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I. INTRODUCTION

The movement of teeth incident to orthodontic
treatment has long been a subject of interest to clinical
orthodontists and researchers. Both microscopic and gﬁoaa
responses of the teeth and adjacent structures to treat-
ment have been studied. Some of the effects of various
phases of treatment have been demonstrated. By continued
@nalysis of the changes Sccompanying orthodontic treat-
ment more information may be gained concerning the effects
of the appliances and how they may be used to the best

advantage in clinicsl practice.
At the completion of sctive orthodontic treatment

the positions of the teeth are contrclled primarily by
the orthodontic appliance. Upon removal of the appliance
the band spaces between the teeth close, tooth contacts
are established and the case begins to respond to
functional stress, 1,2..

Changes in tooth position after applisnce removal
may occur quite ripidly. The adjustments of the dentition
during this phase of treatment may or may not result in
an improved interdigitation snd sngulation of the teeth.

In terminating active orthodontic treatment,
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2
different procedures of appliance removal may be used,
The desired result of all of these different procedures
is to close effectively band spaces and msintain tooth
position until retention appliances are placed.

It is difficult to determine accurately by direct
observation tooth position schanges which accompany appliance
removal. PFurther, direct observation doos‘net disclose
whether differences in adjustments of the dentition are
related to different procedures of appliance removal.

Hence, a more accurate evaluation of this phase of ortho-
dontic¢ therapy is in order,

This study is an analysis of this single phass of
treatment with a full banded appliance, and constitutes one
area cf investigation providing further information about
the effects of orthodontic treatment.

The purposes of this paper are:

1. to determine from tracings of oriented lateral
cephalometric rediogrsms of orthodontically
treated csses, the angular changes of the max~
illary and mandibuler central incisor teeth
accompanying removal of s full banded applisnce.

2. to determine if sngular differsnces can be
detected caphalometrically among three different
procedures of appliance removal.



I1. REVIEW OF THE LITERATURE

Much has been written in the dental literature
about dento-faclal changes which oceur during orthodontic
treatiment. These changes have been studied extensively
through the use of cephalometric procedures, However,
there are few reports of atudies concerning the adjust~
ments of the dentition during & specific phase of treat-
ment, including that phase concerned with band removal
and closure of the resultant interdental spaces.

Brodie et, al. (3) in 1938 were the first to employ
cephalometric procedures in quantitating the results of
orthodontic treatment., Although the purpose of the study
was not specifically concerned with movements of the teeth
as a result of treatment, 1t was observed that the teeth
tended to return towsrd their original positions after
treatment.

Downs (4) in 1980 reported a cephalometric study
of fourteen cases and described changes ocouring in the
mandibular dentition during the initial stages of trest-
ment. The cephalometric evaluation revealed that in all
cases the lower inciaop crowns moved ladbislly. In 50
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percent of the cases the inecisor aplces moved lgbially,
and in 29 percent of the cases the incimor apices moved
llngually. 1In 21 percent of the cases the incisor apices
showed no change. In one case the incisors showed no
tipping.

Margolis (5) in 1943, using cephalametric pro-
cedures, related the angulation of the mandibulayr incisors
to the mandibular plane. ie showed that the incisor- _
mandibular plane angle changed through treatment, after
treatment and subsequent to retention in several of the
cases reviewed,

Cole (6) in 1948, studied twenty-ocne extraction
cases to determmine the changes that took plasce in the
positions of the mandibular incisor teeth, maxillary and
mandibular molsr testh. Cephalogrsms were taken at the
beginning of treatment, at the end of treatment, and when
the cases had been out of retention for at least one year.
He found that in over one-half of the cases studied, the
axial inclination of the mandibular inaisors increased
subsequent to retention and that these teeth tended to
return toward their original relationship with the mandi-
bulsr plane after all retention had deen removed., He stated
that the increase in inciscr procumbency sesmed to de
associated with forward positioning of the mandibular
firet molar, where-as in cases where the mandibular molar
was more stable there was more stability of the incisors.
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Litowitz (7) conducted a cephalometric study in
1948 on twenty non-extraction cases to determine the changes
in poslition of the mandibular incigors, maxillary and
mandlbular molar teeth, that took place during treatment
and one to five years alter retention. His study indi.
cated that in those cases where treatment nad resulted
in an increase in the axial inclination of the teeth,
half tended to regain their former inelination and half
became more procumbent, In the majority of cases where
the treatment had resuited in a decresse in axial inclin-
ation, the angulation continued to decresse after retention.

Stackler (8) in 1958, conducted a elinical study
of twenty extraction cases Ffive years out of retention.

He observed that spaces at the extrsction aite or those
which open after appliance removal, tend %o close by the
buccal segments tipping into the extraction apace. There
was no evidence of increase of space st the extraction
3ite during the five yesr interval, Deep overbites re-
gurred in some of the cases, and the lower inaisors tended
to tlp lablally during this period of time.

Wallman (3) in 1958, studied cephalometrically
thirty-seven patients treated by Dr. Tweed. Latersal
céphalograms were made before treatment, after trestment,
and at least cne and 8 half to three years after all
8ppilances were removed. He found a variety of ways in
whigh the teeth change their positions after trastment. The
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positions of the maxillary and mandibulap central incisors
and the mandibular first molars were found to be more
variable after treatment than the mexillary first molars.
There was also g tendency for the teeth to return toward
their original inclinations and pesitions subsequent to
treatment. There were a few exgeptions in which the
teeth continued in the directions initiated by treatment.
i1t was observed that aftey treatment, the dentition moved
forward a mean distance of 1.6 milliméters in 89.6 percent
of the extraction cases. In addition, Wallman felt that
the forward movement of the dentition showed no relation-
8hip to growth.

Vornies (10) in 13560, studied ten orthodontic
Cases over a mean period of 31.8 days to quantitate
tooth position changes produced by finishing orthodontic
Cases with rubber tooth positioners. He found that a
tooth positioner dces not establish a definite pattern
in the selective depression or elevation of the teeth.
Demonstrable quantitative changes may be accomplisned
with 8 tooth positioner in a short period of time., Im-
provement of the root torque of the anterior teeth is
possible, but suacess in some cases may be an illusion
and 8 result of other tooth movements. The axisl changes
of the anterior teeth were noted to be dus primarily to
tlpping when tooth positicners were used.

In summary, & review of the literature reveals
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that many cephalometric investigations have been conducted
to determine the changes occurring in the dentition and
surrounding structures during orthodentiec treatment. Some
studies included changes which ococurred after all retention
had been removed for varying periods of time. These
studies indicate that the teeth have a strong tendency to
assume a more procumbent position than they had occupied
when the treatment was completed. Exceptions to this
general tendency were noted, but no definite statements
were made relative to the spescific conditions under
which the exceptions occur. OCne study reported the
changes oceurring in the dentition accompanying band re-
moval and placement of a tooth positioner,



III. MATERIALS AND METHOD

A total of twenty-foupr orthodontic subjects, six
males and eighteen females were included in the study,

The subjeects varied in age from twelve to twenty-foup
years., The subjects in Group I were belng treated in the
graduate orthodontic clinic at Western Reserve Univergity
School of Dentistry, those in Group II in a private prac-
tice, and those in Group IIX in another private practice.
Table 1 summsrigzes the age, sex and dental characteristics
of the sample.

Sample selection was based on the following criteria:

I. Active treatment procedures were accomplished with

& full banded appliance,

II. Active orthodontic treatment Was completed to the
operator's satisfaction.

III. The subjects were ready to have the full banded
appliance removed in preparation fop orthedontic
retention procedurea,

Three different procedures of appliance removal were
employed in the three groups of subjects studied. In Group I
the cuspid and molar bands were left in plsee and closing
arches were utilized to close band apaces. In Group II

g
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all bands were remcved at one appointment

and a Kesling
tooth positioner (11) placed at the ssme sppointment. in
Group III maxillary and mandibuler anterior bands were
kept in place after posterior bands were removed. Anterior
sectional arch wires were placed. The lower anterior bands
and sectional arch wires were removed four weeks later.
Three weeks later, & mandibular retainer was placed and
the remsining mexillary anterior portion of the appliance
waes removed. The maxillary retainer was placed approxi-
nately four weeks later. Table 2 summariges the appliance
removal procedures used for the three groups. (See
Appendix).

Two latersl cephalometrie roentgenograms were ob-
tained for each sudbject in the three groups studied. The
‘before £ilm was obtained st the completion of active treat-
ment while appliances were still in place. The sfter film
was obtained at the completion of appliance removal and
space closing procedures. The mean time interval between
films of subjects in the three groups studied was 72.5 days.
Table 3. (See Appendix}.

Tracings of the' before and 'after cephalometric
records were made. All bilsteral structures were trsced
as averages of right and left images. Figure 1 illustrates
the anatomic structures and lsndmarks used in this study.
Descriptions of anatomic structures and landmarks identl-

fled and traced are listed on pages 39<and 40 of the Appendix
(12).
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All contours and planes of orlentation used
in thlis study were established on the 'before' tracing
of each subject. The contours and long axes of the
maxillary and mandibular incisor teeth established on
the 'before' tracing were transferred to the 'after'
tracing by means of & template. The template included
only the contours and long axis lines of the central
incisor teeth. The template was oriented so that the
labio-incisal contour and labiel middle third of the root
contour of the template end radiographic image on the
‘after' radiograph were superimposed. The contours and
long axes of the maxillary and mandibular teeth were then
transferred to the 'after'! tracing. Pigure 2 illustrates
the areas of the incisors used in orientation of the
template on the 'after' cephalograms.

The mandibular plane .stgbliahod on the 'before’
tracing was tranaferred to the 'after'! tracing by maximunp
superimposition of mandituler contours of both trecings.
(See Pigure 2).

The palatsl plane established on the 'before!
tracing was tranaferred to the 'after' tracing by maxi-
musn superimposition of the palatal and cranial contours.
(See Figure 3).

The following messurements were obtained from the

tracings:
I. Measurement (A), the angular change of the mandibular
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FIGURE 2

Red segments of thé incisors indicate the areas used
in orientation of the template on the ‘after’ radiograph

Subject 105
Tracing 2

Mandibular superimposition to transfer the mandibular
plane from the before to the after tracing

Note : Black outline indicates before: tracing
Red outline indicates after tracing
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central- ineigors lun relation to the maxillary

central incisors, (Pigure 4).

I1. Heasurement (B), the angular change of the mandi-
bular central incisors in relation to the mandi-

bular plane. ({Figure 4).

I1I. Measurement {C), the angular change of the maxillary
central incisors in relatlon to the palatal plane,

(Pigure 4).

All measurements were made with a four inch plastic
protraector and recorded 40 the nearest one-half degree.

Three Independent gets of tracings were made of
- al1l cephalometric records, BEsch set of tracings was made
without reference to the previcus set and after an interval
of approximately two weeks., The measurements of sentral
incisor angular change occurring during dand removel pro-
cedures were recorded for the three determinations on each
subject., Mean values obteined from three determinations
of each subject's cephalograms for measurements A, B and C
respectively, were accepted as the change in incisor
angulation. Tables &, 5 and 6.

The tracing error was determined by computing the
variance among three determinations of e subjeet, and then
pooling the variance of the individual determinations, (13).
The tracing error was determined for measurements A, B and
C separately. Tables &, & and 6,

An analysis of variance was performed on measurements
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FIGURE 4

MEASUREMENTS A, B AND C

MEASUREMENT A

MEASUREMENT B

Note : Black indicates before record
Red indicates after record
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A, Band ¢ among the groups studied., Table 8 summarizes
results of the analysis of variance for the three measure-~
ments. This statistical procedure is used to determine if
the means of several groups differ glgnifieantly from each
other. (13). Modifications in the analyses were made to
compensate for samples of unequal size. Mean values cal-
culated from three determinations were used in computing
the analysis of variance for measuremente A, B and C. A
value of (F) greater than 3.47 is interpreted aa evidence
that the groups arose from populations having different
means. (at the five percent level of significance) (13).

The data from all patients were pooled. The
mean and standard deviations were calculated for measurs-
ments A, B and C respectively and sre summarized in
Table 10,



IV, FINDINGS AND DISCUSSION

The data on which this study was based are shown
in Tebles 4, 5 and 6,

Table 7 shows the means for measurements A, B
and € for the three groups studied. It will be noted that
there was & mean increase in Measurement A in all three
groups. Measurements E and C showed a mean decrease in
all three groups. (Figure 4),

Differences in measurements A, P and C between
groups I, II and III were compared. No significant differs
ences were fourd between the means of the three groups for
measurements A, B or C respectively, at the five percent
level of confidence. Table 8.

Data for measurements A, B and ¢ respectively, of
the three groups were pooled. A sunpary of the three measure-
ments 1s presented in Table 10. The mean change of inter-
incisal angulation, Messurement A, of the combined groups
was +5.1 degrees with a range of -2.16 to +12.66 degrees.
The standard deviation was 4,10 degrees, and the standard
error was 0.125 degrees. The mean change in angulation
of the mendibular incisor in relation to the mandidulsr
plane, Mecasurement B, of the combined groups was -3.2
degrees with a range of +2.00 to -8.50 degrees. The

17
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standard deviacion was 2.72 degrees and the standard
error 0,105 degrees. The mean change in angulation of
the maxillary incisor in relation to the palatal plane,
Measurement C, of the combined groups was -l.4 degrees
with a range of +3.33 to -6.50 degrees. The standard
deviation was 2.8 degreea and the standard error 0.085
degrees.

Examination of individual subjects-rﬁveﬂl that
Measurenment A increased in twenty of twenty-foud subjects
{83.8 percent) during band remcval procedures. However,
subject 119 exhibited a change in angulation of +0,33
degrees which is within the standard errvor of the method
and therefore considered to have i!maincd unchanged. Four
subjects (114, 118, 121 and 122) show a decrease in
Measurement A from -0.16 to ~3.00 degrees. Subject 122
exhibited a decrease in Msasurement A of -0.16 degrees
which is within the standard error of the method, and is
considered not to have changed. Tables 4 and 9,

Measursment B decreased in twenty of twenty-foue
subjects. (83.8 percent). PFour subjects (114, 118, 121
and 122) showed an incresse in Messurement B from +1,0 to
+2.0 degrees, Measurement B in all subjects was greater
than the standard error of the method, Tables 5 and 9.

Msasurement C decressed in fifteen of twenty-four
subjects., (62.5 percent). Nine subjects (110, 113, 114,
116, 117, 119, 120 and 121) showed an increase in
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Measurement C from +0.5 to +3.3 degrees. 3ubject 106
exhilblited a change in angulation during band removil
procedures of -0.16 degrees which 18 within the atandard
error of the method and therefore considered to have
remained unchanged. Tables 6 and 9.

it 1s interesting to note that subjects 114 and
121 experienced an increass in protrusion of the central
ingisors shown in Measurements A, B and ¢ during band
renoval procedures. Messurements of the recomis of
subjects 118 and 122 indicate an incresse in protrusion
of the central incisors shown in Neasurements A and B
during band removal procedures. However, theae two sub-
Jeots experienced & decrease in protrusion of the maxillary
inclsor shown in Measurement C. Subject 121 exhibited
¢linical evidence of & tongue thrust habit where-~as sub-
Jects 114, 118 and 122 did not. Tables &, 5, 6 and 9.

Ho effort was made in this study for further com-
parison of subjects on an individual basis. No effort was
made to classify or evaluate the effects of deleterious
neurcmuscular hadits or of cther variables present in the
sample.

In this study the mesn changes in incisor angula-
tions of the three groups indicate that an uprighting of
the incisors, in relation to each other and to their
respective bony beses occurred during band removal proe
cedures regardless of the method of appliance removal

employed. Table 9.
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The results of this study are in gsnersl agreement
with Vorhies' data (10) for the change in angulgtion of the
waxiilary and mandibular central incisors during intensive
use of a tooth positioner. In 60 percent of the aubjecss
studied by Vorhies there was gn increase in the inter-
incisal angle. In 80 percent of these subjects the mandi -
bular incisor uprighted, and in 50 percent of the sub ects
the maxillary centiral incisor uprighted,

Cole (6), Litowitz (7), Stackler (8) and Wallman (9),
indlcate in their atudies that there is a tendency for the
angulation of the mandibular incisors to increase sube
sequent to retention with a few exceptions. However,
these conclusiona are based on inclsor-angular changes in
Subjects who have been cut of retention for et least one
year, rather than on angular changes which take place
during the comparatively short periocd of time involved in
appliance removal. None of the studies reviewed indicate
wheiher the records made at the completion of treatment
were before or a short time after appliance removal,

The findings in this study are based on a smsll
sample. Sample selection procedures and the presence of
variables which could not be controlled should be cone
sidered in interpretation of the findings. The magnitude
of angular change during this phase of treatment is amall;
making interpretation of the results difficult in some cases.
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Evidence of a trend in angular change of the
incisors during band removal procedures has been presented
winich should be further defined by subsequent studies.

It would be interesting to continue this study on the
same subjects and compare the present findings with those
at the end of the retention period and one or more years
subsequent to the removal of all retention. |

The subJec;s in this study were classifiod accord-
ing to Angle's molar relationship. Tabulation of results
appear in Table 11.

In 92.9 percent of the subjects with a Class I
molar relstionship, there was an uprighting of the upper
incisor in relation to the mandibular plane and in 71.6
percent an uprighting of the upper incisor in relation
to the palatal plane.

In 71.4 percent of subjects with a Class II molar
relationship, there was an uprighting of the upper in-
cisor in relation to the lower incisor. 1In 71.4 percent
of Class II subjects there was an uprighting of the lower
inclsor in relation to the mandibular plane, and in 57.1
percent an uprighting of the upper incisor in relation
to the palatal plane.

In 66.7 percent of subjects with & Class III molar
relationship, there was an uprighting of the upper incisor
in relation to the lower incisor. In 66.7 percent of
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Class III subjects there was an uprighting of the lower
incisor in relation to the mandibular plane, and in 66.7

percent an uprighting of the upper incisor in relation
to the palatal plane.

Subjects were also classified according to extrac-
tion or non-extraction treatment. Tabulation of results
appear in Table 12. .

In 81.3 percent of subjects treated extraction,
there was an uprighting of the upper inclisor in relation
to the lower incisor and an uprighting of the lower incisor
in relation to the mandibular plane. In 52.5 percent of
subjects treated extraction there was an uprighting of
the upper incisor in relation to the palatal plane,

In 87.5 percent of subjects treated non-extraction
there was an uprighting of the upper incisor in relation
to the lower incisor and an uprighting of the lower
incisor in relation to the mandibular plane. In 75 per-
cent of subjects treated non-extraction there was an up-

righting of the upper incisor in relation to the palatal
plane.



V. SUMHARY AwD COUNCLUSIUNS

A cephalometric roentgenographic investization
Was conducted on three groups of orthodontie patients to
determine :the changes in ansulationmr the maxillary and

mandibuliar central incisor teeth accompanying removal
of full banded appliances. Thres different procedures

of applisnce removal were compared,
A8 a8 result of this study several observations

Were made:
1)

2)

3)

The interincissl angle incressed an average
of +5.1 degrees with band removal procedures
regardless of the method employed.

The axial inclinstion of the mandibulay central
incisor in relation to the mandibular plane
decreased an average of -3.2 degrees with band
removal procedures regardless of the method
employed,

The axisl inclinstion of the uaxillary central
ineisor in relation to the palatal plane de-
creased an aversge of -1.4 degrees with band
removal procedures regardless of the method

employed,

23



4)

5)

6)

7)

»a)

24
No significant difference was found in the
angular change of the maxillary and mandibular
incisor relation between patients of the three
groups using three different procedures of
appliance removal.
The interincisal angle increased with band
removal procedures in @& higher percent of
Class I subjects, than in Class II or III
subjects.
The axial inclination of the mandibular central
incisor in relation to the mandibular plane
decreased with band removal procedures in a
higher percent of Class I subjects than in
Class I1I or 1II subjects.
The axial inclination of the maxillary central

incisor in relation to the palatal plane decreased

with band removal procedures in & higher percent
of Class I and IIX subjects than in Class II
subjects,

Non-extraction subjects exhibit a higher percent
of uprighting of the incisors during band re-

moval procedures than extraction subjects,
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TABLE 3

INTERVAL BEIWEEN ROENTGENOQGRAPHIC RECORDS

GROUP MEAN TIME RANGE
' IN DAYS IN DAYS

I 61.2 54 to 84
IX 68.1 40 to 119
IlI 101.6 89 to 117

TOTAL 72.5 40 %o 119




THE MANDIBULAR CENTRAL INCISOR
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TABLE 4

MEASUREMENT (A)--THE ANGULAR CHMANGE OF THE
MAXILLARY CERTRAL INCISOR IN RELATION TO

GROUP PATIENT TRACING MEAN
101 #-3‘0 "'5-5 *500 *4-30
;:ga 4’5:2 :gcg *g-g "'50 3
+3 s . +0V +5,00
I 103 3.0 +5.5 +9.5 +2.33
105 +T5 +3.0 +9.0 *8.20
106 *5.5 +5.0 «0 +4,.83
lgg +3.5 +£.0 +7.0 +5.50

1 4-2.5 +2.0 4‘3:5 +2,

109 +12,0 +10,5 <+12.0 +11.50
110 +3.5 +3.5 <1.5 +2.83

111 +»10.0 «10.0 +11.0 +10.3

li2 +10.0 +10,0 +10.% +10.1

11% +#%.5 :2.9 +5.5 +5.0
11 ~2.0 0 ""3:0 "3006
Iz 115 *15.0 +11.0 +12.0 +12.66
116 +5.0 +5.0 +3.0 *4'22

i1 +1.0 +2.0 +2,0 +1,6
11 “0;5 ”1&9 “0-5 ‘0.56
119 +0.0 +1.0 0.0 +0.33

120 +1.5 +1,5 +1.0 +l.

121 -2.0 2,5 ~2.0 -2.1
IIX 122 0.0 +.5 «1,0 0,16
%gi +8.5 +3.5 +10.5 ¢9.32

*‘9-5 «10.0 +11.0 +10.1

Note: All measurements are in degrees

Positive sign indicates an increase in the
interincisal angle

Negative sign indicates a decresse in the
interincisal angle
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N TABLE 5
MEASUREMENT (B) -~ THE ANGULAR CHANGE (¥ THE

MANDIBULAR CENTRAL INCISOR IN RELATION
T0 THE MANDIBULAR PLANE

GROUP PATIENT TRACING MEBAN
IDENFIPICATION 1 S.D, ; 0.8903 S.E.i - 0.519
101 5.5 5.0 4,5 -5,00
102 2~5 3.5 =3.5 -3.50
igz .0 "3.0 :3.0 -B.gg
‘0‘5 -Ols to "1'
I 10 "618 "6.0 "5-5 "6.00
1 "5; -’4.0 ‘300 ‘-5.0
1gg 1.0 -3.8 -3,0 -2.33
1 0.0 "'105 "'105 "l-oo
109 "515 00 "500 ’4.83
110 “'6.0 - .0 ~—5.0 - .00
ul "“05 .2‘0 -bns .2.33
112 , "7:0 '7-5 ‘?05 "‘7¢3
1 “’560 "_5!0 -515 ‘5.1
b # 4 11 +1.,0 +1.0 «1.0 +1.00
11 "11:0 -7.0 "735 ‘aom
11 =5.0 =23 ~5.5 =333
1l "'305 “'300 "_300 -2‘62
11 +1.0 +2,0 42,0 +l.
119 «2.0 -2.5 =1.0 -1.80
133 "‘3;9 "ln5 ‘1.5 -2.00
121 +1.0 +2,5 +2.5 +2,00
Il 182 +0.5 $0.5 +2.0 +1.00
‘ 122 "300 -“.0 -3.0 - 066
12 “305 "3.5 '5.0 .00

Note: All measursments are in degrees

Positive sign indicates an incresse in angulation
of the lower incisor

Negative sign indicates a decrease in angulation
of the lower incisor
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| TABLE 6
MEASUREMENT (C) -- THE ANGULAR CHANGE OF THE

MAXILLARY CENTRAL INCISOR IN RELATION
TO THE PALATAL PLAKE

GROUP PATIENT TRACING MEAN
IDWICATIQN SQDc < 00738 S’EQ‘ = 00420
i 2 3 X
101 +2.5 0.0 Q.0 +0.83
102 ~-1.,0 -1.5 -2.0 . -1.50
10 Q.5 -1.5 =2,0 ~1.33
1 ‘I‘QO '5:0 -4.5 -4.30
I 105 9.0 ~3.0 -2.5 -1, g
106 Q.0 0,5 0.0 -0.1
lgg "300 4.0 -4.0 "'3.66
1 ‘335 0.9 "'105 "1-33
10'9 "6.0 ’605 "‘700 ‘6-50
110 +3.5 +3.5 +3.0 +3,
111 "5-5 .0 *5;5 “5.
112 -2.0 "2.5 2.5 -2, 16
11 +2.0 0.0 +1, +1 .00
Iz 11 +2.0 +4.8 +3,5 :2.32
115 “300 ‘7‘500 05 .
116 +1.0 +1.0 +2,0 +1,33
11 +1.0 #1.0  +1,0 +1,00
11 "190 "005 "100 ‘0.8
119 +1.5 +1.0  +1.0 +l.1
120 +0.5 +0.5 40,5 +0 .50
121 .5 +1.0 0.0 +0.
S B - O S
12 "‘5;5 "'60 .605 *6016

Noce? All messurements sre in degrees

Positive sign indicates an incresse in angulstion
of the upper ineisor

Negative sign indicates a decrease in angulation
of the upper incisor



31
TABLE 7

SUMMARY OF GROUP MEANS

MEASUREMENT GROUP
& II IIX
A +6.07 +4,96 +3.70
B "3.52 4-73 "1-33
C -2.22 -G.16 -2.16

Note: All measurements are in degrees
Pesitive sign indicates an increase in angulation
Negative aign indicates a decrsase in angulation



SUMMARY OF ANALYSIS OF VAR
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TABLE 8

IAKCE FOR MEASUREMENTS

A, B, AND C, IN THE THREE GROUPS STUDIED
‘M
MEASUREMENT A
SOURCE OF 3un or MEAN
- VARIANCE SQUARES ar SQUARE P
Betueen groups 18.50 e 9.25 +53
Within groups 3638.74 21 17.56
Total 287.24 a3
FEASUREMENT B
SOURCE OF SUN CF MEAN
VARIANCE SQUARES af SQUARE r
Between groups 21.48 2 10.74 1.51
Within groups 1#9.85 21 Tedl
Total 170, a3
HEASUREMENT C
SOURCE CF SUH OF MEAN
VARIANCE SQUARES ar SQUARE  J
Betueen groups lgg.gg ag 1;.%(9: 1.55
Within groups . : .
Total 187.70 23
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TABLE 9 -

DISTRIBUTION OF PATIENTS ACCORDING T0
MOVEMENT OF THE INCISORS

%

PATIENT MEASUREMENT
IDENTIPICATION A B c

GROUP

101
182
b
108
I 105
106
10
10
109

LI AN I I A I B B S

L2 I I I B I
LI K BN 2N BN T NN

110
111
1i2

1 1

115
116
117
118
119

t 4+ 8 84+ 880

t4r 00+ 0y o0t
firTr+to4+4+1 0+

120
21
I11 122
12
12

1 4 ¢4 1
t t +9
L I B g 2

Note: Positive sign indlcates an increase in pratrulivc
relation of the incisors.

Negative sign indicates a decrease in the protrusive
relation of the inciaora.
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TABLE 11

PERCENT OF SUBJECT3 IN MEASUREMENTS A, B, AND C,

EXHIBITING UPRIGHTING COF INCISORS

|

MOLAR MEASUREMENT
REIATIONSHIP
(ANGLE) A B C
CLASS I 92,9 92.3 71.6
CLASS IIX Ti.4 Ti.4 57.1
CLASS III ' 66.7 66.7 86.7

Note: Subjects classsified according to
angle molar relation
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PERCENT OF SUBJECT
mnxwmoﬁ IN MEASUREMENTS A, B, AND C,

FRIGHTING OP INCISORS

TREATMENT MEASUREMENT

A B c
EXTRACTION 81.3 81.3 62.5
NON-EXTRACTION 87.5 87.5 75.0

Note: Subjects classified according to extrsction or
non-extraction treatment.
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CHART 1

SAMPLE CHARACTERISTICS

GROUP PATIENT

B} Lo S AGE AT SEX EXTRACTION MOLAR
) » o .
IOENTIFICATION INITIAL RECORD RECORD RELATIONSHIP
Years Monting 3 )
I 101 12 6
182 %ﬁ %. ; o | I%
103 P4
10% 15 13 oo cusplds i
105 15 6 F * 1
06 15 7 M 1 Lower Ant, I
107 15 10 u - 1
108 &5 11 F & Bicuspids 11X
109 16 9 P " 1
IX 110 i2 g ¥ - I
111 1 4 F 4 Bicuspids I
1i2 i Q P - b 4
11 14 T P 4 RBicuapids I
31 14 10 ¥ B 1
115 15 1 P 4 Bicuspids I
116 i 10 F i I
117 i7 8 y # b 4
118 a: 4 M i1l
119 2 Q M " IIX
111 120 14 4 F 2 Bicuapids IX
121 14 i F 4 Bicuspids IX
122 T I M 11
123 14 T - IX
124 16 (4] ¥ w IX
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CHART 2

INTERVAL BETWEEN ROENTGENOGRAPHIC RECORDS

GROUP PATIENT TIMBE INTERVAL
IDENTIPICATION IN DAYS
101 77
102 : 56
10 56
10 84
I 105 56
106 . 56
10 54
1 56
109 56
110 67
111 67
112 88
3 30
1z 11 43
11¢ 51
11 57
11 1l
11
119
120 93
21 100
11X 122 , 117

128 109
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CHART 3

APPLIANCE REMOVAL PROCEDURES
GROUP I
A) Pirst appointment
1) Arch wires removed
2) Lateral cephalametric film obtained
3) Maxillary and mandibular bands removed except
cuspid and molar bands
4) Arch wires replaced and ligated to the remaining
bands
8) Second appointment (three weeks ister)
1) Adjustment of the applisnce to close the
remaining spaces
¢) Third sppeintment (thres weeks later)
1) Removal of the rexaining applisnce
2) Impressions made for construction of the
maxillary and mendibulsr retainers
D) Pourth appointment (three weeks later)
1) Latersl cephalometric film obtained
2) Placement of the naxillary and mendibular
retainers
GROUP 11
A) Pirst appointment
1) Latersil cephalometric film obtained
2) Complete removal of uxillary and mandibular
appliance
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CHART 3 - Continued

3) Placement of Kesling tooth positicner (11)
b) Second appointment (one week later)

1} Adjusument of the tooth positioner if necessary
C) Third appointment (four weeks later)

1) Adjustment of tooth positioner if necessary

2) Impressions made for construction of the

maxillary and mendibular retaloers

D) Fourth appointment (three weeks later)

1) Lateral cephalometric film obtalned

2) Mexillary ard mendibular retainers placed

GROUP 11X
A) Firset appointment
1) Lateral cephalometric film obiained
2) Maxlillary and mandibulas sppliances premoved
from molars and bicuspids lesving bands and
sectlional arch wires in place on the maxillary
and mandibular central and lateral incisors
and cuspid teeth
B) Second appoiutment {four weeiks later)
1) Removal of remaining mandibular applisnce
2) Impressions mede for construction of the
wmandibular retalner
C) Third appointment (three weeks later)
1) Placement of the mendibular retsiner
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2
} Removal of the remaining maxillary appliance
3) Impressiocns made for construction of the

maxillary retainer
D) Pourth appoiniment (four weeks leter)
1) Placement of the maxillary rétainer
E) Pifth appointmeat (four weeks iater)
1) Lateral cephalometric film obtained
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CHART 4

ANATOMIC sTRyc
ISatTeT o LR

The anatomic structures and landmarks identified
and traced are listed below. (12)

A. The external contour of the cccipitel bone extending
from the lambdoidal suture to the area visible as the
right and left contours of the mastoid proceaées.

B. The external contour of the frontal bone,

€. The external contour of the nasal bone from nasion
downward to where it begins to form the lateral
wall of the nasal cavity.

D. ‘The contour of sella~turica between the anterior
and posterior clinoid processes.

B. The contour of the pterygomaxillary fissure.

2. The lateral and inferior contours of the orbits
as formed by the zygomatic bone.

G. The maxillo-sygomatico-temporal sulcus, seen on
norma~-iateralis as s liine extending from the cribri-
form plate down t¢ the floor of the nassl cavity
and curving upward toward orbitals.

H. The entire bony contour of the hard palate including
the anterior and posterior nasal apines. |

I. The external contour of the mandible, including the
posterior contour of the ramus, the inferior contour
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- CHART ¥ - Continued

of the body, and the external contour of the
symphus of the mandible, a8 seen on norma-lateralis.

M. Menton - the lower most point oB the symphyseal
shadow.

Go. Gonion - the point on the bony contour of the gonial
angle, located by bisection of the angle formed by
nandibular base line and the posterior ramal line.

Mandibular plane - formed by a line joining menton and
gonion.

Palatal plane - formed by a line joining the anterior
and posterior nassl spines.

J. The average contour of maxillary left and right
central incisors.

K. The average contour of the left and right mandibular
central incisors.

L. Msxillary central incisor long axis - an arbitrary
long axis, forwed by & line bisecting the incisal
and apical contours of the tracing of the maxillary
central incisor.

N. Mandibular central incisor long axis ~ an arbitrary
long axis formed by a line bisecting the incisal and
apical contours of the tracing of the mandibular

central incisor,



7.

8.

9.

10.

il.

i3.
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