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Abstract

EFFECTS OF UNILATERAL EXTRACTION TREATMENT ON ARCH SYMMETRY

AND OCCLUSION

By Theodore William Struhs, DDS

A Thesis submitted in partial fulfillment of the requirements for the degree of Masters of
Science at Virginia Commonwealth University.

Virginia Commonwealth University, 2005

Major Director:  Steven J. Lindauer, D.M.D., M.D.SC.
Professor and Chairman, Department of Orthodontics, School of Dentistry

Occlusal asymmetries are common in orthodontic patients.  A treatment option for

correcting moderate asymmetries is asymmetric extractions.  This study evaluated post-

treatment dental arch symmetry in patients treated with unilateral premolar extractions.

Post-treatment casts of 60 patients were divided into four treatment groups based on the

history of occlusal asymmetry and the treatment plan.  DesignCAD3000 software

(Upperspace Corporation, Pryor, OK) was used to evaluate asymmetrically treated arches

for symmetry.  The four treatment groups were compared to identify differences in arch

asymmetry based on treatment.  The lateral incisor and canine were found to be more
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palatal on the extraction side in patients treated with unilateral extractions (P < .001).  Arch

length increased (P < 0.001) and area under the arch decreased (P < 0.01) on the extraction

side.  On average, patients with asymmetric extractions did not finish with more arch

asymmetry than those without asymmetric extractions.
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Introduction

The orthodontic treatment of patients presenting with occlusal asymmetries can be

challenging for even the most experienced clinicians.  Orthodontic treatment strategies to

resolve asymmetric occlusal relationships include asymmetric mechanics, asymmetric

extractions, and/or asymmetric surgical movements.  When extractions are performed

unilaterally, it may be difficult to maintain arch symmetry.  This could result in

uncoordinated maxillary and mandibular arches or in arches that are coordinated but both

asymmetric.

Dental asymmetry

Sheats et al1 reported that the prevalence of molar occlusions that are asymmetric

by 1/2 cusp or more is 10% to 13% in adolescent populations, and by one full cusp in 0.7%

to 2.6% of this group.  In orthodontic patients prior to treatment, the prevalence of molar

asymmetry was found to be 18% in a mixed dentition sample and 25% in a permanent

dentition sample.  Maxillary to mandibular dental midline discrepancies were more

common, occurring in 21% of the general population and 46% of orthodontic patients.1

Studies have shown that mandibular midline deviations occur approximately twice as often

as maxillary deviations.1-3
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The most challenging and important step in treating an occlusal asymmetry is

making the correct diagnosis.  Once a functional shift is ruled out, it must be determined

whether the asymmetric tooth position is due to a dental or a skeletal discrepancy.4,5

Although dentofacial asymmetries can be the result of a skeletal asymmetry,6 reports

indicate that there is often no significant relationship between skeletal/facial asymmetries

and dental asymmetries.3,5  The contributing components of the Class II subdivision

malocclusion have been reported to be largely dentoalveolar, with the mandibular first

molar positioned more distally on the Class II side.3,7  This is consistent with reports that a

lower midline deviation is more frequently observed than an upper deviation in cases that

lack midline coincidence.

Minor asymmetries can often be successfully treated with asymmetric orthodontic

mechanics.  The asymmetric movements possible, however, are limited in scope and often

associated with relatively high levels of unwanted side effects.8,9  The clinician, therefore,

may not see these mechanics as a practical solution to correct moderate or severe

asymmetries.

Unilateral extraction may be chosen as a treatment option when occlusal

asymmetries are too severe to be treated with asymmetric mechanics alone but when

surgical movements are not indicated or are not possible.  One advantage of unilateral

extraction is that the actual treatment mechanics can then proceed symmetrically with

fewer side effects.4,9,10  Occlusal asymmetry and dental midline deviations occur more

commonly in Class II patients.11  The most common asymmetric extraction patterns,

therefore, take into account that more tooth structure usually needs to be removed from the
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maxillary arch.  One maxillary premolar is removed in cases with maxillary asymmetry,

and one mandibular and two maxillary premolars are removed in cases with mandibular

asymmetry.9

Dental arch analysis

Orthodontists have long recognized the importance of arch form in treatment

planning and restoring functional occlusion.  Studies have reported that the dental arch

represents a semi-ellipse, a parabola, a catenary curve, and other geometric forms.12-18

Others argue that there is too much individual variation to identify a general arch template.

Although these reports all differ in the specific geometry endorsed, they all agree that the

ideal dental arch form is a symmetric shape.19,20

Extraction therapy has received criticism due to the belief that extraction leads to

narrowing of the dental arch and a decrease in smile esthetics. 21  It has been suggested that

the change in certain arch dimensions, including anterior arch width, may be influenced by

pre-treatment Angle classification and also extraction decisions.22-26  Studies vary in their

description of exactly what these arch changes are.  BeGole et al23 showed that there was a

significant increase in canine and premolar arch width during non-extraction treatment, but

no such increase was seen in maxillary arches in cases where premolars were extracted.

Luppanappornlarp and Johnston24 reported that premolar extraction had no significant

effect on intercanine width during treatment of severely crowded Class II patients.  Other

studies have shown a significant increase in intercanine and interpremolar width when
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treating with extractions.  Bishara et al25 demonstrated a significantly greater increase in

arch width at anterior arch positions and at the premolars when premolars were extracted

during the treatment of Class I and Class II division 1 malocclusions than treatment

without extractions.  Kim and Gianelli26 also reported a significantly greater arch width

increase in extraction than in non-extraction groups.  It has been reported, therefore, that

the intercanine distance can decrease, stay the same, or increase during extraction

treatment, as compared to non-extraction treatment.

A significant increase or decrease in intercanine width following extraction

treatment results in a changed arch form.  It is reasonable to speculate that a unilateral

premolar extraction would cause arch form in that quadrant to respond differently than in

the contralateral, non-extraction, quadrant.  The difference between contralateral arch

shape defines arch asymmetry, with the possible outcomes including both the apparent

collapse21 or widening25,26 of the arch on the extraction side.  The resulting anterior arch

form may then be asymmetric despite the achievement of proper midline positioning and a

corrected Class I canine.  For the patient, this may result in asymmetric lateral overjet or an

unaesthetic appearance of the teeth when smiling.  There are few reports in the orthodontic

literature discussing asymmetric extraction treatment plans and the effects of unilateral

extractions on dental arch symmetry.  The purpose of this study was to examine the post-

treatment symmetry of arches that were treated with asymmetric (unilateral) extractions.

The aim was to test the null hypothesis that treating asymmetric malocclusions with

asymmetric extractions did not result in greater asymmetry of anterior arch form than other

orthodontic treatments where the arches were treated symmetrically.
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Materials and Methods

The records of patients previously treated at the Virginia Commonwealth

University Department of Orthodontics were reviewed for inclusion in this study.  Pre- and

post-treatment study models were examined to ensure the following criteria were met:

patients presented for treatment with a complete permanent dentition, no contralateral tooth

size discrepancy was present (i.e. unilateral peg lateral), there was no noticeable occlusal

wear, and the patients’ treatment did not include orthognathic surgical intervention.  Four

study groups were created based on the treatment extraction patterns (Table I): non-

extraction (control), asymmetric maxillary extraction treatment (one-bi), asymmetric

mandibular extraction (three-bi), and bilateral maxillary and mandibular extractions (four-

bi).

The control group patients did not have a pre-treatment molar asymmetry greater

than one-half cusp and were not treated with extractions.  The four-bi patients were also

without a molar asymmetry greater than one-half cusp.  Four premolars were extracted in

these patients to correct an arch length discrepancy.  The one-bi patients presented with a

Class II subdivision malocclusion with the molar asymmetry being greater than one-half

cusp.  The asymmetry was determined to be in the maxilla as indicated by an upper dental

midline deviation from the facial midline.  One upper premolar was extracted on the Class
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II side to achieve a Class I canine relationship.  The three-bi patients also presented with a

Class II subdivision malocclusion with the molar asymmetry being greater than one-half

cusp.  In these patients, the asymmetry was determined to be in the mandible as indicated

by a lower dental midline deviation from the facial midline.  Two contralateral upper

premolars and a single lower premolar on the Class I side were extracted resulting in Class

I canines bilaterally.  Fifteen patients were chosen for each of the four groups.  Post-

treatment maxillary and mandibular casts of these 60 patients were examined and

compared for intra-arch symmetry.

Dental arch landmarks and measurements

Two-dimensional occlusal images of the post-treatment arches were created by

making a photocopy of the study model along with a millimeter ruler for scaling images

(Fig 1) as recommended by BeGole et al.23   The two dimensional occlusal image of each

study cast was scanned into a computer and imported into a computer aided design (CAD)

software program (DesignCAD 3000, Upperspace Corporation, Pryor, OK).  Using the

CAD software, the dental midline and distal interproximal contact of the first premolars

were marked.  The incisal midpoint of the central incisor (Tooth #1), the incisal midpoint

of the lateral incisor (Tooth #2), the canine cusp tip (Tooth #3), and the buccal cusp tip of

the first premolar (Tooth #4) were also plotted to allow the analysis of arch form (Fig 2).

A line representing the arch length was drawn from the dental midline to the distal

interproximal contact of the first premolar (arch length).  The CAD program was used to
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calculate the total area within the individual tooth landmarks and the arch length line (Fig

3).   Lines, perpendicular from the arch length line, were drawn to each of the four tooth

landmarks (Fig 4).  Recorded arch dimensions included arch length distances (mm),

distances from each tooth to the arch length line (mm), and the area between the arch

length line and a line connecting the four tooth landmarks (mm2) for each quadrant.  The

extraction side, right or left, was documented in arches treated with asymmetric

extractions.

Statistical analyses

The 30 arches treated with unilateral extractions were evaluated for arch symmetry.

Paired t-tests were used to compare arch dimensions between extraction and non-extraction

sides of each arch.  Specifically, the arch length, the distance of each tooth from the arch

length reference (tooth position), and the area between the arch length line and a line

connecting the tooth landmarks (area) were compared.

In order to determine whether asymmetric extractions resulted in asymmetric arch

forms, the maxillary and mandibular arches from each of the four groups were divided into

three categories: arches that were treated with asymmetric extractions (A), symmetrically

treated arches opposing (occluding against) asymmetrically treated arches (SA), and

symmetrically treated arches opposing symmetrically treated arches (SS) (Table II).  The

differences between the right and left sides for arch length, tooth position, and area were

calculated for each of the subjects.  The magnitude of the difference between sides was
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recorded for each of the measurements.  The mean of the differences were calculated for

each statistical category.  MANOVA was used to determine significant differences in the

magnitude of arch asymmetry present among the three arch categories.
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Results

The mean values for the extraction and non-extraction sides for the unilateral

extraction arches are listed in Table III.  Significant differences in the location of the lateral

incisor and canine cusp landmarks between the extraction and non-extraction sides in the

asymmetrically treated arches were found (P < 0.001).  The mean difference between sides

for the location of the lateral incisor was -0.34 mm and was for the canine -0.53 mm.  The

negative values indicate that these landmarks were positioned closer to the palatal midline

on the extraction side than on the non-extraction side.  The arch length was longer by an

average of 0.47 mm (P < 0.001) on the extraction side and the area was smaller by 5.24

mm2 (P < 0.01).

There were no significant differences in any of the measures of arch symmetry

among the three treatment groups.  The differences in tooth position, arch length, and area

between contralateral quadrants for each of the treatment groups are shown in Table IV.
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Discussion

Choice of methods

The method used to evaluate arch symmetry is of special interest because an

adequate median reference plane must be defined in order to measure and compare

contralateral sides.  The anatomy of the palate has been used successfully to establish

stable reference landmarks in longitudinal studies designed to quantify the change in

position of teeth during treatment.27  The goal of the current study, however, was to

examine post-treatment arch symmetry without regard to specific pre-treatment dental

positions.  Using the median palatal raphe as the absolute reference line assumes that this

skeletal landmark is centered within the dental arch.  It has been documented, however,

that dental and skeletal asymmetries are often not related.3,5,27-29  Asymmetries evaluated in

this manner may be dental or the skeletal reference plane may be oriented asymmetrically

itself.  Shah and Joshi,29 in 1978, evaluated skeletal asymmetries using posteroanterior

cephalometrics.  Their sample group consisted of 43 subjects with normal occlusion.  They

found on average that the total maxillary area was significantly larger on the right side.

The lateral maxillary region exhibited the greatest degree of asymmetry of all facial

components evaluated.
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Studies have demonstrated the improper use of skeletal landmarks to quantify

dental asymmetries.  In 1994, de Araujo et al2 used two skeletal techniques to quantify

midline deviations to identify and measure dental asymmetry.  The dental midline was

evaluated relative to both the median palatal raphe on study models and to midline skeletal

anatomy on frontal cephalometric radiographs.  Frequency of dental midline deviation was

found to be different using the two different landmarks.  They concluded that the two

median reference planes were not coincident.  In fact, there were significantly more

asymmetries found in the same sample when the median palatal raphe was used as the

reference compared to radiographic landmarks.  This finding brings into question which of

the two skeletal landmarks was more accurate in the sample population, if either.

Lundström,30 in 1961, discussed how recordings of transverse distances from the median

palatal raphe should be considered unreliable.  The raphe line is largely asymmetric and,

even if not noticeable, may be oblique or S-shaped.   In 1968, Lear31 demonstrated through

his cast tracing technique that a symmetric arch whose contralateral dentition and palatal

contours superimpose well on each other may have an asymmetric relationship to the

median palatal raphe.  He noted that, when referenced from the palatal raphe, the

difference in transverse premolar position varied by as much as 4.4 mm in symmetric

arches.  Skeletal landmarks, specifically the median palatal raphe, were avoided in the

current study to prevent measurement errors that could be potentially incorporated by

using poor reference landmarks (Fig 5).
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The distal interproximal contact of the first premolar was chosen as a landmark in

the current study as it was the most distal common point in all arches, extraction and non-

extraction.  It is common practice for orthodontic studies to use the dental midline and the

mesial interproximal contact of the first molar as landmarks to measure arch length.

However, this study included arches in which premolars were extracted.  In unilateral

extraction arches, the most distal common reference point in the dental arch is the distal of

the first, or only, premolar.  Distal to this contact in non-extraction quadrants was the

second premolar, while a permanent molar was the next tooth in an extraction quadrant.

Using the distal contact of the first premolar provided a standardized reference point

available for use in all quadrants (Fig 6).

Clinical implications

The dental arch refers to teeth and the shape they collectively form within the

alveolus.  The stability of each dental arch is largely dependent on both bony support as

well as the soft tissue influences of the teeth. A well-established occlusion accounts for a

third component of stability, and is the result of the proper interrelationship of two well

coordinated dental arches.  Poor intercuspation of opposing arches could potentially result

from the unilateral collapse of a dental arch altered by an asymmetric extraction pattern

(Fig 7).  Lack of coordination could result in a tooth or teeth off the ideal line of occlusion.

Theoretically, this tooth could then be without an opposing occlusal stop, be in premature

contact, or fail to function properly in excursive movements.
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Opponents of asymmetric extraction patterns argue that a well-established

occlusion results from arch symmetry and Class I canines and molars.  Alternative

treatment plans for patients with subdivision malocclusions would be to distalize the upper

molar on the Class II side or to take out four premolars and close spaces using asymmetric

mechanics.  Distalizing a unilateral Class II molar should theoretically be limited to cases

where mesial drift of the molar is the etiology of the asymmetry, which studies say is not

usually the case.3,7  Using asymmetric mechanics to close spaces could introduce

significant unwanted side effects, potentially including rotations of the entire arch and

cants.4,8-10,32  Unilateral extraction treatments have been shown, however, to treat

asymmetric occlusions successfully without the introduction of a cant in the occlusal

plane.33  Additionally, it has been shown that Class II malocclusions have a significantly

better occlusal success rate when treated with upper extractions alone than with upper and

lower extractions.34  Extending the application of this logic to treatment of a class II,

division 1, subdivision case, a better occlusal result would be expected from a plan

including asymmetric extraction, finishing the Class II side with a Class II molar.

A statistically significant arch asymmetry was detected in the asymmetric

extraction arches. The lateral incisor and canine landmarks were positioned significantly

closer toward the palatal midline by 0.34 mm and 0.53 mm, respectively, on the extraction

side compared to the non-extraction side (P < 0.001).  The arch length was 0.47 mm longer

on the extraction side.  This small, but statistically significant finding (P < 0.001), is

expected as the curve of the arch flattens (Fig 8).  The area was seen to be smaller on the

extraction side by 5.24 mm (P < 0.01).
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It has been reported that some degree of arch asymmetry frequently exists naturally

in the dental arch.  Asymmetries form early, with maxillary dental arch asymmetry seen in

62% of children in the full primary dentition.35  Transverse asymmetry greater than 2.0

mm exists in the primary dentition in as many as 25% of all children.36  The dental arch

seems to compensate naturally for a developing dental asymmetry in the opposing arch.  If

asymmetry is seen in one arch, there is an increased likelihood that the opposing arch is

asymmetric.36,37  Dental asymmetry is also regularly seen in the permanent dentition, as

previously discussed.1-3,7-11  In a study of randomly selected orthodontic patients, it was

reported that 84% of all the dental arches were made more symmetrical by orthodontic

treatment.27

The benefit of asymmetric extractions is to successfully correct the occlusal

asymmetry while avoiding the possible introduction of unwanted side effects.  All 60

patients whose post-treatment models were examined in this study finished treatment

successfully with a bilateral Class I canine relationship.  A significant arch asymmetry was

found in the patients treated with asymmetric extractions.  Lateral incisor and canine

positions were different between extraction and non-extraction sides.  It should be noted,

however, that the difference was small and can be considered clinically insignificant.  Arch

length and the area between the arch length line and the tooth landmarks were also

significantly different between the extraction and non-extraction sides, but the magnitude

of the difference was again very small when comparing them to the mean values between

sides.
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Hechter27 reported that arch symmetry generally improved following orthodontic

treatment.  The goal of the current study was to determine if asymmetrically treated arches

finish with similar symmetry as symmetrically treated arches.  Experimental groups were

divided based on the treatment method employed in each dental arch. Asymmetrically

treated arches were categorized as one group.  Because symmetry of the dental arch may

be influenced by asymmetries in the opposing arch,36, 37 the symmetrically treated arches

were then sub-divided, taking into account the treatment of the opposing arch.  There were

no significant differences detected for any of the measures of arch symmetry among the 3

treatment groups (A, SA, SS).

Orthodontists frequently treat occlusal asymmetries.  The correct diagnosis

pinpointing the asymmetric arch is necessary to select the appropriate treatment.  The Class

II, division 1, subdivision malocclusion is common, and is most often a result of an

incorrect dentoalveolar, not skeletal, position.3,7  The unilateral removal of a tooth

addresses the dental asymmetry and allows treatment of the malocclusion with symmetric

mechanics, greatly reducing undesirable side-effects of asymmetric biomechanical

techniques.   This study showed that asymmetric extraction treatments successfully allow

compensation for dental asymmetries and attainment of symmetric results, allowing for

arch coordination and correction of occlusion.
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Conclusions

The purpose of this study was to determine whether orthodontic treatments

involving asymmetric extractions result in arches that are asymmetrically shaped.  Some

degree of dental asymmetry is commonly present in the primary dentition and the

orthodontically untreated permanent dentition.1-3,7-10,35-37  Orthodontic treatment, in

general, has been shown to increase arch symmetry.27  This study found that arches treated

with asymmetric extractions finished with a small degree of asymmetry, with the lateral

incisor and canine tooth positions being located more palatally on the extraction side.  The

magnitude of the asymmetry seen in the unilateral extraction arches, however, was not

significantly greater than those seen in arches treated symmetrically, including

orthodontically treated patients with no history of dental asymmetries.  Some asymmetry is

considered commonplace, and the goal to achieve absolute symmetry has been considered

abnormal, unrealistic and unnecessary.38-40  An asymmetric extraction plan is appropriate

for the treatment of Class II, division 1, subdivision patients.
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Fig 1. Occlusal images are scanned into the computer and imported
into DesignCAD 3000 imaging software.
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Fig 2. Diagram of dental landmarks identified in each quadrant. A, Dental midline.
B, Distal contact of first premolar. C, Incisal edge midpoint of central incisor.
D, Incisal midpoint of lateral. E, Canine cusp. F, First premolar buccal cusp.
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Fig 3. Arch area: The total area within the above identified
landmarks (Arch Length line, central incisor midpoint, lateral
incisor midpoint, canine cusp tip, first premolar buccal cusp tip,
and distal contact of first premolar).
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Fig 4. Linear measurements (mm):
Arch Length – Distance between dental midline and distal contact of
      first premolar.
1 – Perpendicular distance of the incisal midpoint of the central incisor
      to the arch length line.
2 – Perpendicular distance of the incisal midpoint of the lateral incisor
      to the arch length line.
3 – Perpendicular distance of the canine cusp to the arch length line.
4 – Perpendicular distance of the first premolar buccal cusp tip to the
      arch length line.
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Fig 5. Improper use of the median palatal raphe as an arch symmetry reference. The above
illustrations show the same symmetric dental arch.  A & B, The mirror image of the upper
left (red) quadrant is superimposed along the raphae. A, The median palatal raphe lies
exactly on the midline.  The superimposition demonstrates how the linear values from the
raphae to dental landmarks would be accurate.  B, The raphae is rotated within the dental
arch only three degrees.  When superimposed on the raphae, it is noticeable the values
would be smaller for the upper left canine and premolar compared to the right.  The values
would indicate that this side has collapsed in toward the midline although the arch is
perfectly symmetrical.
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Fig 6. Use of the distal contact of the first premolar maintains a common reference
between contralateral quadrants with different numbers of teeth.  The above
illustration is an arch which has had a unilateral extraction.  The arch form is
perfectly symmetrical.  It is apparent that the two sides cannot be evaluated from the
mesial contact of the first molar.  The red lines on the non-extraction side represent
the additional distance that would be recorded and interpreted by the statistics as a
collapsing of the arch.
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Fig 7. Relationship of arch asymmetry and arch coordination. A, The lines of
occlusion of a maxillary (black) arch and its opposing mandibular arch in a patient
whose upper and lower arches both demonstrate symmetric form.  Notice how the
distance between the buccal cusps and incisal edges of the opposing arches stays
uniform, with the upper slightly outside the lower.  B, The cusp tip of the upper
canine approaches the line of occlusion of the lower arch when the arch
asymmetrically collapses on that side.  A lack of lateral overjet in the canine region
could potentially result.
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Fig 8.  As the arch form flattens, or “caves in”, the arch length gets longer.  Dental arch
quadrants treated with extractions were seen to have a flattened arch with the canine and
lateral incisor being significantly closer to the arch length line than the contralateral
quadrant treated without extractions (P < 0.001).  In the absence of a contralateral tooth
size discrepancy, the length of the arch perimeter from the dental midline to the distal
contact of the first premolar should be equal on the extraction and non-extraction sides.  A.
The perimeters of the two arcs in this example are the same length.  The arc on the right is
more flat representing the flattening of the arch on the extraction side. B. The base of the
arc, representing the arch length line, is longer on the arc that has flattened.  The area
(within the arc and its base) of the flattened “extraction” arc is 65.2% the size of the fuller
“non-extraction” arc in this example.
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 Table I. Study groups

Group Experimental
Description

Arch Arch
Description

Extraction Pattern

Maxillary Symmetric Non-extractionControl Symmetric

Mandibular Symmetric Non-extraction

Maxillary Asymmetric Unilateral ExtractionOne-bi Asymmetric

Mandibular Symmetric Non-extraction

Maxillary Symmetric Bilateral ExtractionThree-bi Asymmetric

Mandibular Asymmetric Unilateral Extraction

Maxillary Symmetric Bilateral ExtractionFour-bi Symmetric

Mandibular Symmetric Bilateral Extraction
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 Table II. Arch categories for statistical comparison.

Group Arch Statistical Category

Maxillary SSControl

Mandibular SS

Maxillary AOne-Bi

Mandibular SA

Maxillary SAThree-bi

Mandibular A

Maxillary SSFour-bi

Mandibular SS
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Table III.  Mean values of extraction and non-extraction quadrants of arches treated
asymmetrically.  Negative values for the difference of the means indicate that the tooth
landmark on the extraction side was more toward the palatal midline.  Negative mean values
for arch length and area indicate that the extraction side had a shorter arch length or a
smaller area, respectively.

 *Statistically significant difference (P < 0.001)
 **Statistically significant difference (P < 0.01)

Mean Value (mm)

Extraction Non-extraction
Difference of
Means (mm)

95% Confidence
Limits of the

Difference of the
Mean (mm)

Central 2.13 2.21 -0.08 -0.17 to 0.014

Lateral 4.20 4.54 -0.34* -0.52 to -0.16

Canine 4.48 5.02 -0.53* -0.81 to -0.26

Premolar 2.48 2.41 -0.07 -0.14 to 0.28

Arch
Length

26.87 26.40 0.47* 0.21 to 0.73

Area
(mm2)

84.05 89.29 -5.24** -9.01 to -1.47



Table IV.  Mean differences between right and left tooth landmarks, arch length, and area by arch treatment group.
MANOVA analysis shows no significant difference between the three groups for any of the evaluated arch
characteristics.

Central (mm) Lateral (mm) Canine (mm) Premolar (mm) Arch Length
(mm)

Area (mm2)Group

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

SS 0.188 0.16 0.348 0.32 0.573 0.45 0.426 0.35 0.499 0.36 0.782 0.67

SA 0.223 0.17 0.369 0.30 0.606 0.43 0.410 0.32 0.623 0.47 0.821 0.69

A 0.205 0.16 0.464 0.37 0.731 0.53 0.448 0.35 0.692 0.46 0.875 0.71

P-value 0.618 0.282 0.313 0.913 0.095 0.830
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