Cephalometric Evaluation
of
Incisor Position Edward Ellis TII

James A. McNamara, Jr.

An evaluation of seventeen measurements of incisor angulation
and position for their applicability in describing the incisor rela-
tionship to maxilla and mandible. Most are better descriptors of
other relationships that could confound interpretation of rela-
tionships to the supporting bones.
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he rise in the level of sophistication and precision of orthognathic surgical

procedures during the last decade has increased the need for more accu-

rate preoperative prediction of their outcome. Coordination of the dental arches

prior to surgery is particularly important, so that the optimum anteroposterior,
transverse and vertical changes in jaw position can be achieved.

One important consideration is the positions of upper and lower incisors
relative to each other and to their supporting bones. Incisor interferences can
prevent the desired surgical repositioning of osseous components, as when retro-
positicned upper incisors inhibit forward repositioning of the mandible.

Two general approaches to evaluating upper and lower incisor positions prior
to surgery are commonly used. One is the hand articulation of original or
progress casts. Although the relative positioning of the teeth in each arch can be
readily determined in this way, the relationship of the teeth to their underlying
bony bases is less obvious, and may be impossible to determine from dental casts
alone.

The lateral cephalograph provides a second source of information on the
positions of the maxillary incisors, maxilla, mandibular incisors and mandible.
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Therefore a need has arisen for cephalo-
metric measures which are sensitive not
only to the position of the teeth within a
given bone, but which are sensitive to the
relationship of the jaw elements and cra-
nial base structures to one another. This
study considers only the relation of the
teeth to their respective supporting
bones.

The determination of incisor position
is a part of most cephalometric analyses.
DownNs (1948, 1952 AND 1956), STEINER (1953,
1959 AND 1960), TWEED (1953 AND 1954), RICK-
ETTS (1960, 1972 AND 1981) and RIEDEL (1952)
all present specific measures of incisor
position.

Most of the popular analyses were con-
ceived prior to the use of orthognathic
surgical procedures for the three-dimen-
sional repositioning of almost every bony
structure in the face, so little considera-
tion has been given to their appropriate-
ness in those applications. Many of the
measures of incisor position are based on
osseous structures of the face that may be
surgicaily repositioned. In addition,
descriptive measures of relationships to
specific bony landmarks are independent
of measures that may indicate whether
those landmarks are in a normal relation-
ship to the remainder of the face.

Maxillary Incisors

A theoretical discussion of the following
eight cephalometric measures of maxil-
lary incisor (Ul) position demonstrates
their broad variation.

1. Ul/S-N T (Fig. 1)

The angle between the axis of the maxil-
lary incisor and the S-N plane (RiEDEL
1952, DRUMMOND 1968, WAITE ET AL. I97I
AND BisHARrA 1981) relates maxillary incisor
position to the anterior cranial base,
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independent of maxillary and mandibular
positions. However, tilting of the maxilla
causes a comparable change in the U1/S-
N angles.

2. UL/FH (Fig. 1)

The angle between the maxillary incisor
axis and the Frankfort plane (RIEDEL 1952
AND 1957) is also based on a superior skel-
etal reference plane, similar in applica-
tion to the U1/S-N measure (Fig. 1).

3. UL/PP (Fig. 2)

The angle between the upper incisor axis
and the palatal plane (Anterior Nasal
Spine to Posterior nasal Spine) (BursToNE
ET AL. 1978) is an excellent indicator of
orientation within the maxilla. Although
the palatal plane may vary in angulation,
many of the maxillary deformities cor-
rected by orthognathic surgery are den-
toalveolar in nature. In these patients,
the U1/PP measure is very useful.

4. Ul/N-A (angular) and Ul < N-A (lin-
ear) (Fig. 3)

The nasion-A line (STEINER 1953, RIEDEL
1957, MACINTOSH 1970, AND KHOUW ET AL.
1970) is used as both an angular and lin-
ear reference. The angular measure
shows the axial procumbency of the inci-

¥ Cephalometric Notations

Lines and planes are indicated by a short dash
between terminal points, as A~-B.

Angles where two lines intersect at an identi-
fied landmark are indicated by the two lines
that form the angle, as A-N-B.

Angles where the intersection is not a named
point, and angles between lines that do not
intersect, are indicated by a slash between the
two lines, as FH/N-B or FH/MP.

Linear measurements are indicated by a double
arrow between the landmarks that define the
measurement, as A< N-Po.
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Fig. 1

A — a cephalometric tracing showing the upper incisor to sella-nasion (U1/
S$-N) and upper incisor to Frankfort horizontal (U1/FH:) measures.

B — altering the maxillary skeletal position in the horizontal plane (dashed
lines) has no effect on these measures because the lines are parallel.

C — the effect of tilting the maxilla (dashed lines). Both measures change in
direct relationship to the amount of maxillary tilt.

Fig. 2
The upper incisor to palatal plane

measure (U1/PP). Note that this measure
is based on maxillary points; altering the
pesition of the maxilla will not affect this

measure.

sor, and the linear measure shows the
horizontal distance between the facial
surface of the maxillary incisor and the
N-A line, independent of the axial
inclination.

Although these have become two of the
most accepted measures of maxillary
incisor position, an examination of the
N-A line shows a need for careful inter-
pretation. When the maxillary skeleton
(and therefore point A) is positioned pos-
teriorly without changing the position of
the incisor within the maxilla, the change
in the angulation of N-A causes the
UleN-A measures to become larger.

326 October, 1986

5. Ul to Point A Vertical (Ul AVERT)
(Fig. 4)

The Ul AVERT measure, as defined by
McNAMARA (1983) is another way to relate
the maxillary incisor to the maxilla. The
U1 AVERT measure is the horizontal
distance between the facial surface of the
maxillary incisor and a perpendicular
erected from point A to the Frankfort
horizontal plane. Because its angulation
is unaffected by the position of the max-
illa or the mandible, this is a sensitive
measure even in patients with maxillo-
mandibular disharmonies. Although it

The Angle Orthodontis®
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Incisor Position

Fig. 3 .

The upper incisor to
nasion-A measures
(U1/N-A and U1+ N-A).
Altering the horizontal
position of the maxillary
skeleton changes these °
measures. As the maxilla
is brought forward, they
are decreased (and vice-
versa). These changes in
the U1 to N-A measures
occur even though the
position of the upper
incisor within the
maxilla may remain
unaltered.

Fig. 4

The upper incisor to point A vertical (U1« AVERT) measure. This measure
is the horizontal distance between the facial aspect of the upper incisor and
a perpendicular erected to the Frankfort horizontal plane through point
A. Note that this measure is unaffected by horizontal movements of the
maxillary skeleton.
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Fig. 5
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The upper incisor to facial plane measure (U1 N-Pog), and the effects of
altering the horizontal position of the maxillary or mandibular skeleton. The
U1< N-Pog measure is increased by anterior movement of the maxilla, and
decreased by anterior movement of the mandible.

utilizes cranial landmarks for reference
(porion and orbitale), it relates the maxil-
lary incisor to the bony maxilla.

6. Ul N-Pog (Fig. 5)

This reference line for maxillary incisor
position, popularized by RIEDEL (1952 AND
1957), is similar to the Ul A-Pog line
measure described below. It is the dis-
tance between the incisal edge of the
upper incisor and the nasion-pogonion
line (facial plane). However unlike the
A-Pog measure, it eliminates one of the
highly variable points (point A) from the
analysis. Although nasion may also be
abnormal in position, it is certainly more
constant than the maxilla, which is fre-
quently affected in malocclusions (ELiis
ET AL. IN PRESS, LAWRENCE ET AL. IN PRESS).
However, the mandible is one terminus
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of the N-Pog line, and is also affected in
many malocclusions.

7. Ul A-Pog (Fig. 6)

L2=208 VT

The distance from the incisal edge of the
maxillary incisor to the A-Pog line
(DowNs 1948, 1952 AND 1956; RICKETTS 1960,
1972 AND 1981; RIEDEL 1952, 1957; SCHEIDE-
MAN ET AL. 1980; BISHARA 1981) obviously
demarcates jaw structures which may
themselves be in abnormal relationships
to each other. A retruded mandible with
a retruded maxillary incisor may result in
a normal Ul < A-Pog measure. Con-
versely, a protruded mandible with a pro-
truded maxillary incisor may also
produce a normal value. Endless combi-
nations of Ul < A-Pog values are possi-
ble when various maxillary (Point A) and
mandibular (Pogonion) positions are
combined.

The Angle Orthodontist®
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Incisor Position

Fig. 6

The upper incisor to A-pogonion (U1 A-Pog) measure, and the effects of
altering the horizontal position of the maxillary or mandibular skeleton. It is
increased when the maxilla is brought forward, and decreased by forward
movement of the mandible.

Fig. 7

The interincisal angle (U1-L1). Note that
this angle can be changed by angular
change of either tooth or either
supporting bone.

. can be affected by the position of the
8. UL/L1 (Fig. 7) macxillary incisor, the mandibular incisor,
The interincisal angle has been used and the relative positions of the mandible
ubiquitously in the literature as an indi- and the maxilla, so that a given angle can
cator of relative maxillary and mandibu- result from many combinations of maxil-
lar incisor orientation. The U1/L1 angle lary and mandibular relationships.
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Fig. 8
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The lower incisor to A-Pogonion (L1 A-Pog) measure. This measure is very
sensitive to maxillary and mandibular skeletal relationships; moving the
mazxilla forward results in a lower value, and moving the mandible forward

results in a higher value.

The most generally used

1. L1oA-pog (Fig. 8)

The distance from the incisal edge of the
mandibular incisor to the A-Pog line
(DowNs 1948, 1952, 1956; RICKETTS 1960,
1972; McNAMARA 1983) ) is a measure of
mandibular dental protrusion. This is
another measure in which both of the
points determining the line are located
on skeletal structures which may be in
abnormal positions and often involved in
malocclusions. Maxillary protrusion may
cause retrusive L1 < A-Pog measures for
a normally-positioned lower incisor, and
mandibular protrusion will cause more

330 October, 1986

protrusive L1 ¢ A-Pog values. This mea-
sure is therefore appropriate only for
describing lower face profile relation-
ships, not the relationship of incisor to
mandibular symphysis.

2. UI/LI (Fig. 7)

The interincisal angle previously
described as a measure of the upper inci-
sor also describes lower incisor orienta-
tion, and the same considerations apply.
It is a descriptor of the relationship of
incisors to each other, and nothing more.

The Angle Orthodontist®
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Incisor Position

Fig. 9

The Frankfort mandibular incisor angle (L1/FH or FMIA). Altering the
mandibular vertical position (and mandibular plane angle) can affect this

measurement.

3. L1/FH, or EMIA (Fig. 9)

The Frankfort-mandibular incisor angle
(FMIA, or L1/FH) proposed by TWEED
(1954) has been a popular indicator of
mandibular incisor orientation. This
angle is strongly influenced by the verti-
cal dimensions of the mandible, and it
has little utility in cases which may
require surgical therapy.

4. L1/MP, or IMPA (Fig. 10)

The angle between the lower incisor axis
and the mandibular plane (gonion to
menton) (RIEDEL 1952 AND 1957, DowNs
1956, TWEED 1954, WAITE ET AL. 1971 AND
BURSTONE ET AL. 1978) provide an excellent
indication of mandibular incisor position
that is unrelated to the position of the
mandible. This is a distinct advantage in
cases which vary considerably in the ver-

Fig. 10

The lower incisor-mandibular plane angle
(L1/MP or IMPA). This measure is
entirely confined to the mandible, so it is
unaffected by changes in skeletal
positions.

©The Angle Orthodontist October, 1986 331

$S9008 9811 BIA €-90-GZ0Z 18 /woo Aiojoeignd-poid-swid-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



Ellis and McNamara

78°

Fig. 11

The lower incisor to occlusal plane angle (L1/OP). Identification of the
occlusal plane can be an important variable, as in open or deep bites where
the interface between upper and lower teeth is not a plane.

tical dimension, since the angulation of
the mandible is usually affected in these
cases. L1/MP is very useful in surgical
cases because it directly relates the man-
dibular incisor to the bony mandible

without the involvement of any cranial
landmarks.

5. L1/OP (Fig. 11)

The angle between the mandibular inci-
sor axis and the occlusal plane (Dowxs
1948, RIEDEL 1952 AND ALTEMUS 1960)
directly relates the incisor to the other
teeth. It is not affected by the anteropos-
terior position of the mandible. How-
ever, vertical discrepancies in tooth
positions can present problems in select-
ing an occlusal plane. An averaged occlu-
sal plane may not accurately reflect the
position of either the maxillary or man-
dibular dentition, and reproducibility is
especially difficult in patients who have
excessive curves of Spee. This problem
is compounded in serial studies where
the occlusal plane has been altered by
treatment.
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6. LI/N-Band L1-N-B (Fig. 12)

The N-B line (STEINER 1953, RIEDEL 1957,
DruMMOND 1968, KHOUW ET AL. 1970, MaC-
INTOSH 1970, BisHARA 1981) is used as a ref-
erence to measure both angular
orientation and horizontal position of the
mandibular incisor. The angular measure
gives the axial procumbency, and the lin-
ear measure is the horizontal distance
between the facial surface of the incisor
and the N-B line, independent of the
axial inclination.

Although these measures of mandibu-
lar incisor position are widely accepted,
an examination of the N-B line shows
that they can also be misleading because
the relationship of the incisor to the line
is affected by the anteroposterior position
of the mandible.

7. L1-BPERP (Fig 13)

This measure has been used as an indica-
tor of mandibular incisor position by one
of the Authors (E.E.). The L1-BFERP
measure is the distance between the facial

The Angle Orthodontist®



Incisor Position

Fig. 12

The angular and linear measures based on the N-B line (L.1/N-B and L1~ N-
B). These measures are increased by forward horizontal and vertical opening

movements of the mandible.

aspect of the mandibular incisor and a
perpendicular erected from point B to
the mandibular plane. Like L1/MP, it
relates the incisor to the mandible; how-
ever, unlike L1/MP, it also relates the
tooth to the alveolar bone. In a balanced
face with ideal occlusion, this measure
should be —1.7mm (s.d.=1.97mm) (ELL1s
UNPUBLISHED DATA), indicating that the
facial aspect of the incisor is 1.7mm
behind the constructed line.

Overview —

he foregoing brief review of the

cephalometric measures that might
be applied to evaluate incisor positions
demonstrates their specificity and the
need for careful selection for appropriate
application. Intuitively, one can readily
see how some of these measures can be
misleading if used inappropriately. To

Fig. 13

The lower incisor to Point A
perpendicular (L1-B*E*®) measure. This
line is a perpendicular constructed from
point A to the mandibular plane. As a
wholly mandibular measure, it is
unaffected by mandibular position will
have no affect on this measure.
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more thoroughly evaluate the usefulness
of these analyses and to quantify the
inherent pitfalls of misapplication, the
following study was undertaken.

— Methods —

ateral cephalometric radiographs of

242 male and 424 female patients
(666 total) from The Center for Human
Growth and Development and The
Department of Oral and Maxillofacial
Surgery at the University of Michigan
were evaluated. All were over 16 years of
age. There were no other criteria for
selection. All classes of malocclusion were
represented, including 125 individuals
with Class I untreated occlusions and
well-balanced faces. No cases of cleft pal-
ate or identifiable craniofacial syndromes
were included.

All of the cephalographs were traced
by one investigator and checked by
another to verify accuracy. Tracings were
digitized at The Center for Human
Growth and Development, and as the
cephalographs were obtained from sev-
eral sources, enlargement was standard-
ized to 8% by computer.

Several measures of craniofacial struc-
ture were recorded for each cephalo-
graph, including those for maxillary and
mandibular incisor position presented
above. Analysis of those measures that
may be used to indicate incisor position
was performed as described below.

Maxillary Measures

A “neutral” position for the relationship
of the maxillary incisor to the palatal
plane of the maxilla was chosen as a U1/
PP angle between 108° and 112° (Bur-
STONE ET AL. 1978; SCHEIDEMAN ET AL. 1980).
Those cephalographs with maxillary

334 October, 1986

incisors within this range were then plot-
ted against S-N-A, a measure of maxil-
lary skeletal position, and against FH/N-
Pog, a measure of mandibular skeletal
position, to determine how an incisor
“normally” related to the maxilla may be
related to maxillary and mandibular
positions.

Spearman’s rank correlation coeffi-
cients (r) were computed for all of the
measures in these cephalographs, both
dental and skeletal, to determine how
they relate to one another.

Secondly, this sample was further
divided by determining the median val-
ues for S-N-A and FH/N-Pog and then
subdividing the groups into low and high
groups for each parameter. The Mann-
Whitney U-test was then used to deter-
mine differences in the maxillary incisor
variables between the low and high
groups.

Mandibular Incisors

“neutral” relationship of the man-
dibular incisor to the mandible was
chosen as an L1/MP (IMPA) angle
between 89° and 93.5° (RIEDEL 1952 AND
1957, DOWNs 1956, TWEED 1954, WAITE 1971,
BURSTONE ET AL. 1978 AND SCHEIDEMAN ET
AL. 1980). All of those cephalographs with
mandibular incisors in this range were
then plotted against FH/N-Pog, a mea-
sure of horizontal mandibular skeletal
position, and against FH/MP, a measure
of vertical mandibular skeletal angula-
tion. The objective of these comparisons
is to determine how measurements of an
incisor that is positioned normally on the
mandible may be affected by various
mandibular positions.
In addition, the L1+ A-Pog measure
was plotted against S-N-A, a measure of
maxillary skeletal position, to determine

The Angle Orthodontist®



how the maxillary position might affect
the L1+ A-Pog values.

Spearman’s Rank Correlation Coeffi-
cients (r) were computed for all of the
measures in these cephalographs, both
dental and skeletal, to determine how
they relate to one another.

The sample was further divided by
selecting the median values for facial
plane angle (FH/N-Pog) and mandibular
plane angle (FH/MP), and using these to
subdivide the sample into low and high
groups for each measure. The Mann-
Whitney U-test was then used to deter-
mine differences in the mandibular inci-
sor variables between the low and high
groups. This same test was performed on
the L1©A-Pog measure to determine
how maxillary skeletal positions (S-N-A)
affect the measures.

— Results —

Maxillary Teeth

The first step was to determine the num-
ber of individuals who had a “normal”
relationship of the maxillary incisor to
the maxilla. Out of 666 cephalographs,
120 had U1/PP angles within the 108°-
112° range. These 120 cases were used
for the remainder of the calculations.

The best measures of maxillary incisor
position in the maxilla should not be cor-
related with changes in maxillary or man-
dibular position. Such correlation could
indicate the effect of outside influences
on the measurements. The S-N-A angle
was used as an indicator of maxillary
position.

The Spearman’s rank correlation coef-
ficient (Table 1) for the measures of max-
illary incisor position versus S-N-A
revealed the following:

©The Angle Orthodontist

Incisor Position

Correlation Correlation
Not Significant Significant
p=0.05 p=<0.05
Ul/FH Ul/S-N
U1l/PP UIl/N-A
Ul <AVERT UleN-A
UleN-Pog
Ul<A-Pog
Ul/L1

Scatter plots for the Ul AVERT and
U1/N-A angular measures versus S-N-
A for the 120 individuals in the sample
are shown in Figure 14. The lack of any
discernible relationship of the points in
the scatter plot for Ul & AVERT was typi-
cal of those measures of maxillary incisor
position which did not correlate with
maxillary skeletal position, whereas the
linear pattern in the plot for Ul/N-A°
was typical of those measures which did.

The Ul to N-A measures were both
inversely related to maxillary skeletal
position, meaning that in protrusive
maxillae, the Ul to N-A measures were
lower, while in retrusive maxillae, the
U1 to N-A measures are larger.

A direct correlation was found for the
U1/S-N measure and maxillary skeletal
position. This measure also was highly
correlated with the angle PP/S-N
(r=-.94). The UleA-Pog and
U1 AVERT measures, although con-
structed with maxillary skeletal land-
marks, showed no correlation with
maxillary skeletal position.

The results of the Mann-Whitney U-
test, where the sample was subdivided
into two equal groups (n=60/group)
above and below the median S-N-A
value (80.16°), demonstrated very similar
findings (Table 1).

The Spearman’s rank correlation coef-
ficient (Table 1) for the measures of max-
illary incisor position versus mandibular
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skeletal position (FH/N-Pog) revealed
the following:

Correlation Correlation
Not Significant Significant
p=0.05 p=0.05

Ul/S-N U1/N-Pog
Ul/FH Ul+<A-Pog
U1l/PP Ul/L1
UI/N-A
UleN-A
Ule AVERT

Scatter plots for the angular measure
U1/N-A and the linear measure Ul < A-
Pog versus FH/N-Pog are shown in Fig-
ure 15. The lack of any discernible rela-
tionship of the points in the scatter plot
for U1/N-A is typical of those measures

of maxillary incisor position which did
not correlate with mandibular skeletal
position, whereas the linear pattern in
the plot for Ul A-Pog is typical of
those measures which did.

All of those measures based on a man-
dibular skeletal point of reference
(Ul+A-Pog, Ul/N-Pog and Ul/L1)
show significant correlations with the
FH/N-Pog angle values (p <0.01). These
same maxillary incisor measures were also
correlated highly with other skeletal mea-
sures that are dependent on mandibular
skeletal position (mandibular length, S-
N-B, pogonion to NVERT  S_N-Pog, A-
N-B, Wits analysis, and dental overjet)
(r>.65). The U1/L1 measure also corre-
lated (p<0.01) with mandibular plane
angle measures (S-N/MP, FH/MP).

Table 1

Relationship of Maxillary Incisor Measures to
Horizontal Maxillary and Mandibular Positions in 120 Individuals with a
Neutral Relation of the Upper Incisor
to the Maxilla (U1/PP 108°-112°)

Makxillary Position

Mandibular Position

U — Mann-Whitney U-test

Significant at 0.01 level

(S-N-A) (FH/N~Pog)
r U r U
Ul/s-N +.355 1143 +.151 1663
UL/FH - .060 1781 +.148 1701
uLpp -040 1644 ~.005 1672
UIN-A() =576 861 -.124 1546
Ul +N-A (mm) =367 1319 -.027 1606
Ul A vertical +.032 1543 +.173 1715
Ul +N-Pog +.112 1547 -8 360
Ul+A~Pog +.0130 1672 -.817 326
ULl -.050 1653 +.701 548

r — Spearman’s Rank Correlation Coefficient
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Upper Incisor to Point- A Vertical (mm)

Incisor Position
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Fig. 14

Scatter plots of the measures U1-AVERT and U1/N-A versus S-N-A. The
distribution for U1-AVERT appears to be random, while an inverse linear
relationship is seen in the U1/N-A plot (a more protrusive maxillary skeleton
gives smaller U1/N-A angular values).
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Scatter plots of the measures U1/N-A and U1+ A-Pog versus FH/N-Pog. No
linear relationship is seen in the U1/N-A plots, whereas an inverse linear
relationship is seen for U1+ A-Pog. This indicates that the U1/N-A angular
measure is not affected by mandibular skeletal position, and the U1+ A-Pog
measure is inversely related to mandibular skeletal position (a more
protrusive mandible gives smaller U1 A-Pog values).
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Those measures of maxillary incisor
position not involving a mandibular ref-
erence point did not show any correla-
tion with mandibular skeletal position.
The results of the Mann-Whitney U-test
where the sample was subdivided by the
median FH/N-Pog angle value (88.3°)
were the same as found in the rank
correlations.

Mandibular Incisors

The number of individuals who had a
“normal” relationship of the mandibular
incisor to the mandible, with L1/MP
angle within the 89°-93.5° range, was
102, and these were used for the remain-
der of the calculations.

A measure of mandibular incisor posi-
tion on the mandible that correlated with
changes in mandibular position would be

suspect. The facial plane angle (FH/N-
Pog) was used as a measure of horizontal
mandibular skeletal position, and the
mandibular plane angle was used as an
indicator of vertical mandibular skeletal
position.

The Spearman’s rank correlation coef-
ficient for the measures of mandibular
incisor position versus horizontal mandi-
bular skeletal position are listed in Table
2. The results reveal the following:

Correlation Correlation
Not Significant Significant
(p=<0.05)
Ul/L1 L1<A-Pog
L1/MP L1/FH
L1/N-B L1/0OP
L1-BFERP L1-N-B

Table 2

Relationship of Mandibular Incisor Measures to
Facial Angle FH/N-Pog and to FH/MP in 102 Subjects with a
Neutral Relation of the Lower Incisor
to the Mandible (89° <L1/MP<93.5°)

r Spearman’s Rank Correlation Coefficient
U Mann-Whitney U-test

Significant at 0.05 level
Significant at 0.01 level

Facial Angle Mand Plane Angle

(FH/N-Pog) (FH/MP)

r U r U
L1 e»A-Pog +.373 978 +.238 1044
LI/FH (FMIA) +.696 316 -.981 36
L1/MP(IMPA) -.036 !277 -.027 1152
Li/oP +.466 591 -.7128 434
LI/N-B° -.053 1097 +.700 ﬂé
L{+N-B (mm) —.242 948 +.524 580
L1 « Brer? —.139 1156 +.173 1112
vILL +.192 913 ~ 431 896
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Scatter plots for the L1-BPERP and L1/
FH measures versus FH/N-Pog are
shown in Fig. 16. The lack of any dis-
cernible relationship of the points in the
scatter plot for L1-BPERP wag typical of
those measures which did not correlate to
horizontal mandibular position, whereas
the linear pattern of the points in the plot
for L1/FH was typical of those measures
which did.

The results of the Mann-Whitney U-
test, where the sample was subdivided
into two equal groups (n=51/group)
above and below the median FH/N-Pog
angle value (88.2°), demonstrated very
similar findings for most measures. (Table
2). However, in contrast to the Spear-
man’s rank correlations, the Ul/L1 and
the L1+ A-Pog measures showed signif-
icant differences between the low and
high FH/N-Pog angle group.

The Spearman’s rank correlation coef-
ficient for the measures of mandibular
incisor position versus FH/MP are also
found in Table 2. The results revealed
the following:

Correlation Correlation
Not Significant Significant
p=0.05 (p=<0.05)
L1/MP L1eA-Pog
L1-BFERP Ul/L1
L1/FH
L1/OP
L1/N-B
LieN-B

Scatter plots for the L1-BFERP and L1/
FH measures versus FH/MP are shown
in Figure 17. The lack of any pattern of
relationship in the scatter plot for L1-
BPERP was typical of those measures of
mandibular incisor position which did
not correlate with vertical mandibular
skeletal position, whereas the linear rela-

©The Angle Orthodontist

Incisor Position

tionship of the points in the plot for L1/
FH was typical of those measures which
did.

The results of the Mann-Whitney U-
test comparisons of the subdivisions of
the sample by the median mandibular
plane angle value (27°) were similar to
those of the rank correlations.

The correlation between the L1+ A-
Pog measure and S-N-A was not signifi-
cant (r=.08). Similarly, the Mann-Whit-
ney U-test found no significant
correlation (U=1290; p=.9440) between
these measures.

— Discussion —

Results of this study make it apparent
that many of the cephalometric
measures which are frequently utilized to
determine maxillary and mandibular
incisor position must be used only with a
full understanding of the other variables
that may affect the measurements. Refer-
ence lines based on points which are far
removed from the incisor can be affected
by remote variables, so are inappropriate
for local descriptive applications.

It is important to note that correlations
neither prove nor disprove cause-effect
relationships. While correlations with
remote structures suggest the possibility
of corrupting influences, these findings
are not definitive evidence of such effects.
Conversely, the absence of correlation
could be due to a lack of effect or the
presence of a canceling countereffect.

On an individual basis, these refer-
ences may still be used to provide useful
information, provided that the various
confounding factors are taken into
account. For example, if one uses the
UlN-A measures to evaluate maxil-
lary incisor position, the position of the
maxilla must also be considered. Simi-
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Fig. 16
Scatter plots of the measures L1-BF¥*F and L1/FH (FMIA) versus the FH/MP
angle. L1-BFERF shows a nearly random distribution, whereas L1/FH shows
a linear tendency indicating a tendency for a larger L1/FH angle with a more
protrusive mandible.
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Fig. 17

Scatter plots of the L1-B*ERP and L1/FH (FMIA) measures versus the
mandibular plane angle. L1-BPER? shows no discernible linear relationship,
indicating that it is unrelated to the mandibular plane angle. That would
require a change in the L1/FH angle with a change in mandibular plane
angle, and the remarkably linear distribution seen in the plot for the L1/FH
angle shows this relationship. The L1/FH angle tends to be larger with a more
horizontal mandibular plane.
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larly, if one uses the Ul<*A-Pog mea-
sure, the maxillary and mandibular
positions must also be taken into account.

Problems can come into play especially
when such measures are used in studies
where large samples are analyzed. In such
instance, it behooves us to employ those
measures which are least affected by skel-
etal factors which could make interpreta-
tion of the results difficult or
questionable.

The advent of new orthognathic sur-
gical procedures brings a need for cephal-
ometric analyses which adequately
represent the structures being altered.
These should relate the jaws to the cran-
ium and the teeth to the jaws.

As shown above, most of the measures
of maxillary incisor position relate it to
structures other than the maxilla. Only
the U1/PP angle and U1+ AVERT reliably
present the relationship of the upper
incisor to the maxilla. Similarly, only the
L1/MP angle and L1+ BPERP dimension
reliably indicate the position of the man-
dibular incisor in the mandible.

The U1/L1 measure indicates the rela-
tion of upper to lower incisor. It is one of
the least reliable indicators of incisor
position within the respective supporting
bones, because it is strongly affected by
the position of the opposing incisors and
by the relative horizontal and vertical
positions of the maxilla and mandible.

The Ul< A-Pog and L1+ A-Pog
measures, also prominent in our litera-
ture, relate the incisors to both jaws,
making them very sensitive to the hori-
zontal position of the mandible and the
anatomy of the chin. The maxillary and
mandibular positions must be taken into
account in any evaluation.

A genioplasty can change these values
dramatically.

Useful though such information may
be for some applications, the variables
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Incisor Position

obviously make these measures unrelia-
ble as indicators of incisor position within
the maxilla and mandible, even though
maxillary and mandibular points serve as
termini of the reference line.

Contrary to our expectations, no signif-
icant correlation was found between the
position of the maxilla and the Ul A~
Pog values. This could be a result of a
canceling effect from the various mandi-
bular positions that were also highly cor-
related with the Ul-APog measures.

LieA-Pog is comparable with the
upper measure. Although no significant
correlation between the position of the
maxilla and the L1 A-Pog values was
found in this study, this could be a result
of a canceling effect from the various
mandibular positions that were signifi-
cantly correlated with the L1+ A-Pog
measures.

A further problem with these measures
stems from the fact that even if the man-
dible is in its proper location, horizontal
macrogenia may bring pogonion farther
forward.

Reduction genioplasties are performed
frequently with or without other maxil-
lofacial surgical procedures, and this
operation will dramatically change the
L1+ A-Pog value. Thus, while this mea-
sure has no utility as a measure of incisor
position in the mandible, it can serve as
a guide in such surgical procedures.

The Ul N-Pog measure also relies
on pogonion for one of its points of ref-
erence, so it is not a reliable indicator of
the position of the maxllary incisor in the
macxilla for the same reasons.

The Ul to N-A measures are among
the most frequently used maxillary inci-
sor measures. They are consistently reli-
able with a normally-positioned maxilla,
but there is a significant correlation
between these measures and the position
of the maxilla. This means that the posi-
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tion of the maxilla must also be taken
into consideration. Of the two measures,
the linear Ul N-A measure seems to
be the more reliable on the basis of its
lower correlations with other structural
variations.

The U1l/S-N measure theoretically
relates the maxillary incisor to the cran-
ium independent of the position of the
maxilla. However, the results of this
study show a significant correlation
between this measure and maxillary skel-
etal position (S-N-A). This indicates that
influences other than the horizontal posi-
tion of the maxilla must be responsible
for this correlation, since horizontal
movements of the maxilla will not affect
the U1/S-N measure on a purely geomet-
ric basis. Changes in the angulation of
the maxilla, however, do cause changes
in the U1/S-N measure (Fig. 1).

The interesting question is, why does
the Ul/FH measure not show a similar
correlation with maxillary skeletal posi-
tion? It is similar to the U1/S-N measure
in most respects, other than its plane of
reference. The reason may be indicated
by the variation in the angle between S-
N and FH. The mean angle between S-
N and FH was 8.4° (s.d.=2.7°), and the
mean angle between S-N and the palatal
plane was 8.1° (s.d.=3.4°). The mean
angle between the palatal plane and the
Frankfort horizontal plane was —3.1°
(s.d.=3.2°), indicating a different pat-
tern of variation.

The Ul < AVERT measure, although
utilizing the cranial landmarks porion
and orbitale, relates the maxillary incisor
to the maxillary skeleton via point A.
This measure was found to bear no rela-
tionship to the positions of the maxillary
or the mandibular skeletons, and only
slightly affected by the tilt of the maxilla,
making it a very reliable indicator of inci-
sor position in the maxilla.
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The Ul/PP angle, which was chosen
as the measure by which those with
“neutral’”” maxillary incisor positions
were selected from the total sample of
666 cephalographs, is the only measure
which directly relates the maxillary inci-
sor to the bony maxilla. It is suitable for
this purpose, but an angular measure is
often not as helpful in clinical practice as
a linear measure.

Most clinicians deal with linear mea-
sures more than angular ones, and their
measurement is more direct and less sub-
ject to error in constructing lines prior to
measurement. In a patient with maxillary
incisor retrusion, it is often more helpful
to know how many millimeters of protru-
sion is desirable rather than how many
degrees.

For linear measurement of the maxil-
lary incisor position, the Ul AVERT
measure is very useful. Nevertheless,
either can effectively serve the purpose
of relating the maxillary incisor to the
macxillary skeleton, and can be used in
data from large samples without the con-
founding problems inherent in the other
measures of maxillary incisor position.

The L1/FH (FMIA) measure theoreti-
cally relates the mandibular incisor to the
cranium independent of the position of
the mandible. However, the results of this
study show a significant correlation
between this measure and mandibular
skeletal position, both horizontal and ver-
tical. Autorotation of the mandible
around its hinge axis changes the FMIA
values, even though the position of the
incisor within the mandible may remain
unaitered. The L1/FH (FMIA) measure
is useful if one takes into account the
position of the mandible, but this makes
it unsuitable for use with large samples.

The L1/OP angle, which has the theo-
retical advantage of relating the lower
incisor to its plane of function, was
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shown in this study to be a very insensi-
tive measure of mandibular incisor posi-
tion in the mandible. It correlated with
both the horizontal and vertical positions
of the mandible, and as such, would make
interpretation of its measures very diffi-
cult without taking mandibular position
into account.

One problem with the L1/OP is the
difficulty in accurately drawing the
occlusal plane. It is difficult to reproduce
this plane from one cephalograph to the
next, even within the same individual.
Further, when a vertical dysplasia such
as an anterior overbite or openbite is
present, the occlusal plane is frequently
drawn midway between the incisors to
the molar contacts. Future changes and
the inaccuracies of this halving proce-
dure make serial studies especially
questionable.

The L1:N-B measures are among the
most frequently used measures of mandi-
bular incisor position. In a normally
positioned mandible, they are consistent
indicators of incisor position on the man-
dible. However, significant correlations
between the 1.1 ©N-B measure and the
horizontal position of the mandible, and
between both of the L1:N-B measures

Incisor Position

and the vertical position of the mandible
were found in this study. This indicates
that for these measures to be useful, one
must also take into consideration the hor-
izontal and vertical position of the
mandible.

As noted earlier, most measures of
mandibular incisor position do not relate
the incisor to the mandible. The only
measures which accurately do this are L1/
FH (IMPA), which was chosen as the
measure by which those with “neutral”
mandibular incisor positions were
selected, and the L1-BFERP, Both reliably
relate the mandibular incisor to the man-
dibular skeleton, and can be used in data
analysis of large samples without the con-
founding problems inherent with in the
other measures of mandibular incisor
position. For clinical convenience, the
linear measure L1-BPERP may be
preferred.
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