Facial Pattern and
Anterior Apical Base

H. U. Luder

A cephalometric study finding significant associations between
variations in facial pattern and three measurements commonly
used to evaluate apical base relationships (the horizontal distance
between points A and B, and angles A-N-B and A-B/Occlusal
plane).
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ephalometric diagnosis of anterior apical base relationships has attracted
considerable attention for many years. The angle A~-N-B (RIEDEL 1952)
and the limitations on its application have been the subject of special scrutiny
(TAYLOR 1969, JACOBSON 1975, FERRAZZINI 1976, PANAGIOTIDIS AND WITT 1976, GEBAUER
1979, AND FREEMAN 1981) because it does not consistently reflect the impression of
sagittal jaw relations obtained from observation of the facial profile or plaster
casts. Based on geometric considerations, the authors cited above demonstrate a
considerable dependence of A-N-B on the length of the anterior cranial base (S-
N), maxillary prognathism (S-N-A) and angulation of the jaws (S-N/ANS-PNS,
S-N/Occ, and S-N/Go-Me).

Some proposed alternatives have been the angle A~B/Occ (TayLor anp HITCH-
cock 1966) and linear measurements from point A to point B, referred to either
the occlusal plane, the maxillary plane or the Sella-Nasion line.

Geometric considerations are not adequate for determining the effects of facial
pattern on sagittal intermaxillary measurements, because for all trigonometric
calculations or constructions it must be assumed that only one criterion for facial
type is subject to change, while all others remain stable. Yet, it is well known that
there are clearly defined associations within the face. For example, maxillary
prognathism and inclination (“rotation”) of the occlusal plane, and vertical diver-
gence of the jaws are closely correlated.
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Facial Pattern and Apical Base

Fig. 1

Multiple regression analysis is there-
fore considered to be the most adequate
means for examining such relationships.
Multiple regression has been used previ-
ously by PaNaGIoTIDIS AND WITT (1976)
and GEBAUER (1979) to study A-N-B and
A-B/Occ; however, only the relation-
ships to maxillary prognathism (S-N-A)
and mandibular angulation (S-N/Go-
Me) were studied.

It is the aim of the present study to use
a more detailed characterization of facial
type to examine the relationships between
facial pattern and the averages of cephal-
ometric measurements used to describe
apical base relationships.
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Cephalometric landmarks and planes used in this study.

— Materials and Methods —

This study was carried out on a sample
of 299 children, 139 girls and 160 boys,
selected according to their date of birth
within an age range of three years. Their
ages ranged from 8.7 to 11.8 years for
the girls and 8.7 to 11.9 years for the
boys. None had undergone orthodontic
treatment.

A lateral headfilm, taken at a 2m focus-
film distance, was available for each indi-
vidual. Tracings of the radiographs were
made, using the landmarks and planes
displayed in Fig. 1. The points are
defined according to SALzZMANN (1966),
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with the exception of Mo, the first molar
point, which was determined according
to the method of DEMISCH ET AL. (1977).

Further analysis was accomplished with
the aid of computerized measurement and
analysis, using both the sella-nasion line
(S-N) and the Frankfort horizontal (FH)
as reference planes. Measurements
describing the sagittal intermaxillary
relation included the angles A-N-B and
A-B/Occ, and the linear distance AFH-
BFY (BiMmLER 1975). The following mea-
surements are used to assess the facial
pattern:

Angles —
S-N-A
FH/N-A
S-N/ANS-PNS
FH/ANS-PNS
S-N/Occ
FH/Occ
S-N/Go-Me
FH/Go-Me
ANS-PNS/Go-Me

Linear measurements —
S-N
N-ANS’
N-Me
ANS’'-Me

From these raw data, means and stan-
dard deviations were calculated sepa-
rately for boys, girls, and the whole
sample. A U-test (Wilcoxon, Mann and
Whitney) served to establish the signifi-
cance of differences between the sexes. A
possible age dependence of the different
cephalometric features was examined
using a singular linear correlation analy-
sis, because data shown by RpLO ET AL.
(1974) suggested that, if present, this
dependence was close to linear during
the age period investigated in this study.

The degree of dependence of these
cephalometric measurements of sagittal
intermaxillary relationship on the facial
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pattern was established by a multiple lin-

ear regression analysis. Separate analyses

were performed for the boys, girls, and

the whole sample, using A-N-B, A-B/

Occ and AFH-BFH 35 dependent variables,

and age, S-N-A, FH/N-A, S-N/ANS-

PNS, FH/ANS-PNS, S-N/Occ, FH/Occ,

S-N/Go-Me, ANS-PNS/Go-Me, FH/

Go-Me, S-N, N-ANS’, N-Me and

ANS’-Me as independent variables.

The respective optimal regression was
evaluated step by step, reducing the
number of independent variables and
reconsidering, on each level, the vari-
ables discarded previously. This was done
until all regression coefficients were sig-
nificantly different from zero.

The correspondence of the diagnosis of
sagittal intermaxillary relation applying
the three different cephalometric criteria
was evaluated by correlating the devia-
tions of A-N-B, A-B/Occ and AFH-BFH
from their respective averages. Three
correlation analyses were made for each:
1. Using the deviations from the means

in the whole sample

2. Using the deviations from the cor-
rected means, the regression values
obtained with the S-N reference
system.

3. Using the deviations from the cor-
rected means, the regression values
obtained with the FH reference
system.

— Results —

Means and standard deviations of the
different cephalometric measurements for
the whole sample, together with indica-
tions of the level of significance for dif-
ferences between the sexes and for age
dependence, are summarized in Table 1.

Significant differences between boys
and girls were found with respect to the
angles S-N/Go-Me and FH/Go-Me, and
the distances S-N, N-Me and ANS'-
Me.
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S-N/Go-Me and FH/Go~-Me were
1.2° lower, the linear measurements gen-
erally were 1.3mm-1.9mm larger in the
boys than in the girls. Furthermore, it
was noted that these differences between
the sexes were more pronounced in the
older individuals.

A significant correlation was found
between many cephalometric measure-
ments and age, but the age dependence
differed considerably between males and
females. Positive correlation coefficients
were found for all linear measurements
with age in both sexes. In the girls, no
significant correlation was found for any
angular measurement, whereas in the
boys, significant negative correlations
with age were found for S-N/JANS-PNS,
S-N/Occ, and S-N/Go-Me.

Facial Pattern and Apical Base

Because of this evidence, the multiple
regression analyses for A-N-B, A-B/Occ
and AFH-BFH were carried out separately
for males and females. All parameters of
the respective regression equations were,
however, almost identical. Therefore,
Table 2 displays regression coefficients,
intercepts, multiple correlation coeffi-
cients and standard errors of estimate as
obtained from the whole sample.

Two regression coefficients for cor-
rected A-B/Occ in the FH system, and
seven for AFH-BFY  associated with dif-
ferent indicators of facial pattern, proved
to be significant.

The coefficients of the correlations
between the deviations of A-N-B-, A-
B/Occ and ATH-BFH from their respective
uncorrected and corrected averages are

Table |
Means, Standard Deviations (SD) and Ranges
for the Whole Sample (N=299)
Levels of significance for sex differences (0" ¢)
and for linear correlation with age are also shown.

Mean+tSD Range oQ Age
A-N-B (°) 3.84+2.0 ~1.1- 93 ns ns
A-B/Occ (°) 88.6+4.3 76.3-101.5 ns ns
AFH-B™ (mm) 7.4+3.2 -19~ 175 ns ns
S-N-A (°) 80.41+3.2 72.3~ 88.2 ns ns
S—-N/ANS-PNS (°) 74429 0.6~ 15.3 ns b
S—-N/Occ (°) 183+3.8 7.0~ 279 ns ***
S—-N/Go—-Me (°) 34.7+49 19.5~ 499 * ns
FHIN-A (°) 89.7+3.1 78.3~ 993 ns ns
FH/ANS—PNS (°) -19+%33 -12.9~ 7.6 ns ns
FH/Occ (°) 8.9+3.6 -5.0~ 200 ns ns
FH/Go-Me (°) 254446 10.6~ 41.4 * ns
ANS-PNS/Go—Me (°) 27.3£5.0 11.7~ 44.4 ns ns
S—N (mm) 68.8+2.8 60.7- 77.6 R s
N—-ANS' (mm) 48.1+3.0 36.6~ 60.0 ns ***
N-Me (mm) 109.4£6.0 95.8~128.2 A
ANS’'-Me (mm) 61.3+4.8 49.6~ 75.8 e

* p<0.05
** p<0.0!

ns. p>0.05 *** p<0.001
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summarized in Table 3. Correlation coef-
ficients between deviations from uncor-
rected means ranged from 0.64 to 0.75
(absolute values). When the averages were
corrected by means of the appropriate
multiple regression, they increased to
above 0.9, the highest being —0.99
between A-N-B and A-B/Occ in the S-
N system.

— Discussion —

The aim of this study is to identify
correlations between variations in facial
pattern and the averages of some of the
cephalometric measurements used to
judge sagittal intermaxillary relation. Two

to seven cephalometric factors character-
izing facial pattern proved to be signifi-
cantly related to these averages. Not all
of the facial pattern factors, however,
showed a significant relationship to the
means of intermaxillary measurements.

The mean A-N-B angle in the S-N
reference system was significantly related
to the angles S-N-A, S-N/Occ, S-N/Go-
Me and ANS-PNS/Go-Me, as well as
the distances S-N and N-ANS’. The
regression coefficients obtained for S-N-
A (characterizing maxillary prognathism)
and S-N/Go-Me (characterizing mandi-
bular divergence) parallel those found by
PANAGIOTIDIS AND WITT (1976) and GEBAUER
(1979) for the same measurements.

Table 2
Significant Parameters of the Multiple Regression Equations
Regression Coefficients associated with the cephalometric measurements
describing facial pattern
R — Intercepts, Multiple Correlation Coefficients
SEE — Standard Errors of Estimate
for corrected A-N-B, A-B/Occ and Af—BFH
S—N System FH System

A-N-B A-B/Occ A-N-B A-B/Occ AH—Brd
S-N-A 0.4]1%**
S—-N/ANS-PNS
S—-N/Occ 0.15*** 0.58***
S-N/Go~-Me 0.28*** ~-0.66***
FH/N-A 0.46*** 0.15**
FH/ANS-PNS —0.45***
FH/Occ 0.16*** 0.64*** 0.19**
FH/Go-Me O0.11***  —0.18** 0.16**
ANS-PNS/Co-Me —0.14*** 0.36***
S-N O.11** —-0.28** 0.09*** 0.12*
N-ANS’ —0.15*** 0.28** —-0.09** —-0.26***
N-Me 0.14**
ANS'-Me
Intercept -38.2° 96.7° —43.8° 87.5° —-23.7mm
R 0.63*** 037*** 0.67*** 043*** 0.69***
SEE 1.5° 4.1° 1.5° 39° 2.3mm

* p<0.05
** p<0.0l
*** p<0.001
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In addition, S-N/Occ and N-ANS’,
which measure angulation of the occlusal
plane and vertical development of the
upper face, entered significantly into the
regression equation with coefficients
compatible with the trigonometric
deductions. However, the regression
coefficients associated with ANS-PNS/
Go~Me and S-N would have been
expected to have signs inverse to those
found in this study, suggesting that these
two factors compensate for the other
measurements.

For the average A-B/Occ angle, a
regression equation with five significant
factors was established. From the six fac-
tors affecting mean A-N-B, only maxil-
lary prognathism (S-N-A) was missing.
The inverse signs of the regression coef-
ficients associated with A-B/Occ, com-
pared to the equation for A-N-B, are
readily explained by the fact that it is
larger when A~B/Occ is smaller.

In accordance with results reported by
GEBAUER (1979), however, the multiple
correlation coefficient for A-B/Occ,
although significant, was considerably

Facial Pattern and Apical Base

smaller than for A-N-B, indicating that
A-B/Occ is more independent of facial
pattern than A-N-B. However, the fact
that S-N/Occ, S-N/Go-Me and ANS-
PNS/Go-Me are all significantly related
to mean A-B/Occ clearly shows that sag-
ittal intermaxillary measurements refer-
ring to the occlusal plane are not
independent of angulations of the jaws,
as was postulated by Jacosson (1975) and
GEBAUER (1979).

Obviously, in reality such variations in
angulation are not combined with fixed
vertical and sagittal intermaxillary rela-
tions, as is assumed for trigonometric cal-
culations. Rather, they are associated
with differences in other values, as verti-
cal divergence, which do affect rrue api-
cal base relationship and consequently
the average of any sagittal intermaxillary
measurement.

This view is also supported by the
findings of the correlation analyses per-
formed on the deviations from the means
of A~-N-B, A-B/Occ and AF-BfH, The
deviations were chosen because they were
considered more applicable to diagnosis

Table 3

Linear Correlation Coefficients between Deviations
from Uncorrected and Corrected Means
of A-N-B, A-B/Occ and AF-B™

Uncorrected Means

A—-N-B A B/Occ AFH—BFH
A-N-B - —0.71*** Q.75***
A-B/Occ - —0.64***

Means Corrected in the S—N Reference System

A-N-B A-B/Occ

A-N-B — —0.99***
Means Corrected in the FH System

A-N-B A-BfOcc AFn—prH
A-N-B - —0.9*** 0.95***
A-B/Occ - —0.92%**
$*** p<0.001
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of intermaxillary jaw discrepancy than
the absolute measurements. When calcu-
lated for the deviations from the uncor-
rected averages, the correlation
coefficients were about 0.7, confirming
the previously reported discrepancies of
the diagnoses with the different
measurements.

However, as soon as the corrected, pat-
tern-dependent means were applied, the
correlation coefficients increased to above
0.9. The coefficient of —0.99, found for
the correlation between A-N-B and A-
B/Occ in the S-N system, indicates that
for a given A-N-B measurement, the
corresponding deviation of A-B/Occ can
be predicted with an accuracy of 98%.

Consequently, if facial pattern-
dependent ranges of normal are defined
for A-N-B, A-B/Occ and AFH-BFH, these

30 A

20W

o J
degrees <.9.75

ranges are highly interdependent and the
cephalometric diagnoses agree, regardless
of the criterion chosen. Obviously, the
discrepant judgments, when either A-N-
B or A-B/Occ is used, are mainly due to
the varying dependence of the two differ-
ent measurements on facial type.

On the basis of the present results,
however, no conclusion may be drawn as
to whether or not such a diagnosis coin-
cides with findings on the casts. A good
agreement in this respect has been dem-
onstrated by Demiscu ET AL. (1977) for
judgments based on A-B/Occ.

Regarding the pattern-dependent
ranges of normal, the histograms in Figs.
2-4 show that they cannot be simply
defined in terms of a mean + the stan-
dard error of estimate, because the inter-
val of a mean + one standard error of

X - X (ANB)

.m B
>9.75 degrees

Fig. 2 Histogram showing the distribution of deviations from the corrected

averages of A-N-B.
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30 A

X - X (AB - Occ)

20 4

0 J
degrees -9

>975 degrees

Fig. 3 Histogram showing the distribution of deviations from the corrected
averages of A-B/Occlusal plane.

%
10 4

Fig. 4 Histogram showing the distribution of deviations from the corrected
averages of AFH_BFH,
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estimate does not contain the average
66%, and the mean + three standard
errors does not exclude the most extreme
1% of the individuals.

A possible solution could be the appli-
cation of confidence limits calculated in
connection with the regression analyses
to decide whether a given measurement
should be taken as indicative of a Class I,
II or III relation.

— Summary and Conclusion —

This cephalometric study is based on a
random sample of 169 boys and 130 girls,
aged 8.7 to 11.9 years. The relationship
of variations in facial pattern to the aver-
ages of three cephalometric measure-
ments commonly used to assess apical
base relationships are examined using
multiple regression analyses. Measure-

ments used are the angles A-N-B and
A-B/Occ, and linear dimension AFH-BFH
(the distance from A to B drawn parallel
to the Frankfort horizontal).

The findings allow the following con-
clusions to be drawn:

® The averages of all three measurements
are significantly related to two mea-
surements characterizing facial type
that are based on the sella-nasion line,
and to seven measurements related to
Frankfort horizontal.

¢ If individualized by application of facial
pattern-related ranges of normal, the
diagnoses of apical base discrepancy
agree regardless of whether A-N-B, A-
B/Occ, or AFH-BFH s selected as the
criterion.

This study was supported by a grant of the
Foundation for Scientific Research of the Swiss
Sociery of Dentists.
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