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INTRODUCTION

STOCK FCR SALE - "A recent survey was con@ucted regarding shoe size

of the adult American male and it established that the average size
was 94C, On the basis of this information a new chain of shoé_stores
is opening nationwide offering only one size shoe - that being a 9iC,
This has great benefit in that it eliminates large inventories thereby
decreagsing overhead and increasing profits,®

At present a large percentage of orthodontic patients are being
treated with a ﬁh{losophy similar to that advocated above, Cephalo-
metric studies have established averages (Frankfort mandibular incisor
angle, the angle formed by the lower Incisor to line NB, the distance
in miilimeters from the lower incisor %to line A*Po? ete.) which have
then been defined as an end point 6r goal of treatment for patients,
Variation is usually considered as a deviation from such a mean figure
that necessitates correction to the mean figure, Yet zn orthodontist
utilizing these so-called ™norms" would not attempt to band all central
incisors with only one gized band,

This simplistic interpertation of variation and normalicy persists
in spite of a study by Brodie in 19441 which not only demonstrated
similar means for the lower incisor mandibular plane angle for the various
classes of malocclusion, but ranges for this angle as high as 42°, Brodie
commenﬁed:

"These studies exemplify once more the fallacy of employing a mean as
a criterion for the individual. With such a large range in this angle
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it would be impossible to employ it as a basis for clinical Jjudgment.,
It would seem but logical to conclude that the axial inclination of
the lower incisor, like any other anatomic feature, varies greatly and
is probably just as much a part of the individual's pattern as are the
other details of his physiognomy., That it changes very little during
life is shown by Broadbent, who examined twenty-five white males at
three stages between the third and eighteenth year. At three years of
age the deciduous incisor stood 92 degrees, at sixteen years its suc-
cessor stood at 96 degrees, and at eighteen years it had returned to
94 degrees. This feature is undoubtedly just as dependent on such
factors as ethnic origins and gemetic admixtures as is any other, and
to insist that all lower incisors must stand upright to be considered
normal is just as untenable as to insist that all foreheads be high
or all noses of the Roman variety,"

Variation exist in all aspect of nature; it is the genetically normal
variation in appearance that results in no two individuals bheing identical,
In this context one position is found in the statement:

"Most so-called malocclusions are biologically normal, What is labeled

a malocclusion is merely inherited biologically normal variation in

in size of facial and dental structures, The dental profession has

transformed this concept into anatomic terms and speaks of "tooth re-

lationships", (Overjet, Class I, Class II, and Class III describe
certain anteroposterior incisor or molar relationships; cross-bites
describe. either latéral:or anteroposterior relationships; while overw
bite describes tooth positions in a vertical plane,) A malocclusion

.7 is not a pathology; it is a cultural definition of deviation from soci-
ally defined esthetic standards, With few exceptions, the label maj-

occlusion describes biologically normal variation.” .

Cephalometric analyses are of two distinect types - those‘providing a
subjective definition of an end point to treatment and those providing only
objective descriptions of their sample,

An example of a treatment goal established via an analysis would be the
IMPA (incisor mandibular plane angle) developed by Tweed? when he originally
advocated that the lower incisor should be upright over "basal bone", In
other words, all incisors should measure 90° to the mandibular plane, Be-
cause. of certain geometric considerationé, he then redefined the lower
incisor position in relation to the Frankfort plane.% A constent FMIA
(Frankfort mandibular incisor angle) of 659 was designated as the end point

of treatment because this would upright the incisors and give an esthetically

pleasing face,



Another example of such an apprdach is Steiner's analysis in which the
upper incisor is - positioned 4mm anterior_to 1ine.NA and at an axial in-
clination of 22° to line N.A, -Likewise, the lower inecisor is positioned in
relationship to line NB - 4mm anterior to line NB with an axial inclination
of 25° to line NB,S
6

Downs“ obtained a variety of facial measurements from headfilms from
a sample of twenty excellent occlusimns, Although he found a-large varia-
tion to be present in all facial measurements, the averages Be computed
have since been taken by some orthodontists to represent treatment goals,

Hixon” compared a'sample of malocclusions and good occlusions and :
found ranges and averages for size and growth comparable to each other as
well as to the figures obtained by Downs., Such findings question the use-
fullness of cephalometric measurements to discriminate aﬁong occlusal
classifications, %

In a study dealing with esthetics, Riedel® obtained radiographs on
beauty queen canditates and found that even though malocclusions were
present; the ranges and averages again closely coincided with the figures
obtained by Downs,

i,indquist9 analyzed eight of his own treated cases with regard to
several different analyses establishing lower incisor treatment goals
(Tweed's FMIA, Down's lower incisor to A-Po plans, Holdawéy's lover in-
cisor and chin poinﬁ relationship to the NB plane, and Steiner's lower
incisor to NB plane, both angular and linear), He found that "the methods
studied for pusitioning lower incisors v;ry rarely indicated the same
results for any individual case, A‘wide divergencé of results and con-
tradictions were apparent.m He did find a great deal of consistency within

each method, This raised the question that a concept of treatment and

facial esthetics must lie behind the formulas and he questioned which came



first, the concépt or the formula, He concluded: "A perfect formula or
guide for lower incisor position has never been devised and probably never
will be,"

Recently Weinsteinlo confirméd an old concept that feeth are in a
state of stable equilibriﬁm ag a direct result of muscular balance, This
provides an alternative hypothesis to the use of cephalometric numbers as
an end point to treatment, Malocclusions are in a state of equilibrium
and are therefore stable in their originallposition. If the results of
treatment are to remain stable, it is then logical to "sﬁraighten teeth"
within the form of the dental arch as presented, This has been a majorr
premise in the Orthodontic Department of the University of Oregon Dental
Schocl. If teeth are moved to positions outside the original equilibrium
position, one would expect relapse or return to their original position -
aside from growth changes which include minor (1-2mm) retraction of the
lower incisors,

The purpose of this paper is to assess the long term stability of the
positions of lower incisors that have deliberately been moved outside this

"gtable" area,



REVIEW OF LITERATURE

Figure 1 summarizes sveral longitudinal studies with regard to the
change in incisor mandibular plane angulation cn orthodontically untreated
samples, All changes of lower incisor aﬁgulation with age éréisimilar
(within 2° of initial measurement) with the exception of Fletcher's
findings. Fletcher recorded the change in angulation during the eruption
of the lower permanent incisors which accounts for this difference, After
occlusion was reached he stated that this angle changed very little, None
of these studies, howévef, have provided a measurement of linear change
with age of lower incisors from skeletal landmarks,

With regards to treatment effects cn éhe lower incisor, Jé.cobsl1

investigated the effect of serial extraction on the ultimate position of

the lower incisor, He showed that in serial extraction cases the lower
I~

RV, &

incisor éﬁndibular plane angle decreased an average of 2,8% while in his
non-treated control'groups the lower incisor mandibular plane angle in-
creased an average of 0.6°, He provided no information on the variation
present in his sample but results indicate that all teeth did not respond
to treatauent in a similar manner.

Millsl2 compared séverai different treated groups of patiénts with
a group of untreated controls, The untreated controls showed a proclina-
tion of the lower incisor mandibular plane angle of 29 from age 9 to 19,
(This sample he divided into two age ranges - from 9 - 14 years when the
lower incisor proclined 1.5%, and from 14 - 19 years wken the lower incisor

proclinéd an additional 0.5°), Mills then compared the behavior of the
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FIGURE I -~ Longitudinal change in lower incisor angulation in
orthodontically non-treated samples reported by various in-
vestigators for various age spans,
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FIGURE 2 ~ A series of histograms showing the changes occurring
in Mill's study to the lower incisor mandiuumlar plane angle
(treated cases at least one yvear with no retention), The
longest black line in each group represents the mean, while each
shorter line represents one S,D, from the mean, The incet shows
significant differences between all groups except between the
two controls (A = non-treated 9-1/ year age control; B = non-
treated 14-19 year age control) at the ,95 level of confidencs,
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lower incisor with his untreated sample in three forms of treatment, All
treatment results weré at least 1 year out of retention, With treatment

by éxtracting the mandibular first bicuspid and no appliance therapy the
lower incisors retroclined 3.5°. In using appliance therapy to procline
the lower incisors a minimum of 7° (mean proclination il.lo) the after-
rétention results showed an average increase from the start of treatment

of 6,8° in the lower incisor mandibular.pléne angle, Using appliance therapy
in another group to retrocline the lower incisors a minimum of 7° (mean
retroclination 11,99), the after-retention results showed an average de-
crease from the start of treatment of 5.5° in the lower incisor mandibular
plane angle, - A summary of Mill's findings are given in histogram form in
figure 2. It can be seen from these histograms that treatment involving
-movement of the lower incisors has an effect on the resultant position of
the lower incisor, After treatmenﬁ, however, all teeth did not respond the
same, Some teeth that were proclined continued to procline while otﬁers
returned toward their original position or even bgyond.. The same response
is noted for the retroclined teeth.

Mills used mostly removable appliances for his orthodontic treatment

so0 a large percentage of the movement of the lower incisors was of a
tipping nature., To establish crown movement of the lower incisor related
to the facial complex, he measured the angle SNI (sella-nasion liﬁe to the
incisal edge of ihe lower incisor) in his control groups as well as in fhe
three treated groups., He found a significant change in this angle between
his treated gioups (althoﬁgh the difference in means between the retroclined
and procliﬁed groups was only 3°) end from this he concluded that crown
movement was aécomplished. No linear measurements for change in lower in-

cisor position were made,
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Milis' conclusion was that the more proclined or retroclined the lower
inciscrs were angulatéd, the more they will tend to relapse begause the
lower incisors lie within a very narrow zone of stability, He states that
the nfirst principle should be to leave the labiolingual position of the
lower incisor unchanged, except in very rare cases,"

Litowitle, in a study of twenty orthodontically treated cases at
léast one year out of retention, presented results of the treatment effect
of both proclinatioh and retroclination of the lower incisor, In his
 sample when the lower incisors were proclined, hzlf tended to return toward
their original position and half tended to become more procumbent, When
they were retroclined the majority tended to continue in that direction
after treatment. _From the wide range of varying movements exhibited by the
lower incisors following treatment and retention, no predictable pattern ofr
lower'incisor.stability was present in Litowitaz's sample,

The purpose of this paper is similar to that of Mills': to ascertain
the chénges in lower incisor éosition as a result of growtﬁ, and télthen
determine 1f mechanical repositioning of the lower incisors beyond thatl
which éould be atiributed to growth remains. stable,

The advantage of this study over vrevious studies is that post re-
tention records of treatedlcases vere obtained after a longer period of no
retention (at least three years), orthodontic movement of the lower incisors
was primarily bodily, and linear measuremeﬁtshaVe been made to ascertain

the amount of lingual repositioning of the lower incisor within the mandible, -



MATERTALS AND ‘METHODS

To assess individual variation in growth or treatment requires
longitudinal data.. Untreated longitudinal cases were secured from the
Child Study Clinic at the University éf.Oregon Dental Schéoi.“ Orthodon-
tically treated cases were patients of private practitioners, All
patients were from European-American stocklin the middle socio-economic
class, A total of twenty-seven children comprised the non-treated group,
Criteria for selecting the non-treated group were: no orthodontic treatment,
no missing teetH/;f accidental injuries, and availability of complete
records, The ipitial age chosen was an age comparable to the desirable
developmental age when orthodontic treatment is generally initiated [no
more than 2--3 decidious teeth remaining in the mixed dentition), The mean
initial age for this sample was lé years, 1 month (12-1) with a range of
10-0 to 14—6. The latest age was esgtablished by the sample available as
most records were diécontinued at age 18, Hoﬁever, if an older age was
available the oldest age was used, The latest age for this sample averaged
19-1 with a range of 18-O‘to 22-1,

A group of orthodontically treated patients whose lower incisors were
retracted were secured from private practitioners usging the edgewise tech-
nique, The only requirements placed on these cases were that the lower
"incisors were positioned 1ingﬁally during treatment at least 3mm and that

the patient .was without mechanical retention for a least 3 years prior to

'securing the post retention records, A total of nineteen patients comprised
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this group with a mean initial age of 12-0 (range of 10-2 to 15-10), The
post retention.records varied in age (a mean age of 22-4 with a range from
18-2 to 28-0) due to difficulty of locating patients (moving, attending
school out of state, etc,)} and the difficulty of finding vatients that met
the initial critiera estéblished. Treatment was completed on these vratients,

on the average, at 15-10 (with a range from 1207 to 19-4).

The following meésurements vere recordéd:
HEADFIIMS:
Two types of meésurements were performed on the headfilms,
1. Measurement of the lower incisor position, An acetate overlay
was placed on the headfilms with a straight line touching nasion and °
pogonion, ffam this line the distance wasrecorded in mm to the most
labial surface oﬁ the most prominent lower incisor {1-NPo méasurement),
2, Tracings of each individual geadfilm recording the following
inforﬁation:
a, SNA - The angle fofmed by a line passing from the center of sella
tercica to nasion with a line from nasion to point A,
b, SNB -~ The angle formed by a line passing from thé center of sella
tercica to nasion with a line from nasion to point B,
c. ANB -~ The difference between angles SNA and SNB,
d, &NI ~ The angle formed by a line passing from the center of sella
terciéa to nasion with a line from nasion to the incisal edge of the
lower inciéor.
- B i to mandibular plane - The angle formed by passing a line through
the incisal edge of the lowef incisor and its apex to a line-passing
through the lower border of the symphysis and the lowest portion of the

mandible near gonion.
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f..- Mandibular plane angle - The angle formed by a line passing through
the lower border of the symphsis and the lowest portion of the mandible
near gonidn with a line passing through the top of porioh and the in-
ferior border of the orbit (Frankfort horizontal),
g.: FMIA - Tweed!s Frankfort mendibular incisal angle - the angle
'formed by the interception of the Frankfort horizontal line (explained
in f.) and a line passing through the incisal edge and apex of the
lower incisor,
h, 1 - }B in degrees -~ The aﬁgle formed by a line passing through
fiia Incles] afiEa of fhe Touke Inadstr a0 A%s dper A6d the Tins ¥E
(explained in b,).
i, T -VNB in mm - The meaéurementrin mm from the mest lablal sur-
face of the lower incisor perpendicular to the line NB,
'j. Po - NB - The perpendicuiar distance in mm from the line NB to
pogonion (the furthest anterior peint on the chin). |
k.. 1 to A-Po ~ The distance in mm from the most lablal surface of
g'lower incisor to a line passing from point A to pogonion , Al
diagram of these measurements is shown in figure 3, All cephalo-
metyic landmarks referred to are located as described by Bjorklé,
MODELS:
1. Estimation of initial lower anterior crowding, crdwding-at comple~
tion éf treatment if any, and crowding recurring after retention,
Estimation of crowding was used instead of a direct measurement because
no satisfa;tory method of directly measuring crowding has yet been
devised,
2. Direct measurements were made of molar width, cuspid width, and the

disﬁance from the mesial of the two mandibular first permenent molars
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to the most labial edge of the lewer central incisors., Measurements of
molar width were made between the two mesial lingual cusp tips. Measuref
ments of cuspid width were made between the cusp tips. If the cusp tips
were abraded, the center of the aﬁraded areas were used as a point from
which to measﬁre.

All measurements on the orthedontically treétéd group.plus all 1 - NPo
measuremenfs on all individualé were made tﬁice, independently, by the
author, 1 - NPo measurements (only changes compared) that were not within
one standard error of the measure (SEM= %%§j were remeazsured, If an obvious
recording or measurement error was noted, the obvious erroneous measurement
A was discarded and the itwo closest measurements were then averaged, If no
measurement was/ig cbvicus error, then all 3-ﬁeasurements were averaged,
Otherwise, when the measurements were within one standard error of the
measure of each other they were averaged to represent the "true" measurement,
The standard errors of measure are given in tabie 1. _

After all data was analyzed, the two samples were found to be gignifi-
cantly different (only initial ages and the angle SNI were éomparable).
There are possibly several reasons for this difference - one.of which, al-
though-s@alll(S%), could be chance alone, ' The st likely would be the very
decision of the orthﬁdontic sample to undergo orthodontic treatﬁent, Nithr
the wide range of variation present in all of nature, the“treaied sample as
a whole probzbly came from one end of the range of normal variation with
regard to dental features, Doﬁsidefing this fact, by their Yery nature the
two samples cannot help but be from-diffe:ent populations,

An ideal control group would be one whose initial meésurements-did not
significantly differ from the treated sample. A longitudinal sample of simi-
lar untreated malocclusions was unavailabie. That the angle SNI was not

significantly different in the two grdups may be explained by the fact that

T g



Table 1
Standard Error of the Meazsure of Change*

MEASUREMENT , S.E, MEASURE
Headfilms : ; -
1-NPo » 2mm
Models '
molar width ‘ o Amm
cuspid width A
arch length o 2mm
crowding _ 1, Omm

ae

Standard Error of the Measure for Cephalometric Measurements

MEASUREMENT . ' 5.E. MEASUREMENT

SHA ' i
SNB ; P Al
ANB 465
SNI : &
l-Mand, Plane 1.0
Mand, Plane ' e
FMIA = T . 1,20
1-WB (angle) 1,09
1-NB (mm) « 2mm
Po-NB (mm) .3mn
1-4Po (mm) 7 L Amm

¥This represents an estimate of Total error - location of
landmarks at both ages, their tracings and measurements as
well as variation from patient positioning in the cephal-
stat for 1-NPo. '



15

the lower incisors of the treated sample were initially more procumbent in
.the mandible (possibly one of the extremes in v;riation that prompted ortho-
dontic treatment), Table 2 gives initial measurement comparisons hetween

the two groups. DBecause of this differénce in initial measurements, changes
occurring within groups between initial and latest measurements will be the
primary source of information, There is little reason to believe that
differences could be found for thelsmall amounts of growth remaining in the
two samples, Even so, such differences are small in relation to the mag-
nitude.of treatment change and would detract little from the validity of

the questions posed in this study.
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Table 2

Initial Measurements for Non-Treated and Treated Samples

16

1-NPo (mm) SNI 1-Mandibular Plane
Non-Treated | Treated Non-Treated | Treated Non-Treated | Treated
T 3.8 7.8 81,2 82.2 99.8 103.2
s.0. | 2.0 2.0 2,8 2.5 7.6 4.8
# 0.0 3.2 78,0 77.0 82.0 9.0
R g | 10,0 91.5 86,5 110,0 112.8
N 27 18 27 18 27 18
* 5,59 1,20° 1.70°
FMIA 1-NB T-NB (mm)
Non-Treated | Treated Non~Treated | Treated Non-Treated | Treated
X 56.1 49.6 28,0 33.6 5.0 7.8
S.D. 6.5 4.8 5.4, 5,0 1.6 1.9
g 47.0 39,0 14.5 16.0 2.1 3.7
71,0 56,5 35.0 33,0 T4 9.8
N 27 18 27 18 9 18
T 3.69 8 i 4.50"
7-APo (mm) Po - NB(mm)
Non-Treated | Treated Non-Treated Treaﬁed
X 1.9 4.0 1.5 0,0
S.D. 13 1.8 2.4 1A
'R e 0.0 0.8 -0,8 nE T
5,2 8.8 3.5 1.4
N 27 18 27 18
T Ldl La

¥{=ldean, §.D,=Standard Deviation, R=Range, N=Number in Sample,
T=Statistical T-Value computed from T test,

¥¥A T-Value of 1,69 is necessary for statisticel significance
at the .95 level of confidence when comvaring the non-treated

with the treated sample,.

df=43

*#following a T-Value indi-

cates sigrnificance at the ,95 level of confidence.
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FINDINGS

Tablé 3 shows direct mm measurements of the-position of the lower

incisor measured to line N-Po as well as a graphic illustration of these

measurements, Table 4 shows changes in position of the lower ineisor
related to line N-Po occurring between different ages in the non-trgated

and in the orthodontically treated-samples. The total change occurting

as a result of growth in the non-treated sample is a lingual movement of

the dower incisor of 0,3 mm, Orthodbntic treatment positioned the lower
incisors linguaii§ an'average of 5,2 mm with an avérage frelapse™ (minimum
of .3 years out of retention) of 6.4 mm, The largest relapse of any treated
case was 1,5 mm ofranterior movement, One incisor that was retracted 6.2 mm
actually continued lingual movement for an additional 0,9 mm ambuntiné to
over 7.mm of lingual repositioning from its original positioﬁ. This compares
to a maximun of 3.1 mm of 1inguél movement that occurred in one case in the
non-treated sample, The T value df 10;79 calculated to compsre the changes
between the twé groups shows the difference obtained by 6rthodonticélly
repositioning the lower inecisor. _If‘that portion of lingual movement
ﬁccounted for by growth (1/3 of a mu) were subtracted from the movement

of the lower incisor in thé orthodontically treated sample, the ﬁet'lingual
reﬁoéitioning of the lower incisor due to orthodontic treatment alone

would be 4.5 mm, It is apparent that orthodontic treatment can reposition
the lower incisor in a linguai direction over and above that which could

be'accounted'for by growth and have it assume a new equilibrium position,



1-NPo (mm )
casurements

. ‘ ‘ Table 3
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Measurements of Lower_Incisor'Position'to Line N~Po in mm (1-NPo)

i NON-TREATED

TREATED
Initial last Initial Treatment Post
Comnleted | Retention

X 3.8 3.4 7.4 2.3 2.6

S.D. 2.0 2.6 2.0 2.5 20

' 0.0 -0.8 F.2 -2,2 -2.,0

R 7.5 8.5 10.8 6.9 6.7
T o BST ,

} - ] 1.0/ 5

Measurements of Lower Incisor Position to Line N-Po in mm (1;NP0)

NON-TREATED TREATED
Initial last Initial Treatment Post
: Completed Retention
Ages 12-0.  19-1 12-1 15-10 224,
12
E
it B i
=4 - =
6
F 2 I e
& -
O - ——
-3

The vertical lines represent the

range of measurements
for the various ages measured in the two samples,

in each line represents the mean for that sample,

for 1-NPo

The center dot
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Table 4

Change of Incisor Position in mm Calculated from 1-NPo mm Measurements

;

5

NON-TREATED TREATED
_ Change Change . Change Change
Initial-last Initial-Completion Completion of | Initial-Post
: of Treatment Treatment-Post Retention
Retention
X -0.3 5.2 0.4 4.8
1.3 1.3 0,8 2o
-3.3 = o ! =0.9 ) =T g3
1-& —301 1.6 -2.4
- 10.79** J
Table 5
Angle SNI
NON-TRE%EED TREATED
Initial | Iate Change- Initial | Treatment Post .. .. Change
Initial Iate Completed } Retention | Initial Post
_ : Retention
X 8l,2 | 82,6 1.4 g2.2 79.6 80,1 -2,0
5.0, 2.8 | 3.0 1.3 2.5 < 8 1%
78.0 78,0 -1, TEA 76,0 76,5 5.0
# 91.5 | 92.5 4.0 86,5 83.5 84,0 1.5
i ) I e |
Table 6
Incisor Mandibular Plane Angle
NON-TREATED TREATED
Initial | last Change Initial | Treatment Post Change.
Initial-last Completed | Retention | Initial-Post
= Retantion
X 99.8 | 100.4 0,6 103.2 95.5 97.8 -5.5
s.D. 7.6 | 8.8 3.7 4.8 5.5 48 3.8
82,0 80.0 6,0 96.0 86.0 89.0 - 13.0
R 16,0 | T14.0 7.5 113.0 107.5 109.0 1.5
TH
T | Dt i
{
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The angle SNI shows no statistical difference between the two groups
initially, There is, however, a significant difference between the two
latest groﬁps as the angle SNI in the treated group decreases by 2° while
the angle SNI in the non-treated sample increases by 1.4°. The angle SNI
-only represents a change in positioning gf the lower inéisor in relation to
the ﬁppef face, As can be seen in table 5 there is a statistical significance
in the measurements for anglé SNIlbetween the two groups at their latest
ages. Even though this angle is a less valid form of measuring positional
changes ihan the direct measuremént of lower incisor position to line N«Po,
it reinforceé the findings of lingual positioning of the lower incisors as
a result of orthodontic treatment that was found by direct measurement,

The incisor mandibular plane angle is a ﬁeasureﬁent comnonly used by
some orthodontists to denote incisor‘mévement. The variability associated
with this measurement Mills reported a S.E, Measure of 2.50)_affects its
reliability as even a dgscriptive measurement, Péfallel bodily movement
of a lower incisor could be accomplished with no change in thié angle,

On the‘average the untreated group's incisor mandibulér plane angle
increased.by 0,6° while the orthodohtically treatea samople's incisor éan-
dibular plane angle decreased by 5.5°. Statistically this difference tests
toibe gignificant, The’measﬁrement figures for the lower'incisor mandibular
plane angle are given in table 6, .

Correlations were computed on the change from initizl to létest ages
for positions of the lower incisors related to line N-Po and the change in
incisor mandiLﬁlar‘plane aﬁgle. The correlation for the non-treated sample
was r =,56 while the gorreiationffdr‘theﬁtréatedhéameE"was'f =,08,% There "=
isratpart;&hble:ﬁhenomgna associated with this correlation that accounts for

the relatively large correlation for the non-treated sample. Even so, the
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correlation of r =,08 for the treated sample illus£rates why the incisor
mandibular blane angle measurement is of no value in describing bodily
movement of lower incisors accomplished by orthodontie treatment, For this
reason the staiistical significance found between the two samples for the
incisor mandibular angle is not clinically meaningful,

The behavior of the lower incisor is thought by some orthodontists to
be related to the steepness of the mandibular plane. To tbstﬁthié supposi-
tion the mandibular plane angle for the non—treafed sanple was divided at
the mean and the movement of the lower incisor (1-NPo) was compared for the
two halves of the sample (high and low mandibular plane angles), The

difference in means of 0,1 mm in lower incisor movement (1-NPo) was not

e

significant,
The FMIA angle of Tweed, i—NB angle and mm measurement of Steiner,
l—APo measurement of Down's, and Po-NB measurement of Holdaway's were
computed for the two groups regarding change, but since they revealed no
"information that was significantly different from that already contained
in table 1, 2, or 3, the data is presented-in Appendix I,
What was ofrinterest, however, were the ranges and standard devia;
tions associated with these measurements for the treated sample, EKach
of these measurements constitute an average or ideal end point of treat-
menf_as defined by Tweed, Steiner or Holdaway, The ranges and standard
deviations for the latest ages of the two samples are almost identical with
no differences apparent that would separate the treated gréup from the non-
treated group, This single fact, that the ﬁtandard deviations associated
with these measurements for the treated gfoup at completion of treatment
are as large as the standard deviations for fhe non-treated group, illus-

trates the uselessness of such "norms" as treatment goals.,
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Model measurements were done primarily tb.determine if erowding in
the lower anterior region could be directly related to any measurements .
or changes, The changes in arch dimensions recorded are presented in
table 7. |

Table 8.shows correlations coefficients computed relating change in
crowding to various arch dimensional changes as well as to change in lower
incisor position (1-NPo) obtained by.headfilm measurenents,.

Molar'width and arch length changes between the tﬁo groups cannot
be directly compared hecéuse extraction in the trezted sample sigﬁificantiy
affects both, Cuspid width changes from initial to last decrease in both
éamples with the non-treated cuspid width decreasing on the average 0,6 mm

‘while the orthodontically treated casesrbnrthe avérage show a decrease in
cuspid width of 1.3 mm, This exceeds measurement error and is of interest
because both samples do show a decrease in cuspid width wfth_age.,

On the average crowding increased in the non-treated sample.by 1.9 mm,
Initial crowding in the treated sample was decreaséd on the average 2,3 mm
by treatment with 2,1 mm of crowding returning after retention., The most
meaningful correlation is probably that correlating change in crowding‘frdm
end of treatment tp post retention with change of incisor position accom-
plished during treatment.(r =.12). In effect orthodontic treatmeht by re-
traction cof the lower incisors did not after a period of‘no retention
significantly reduce the amount of erowding initially present, although it
appears to have prevented the average increase of 1,9 mm of additional
crowding that aight have appeared due to grewth change, From the correlalions
calculated, the variable which most affected the return of crowding is the

decrease in cuspid width with age (v =.%55),



Table 7

Changes in Arch Dimensions
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NON-TREATED
Change Change Change Change
Molar Width | Cuspid Width Arch Length In Crowding
X -0.3 -0.6 -1.3 1.9
S.D. l.l 0.9 e 1¢O lcg = -
-2.1 "204- -3.1 -1-0
A 2.0 1.2 0.8 -7.0
TREATED
Change Molar Width Change Cuspid Width Change Arch Length Change Crowding
Initial Treatment | Initial Treatment i Initial Treatment| Initial Treatment
to | Completed to Completed to Com-leted| = to Completed
Treatment | to Post Treatment | to Post Treatment | to Post | Treaztment| +o Post
Completed | Retention | Completed | Retention Completed | Retention| Completed| Retention
T -2.6 ~0.6 -0.0 -1.3 -8,3 0.1 -2,3 2.1
S.DJf 2.2 0.9 o 1.0 2.1 0.6 v 1.5
R T od -2.8 2.2 - ~2.7 -11.2 -1.3 . a0 0.0
1.4 0.3 Fad 0,9 - 4.6 18 -10,0 6.0




_ Table 8

Correlation Coefficients Relating Changes in Crowding with Changes in Arch Dimensions

NON-TREATED

T
Change in Cfowding, and Change in Arch Length .32
Change in Crowding, and Change in Cuspid Width el
Change in Crowding, and Change in incisor Position
(1-NPo change) 08
TREATED
Change in Crowding, Treatment Completed
to Post Reiention, and Change in Incisor Position,
(1-NPo change) Initial-Treatment Complete .12
Change in Crowding, Treatment Completed
to Post Retention, and Change in Incisor Pogition,
(1-NPo change) Treatuwent Complete - Paot
-~ Retention _ ' s
Change in Crowding, Treatment Completed to
Post Retention, and Change Cuspid Width,
Initial - Treatment Complete .39
Change in Crowding, Treatment Completed
to Post Retention, and Change Cuspid Width,
Treatment Completed ~ Post Retentionm ‘ 35
Change in Crowding, Treatment Completed to
~ Post Retention, and Change Arch Length, '
Treatment Completed - Post Retention _ - .23

Change in Crowding, Treatment Comoleted to
Post Retention, and Change in Crowding’Initial -

Treatment Complete .29
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DISCUSSION

The primary purpose in undertaking this study was to ascertain if
mechanical retraction of lower incisors yielded "stable" results following
removal of all forms of retention. This was done by caléulgting change in
position of the 1owef inciser in relation to line N-Po, The results ob-
tained show that it is usually possible, on the average, to move the lower
incisor a few millimeters from its original position to a "néw" position
of equilibrium and have it remain stable,

The untreated gfoup exhibited a lingual movement of the lower inecisor
of 0.3 mm while orthodontic treatment proéucéd an average lingual change in
1owef incisor position of 4.8 mm., The mandible continues to grow after
growth of the remaining portions of £he head has ceased, When this occurs,
the lower incisors are advanced into the periorai musculature surrounding
the dentition and as a direct result the teeth are repositioned lingually
to some extent, This is probably what occurred in the untreated sanmple,
The treated sample shows that the tongue is able to be encroached upon to
a gréater extent than previously believed possible, |

At the orther extreme, three orthodontically treated cases were found
that were proclined at least 2mm, (Initially this study was to include an
equal sample of orthodonticélly treated cases with labially advanced in-
cisors in order to compare labial placement of incisors with retraction

of incisors. At least 300 records were examined in trying to locate a

suitable sample of this form of treatment with the net result of only finding

g T — ——
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three cases which met the criteria established.) All three of these
relapsed after treatment by advancement of the lower anteriors to very
near their original position, Measurements of the lower incisecr (1-NPo)

for thesé three cases are as follows:

Case# Lower incisor advanced Lower incisor Net gain in
from initial position relapsed labial direction

1 . 42 mm - : 3.2 mm 1.6

2 2.7 mm 2,3 mm | 4+ .4 mm

3 - 2.8 mm | 2.6.mm + .2 mm

Three cases do not supply enough information upon which to bage
conblusiénsébut due to the lack of orthodontic treatment by advance-
ment of the IOWefiincisors in this area anéﬂthe trend set by these
three cases,advancement of lower incisors would appear to place them
in an unstable positioh. \

The reason for fhis difference in behavior of the lower incisor
is possibly due to a degree of imbalance between the muscles of the tongue
and lips. The tongue exerts a stirong influence as the éruption of %eeth
is occurring, thereby ﬁositioning these erupting teeth into the largest
perimeter possible, the boundry of which is established by the perioral
musculature, After the lower incisors are initially positioned, to advance
them any further into the perimeter established by the perioral musculature
(with hopes of stability) is not pererally possible tecause lengthening or
stretching of musecles (other than by éurgical reattachment) does not produce
stable results,

‘When overbites are reduced only by increasing vertilcal dimension and

allowing over eruption of posterior teeth, the muscles of mastication become
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over extended and in time return to their original position, As a.con-
sequence the overbite returns, Rapid maxillary palatal expansion encroacheg
into the perioral musculature.also. I# aprears that, after retention is
removed, rapid maxillary palatal expansion cases tend to return to their
origiral width,

Muscles ;re able to readapt at shorter lengths., An edample of this is
available when a broken long bone of the body heals at a shorter length than
its original length. Muscles associated with these bones are able to come
pensate and still perform their functions, The perioral musculature is
unopposed by other antagoﬁists and consequently is able to readapt to
lingually positioned teeth. This would necessitate that the tongue not exert
as great an influence as the perloral musculature and/or be capable of
readapting to a shortened position.

It was hoped that by analyzing various measurements of arch dimensional
changes and correlating thése with change in lower incisor position, some
significant relationships could be established regarding the cause of
crowding, Because so many voriables affect crovding, no useful correlations
were apparent, The largest correlation in the non-treated sémple was T =,32
reflecting change in crﬁwding with arch length change. In the treated
sample the largeét correlation was r =,55 reflecting change in crowding
with change in cuspid width from completion of treatment &o post retentien,

A coefficient of determination was caleculated for the correlation of
returniof crowding with cuspid width change in the treated sample (v =.55),
It reveals thal of all the variables contribtuting to crovding caleulated in
this_sample, the variable of decreaée.in cuspid width onl& accounts fer
about 30% of all variation contributing to crowding, Crowding becomes a

very complex issue when one realizes that it is poscible for two teeth to
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be overlapped or considered crowded yet distal to them sufficient space
.may exist in the arch to accomodate them,

Probably the most significant but unmeasured variable affectiﬁg crowd-
ing énd least possible to study is the connective tissue blanket (the soft
tissue surrouhding the teeth ?nd overlying the bone), Supracreétal fibers
connecting the teeth in some manner affect the ultimate poéitioning of
teeth, An illuétration of this is the3&egree of rotational relapse.
lessened by performing é quiltectomy after retational corrections by
orthodontic treatment have been accomplished., Clinically it appears that
this procedure decreases the affect of these fibers on the ultimate positioning

of teeth after orthedontic treatment,

-



CONCLUSIONS

A study was cdonducted to ascertain whether the lower incisor

position presented in a malocclusion is "the" position of stability

for these teeth,

It was found that the lower incisors of a non-treated sample
moved lingually on the aﬁerage 0.3 mm from age 12 to 19 while the
incisors of ;n orthodontically treated sample were placed on the
average 5.2 mm lingual from their original location and ¥rebounded®
on the average only 0./ mm,

The ranges and standard deviations for the trezted and non-
treated samples were similar when compariﬁg 1ates£ measurements,
Becauée of the large standard deviations present for these measure-
mentslat the end of treatment it is apparent that the use of "norms"
or averages to define treatment goals or the end point of treatment
are without merit,

In spite of iingually positioning lower incisors by orthodontic
treatment which provides more than enough space to accomodate these

teeth, the average lower anterior crowding returning after treatment

was over 2 mm,

29
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APPENDIX I
FMIA
Non-Treated Treated
Initial | Late Change | Initial | Treatment Post Change
Initial Completed | Retention | Initial- Post
- late Retention
X 56,1 58.3 2.6 49,6 o 0 58,5 8.9
" 8., 6.5 | 8.2| 3.6 4.8 6.3 6.2 Lk
4700 45.5 —Svs 39-3 4605 16'705 1c0
& 71.0 | 75.0 | 8.5 56,5 69,3 67.3 16,8
T } 5,38 .
=% 0,06 ) i
2o T - NB Angle
Non-Treated Treated
Initial- Late Change | Initial | Treatment Posv Change
Initial Completed | Retention| Initial-Post
~ late Retention
X 28,1 | 27.8 0.3 33.6 23.9 24,8 -8.8
8.1, 5.4 5.9 Seb 2.9 5.4 6.0 3.8
- 14.5 | 4.0 | 6.5 24,3 16,0 13.8 ~16,0
35.0 38,0 7.0 44,8 32.8 35,0 - 1.0
T | " 7.86° |
i 1.66 " '
1 - NBmm
Non-Treated - Treated
Initial | late Change | Initizl| Treatment Post Change
Initial "| Completed | Retention| Initial-Post
- Late Retention
X 5,0 | 5.4 0.4 7.2 4.0 4.7 2.6
R 1.6 | 2.1 1.0 1.7 1 3.1 1.1
R 24l 4%y -1.3 i | 1.3 1.7 4.9
Tod 9.6 2.4 9.8 7.0 7.6 0.3
.-T % g.ég’:‘:% !
= 113 1
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APPENDIX I
1 - APomm
Non-Treated Treated
Initial | Late Change |Initial | Treatment Post Change
Initial ‘Completed | Retention | Initial-Post
- late ' Retention
X 1.9 2.3 0.3 4.0 1.1 4 - 2.5
S.D, 1.3 Lo 0.8 1.8 1.7 1.9 .
R 0.0 -092 "'la'? Oc8 - 106 ‘:2-5 = Aoe
5.2 645 1;7 808 - 504 :" 5-6 - 009
T - 9,93"% ,
L 1.50 | |
h 7
A o~
e Po - NBmm
Non-Treated Treated
Initial | Iate Change Initial { Treatnent | Post Change
Initial -Completed | Retention | Initial-Post
- late Retention
i 1.5 2,7 1.2 0.0 25 3.0 3.0
5.0, Yual st 0,7 1,1 dis'7 1.8 45
R -0.8 ’ 0.0 -0.2 ""2.7 O.O "0-55 Ol3
3.5 AN | 2.9 1.4 e €.5 Sad
T 5.309(-:‘%
- R . |






