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INTEGRITY OF DENTAL ARCH FORM: A REVIEW

Zuhair A. Murshid’
ABSTRACT:

The orthodontic [iterature shows diversity in adopting
a reliable and definitive method for determining the shape and
dimension of the dental arch form. Several visual, [inear,
geometric, and mathematical methods were employed in order to
sort the form of the arch wire to fit a given dental arch. The
consensus among researchers and orthodontists is that there is no
general shape for the arch form and that the original mandibular
arch form should be preserved. This concept has been translated
through several vendors (Ortho CADs) for fabrication of the
treatment arch wire for a patient, using pretreatment study cast.
In addition, the Insigna and Sure Smile systems produced arch
wires made-up for each patient. The method of Andrews and
Andrews (2000) to determine the mandibular individual arch form
(WALA ridge) seems promising and a recent study showed a
positive correlation between this method and arch form shaping of
treatment arch wire [jad1]s.

INTRODUCTION

From an orthodontic point of view, the shape and size (dimension) of
the dental arch form have a significant inference in diagnosis and
treatment planning, influencing the tooth width/arch perimeter
relationship, function, esthetics and post-treatment stability. Researchers
have expended considerable effort to describe the dental arch form.
Several methods are available to describe the dental arch form and to
fabricate the clinical arch wire. Nevertheless, the stability of post-
treatment dental arch form remains a dilemma for both the orthodontist
andthe patient.
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Historically, the orthodontists , anatomists and Prosthodontists who
have investigated dental arch forms have been concerned with shape and
size. Black'” described arch form as simi-ellipse. Bonwell® developed an
equilateral triangle with inter-condyler distance as a base and apex in
between the central incisors. Hawleym modified this concept by using the
widths of the six anterior teeth arranged in an arc of a circle and the
buccal segments extending along a straight line, and namedit as the
Bonwell-Hawleyarch form. Angle™ recognized the importance of arch
shape and form and described the line of occlusion as the key of proper
occlusion, stating “The best balance, the best harmony and the best
proportions of the mouth in its relation to the other features, requires that
there should be a full complement of teeth and that each tooth should be
made to occupy its normal position-normal growth”. Tweed® advocated
extraction of teeth to maintain post-treatment stability. Lundstrom®
recognized that concept, and proposed the basal bone theory, stating,
“Dental arch form follows the configuration of the supporting bone”.
Later, Chuck” believed that the correct determination of the patient's
arch form is the base of treatment arch wire shape, thus leading to
successful treatment and stability. He proposed a visual method to
describe the dental arch forms as ovoid, round, tapered and squared.
Later, Boone ® based his template on the original shape of arch form
using inter-canine and inter-molar widths.

The latter concepts prompted orthodontists to carry out several
studiesin order to find the best fitting curve to describe the shape of
dental arch form through application of linear (arch width, depth and
size) and geometric mathematical models. Some authors preferredto
use the catenary curve (McConnail & Sichar”, Musich and
Ackerman'?.Other researchers suggested the parabola, ellipse, trifocal
ellipse, cubic spline and polynomlals (Felton et al.'V Brader''?, Lu"?,
Mills and Hamilton"?, Currier''”, Huddart"?, Blggerstaff( n Pepe(lg)
Hechter(19), Whlte(zo), Begolem), Jones and Rlchmond(zz),Ferrarlo et al®?
and Alharbi et al®?. Other workers employed a more complex
concept.Braun et al. and Noroozi et al®® useda beta function, in order
to find a reliable method to describe arch form using different
mathematical models. White®? felt that, there were disagreements among
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researchers regarding the best fit of these formulae. He conducteda study
to compare the closeness of the fit of different curve fitting formulae on
untreated cases. He found that no universal ideal arch form seemed to be
applicable and that the majority of dental arch forms were asymmetrical.
Despite the ample efforts aimed at applying a variety of these research
methods to describe dental arch form using mathematical models, they
did not address an anatomical reference to draw from the correct clinical
dental arch form.

Early on, Andrews @Destablished the six keys of occlusion and
developed the straight wire concept; this has put orthodontic mechanics
into a higher level and it may be considered that the second era of
orthodontic philosophy had started after Angle’s edgewise method to
achieve more stable occlusion. Andrews considered the lower dental arch
form as the seventh key of class I occlusion. Therefore the era of
preformed arch wire based on normal occlusion had just started. Later
on,Roth®, Ricketts®and Alexander ®“followed that concept and based
their preformed arch wires on finished cases. This resulted in True arches
and Pentamorphic arches respectively. However, with the availability of
different shapes and sizes of commercially preformed arch wires, Felton
et al ¥ realized the difficulty of generalizing the adaptation of these
treatment preformed arch wires to the dental arch form. They compared
ten brands of preformed arch wires with thirty normal dental arches. They
found that less than 50% of the samples fit only two brands. They
concluded that these preformed arch forms tended to fall into three
categories: ovoid, tapered and square shapes. Moreover, Braun et al®),
compared sixteen titanium arch wire brands with the mean shape of
normal dental arches. His results reinforced a similar finding to that of
Felton et al”in that the brand arch wires were wider than normal arches.
Raberin et al®" and Trivino et al®”believed that, within a population,
different shapes and sizes could be observed. They decided to follow
Ricketts’ concept of pentamorphic arches, and classified dental arch
forms into five and twenty-three shapes respectively, based on normal
occlusion. However, human arch forms are variable and are not thought
to follow such a rigid geometric pattern. It seems more logical to describe
dental arch forms in simple shape forms instead of complicated
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mathematical formulae. Furthermore, these studies analyzed the arch
form from anatomic and anthropologic perspectives to evaluate its
implications during orthodontic therapy and its modifications after
treatment.

In addition, some studies have highlighted differences in arch forms
and sizes among different racial groups (e.g., Nojima et al®®).
Nonetheless, Bishara et al®Yadded that, because of the great variability in
individual arch forms, a single arch form cannot be used in all
orthodontic cases. To verify that Oda et al®”compared 20 commercially
available arch wire forms with 30 mandibular dental casts made of
untreated subjects with the ideal occlusion. They found that the variation
inthe current preformed arch wires does not correspond entirely with the
various arch forms in the group with ideal occlusion. On the other hand,
Raberin et al (31), Proffit (36),Ricketts(29)and Brader '? believed that the
lower arch in a normal individual dictates the upper arch. The basal bone
theory which is originally developed by Lundstrom®, was adopted by
Andrew and Andrews®”. They presented a method to determine the
anatomical dental arch form called the WALA ridge (the most prominent
point on the soft tissue ridge immediately occlusal to the mucogingival
junction) which is correlated to the shape of arch wire formulated from
the midpoints of the facial axis of clinical crowns(FA). The recent study
by Ronay et al®® examined the usefulness of that ridge in determining
the size and shape of the dental arch form using three-dimensional scans
of Class I mandibular casts. They reported that there is a positive
correlation between the two and that the WALA ridge might be a useful
reference to predict patients’ dental arch form. Furthermore, they
suggested that all basal and dental arches (WALA ridge and FA) should
be individually derived to draw a conclusion regarding the dimensions of
the individualized dental arch form. This approach may save efforts for
better stability of the treatment outcome. In that respect, Gupta et al®”
translated the WALA ridge and FA as a digital model to cone-beam
computed tomography images. This may aid in determining the exact
position of basal bone landmarks and define the final shape of the dental
arch form in order to obtain maximum long-term stability.
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This concept has been translated through several vendors such as
Ortho CADs for fabrication of treatment arch wire for a patient using a
pretreatment study cast. In addition, the Insigna and Sure Smile systems
produce arch wires made-up for each patient.

On the other hand, many other factors, such as maxillary expansion
and orthodontic extraction of teeth and their effect on post treatment
stability could not be included in this review, but the etiological factors of
malocclusion may play a role in post-orthodontic stability; genetic,
periodontal health conditions and developmental factors:

1. Genetic factor: in a study of genetic influence on dental arch
form, Cassidy et al “Ostated, "Little is known of the factors controlling
dental arch size and shape". They found that arch size and shape were
subjected to environmental influences at a greater extent than to heredity,
as the orientation of the teeth(rather than their locations in supporting
bone) are found to be affected primarily by the environment.
Nonetheless, it could be speculated that local environmental factors
control tooth angulations but specific influences remain elusive “n,
While Henrikson et al*? in a longitudinal study found a significant
increase in inter-molar width and a reduction inarch depth. They also
reported a significant correlation between changes in the mandibulararch
form and increased irregularity of lower incisors. In addition, Lee 43)
reported similar findings. These findings should direct attention towards
the need forbetter understanding of the extrinsic factors that modulate
arch size and shape during development % Some researchers (Proffit°®,
Bjork and Skieller™, Proffit et al *, Solow et al*® and Vargervik et al*”)
have claimed that variability in eruptive paths of the teeth, growth of the
supporting bones, and movement of the teeth after emergence due to
habits and unbalanced muscular pressures, all contribute to variation in
arch size and shape.

2. Facial type has concerned a number of researchers. Ricketts'””

Ricketts et al*® De la Cruz et al(49), Braun et al(zs), and Enlow and
Hans®”,have reported that a correlation can exist between facial types
and dental arch forms. A long-faced individual usually has narrower
transverse dimensions (dolichofacial) and a short-faced individual has
wider transverse dimensions (brachyfacial). In addition, Nasby et al®"
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found that the maxillary and mandibular arch circumference and the
mandibular intermolar width were greater in subjects with low MP — SN
(mandibular plane to sellanasion)angles when compared with those with
high MP—SN angles. Because dental arch width is associated with gender
and facial vertical morphology, it is essential during orthodontic
treatment to use customized pretreatment arch wires to fitthearch form
and size of each patient. Christie®” confirmed that, when treating a
patient, the norms used should reflect the differences associated with the
various facial patterns and sex.

3. Periodontal health: Maintenance of periodontal health is very
important during orthodontic treatment planning, thus patients have to
maintain good oral hygiene during treatment. In successful orthodontic
treatment, we opt to have good functioning occlusion and with no
breakdown of the periodontium. Yared et al®*’noticed a periodontal effect
that resulted from excessive proclination of lower incisors and reported
significant recession associated with proclination in excess of 95 degrees
to the mandibular plane. Again, tissue type plays a bigger role in such
recession. However, Gkantidis et al®¥said, “In modern clinical practice,
the contributions of the orthodontist, the periodontist and the general
dentist are essential for an optimized treatment outcome”.

4. Gender: an article by Forster et a1(55)p0inted out that the dental

arches of males grow wider than those of females. In both males and
females, there was a tendency for the MP-SN angle to increase as arch
width decreased. Inter molar widths increased in both genders but they
continued to increase from 12 to 17 years in males but not in females
©% Odajima ©” and Tsai ®® also found a similar tendency in both
Japanese and Chinese, respectively. Cassidy et al*” confirmed the former
findings and stated that, "Arch dimensions are significantly larger in
boys, mediolaterally and anteroposteriorly than in girls. A sex difference
is largely established prior to the onset of the adolescent growth spurt".

The maintenance of lower arch integrity has been considered one of
the most important factors leading to successful orthodontic treatment.
Evidence for maintaining lower arch integrity has come from studies at the
University of Washington and elsewhere, which showed strong links between
long-term stability and preservation of the original arch form® 12527 2939)
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From a clinical perspective, there are some recommendations that

may help both the orthodontist and the patient to accomplish a successful
treatment result:

1. During treatment planning:

a.

b.

We should consider arch form as one of our treatment objectives.

Always preserve the original arch form.

. Do not expand the lower inter-canine width beyond its limit.
. Balance between upper arch expansion and esthetics.

. Maintain good periodontal health throughout treatment.

Avoid overexpansion of arches.

2. When selecting arch wire:

a.

.

f.

Choose an arch form close to patients arch form, especially when
using stainless steel TMA wires. Use the WALA ridge as a
reference.

. Unlike stainless steel and B-Titanium wires, 0.016 and less of

nickel titanium arch wires had minimal effect on arch form.

. Consider the patient's gender, ethnicity and facial type.

. Maintenance of the selected arch form is mandatory.

Use a study cast and a symmetry chart.

Always coordinate upper and lower arch wires.

3. During retention:

a.

b.

C.

Keep the integrity of the mandibular arch as an objective to achieve
post-retention stability.

Expansion of the inter-canine width was shown to be unstable.

Permanent retention for an expanded lower arch should be planned.
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CONCLUSION
As a concept, the majority of clinicians preserve original arch form.

WALA ridge points can be useful in the predetermination of dental
arch form. ©*

The highly significant correlation of WALA and FA(point midpoint
of the facial axis of clinical crown width in inter-canine and inter-
molar areas) proves that assessments of WALA points enable the

prediction of corresponding FA values and the clinical arch form.
(38,39)

The mandibular model with all the permanent teeth present provides
the best basis for construction of a correct or physiologic arch form.

Expanded mandibular arch form by appliance therapy could not be
stable, except forlingually tilted canines and up righted incisors.“”

Arch wire templates might require not only shape selection but also a
wider size variation for clinical application, which are not available
today.*

Most orthodontic techniques recommended the shapes and the

variations of tapered, ovoid and square as Ortho forms, I, II, III
(7.11,33)

The range of selection in the current commercially available
performed or orthodontic arch wire forms does not appropriately
cover the required natural human diversity.**=

Preformed arch wires are made using various geometric or computer-
generated data; the fit to an individual mandibular model is highly
variable. (1203339

The contributing genetic factor to the dental arch form, should lead
to the consideration of the patient's ethnic background when selecting
performed arch wire blanks.*?

If there is no uniformity concerning the buccal corridor, increasing
the arch width will have various impacts on post-treatment
stability.*
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