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Abstract
Introduction: Preformed nickel-titanium archwires have become an almost
universal standard for archwire selection in clinical practice. However, previous studies
have found that that the intercanine and intermolar widths may be altered with the use of
these wires. The patient’s original arch form should not be changed. To our knowledge,
previous studies have not yet assessed the intercanine and intermolar widths of preformed
archwires when categorized into ovoid, tapered, and square arch forms. Therefore, the
purpose of this study was to evaluate the inter-arch dimensions of commercially available
preformed nickel-titanium archwires relative to normal occlusion dental arches and when
compared to archwires categorized into ovoid, tapered, and square arch forms. Methods:
A total of 45 class I normal occlusion mandibular dental casts, 18 archwires, and tapered,
square, and ovoid arch form templates were scanned. Casts were categorized into ovoid,
tapered and square arch forms via best-fit method. Descriptive statistics of the intercanine
and intermolar widths of all archwires and dental casts were assessed. We conducted
linear-contrasts using robust-standard errors with a Bonferroni-Holm adjustment to

measure the differences in inter-arch dimensions between pretreatment casts and
preformed archwires by matching and differing arch forms. Concordance reliability and
or intra-class correlation will be used to look for consistency between the measurements.
Results: The intercanine and intermolar widths of preformed archwires (31.15 mm, SD
2.37 mm; M = 53.43, SD = 4.30 mm) were significantly larger than pretreatment casts (M
= 26.11 mm, SD = 2.33 mm; M = 44.22 mm, SD = 2.98 mm) [SE = 0.65, p < 0.000,
difference =5.06 mm: 95% 3.75, 6.36; SE = 0.95, P < 0.000, difference = 9.21 mm: 95%
7.31, 11.10]. The inter-arch dimensions among arch forms were very similar and all were
significantly larger than pretreatment casts except for one condition: there was no
statistically significant difference in the intercanine widths between square casts (M =
27.55 mm, SD = 1.37 mm) and tapered archwires (M = 30.18 mm, SD = 3.19 mm); SE =
0.95, p = 0.058 [difference = 2.63 mm: 95% CI: -0.06, 5.33). Conclusions: The average
intercanine and intermolar widths of preformed archwires were significantly greater than
pretreatment casts of normal occlusion archwires. It is recommended that orthodontists
use archwires with narrower arch forms and inter-arch dimensions with the notion that
archwires must always be individualized to the patient at some point.
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Chapter 1: Introduction
1.1 Background
1.1.1. The Human Dental Arch Form
The human dental arch denotes the shape initially formed by the underlying
supporting bone, and following tooth eruption, by the circumoral musculature and
forces.1 The human dental arch form embodies many shapes and sizes and is defined as
the position and relationship of the teeth to each other in all three planes of space.2 Arch
form is affected by a vast array of force interactions transpiring simultaneously within the
stomatognathic system. Some of these interactions include: a resting pressure exerted by
the tongue and lips; forces produced within the periodontal membrane and from
occlusion; respiratory needs from the patient’s underlying skeletal morphology; and any
extrinsic habits.2 The consequence of such interactions results in arch forms that vary in
many shapes. The effects of such variety prove critical for patient diagnosis and treatment
planning and subsequently may determine important treatment aspects such as crowding
and spacing, the esthetic outcome, and the stability of the case.3 For orthodontists to
achieve their treatment goals of providing esthetics and stability, it is imperative to
position the dentition within the patient’s specific arch form such that the dentition is
upright over the underlying basal bone.4

1.1.2. The Human Dental Arch Form - History
Arch form was first taken into consideration as a goal of orthodontic treatment
with the development of the edgewise appliance by Dr. Edward Angle in 1928.5, 6 Prior to
this and continuing to this day, orthodontics is replete with literature attempting to

1

classify and find the ideal arch form. Researchers have explored a variety of methods
including: using mathematical equations and formulas based on fourth order polynomials;
using geometric references; forming preformed archwires based on a mean arch form of a
sample population; and individualizing each patient’s archwire.7, 8, 9 A few of the most
historically recognized techniques to individualize archwires include the BonwillHawley, Catenary curve, and Brader arch forms.

The Bonwill-Hawley technique first came to light when Bonwill attempted to
standardize arch form design in 1885 after he observed that the midline of the lower jaw
formed an equilateral triangle with both condyles and the posterior teeth formed a straight
line from the canines to the condyles.9 In 1906, Hawley added to Bonwill’s original arch
form design by offering a geometric approach to constructing the ideal arch form.
Hawley noted that the six anterior teeth create an arc of a circle with the radius equivalent
to the sum of their widths. From the circle, Hawley created an equilateral triangle with
both condyles and proposed that the posterior teeth should align along the triangle’s
sides.9 The Bonwill-Hawley technique has since then been refuted, but has remained
noteworthy to serve as a general guideline for arch form construction.9

MacConail first proposed the Catenary Curve technique in 1949. He refuted
Gray’s Anatomy’s 1942 statement that the maxilla and mandible formed an
ellipse/parabola relationship citing it was oversimplified and gave no merit to function.
Instead, MacConail proposed that a catenary curve was the ideal fit for many occlusions.9
The catenary curve is best represented as the shape of a suspended chain when hanging
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from two hooks.10 In the case of the human dental arch, the two hooks represent the
intermolar width. In 1957, Scott studied the developmental anatomy of the human dental
arch and agreed that the catenary curve was the ideal arch form.11 In 1966, Burdie and
Lillie further corroborated the catenary curve as the ideal arch form, however, noted that
they observed many arch forms that were not the shape of the catenary curve.12 The
catenary curve is very prevalent in orthodontics today as most manufacturers construct
the “tapered” arch form after it.9

Brader suggested the Brader Trifocal Ellipse arch in 1972. In it, he proposed that
this technique would allow for more versatility as its posterior segment had multiple
variations that differed in widths at the second molars. Brader based his technique on a
trifocal ellipse with the six anterior teeth aligned as a catenary curve with a gradual
constriction posteriorly. Brader suggested that such a constriction better approximated the
true position of the second and third molars.10 Brader stated that the human dental arch is
a manifestation of equilibrium forces comprising the soft tissues of the tongue and
perioral musculature around an ellipse. From this concept, he constructed his arch form
based on the mathematical equation that C = PR, where P represented the pressure per
unit area, R represented the radius of the elliptical curve, and C as a mathematical
constant that formed the approximate intermolar distances of 48-86 mm. The Brader arch
form is also prevalent today as many newer preformed archwires are fabricated after it.10
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1.2. Preformed Archwires
1.2.1. Preformed Archwires - History
When the edgewise appliance was first introduced by Dr. Edward Angle in 1928,
clinicians recognized the importance of individualizing the archwire to accommodate
each patient’s arch form. In 1934, Chuck recommended predetermining arch form to
create the ideal archwire in which to move teeth.13 However, preformed archwires were
not considered as a viable option for treating patients until 1976 when Dr. Larry Andrews
developed the straight-wire appliance.14 Shortly after the development of the straightwire appliance, Dr. Ronald H. Roth designed an arch form out of stainless steel wire to
complement the new system. These standardized wires, which Roth referred to as
archwire “blanks,” subsequently became the typical arch form for the system. However,
Roth stressed that each archwire blank had to be individualized to adapt to the patient’s
original dental arch form.15

Nowadays, preformed archwires have become an almost universal standard for
archwire selection in clinical practice, particularly with the advent of nickel-titanium
(NiTi) wires.16 NiTi alloys were developed in 1963 at the Naval Ordinance Laboratory in
Maryland.17 Dr. George Andreasen subsequently introduced them into the orthodontic
profession as Nitinol wires.18 Although Dr. Andreasen suggested that these wires
displayed a shape-memory effect, Nitinol became better known for its high springback
and low stiffness characteristics.19 In 1985, Dr. Charles J. Burstone introduced the
Chinese NiTi wire to the orthodontic profession. It differed significantly from the original
Nitinol wire in that it displayed little work hardening, an austenitic parent phase, and a
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springback that was 4.4 times greater than stainless steel and 1.6 times that of nitinol
wire.19 In the 1990s, Heat-activated NiTi (HANT) alloys emerged on the market with an
additional property of having shape memory through their physical characteristics of
being thermally active.20 Shortly after, NiTi wires with copper (CuNiTi) also emerged
with the added benefit that the copper, an efficient heat conductor, when added to the
nickel-titanium produced better transition temperatures during thermal activation.21
Together, these newer NiTi wires allow clinicians to stay in preformed NiTi wires into
much later stages of treatment.22, 23

1.2.2. Classification System
To this day, no universal dental arch form exists in orthodontics. Therefore, there
is a need to classify and treat to the patient’s original arch form to achieve a good result.
While classification systems have changed over the years, the most archetypal
classification system used today categorizes arch forms into ovoid, tapered, and square.14,
24

Most manufacturers offer preformed archwires that come in these three categories with

the archwires differing mostly in intercanine width with an average range of about 5
mm.9
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Tapered

This arch form presents as the narrowest in terms of intercanine width. It is used
for patients with very narrow pretreatment or tapered arch forms or with a tendency for
gingival recession in the canine and premolar regions. It may also be used on patients
who receive limited treatment in one arch to limit the amount of expansion that may
occur in the treated arch.9

Square

This arch form presents as the broadest in terms of intercanine width. It is used for
patients with very broad or square pretreatment arch forms. It may also be used in
patients that require dental expansion in the upper arch or buccal uprighting of the
posterior teeth in the lower arch.9

Ovoid

This arch form presents as an intercanine width between both aforementioned
arch forms. It is used with patients who present with pretreatment arch forms of ovoid
shape and moderate intercanine width.9
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1.3. The Orthodontist’s Role
1.3.1. Inter-Arch Dimensions
Although orthodontics is a perpetually evolving field, the fundamentals of
establishing an ideal occlusion remain untouched.25 Orthodontists must have a thorough
understanding of the diagnosis and treatment planning of malocclusions to meet highquality standards of orthodontic care that lead to esthetics, function, stability, and
health.24

To increase post treatment stability, many studies recommend preserving the
patient’s original arch form and inter-arch dimensions.27, 28, 29 Relapse following
treatment is thought to arise from soft tissue pressures exerted on teeth that are positioned
outside of the soft tissue envelope. Therefore, it is essential to position teeth such that
they are in equilibrium with the soft tissues.27

Orthodontists diagnose and set treatment goals to position teeth pertaining to two
specific inter-arch dimensions: the intercanine and intermolar widths. Research has
shown that preserving the original intercanine and intermolar widths leads to better post
treatment stability.30 While minor dental expansion of the maxillary teeth is tolerable
within the soft tissue envelope, the same cannot be said for the mandibular teeth. The
inter-arch dimensions of the mandibular arch should not be altered. The most important
of these dimensions is the mandibular intercanine width as studies have shown, it tends to
return to its original dimension after treatment.31, 32, 33 Consequently, it is important to
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identify how well preformed archwires resemble the patient’s original inter-arch
dimensions.

1.3.2. Discrepancy in Inter-Arch Dimensions
Orthodontists are more frequently using preformed nickel-titanium archwires into
stages of treatment that were previously used by stainless steel wires.34 However, nickeltitanium archwires are heat-treated, and therefore, it is not recommended to alter the form
of these archwires with cold forming or using a heat source. Inciting significant changes
to these archwires may cause unwanted force level changes.16 The inability to
individualize preformed nickel-titanium archwires creates an uncertainty and prompts the
significance of studying their inter arch-dimensions and how well they resemble the
patient’s original inter-arch dimensions.

While some orthodontists understand that these preformed nickel-titanium wires
may cause changes to the arch form, they believe that stainless steel wires contoured to
the original arch form will help return the original arch form to pre-treatment levels. This
mode of treatment is not recommended, because it produces round tripping movement of
the teeth and increases the risk of possible unintended side effects.1 Furthermore,
randomized clinical trials have found that significant mandibular dental arch expansion
can occur in the early stages of orthodontic treatment regardless of the archwire form.35

Braun et al. superimposed thirty-three popular preformed nickel-titanium
archwires and bracket assemblies over natural mandibular and maxillary arch forms.
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They observed that the preformed archwires did not mimic the natural arch form.
Specifically, every preformed nickel-titanium archwire exceeded the intercanine and
intermolar widths of the natural arch forms.36 Hedayati et al. came to a similar result.
They concluded that the preformed tapered arch form was more consistent with the lower
arch in an Iranian population.37 Oda et al. came to a different conclusion. They found that
preformed archwires were significantly narrower than the normal dental arches of a
Japanese population.38 Despite these different outcomes, orthodontists have a
responsibility to preserve the patient’s original arch form and clearly understand the
differences in inter-arch dimensions between natural arches and preformed archwires.
Clinically, it is more relevant to study changes in the mandibular arch, because the
maxillary arch is more resistant to arch expansion relapse following orthodontic
treatment.39 Therefore, when different upper and lower arch forms are present, the
mandibular arch is usually used as guide to structure the maxillary arch.26

1.3.3. Arch Form Selection
Because no single arch form exists for every malocclusion, archwires must always
be individualized to the patient.40 However, individualizing archwires can be a timeconsuming endeavor for the orthodontist. As previously stated, the three archetypal arch
forms most often used and described by clinicians today are ovoid, tapered and square.14,
24

Having an orthodontist choosing from three different arch forms reduces their patient

chair side time versus individualizing each archwire, while balancing a modality of
treatment more stable than treating to one, idealized arch form. For every patient, one
arch form is selected with the versatility to offer individualization as needed.41 Therefore,
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rather than having one universal arch form, clinically, it is more reasonable to identify the
patient’s pretreatment arch form and select a preformed archwire that best resembles it.42
However, to our knowledge, previous studies have not yet assessed the intercanine and
intermolar widths of preformed archwires when categorized into ovoid, tapered, and
square arch forms.

1.4. Current Study
1.4.1. Purpose
The purpose of this study was to evaluate the inter-arch dimensions of
commercially available preformed rectangular nickel-titanium wires relative to normal
occlusion dental arches. 14, 24 Study results will inform orthodontists how the shapes of
various preformed archwires correspond to the shapes of the arches exhibited by the
dental models representative of normal occlusion in this study.
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1.4.2. Specific Aims
Specific Aim 1: To evaluate the intercanine and intermolar width differences of
commercially available preformed nickel-titanium archwires relative to
normal occlusion dental arches.
Hypothesis 1: There will be a statistically significant difference in the intercanine
and intermolar widths of preformed nickel-titanium archwires and
normal dental occlusion arches.
Specific Aim 2: To evaluate the intercanine and intermolar width differences of
commercially available preformed nickel-titanium archwires categorized
into ovoid, tapered, and square arch forms relative to normal occlusion
dental arches of matching arch form.
Hypothesis 2: There will be a statistically significant difference in the intercanine
and intermolar widths of preformed nickel-titanium archwires
categorized into ovoid, tapered, and square arch forms relative to
normal dental occlusion arches of matching arch form.
Specific Aim 3: To evaluate the intercanine and intermolar width differences of
commercially available preformed nickel-titanium archwires categorized
into ovoid, tapered, and square arch forms relative to normal occlusion
dental arches of differing arch form.
Hypothesis 3: There will be a statistically significant difference in the intercanine
and intermolar widths of preformed nickel-titanium archwires
categorized into ovoid, tapered, and square arch forms relative to
normal occlusion dental arches of differing arch form.
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Chapter 2: Materials and Methods
2.1. Study Sample
The study sample included 45 pretreatment, de-identified lower casts of Angle’s
Class I normal occlusion patients. We based this number (45) on the work of Oda et. al.
(2010).38 On an assumption of an anticipated ICC = 0.90 with an acceptable confidence
interval width of 25%, we arrived at an optimal sample size of 33 casts. Casts were
selected through convenience sampling among the patient pool of Nova Southeastern
University’s College of Dental Medicine Department of Orthodontics and Dentofacial
Orthopedics. Inclusion criteria were Angle’s Class I (mesiobuccal cusp of the maxillary
first molar occluding in the mesiobuccal groove of the mandibular first molar) 43, normal
overjet (1-2 mm), normal overbite (2-3 mm), aligned teeth with minimal crowding (<3
mm), and no crossbites. Casts were excluded if the subjects had undergone previous
orthodontic or prosthetic treatment, extensive proximal or occlusal restorations involving
cusp tips, dental attrition causing obvious wear of incisal or cusp tips, tooth fracture,
ectopically erupted or supernumerary teeth, deciduous teeth, congenitally missing teeth,
or extracted teeth (excluding third molars).44

2.2. Arch Form Classification
Arch form templates (Figure 1, OrthoForm, 3M Unitek, Monrovia, CA) were
overlaid on mandibular arch casts for arch form categorization (Figure 2). Arch form
templates were placed directly over the casts using the buccal cusp tips and incisal edges
from first molar to first molar as a modified version of Kook et al. and Hedayati et al.’s
studies. 37, 42 The 45 casts were separated into 3 equal groups of 15 ovoid, 15 tapered, and
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15 square arch forms. Casts of the mandibular arch were then mounted on a calibration
mold (Figures 3 and 4) and 3D scanned at 6-micron resolution. Preformed 0.019” x
0.025” nickel-titanium archwires and arch form templates were glued (Scotch QuickDrying Tacky Glue, 3M Center, St. Paul, MN) onto millimeter paper to calibrate the
measurements (Figure 5). They were then 2D scanned at 1200 dpi resolution by Vita
Dental 3d (Sunrise, FL). The system consisted of a 3D scanning unit (ScanBox; Smart
Optics, Bochum, Germany), a 2D scanning unit (EPSON ET-4550; Seiko Epson
Corporation, Suwa, Nagano, Japan) a computer-aided-design software program (Software
Activity; Smart Optics, Bochum, Germany), a dental cast analyzing software (Orth’Up;
Silcox Dental Supply, Canfield, OH), and an archwire analyzing software (CorelDraw;
Corel Corporation, Ottawa, ON).

Figure 1. Tapered, Square, and Ovoid arch form templates. (OrthoForm, 3M Unitek,
Monrovia, CA).46

13

To evaluate intra-operator reliability of arch form selection, 15 of the 45 total
casts were randomly selected after two weeks. The arch forms were re-classified by the
same examiner using best fit of the casts to the arch form templates.

Figure 2: Arch form template overlaid on cast to categorize arch form.
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Figure 3: Calibration mold used to mount pretreatment casts.

15

Figure 4: Pretreatment cast mounted to calibration mold prior to scanning.

Figure 5: Archwires glued onto millimeter paper for calibration prior to scanning.
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2.3. Archwires
A total of 18 preformed lower 0.019” x 0.025” nickel-titanium archwires from 5
companies were 2D scanned (Table 1). These archwires represented the most common
archwires used within the clinic at Nova Southeastern University’s College of Dental
Medicine, Department of Orthodontics and Dentofacial Orthopedics. To eliminate bias,
all archwires were purchased separately. As seen in the flowchart below, the archwires
were divided into sets of three, with each set differing in shape and size resembling the
ovoid, tapered, and square arch forms that most orthodontists use today (figure 6).
Archwires by ORMCO and Ortho Classic differed mostly in “broadness” of the archwires
but were nonetheless categorized into ovoid, tapered, and square arch forms.

Figure 6. Flowchart showing archwires categorized into ovoid, tapered, and square.

17

2.4. Measurements
Using the software, the anatomic reference points described below were identified
by the primary investigator (E.B.).

Intercanine width, canine depth, intermolar width, and molar depth on the digitized
casts were measured. Average intercanine and intermolar depth determined the location
of lower canines and molars on the archwires (figures 7 and 8). The anatomic reference
points are defined below as:
•

Canine Depth: measured from incisal edges of lower incisors to cusp tips of lower
canines. Assessed location of canine on archwire.

•

Molar Depth: measured from incisal edges of lower incisors to mesiobuccal cusp
tips of lower molar. Assessed location of molar on archwire.

•

Intercanine width: distance between cusp tips of lower canines.

•

Intermolar width: distance between mesiobuccal cusp tips of lower molars (Figure
7).
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Figure 7. Cast measurements. 1: Average canine depth of arch (measured from incisal
edges of lower incisors to cusp tips of lower canines), 2: Average molar depth of arch
(measured from incisal edges of lower incisors to mesiobuccal cusp tips of lower molars).
3: Intercanine distance measured from cusp tips. 4: Intermolar distance measurements
from mesiobuccal cusp tips.42
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Figure 8. Calculation of arch wire depth. 1: Average canine depth of arch (measured
from incisal edges of lower incisors to cusp tips of lower canines), 2: Average molar
depth by arch (measured from incisal edges of lower incisors to mesiobuccal cusp tips of
lower molar).45

Initially, lower canines and first molars were selected as reference teeth. Incisal
edges of the lower incisors, cusp tips of the lower canines, and mesiobuccal cusp tips of
the lower first molars were then selected. The intercanine and intermolar widths of the
scanned casts were measured. Two lines extending from the incisal edges of the lower
incisors perpendicular to the intercanine and intermolar widths determined the intercanine
and intermolar depths (figure 7). A total of four measurements on each casts were made.
The intercanine width, intermolar width, intercanine depth, and intermolar depths of the
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casts were calculated (figure 9). The average canine and molar depths of the 45 total casts
were used to determine the average location of the lower canines and first molars for the
archwires. Intercanine and intermolar widths of the archwires were then determined
(figure 10).

Figure 9. Digital cast measurements.

Figure 10. Digital archwire measurements. Calculation of intercanine and intermolar
widths on the archwires.
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2.5. Statistical analysis
Descriptive statistics including means and standard deviations of the intercanine
and intermolar widths of the archwires and dental casts were computed and shown
graphically according to ovoid, tapered, and square arch forms. A linear-contrast using
robust-standard errors with a Bonferroni-Holm adjustment was used to measure the
differences in inter-arch dimensions between pretreatment casts and preformed archwires
by matching and differing arch forms. RStudio and R 3.2.2 was used for all statistical
analyses and significance was accepted at p < 0.05.

R Core Team (2018). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.
RStudio (2018). RStudio: Integrated development environment for R (Version 0.96.122)
[Computer software]. Boston, MA.
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Chapter 3: Results
3.1. All Casts to All Archwires
•

Data and descriptive statistics are listed in tables 2 and 3. The intra-operator
reliability for arch form categorization was 93.33% (14/15 casts).

•

There was a statistically significant difference in the intercanine widths between
pretreatment casts (M = 26.11 mm, SD = 2.33 mm) and preformed archwires
(31.16 mm, SD = 2.37 mm); SE = 0.65, p < 0.000 [difference =5.06 mm: 95%
3.75, 6.36].

•

There was a statistically significant difference in the intermolar widths between
pretreatment casts (M = 44.22 mm, SD = 2.98 mm) and preformed archwires (M
= 53.43 mm, SD = 4.30 mm); SE = 0.95, P < 0.000 [difference = 9.21 mm: 95%
7.31, 11.10].

3.2. Matching Arch Forms
3.2.1. Ovoid Casts to Ovoid Archwires
•

There was a statistically significant difference in the intercanine widths between
ovoid casts (M = 26.62 mm, SD = 2.28 mm) and ovoid archwires (M = 31.43 mm,
SD = 2.19 mm); SE = 1.13, p = 0.001 [difference = -4.81 mm: 95% CI: -8.01, 1.60].

•

There was a statistically significant difference in the intermolar widths between
ovoid casts (M = 43.92 mm, SD = 2.75 mm) and ovoid archwires (M = 53.73 mm,
SD = 4.33 mm); SE = 1.83, p < 0.000 [difference = -9.81 mm: 95% CI: -14.99, 4.63].

23

3.2.2. Tapered Casts to Tapered Archwires
•

There was a statistically significant difference in the intercanine widths between
tapered casts (M = 24.14 mm, SD = 1.83 mm) and tapered archwires (M = 30.18
mm, SD = 3.19 mm); SE = 1.03, p < 0.000 [difference = 6.04 mm: 95% CI: -8.97,
-3.11].

•

There was a statistically significant difference in the intermolar widths between
tapered casts (M = 42.90 mm, SD = 3.31 mm) and tapered archwires (M = 52.83
mm, SD = 5.28 mm); SE = 1.93, p < 0.000 [difference = -9.93 mm: 95% CI: 15.40, -4.46].

3.2.3. Square Casts to Square Archwires
•

There was a statistically significant difference in the intercanine widths between
square casts (M = 27.55 mm, SD = 1.37 mm) and square archwires (M = 31.88
mm, SD = 1.50 mm); SE = 0.95, p = 0.001 [difference = -4.33 mm: 95% CI: 7.02, -1.64).

•

There was a statistically significant difference in the intermolar widths between
square casts (M = 45.84 mm, SD = 2.13 mm) and square archwires (M = 53.72
mm, SD = 3.94 mm); SE = 1.74, p = 0.001 [difference = -7.88 mm: 95% CI: 12.79, -2.96].
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3.3. Differing Arch Forms
3.3.1. Ovoid Casts to Tapered and Square Archwires
•

There was a statistically significant difference in the intercanine widths between
ovoid casts (M = 26.62 mm, SD = 2.28 mm) and tapered archwires (M = 30.18
mm, SD = 3.19 mm); SE = 1.13, p = 0.023 [difference = 3.56 mm: 95% CI: 0.36,
6.76].

•

There was a statistically significant difference in the intermolar widths between
ovoid casts (M = 43.92 mm, SD = 2.75 mm) and tapered archwires (M = 52.83
mm, SD = 5.28 mm); SE = 1.83, p < 0.000 [difference = 8.91 mm: 95% CI: 3.73,
14.09].

•

There was a statistically significant difference in the intercanine widths between
ovoid casts (M = 26.62 mm, SD = 2.28 mm) and square archwires (M = 31.88
mm, SD = 1.50 mm); SE = 1.13, p < 0.000 [difference = 5.26 mm: 95% CI: 2.05,
8.46].

•

There was a statistically significant difference in the intermolar widths between
ovoid casts (M = 43.92 mm, SD = 2.75 mm) and square archwires (M = 53.72
mm, SD = 3.94 mm); SE = 1.83, p < 0.000 [difference = 9.80 mm: 95% CI: 4.62,
14.98].

3.3.2. Tapered Casts to Ovoid and Square Archwires
•

There was a statistically significant difference in the intercanine widths between
tapered casts (M = 24.14 mm, SD = 1.83 mm) and ovoid archwires (M = 31.43
mm, SD = 2.19 mm); SE = 1.03, p < 0.000 [difference = -7.29 mm: 95% CI: -
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10.22, -4.36].
•

There was a statistically significant difference in the intermolar widths between
tapered casts (M = 42.90 mm, SD = 3.31 mm) and ovoid archwires (M = 53.73
mm, SD = 4.33 mm); SE = 1.93, p < 0.000 [difference = -10.83 mm: 95% CI: 16.30, -5.36].

•

There was a statistically significant difference in the intercanine widths between
tapered casts (M = 24.14 mm, SD = 1.83 mm) and square archwires (M = 31.88
mm, SD = 1.50 mm); SE = 1.03, p < 0.000 [difference = -7.74 mm: 95% CI: 10.67, -4.81].

•

There was a statistically significant difference in the intermolar widths between
tapered casts (M = 42.90 mm, SD = 3.31 mm) and square archwires (M = 53.72
mm, SD = 3.94 mm); SE = 1.93, p < 0.000 [difference = -10.82 mm: 95% CI: 16.29, -5.35].

3.3.3. Square Casts to Ovoid and Tapered Archwires
•

There was a statistically significant difference in the intercanine widths between
square casts (M = 27.55 mm, SD = 1.37 mm) and ovoid archwires (M = 31.43
mm, SD = 2.19 mm); SE = 0.95, p = 0.002 [difference = -3.88 mm: 95% CI: 6.57, -1.19).

•

There was a statistically significant difference in the intermolar widths between
square casts (M = 45.84 mm, SD = 2.13 mm) and ovoid archwires (M = 53.73
mm, SD = 4.33 mm); SE = 1.74, p = 0.001 [difference = -7.89 mm: 95% CI: 12.80, -2.98].
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•

There was no statistically significant difference in the intercanine widths between
square casts (M = 27.55 mm, SD = 1.37 mm) and tapered archwires (M = 30.18
mm, SD = 3.19 mm); SE = 0.95, p = 0.058 [difference = 2.63 mm: 95% CI: -0.06,
5.33).

•

There was a statistically significant difference in the intermolar widths between
square casts (M = 45.84 mm, SD = 2.13 mm) and tapered archwires (M = 52.83
mm, SD = 5.28 mm); SE = 1.74, p = 0.002 [difference = 6.99 mm: 95% CI: 2.07,
11.90].
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Chapter 4: Discussion
The human dental arch form is defined as the position and relationship of the teeth
to each other in all three planes of space.46 Previous studies have shown an inherent post
treatment instability that occurs when a patient’s original arch form is not preserved as a
result of orthodontic treatment.27, 28, 29 Felton et al. evaluated pretreatment, posttreatment, and post-retention dental casts of orthodontic patients treated with nonextraction comprehensive fixed orthodontics. They observed unstable post-retention
results, particularly when orthodontic treatment altered the arch form and inter arch
dimensions. This instability frequently resulted in relapse and a return to the original pretreatment arch form and inter arch dimensions. They concluded that in order to obtain
long-term stability, arch form must be individualized in most cases.29

Two important parameters that are vital to maintain for post treatment stability are
the intercanine and intermolar widths.30 Bishara et al. studied the changes in intercanine
and intermolar widths from 6 weeks to 45 years of age. The mandibular intermolar width
increased until 13 years of age. The mandibular intercanine width increased until 13 years
of age, but by and large was established by 8 years of age following eruption of the
permanent incisors. Both the intercanine and intermolar widths showed slight decreases
as one aged into adulthood following eruption of the permanent dentition. Bishara et al.
concluded that it is essential to maintain the intercanine and intermolar widths and that
expansion beyond the original inter-arch dimensions was not justified.47 Likewise, a
meta-analysis in 1998 by Burke et al. concluded that the mandibular intercanine width
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should be maintained after looking at changes in the mandibular intercanine width of
1,233 subjects during treatment, immediately after treatment, and in postretention.33

Given the level of that supports that the arch form and inter-arch
dimensions should be maintained, it would be reasonable to accept that most
orthodontists would incorporate such preservation in their treatment goals. Yet,
McNamara et al. preformed a two-part questionnaire on 100 clinicians to determine
whether arch form and intra-arch dimensions were important during initial alignment and
space-closure. They found that only 16% of clinicians believed that arch form was
important during the initial stages of treatment. While only 23% believed that arch width
was important during the initial stages of treatment, paradoxically, the majority of
clinicians felt that the lower intercanine width should be preserved.
During space-closure, only 28% of clinicians regularly used pretreatment study
models to individualize arch form, suggesting an inherent expansion of intra-arch
dimensions with a loss of pretreatment arch form.48 These findings on clinicians views of
arch form contrast sharply with Padhraig et al.’s randomized clinical trial of 60 patients
which found that the mandibular arch experienced transverse expansion of the
intercanine, interpremolar, and intermolar widths during the alignment and leveling
stages of orthodontic treatment.35

The rationale behind such a disregard for arch form and inter-arch dimensions
may be the result of today’s orthodontic practice environment. Individualizing every
archwire to mimic a patient’s natural arch form is time-consuming for the orthodontist in
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today’s standard orthodontic practice environment. Orthodontists are more frequently
using preformed nickel-titanium archwires into stages of treatment that were previously
used by stainless steel wires.34 The properties of nickel-titanium wires are not conducive
to archwire individualization. To combat the challenges of human biology with practice
management, a more pragmatic approach would be to have preformed archwires with
multiple arch forms in the office. This way the orthodontist can identify the patient’s
original arch form and then select an archwire corresponding to that original arch form.
While classification systems have changed over the years, the most archetypal
classification system used today categorizes arch forms into ovoid, tapered, and square.14,
24

Most manufacturers offer preformed archwires that come in these three categories,

with the archwires differing mostly in intercanine width with an average range of about 5
mm.9

This study was among the first ones to examine the correspondence of preformed
archwire dimensions to casts representative of the three archetypal arch forms: ovoid,
tapered and square. The study evaluated the intercanine and intermolar width differences
of commercially available preformed nickel-titanium archwires relative to class I normal
occlusion dental arches. Furthermore, this study wanted to evaluate the intercanine and
intermolar width differences of commercially available preformed nickel-titanium
archwires categorized into ovoid, tapered, and square arch forms relative to class I
normal occlusion dental arches of matching and differing arch forms.
In this study, the intercanine widths of the preformed archwires were significantly
larger than the intercanine width of the pretreatment casts. The intermolar widths of the
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preformed archwires were significantly larger than the intermolar widths of the
pretreatment casts. This study agrees with Braun et al., and Hedayati et al. who found that
preformed archwires have larger intercanine and intermolar widths than pretreatment
casts.36, 37 However, this study differs from Oda et al. who found that preformed
archwires have smaller intercanine and intermolar widths than pretreatment casts.38

Braun et al. superimposed thirty-three popular preformed nickel-titanium
archwires and bracket assemblies over natural mandibular and maxillary arch forms.
They observed that the preformed archwires did not mimic the natural arch form. They
found that the average intercanine width of the preformed archwires exceed the average
intercanine width of the pretreatment casts by 5.95 mm in the mandibular arch.36 This is
similar to this study that found the average intercanine width of the preformed archwires
exceeded the average intercanine width of the pretreatment casts by 5.11 mm. While
Braun et al. found that the intermolar widths of the preformed archwires exceeded the
average intermolar widths of pretreatment casts; this difference was minimal at only 0.84
mm in the mandibular arch. This significantly differs with this study, which found that
the average intermolar width of the preformed archwires exceeded the average intermolar
width of the pretreatment casts by 9.21 mm.

These differences between this study and Braun et al.’s study could be a result of
the different archwires selected within each study. In Braun et al.’s study, the average
measured intermolar width of the preformed archwires was 48.57 mm with a range of
45.48 mm to 51.07 mm.36 In contrast, this study had a much greater range of preformed
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archwire intermolar widths and as a result, a greater average intermolar width. The
average intermolar width for the preformed archwires used in this study was 53.43 mm
with a range of 47.71 mm to 62.27 mm.

Another significant difference between Braun et al.’s study and this study was
that the average pretreatment intermolar width in Braun et al.’s study was larger (47.73
mm) than the average pretreatment intermolar width found within this study (44.22 mm).
This difference of 3.51 mm was because Braun et al. used a mandibular archwire/bracket
assembly. As a result, the facial surface of the mandibular molars and the buccal/lingual
profile (thickness) of the bracket create a larger arch form.36 Oda et al. found that the
average bracket thickness of a mandibular first molar bracket to be 0.73 mm.38 Taking
into consideration the buccal convexity of the mandibular first molar, it is reasonable to
accept a greater intermolar width found in Braun et al.’s study.

This study used the cusp tips of the lower canines and mesiobuccal tips of the
lower first molars as reference landmarks to measure the intercanine and intermolar
widths. We based this method by using Dr. Edward Angle’s Line of occlusion, which for
the lower arch, is described as an imaginary line extending through the buccal cusp tips
of the posterior teeth and incisal edges of the anterior teeth. It is this imaginary line that
many orthodontists use as references when individualizing archwires.49

This study did contrast with Oda et al.’s study, which found that the average
intercanine and intermolar widths of preformed archwires were narrower than the average
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intercanine and intermolar widths of normal dental arches.38 In their study, the average
intercanine and intermolar widths of the preformed archwires were 29.05 mm and 51.96
mm respectively.38 This is very similar to what we found in this study at 31.16 mm and as
mentioned before, 53.43 mm. However, the measured intercanine and intermolar widths
of the pretreatment casts in their study were 30.13 mm and 55.28 mm. This is
significantly larger than what we found in this study (26.11 mm and 44.22 mm). This
again may be a result of estimating the bracket thickness and using the buccal surface of
the teeth instead of the cusp tips.

However, this would not explain the entire difference in the intermolar width.
Another possible difference is related to ethnic factors. Oda et al. used a sample of
pretreatment casts derived from a Japanese population. Nojima et al. found that ovoid and
square arch forms were the predominant arch forms in a sample of Japanese pretreatment
casts. In contrast, they found that the predominant arch forms in Caucasians were ovoid
and tapered arch forms. As a result, Caucasians had narrower arch forms on average.27
Given that the prevalence of class III malocclusions are greater in Asian populations
versus the U.S. population (14% versus 5%) and that Oda et al. did not account for arch
form in their study, it is reasonable to assume that the inter-arch dimensions of the
mandibular arches of Oda et al.’s study may not generalize to the inter-arch dimensions
characteristic of this study or of the general U.S. population.50

Pertaining to arch form, this study showed that there was no statistically
significant difference in the intercanine widths between pretreatment casts categorized
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into ovoid and square arch forms. There were statistically significant differences between
pretreatment casts categorized into ovoid and tapered and tapered and square arch forms.
The average intercanine widths of the tapered, ovoid, and square pretreatment casts were
as follows: 24.14 mm, 26.62 mm, and 27.55 mm. This difference of 3.41 mm between
tapered and square arch forms is slightly smaller than the expected 5 mm difference used
in the 3M arch form templates.9 This 5 mm expected intercanine difference is very nearly
what we found. In this study, the biggest difference in intercanine widths in the arch form
templates was 5.91 mm between tapered and square arch forms.

This study also found no statistically significant difference in the intermolar
widths between pretreatment casts categorized into ovoid, tapered, and square arch forms.
This is similar to what the orthodontist may expect when using the 3M arch form
templates. The vast majority of the difference in arch form of the arch form templates is
related to the widths of the anterior segments with the widths of the posterior segments
very similar among all three arch forms.9 In this study, the biggest difference in
intermolar widths in the arch form templates was between the tapered and square arch
forms at 3.02 mm.

Inter-arch dimensions are seemingly no different among ovoid, tapered, and
square archwires. Somewhat surprisingly, we found no statistically significant difference
in the intercanine widths of archwires categorized into tapered (30.18 mm), ovoid (31.43
mm), and square (31.88 mm) arch forms. A difference of only 1.7 mm is significantly
smaller than the 5 mm intercanine width difference of the 3M arch form templates used
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by orthodontists.9 This may be the result of some companies not specifically categorizing
their archwires into ovoid, tapered, and square arch forms. For example, in this study
archwires by American Orthodontics had an intercanine width difference of 5.9 mm
between tapered and square arch forms. In contrast, companies that categorize the arch
form based on “broadness” more so than specific arch form category like Ortho Classic
and ORMCO, had very small intercanine width differences among arch forms at only 0.3
mm and 1.33 mm respectively.

There were no statistically significant differences in the intermolar widths of
archwires categorized into tapered (52.83 mm), ovoid (53.73 mm), and square (53.72
mm) arch forms. Only archwires by American Orthodontics and the Medium Temper
archwire set by Dentsply Sirona showed a modest intermolar width differences at 4.24
mm and 5.55 mm.

When pretreatment casts were compared to preformed archwires categorized into
matching arch forms as the pretreatment cast (ovoid to ovoid, tapered to tapered, square
to square), there were statistically significant differences in inter-arch dimensions. When
pretreatment casts were compared to preformed archwires of differing arch forms, only
tapered archwires fitted to casts of square arch form showed no statistically significant
differences in intercanine widths. All other differing archwire and arch form groupings
had significantly larger intercanine widths than the pretreatment casts. In fact, the only
archwire that had an intercanine width (25.14 mm) below the average intercanine width
(26.11 mm) of the pretreatment casts was the tapered (Form 1) arch form by American
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Orthodontics. This study therefore agrees with Hedayati et al.’s study, which found that
in an Iranian population, archwires of tapered shape were more suitable for the lower
arch.37 There were no statistically significant differences in the intermolar widths of
preformed archwires categorized in ovoid, tapered, and square arch forms. All arch form
categories had significantly larger intermolar widths than pretreatment casts.

Given the surprisingly small difference in inter-arch dimensions among archwires
categorized into ovoid, tapered, and square arch forms, it would be wise for the practicing
orthodontist to choose an archwire of tapered arch form. Selecting this arch form would
least expand the inter-arch dimensions of the natural arches with the notion that archwires
will always need to be individualized to the patient at some point.
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Chapter 5: Conclusions
The average intercanine and intermolar widths of preformed archwires were
significantly greater than pretreatment casts of normal occlusion archwires. Only tapered
archwires when compared to pretreatment casts categorized into square arch forms
showed no statistically significant differences in intercanine widths. It is important for
orthodontists to recognize the magnitude of such discrepancies and to consider using
archwires with narrower arch forms and inter-arch dimensions with the notion that
archwires must always be individualized to the patient at some point.

5.1. Strengths and Limitations
A strength of this study is that it is among the first ones to examine the
correspondence of preformed archwire dimensions to casts representative of the three
archetypical arch forms: ovoid, tapered and square. Moreover, another strength of this
study is that it is among the first to examine the intercanine and intermolar width
differences of preformed archwires to pretreatment casts when the preformed archwires’
arch form matched the casts’ original arch form when it differed from the cast’s original
arch form. The determination of pretreatment arch form using best fit of the pretreatment
casts to the arch form templates was a limitation of this study. Given that no universal
arch form exists, the threat to validity may be systematic differences among orthodontists
on what constitutes ovoid, tapered and square arch forms. Another limitation was that
pretreatment casts and archwires were selected by convenience sampling from Nova
Southeastern University’s College of Dental Medicine’s Department of Orthodontics and
Dentofacial Orthopedics’ clinic. As such, the threat to validity is that this results may not
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be representative of the archwires and pretreatment casts of the general population.
Nonetheless, the findings of this study will inform orthodontists how the shapes of
various preformed archwires correspond to the shapes of the arches exhibited by the
dental models representative of normal occlusion in this study.

5.2. Future Studies
A good future study may look at the changes in inter-arch dimensions using
different preformed archwires before and after leveling and alignment. Although, this
study found that nickel-titanium archwires do on average have larger intercanine and
intermolar widths than pretreatment casts, future research may look at how much this
disparity translates to a clinical transverse expansion of inter-arch dimensions. For
example, in orthodontics a common method for incisor intrusion is the utility arch. While,
proper activation of the utility arch requires the archwire to lie in the vestibule, clinically
only 3-5 mm of intrusion are possible.51 Another good future study is examining the
changes in inter-arch dimensions with other appliances like clear aligners, particularly athome do-it-yourself aligners. Future studies may look to examine the changes in interarch dimensions before and after treatment of this newer therapy.
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Table 1
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Table 1: List of archwires.
Archwire Form
Ortho Form I
Ortho Form II
Ortho Form III
Natural Arch Form I
Natural Arch Form II
Natural Arch Form III
Orthos Arch Form Small
Orthos Arch Form Large
Tru-Arch Large
H4 Pitts Standard
H4 Pitts Broad
H4 Universal
Ideal Medium Temper 1
Ideal Medium Temper 2
Ideal Medium Temper 3
AccuForm Medium Temper
1
AccuForm Medium Temper
2
AccuForm Medium Temper
3

Company
3M Unitek, Monrovia, CA
3M Unitek, Monrovia, CA
3M Unitek, Monrovia, CA
American Orthodontics, Sheboygan,
WI
American Orthodontics, Sheboygan,
WI
American Orthodontics, Sheboygan,
WI
Ormco, Glendora, CA
Ormco, Glendora, CA
Ormco, Glendora, CA
Ortho Classic, McMinnville, OR
Ortho Classic, McMinnville, OR
Ortho Classic, McMinnville, OR
Dentsply Sirona, York, PA
Dentsply Sirona, York, PA
Dentsply Sirona, York, PA
Dentsply Sirona, York, PA
Dentsply Sirona, York, PA
Dentsply Sirona, York, PA
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Table 2: Raw cast data for ovoid casts.
Ovoid Casts
Intercanine
Width

Intermolar
Width

1

28.17

43.53

2

27.6

44.39

3

25.51

41.24

4

27.94

45.47

5

26.57

44.08

6

30.3

47.94

7

30.6

46.42

8

27.56

44.99

9

26.45

44.09

10

24.24

40.94

11

24.69

45.09

12

27.89

40.98

13

25.44

47.82

14

23.62

44.08

15

22.79

37.77

Average

26.62466667

43.922
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Tapered Casts
Intercanine Width

Intermolar Width

16

23.91

41.4

17

21.44

41.32

18

23.53

44.22

19

23.75

46.8

20

22.59

42.47

21

27.09

49.16

22

23.35

43.67

23

26.82

44.66

24

26.78

46.12

25

23.09

39.91

26

26.18

46.67

27

24.52

40.31

28

22.75

38.23

29

21.75

38.94

30

24.6

39.6

Average

24.14333333

42.89866667
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Table 2 (Continued): Raw cast data for square casts.
Square Casts
Intercanine Width

Intermolar Width

31

28.91

48.27

32

27.13

47.46

33

28.27

45.84

34

29.08

45.28

35

28.47

45.02

36

28.07

43.75

37

26.93

47.45

38

29.06

49.86

39

26.9

46.9

40

26.28

45.76

41

25.69

42.15

42

26.84

43.31

43

29.75

45.04

44

26.81

47.91

45

25.06

43.62

Average

27.55

45.84133333
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Table 2 (Continued): Raw cast data for all 45 casts.
Total (All 45 Casts)
Intercanine
Width

Intermolar
Width

26.106

44.22066667

Average of all 45
casts

Table 2 (Continued): Raw cast data for tapered archwires.
Tapered Archwires

Intercanine Width

Ortho Form I
Natural Arch Form II
Orthos Arch Form Small
H4 Pitts Universal
Ideal Medium Temper 3
AccuForm Medium Temper
1
Tapered Average

25.1355
29.1044
31.2209
34.926
30.8702

Intermolar
Width
47.7137
53.1814
53.6224
62.2714
52.113

29.84

48.07

30.18283333

52.82865

Table 2 (Continued): Raw cast data for ovoid archwires.
Intercanine
Intermolar
Ovoid Archwires
Width
Width
Ortho Form III
29.1936
49.83
Natural Arch Form III
31.05
53.16
Orthos Arch Form Large
31.4856
54.5866
H4 Standard
35.3665
61.9127
Ideal Medium Temper 2
29.6335
51.506
AccuForm Medium Temper
31.85
51.4
2
Ovoid Average
31.42986667
53.73255
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Table 2 (Continued): Raw cast data for square archwires.
Square Archwires

Intercanine Width

Ortho Form II
Natural Arch Form I
Tru-Arch Large
H4 Pitts Broad
Ideal Medium Temper 1
AccuForm Medium Temper
3
Square Average

31.0446
32.5457
31.5738
34.0432
29.6339

Intermolar
Width
51.9466
51.4175
52.0351
61.61
51.6821

32.44

53.62

31.8802

53.71855

Table 2 (Continued): Raw cast data for all 18 Archwires.
All 18
Intercanine
Intermolar
Archwires
Width
Width
Overall
31.1643
53.42658333
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Appendix C

Table 3
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Table 3: Descriptive statistics.
Intercanine_Width_Ovoid
Group
Ovoid Archwires
Square Archwires
Tapered Archwires
Ovoid Casts

N
6
6
6
15

Mean
31.43
31.88
30.18
26.62

SD
2.19
1.50
3.19
2.28

Min
29.19
29.63
25.14
22.79

Max
35.37
34.04
34.93
30.60

Intermolar_Width_Ovoid
Group
Ovoid Archwires
Square Archwires
Tapered Archwires
Ovoid Casts

N
6
6
6
15

Mean
53.73
53.72
52.83
43.92

SD
4.33
3.94
5.28
2.75

Min
49.83
51.42
47.71
37.77

Max
61.91
61.61
62.27
47.94

Intercanine_Width_Tapered
Group
Ovoid Archwires
Square Archwires
Tapered Archwires
Tapered Casts

N
6
6
6
15

Mean
31.43
31.88
30.18
24.14

SD
2.19
1.50
3.19
1.83

Min
29.19
29.63
25.14
21.44

Max
35.37
34.04
34.93
27.09

Intermolar_Width_Tapered
Group
Ovoid Archwires
Square Archwires
Tapered Archwires
Tapered Casts

N
6
6
6
15

Mean
53.73
53.72
52.83
42.90

SD
4.33
3.94
5.28
3.31

Min
49.83
51.42
47.71
38.23

Max
61.91
61.61
62.27
49.16

Intercanine_Width_Square
Group
Ovoid Archwires
Square Archwires
Tapered Archwires
Square Casts

N
6
6
6
15

Mean
31.43
31.88
30.18
27.55

SD
2.19
1.50
3.19
1.37

Min
29.19
29.63
25.14
25.06

Max
35.37
34.04
34.93
29.75

Intermolar_Width_Square
Group
Ovoid Archwires
Square Archwires
Tapered Archwires

N
6
6
6

Mean
53.73
53.72
52.83

SD
4.33
3.94
5.28

Min
49.83
51.42
47.71

Max
61.91
61.61
62.27
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Square Casts

15

45.84

2.13

42.15

49.86

Total Intercanine_Width I
Group
Ovoid Archwires
Ovoid Casts
Square Archwires
Square Casts
Tapered Archwires
Tapered Casts

N
6
15
6
15
6
15

Mean
31.43
26.62
31.88
27.55
30.18
24.14

SD
2.19
2.28
1.50
1.37
3.19
1.83

Min
29.19
22.79
29.63
25.06
25.14
21.44

Max
35.37
30.60
34.04
29.75
34.93
27.09

Total Intermolar_Width I
Group
Ovoid Archwires
Ovoid Casts
Square Archwires
Square Casts
Tapered Archwires
Tapered Casts

N
6
15
6
15
6
15

Mean
53.73
43.92
53.72
45.84
52.83
42.90

SD
4.33
2.75
3.94
2.13
5.28
3.31

Min
49.83
37.77
51.42
42.15
47.71
38.23

Max
61.91
47.94
61.61
49.86
62.27
49.16

Total Intercanine_Width II
Group
Ovoid Casts
Square Casts
Tapered Casts
Total Casts

N
6
6
6
45

Mean
31.43
31.88
30.18
26.11

SD
2.19
1.50
3.19
2.33

Min
29.19
29.63
25.14
21.44

Max
35.37
34.04
34.93
30.60

Total Intermolar_Width II
Group
Ovoid Casts
Square Casts
Tapered Casts
Total Casts

N
6
6
6
45

Mean
31.43
31.88
30.18
26.11

SD
2.19
1.50
3.19
2.33

Min
29.19
29.63
25.14
21.44

Max
35.37
34.04
34.93
30.60

Total Intercanine_Width III
Group
All Casts
All Archwires

N
45
18

Mean
26.11
31.16

SD
2.33
2.37

Min
21.44
25.14

Max
30.60
35.37

Total Intercanine_Width III
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Group
All Casts
All Archwires

N
45
18

Mean
26.11
31.16

SD
2.33
2.37

Min
21.44
25.14

Max
30.60
35.37

Total Intercanine_Width III
Group
All Casts
All Archwires

N
45
18

Mean
44.22
53.43

SD
2.98
4.30

Min
37.77
47.71

Max
49.86
62.27
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Table 4: Linear-contrasts using robust-standard errors with a Bonferroni-Holm
adjustment.
Intercanine_Width_Ovoid
Comparisons
Contrast
SE
Ovoid Casts vs Ovoid Archwires
-4.81
1.13
Square Archwires vs Ovoid Archwires
0.45
1.35
Tapered Archwires vs Ovoid Archwires
-1.25
1.35
Square Archwires vs Ovoid Casts
5.26
1.13
Tapered Archwires vs Ovoid Casts
3.56
1.13
Tapered Archwires vs Square Archwires
-1.70
1.35

P-Value
0.001
1.000
1.000
0.000
0.023
1.000

Intermolar_Width_Ovoid
Comparisons
Ovoid Casts vs Ovoid Archwires
Square Archwires vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
Square Archwires vs Ovoid Casts
Tapered Archwires vs Ovoid Casts
Tapered Archwires vs Square Archwires

Contrast
-9.81
-0.01
-0.90
9.80
8.91
-0.89

SE
1.83
2.19
2.19
1.83
1.83
2.19

P-Value
0.000
1.000
1.000
0.000
0.000
1.000

Intercanine_Width_Tapered
Comparisons
Square Archwires vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
Tapered Casts vs Ovoid Archwires
Tapered Archwires vs Square Archwires
Tapered Casts vs Square Archwires
Tapered Casts vs Tapered Archwires

Contrast
0.45
-1.25
-7.29
-1.70
-7.74
-6.04

SE
1.24
1.24
1.03
1.24
1.03
1.03

P-Value
1.000
1.000
0.000
1.000
0.000
0.000

Intermolar_Width_Tapered
Comparisons
Square Archwires vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
Tapered Casts vs Ovoid Archwires
Tapered Archwires vs Square Archwires
Tapered Casts vs Square Archwires
Tapered Casts vs Tapered Archwires

Contrast
-0.01
-0.90
-10.83
-0.89
-10.82
-9.93

SE
2.31
2.31
1.93
2.31
1.93
1.93

P-Value
1.000
1.000
0.000
1.000
0.000
0.000

Intercanine_Width_Square
Comparisons
Square Archwires vs Ovoid Archwires

Contrast
0.45

SE
1.14

P-Value
1.000
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Square Casts vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
Square Casts vs Square Archwires
Tapered Archwires vs Square Archwires
Tapered Archwires vs Square Casts

-3.88
-1.25
-4.33
-1.70
2.63

0.95
1.14
0.95
1.14
0.95

0.002
1.000
0.001
0.877
0.058

Intermolar_Width_Square
Comparisons
Square Archwires vs Ovoid Archwires
Square Casts vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
Square Casts vs Square Archwires
Tapered Archwires vs Square Archwires
Tapered Archwires vs Square Casts

Contrast
-0.01
-7.89
-0.90
-7.88
-0.89
6.99

SE
2.07
1.74
2.07
1.74
2.07
1.74

P-Value
1.000
0.001
1.000
0.001
1.000
0.002

Total_Intercanine_Width
Comparisons
Ovoid Casts vs Ovoid Archwires
Square Archwires vs Ovoid Archwires
Square Casts vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
Tapered Casts vs Ovoid Archwires
Square Archwires vs Ovoid Casts
Square Casts vs Ovoid Casts
Tapered Archwires vs Ovoid Casts
Tapered Casts vs Ovoid Casts
Square Casts vs Square Archwires
Tapered Archwires vs Square Archwires
Tapered Casts vs Square Archwires
Tapered Archwires vs Square Casts
Tapered Casts vs Square Casts
Tapered Casts vs Tapered Archwires

Contrast
-4.81
0.02
-3.88
-1.25
-7.29
4.82
0.93
3.56
-2.48
-3.90
-1.26
-7.30
2.63
-3.41
-6.04

SE
0.97
1.22
0.97
1.16
0.97
1.04
0.73
0.97
0.73
1.04
1.22
1.04
0.97
0.73
0.97

P-Value
0.000
1.000
0.003
1.000
0.000
0.000
1.000
0.008
0.020
0.006
1.000
0.000
0.134
0.000
0.000

Total_Intermolar_Width
Comparisons
Ovoid Casts vs Ovoid Archwires
Square Archwires vs Ovoid Archwires
Square Casts vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
Tapered Casts vs Ovoid Archwires
Square Archwires vs Ovoid Casts

Contrast
-9.81
-1.59
-7.89
-0.90
-10.83
8.22

SE
1.53
1.91
1.53
1.82
1.53
1.63

P-Value
0.000
1.000
0.000
1.000
0.000
0.000
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Square Casts vs Ovoid Casts
Tapered Archwires vs Ovoid Casts
Tapered Casts vs Ovoid Casts
Square Casts vs Square Archwires
Tapered Archwires vs Square Archwires
Tapered Casts vs Square Archwires
Tapered Archwires vs Square Casts
Tapered Casts vs Square Casts
Tapered Casts vs Tapered Archwires

1.92
8.91
-1.02
-6.30
0.69
-9.24
6.99
-2.94
-9.93

1.15
1.53
1.15
1.63
1.91
1.63
1.53
1.15
1.53

1.000
0.000
1.000
0.004
1.000
0.000
0.000
0.202
0.000

Total_Intercanine_Width
Comparisons
Square Archwires vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
All Casts vs Ovoid Archwires
Tapered Archwires vs Square Archwires
All Casts vs Square Archwires
All Casts vs Tapered Archwires

Contrast
0.45
-1.25
-5.32
-1.70
-5.77
-4.08

SE
1.360
1.360
1.020
1.360
1.020
1.020

P-Value
1.000
1.000
0.000
1.000
0.000
0.001

Total_Intermolar_Width
Comparisons
Square Archwires vs Ovoid Archwires
Tapered Archwires vs Ovoid Archwires
All Casts vs Ovoid Archwires
Tapered Archwires vs Square Archwires
All Casts vs Square Archwires
All Casts vs Tapered Archwires

Contrast
-0.01
-0.90
-9.51
-0.89
-9.50
-8.61

SE
1.990
1.990
1.500
1.990
1.500
1.500

P-Value
1.000
1.000
0.000
1.000
0.000
0.000

Total_Intercanine_Width
Comparisons
All Archwires vs All Casts

Contrast
5.06

SE
0.65

P-Value
0.000

Total_Intermolar_Width
Comparisons
All Archwires vs All Casts

Contrast
9.21

SE
0.95

P-Value
0.000
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Appendix E

Figures 10 and 11
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Figure 11: Distribution of intercanine widths of all archwires compared to the
average intercanine width and standard deviations of the pretreatment casts.
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Figure 12: Distribution of the intermolar widths of all archwires compared to the
average intercanine width and standard deviations of the pretreatment casts.
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