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The decision as to whether or not
extraction of teeth is required is per-
haps the fundamental problem of or-
thodontic  diagnosis.  Contemporary
practice has directed the attention to
the mandibular arch as the most limit-
ing and, therefore, of first consideration
for diagnosis, as suggested by Tweed.
Many systems and theories of diagnosis
have been utilized by the clinician as
an aid in diagnosis. Quantitative evalu-
ation of the dental arch itself?® and
various systems of cephalometric meas-
urements have been proposed.®17.19.20
Some writers®!® have proposed that the
dental arch should be altered as little
as possible. At the time of writing, how-
ever, many of the most basic questions
remain unanswered. These include:

1) Can a normal relationship be de-
fined between the lower incisor and
the bony skeleton?
placement which would enhance sta-
bility?

3) What is the effect of movement
of the lower incisor upon its stability?

4) What is the effect on the soft tis-
sue profile of incisor movement?

5) Can the positions of the cuspids,

premolars, and molars be altered and
remain stable?

2) Is there a guide for lower incisor

6) Are there useful norms for cus-
pid, premolar, and molar widths which
can be used as guides to enhance sta-
bility of results?

7) What is the effect of incisor, cus-
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pid, premolar, and molar expansion on
arch perimeter and how may this best
be calculated for treatment planning?

As a beginning in the search to an-
swer these questions, two samples were
collected, one treated and one un-
treated.

Stable occlusions as provided by na-
ture are useful points of departure for
determining what might be normal.
With this objective in mind, the Foun-
dation for Orthodontic Research has
compiled a sample of 82 Caucasian
adults, age 18 and over.* There were
23 males and 59 females who, in the
opinions of the practicing orthodontists
contributing the cases, possessed a
“normal” or ideal occlusion. The rec-
ords included frontal and lateral head-
films and plaster models.

To study the effect of treatment in
the short term and long term, a sample
has been gathered by Ricketts. Four
hundred of his first-retained patients
were asked to return for complete rec-
ords for the purpose of research; ap-
proximately 150 responded. The sam-
ple includes cephalometric frontal and
lateral headfilms and plaster models be-
fore treatment, at end of treatment, and
postretention. The duration of time be-
tween end of treatment and postreten-
tion varies from 1 to 15 years.

The above two samples have been
utilized by several investigators to shed
light upon the previously cited prob-
lems. Included in this group are ortho-
dontic students from Loma Linda Uni-
versity and independent researchers.
The following papers will serve to pre-
sent a summary of their work in a form
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that might be more useful to the prac-
ticing orthodontist than if the individ-
ual papers were published in their en-
tirety.

For the purposes of recording data,
all records were processed by Rocky
Mountain Data Systems. Cephalometric
tracings were prepared of the frontal
and lateral headplates by a trained tech-
nician and checked against the X-ray by
a senior technician. For serial X-rays the
landmarks were corroborated longitudi-
nally to minimize the variance of inde-
pendent selection. Fifty cephalometric
points were then digitized using an Os-
car-F Analog Digital Converter with res-
olution of 1/6 millimeter. Using an IBM
360/65 digital computer, all relevant
measurements were calculated from
these digitized points. The resulting
computer output was then checked
against the tracing for accuracy; this
insured a variance of less than one de-
gree or one millimeter.

Lower Incisor Posrtion

The position of the lower incisor has
been recognized as the key to ortho-
dontic diagnosis and treatment plan-
ning due to its effect on esthetics, sta-
bility, and space available in the man-
dibular arch. The purpose of this sec-
tion is to discuss the various alternative
methods of determining lower incisor
position, its strength and weakness in
terms of function and stability. Esthet-
ics will be treated in a later paper. The
following questions are raised:

1) Can the lower incisors be moved
labially and lingually and maintain
stability?

2) Which is the most suitable refer-
ence line to use in positioning the lower
incisors for the purpose of optimum
function?

3) Which is the most suitable line
for positioning the lower incisors to in-
sure stability?

Lower Incisor
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Movement

One point of view regarding move-
ment of the lower incisors has been that
anterior movement of the lower inci-
sors should be avoided, and that they
should remain in their original posi-
tions. Hixon®!® concluded that the ma-
jority of cases in which the mandibular
arches have been expanded anteriorly
will relapse to the original position or
farther lingually. He suggested that, if
crowding is present in the lower arch,
extraction is the only treatment from
which a stable result can be expected.

Weinstein®® believed that the teeth
are in a state of equilibrium as a direct
result of muscular balance and that the
lower incisor should be finished near its
original position. Miller'? expressed the
same opinion: that, if the results of the
treatment are to remain stable, the
teeth should be placed within the form
of the dental arch as presented.

On the other hand, Ricketts’ has
proposed methods of diagnosis using the
APo plane as a guide for positioning
the lower incisor anteroposteriorly after
constructing the jaw-to-jaw relationship
of the patient at the end of treatment.
If the lower incisor were still behind
the APo plane, his method would re-
quire a labial inclination or movement
of the lower incisor.

Posen'® measured perioral musculature
and found that indeed the strength of
the musculature was correlated with the
position of the incisors. Class II, Divi-
sion 2’s had the strongest perioral mus-
culature; Class I bimaxillary protru-
sions, the weakest. However, he also ob-
served that in treatment a change in
the oral environment due to a more
normal denture position was accompa-
nied by a change in perioral muscula-
ture toward more normal readings. He
advocated inclining the incisors la-
bially toward the norm in Class II, Di-
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vision 2 cases rather than extraction,
and retraction of incisors in bimaxillary
protrusions for the purpose of obtaining
a more normal lip function.

No adequate experiment which
would demonstrate the long-range sta-
bility of lower incisor movement has yet
been published. The purpose of this
paper is to present quantitative data
based upon the analysis of normal oc-
clusions and long-range posttreatment
cases.

Reference line

In theory, the lower incisor would
tend to adapt to the relative denture
base relation, particularly to the con-
vexity. In other words, the denture can
be seen as reciprocally balanced be-
tween the denture bases and the natural
drape of the muscle, and the natural
function of the mouth seems to direct
the lower incisor to a harmonious posi-
tion with respect to the jaw relation-
ship.

Since the lower and upper incisors
function interdependently, as do the
jaws, it is reasonable to conclude that
the position of the maxilla should not
be ignored when positioning the lower
incisors. However, ‘“reasonableness”
should not be the sole criterion. There-
fore, an examination must be made of
the scientific data for substantiation of
this theory.

Solow™® found that the upper cen-
tral incisor inclination was positively
correlated with the length and the
prognathism of the mandible. He also
found the lower central incisor inclina-
tion to be positively correlated with the
length and prognathism of the maxilla.
Therefore, an increase in mandibular
length and prognathism was compen-
sated for by increased palatal root
torque in the upper central incisor. An
increase in maxillary length and prog-
nathism was compensated for by a for-
ward tipping of the lower incisors,

Schulhof et al.

October 1977

A study of incisor inclination by
Linder-Aronson on 60 patients® indi-
cated a significant correlation between
the angle ANB and the inclination of
the lower incisors, regardless of the
measurement being made to either the
NB or the ML line. He concluded fur-
ther that “A correlation between lower
incisor inclination and the basal jaw
relationship (ANB) has also been es-
tablished. The correlation (r = 0.32)
between the angles LI-ML and ANB is
of particular interest, as it cannot be
explained as being due to a topographi-
cal relationship between these variables,
and Is instead seen as expressing a bio-
logical interdependence.”

Thus, the preceding work would in-
dicate that important functional aspects
would be ignored if point A (position
of the maxilla) were omitted from con-
sideration in placing the lower incisor.

Tweed*® proposed the importance of
the measurement of the lower incisor
to the mandibular plane (Fig. 1). He
hypothesized that the NB plane can be
used as a guide. Downs® first suggested
using the APo plane. Raleigh Wil-
liams®? stated that “To place the tip of
the lower incisor on or in front or the

APo line (is) anecessary geal if the clini-

cian is to achieve the optimum in facial
esthetics and denture stability.”

As a result of the teachings of these
successful clinicians, many orthodontists
today use these cephalometric lines for
the purpose of insuring stability.

To study the effect of incisor reposi-
tioning on stability, 78 sets of records
(Dr. Ricketts) were selected on the
basis of completeness and of having a
postretention period of at least 4 years.*

To determine the amount of lower
incisor movement during treatment, the
beginning tracings were superimposed

*Submitted by Dr. R. W. Allen as par-
tial fulfillment of the requirements for
Master of Science degree, Loma Linda
University.
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Fig. 1 Five different methods of determining the position of the lower incisor are
shown above. (a) Relating the lower incisor to the APo plane. (b) Relating the in-
clination of the lower incisor to the mandibular plane. (¢) Relating the lower incisor
to the NB plane. (d) Determining' the position of the lower incisor which gives op-
timum lip harmony (Holdaway). (e) Positioning the lower incisor such that the re-
sulting lower lip will relate ideally to the esthetic plane.

on the corpus axis at suprapogonion
(Fig. 2). The amount of change in the
incisal edge was measured in relation
to a perpendicular to the Frankfort
horizontal.*®

The sample was divided into three
groups. The first included 23 patients
with lower incisors moved forward one
millimeter or more during treatment.
The second group contained 26 patients
with lower incisors finished between 2
mm lingual and 1 mm labial of their
original positions. There were 29 pa-
tients in the third group with lower in-
cisors retracted 2 mm or more. The
Loma Linda University Scientific Com-
puter Center was used for the statistical
analysis.

To establish whether there was any
connection between the lower incisor
position and posttreatment crowding, a
quantity had to be defined to represent

Fig. 2 Shown here is the method of
measuring the amount of lower incisor
movement by superimposing the begin-
ning and final tracings on the corpus
axis at suprapogonion (PM).
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TFig. 3 There are two possible modes of relapse: Crowding (left), and spacing
(right). If we calculate the mean posttreatment crowding of the two cases presented,
we would have 3 mm crowding (left), and 3 mm spacing (right), and thus an aver-
age of zero. This shows that the mode of relapse favors neither crowding nor spac-
ing. Another measure is mean absolute discrepancy which would consider both cases
3 mm relapse and therefore mean posttreatment discrepancy would be 3. Both might

be considered important in an analysis.

“stability.” If one case has 2 mm crowd- "

ing and a second has 2 mm spacing,
this should not average out to zero.
This could be called an average of 2
mm absolute discrepancy, meaning that
spacing and crowding are just two
forms of instability. Hence, in this study
absolute discrepancy is used where
spacing and crowding are considered the
same (Fig. 3). Table I presents mean ab-
solute discrepancy for the three groups.
The group in which the lower incisor
was moved forward 1 mm or more had
a mean absolute discrepancy of 1.26
mm, the second group mean was .81

mm, and the third, .69 mm.

The mean “crowding” (where spaces
and overlap can ‘“‘average each other
out”) for this group was .04 showing
that spacing was as often the mode of
relapse as crowding. The mean “crowd-
ing” for the other two groups was .81
and .34, respectively. The coefficient of
linear correlation between the variables
incisor movement and crowding was
calculated as .03 showing essential in-
dependence.

Table I does show a slight difference
between mean absolute discrepancies of
the three groups. However, when the
one patient with 8 mm spacing is re-
moved, the three groups agree to within
.22 mm of discrepancy. The analysis of

TABLE I
Movement of Lower Incisor During

Treatment of Postretention Crowding
Mean Absolute

- Group Discrepancy
I 1 moved forward 1.26 mm
_ 1 mm or more *(.91 mm)

II 11 mm forward to
_ 2 mm retraction .81 mm

IIT 1 retracted 2 mm
or more .69 mm

*Much of the reason for slightly greater
discrepancy in the first group was due to
one patient in the sample with 8 mm
spacing. When this patient was removed
from the sample, the value becomes .91
mm,

eyt
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variance gave
statistically significant at the 10%: level.
The fact that no statistically significant
difference was observed does not prove
that there is no relationship. The sam-
ple size was limited and, in addition,
since it was a random sample of treated
cases from the practice of a successful
clinician, there was little postretention
crowding. Had a larger sample, includ-
ing more crowded cases, been used, dif-
ferent results might have been observed.

The fact that there was less mean
crowding in the group where the lower
incisor was moved forward than in the
group where it was held the same cer-
tainly refutes the concept that advance-
ment of the incisor should never be at-
tempted. A statistical comparison was
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made between the group in which the
lower incisor was advanced and the
group in which the lower incisor was
held. The only area of significant dif-
ference was in the pretreatment rela-
tionship between the lower incisor and
the APo plane. Those cases in which
the incisor was advanced began with
the tooth behind the APo plane.

Ricketts has repeatedly emphasized a
clinical evaluation of musculature and
therefore the lower incisor was not be-
ing advanced indiscriminately. The re-
sults do agree with the hypothesis that
the position of the lower incisor can be
altered during treatment and can be
expected to remain stable, given careful
pretreatment diagnosis. We may now
reject the theory that the lower incisor
must be maintained in its original posi-
tion. We can ask: “Where should it be
placed for the individual patient?”

The Foundation for Orthodontic Re-
search conducted a study of 82 individ-
uals with normal occlusion. Among the
variables measured the following corre-
lations were calculated with regard to
convexity (point A to the facial plane) :
lower incisor to APo (mm), .16; lower
incisor to inclination-APo (deg.), —.12;
lower incisor to NB (mm), .60; and
lower incisor to NB (deg.), .31.

We see a significant correlation be-
tween the relationship of the lower in-
cisor to the NB line (which excludes the
maxilla) and the convexity. Hence, if
the NB line were used as the sole cri-
terion for the placement of the lower
incisor, the resulting position would not
be the same as the position selected by
nature, since in the natural occlusion the
amount of convexity was a significant
factor.

This is perhaps one reason why many
experienced clinicians have rejected
cephalometrics as not being sufficiently
distinctive. If the cephalometric analy-
sis and determination of the lower in-
cisor position were based on one of two

Lower Incisor 28!
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popular analyses (Steiner or Tweed),
the results would not be individualized
to the jaw-to-jaw relationship of that
particular patient. However, as the
above data show, the correlation be-
tween the placement of the lower inci-
sor with respect to the APo plane and
convexity is minimal demonstrating
that this plane as a guide does indeed
adequately account for the convexity of
the profile.

The results of these studies would
tend to support the hypothesis that it is
necessary to include the position of
point A in planning for the position of
the lower incisor, and that the lower
incisor to APo plane does take this into
account.

In a similar manner to the study of
incisor movement, Allen investigated
the relationship between posttreatment
stability and various reference lines in-
cluding: lower incisor to APo (mm),
lower incisor to NB and IMPA.

The sample was again divided into
three groups, each containing an ap-
proximately equal number: Group I,
lower incisor finished 3 mm or more
compared to the APo plane; Group 11,
final lower incisor position between +1
and +3; Group III, final incisor posi-
tion +1 or less.

The results are shown in Table II.
Correlation and analysis of variance
methods again showed no significant re-
lationships between final lower incisor
positions to the three planes and post-
retention absolute discrepancy. They also
show no significant differences, as evi-
denced by the analysis of variance and
correlation coefficients. The results sup-
port the assertion that cephalometric
reference lines are not the key to- sta-
bility of the lower incisor.

Again, it should be emphasized that
different results might be obtained in a
sample with greater amounts of crowd-
ing and/or with larger sample sizes.
The fact that there was a 30 degree
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TABLE II

Posttreatment Position of Lower Incisor
Relative to APo, NB, and IMPA Planes
and Postretention Crowding

Mean Absolute
- Discrepancy
I 1—APo+ 3mm
_ or more 1.0 mm
11 _1_——APo + 2 mm 1.2mm
III 1—APo+ 1mm
or less 72 mm
I 1—NB+ 3mm
- Or more 73 mm
I 1—NB+4 5mm
_to 4+ 7mm 1.05 mm
IIT 1—NB+4+ 4mm
or less 712 mm
I IMPA + 100 degrees
or more .68 mm
II IMPA + 94 deg. to
100 deg. 1.08 mm
IIT IMPA + 93 degrees
or less .64 mm

range in stable cases with regard to in-
clination to mandibular plane suggests
that there is a considerable variation
that can be accepted with stability in
the individual patient.

SuMmMARY
The position of the lower incisor with
respect to hard tissue references has
been evaluated. Two samples were used

Schulhof et al.

October 1977

for this purpose: one containing 78 pa-
tients with posttreatment records hav-
ing a postretention period of at least 4
years, and the other composed of 82
normal occlusions. The results indi-
cated:

1) There was no significant differ-
ence in relapse of lower incisor crowd-
ing between cases where the lower in-
cisor had been moved lingually, labially,
or held in the same relative position
during treatment.

2) The position of the maxilla
should be considered when placing the
lower incisor. The APo plane adequate-
ly serves as a guide to this purpose,
whereas other reference lines such as
mandibular plane or facial plane do
not.

3) The positions of the incisors with
respect to popular cephalometric refer-
ence lines such as APo, NB, or mandib-
ular plane were not correlated with the
relapse  of mandibular crowding.
Therefore, other clinical guides might
be more successful for determining sta-
bility.

16661 Ventura Blvd.
Encino, Calif. 91436
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