) probably represent a better reflection
of mandibular maturation, than mandibular
gonial angle (Ricketts 1975, Bowden 1978/81).
1t should be noted that both Y Axis Angle (N S
Gn) and mandibular Facial Axis Angle (Ba CF
Gn) are both dependent on N, and the latter also
on Ba, which is variable in its developmental
pattern (Bjork 1955), but “‘tends’ to go
posteriorly with age {Melsen 1974). It is most
probable that mandibular anterior rotation
accelerates the mandible more than the cranial
base, particularly as cranial base is reflected in
the position of “N”.

Fig. 9 and Table 5 for female “C.M.” at 18
years show normal maxillary and mandibular
relations, although the Y Axis Angle (N S G) is
slightly increased and Y Axis length is reduced,
showing lowered face height. The maxillary
facial axis length (FR-ANS} is insignificantly
increased 2 mm, as is the mandibular facial axis
length (FR-Gn) decreased by 2 mm and this
indication of a lowered face height is
substantiated when the ratios of MX/MD facial
axis length show a significant increase to the
“normal” pattern (61-65%).

For Mandibular Dimensions & Angles {(Fig. 10
and Table 5) for female “C.M.”" also shows a
normally sized mandible (CoPo), well
proportioned in ramus (Co(h)-Xi) and body (Xi-
SuPo) lengths, with gonial {Co(p} Go IMS) and
corpus (Co(h) Xi SuPo) angles normal.

Fig. 10 and Table 5 illustrate that for male
“B.A." aged 24 years, a reduction.of Y Axis
Angle (NS Gn 60-55°) and a reduction in Y Axis
length {S-Gn 140-136 mm) the latter occuring
even when the mandible looks prognathic. There
is an increase in Mandibular Facial Axis Angle
(Ba CF Gn = 89-103°), but a “normal”
mandibular facial axis length (Fr-Gn). These
measurements and others in Tables 2, 3, & 4,
suggest that the anomaly in “B.A." is only
slightly related to the positions of cranial base
(sphenoid bone and “N’" particularly), also to
orbit and zygoma positions, but there is also a
large component of a positional problem
particularly related to mandibular plane & “Po”
position. In addition the maxillary facial axis
length (FR-ANS) is significantly reduced, both
absolutely by 8mm, and in proportion to
mandibular facial axis length, which shows a
more significant reduction of 8%.

Fig. 10 and Table 5 illustrate that for male
“B.A." at 24 years the mandible is slightly but
insignificantly increased by 3mm to 129 . mm for
total length (CoPo), but ramus (Co(h)-Xi) and
body lengths (Xi-SuPo) are within a “normal”’
range. The mandibular angles are high, both for
corpus angle (Coth} Xi SuPo) from 147-152° and
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extremely high for gonial angle (Co(p) Go IMS),
and increase from 126-144°. This means the
mandible is steeply angled at its lower border,
less markedly in its internal or corpus
angulation; the total mandibular length, ramus
and body lengths are all within normal limits,
The mandible appears positionally forward, and
even though it is steeply angled, it has a low
mandibular plane to SN angle and correlating all
data from Tables 2, 3, & 5, overclosure must be
suspected.

Face Height

The analysis of facial height components for
surgical assessments are usually divided into
upper and lower total face heights, i.e., N-ANS &
ANS-Gn, measured perpendicular to SN {Hinds
et al., 1972, Henderson 1978, Wolford et al.,
1978). Sometimes N-“A”’, “A”-Po, are utilised
instead and these measurements reflect a portion
of maxillary dento/alveolar height (“A”’} and
deletes portion of the mandibular height, Po
compared with Gn. Increasing emphasis is being
placed in the proportions of height of the upper
face for craniofacial surgery {Tessier 1967,
Henderson 1973/74/78, Munro 1978),
particularly in detailed surgery of the orbit and
zygoma associated with Le Fort 1l and 11l
procedures. Allied to thisin orthognathic
surgery, maxillary impaction for the “long face
syndrome’’ (Bell et al., 1975/77/80, Epker et al.,
1974/78/80) requires quantification of areas of
abnormality for upper and lower facial heights,
but further clarification is desirable of the
components for upper and lower dental heights,
as these areas are assessed in determining
segmental or alveolar surgery within these areas.

The general developmental tendency shown in
Table 6, for upper facial heights, i.e., to ANS, to
orbital rims (Or) and to key ridge (KR) is for
sexual dimorphism, with males being greater
than females. These tendencies also exist for
lower face height, particularly where distances
rather than angles (Meas. 49=ANS Xi SuPo) are
measured. Surprisingly the ratio for upper to
lower face height (Meas. 52), also exhibits sexual
dimorphism and increases in the upper segment
with age, mirroring the descent of the occlusal
plane.

Fig. 11 and Table 6 for female “C.M.” at
18 years-show an increased upper facial height of
3 mm to 58 mm, and the proportions of orbit and
key ridge to upper face height reveal where the -
disproportion lies. Associated with a ‘““‘normal”’
lower face height, the upper dental and lower
dental height proportions are slightly reduced.
These reduced dental height proportions are also
contributing to a slight anterior position of the
mandible. The upper face height (N-ANS)
(Fig. 12 & Table 6), is small for “B.A.”, a male
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Facial Height

Fig. 11 C.M. ? 18 yrs. Facial Height Fig. 12 B.A. & 24 yrs. Facial Height
Table 6
MEASUREMENT AGE MEAN S.D. C.M.? AGED 18 | B.A.J AGED 24
Facial Height d 9 d @ | Actual Deviation | Actual Deviation
Upper
44 TOTAL UPPER FACE Height 19 62 55 4

N-ANS mm 9 49 47 3 58 + 54 -
45. . ORBITAL/UPPER Ratio 19 54 49 3

N-Or

N-ANS % 9 65 51 4 3 46 -- 63 +++
46. KEY RIDGE/UPPER Ratio 19 93 93 6

N-KR

N-ANS % 9 104 97 7 6 87 - 96 ®
47. UPPER DENTAL Height 19 28 26 3

ANS-FOP 3's mm 9 25 2 26 ® 22135 --/++
Lower
48. TOTAL LOWER FACE Height 19 68 63 5 4 :

ANS-Gn mm 9 60 56 4 63 ® 54/82  --[++
49. TOTAL LOWER FACE Angle 19 46 4

ANS Xi SuPo deg 9 44 4 45 ® 38/55 -+
50. LOWER DENTAL Height 19 46 44 4

FOP-Gn mm 9 25 2 37 — 33/48 -1+
Upper/Lower
51. UPPER LOWER DENT. Ratio 19 60 5

ANS-FOP 3's

FOP-Gn % 9 68 6 70 ++ 67/73 +H++
52. UPPER LOWER FACE Ratio 19 92 88 6 9

N-ANS

N-Gn % 9 83 7 91 @ 100 +
at 24 years, and there is a marked proportional upper and lower are reduced until restored by an
reduction of the lower segment, i.e., Orbital rim artificial.occlusal plane in the overlay denture.
to ANS position shown in Meas. 45. The total Proportionally {upper c.f. lower), the lower face
lower face height (Meas. 48 ANS-Gn) are height is more reduced. The reconciliation of a
compared first in postured occlusion and withan  low mandibular plane to Frankfort and to SN,
overlay occlusal denture of 28 mm in position, together with high corpus and gonial angles and
i.e., 54 cAf. 82mm. The dental heights both also with extremely small lower face heights,
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confirms a problem of overclosure. Whilst this
overclostire can be verified clinically by the
apparent vertical dimension decrease and the
increased free way space clinically of 10mm, the
extent of this overclosure is truly visualised by
comparing “‘B.A.” with a morphologically
matched individual from the Child Growth serial
data base “‘P.G.” and illustrated in Fig. 4. Whilst
clinical devices are available (Timmer 1969,
L’Estrange 1976), to facilitate the determination
of “true” vertical dimension, the quick computer
comparison with “P.G.” provides a graphic
illustration of computer matching potential,
utilising rudimentary discriminate analysis
functions.

Dental Arch Positions

It should be noted that the “‘normal’’ tendency
with development {shown in Table 7) is for
sexual dimorphism to occur in those
measurements correlating occlusal plane to the
mandibular position (Meas. 54 & 53}, but not to
palatine plane {Meas. 53). The Occlusal-
mandibular plane angle for males (') changes
from 17° at 9 years to 20° at 19 years whilst in
females (?), the changes are 15° to 18°
respectively. These changes have been shown
previously Knott et al., 1961, but their
significance has been misunderstood and
minimised, Gianelly 1974. Similar sexual
dimorphism exists for the occlusal to mandibular
facial axis. The sexual dimorphism also
expresses itself in posterior dental base lengths,
{Meas. 55 & 60), incisor height (Meas., 57, 63 &
64) and molar heights (Meas., 58,65 & 66)
particularly. Although the ratios of incisor to
molar heights are altered with age, as the
maxillary molar descends with the mandibular
plane, the extent of these ratio changes are less
than those for the absolute length
measurements.

Fig. 13 and Table 7 for “C.M.”, a female at 18
years, show the dental arches are not divergent
to their respective bases, and occlusal, palatine,
mandibular and facial axis planes are normal in
their angulation. Clinically, in orthodontic
appliance treatment, these latter measurements
are the dimensions that demand close scrutiny in
assessing the potential occlusal or dental
contributions to mandibular rotation,
particularly when reciprocating extrusion forces
are placed on molars by treatment mechanics,
(Schudy 1964/65, Creekmore 1967, Merrifield
& Cross 1968, Isaacson et al., 1977, Bowden
1981). It should be emphasised that these
angulations are 4 point variable dependent, and
hide many subtle individual variations with
development (Bowden 1978). They need to be
co-ordinated with other variables, e.g. molar
dental heights, mandibular morphology (Bjork
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1969, Ricketts 1972/75/79), to optimise
prediction of mandibular rotation. For “B.A.”
aged 24 years, the occlusal to palatine as well as
to the facial axis planes are considerably
reduced, presumably with loss of adequate molar
support and subsequent anterior drifting and
resulting overclosure.

Female ““C.M.” shows normal maxillary dental
base lengths (6/6D to P.T.V.) with maxillary
incisor and molar height and angulations all in
good proportions. The mandibular base length
(6/6 to Xi) is increased, as is the lower molar
height to corpus (6/6 to Xi-SuPo) and the
proportions of lower molar to incisor height is
correspondingly increased, particularly to corpus
{Xi-SuPo). These latter increased measurements
merely reflect some of the effects of orthodontic
treatment, as the patient had a Class Il Division II
type malocclusion treated by extraction of 4/4
and 4/4 and definite attempts made not to over
reduce the profile by incisor retractions or
changes in angulations and to close residual arch
spacing after extractions, from the distal. This
result of mechanotherapy is reflected in the
molar height, as 6/6 have been moved mesially.

Fig. 14 and Table 8 for “B.A.” a male at 24
years, show the effects of loss of teeth
particularly of posterior dental support of
2—322236; The functional occlusal to
palatine plane and to mandibular facial axis
reflects the extreme anterior positioning of the
mandible. The maxillary dental base length
appears increased from 23-29 mm, but is due to
mesial drifting after teeth loss and the maxillary
molar height is reduced, absolutely in height, as
well as in proportion (the incisor to molar height
ratio). In the mandible, the dental bases also
reflect molar drifting, the lower incisors are
substantially retroclined, reducing any support to
the lip and eliminating the mental sulcus angle.
The lower incisor position to ‘A’ Po shows them
to be anteriorly placed, although the incisors are
retroclined, and this disparity merely reflects the
forward positioning of the mandible to an over
closed position. The lower incisor height is
reduced, principally to the lower mandibular
border but also to the mandibular corpus and
these changes are reflected in the small lower
face height and reduced mandibular molar
height, with the molars having drifted mesially.
The mandible whilst of normal size has a
mandibular arch which is collapsed, and with the
decreased dental height, in the upper and lower
arches this combination makes a significant
contribution to the overclosure problem. Just as
“BA’ shows reduced molar heights, the analyses
in Table 8 offer the potential to maximise the
delineation of molar and or incisor height
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Dental Arch Positions

Fig. 13 C.M. @ 18 yrs. Dental Arch Position Fig. 14 B.A.-7 24 yrs. Dental Arch Position
Table 7
MEASUREMENT AGE MEAN S.D. CM.? AGED 18| B.A. £ AGED 24
Dental Arch Positions d 9 & @ | Actual Deviation| Actual Deviation
53. OCCLUSAL-PALATINE Angle 19 6 4

FOP-ANSPNS deg 9 12 3 8 ® 5 .-
54. OCCLUSAL-MANDIBUL. Angle 19 20 18 5 4

FOP-Go IMS deg 9 17 15 4 4 16 ® 18 ®
55. OCCL. MD, FAC. AXIS Angle 19 60 55 4

FOP-FR Gn deg 9 63 58 58 ® 48 --
Maxillary
56. POST. DENT. BASE Length 19 23 21 3 3

D616 to PTV mm 9 13 12 3 2 21 @ 29 +4+4
57. INCISOR ANGULATION Angle 19 109 6

1/1 to ANS-PNS deg 9 104 ® 110 ®
58. INCISOR HEIGHT Height 19 32 30 3 3

1/1 to ANS-PNS mm 9 28 26 2 3 31 ® 31 ®
59. MOLAR HEIGHT Height 19 26 23 3 2

6/6 to ANS-PNS mm 9 18 3 24 ® 23
60. INCIS/MOLAR HEIGHT Ratio 19 80 5

6/6 to ANS-PNS

1/1to ANS-PNS % 9 68 8 78 ®
Mandibular )
61. POST. DENTAL BASE Length 19 33 29 4 6

676D to Xi mm 9 21 5 32 +
62. INCISOR ANGULATION Angle 19 91 7

171 to Go.IMS deg 9 94 ® 70
63. INCISOR POSITION Length 19 2515 2

1T to APO mm 9 1 2 1.4 ® 24 44444+
64. INCISOR HEIGHT Height 19 44 40 4

1/1to Go IMS mm 9 37 35 2 39 ® 33
65. 1/1 to Xi- SuPo Height 19 27 23 3

mm 9 22 2 23 ® 23 —

66. MOLAR HEIGHT Height 19 36 32 43

6/6 to Go IMS mm 9 28 27 2 2 33 ® 20
67. 6/6 to Xi SuPo Height 19 16 13 4 3

mm 9 11 2 16 + 7

68. INCIS/MOLAR HEIGHT Height 19 82 79 b5 4

6/6 to Go IMS .

1/1toGo IMS mm 9 77 4 84 + 30 .
69. &7 to Xi SuPo ‘ 19 59 54 8 7

1/1 to Xi-SuPo 9 51 6 69
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contributions to variations in “‘dental height”
associated so profoundly in “long and short
face” syndromes, (Bell 1975/77/80, Epker et al.,
1974/78/80).

SBoft Tissue Profile

Analysis of the soft tissue profile logically
should begin the aesthetic assessment {(Hinds et
al., 1972, Holdaway 1964/70/78, Merrifield
1966, Steiner 1964, Burstone 1967), because it
is the total profile which is of chief aesthetic
concern to the patient. The soft tissue analysis
logically should also end the assessment of
imbalance as the soft tissue profile is primarily
dependent on overall skeletal balance but,
specifically, the final lip contour and position is
supposed to be heavily dependent on teeth
angulations for their support (Holdaway
1964/70/78, Burstone 1958/67, Subtleny 1959,
Profit ét.al., 1970/78). Table 7 illustrates sexual
dimorphism in almost all measurements,
particularly Nasal shape (Meas. 71), Nasal tip
position, (Meas. 72), and Nasal prominence,
(Meas. 73). Similarly upper and lower lip
measurements show sexual dimorphism
including lip position (i.e. depth), height (Meas.
74-81), and lip and chin thickness, (Meas. 76, 82
& 83).

Fig. 15 and Table 8 shows “C.M.” a female at
18 years, with a good facial harmony of lips, chin
and nose, and this is reflected in the harmonious
profile of 68° angulation to SN, i.e. of the “H” or
profile line”’. The ideal line contacts soft tissue
chin point, lower lip margin, upper lip margin
and superior contour of nostril and co-ordinates
all of these structures to facial type through the
angulation of SN. The nose is well contoured
{Meas. 71, SoN-NT-SUN 23°), with a slightly
enlarged nasal profile length of tip to the facial
profile (i.e. Meas. 72, SoN-Po/Nose Tip = 26
mm), but the nose length or prominence of the
tip related to alar base and cheek is good (Meas.
73, Cheek to SoPo to Nose Tip). The upper lip
margin to skeletal profile (Meas. 74, ULM to
NPo) is good, as is upper lip thickness at the
margin (Meas. 75, ULM to U1) and at the “A”
point or superior sulcus contour (Meas. 76) and
the superior sulcus contour of upper lip to *“H”
line (Meas. 77) is insignificantly reduced. The
upper lip lengths, both aesthetic length i.e.
length of lip from nose (Meas. 78, ANS to EM)
and functioning length i.e. effective muscular
length (Meas. 79, Or to EM) are normal for age
and sex. Similarly, the lower lip margin to soft
tissue profile (Meas. 80, LLM to “H” line) is
normal, as is lower lip sulcus (Meas. 81, LL*“B”
to “H"” line). The lower lip thickness (Meas. 82,
LLM to'L1) is on the mean value for age and sex
as is the soft tissue chin thickness (Meas. 83,
SoPo-Po).
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Fig. 16 and Table 9 contrasts “B.A.” a male
aged 24 years, shown with a diagnostic 28mm
overlay maxillary denture. “B.A.” had a
diagnosis of overclosure from clinical
examination, statistical analysis of cranial base,
facial divergence, maxillary and mandibular
relations, and from computer graphic
comparisons shown in Figs. 3 and 4.

Fig. 16 simulates the profile obtainable if the
skeletal and facial heights and positions are
increased by surgery. The remaining assessment
of soft tissue components should be of the
contributory role of teeth positions which may
produce or influence nasal and lip contours. Fig.
14. emphasises that to achieve an aesthetically
“ideal” soft tissue profile line, at least two
alternatives should be considered. The “H” line---
drawn at 70° to SN through the superior contour
of the nostril illustrates the soft tissue changes in
the profile required to produce this alternative ie. -
to harmonise the shadows of the existing nose
size & shape with upper and lower lip contour
changes (i.e. margins and sulci), with the position
of soft tissue chin point. The “H” line drawn —
— f(at 70° to SN) through the superior contour of
the nostril and illustrates the soft tissue changes
in profile required in this alternative i.e. to
harmonise a new position of nose (necessitating
Le Fort Il or Le Fort Il surgery) with upper and
lower lip changes and the position of soft tissue
chin point.

From-the Growth Unit analysis of the results of
surgery and from the work of Henderson
1973/75/78 Epker et al., 1978, Munro 1978, in
similar surgically treated skeletal imbalance
cases, it appears that position.of ANS controls
the position of the back of the nose i.e cheek to
alar base position and contributes slightly to
nasal tip contour by altering nasal columella
length and shape, particularly important in cleft
palate patients. However, the position of the
nasal tip is controlled by a combination of nasal
bone and the attached nasal septum support.
Whilst small nasal tip changes in shape may be
produced by rhinoplasty, profound and
significant nasal tip changes are produced
usually by complex craniofacial surgery of Le
Fort Il or preferably Le Fort IIl type (Munro
78/79, Henderson 73/75/78, Tessier 1976),
although onlay procedures also produce

_ considerable change in the hereditary nasal

septum deficiency syndromes eg. Binders
syndrome (Munro 1979).

Table 9 shows “B.A” with a very poor retrusive
nose related to a protrusive chin and an
increased profile line to “H” line (87°). The ideal
“H” line (70° to SN) when upper lip contour
remains in its present position would highlight
the small nose both in position (i.e. to a
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Soft Tissue Profile

Fig. 15 C.M. ¥ 18 yrs. Soft Tissue Profile

Fig. 16 B.A. ¥ 24 yrs. So%t Tissue Profile

Table 8
MEASUREMENT AGE MEAN S.D. C.M. 2 AGED 18| B.A.d AGED 24
Soft Tissue Profile d 9 d 9| Actual Deviation | Actual Deviation
Profile
70. “H” LINE Angle 19 70 5

SN:SoN ULM deg 9 68 70 4 68 ® 87 ++4+
Nasal Contours
71. NASAL SHAPE Angle 19 26 24 4

SoN-NT-SUN deg 9 22 3 23 ® 19 —
72. NASAL TIP POSITION Depth 19 25 24 4

SoN-SoPo to Nose Tip mm 9 20 3 26 k] 15 —
73. NASAL PROMINENCE Depth 19 32 28 4

Ch-SoPo to Nose Tip mm 9 24 3 28 S 28 —
Upper Lip
74. LIP POSITION Depth 19 20 18 14

ULM to N.Po mm 9 20 3 17 @ 20 ®
75. MARGIN THICKNESS Depth 19 16 12 2

ULM to U1 mm 9 13 2 13 ® 20 ++
76. SULCUS THICKNESS Depth 19 18 14 2

UL“A” to“A” mm 9 14 13 ® 21 +
77.SUP.SULCUS CONTOUR  Depth 19 5 2

UL“A” to “H" Line mm 9 3 4 ® 5/11 ®/+++++
78. LIP/NOSE HEIGHT Height 19 28 26 4 ’

ANS-EM mm 9 24 3 25 ® 27 &
79. LIP/MUSCLE Height 19 52 45 5 .

Or'to EM mm 9 42 45 4 48 ® 45 —
Lower Lip
80. LIP POSITION Depth 19 0 2

LLM to “H” Line mm 9 2 2 0 ® 4/15 e eene
81. SULCUS CONTOUR Depth 19 6 2

LL“B” to “H” Line mm 9 4 2 5 ® 7/10 D[++
82. LIP THICKNESS Depth 19 16 14 3

LLMtoL1 mm 9 14 3 14 ® 15 ®
Chin
83. CHIN THICKNESS Depth 19 16 12 3

SoP-Po mm 9 12 10 3 12 ® 15 ®
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“normal”’ “H” line —- should contact the
superior nostril sulcus - -~} and reduce the nasal
shape and nasal tip position (SoN.Po-No Tip 15
c.f. 25mm), and slightly in effective nasal
prominence (cheek SPO to Nose Tip 28 ¢.f. 32
mm). The upper lip margin is in a good A-P
position (aided by overlay) to “H”" line and to N-
Po {(Meas. 74). The upper lip sulcus (Meas. 76)

needs recontouring particularly to alternative - - ~

Thus ideally the upper lip margin needs
bringing forward 2mm, and the sulcus less so
(i.e. 1/1 moved with crowns anteriorly). The
upper lip thickness is slightly increased (Meas.
75.) and in Meas. 76, from superior sulcus to“A”’
and the upper lip/nose length (Meas. 78 ANS to
Embrasure) is good although the functioning
upper lip length (Meas. 79., Or to Embrasure) is
reduced. The lower lip margin (Meas. 80) in
Table 8is protrusive to —*“H" line and to — —
“H” line, and need a 4mm reduction to meet
the “H” line — and a 15mm reduction to the —
— — “H” line. Theinferior sulcus of the lower
lip (Meas. 81) need 7 and 14mm reductions
respectively to these two profile “H” lines.

The soft tissue chin point requires a 8mm
reduction to the — “H” line and a 18mm
reduction to'the — — — ““H”line. This means
that ideally the mandibular surgical reduction
requires a tilting of the mandible and or
combined with presurgical orthodontics to
change incisor angulations and help the mental
sulcus angle.

Fig. 17 illustrates the final surgical result of a
high Le Fort | procedure (bringing key ridges
minimally forward, extruding and protruding the
maxillary area, more at posterior than anteriorly
to give a posterior “bite’’ openingi.e.
mandibular clockwise rotation,) in combination
with a mandibular sagittal split ostectomy,
similarly designed to produce ‘‘bite’’ opening on
mandible with mandibular clockwise rotation to
increase vertical facial heights slightly less than
the overlay denture. The photographs highlight
in Figs. 16, the results of a.compromise of
accepting a rather small nose in a retrusive
position, but producing a balanced upper and
lower lip position and thickness, a mildly under
contoured lower lip but with an acceptable chin
position.

Fig. 17, for overall skeletal changes in “B.A.”
illustrate the changes from 1978 (black) to 1979
(green) with the increased vertical onlay denture,

mandible 22 mm posteriorly and 28 mm inferiorly.

In 1980 {red— post-operative) the maxilla has
been brought anteriorly 7 mm and inferiorly

5 mm, the mandible was rotated

posteriorly 27 mm and inferiorly 23 mm, due to
the combination of maxilla repositioning, and
the mandibular sagittal split osteotomy which
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also shortened the mandible in length by 12 mm.
The overall profile changes illustrated in Fig. 18
show the vertical and horizontal changes
produced in nasal length and position, also the
profound lengthening in upper lip and the changes
in upper and lower lip contours. The vertical
onlay denture only (from 1978—black, to
1979 —green), the nose has dropped 5mm
inferiorly and 5 mm posteriorly, the upper lip
elongating 18 mm vertically, posteriorly 10 mm.
The changes from 1978 (black —pre-operative) to
1979 (green— onlay denture) registered at
incisive canal, shows how the nose and lip has
dropped posteriorly 5mm, and a further 5 mm
drop occurred to 1980 (red — post-surgical), as
well as vertical movements of 8 and 2mm
respectively. These analyses emphasise how
changes in vertical dimensions, allow for
profound changes in the lip length, lip contours,
and reveals more effective red margin. They
substantiate the changed anatomical position
and the effect of the upper lip elevators fi.e.,
Levator labii superioris alaequae nasi, Levator
labii superioris, Levator anguli oris, and
Zygomaticus minor and major) as they interface
“hook-like” through cross-sectional elements of
Orbicularis oris, graphically illustrated by
Lightoller {1926).
These changes reveal the interplay of skeletal
with soft tissue relations, and how vertical
dimension controls not only mandibular
positions (Schudy 1964, Creekmore 1967,
Merrifield & Cross 1970, Isaacson et al., 1977),
but indirectly effects the anatomical functioning
of, and therefore soft tissue position. The
magnitude of changes in skeletal profile by anti-
and clockwise “‘orthodontic” rotation of the
mandible (Isaacson et al., 1977) in ‘“‘convergent”
and “divergent” faces has been confirmed

" surgically in “long” and “short” faced

syndromes (Bell et al., 1977/80, Epker et al.,
1976/77/80).

These effects on horizontal position of the soft
tissues of nose and lips achieved by vertical
changes in maxillary mandibular relations by
surgery, also have a profound message for the
control of these dimensions in orthodontics.
Indirectly they substantiate the necessity to make
soft tissue measurements conditional upon
vertical and horizontal skeletal configurations,
Holdaway 1964/70/78 Merrifield 1966,

Engel et al.,1979.

The precise clinical applications of these
analyses, particularly to orthodontic assessments
will be the subject of a future publication.
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Fig. 17 Computer graphic overall superimposition of “B.A."
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Fig. 18 Computer graphic *'4 area Profile analysis” superimposition of “B.A."
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EDITORIALS

Are You Strangling Our Journal?

In the first issue of the Australian Orthodontic
Journal'in June 1967, the Editor, John Moffat,
outlined the embryonic development of our
Society with its conception in 1927, its birth in
1950, and its growth to maturity with the first
Australian Orthodontic Congress in Sydney in
1961. The Society grows stronger through the
continuing guidance of a long list of devoted and
hard working members of Council and more
recently various on going Committees.

What of the Journal? Rightly or wrongly, the
academic standing of a profession is judged by
the scientific and ¢linical achievements
portrayed within the publications of its
Members. The Australian Orthodontic Journal
has played a significant role in providing a forum
or vehicle for these achievements to be
presented to the scientific community. Through
its creation by John Moffat in 1967, his guidance
as Editor until 1974 and the guiding scientific
hand of his successor, Terry Freer from 1974 to
1980, both helped not inconsiderably by
conscientious regular contributors, the Journal
has been given the impetus to survive in the
competitive world of scientific publications. This
issue sees a change of helm. An Editorial Board,
composed of “‘all Indians” and *‘no chief”, has
seen the necessity for a change in format
principally to enable each and every Member of
the Society to feel it is “‘their Journal”. Our aim
is to encourage every Member to feel personally
he has some important moral contribution to
make to the continued development of the
Journal. What do you need from your Journal ?
What does your Journal need from you? Take
the opportunity to list ten of the most important
features you personally desire in each category
and send them to the Editor’s office, for the
Editorial Board’s.consideration. Better still make
a committment and determine a treatment plan
for the Journal. Contribute one article —
scientific, clinical or a review type — at least
every five years and you will be surprised what it
does to consolidate and update your knowledge
as well as giving you pride in your profession.

The current issue contains many changes of
publication. The A.O.J. has begun,with this
issue, the move towards automated production,
from word processor to computer typesetting.
With a two column format, similar to the earlier
journals, the Editorial Board hopes to stimulate
rapid reading and to facilitate the placement of
illustrations. The incorporation of colour
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