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ABSTRACT
DOUGLAS E. FORD: Contemporary Diagnosis of Anterior Interarch Tooth Size
Discrepancy
(Under the Direction of H Garland Hershey)

The Bolton Analysis has long been accepted in orthodontics as a diagnostic test
detect, localize and quantify anterior interarch tooth size discrepancy (IT78hpugh the
Bolton Analysis has served orthodontics well, current restorative modalitiesties
concepts and other important clinical factors not available or appreciatediateod
Bolton’s work warrant a reassessment of the Bolton approach to anterior 1a@isis and
treatment. Bolton’s methods and assumptions were analyzed to assess uBeltbrthe
Analysis for contemporary diagnosis and treatment of anterior ITSDitatioms of the

Bolton Analysis were identified and an improved method for contemporary diagnosis of

ITSD was proposed.
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SECTION 1
LITERATURE REVIEW
“Nature left to herself, always brings proportion...The proportions
of the upper teeth to the lower teeth are as exact as-any ”
William Gibson Arlington Bonwill, 1899
The concept of a proportional balance between the mesiodistal sums of maxdlary an
mandibular teeth may have had its origins in the geometric theories off aitictdation
proposed by Dr. Bonwill. Dr. Bonwill was a prominent™@entury dentist credited for
developing a geometric theory of occlusion based upon his proposed tripod arrangement of
the human mandible forming a four-inch equilateral triangle. Bonwill claitinat the
average intercondylar distance, measured from the center of each cwadyle,
approximately four inches and that the distance from the center of eachectinthg
median line at the incisal edges of the mandibular central incisors was alséoabdauthes.
These anatomic reference points thus formed an equilateral trianglecamaebte basis of
Bonwill's geometric theory of dental articulatidfi. Bonwill’'s geometric theory of
articulation was widely accepted in dentistry and became the basis &sticulator patented
by Bonwill* and for the Bonwill method of arch predetermination for complete deritures.
Bonwill’'s method for arch predetermination for artificial dentures was addpt use by
orthodontics in the formation of ideal archwirés.
Gilpatric® may have been the first to identify the significance of a relationship

between the summed mesiodistal widths of maxillary and mandibular teeth to dental



occlusion. Gilpatric reported that the sum of the mesiodistal widths of teeth in the
mandibular arch (measured from buccal groove to buccal groove of the firs§oolatains
from eight to twelve millimeters less mesiodistal tooth substance tharattibany arch
(measured from buccal groove to buccal groove of the first molars).

Gilpatric also believed that overbite was determined in part by the halesionship
between the summed mesiodistal dimensions of maxillary and mandibular teeth. aw
mandibular arch contained only eight millimeters less tooth structure than xiikamarch,
Gilpatric thought overbite would be reduced. When a mandibular arch contained twelve
millimeters less tooth substance than the maxillary arch, Gilpaasoned that overbite
would be increased.

Gilpatric’s conclusions were based upon his measurement of over 5,000 cases. He
accomplished his measurements using needle point dividers to record the mesiodistal
dimensions of teeth. Gilpatric recorded each measurement by pressing thepihiat
dividers into heavy white paper. This was accomplished for each tooth in the mazxltary
mandibular arches. A larger needle-point divider was used to transfer the suromed ar
lengths to a steel millimeter ruler for quantification. Unfortunatelyh&sildid not publish
his data, measures of central tendency or dispersion and statistlgaisawas not
accomplished.

Although Gilpatric acknowledged, “much discussion relative to disharmony between
the upper and lower tooth substance to such an extent that it would lead one to believe that it
was of common occurrenc@.He reported disharmony between the upper and lower tooth

substance to be “very rafdh his sample of over 5,000 cases. Still, the possibility of



interarch tooth size discrepancy that might prohibit excellent occlusion e@gnieed by
Gilpatric

Youngd’ may have been the first to express the relationship between summed
maxillary and mandibular tooth widths as a ratio. Young also attributed variatomeibite
to, “...the ratio of tooth material in the mandibular arch to that of the maxillahy anterior
to the first permanent molars”. Young noted that when the combined mesiodistalafidths
incisors, canines and premolars in the mandibular arch is large compared to the combined
mesiodistal width of the same teeth in the maxillary arch, incisal ovésbiéeluced. When
the ratio of tooth material in the mandibular arch anterior to the first permanersnol
reduced relative to the same teeth in the maxillary arch, Young reasonbkideoweuld be
increased.

Young measured the mesiodistal width of teeth in inches and presented multiple cases
to support his conclusions. However, he did not provide data or statistical analysis td suppor
his conclusions. Moreover, Young did not suggest an ideal or average ratio between the
maxillary and mandibular tooth widths required for good occlusion. Although Young
attributed variation in overbite to the interarch ratio of summed mesiodistal taditisyne
neither suggested nor acknowledged the possibility of a ratio so discrepaptaisibit
establishment of normal occlusion.

The problem of an interarch tooth size discrepancy significant enough to prohibit
establishment of normal occlusion is referenced in some early orthodonbiediest Strang
in his Text-Book of Orthodontia included images of two cases and wrote:

“Unquestionable there are a few cases that the orthodontist nthyofier a

period of years, in which there is more tooth material in one lderdia than

the other so that it is impossible to absolutely harmonize tbheatahes. The
author has encountered 3 such cases in thirty years of prdctiore, the left



upper incisor was nearly 1/16 inch wider than the right and itdantabuld

not be avoided in the final result. In the second, both upper centreds we
huge and could not be accommodated without rotation. In the third case, seen
in consultation, there was lack of tooth material in the upper arch.laltke

case was studied several years after treatment. Thesakane beautifully
aligned, the mesiodistal relationship was correct and the overbiteahdyut

in the upper arch were spaces between all the incisors and there was no way of
avoiding these because the teeth were too small. Hence thbilppssf
inharmony in tooth material and tooth size though rare must be eoedid
Most cases, however, that on superficial glance, apparently eshitfit a
condition, will be found perfectly harmonious when properly treated. The
author is convinced that these errors in denture planning by Natare
anomalies of so great infrequency that they may never be encalifgra
majority of orthodontists™

Dewey and Anderson in Practical Orthodontiaecognized that extreme cases of
disharmony between the upper and lower tooth widths necessitated acceptathes of ei
slight crowding or spacing in one of the arches, or else increased or redud®tk ovihus,
early orthodontic thinkers seemed to believe that while variations in intecarthsize
accounted for differences in overbite, discrepancies significant enouglstiafe attempts
to establish normal occlusion were extremely rare.

Perhaps it was not until Balldfobublished his paper titled, “Asymmetry in Tooth
Size: A Factor in the Etiology, Diagnosis and Treatment of Malocclusion” theddumtists
began to appreciate the significance and possibility of tooth size discyegsman etiologic
factor in malocclusion. Ballard noted the predominant belief in the perfectifilibe
human dentition writing:

“...practitioners prevalently believe that the dental apparatus of imea

potentially perfect machine, harmonious in all its parts, needingaosiiful

rearrangement by the orthodontist to render it functionally arfteteslly
perfect...The inclined planes of the opposing dental arches have often been
compared with a system of gears, a mechanical principle irhwidaomony
between component parts is the first essential. When a canmsfadlyined set

of gears runs at high speed there exists a state of “baleueti is far from
static.™?



Ballard made measurements on 500 sets of orthodontic casts, collected fem thre
private practices and from the Division of Orthodontics, College of Dentistiyetsity of
California. All casts were made from plaster of Paris impressionsarBaised fine-pointed
dividers and a finely calibrated millimeter ruler to record the gstahesiodistal crown
diameter of each permanent tooth. The greatest mesiodistal diametdr tdathavas
measured and compared with the contralateral tooth on each cast. Ballard recorded
discrepancies between contralateral teeth of one-half millimetargarland discrepancies
as large as one-quarter millimeter, but less than one-half. Discrepantaller than a
quarter millimeter were attributed to errors of measurement and wergaiked.

Ballard reported discrepancies between one or more pairs of contidkdénan 448
out of the 500 (90%) cases he measured. 408 of these cases exhibited a discrepancy of 0.5
millimeters or more between left and right teeth. The remaining 40 cadesdtrepancies
greater than 0.25 millimeters but less than 0.5 millimeters. The maxiltargllancisors,
maxillary first molars, mandibular canines and mandibular first bicuspicks tive most
frequent teeth to exhibit contralateral discrepancies. Of the 448 discoagast there were
only 72 cases which maintained occlusal balance of the buccal segments in spite of the
discrepancies in tooth size. Ballard advocated:

“...judicious stripping of proximal surfaces...where lack of harmonyath

material lies primarily in the anterior segments, motiulde is provided in

correcting lack of balance by stripping than in the buccal setgnehere
inclined plane relationships impose definite limitatiotfs.”

In making this statement, Ballard broke from earlier classificatbtise human
dentition which considered the class of each tooth. Ballard instead classiftedtthevithin

each arch as anterior or posterior. Ballard recognized that the inclimedrelationships of

posterior teeth impose greater limitations in correcting lack of intierssidoalance through



interproximal enamel reduction. The anterior teeth were probably considpezdtety
because more latitude is provided in correcting lack of balance by “stripghizwg’'in the
buccal segments.

Neff'® also recognized the possibility for ITSD significant enough to preclude
establishment of normal occlusion with an acceptable amount of overbite. He dlibatve
it was not possible to finish some orthodontic cases with proper alignment and idedkoverbi
Neff credited Chuck with making a similar conclusion regarding set-ugg@uoes for
orthodontic positoners. Chuéknoted it was not possible to set up all cases to a standard
overbite and still achieve perfect alignment and contact of all teeth.attrdfuted this
problem to, “...a variation in proportionate tooth size of the upper and lower anterior teeth.”
Neff proposed a “. mathematical guide to find each normal occlusions individual anterior
overlap.” He advocated the use of “three-inch dividers with needle-sharp points” to make
direct intraoral measurements of the mesiodistal measurements of tilarsnard
mandibular anterior teeth in millimeters prior to the start of treatmBmis, Neff may have
been the first in the United States to propose the use of the relationship of the nagsiodist
sum of maxillary and mandibular anterior teeth as a mathematic guidetfodontic
diagnosis to predict post-orthodontic anterior occlusion.

Neff divided the summed mesiodistal widths of the mandibular anterior six m¢eth i
the maxillary sum to obtain a figure he referred to as the anterioraceetf Neff proposed
his anterior coefficient could be used as a guide to a normal occlusion’s overbite by
comparing the case anterior coefficient to mathematical computationsdre@shed based
upon the “Hawley-Bonwell triangle”. Neff repeatedly used the term “idgBonwell

triangle” in his paper, but was probably referring to the Bonwill-Hawieyndgle referenced



earlier in this literature review. Neff considered a 20% overbite to beaddatalculated a
corresponding anterior coefficient value of 1.20. According to Neff's caiontg an
anterior coefficient of 1.10 corresponded to an overbite of 0% and an anterior coefiicie
1.55 represented a 100% overbite. Neff claimed to have measured “over two hundsed case
but failed to provide greater detail regarding his sample. In a later Naffestated that his
sample was based upon measurements of 300 cases of malocclusion measuretyiatraoral
from dental casts. Neff did not report the mean anterior coefficient chmgle or any
measures of statistical dispersion other than a range of 1.17 to 1.41. He did report the
anterior coefficient values for thirty cases over a range of valueg @alitim the indicated
overbite according to his mathematical computations using the “Hawley-Bdnamgle”.
Neff did not indicate how these thirty cases were selected. Moreas#ditl not publish
data to support or validate his claim that the overbite for a given case caldtebmined
using his anterior coefficient.

In a subsequent paper Neff provided a literature review of the relationshipehetwe
the summed mesiodistal widths of maxillary and mandibular anterior teletlalso claimed
to have made subsequent observations of “over 600 treated cases”. Neff presetable in a
the results of, “A more recent survey by the author with all the measurememsn the
mouth” that showed the mandibular anterior teeth are from 73%-85% as large as the
maxillary anterior teeth with a mean of 79% from a sample of malocclusfamspecified
size. Neff had previously used the term anterior coefficient to describaltreeobtained by
dividing the summed mesiodistal widths of the mandibular anterior teeth into the summed
mesiodistal widths of the maxillary teeth. In his 1957 paper, he introduced a nevatkyd

the anterior percent relation (APR) to describe the percentage laegaimhmed mesiodistal



widths of maxillary anterior teeth are than the mandibular anterior mssibsium. From
his measurements of a sample of three hundred cases of malocclusion, Neff conctuded tha
the maxillary anterior segment is 18 to 36% larger than the mandibular antgnoerg with
a mean APR of 26.6%, and that an increase of one percentage point in the APR is equal to
2.5 percent increase in overbite.

Lundstront® provided a review of European investigations on the problem of
intermaxillary tooth size discrepancy. Lundstrom credited the Lux broth@3), Ritter
(1933), Seipel (1946) and Selmer-Olsen (1949) for investigating the canndbatiwveen
maxillary and mandibular tooth widths and recording significant correlatidosording to
Lundstrom, Ritter calculated a coefficient of r = 0.67 + 0.05 for one hundred cases he
designated as normal and r = 0.82 £ 0.03 for one hundred cases with malocclusion. Seipel
was credited by Lundstrom for having measured 365 “unselected” cases amedrapor
strong correlation between the maxillary and mandibular mesiodisthlwadihs of incisors,
canines and premolars (r =+ 0.77 £ 0.021).

Lundstrom also cited Tonn’s 1937 Investigation of the intermaxillary tooth width
ratio in fifty cases Tonn considered to have anatomically correct amelasd twenty cases
he described as having apparent disharmony in intermaxillary tooth width. Touolatealc
ratios for each of the four classes of permanent teeth; incisors, canines, emolmolars
(excluding second and third molars). He also calculated a ratio of the sumatedtetch

class of teeth and published the following mean values and standard deviations:



Mean (mm) Standard deviation

l1 + 2(mandibular:maxillary) 0.74 0.024
C (mandibular:maxillary) 0.87 0.038
P1 + 2 (maxillary to mandibular) 0.96 0.021
M; (maxillary to mandibular) 0.92 0.030
Total (mandibular to maxillary) 0.93 0.018

Of the twenty cases with malocclusion eight had intermaxillary tooth watitsrthat fell
outside three standard deviations of the mean. Of these, six had discrepant inassanda
2 disproportionate premolar ratios. Five of the discrepant cases exhibited albntarge
maxillary teeth, while the sixth had abnormally large mandibular teeth. Torpes pas
published in German and Lundstrom did not indicate how Tonn determined that abnormally
large maxillary or mandibular teeth were the cause of discrepant ratidepBethe
assumption that discrepancies were due to abnormally large teeth was made becaus
predictable restorative procedures for increasing the mesiodistaigions of teeth had not
yet been developed so that the only viable options for correcting discrepant egios w
interproximal enamel reduction or extraction. Lundstrom credits Tonn for adwgpcati
finishing orthodontic treatment, in cases with significant disharmony betweemattidary
and mandibular tooth widths of such a degree that normal occlusion is not possible, with a
degree of crowding or spacing in one jaw, accepting either increased easixtoverbite,
or accepting a displacement from the normal posterior interocclusal déatiainghip.
According to Lundstrém, Tonn also advocated “interproximal grinding or exdraofi
premolars in the jaw containing the relatively large te&th.”

According to Lundstrdm? Kérbitz conducted an investigation of 100 anatomically

correct occlusions. Korbitz concluded that the difference between the medisdis of



maxillary incisors and canines minus the mesiodistal sum of mandibular canisémlblthe
first premolars should be between 0 and 4 mm to result in an overbite of 0-3.5 mm. Korbitz
reported extremes for study metric from -3.3mm to +8.0 mm.

Seipel (1946) provided mean ratios between maxillary and mandibular teeth for each
morphological class; incisors, canines, premolars, and molars (excludohgitiars), and
for the second molar to second molar sum. For the permanent dentition Seipel obtained the

following ratios (maxillary:mandibular):

l14+2= 1.35, C=1.14, P o= 0.97, Mi4o= 0.95: total 1.06

Lundstrom acknowledged the importance of anomalies in the tooth width ratio to
orthodontic therapy. Lundstrom expressed his belief that the tooth width ratio probably
plays a minor role as an etiological factor in malocclusion. He also seersaegdest the
use of deviation from average intermaxillary tooth width ratio as a diagnestifot ITSD:

“In a majority of cases the variation in the tooth width ratio probably plays a

minor role. In extreme values, however, the treatment must be modified

accordingly, and it may then be of value to determine at the outset the

deviation from the average intermaxillary tooth width rati.”

Although many of the early American and European investigators of ictterar
mesiodistal proportionality believed that discrepancies large enougtstafeuorthodontic
attempts to achieve good occlusion were rare. More recent investigatiorsteshe
prevalence of interarch tooth size discrepancy (ITSD) among orthodontic patieahge
from 5.4%-30.6%% and therefore represent a significant problem in orthodontics. Because

excellent anterior dental relationships are a fundamental goal of orthodeatioént,

prudent clinicians will attempt to diagnose the presence of ITSD beftiegiing orthodontic

10



treatment. Although a diagnostic set-up is the accepted gold standard diaigisb $ic
detection of ITSB*® because significant investment of time and resources are required,
diagnostic set-ups are not widely employed in orthodontic diagnosis.

In 1956, Ballard published an analysis sheet designed for clinical application using
the mesiodistal measurements of anterior teeth to evaluate anteriachmfa@portionality
without accomplishing a diagnostic set-up. Ballard’s analysis was based uponreert pe
proportional relationship of mandibular to maxillary anterior teeth that wasied by the
largest manufacturer of denture te&th.

Ballard was probably not aware that Bolton had submitted a thesis to the yivers
of Washington in 1952, proposing a mathematical analysis using the proportional
relationship of the summed mesiodistal dimensions of maxillary and mandibdihar tee
measured in cases of “excellent” occlusi®rBolton published the results of his thesis more
widely in 1958% and in 1962" presented more completely the clinical application of his
analysis with detailed examples. Although other investigators had recodgimnéze
significance of ITSD to clinical orthodontics and the value of a mathemappabach to
occlusion, Bolton was first for provide a simplified and clinically useful method &gndisis
and treatment of ITSD based upon data obtained from measurements of excdllsmdrecc

Bolton measured dental casts he deemed to have excellent occlusion fromadorty-f
orthodontically treated patients (non-extraction) and eleven untreatedtsubjjee dental
casts comprising his sample were selected “from a large number of ekcelle
occlusions...with extreme car@from ten private practices in Washington and Oregon, and
from the Department of Orthodontics, University of Washington. Bolton recorded th

greatest mesiodistal diameter from first molar to first molar &ehelental cast using three-

11



inch needle pointed dividers and a finely calibrated millimeter ruler. Hethsee data to
establish means and statistical measures of dispersion for two ratiopbseardor use in
assessment of interarch relationships to aid in orthodontic diagnosis and ttgamaing.
The procedure Bolton developed was to measure and record the summed mesidthstal w
of the mandibular teeth (first molar to first molar) and divide this sum by the edmm
mesiodistal widths of the maxillary teeth (first molar to first molate then multiplied this
value by 100 to obtain the percentage relationship of mandibular to maxillaryneeth a
termed this figure the “over-all ratio.” The same method was usedcudaial a percentage
relationship between anterior teeth (canine to canine). Bolton expresseatibs’ ‘as

follows:

“over-all ratio” = summed mesiodistal widths of mandibular 12 teetfi0 = 91.3
summed mesiodistal widths of maxillary 12 teeth

“anterior ratio” = summed mesiodistal widths of mandibular 6 tediBb0 = 77.2
summed mesiodistal widths of maxillary 6 teeth

The emphasis placed upon the arrangement of anterior teeth by patients at&l dentis
has resulted in an increased interest in and clinical application of Bolton'mardép. |f
the anterior ratio for a given case is greater than Bolton’s mean of 0.772, or 7 h2egsexx
by the Bolton percentage, a diagnosis of “mandibular excess” is made. A diagnosis
“maxillary excess” is made for case ratios less than the ideal aretiar >

Once a maxillary or mandibular excess in mesiodistal tooth structure igigteas
the cause of ITSD, an algebraic solution for the “correct” mesiodistal tcadh i possible
using one of the mathematic equations that express Bolton’s findings for atgetioand
substituting x for the mesiodistal tooth sum deemed to be excessive, then solving for x t

determine the “correct” summed mesiodistal value required to establishightera

12



proportional balance. The magnitude of excess ITSD can then be calculated &stisigbtr
the calculated “correct” tooth mass from the actual measured “excessitie mass to
indicate the amount of mesiodistal tooth substance reduction required in the “eXcassive
to establish balanced interarch proportion.

Perhaps because he recognized the potential for confusion and errors reldteng t
mathematic concepts and algebraic solutions used his analysis, Bolton also proposed a
tabular method to eliminate the need for algebraic operafighsThe tables published by
Bolton are “arranged in two columns, the left column representing a measwiddrna
mesiodistal tooth sum and the right column indicating the ideal mandibular countérpart.”
This made it possible for clinicians to reference the table using the sumeseztistal
widths of a given maxillary arch to determine the ideal corresponding maadavah sum,
without setting up and solving an algebraic equation.

Bolton's tables were included in a patient analysis sheet that furtheraledshow
the difference between an actual and “correct” mandibular mesiodistal sure caed to
indicate the reduction in mandibular mesiodistal tooth mass required to resolve autaandi
excess ITSD. If for a given maxillary mesiodistal sum the “ettmandibular mesiodistal
tooth mass was found to be larger than the actual mandibular value, clinicians coaltil inste
locate the actual summed mandibular mesiodistal tooth structure measured inhenegbit t
columns of the table to identify the corresponding “correct” maxillary valoe slkch a
case, the difference between the actual and “correct” maxillary sumst@sdibe amount of
maxillary tooth structure reduction required to resolve a maxillary eXt&gs.

Subsequent investigators have evaluated various methods for measuring mesiodista

tooth diameter for Bolton’s analysis and the reproducibility and speed of thésadshbave

13



been describet:?® Tooth size and ITSD among different classes of maloccl{sion
gendet*>*and rac&=°have also been studied. The analysis developed by Bolton is now so
widely accepted as a convenient and clinically useful method for diagnosis @nuetne of
ITSD that ITSDs are often referred to as “Bolton discrepanéie§™?

Although the Bolton Analysis has served orthodontics well for more tharyé&#ys,
key assumptions of the analysis were necessary because the only vabiernteptions for
ITSD were extraction, interproximal enamel reduction or a combination i@céein and
interproximal enamel reduction. Bonded restorations and esthetic concepisilabiea at
the time of Bolton’s work, warrant a reassessment of the Bolton approachdioosimand

treatment of anterior ITSD.
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SECTION Il

INTRODUCTION

Background

The optimal arrangement of maxillary and mandibular teeth is a solbjgietat
concern to dentists and their patients. In addition to tooth size, shape, inclination, torque and
alignment, how teeth fit and function together is integral to optimal dental occlugien. T
dental profession, particularly the specialty of orthodontics, has long beasiatein the
parameters that determine optimal interarch relationships. Becausetidhal and obvious
esthetic implications, much of this attention has been directed to the antehor teet

A number of investigators have attempted to quantify the parameters thabaentri
to optimal anterior dental relationship&® One area of considerable attention has been the
proportional relationship between the mesiodistal widths of the maxillary amdilmodar
anterior teeth>1*1819.214931ptiants who lack a proportional balance between the dental
arches are described as having anterior interarch tooth size disgréf@m).? Failure to
diagnose the presence of anterior ITSD before initiating orthodontimaatnay
necessitate the expense and maintenance of unanticipated restoratieatioiervunplanned
interproximal enamel reduction procedures, or compromised dental relatioastips
esthetics.

The prevalence of anterior ITSD among orthodontic patients has beentedtima

range from 17.4%-30.6%and therefore represents a significant clinical problem. Because



excellent anterior dental relationships are a fundamental goal of orthodeatioént,
prudent clinicians will attempt to diagnose the presence of ITSD beftietiimg orthodontic
treatment. Although a diagnostic set-up is the accepted gold standard diaigisb $ic
detection of anterior ITSB'*® because significant investment of time and resources are
required, diagnostic set-ups have never been widely employed in orthodontic diagnosis.

In order to provide a more convenient and less expensive method to detect, localize,
guantify and manage ITSD, Bolton proposed a mathematical analysis using the prdportiona
relationship of the summed mesiodistal dimensions of maxillary and mandibdihar tee
measured in cases of “excellent” occlusidf’?* Although other investigators had
recognized the significance of ITSD to clinical orthodontics and the valuenatfematical
approach to occlusion, Bolton was first for provide a simplified and clinically useftidod
for diagnosis and treatment of anterior ITSD based upon data obtained from meassigdm
excellent occlusions.

Bolton measured dental casts he deemed to have excellent occlusion frofauorty-
orthodontically treated patients (non-extraction) and eleven untreatedtsubjjee dental
casts comprising his sample were selected “from a large number of ekcelle
occlusions...with extreme car@from ten private practices in Washington and Oregon, and
from the Department of Orthodontics, University of Washington. Bolton recorded th
greatest mesiodistal diameter from first molar to first molar &ehelental cast using three-
inch needle pointed dividers and a finely calibrated millimeter ruler. Hethesd data to
establish means and statistical measures of dispersion for two ratiopbseardor use in
assessment of interarch relationships to aid in orthodontic diagnosis and ttgaemaing.

Subsequent investigators have evaluated various methods for measuring megiothsta
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diameter for Bolton’s analysis and the reproducibility and speed of thetteds have been
described®? Tooth size and ITSD among different classes of maloccitistomyendet*°
and rac&>>have also been studied. The analysis developed by Bolton is now so widely
accepted as a convenient and clinically useful method for diagnosis and treatii&

that ITSDs are often referred to as “Bolton discrepanéne§™#

The procedure Bolton developed was to measure and record the summed mesiodistal
widths of the mandibular teeth (first molar to first molar) and divide this sumeyummed
mesiodistal widths of the maxillary teeth (first molar to first molate then multiplied this
value by 100 to obtain the percentage relationship of mandibular to maxilldryatekt
termed this figure the “over-all ratio”. The same method was usedtctdata a percentage
relationship between anterior teeth (canine to canine). Bolton expresseatibs’ ‘as
follows:

“over-all ratio” = summed mesiodistal diameter of mandibular 12 te&®0 = 91.3
summed mesiodistal diameter of maxillary 12 teeth

“anterior ratio” = summed mesiodistal diameter of mandibular anteri@tBbxel00 = 77.2
summed mesiodistal diameter of maxillary anterior 6 teeth

The continuing emphasis placed upon the arrangement of anterior teeth by patients
dentists has resulted in an increased interest in and clinical applicatiortai’ 8ahnterior
ratio, and is the focus of this investigation.
Mathematic Concepts and Terminology used by Bolton

The Bolton analysis represents a mathematic approach to describe thebdltgeyta
interarch occlusal relationships. Although the mathematic operations used malysisaare
basic, clinicians may still be prone to misinterpret the outcome of the anbéeause of

misconceptions regarding the mathematic principles employed. In publishiagghysis,
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Bolton chose to describe the relationship of the mesiodistal widths of the antthoadea
“ratio”. Ratios are used to make numerical comparisons between two quantities and a
commonly expressed using a colon or the word “to” in order to emphasize the relatmnshi
one quantity to the other. Ratios may also be expressed mathematicaligama fo

describe the relationship between the numerator and denominator. Bolton used the mean
mesiodistal dimensions of anterior teeth measured in his sample in order toycghentif
relationship of the summed mesiodistal widths between mandibular and maritiryrt

cases with excellent occlusion. In his publications, Bolton expressed the concept of hi
anterior ratio as a proportion. A proportion is a mathematical statement thatitvgoare

equal and is expressed as an equation with a ratio on each side. Bolton’s anterian fatio c
expressed as a proportion by introducing an equal sign between the anteriordr#tie a
Bolton mean of 0.772 and then converting the decimal expression of Bolton’s mean anterior

ratio to a fraction.

Sum of Mandibular Anterior 6= 0.772 (decimal expression of Bolton’s mean anterior ratio)
Sum of Maxillary Anterior 6

This can be expressed as:

Sum of Mandibular Anterior 6= 77.2(The Bolton anterior proportion)
Sum of Maxillary Anterior 6 100

Bolton referred to this proportion as the “anterior ratio” which he expressed as:

Sum of Mandibular Anterior 6< 100 = 77.2
Sum of Maxillary Anterior 6

Terming this proportion a ratio may have confused some clinicians. Although the
mathematical relationship of the mesiodistal sums of mandibular teeth tibanyasbeieth as

expressed by Bolton was termed the “anterior ratio” it could also be terntedeehaps
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better understood by clinicians, as the anterior percentage, because it sathsidgemmed
mesiodistal widths of mandibular anterior teeth as a percentage of the suresiedistal
widths of the maxillary anterior teeth.
Use of the Bolton Analysis for Diagnosis of Anterior ITSD

Algebraic Method

If the anterior ratio for a given case is greater than Bolton’s mean of 0.772.20as
expressed by the Bolton percentage, a diagnosis of “mandibular excesdeis Ana
diagnosis of “maxillary excess” is made for case ratios less than #ieitterior ratid®2*
The Bolton Analysis does not consider the possibility of maxillary or mandibuiareshefy
as the cause of ITSD for reasons that will be presented below. Once amnaxilla
mandibular excess in mesiodistal tooth structure is identified as the cdlisbofn
algebraic solution for the “correct” mesiodistal tooth mass is possible usirgf tme
mathematic equations that express Bolton’s findings for anterior teeth anitLisinlgsk for
the mesiodistal tooth sum deemed to be excessive, then solving for x to detBamine t
“correct” summed mesiodistal value required to establish interarch paparbalance. The
magnitude of excess ITSD can then be calculated by subtracting thiatsalc'correct”
tooth mass from the actual measured “excessive” tooth mass to indicateotna af
mesiodistal tooth substance reduction required in the “excessive” archlibsésbalanced
interarch proportion.

Tabular Method

Perhaps because he recognized the potential for confusion and errors relagng to t
mathematic concepts and algebraic solutions used his analysis, Bolton also proposed a

tabular method to eliminate the need for algebraic operafighsThe tables published by
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Bolton are “arranged in two columns, the left column representing a measwiddmna
mesiodistal tooth sum and the right column indicating the ideal mandibular counté&rpart”
This made it possible for clinicians to consult a table using the summed mesiwai#tal of
a given maxillary arch to determine the ideal corresponding mandibular arclwgbout
setting up and solving an algebraic equation. Bolton’s tables were included iend pat
analysis sheet that further illustrated how the difference between ahawuaorrect”
mandibular mesiodistal sum can be used to indicate the reduction in mandibular nasiodist
tooth mass required to resolve a mandibular excess ITSD. If for a givellanyaxi
mesiodistal sum the “correct” mandibular mesiodistal tooth mass was found tgdetiian
the actual mandibular value, clinicians could instead locate the actual summdidutaa
mesiodistal tooth structure measured in one of the right columns of the table tiy ithenti
corresponding “correct” maxillary value. For such a case, the diffedeetween the actual
and “correct” maxillary sums indicates the amount of maxillary tooth stesctaiuction
required to resolve a maxillary excess ITSD. Thus, Bolton’s tabular methothdike
algebraic method is used to identify either a maxillary or mandibular exesssdistal sum
that can be removed from the arch deemed to be excessive to achieve improveth interar
mesiodistal proportional balance.
Purpose

Although the Bolton Analysis has served orthodontics well for more thary&#ys,
key assumptions of the analysis were necessary because the only vablernteptions for
ITSD were extraction, interproximal enamel reduction or a combination i@fcéin and
interproximal enamel reduction. Bonded restorations and esthetic conceptsilabiea at

the time of Bolton’s work, warrant a reassessment of the Bolton approachdioosimand
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treatment of anterior ITSD. The objectives of this investigation were taehtify
assumptions made by Bolton that were necessitated by the limited tneaptiens for
ITSD at the time of his work; 2) to assess the adequacy of the Bolton Aralysis
contemporary detection, localization, quantification and treatment of @nifé8D; and 3) to
propose an alternative approach for diagnosis and treatment planning fardmteD that
is not biased by the available treatments for ITSD, and will accommodatemporary

ITSD treatment options and better support consideration of other relevant chectcatf

MATERIALS AND METHODS

Analysis of Bolton’s Data

Bolton’s thesi&® and subsequent pap&rs were reviewed to identify assumptions
made by Bolton in his analysis of anterior interarch tooth size discrepanaeyetteat
mandated by ITSD treatment options available at the time of his work. Thasgé#sess
were evaluated considering contemporary treatment options for ITSD andlothoad
factors relevant to mesiodistal tooth size.

Descriptive summary statistics for the mesiodistal measurementscilanysand
mandibular anterior teeth from the sample selected by Bolton and publishbibih td his
thesis were used in this study (tablé’LMean mesiodistal measurements of maxillary and
mandibular anterior teeth were summed and multiplied by two to obtain a mean shen for
maxillary and mandibular anterior teeth. Table 1 also contains the Bolton meaarant

ratio.
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This data was used to plot values of maxillary ITSD deficiency and mandibular
excess ITSD required to achieve equivalent anterior ratio values (RiguhMandibular
ITSDs were generated by starting with the ideal anterior ratio edtatllby Bolton’s mean
maxillary and mandibular summed anterior mesiodistal tooth measuremabks {J. Half
millimeter increments were added to the mean mandibular anterior mesisdmatathile
holding the mean maxillary anterior mesiodistal sum constant to geneeatgenof
mandibular ITSD values. The mean mandibular anterior mesiodistal sum waslthen he
constant and the maxillary anterior mesiodistal sum was adjusted to aajuexedent
anterior ratios for corresponding values of mandibular excess ITSD. A firesesting a
hypothetical 1:1 relationship of maxillary anterior ITSD deficier@ynandibular anterior
excess ITSD was also plotted to serve as a reference.

Proposed New Method for ITSD Diagnosis and Treatment Planning

The data extracted from Bolton’s thesis was also analyzed to detefrmmaliernate
method for consideration of anterior interarch proportional harmony might be developed to
address limitations identified for contemporary use of the Bolton Analysisiferier ITSD
diagnosis and management. A new approach to anterior ITSD diagnosis and treatment
planning was proposed. The new approach represents a different way of exphessing t
interarch proportional relationship of maxillary and mandibular anteridr.tédte proposed
approach uses a new metric termed the anterior circumference whictusgudy adding
the mesiodistal tooth widths of maxillary and mandibular anterior teeth. Téroant
circumference serves as the denominator for two additional metrics tdrenethxillary and

mandibular anterior percentages which are expressed mathemasdallipwas:
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Mandibular Anterior Percentage =

summed mesiodistal widths of mandibular anterior teeth x 100
summed mesiodistal widths of maxillary and mandibular anterior teeth

Maxillary Anterior Percentage =

summed mesiodistal widths of maxillary anterior teeth x 100
summed mesiodistal widths of maxillary and mandibular anterior teeth

The anterior percent composition describes the percentage of anterior staktodih mass

of both the maxillary and mandibular arches to the anterior circumference.

RESULTS
A review of Bolton’s papers identified four assumptions made by Bolton in his
analysis of anterior tooth size discrepancy that were necessitateddwaitadble treatment
options for ITSD at the time of his work. These assumptions are:
1) That the anterior ratio can be used to determine the etiology of ITSD
2) That the etiology of anterior ITSD is an excess of tooth mass in the magilla
mandibular arch.
3) That reductive procedures are the only treatment options to resolve ITSD.
4) That the dental arch opposing the arch indicated by the ratio to be excessive in
mesiodistal tooth sum is without discrepancy and therefore “correct”.
The line produced by plotting values of maxillary ITSD deficiency and mandibular
excess ITSD required to achieve equivalent anterior ratio values presefitgire 1 does
not represent a 1:1 relationship. This means that a given mandibular excess hb8D

equivalent to a maxillary ITSD deficiency of equal but opposite sign.
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The maxillary and mandibular anterior percentages obtained using Bolton’s mean
data (Table 1) are collectively termed the anterior percent compositionearepegsented

mathematically as follows:

Mandibular Anterior Percentage

summed mesiodistal widths of mandibular anterior teeth00
summed mesiodistal widths of maxillary and mandibular anterior teeth

36.58 x 100= 43.6%
83.96

Maxillary Anterior Percentage

summed mesiodistal widths of maxillary anterior teetik 100
summed mesiodistal widths of maxillary and mandibular anterior teeth

47.38x 100= 56.4%
83.96

The anterior percent composition defined by Bolton’s mean mesiodistal meastsearh
individual teeth is characterized by a mandibular anterior percentage of 44% axitlaayna
anterior percentage of 56% of the anterior circumference. The anteriontpsyogosition
describes the percentage of anterior mesiodistal tooth mass of both thamaxridi

mandibular arches to the total anterior arch circumference.

DISCUSSION

Assessment of the Bolton Analysis for Contemporary Diagnosis of ITSD
Assumptions of the Bolton Analysis:
A review of Bolton’s thesis and subsequent papers indicates the existence of four

assumptions that materially affect the clinical use of his data. We hgprhbat these
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assumptions were necessitated at least in part by the realization thaytivayah ITSD
could be treated was by reducing tooth dimension, either by interproximal eeaonion

of extraction. It would appear that because of this singular approach to I'e&Deng,
Bolton’s analysis assumes that the anterior ratio can be used to determinddgg et

ITSD. Because ratios are used to make relative comparisons between twiteguanti
deviation from ideal proportionality does indeed indicate a lack of proportional harmony
between the quantities being compared. However, a deviation from an establishativeor
proportional relationship does not provide data to indicate which of the quantities being
compared is the cause of the deviation. For example, while a case ratsddkatthan the
Bolton mean anterior ratio indicates a deviation from ideal interarch proportyotiad
smaller case ratio could be due either to a relative increase inanaaititerior mesiodistal
sum, or a relative reduction in mandibular anterior mesiodistal sum. Thereforetethera
ratio cannot indicate the cause of anterior ITSD. The Bolton analysastenor ITSD
however is based solely upon the interarch proportional relationship of maxillary and
mandibular anterior teeth. No additional diagnostic information is required.

The reason Bolton assumed that the anterior ratio was sufficient to diagnose the
etiology of anterior ITSD is because treatment modalities to increasedsiodistal width of
anterior teeth were not available at the time when Bolton developed his an8lgsause of
this clinical reality there were no viable treatment options for diagnoseaxallary or
mandibular deficiency. Because the only viable treatments for ITSD wieaeten or
interproximal enamel reduction a diagnosis of maxillary or mandibular ereesisdistal
sum was required of the Bolton Analysis. Under this limitation, there was onlyosséle

diagnosis for anterior case ratios greater or less than the mean Bo#iwaraatio. Given
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the available treatment options for ITSD, Bolton was able to assume thieramiigo could
be used to diagnose the cause of anterior ITSD. However, now that bonded composite resin
and porcelain restorations can be used to increase the mesiodistal size dfdeeth, no
longer a compelling reason to eliminate maxillary or mandibular deficieanythe
differential diagnosis of anterior ITSD. Moreover, the use of the Bolton antatiorto
localize ITSD is not a valid assumption for contemporary diagnosis and treatnaemeedr
ITSD because it provides only a relative comparison between maxillary amibular
mesiodistal tooth sum.

Because predictable treatments to increase mesiodistal tooth sizeotvged
available, a second assumption that appears to have been made by the Bolton asalysis w
that the etiology of anterior ITSD is always an excess of either dlangor mandibular
tooth structure. Although the Bolton Analysis assumes ITSD discrepancy to be tloé &aul
maxillary or mandibular anterior mesiodistal sum that is excessive iagphe analysis
under the assumption that ITSD is instead due to a summed mesiodistal tooth width
deficiency, something that the Bolton Analysis does not do, reveals an important
shortcoming of the analysis. Applying the Bolton Analysis under the assumption of
mesiodistal tooth width deficiency demonstrates that the magnitude ofdal8lated is
dependent upon the arch assumed to be discrepant. This point is perhaps best demonstrated
using one of the clinical examples presented by Bolton in his thesis and 1962 paphkrs For
example, Bolton provided the following values:

Sum of mandibular 6 = 41.5 mm

Sum of maxillary 6 = 48 mm
Anterior Bolton Ratio = 86.45
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Because the case anterior ratio of 86.45 is greater than the Bolton 77.2 norm, the Bolton
Analysis assumes a mandibular excess to be the cause of ITSD. Undeuringtiassof

mandibular excess the following algebraic solution is accomplished:

Let X = “correct” sum of mandibular anterior 6 teeth

X/48 (actual maxillary 6) x 100 = 77.2

X =37.06 (“correct” mandibular 6)

41.5 mm (actual mandibular 6) — 37.06 (“correct” mandibular 6) = 4.4 mm

Mandibular excess = 4.4 mm
Assuming a maxillary deficiency however yields the following:

Let X = “correct” sum of maxillary anterior 6 teeth

41.5 (actual mandibular 6)/X x 100 = 77.2

X =53.7 (“correct” maxillary 6)

53.7 (“correct” maxillary 6) — 48 (actual maxillary 6) = 5.8 mm

Maxillary deficiency = 5.8 mm

It should be noted that for this example, the difference in magnitude of ITSD

calculated under an assumption of a mandibular excess versus maxilleigndgfivas 1.4
mm. Many clinicians may have assumed a 4.4 mm mandibular excess calcutajetiais
Bolton Analysis to be equivalent to a 4.4 mm maxillary deficiency, but this assumption
clearly is not supported by the measured data. If this assumption were rolaieizan may
have considered increasing the maxillary mesiodistal sum by 4.4 mm when instead an
increase of 5.8 mm would be required to achieve ideal interarch proportional harmony. The
difference of 1.4 mm approaches 1.5 mm, which has been suggested to represeally clini
significant ITSD>%°3
Clinicians should understand that the Bolton Analysis does not calculate the

magnitude of ITSD, but only the magnitude of maxillary or mandibular excessdisésl

tooth mass that must be reduced in order to establish interarch proportional bataace. T

33



concept may not be immediately intuitive to readers of Bolton’s work and may not teawve be
fully appreciated by the many clinicians who have used the analysis owerattsesince
widespread acceptance of the Bolton Analysis. Some clinicians may haveatigor

assumed a mandibular excess of a given value to be equivalent to a maxil@endgbf

equal magnitude.

The reason that reducing the mesiodistal sum of one arch sum is not the same as
adding an equivalent amount of tooth mass to the opposing mesiodistal arch sum is because
of the fixed proportional relationship between mandibular and maxillary mesiddistial
mass established by Bolton’s anterior proportion. Under the Bolton proportion, a given
change in mandibular tooth mass has a greater impact upon the Bolton ratio than hatequal
opposite correction of maxillary tooth substance. Because of the larger altbolahsion
of the maxillary arch corrections in maxillary mesiodistal tooth widthg tmeid.3 times
greater than mandibular adjustments of equal magnitude but opposite sign in orderaio have
equivalent effect upon the anterior ratio. While this difference is probabligitésgfor
mandibular excess less thanl-2 mm, it becomes very significant at mandioelss & SDs
of greater magnitude, situations in which clinical intervention is most likigiyré 1).

The assumption of maxillary or mandibular excess mesiodistal tooth width as t
cause of ITSD was made by Bolton because of a third important assumption of yisesanal
that could be termed the assumption of reduction. A key assumption of the Bolton Analysis
is that reductive procedures will be used to resolve ITSD. Bolton noted:

“In cases in which a disharmony exists and the ratio results do not fulfill the

requirements of 91.0 and 77.0 per cent for the over-all and anterior ratios,

respectively, the orthodontist must consider steps to give a finished product

which will be in occlusal balance. The steps may range from the stripping of

teeth to reduce mesiodistal width to the unusual extraction which will put the
tooth-size discrepancy case in harmony. A combination of the two steps is
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often recommended. In the extreme situation the solution may involve the

placing of overcontoured restorations to give added width to a tooth or a

segment of teeth?*
While Bolton acknowledged the potential for restorative treatment to indteaseesiodistal
width of a tooth or segment of teeth to improve interarch proportional balance, he cahsidere
this to be an “extreme situation.” The clinical examples Bolton refedendas papers do
not include a single example where restorations were prescribed to egresiedistal tooth
width in order to achieve interarch proportional balance. Steddmiap noted that the use
of fixed prosthodontic restorations to manage anterior ITSD “has never been done to my
knowledge” and concluded that”...the advisability of doing so is questionable”. Thus, the
Bolton Analysis assumes corrective measures to balance interarch stasitodih size
proportion will be reductive interventions applied to the dental arch that is esecassi
length.

This assumption of reduction by Bolton was not surprising, because predictable
restorative modalities to increase anterior mesiodistal tooth width had rimeeret
developed. Bonded composite resin restorations were not proposed to resolve ITSD until
1987* and bonded porcelain restorations did not become available until the early1$80s.
This meant that interproximal reduction, extraction, or a combination of extrantion a
interproximal reduction procedures were the only realistic options for treathi@r&D
available at the time of Bolton’s work. Because the only viable treatmen®3Drwere
interproximal reduction, extraction or a combination of extraction and interprogimaahel
reduction, the Bolton Analysis naturally assumed reductive procedures wouldlide use
achieve interarch proportional balance. Contemporary restorative treatmensdyiwever

render this assumption made by Bolton no longer valid.
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Because the assumption of reduction mandated a diagnosis of either makillary
mandibular excess mesiodistal tooth substance, a fourth significant assumgtiemBolton
Analysis is that, in cases with ITSD, the cause of discrepancy ismetaithin a single
arch and the opposing arch is without discrepancy and assumed to be “correct. “ @orrecti
measures are likewise assumed to be directed toward a single “excasgiveEven in
instances in which extraction of a mandibular incisor is accomplished with subsequent
interproximal reduction of maxillary anterior teeth, the initial asstonps that mandibular
mesiodistal tooth mass was excessive. Once extraction of a mandibular iragsor w
accomplished the ratio was recalculated or the Bolton table again refésentteat an
excessive maxillary mesiodistal tooth mass could be subsequently redtited wi
interproximal reduction to further improve interarch proportional balance. Thus, bsing t
Bolton Analysis even in instances where corrections are accomplished in bothrasthts
in a sequence of single arch reductive procedures to improve interarch proportiamee ba

Contemporary restorative modalities make combining additive restorative
interventions in one arch with reductive procedures in the corresponding arch a&feasibl
treatment strategy for ITSD. Therefore, the assumptions that thearaéio can be used to
indicate ITSD that is caused by a single discrepant dental arch wegksexe mesiodistal
anterior tooth substance and that treatment intervention to improve interarch praorti
balance will be limited to reductive procedures directed toward the arch di¢eine
“excessive” are no longer valid. Moreover, there is also no valid reason to aksitithe t
dental arch opposing the arch indicated by the anterior ratio to be excessive should be

assumed to be “correct”.
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Another shortcoming of the Bolton Analysis is that adjustments in mesiodistal tooth
mass to improve interarch proportional balance that involve both dental arches astiyot ea
accomplished using the Bolton Analysis because either multiple algebiioss or
repeated and potentially confusing references to the Bolton tables arededtine
practicality and accuracy of accomplishing a series of algebrawgatdns or sequential
references to the Bolton Tables are important considerations now thataadicti
mesiodistal tooth mass within a single discrepant arch is no longer the only reakheeint
for ITSD.

Additional Relevant Clinical Factors:

A number or clinical considerations and esthetic concepts relevant to anterior
mesiodistal tooth size have been developed since Bolton proposed his analysis fehintera
tooth size discrepancy. Unfortunately, the Bolton Analysis does not readiltatacil
consideration of these additional factors that might indicate, limit oastt heerit
consideration before altering anterior mesiodistal tooth size. Other impditacal
considerations might include; tooth sh¥p# interproximal enamel thicknes%€? crown
width®*®"  the height to width relationship of individual crow#&°®"° open gingival
embrasurés ™ apparent contact dimensf8i “golden” or other lateral proportional guides
for the maxillary anterior teeti:®® Patient desires and finances might also be important
considerations for ITSD treatment planning. Unfortunately, the Boltonsasages not
readily support consideration of these patient and contemporary esthetiingsidel
Therefore the value of the Bolton Analysis for contemporary diagnosis aiohénmet

planning for ITSD is reduced.
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Proposed New Method for ITSD Diagnosis and Treatment Planning

A new approach to anterior ITSD diagnosis and treatment planning was proposed.
The new approach represents a different way of expressing the intergyohtipral
relationship of maxillary and mandibular anterior teeth for contemporafy ti&nosis and
treatment planning. The proposed approach uses a new metric termed the anterior
circumference which is produced by adding the mesiodistal tooth widths of maaiic
mandibular anterior teeth. The anterior circumference serves as the ddnofoiniavo
additional metrics termed the maxillary and mandibular anterior pegeenta he anterior
percent composition describes the percentage of anterior mesiodistal tooth batbstioé
maxillary and mandibular arches to the anterior circumference. The angatid
mandibular anterior percentages obtained using Bolton’s mean data (Taldeegrasented

mathematically as follows:

Mandibular Anterior Percentage

summed mesiodistal widths of mandibular anterior teeth00
summed mesiodistal widths of maxillary and mandibular anterior teeth

36.58 x 100= 43.6%
83.96

Maxillary Anterior Percentage

summed mesiodistal widths of maxillary anterior teetlk 100
summed mesiodistal widths of maxillary and mandibular anterior teeth

47.38x 100= 56.4%
83.96

The anterior percent composition defined by Bolton’s mean mesiodistal
measurements of individual teeth is characterized by a mandibular antecemtpge of

44% and a maxillary anterior percentage of 56% of the anterior circuméerdhe values

38



for these new metrics can be used as an aid in treatment planning for dh&Didhat is not
biased by the treatment options for ITSD and better supports consideration ruf feater's
and esthetic guidelines relevant to anterior mesiodistal tooth size.

The use of this proposed new analysis will be demonstrated using the case gresente
earlier in this paper and taken from Bolton’s thesis and 1962 p&peFor this example,
Bolton provided the following values:

Sum of mandibular 6 (Mn6) = 41.5 mm

Sum of maxillary 6 (Mx6) = 48 mm

Anterior Bolton Ratio = 86.45
Recall that because the case anterior ratio of 86.45 is greater than the Boltonm7tRBenor
Bolton Analysis assumes a mandibular excess to be the cause of ITSD. Under the
assumption of mandibular excess the algebraic solution indicated a mandibularcéxcds
mm. Assuming a maxillary deficiency, something the Bolton Analysis doetonbowever
yielded a Maxillary deficiency of 5.8 mm. Applying the new approach to ITSghdss
yields:
Anterior Circumference = Mn6 + Mx6 = 41.5 + 48 = 89.5
Mandibular Percentage = Mn6/Total Arch Circumference x 100 = 41.5/89.5 x 100 = 46.4 %
Maxillary Percentage = Mx6/Total Arch Circumference x 100 = 48/89.5 x 100 = 53.6%
For this case, the anterior percent composition is represented by a mandilauiar ant
percentage of 46.4% and a maxillary anterior percentage of 53.6%. The mearfiordhees
anterior percentages established using Bolton’s data for the mean mesmdéatalements
of anterior teeth are 44% and 56% which indicates that relative to the total anterior
circumference, the mandibular anterior percentage is 2.4% to large and tHargharierior

percentage is 2.4% to small. Corrective measures to improve proportional harithony w
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therefore be directed at reducing the mandibular anterior mesiodistal steasing the
maxillary anterior mesiodistal sum or a combination of mandibular antenoreduction
and increasing the maxillary anterior mesiodistal sum. Because thezel®% aiscrepancy
for each arch, the total discrepancy is 4.8%. This value can be used to calculate the
millimeter interarch discrepancy as follows:
X/89.5 x 100 = 4.8%
Solving for X indicates a 4.3 mm interarch discrepancy

The 4.3 mm value provided by the new method represents a true measure of ITSDelyot mer
the amount of mesiodistal tooth substance that must be removed from an excessiagymaxil
or mandibular anterior sum to establish interarch proportional harmony. Beloawsgdrior
percent composition indicated a mandibular anterior percentage greater thaathena a
maxillary anterior percentage less than the mean, corrective intemngtdiimprove
interarch proportionality should be directed as follows:

1. Reducing the mandibular anterior mesiodistal sum

2. Increasing the maxillary anterior mesiodistal sum

3. A combination of mandibular anterior mesiodistal sum reduction and maxillary

anterior mesiodistal sum augmentation

The entire 4.3 mm ITSD can be removed from the mandibular mesiodistal sum, added to the
maxillary anterior mesiodistal sum or split between the anterior segrotthe arches as
mandibular reductions and maxillary additions as other relevant clinicatganight
indicate. For example, the entire 4.3 mm could be removed from the mandibular anterior
mesiodistal sum to achieve normative values for the anterior percent compasitollows:

Sum of mandibular 6 (Mn6) = 41.5 mm
Sum of maxillary 6 (Mx6) = 48 mm
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Corrected Mn6 sum = 37.2 mm

Corrected anterior circumference = 37.2 + 48 = 85.2

Corrected Mandibular Percentage = 37.2/85.2 x 100 = 44%

Corrected Maxillary Percentage = 48/85.2 x 100 = 56%
Similarly, augmenting the maxillary anterior mesiodistal sum by 4Bcould also be

accomplished to achieve normative values for the anterior percent composition:

Sum of mandibular 6 (Mn6) = 41.5 mm
Sum of maxillary 6 (Mx6) = 48 mm

Corrected Mx6 sum =52.3 mm
Corrected anterior circumference = 41.5 + 52.3 = 93.8
Corrected Mandibular Percentage = 41.5/93.8 x 100 = 44%
Corrected Maxillary Percentage = 52.3/93.8 x 100 = 56%
Alternatively, the 4.3 mm value for interarch tooth size discrepancy can be dividedras othe
clinical factors might indicate to achieve interarch proportional balanmeexample,
consider reducing the mandibular anterior sum with interproximal enamel medbgtP.3
mm and augmenting the maxillary anterior sum by 2 mm for a net 4.3 mm aorectie

results of this treatment strategy are as follow:

Sum of mandibular 6 (Mn6) =41.5 mm
Sum of maxillary 6 (Mx6) = 48 mm

Corrected Mn6 sum =41.5-2.3=39.2 mm

Corrected Mx6 sum =48 + 2 mm = 50 mm

Anterior circumference correction = 89.5-2.3+ 2 =89.2

Corrected Mandibular Percentage = 39.2/89.2 x 100 = 44%

Corrected Maxillary Percentage = 50/89.2 x 100 = 56%
Note that proposed adjustments to maxillary and mandibular mesiodistal sums must be
accounted for in the corrected anterior circumference.

The measure of ITSD provided by the new approach serves as a usefulrtteatme

planning aid for consideration of potential treatment strategies. Poss#tiadrds for ITSD
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are not determined by the measure of ITSD generated by the new armlyseégher as other
individual case factors might warrant. Two cases with identical antemopasition values
might ultimately be managed in very different ways. Although this new approach to
assessment of anterior interarch mesiodistal proportionality offers btaantages,
future investigations will be required to validate the use of this approach to ahit&ior

diagnosis and management.

CONCLUSIONS

The following conclusions can be made from this assessment of the Boltoni&\nalys

for contemporary diagnosis and treatment of anterior ITSD.

1. The Bolton Analysis is not adequate for contemporary diagnosis and treatment of

ITSD because key assumptions of the analysis were necessitated by 1930s ITS

treatment options. These assumptions have been invalidated by bonded restorations.

2. A given mandibular excess is not equivalent to a maxillary deficiency of equal
magnitude, nor is a given maxillary excess equivalent to a mandibulaedefiaf
egual magnitude.

3. Bolton’s data can be used in a different way for ITSD diagnosis and treatment
planning that is not biased by ITSD treatment options, accommodates dual arch

corrections and better supports consideration of other relevant clinicakfactor
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Table I. Summary data for the mean mesiodistal measurements of anterior aeeth fr
Bolton. Mean anterior sums were obtained by adding the mean mesiodistal meastirem
For each anterior tooth and multiplying this value by 2.

Maxillary Teeth Mandibular Teeth
Central Lateral Canine Central Lateral Canine
Mean (mm) 8.82 6.96 7.91 5.42 5.94 6.93
S.D. 0.42 0.48 0.46 0.31 0.26 0.37
Mean Mx Anterior Sum Mean Mn Anterior Sum
Mean Sum X 2 47 38 36.58
Mn 6 x 100 = Mean Anterior Ratio = 77.2
Mx 6
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Figure 1. Values of maxillary ITSD deficiency and mandibular excess ITSD
required to achieve equivalent anterior ratio values compared to a hypothetical
1:1 relationship between maxillary ITSD and mandibular ITSD.
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