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INTRODUCTION

Orthodontic mechanotherapy has reached a level of
sophistication well beyond the knowledge of changes in
tooth position which arch wires effect. Appliances of vary-
ing designs are placed to accomplish specific objectivés
but quantitative knowledge of the changes occurring during
each phase of treatment is often lacking. The information
avallable on the changes brought about in each step of
orthodontic therapy is often based upon clinical observa-
tion and empirical judgement.

Recent refinements in orthodontic therapy demand
that information about tooth movements occurring while
appliances are functional be based on scientific evidence,
rather than empirical judgment. Only then can different
appliances be evaluated rationally and the value of any
step of a given procedure be determined. Such knowledge
will make the transmisslon of ideas easier and will give
the clinician greater confidence in selecting appliances.
Therefore, studies of the specific changes occurring in
various steps of treatment are indicated.

This study represents an attempt to evaluate the
changes in tooth position and arch length which occur

during band placement and leveling.



PURPOSE

The purpose of this paper is to evaluate from study
models and lateral cephalometric roentgenograms the
following: |

l. The increment which the band material and
cementing medium add to dental arch length
in a full banding technic.

2. Angular and linear changes of the maxillary
and mandibular incisor positions resulting
from band placement.

3. The effect on the dental arch length of three
varying leveling methods.

L. Changes in width of the dental arch following
leveling.

54 Anguiar and linear changes in the maxillary
and mandibular inclsors followling the various
leveling methods.

6. Changes in extraction site width following

leveling.



REVIEW OF THE LITERATURE

A review of the literature disclosed no studies
confined specifically to this subject. There are many
references to multiple banding techniques and placement
of round leveling arch wires. These concérn themselves
primarily with the evolvement of procedures for banding
and leveling. They describe at great length band con-
struction, which teeth to band, how leveling arch wires
are to be constructed and the sequence in which thej are
to be used.

Tweed (1), in discussing treatment of Class I mal-
occlusions, suggésts that 1f there 1is crowding of the
anterior teeth they should not be banded until Class III
mechanics have tipped the teeth in the buccal segments
distally enough to loosen up the contacts of the incisor
teeth.

He suggests the use of two types of leveling arch
wires. 1In malocclusions with spacing of the anterior
teeth the leveling arch wires should have stops 1/16"
mesial to the molar tubes and should be tied back. This
procedure will decrease dental arch length and will close
the spaces. In malocclusions without spaces between the

teeth the arch wires have no stops and are not tled back
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to the molar tube. He suggests placing of both arch wires
in one appointment.

Strang and Thomson (2) suggest placing stops in
contact with the mesial ends of the molar sheaths on all
round arch wires. They state that this procedure will
prevent the loss of denture space in the early stages
of treatment. It 1s also stated that tooth movement pro-
duced by round arch wires is quite limited in degree and
almost entirely confined to the vertical planes resulting
in the alignment of all the brackets to a common level.

Shapiro (3), discussing treatment of Class IT divi-
sion 1 malocclusion, recommends starting the leveling phase
with .018 round arch wires which have tie-back stops and
tip-back bends. This procedure is said to maintain dental
arch length and will begin uprighting the molar teeth.

Graber (4) states that .014%, .016 and .018 leveling
arch‘wires should be used. These are to be pléced at
three week intervals.

Holdaway (5), in discussing treatment of four-bi-
cuspid extraction cases, recommends that leveling be started
with an .0l15 round arch. The arch is left in place for two
weeks and 1s then replaced with .018 arch wire which has
sliding yokes for the application of a headgear force. In
three weeks the .018 arch is replaced with .020 arch wire.
In the mandibular arch a reverse curve of Spee is incorpor-

ated in the wire. The arch wire remains in the mouth for

three weeks.
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Herzberg (6),discussing the edgewise arch mech-
anism, states that he used .016, ,018 and .020 leveling
arch wires. Spaces in the arch are closed by cinching up
on the arch wire. Tip-back bends are also incorporated .
in the arch wires.

As may be seen from the above comments, one of the
primary concerns in mechanotherapy has been to evolve
step by step treatment procedures by which ﬁalocclusions
could be treated. These treatment procedures have been
derived largely through clinical observations and trial
and error. It would seem that well planned studies,
designed to evaluate the effects of the individual steps

in treatment, would be beneficial.



MATERIAL AND METHODS

For the purpose of clarity and material and methods

and findings are presented under specific headings.

. Material

The material consisted of patients who were to
undergo treatment at the Orthodontic Department, Western
Reserve Unilversity School of Dentistry. The sample in-
cluded nine females and four males varying in age from
ten and one half to fifteen years. Ali subjects were of
the white race and in the permanent dentition stage. Ten
were classified as having Angle Class II division I and
three as Angle Class I malocclusions., Dental crowding
was moderate to severe in most mandibular arches.

In twelve patilents the dental crowding and the treat-
ment objective of positioning dental units over basal bone
necessitated the removal of dental units. In nine cases
the four first bicuspids were removed. In one case the
two maxillary first bicuspids and the two mandibular
second bicusplds were removed. In one case two maxillary
first bicuspids were removed. 1In the last case one

mandibular and two maxillary first bilcuspids were removed

(Table 1).
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Treatment Procedure

The treatment procedure and record collection in

all cases was as follows:

1.

Initial records.

a) Study models.

b) Photographs -- frontal, lateral, and
intraoral views.

¢) Full mouth roentgenograms;

d) Lateral and frontal cephalometric roentgeno-
grams.

Band placement.

Bands were formed and cemented on the follow-
ing teeth: all of the first molars, second bicus-
plds, the first bicuspids not indicated for re-
moval, cuspids, and all central and lateral inci-
sors. The first molars were banded with .006 by
.018 stainless steel band material. The remain-
ing teeth were banded with .0035 by .0125 band
material.

Second set of lateral and frontal cephalograms.

These were made before extraction of teeth
and were used to study changes in tooth positions
and angulations due to the addition of the band
material and cement.

Teeth indicated for extraction were removed.

Various leveling procedures were carried out.
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6. The final records obtained included; study
models, lateral and frontal cephalograms and
photographs.

Leveling Procedures

For the leveling phase the subjects were divided
into three groups according to the leveling procedure to
be used. 1In all groups the leveling was carried out with
a series of three round arch wires of .016,‘.018 and
.020 diameters. Each .016 arch wire was allowed to remain
in place for a minimum of three weeks. The .018 and .020
wires were in place for a minimum period of two weeks.

In some cases the arch wires were left in place for four
to six weeks.

The maxillary and mandibular arch wires were shaped
to an ldeal arch form. Lateral insteps and bayonet bends
were included in the maxillary arches. A slight reverse
curve of Spee and bayonet bands were incorporated in the
mandibular wires. All arch wires were formed and placed
by the same operator.

In Group I no stops were placed in the leveling
arch wires. In Group II maxillary and mandibular closed
loop tie-backs were incorporated into all the arch wires.
The tle-backs were placed two millimeters mesial to the
molar tubes and were tied back each time the arch wires
were changed. In Group III closed loop stops were placed

against the molar tubes and tled to the tubes,
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All arch wires were ligated with .010 steel liga-

ture wire by means of a ligature locking plier. An attempt
was made to use a constant amount of force in tying the

arch wire stops to the molar tubes.

Measurements Relative to Band Placement

From Study Models

The mesio-distal width of each tooth was measured
before and after band placement to determine the amount which
is added to the width of each tooth by the band material and
cementing medium. All measurements were made with a boley
gauge to the nearest .1 of a millimeter. Measurements were
made in the contact areas of each tooth as 1lllustrated in
Figure 1.

The difference between the first and second measure-
ments for each tooth was recorded. The total increase in arch
length was determined by adding the sums of the individual
width increases. The bands were placed by four different

operators as indicated in Table 2.

Flg. 1. Area of tooth width measurement.

Area of first measurement Same area with band
from inltlal study models Second measurement from
: final study models
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TABLE

1

CLASSIFICATION OF PATIENTS IN THE THREE GROUPS

Patient Age

Angle Classification Teeth Removed

Group I
1 15 Class II Div. None
2 13 Class II Div. Max., 2 First
Blcuspids
3 14 Class II Div. ' Four First
Bicuspids
4 12 Class II Div. Bicuspids Four
First
5 12 Class I Four First
Bicuspilds
Group II
6 10 Class II Div. Four First
Bicuspids
7 13 Class IT Div. Max. 2 First Bi.
Mand. 1 FPirst Bicus.
8 12 Class II Div. Four First
Bicuspids
9 12 Class I Four First
Bicuspids
Group III
10 12 Class II Div. Max. 2 First Bi.
. Mand. 2 Second Bi.
11 14 Class II Div. Four First
_ Bicuspilds
12 13 Class II Div. Four First
} . Bicuspids
13. 14 Class I Four First

Bicuspids
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The tooth mass to dental arch length discrepancy
was determined for each maxillary and mandibular arch.
The tooth mass 1in each ardh was determined by measuring
the meslo-distal width of the first molars, second bi-
cuspids, first bicuspids, cuspids, and lateral and central
incisors. The dental arch length was determined by six
segmental measurements of the perimeter of the dental arch
as 1llustrated in Fig. 2. All measurements were made at
the contact points with a boley gauge and recorded to the

nearest .1 of a millimeter.

Fig. 2. Segmental measurements of the dental arch perimeter.

Third segmenQ- ____________ r~<::;;—~aFourth segment

a ------ *Fif'th segment

Second segment «-----

First segmente---- -.

-—Sixth segment
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From Lateral Cephalometric Roentgenograms

Tracings of each cephalogram were made on frosted
acetate. Fig. 3 indicates the structures traced. For
bilateral structures, the right and left sides were traced
separately and an average tracing made. The center of
sella-turcica and nasion were transferred from the first
tracing to tracings of the second and third cephalograms,
taken after banding and leveling respecti&ely, by orienting
on the cranial outline, and palate, the orbit, sella-
turcica and the outline of the pterygo-maxillary fissure.

Pogonion, menton and gonion were transferred

serially by orienting on the mandibular outline and register-
ing on the outline of the symphysis. The outlines of the
maxillary and mandibular incisors were traced separately

for each cephalogram. A long axis was established and the
crown and root lengths transferred from the first tracing

to the subsequent tracings by orienting on the outlines of
the root and crown of the incisors and registering on the
outline of the crown.

The following linear and angular measurements were

made (Fig. 3);

l. Angle 3. The inferior posterior angle formed
by the junction of the line through the long
axls of the maxillary incisor and line SN.

Used to determine angular changes in the maxillary

central incisors.
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Angle 4. The incisor mandibulap plane angle.

- Used to determine angular changes in the mandi-

bular central incisors.

Angle 5. The interincisal angle,

Measurement 6. The linear distance from the
center of the apex of the root of the maxillary
central incisor along a line rerpendicular to
line 1. Line 1 is a line erected perpendicular
to SN from nasion and continuing inferiorly.
Used as a measure of the labio-lingual root
movement.

Measurement 7. A linear distance from the
center of the incisal edge of the maxillary
incisor aiong a line perpendicular to line 1.
Used as a measure of labio-lingual crown
movement .

Measurement 8. A linear distance from the
center of the apex of the mandibular central
incisor along a line perpendicular to line 2.
Line 2 is a line through pogonion and perpend-
icular to the mandibular plane. Used to deter-

mine labial or lingual root movement.

Measurement 9. A linear distance from the center

of the incisal edge of the mandibular incisors
along a line perpendicular to line 2. Used to
determine the labial or lingual movement of the

crown,
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8. Measurement 10, The linear distance along
line 2 representing the vertical height of the
mandibular incisor in relation to the mandibular
plane. Used to measure changes in vertical
height of the incisors.

Linear measurements 4, 5, 6 and 7 were felt to be
necessary to augment the measurements of angular changes,
since 1t 1is possible to have no angular changes and bodily
tooth movement in either direction. It is also possible to
have an angular change which may be the result of either
crown movement, root movement or a combination of movements

of the crown and root. These points are illustrated in

Figure 4.

Fig. 4. Angular changes of the long axis of a tooth in
relation to tooth movements

v\  Reference line

(a) (o) (c)

\

a) Change in position without a change in angulation.
b) Change in angulation due to root movement.

c) Change in angulation due to crown movement.
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Measurements Relative to Leveling Changes

Study Model Measurements

The perimeter of each dental arch was measured on
the-initial models and models taken after leveling in
' the manner illustrated in Fig. 2. The difference between
the two values was recorded as the gross change in dental
arch length. Since the values for the band material and
cement varied between dental arches, the actual or net
change in dental arch length was calculated by subtracting
the width of the band material and cement from the gross
change in dental arch length. This value then represents
the change which occurred in arch 1ehgth while the leveling
arches were in place.

Width changes in each arch were recorded by mea-
suring the distance between the molars, second bicuspids
and cusplds. The molar measurements were made between the
central grooves. Second bicuspid and cuspid measurements
were made from the tip of the buccal cusps and incisal
edges respectively.

Changes 1n the extraction sites were recorded in
millimeters and as a percentage change. The space gained
by extractions was first measured from the initial models.
The amount of remaining space after leveling was measured
from the final models and the difference between the two
measurements was recorded as the amount of space closure.

The percentage change was determined by dividing the amount
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of space closure by the original amount of space.
Cephalometric Determinations

The tracing procedure and the angular and linear
measurements have been described on pages 12 to 15. The
changes recorded occurred between the second and tﬁird
lateral cephalometric roentgenograms taken before and
after the leveling procedures. To reduce the amount of
error all cephalograms were traced and the measurements
taken twice. Tables 4, 5, 9 and 10 represent the average
values of the two determinations. The statlistical evalu-

ations are presented in the Appendix.



FINDINGS

Band Thickness

Table 2 presents the increase in width in the
mesio-distal dimensions of the maxillary teeth due to the
band material and cement. The average thickness of the
band material and cement which is added to the dental arch
length by banding ten teeth was 3.0 mm. To this total
the individual bands contributed as follows:

l. The first molar bands .95 mm,
2. The second bicuspid bands 46 mm,
3. The first bicuspid bands .40 mm,
4, The cuspid bands .57 mm.
5. The lateral incisor bands A7 mm,
6. The central incisor bands .55 mm,

In twelve cases the band thickness ranged between 2.4 mm.
and 3.4 mm. In one case the thickness of the band mater-
ial was 4.7 mm.

In the mandibular arches (Table 3) the average
thickness of the band material and cement from 10.2 bands
was 2.8 mm. Individually the bands contributed as follows:

1., The first molar bands 77 mm,
2. The second bicuspid bands .58 mm.
3. The first bicuspid bands JA45 mm,

18



TABLE 2

MAXILLARY TEETH DUE TO BAND

INCREASE IN MESIO DISTAL DIMENSION OF THE
THICKNESS AND CEMENTING MEDIUM

Average

13
A

g

=+ <

MN<¢

Qe

1
A

Patient No.
Operator

Left side

A48

M

22

.33

Cu

27

c
Right side

«25

c

24

Cu

B

NE NB NB NB NB NB NB NB NB NB NB NB

24
A7

10

3 .8 4 .4
10 10 10 10

6
10

6 4 .4
10 10 10

n
10

5
12

M
Teeth
banded

No.

Total Arch

By

3.0

MM. 3.4 2.8 3.0 4.7 2.7 2.7 3.1 3.3 2.4 3.3 2.6 2.6 2.4

Change




Average
-38

12 13
3 .3
.2 NB NB NB

NBE NEBE NB NB NB NB NB NB

INCREASE IN MESIO DISTAL DIMENSION OF THE MANDIBULAR TEETH

TABLE 3

DUE TO BAND THICKNESS AND CEMENTING MEDIUM

1
A
od
o2

M

Patient No.
Operator
Lef't side

20

27
«23
24
.19
.22

Cu

24
.25
.28
.39
2.8

NB NB NB
10 10 9
10.2

2
10

NB NB
10 10

3
11

10 10

10

NBE NB NB NB
10

.2

11
3. 2,7 3.1 3.0 3.2 3.0 2.8 2,5 3.0 2.7 2.4 2.3 2.1

3

12
NB indicates tooth not banded

C
Cu

Right side
C

Note

No Teeth
Total Arch
Change MM.

banded
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4. The cuspid bands .51 mm.
5. The lateral incisor bands 47 mm,
6. The central incisor bands A1 mm,

In twelve cases the band thickness ranged between 2.3 mm.
to 3.5 mm. In one case with nine bands, the band thick-

ness was 2.1 mm.

Incisor Determinations

Table 4 presents'the angular and linear changes of
the maxillary central incisors. Six patients showed in-
creases in incisor angulation; five patients showed de-
creases 1n incisor angulation; and two had no change in
angulation of the central incisors. The average angular
increase of the six patients was 1.2 degrees; while the
average decrease for the five patients was .65 degrees.,

In patient number nine the 3.25 degree angulation increase
resulted from a .7 mm lingual movement of the root and
a .7 mm. labial movement of the crown.

In the mandibular arches (Table 5) the central in-
clisor angulation increased in twelve patiénts. The aver-
age increase was 2.04 degrees with a range of .75 to 7.5
degrees. In patlents 4, 6, and 11, with increases of
4,75, 3.5, and 7.5 degrees respectively, the crowns showed
considerable labial movement. In patient number 11 the
crown moved labially by 2.5 mm. and the root lingually
.25 mm. In patient number 6 the crown moved labially by
1.9 mm. and the root lingually by .25 mm. 1In patient 4 the
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crown moved labially by 1.45 mm. and the root lingually
by .25 mm. Patient number 2 had no change in incisor
angulation, a lingual movement of the root (.3 mm. ),
and a lingual movement of the crown (.7 mm). The proba-
bility that 12 of 13 patients would have increases in
incisor angulation due to chance alone 1s one in 4098 a
rather small probability (page 56 Appendix).

The average time interval between the first and
second cephalograms was 29.4 days with a high of 68 days
and a low of 13 days.

The interincisal angulation decreased in all cases.
The average decrease was 2.34 degrees and a range of 6.5
to .5 degrees.

In the maxillary arches nine patients had a tooth
mass to arch length discrepancy and four had excess space.
In the mandlibular arches eleven patients had a tooth mass
to arch length discrepancy and two had excess space. In

these two subjects the excess space was distal to the

cusplds.

Findings Relative to Changes Following Leveling

Dental Arch Length
Table 6 presents the changes in dental arch length

in the three groups.

In the maxillary arches the net change in dental
arch length for Group I, (no stops on the leveling arch

wires), showed an average decrease of 1.75 mm. However,

there'was a large individual variation in the five patients
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ranging from an increase of 2.4 mm. to a decrease of 7.1 mm.

In Group II, (tie-backs mesial to the molar tﬁbes),
all patients showed a decrease in net arch length. The
group average decrease was 3.81 mm. with a range of 2.1
to 5.4 mm,

In Group III, (stops against the molar tubes), all
patients showed a decrease in net dental arch length.

For the group the average decrease in net arch length was
2.4 mm. with a rather uniform decrease in all the arches.

Statistically, there is no significant difference
between the net average change in the three groups.
However, there is a highly significant difference in the
variability among the three groups. Group I is signifi-
cantly more variable than Group III (P<.005), and Group II
is significantly more variable than Group IIT (P<.005).
There 1s no significant difference in the variability'
between Group I and Group II. .

In the mandibular érches Group I had an average
increase 1n net dental arch length of .96 mm. The range
of change in dental arch length was from a decrease of
.9 mm. to an increase of 4.5 mm.

In Group II there was a decrease in the average
net arch length of 1.77 mm. with a range between an
increase of 1.1 mm. and a decrease of 5.7 mm.

In Group III there was an average decrease in the

net dental arch length of .9 mm. with a range between an
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increase of .6 mm. and a decrease of 1.8 mm. Statistically,
due to the sﬁallness of the groups and the large individual
variabllity there is no significant difference between the

averages of the mandibular arches in the three groups

(page 55 Appendix).

Arch Width

Table 7 presents the changes in dental arch width
between the molars, second bicuspids and cuspids.

In the maxillary arches the average amount of
movement of the molars was .47 mm. with a range of move-
ment between 1.1 mm. lingually and 1.4 mm. buccally. The
second bicuspids showed an average amount of movement of
1.1 mm. with a range of movement between 5.9 mm. buccally
and 1.5 mm. lingually. There was an average increase in
intercuspid width of 1.48 mm. ranging from O to 4.00 mm.
Eleven patients had an increase in the intercuspal width.

In the mandibular arches the average amount of
movement in either direction of the molars was .66 mm.
and in the second bicuspids region it was 1.68 mm. The
cuspid region had an average increase of 1.70 mm.

The relative amount of movement of the three teeth
in each arch was as follows:

Maxillary molars showed
53% less movement than the maxillary bicuspids

and 68% less movement than the maxillary cuspids.

Mandibular molars showed
61% less movement than the mandibular bicuspids

and 62% less movement than the mandibular cuspids.
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The maxillary bicuspids showed 24% less movement on average
than the cuspids and only slightly less movement than the
cuspids in the mandibular arch. All three palrs of teeth
in the maxillary arch showed more change in width than the
mandibular teeth. The maxillary molars showed on the average
29% less movement than the mandibular molars. The maxillary
second bicuspids region had 35% less change in cross arch
width on the average than the mandibular seéond bicuspid
region. The maxillary cuspids had 13% less movement than
the mandibular cuspids. The changes in cross arch width
of the molars and bicuspids were in either buccal or lingual
direction with large individual variation; whereas, the -
cusplid region showed increases in width in both arches in
almost all cases. The probability of 23 out of 26 inter-

cuspid widths increasing due to chance alone is very small

(page 56 Appendix).

Extraction Sites

The extent of space closure in the extraction sites
is presented in Table 8.

The combined average of all the extraction sites
in Group I show a space closure of 42% for the maxillary
sites and a 25% space closure in the mandibular sites. In
Group II 30% of the maxillary and 40% of the mandibular
extraction spaces closed during leveling. 1In Group III
22.5% of the maxillary and 244 of the mandibular extrac-

tion spaces closed. Individual areas showed a very wide

variation in the amount of space closure from a high of
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64% to a low of 9%. The variations are large in all the

three groups;

Incisor Determinations Following Leveling

The results of the maxillary incisor determinations
are presented in Table 9,

In Group I the angular changes of the maxillary in-
cisors varied from an increase of 515 degrees to a decrease
of 6.75 degrees. Three patients had a decrease in incisor
angulation and two patients showed an increase in incisor
angulation. The average change in either direction for
the group was 3.8 degrees.

In Group II three patients showed large decreases
in incisor angulation and one had an increase in incisor
angulation. The largest angular decrease in Group II was
11.25 degrees and the one increase was 3.5 degrees. The
average angular change of the maxillary incisors in either
direction for the group was 6.06 degrees,

In Group III the magnitude and individual variation
of change in maxillary incisor angulation was much smaller
than in either Group I or Group II. Three patients showed
increases in incisor angulation and one had a decrease
in angulation. The largest angular increase in Group III
was 1.17 degrees. The group average angular change in
elther direction was 1.1 degrees,

The individual linear root and crown movements which

combined to produce the above angular changes can be seen
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in Table 9. 1In comparing the relative amounts of linear
movement of the roots and crowns for angular changes of
2 degrees or more of all the maxillary incisors, on the
average 27.5% was due to root movement and 72.5% was due
to crown movement.

Table 10 presents the results of the mandibular
incisor determinations.

In Group I the angular changes of_the mandibular
incisors varied from an increase of 9.75 degrees to a
decrease of 5.25 degrees. Four patients had increases
in incisor angulation and one showed a decrease in incisor
angulation. The average change in either direction for the
group was 5.85 degrees.

In Group II three patients showed increases in
incisor angulation and one had a decrease in angulation of
the mandibular incisors. The largest angular increase was
6.75 degrees and the greatest decrease was .75 degrees.

The average angular change in either direction for the

group was 3 degrees.

In Group III the magnitude and individual varia-
tion of change in incisor angulation was much smaller than
in either Group I or Group II. All four patients showed
increases in incisor angulation. The largest angular
increase was 2.25 degrees and the smallest 1 degree. The
group average angular change in either direction was 1.43

degrees.

In comparing the relative amounts of linear move-

ment o f the roots and crowns of all the mandibular incisors
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for angular changes of 2 degrees or more, on the average,

32.9% was due to root movement and 67.1% was due to crown

| movement.




DISCUSSION

The actual thickness of the size of band mater-
ial that was used in banding ten teeth was 2.032 mm. This
2 mm. would be added to dental arch length if the bands
were perfectly adapted and the cement la&er were of
microscoplc thickness. In this study the mandibular
bands were more closely adapted than the maxillary bands.
The average total thickness of the mandibular bands and
cement was 2.74 mm. for ten bands; whereas, for the maxil-
lary bands and cement the average was 3.0 mm. Individually
the teeth compare as follows:

Mandibular Maxillary

Molars .38 mm. A48 mm,
Second bicuspids .29 mm. .23 mm.
First bicuspids .22 mm, ;20 mm,
Cuspids .26 mm. .28 mm.
Laterals .24 mm. .24 mm,
Centrals .20 mm. .28 mm.

The maxillary molar bands were less well adapted than the
mandibular molar bands. The mandibular bicuspid bands
were less well adapted than the maxillary bicuspid bands.
The maxillary cuspild bands were less well adapted than the

mandibular cuspid bands. There were no differences in the

36
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lateral incisor bands. The maxillary central incisor bands
were less'well adapted than the mandibular central incisor
bands.

The inclination of the maxillary incisor teeth
showed little effect from the addition of the band mater-
ial. Twelve patients had changes in the magnitude of
1 degree in either direction. Some of these could certain-
ly be attributed to tracing errors (Table 11 Appen). There
was no apparent relation between the tooth mass to dental
arch length discrepancy and the angular changes in the
inclination of the maxillary central incisors, although
the only case to show an angular increase of any magnitude
had a 6.8 mm. tooth size-arch length discrepancy.

All but one of the mandibular incisors showed
angulation increases. 1In seven patients these increases
were in excess of 2 degrees. 1In six of these patients
the angulation increase was translated into approximately
1l or more mm. of labial movement of the crowns. Here,
as in the maxillary arches, there was no obvious correla-
tion between the tooth mass-arch length discrepancy and
the angular increases. The probability of getting in-
creases in incisor angulation of 12 out of 13 patients
due to chance alone is 1 in 4098 which is a small proba-
bility. These changes were recorded after complete band-
ing and before teeth were removed from each dental arch.

A partial explanation for the difference in response

between the maxillary and mandibular central incisors may
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be found in the difference in configuration of the
anterior segments. The reason that the maxillary incisors
did not show angular changes while the mandibular incisors
had increases in the angulation may well be due to the
anatomical difference in the size of the teeth. Also
the relative distance between cuspids may play a part.
In the maxillary arch the distance between cuspids is
~greater than in the mandibular arch. The short time
interval between cephalograms would seem to preclude

any significant growth changes.

Changes Relative to Leveling

There were differences in the resulting dental arch
length between the three leveling methods.

Group II showed a larger average decrease in arch
iength than either Group I or Group III. This is as
expected; since in this group the teeth were being pulled
together actively by tylng the tie-back to the molar tubes.
In this group, as 1in the other groups, the maxillary arches
showed larger average decreases in arch length than did
the mandibular arches. A partial explanation of this
may be the response of the central incilsors. In the maxi-
llary arches the central incisors showed considerable
lingual movement of the crowns. However, in the mandibular
arches the crowns of the central incisors tended to move

labially.
In Group III the dental arch length decreased in a

uniform manner for all patients. There was little
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individual varlation in change compared to the other groups.
Statistically, the maxillary arches were significantly
less varlable than either Group I or Group II (P <.005).
The implication here is that the treatment applied to this
group tended to effect a more uniform result throughout
the group. A larger patient sample in each group would
have allowed better statistical evaluatiops.

Group I reacted on an individual basis with large
individual variation in results. Patients number 1 who
had no extractions showed a 2.4 mm. increase in arch length
in the maxillary arch. In the others, since there were
extraction spaces, muscle pressure anteriorly and mesial
drift of buccal segments, may have contributed to the
decrease in arch length.

The measurements of dental arch width showed no
distinct differences among the three groups. However,
differences were distinct between the molar, bicuspid
and cuspid cross arch widths.

In all patients the inter-molar width, on average,
tended to show less positional change in width than the
inter-bicuspid or inter-cuspid width in both arches. One
reason for this may be that the molar 1s a larger tooth. The
inter-molar and inter-second bicuspid width showed no
directional trend in either the maxillary or mandibular
arches. The infter-cuspid width tended to increase in

both maxillary and mandibular arches.
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In the maxillary arches Group I showed more average
space closure of the extraction sites than Group II and
Group III. Group II showed more average space closure
than Group III. In the mandibular arches Group II had
more space closure in the extraction sites than either
Group I or Group III. Group I had more space closure
than Group III.

An interesting finding was that in Group I, of the
14 extraction sites, 9 or 64% had space closures of 1/3
or more. In Group II, 10 of the 15 extraction sites, or
66%, had space closures of 1/3 or more. In Group III
only 3 of the 16 extraction sites, or 18%, showed space
closures of l/B or more. This difference in the extrac-
tion space closure 1s statistically significant.

An attempt was made to determine the extent of
space closure which occurred due to mesial movement of
the second bicuspids and molars. However, due to the
difficulty in tracing accurately the position of the first
molars, no definite results were obtained. It would seem,
from subjective observations, that in some cases a good
deal of this space closure occurs due to movement of the
molars mesially. Further study in this area 1s suggested.

The inclination of the maxillary and mandibular
central incisors in Group III showed less angular and
linear changes than in Group I and Group II. The average
for both arches in this group was 1.206 degrees. Seven of

the eight arches, four mandibular and four maxillary arches,
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showed incregses in angulation of the incisors between
1 degree, 5 patients, and 2.25 degrees, in patient No. 13.
Only one linear measurement for the entire group, patient
13, labial movement of the mandibular incisor crown, had
a change greater than .7 mm.

Group II showed the largest angular and linear
changes in both maxillary and mandibular arches. The
average angular change for the eight archés was 4.5 degrees.
The maxillary arch showed large angular decreases in 3
patients and one increase with a group average change of
6.06 degrees. In the mandibular arch, contrary to expec-
tations, most patients (3 out of 4) showed increases in
the incisor angulation. Tying back the arch wires should
have resulted in decreases in the incisor angulations.

The mandibular group average angular change being 3 degrees.,
The crowns of the central incisors had large linear changes
(Table 9 and 10).

Group I had an average angular change in the in-
clination of the central incisors of 3.78 degrees for both
maxillary and mandibular arches. The extent of the.
average angular change was egual in magnitude between the
maxillary and mandibular arches. In the maxillary arches
the tendency was towards a decreasé in angulation (3 out
of five patients). In the mandibular arches the tendency
was towards an ihcrease in angulation of the central in-

cisors (4 out of five patients). The comparisons between

the results of the first and second determinations are
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presented in Table 12 of the Appendix.

The implication of the difference in response of
the central incisors to the three varying leveling methods
would seem to be dependent on what the objectives of
the leveling phase are. If one wishes to confine the
leveling phase to an alignment of brackets on a common
plane with as litfle change in the incisor inclination
as possible, with less closure of the ektraction spaces,
and a uniform change in dental arch length, then the treat-
ment outlined for Group III may be followed. On the other
hand, if one wishes the leveling phase to align the
brackets on a common plane, close the extraction sites,
decrease the incisor angulation in the maxillary arch,
lncrease the incisor angulation in the mandibular arch
and decrease arch length, then either the treatment of
Group II or Group I may be followed.

Using the leveling arch wires in the manner of
Group II apparently does not assure a decrease in the
central incisor angulatlon, especially in the mandibular
arch. The configuration of the teeth in the anterior
segment probably influences the angular changes. A
lingually positioned incisor will move lablally when tied
to an arch wire whether the arch wire 1s tied back to the
molar tubes or not.

The linear measurements of the crowns and roots

of the incisors for angular changes in excess of 2 degrees,
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would seem to suggest that the movement produced by round
leveling arch Wires is primarily of a tipping nature. The
roots of the mandibular incisors moved in one direction an
average of 32.9% of the total linear root and crown move-
ment and the crowns moved in the opposite direction by
67.1%. In the maxillary arch the roots of the incisors
moved in one direction by 27.5% of the total linear root
and crown movement and the crowns moved 7T2.5% in the opposite
direction. The findings suggest that the fulcrum of this
tipping movement is in about the apical third of the total
root and crown length. From the data in this study the
fulcrum would be lacated slightly more incisally in the
mandibular teeth than in the maxillary teeth.

Due to the short time interval between cephalograms
and models, growth should not have been a major factor.
Further studies along this or similar lines are indicated.

Selection of orthodontic appliances should not be
based upon how well an appliance works in someone's hands.
A knowledge of the kind of tooth movement that an appliance
effects is essential to the intelligent practice of ortho-
dontics and should provide the basis of selection of

appliances. The appliance must do the most good and the

least harm.



SUMMARY

The effect of banding and three methods of leveling
were investigated on thirteen white children. Measurements
were made from study models and tracings of lateral ceph-
alometric roentgenograms. Angular changesvwere recorded
to the nearest .5 degree and linear changes were recorded
to the nearest .1 mm. The entire tracing procedure was
repeated twlce and the averages reported.

The band material and cement were found to add
3.00 mm. to dental arch length for the maxillary teeth
and 2.74 mm. for the mandibular teeth. The maxillary bands
were less well adapted than the mandibular bands. No sig-
nificant angular changes in the maxillary incisors were
observed following banding. The mandibular incisors
showed an average increase in angulation of 2.64 degrees.

For the various leveling methods the patients were
divided into three groups. Group I had no stops or tie-
backs on the leveling arch wires. In Group II tie-backs
were bend in the leveling arch wires two millimeters mesial
to the molar tubes and tied back with each arch wire change.
In Group III stops were placed on the arch at the molar tubes

and tied with steel ligature to the molar tubes.

Ly
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The maxillary dental arch length decreased in all
three groups. 1In Group III the maxillary dental arch
length decrease was statistically Significantly less
variable than Group I and Group II ( P¢ .005). This group
had constancy of change between individual pratient. In
the mandibular érch Group I showed an average arch length
increase while Group II and Group IITI had average arch
length decreases. In Group III the mandibﬁlar dental arch
length decrease was less variable between individual patient
than in the other groups.

The changes in width between the molars, second bi-
cuspids and cuspids were recorded. There were no group
trend in the changes in width between the three groups.
Almost all maxillary and mandibular cuspids showéd increases
in width. The molars showed the fewest changes in width.
The molars showed the fewest changes in width. The molars
and second bicuspids had both lingual and bucecal movements.
The mandibular teeth showed larger changes 1in width than
the corresponding maxillary teeth.

. The changes in the extraction sites were recorded.
In Group I and Group II the extraction sites showed space
closure of large magnitude. In some instances 60% of the
space closed during 1eveling. Group III had the least amount
of space closure in the extraction sites. An evaluation of
space closure in the extraction sites larger than 30% showed

a significant difference between Group III and the other

twO groups.
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The angular and linear changes in the maxillary
and mandibular incisor inclinations were recorded. Group
III, where the arch wires had stops at the molar tubes,
showed the least amount of angular changes in the inclina-
tion of the maxillary and mandibular central incisors.
In Group II the mandibular incisors moved labially,although,
the arch wires had tie-backs two millimeters mesially to
the molar tubes and were tied back with each arch wire

change.
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CONCLUSION

On the basis of thils study it was concluded

The band material and cement thickness did not
influence significantly the inclinations of the
maxillary central incisors. |

The mandibular central incisors are flared labially
by the band material and cement in a full banding
technic and Dr. Tweeds! suggestion of'moving mandi-
bular buccal segments distally before banding the
incisors is well taken.

Tying back the leveling arch wires, Group II,
tended to decrease dental arch length in the maxi-
llary and mandibular arches more than with the
other two leveling methods. However, it did not
prevent the mandibular central incisors from
flaring labially.

Stops on the leveling arch wires at the molar tubes
tend to decrease dental arch length in a uniform
manner,

With the three leveling methods the inter-molar
width showed the least change. Most inter-cuspid
widths showed increases.

47
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The leveling arch wires with stops at the molar
tubes produced less labio-lingual movement of the
maxillary and mandibular central incisors than the
other two leveling methods. This leveling pro-
cedure tended to close less of the extraction sites
than the other ieveling methods. It would appear
to be the leveling procedure of choice,
The movement produced by round arch wires is of
a tipping nature with the fulcrum between the
apical third and central third of the total tooth
length. The fulcrum of the mandibular incisors is
located more incisally than that of the maxillary

incisor teeth.



BIBLIOGRAPHY

Tweed, Charles H. The application of the principles
of the edgewise arch in the treatment of mal-
occlusions. Angle Orthodont., Vol. XI. 1-120,
January, 1941.

Strang, Robert H. W. and Thompson, Will M., A Textbook
of Orthodontia. Lea & Febiger, Philadelphia 1958,

538 p.

Shapiro, Everett. Current concepts and clinical applica-

tions of the edgewise arch mechanism. Am. J.

Graber, T. M. The edgewise appliance in routine
practice. Am. J. Orthodont., Vol. 46: 1-23,
January, 1960.

Holdaway, Reed A. Bracket angulation as applied to
the edgewise appliance. Angle Orthodont.,
Vol. 21: 227-236, October, 1952.

Herzberg, B. L. The application of the edgewise arch
mechanism to the Tweed philosophy in orthodontics.
Am. J. Orthodont., Vol. 38: 506-520, July, 1952.

Matters pertaining to the Tweed teachings in ortho-
dontics and the treatment of bimaxillary protrusions
according to those teachings. Am. J. Orthodont.,
Vol. 44: 727-731, October, 1958.

49



APPENDIX

50



5l
TABLE 11

COMPARISON OF RESULTS BETWEEN THE FIRST AND
SECOND TRACING FOR CHANGES DUE TO BANDING

— —
Patient Tracing 1 Ang. 1 Rt. 1 Cn. TAng. T Cn. TRt. 1 to T

1 +.5 +.6 .2 +3.5 -l.1 -.1 -.15
1 2 +.5 -l -.5 +3 - .8 =-.2 -1.5
5 1 +5 +h 2 -5 +1.0 +.6 - .5
- 2 +5 -.2 -.5 +5 + .3 0 - .10
3 1 +0 -0 -.1 +1.5 - .3 =1 - .5
2 -0 +2 +.1 +1.0 + .06 +.5 -1
i 1 -1 w3 45 “1.4 wb -4.0
2 -1.5 +1.1 +1.4 +4.5 -1.5 -.1 =4,
5 1 -5 -9  +.4 2,5 1.1 -4 -2
2 -0 -.5 +.6 +2.0 -1.1 -.3 -1.5
5 1 41 -1.6 -3 +2.5 -1.8 +.3 -4
2 +.5 -, +.5 +4.5 -2.0 +.2 4.5
. 1 1 -2 +.9 +.5 - .6 -.7 -3.5
2 +1 +.2 =0 +2 - .3 +.3 =4
8 1 +1 -4 -.2 +2.5 - .8 +.7 -4.5
2 +1 +1.2 +.9 +3.0 .9 +.3 =4.,5
1 +3 -.2 -1 +2.5 ¢+ .1 +.6 -6
9 2 +3.5 +1.5 -. 2.5 - .2 +8 -6
10 1 +.5 +1.1 +,1 +1 - .5 +.1 -1
2 +1 + .7 =1.1 +1.5 - .3 =1 -1.5
1 -, - .3 +.1 +8 -2.6 + .3 -7
ldl 2 -1 - .7 =+.1 +7 2.4 + .2 -6
1 -5 + 8 +.6 ¢l - .5 + .5 -=.5
12 > 0 .1 +.4 +1.5 5 + .6 -.5
13 1 0 2 -, +.5 - A4 + .3 -1.5
2 0] b6 =1.0 +1 - .7 =4 -1.5

Note: Rt indicates Root
Cn indicates Crown
1l 1indicates Maxillary Incisor
T indicates Mandibular Incisor
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TABLE 12

COMPARISON OF RESULTS BETWEEN THE FIRST AND SE

COND

TRACING FOR CHANGES FOLLOWING LEVELING

1l to Hi-

Patient Tracing 1 Ang. 1 Rt. 1 Cn. 1 Ang. 1 Cn. 1 Rt. 1-1

+1.3
+1.0

O\

+ .6

-2.8

+9.5
+10.0

+1.8
+1.4

-20 +1
-2.5 + .5

+5.5
+7

w2

-+

2
5

+3.
+4

+1.3

+ 1.9 +2.6
-

-4
=4

12
12:5

.l

+3.5
+3.5

10

11

12
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2
_ (-47.5)7 2 (Overall total)®
C =725 = 9. Total number of observations.
A SS Total = Sum Squares of each observation - C
= (¢2.5)2 + (42.0)2 + (-7)2 ¢+ ..... +(1.0)% ¢
= 498.54 - 95.20 = L403.34 ”
B SS Treatments =
Sum of squares of treatment totals - C

Number of observations in treatment total

= jf17.5)2 + (;34.5)2 * (+4.2)2 -95.20

= 1514.,14 = - =
e 95.20 189.25 95.20 84.07
C SS among teeth =

Sums of squares of totals for each tooth -~ C
Number of determinations (Number going
ingo total)

(+4.5)2 + (-13.5)2 ¢+ ....+(+2.0)
992.14 - 95.20 = 496.07 - 95.20 = 400.87
922.14

D SS Among teeth within treatment = C- B 402.27 - 8407
316.80

E SS Among determinations within teeth A - C 2.47

Analysis of Variance Table

Source of Variation Degrees of Sums of Mean F ratios
.freedom squares Square

Among teeth 11 400.87 36.44

Between

treatments 2 84.07 42,04 1.19

Among teeth

within treatments 9 316.80 35.20

Among determinations 12 2.47 21

Total 23 403.34
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Conclusions

l. Very small variance due to error in making
determinations.

2. Much larger variance due to difference between
teeth.

3. Differences due to treatment effects not sig-

nificantly greater than teeth differences.
42.04 -

35.20
smaller than actual F (2 9) 10 = 3.01
B 3 ®

uF = 1.19

Treatments not significant at the 10 per cent level.
Statistical conclusions relative to net change in dental arch
iength:* |
Maxillary Arch

& x roup II not significantly greater -ve average than III.
(Group averages I, II and III not significantly different).
24 éroup I highly significantly'more variable than
III (P<'.005).
3. Group II Higﬁly significantly more variable than
Group III ( P<.005).
4, Group I not significantly more variable than Group II.

Mandibular Arch

1. No significant differences between averages of Groups I,

II and III.
2. Group II not significantly more variable than Group III.
3. Groups I, II and III are not significantly different

in variability.

*¥ By means of F tests
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Evaluation Relative to Cuspid Width Increases

n
][

The probability of getting a positive sign by chance

}]
=

The probability of getting a negative sign by change i
Out of an observed sample of 12 observations, all of these
were positive, (one observation was 0 to the accuracy of
measurement and therefore, neither positive nor negative).
If the chance 1n angulation were determined by a chance

mechanism the probability of obtaining all 12 of the

observations by chance would be = ()12 = i
4098.

This is such a small probability that it i1s inferred that

a chance mechanism 1s not operating.

The same process is assumed for the increase in incisor

angulation discussed on page 24,
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