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The clinical appli,cuti,on of a

tooth-stze analysi,s
W A Y N E  A .  B O L T O N ,  D . D . S . ,  M . S . D .

Beattle, Wash,

INTRODUCTION

Tnn present era is one of dramatic progress in the field of clinical orthodontics,
This is particularly true with respect to the meehanical phase of our treatments,
and of course many of the mechanical advances are dependent upon'the develop-
ment of new materiah. rmprovements are so numerous that at times it seems
as though changes occur almost daily.

Advances in the diagnostic phase of treatment have also been plentiful,
particularly with respect to the use of cephalometric headfilms as a pretreatment
guide. Most mod.ern investigative endeavors have been along one of these two
lines. They seem to have the glamour and appeal to eause one perhaps to ignore
one of the most basic of fundamentals-tooth size. The teym tooth siaa, in this
case, refers specifically to the mesiodistal widths of the teeth.

The development of the tooth-size analysis ratios which are to be the basis of
this investigation was presented in 1952.3 Since that time these ratios have been
applied, to many clinieal orthodontic cases. rt is the purpose of this study to
review the establishment of the analysis and, from this review, attempt to
present practical and detaileil examples of the measurement and application of
the information derived from the analysis procedures.

rt is felt that the tooth ratios can, without difficulty, be made a diagnostic
aicl which allows the orthod.ontist to gain insight into the funetional and esthetic
outcome of a given case without the use of a diagnostic setup.

RE'VIIEW OX' THE LITER,ATUR,E

G' V. Black'? eondueted one of the first investigations to be made in the fielcl
of tooth size. I-rarge numbers of human teeth were measured, and tables of mean
figures were established for each tooth in the dental arch.

. This thesis, which was givea as a partial fulfillmglf of the requirements for certi-
fcation by the American Board. of Orthodontics, is being publishect with the consent
ancl the recommenclation of the Boarcl, but it shoulcl be unclerstood that it cloes not
necessarily represent or express the opinion of the Boarct.
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Lundstrom6 reviewed, the European literature that dealt with tooth
disharmonies. The summarv is as foliows:

Young (1923) compared two similar occlusions but founcl that the cases cliffered con-

siderably in the amount of anterior overbite preseut. Measurements lvere taken of the mesio'

distal wictths of the teeth from the eentral incisors to the seconrl premolars. The sum of the

wiclths of the maxillary teeth a,nd the sum of the wiclths of the manclibular teeth were com-

parecl. The tlifference was 10.9 mm. in the case with an eilge-to-edge anterior relationship antl

17.0 mm. in the case where a tleep overbite existeil.

The Lux brothers (1930), Ritter (1933), Seipel (1946), and Selmer-Olsen (1949) have

stucliecl the maxillary anil manclibular tooth wiclths antl their relations. A fairly marked cor-

relation was found to exist between the sum of the wiclths of the maxillary antl mandibular

teeth in goocl occlusion cases.
Tonn (1937) offerecl a system of ratios between segments of the dental arches. Separate

manclibular mandibular
ratios rvere establishecl for tlie incisors, 

**'lrry 
*.74; tlre canines, 

*"*iff*ry 
-.87;

maxilla.rv 
' 

maxillarv
the premolars, --*-i- -.96; the frst molars, --- 

_ 
-.92; ancl the fuII archest

mandrrjular manorDurar

first molar through the frst -ol*r, $1 
-.93. In each case the smaller value rvas' 

maxillary

divicled. into the larger. Of twenty maiocclusion cases which seemetl to be characterizetl by

clisharmony in tooth size eight had intermaxillary tooth width ratios rvhich fell outsitle the

range.
Korbitz (1940) analyzed 100 normal occlusions. From a comparison in length of the

maxillary anterior segment (central and lateral j:rcisors, anil canines) to the manclibular seg'

ment of central anil lateral incisors, canines, and one-half the first premolar rvitlth he con-

ciuclecl tha,t the difference shoulcl be between 0 ancl 4.0 mm.. and should correspontl to an

overbite of 0 to 3.5 mm.

Ballard,' studied, asymmetry in tooth size. Five hund.red sets of casts were

measured.. The mesiodistal diameters of each tooth on one side of the clental

arch were.tompared to the corresponding tooth on the opposite side' Ninety
per cent of the sample demonstrated a right-Ieft d.iscrepancy in mesiodistal

width amounting to 0.25 mm. or more. Bailard advocated the judicious strip-

ping of proximal surfaces, primarily in the anterior segments' when a lack of

balance existed.
Neff,? with a sample of 200 cases, measured the mesiodistal widths of both

the maxillary and. mandibular anterior teeth. An "anteriol coefficient" was

aniyed at by divicling the mand.ibular sum into the maxillary sum. The range

was 1.1? to 1.41, with no mean figure given. Neff related the coeffrcients to the

amount of overbite. The value of 1.17 was associated with an e{dge-to.edge

incisor relationship and the opposite extreme, 1.41, was associated. with a com-

plete overbite relationship of the incisors. He concluded that a 20 per cent over-

bite with a eoeffrcient of 1.20 to I.22 was ideal.

Steadmans also offered. a method for predetermining the overbite-overjet

relationship of the anterior teeth by comparing the width of the maxillar;r four

incisors and one-half the width of the canines to the full mesiodistal d.imension

of the six mandibular anterior teeth. To compensate for the difference in values,

the result of the mandibular arch forming a smaller arc, one-half the thickness

of the maxillary central incisor (measured at the incisal thircl) is subtracted

slze
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from the maxillary measurement, and one-half the thickness of the mand.ibular
lateral incisor (measured at the incisal third) is added to the mandibular meas-
urement. If the sums are equal and the canines are in an ideal Class I relation-
ship, a good overbite-overjet relation should resuit. A value of -2.0 mm. should
produce an edge-to-edge incisor relation, while a +2.0 mm. value would indicate
a condition of excessive overbite and overjet.

In1952 I proposed an intermaxillary ratio analysis designed for the purpose
of localizing discrepancies in tooth size.3 Sirrce these ratios form the basis of the
present study, a detailed review of their establishment and use wiII be presented
later.

I-:undstrom6 reported an investigation of the variation in intermaxillary
tooth-width ratio in an unselected study group consisting of 319 13-year-old
children. Measurements of the mesicdistal widths were recorded. and a disner-
sion was determined for the follorvinE three indices:

I ' - I , -C  (mand ib le )
I ' - I r-C (maxi l la)

P' - P, - M' (maxilla)
x 100

P. - P, - M1 (manclible)

I ' - I, -. . . M' (:nandible)
I' - f, -. . . M1 (maxilla) x 100

Lund.strom concluded that the biologic dispersion in the tooth-width ratio is
great enough to have an appreciable influence on the position of the teeth, on
tooth alignment, and, on the overbite and overjet relationship.

Stiftere repeated. my study on a similar sample, with comparable results.
For the over-all ratio Stifter obtained a mean figure of 91.04 to my 91.3, and
for the anterior ratio Stifter's 77.55 figure compared very favorably with my
77.2.

Cooperb developed. a method. for assessing tooth-size disharmonies and local-
izing the disharmcny, if it occurred in the posterior region, by dividing the
region into segments and comparing maxiliary to mandibular lengths.

In 1958 I published a condensed f6rm of rury original tooth-size analysis
study, from which ratios and their means were presented.a In order to lend
background and continuity to the work being offered here, it seems advisable to
include the basic portion of the 1958 publication.

MATERIAL AND METHODS

MATERTAL. The measurements used in this study were taken from fifty-five
cases in which an excellent occlusion existed. The casts were carefully selected
from a large number of excellent occlusions, most of which hacl been treated
orthodontically (nonextraction). Of the fifty-five cases in the sample, forty-four
had been treated and eleven were untreated. Selections were made with extreme
care.

METHoDS. Three-inch needle-pointed dividers were used to determine the
greatest mesiodistal diameter of all the teeth on eaeh cast, except for the second.

1.

2.

o .

x 100
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and thircl molars. The dimensions, to the nearest 0.25 mm., were taken from a

finely calibrated millimeter ruler and recorded. The following lrleasurements

lvere rnade on each set of casts:
1. The mesiodistal widths of twelve maxillary teeth, the right first

permanent molar through the left first permanent mo1ar, wele totaled

and compared to the sum derived from the same ploced.ure caruied out

on the twelve mandibular teeth. These measurements are shown as X

and X, in Fig. 1. The ratio between the two is the percentage relation-

ship of mandibular arch length tc maxillary arch length which we have

called the "over-all ratio."

X' Sum mandibular l-2
:- Of
x Sum maxillary \2

2. The same method was used'in setting up a ratio between the

maxillary and mandibular anteripr teeth. Those measurements are

shown as Y and Y' in Fig. 1. The ratio between the two is the percent-

age relationship of mandibular anterior width to maxillary anterior

width, and this is referred to as the " anterior ratio. "

Y' Sum mandibular 6 x 100 : Anterior ratro.
Y 

"' 
Sum maxillarY 6

Fig. 1. X is the sum of mesioclistal cliameters of maxillary teeth 6543211123456. X' is the

sum of mesioclistal rliameters of manclibular teeth 65232-1lf-E3ffi, Y is the sum of mesiotlistal

cliameters of maxillary teeth 3211123. Y' is the sum of mesiodistal cliameters of mandibular

teeth 3E1l1Ee
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3. The angles of th,e murillary and, mand,ibular incisors to th,e oc-
clusal' plane were meq,sured. This was determined by measuring the
angles formed by the labial surfaces of the incisors with the base of the
cast which was trimmed parallel to the occlusal plane.
srArrsrlcAl ANALYSIS. The data were judged statistically, and the following

abbreviations and. formulas of the statistical method.s were used.:
s..&.J14.-standard error of the mean. This test predicts the degree of

variation to be expected in the mean if the experiment were repeated
on other similar samples.

B.D.-standard deviation. This is the constant which measures in
absolute terms the degree of scatter or d.ispersion about the mean.

c.v.-coefficient of variation. The coefficient of variation relates the
standard deviation to the mean by expressing the stand.ard deviation
as a percentage of the mean. rn order for the stand.arcl deviation
to be statisticaliy significant in relation to the mean, the coefficient
of variation percentage should be small.

c.c.-coefficient of correlation. This test gives a method of correlating
two measurements from the same samnle.

T.INDINGS

The ratio $49 Inan4ibulal-12 x 100 was developed for each individualsum maxillary 12

in the sample, and the analysis shown in Table I was made.

Table I

Range
Mean
S.D.
S.E.M.
c.v.

87.5 - 94.8
91.3
1 .91
0.26
2.09qo

Similar data were compiled, in

dividual (Table II), this ratio being

Table II

analyzing the anterior ratio for each in-
sum mandibular 6
m x 100.

Range
Mean

s.D.
S.E.M.
c.Y.

74.5 - 80.4
77.2

J-.  OO

0.22
2.74Vo

Angles of the labial surfaces of the maxillary and mand.ibular ..ot"ul in-
cisors to the occlusal plane were taken in order that the axial inclination of the
crowlls of these teeth to each other might be recorded. The mean rvas 1T?.0
clegrees.



Volxcme 48
NxLnxbar 7

Tooth-size amalys'is 509

Fig. 2. Moclels of the untreated.'ideal" occlusion usetl for stutly ancl comparison purposes.

DISCUSSION

It was thought that a more satisfactory and. significant d.iscussion of the
findings could be offered if the presentation were to be developed arouncl actual
cases that had been collected for the study. Fig. 2 shows an untreated excellent
occlusion. This is the dentition of a 14-year-old girl. There were no restorations
or carious lesions. Measurements and ratios recorded from this ideal occlusion
were compared with means clerivecl from the complete sample of fifty-five eases.
The comparisons are summarized in Table III.

A statistical analysis of both the over-all ratio (Fig. 1, measurements x
and X') and the anterior ratio (Fig. 1, measurements Y and Y) indicated a
small degree of variation in the individual measurements about the mean. fn

the over-all ratio (Tab1e II) a stanclard deviation of 1.91 for a mean of 91.3 t

Table III. Comgtarison of am untreuted, ercel,l,ent occl,usion (Fig. 2) witlu tVr'e
mean fi,gures d,eri,ued' from th,is stud'g

Over-all ratio
Anterior ratio
Overbite
Overjet
fncisor angle
Cusp height

91.11
77.6
31.2
0.5 mm,

!75.5"
2.0 mm.

91.3
77.2
D T . J

0,74 mm.
777'

1.9 mm.
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't'19' 3' A malocclusion in which a marked mandibular anterior excess was ciiscovered.

0-26 is very small, as verified by the correspondingly small coefficient of 'aria_
tion, 2.09 per cent. The same pattern held true also for the anterior ratio
(Table rrr). For a mean of 77.2 ! 0.22, the standard deviation of 1.65 is
significantly small, as again indicated by the coefficient of variation, 2.14 per
cent. Both ratios derived from the case shown in Fig. 2 compare very favorably
with the mean figures, as clemonstrated in Table III.

The following two cases which presented a marked disharmony in tooth size
may help to show the clinical applicatiori of the ratios deseribed previously.

Fig. 3 shows four views of a malocclusion in which both the over-all ratio
and the anterior ratio were considerably deviated from the means of this
investigation. The over-all ratio was g6.i6, and the anterior ratio was g6.4b.
The fact that these figures are larger than their means indicates that the maxil-
lary arch is too small for the existing mandibular arch. The buccal measure-

ments were made, and the resurting ratios were found to be essentiailyf. From
. r

this, it was suspected that the anterior segments were at fault. This suspicion
was borne out by the setup shown in Fig. 4. rnterdigitation in the buccai seg_
ments was satisfactory, but in the anterior segment the best that could Jie
achieved was an end-to-end relationship rvhich, as shown in the photographs,
rvould be very unsatisfactory.

Fig. 3. A malocclusion



Fig. 4. A setup of the malocclusion sho'wn in tr'ig. 3, maintaining a full complement of teeth.

Fig. 5. A setup of the malocclusion shown in Fig. 3, after the removal of one mandibular
central incisor.
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Fig. 6. A malocclusion which contained both an over-all antl an anterior discrenancv in
tooth size.

By substituting in the anterior ratio formula, 
ffi

x 100 : 77.2 (mean), X (the unknown) was found to be 37.05 mm. This is
the mesiodistal dimension that the mandibular six anterior teeth should have
ideally. since this unit actually measured 41.5 rnm., it was noted. that if a
satisfactory anterior relationship rvere to be achieved. the rnandibular segment
should. be reduced approximately 4.5 mm. when this reduction was inserted
in the over-all formula also, the result was 92.0, within the range of normality,
which indicated that the size discreparicy rvas confined to the anterior teeth.

The removal of 4.5 mm. of tooth structure by stripping the four mandibular
incisors and the mesial surface of the canines was considered to be impractical.

The other alternative for reducing this dimension was the extraction of a
central incisor whose mesiodistal rvidth was 5.5 mm. The anterior and over-all
ratios were then reduced to 75.0 and 91.03, respectively. These readings are
slightly below the mean, but the result is demonstrated by the setup shown in
Fig. 5. If the mandibular anterior segment rvere left intaet, the final esthetic
result would be far from desirable because extreme maxillary anterior spaeing
would be inevitable, that is, if the buccal segments rvere in a Class r molar
relationship.

The malocclusion shown in Fig. 6 demonstrated a somervhat different t5,1pe
of disharmony, being a case in ivhich the discrepancy in size was not confined
to one segment but involved a complete dental arch. The over-all and anterior
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Fig. 8.

Fig, 7. A setup of the malocclusion shown in Fig. 6, maintairing a full complement of teeth.

Fig. 8. A setup of the case shown in Fig. 6, after the extraction of the maxillary seconcl

premolars and anterior stripping.
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ratio read.ings for this patient were 82.8 and ?0.3, respectively; this indicates
that the maxillary arch is too large for the existing mandibular arch. The
setup shown in Fig. 7 bears this out. w.ith the first molars placed in a class r
relationship, it is obvious that a marked discrepancy in tooth size exists between
the two arches. Not only is there a marked maxillary anterior overjet, but the
disharmony also extends to the buccal segments, making it impossible to obtain
proper canine and premolar interdigitation.

By substituting in the over-all formula. $um mandlbular 12-(87) 
x 100 :'Sum maxillary 12 (X)

91.3 (mean), and. solving, X was found to be 95.3. This is 9.T mm. smaller
than 105 mm., the actual measurement recorded.; therefore, the maxillary
arch is excessive by 9.7 mm. Then by substituting in the anterior ratio,

$um mandibular 6 (?6) 
x 100 : 77.2 (meun), and solving, we find. that XSum maxillary 6 (X)

is 46.7 mm. By subtracting 46.7 from the 52.0 that existed, it is seen that the
maxillary anterior segment is excessive by 5.3 mm. This leaves 4.4 mm. of the
over-all excess to be confined to the buccal regions.

A setup of this case (Fig. 8) was made by removing b mm. of tooth struc-
ture from the maxillary anterior segment by the stripping of the mesial and
distal surfaces of the four incisors and the mesial surface of the canines.
Extraction was considered. necessary in the maxillary arch, so the second pre-
molars were remoyed and the first molars were brought forward into a Class II
molar relationship. This allowed. satisfactory intercuspation in the buccal seg-
ments, which previously had not been possible.

of elinical significance is the fact that the analysis can be so quickly and
easily carried out. From a set of casts the various tooth measurements on each
dental arch are punched along straight lines drawn upon a card. The dimensions
can then be determined by means of a finely calibrated millimeter ruler. The
ratios are then set up and the results are compared to the means published
here. rf a marked deviation occurs, a diagnostic setup can verify and give the
exact picture of the conditions that exist which will affect the plan of treatment.
rt is thought that the ratio results caf, give one an insight asto how the setup
should be approached; that is, which-teeth might most logieally be extracted if
such a procedure is deemed necessary. rt must also be pointed out that the
need for the extraction of a tooth or teeth is not necessarily confi.ned to the
case in which shortened arch length exists. Gross disharmonies in tooth size
may indicate the removal of a dental unit or units, even where there is ad.equate
arch length. conversely, tooth-size discrepancies may be corrected by the plac-
ing of overcontoured restorations where indicated.

Mesiodistai diameter figures for all the teeth were taken from wheeler,slo
text on dental anatomy. These dimensions were considered to be ideal for the
carving and articulating of the teeth in making the perfect setup. When his
figures were used and the ratios were computed, the results were found. to be
91.4 for. the over-all ratio and 77.8 for the anterior ratio. This correlates closely
with results derived from this study.
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A comparison of widths of anterior segments of artificial teeth when set up
(data published. by the Dentists supply company of New york) showed that
the mean of the anterior ratios for sixty-one molds was 76.86.*$

During the search for excellent ocelusions a striking example o{ a man-
made discrepancy in tooth size was discovered. The occlusal views of the case
(Fig. 9) show very well how the mesiodistal diameters of all the teeth com-
prising the maxillary buccal segments except the right f.rst premolar have been
increased by the overcontouring of restorations. The measurement of casts made
before and after operative dentistry procedures and orthod.ontic treatment re-
vealed that the maxillary buceal segment (exclucling second molars) had been
inereased in length by 2 mrn. on the left and by 1.25 mm. on the right side.

tr'ig. 9. An example of a man-matle clisharmony causecl by the placement of overcontourecl
regtorations.

The corresponding mand.ibular segments had been increased in dimension also,
but by only a negligible amount (approximately 0.25 mm.). Fewer restorations
were present in the mandibular denture.

The effect of overcontoured. restorations on oeclusal relationship is best
illustrated by the left lateral view.shown in Fig. 9. The molars are in a good
Class I relationship, but it is clearly demonstrated that the canine and premolar

*These ffgures were basetl upon mathematically cleterminecl relationships.
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pattern of occlusion is faulty, this portion of the maxillary buccal segment
being anteriorly placed in relation to the mandibular segment. This is a good
illustration of the way in which an overzealous dentist can alter tooth size to
the extent that arch lenEth is shortened.

CLINICAL APPLICATION

This portion of the study wiII demonstrate the need. for analyzing, from
the stand.point of tooth size, alL malocclusions presented to us as clinicai ortho-
dontists. It is hoped that measurements and the establishment of over-all and
anterior ratios will show a method that will give a mathematical answer to the
question of articulation, which in the past could be resolved only by the con-
struction of a diagnostic getup.

In a sample of 1"00 cases from my practice it was found that twenty-nine
presented. an anterior discrepancy of greater than one standard. deviation (1.65
for a mean of. 77.2). rn an unpubiished study made by Richardson at the uni-
versity of washington in l-959, 205 cases were measured; of these, seventy-nine
presented a tooth size d.isharmony greater than one standard deviation (BB.T per
cent). The high percentages would indicate a need for diagnostic conqi4eration.

At the time the original records on a given casq are evaluated the various
tooth measurements on each dental arch are taken from the casts and punched
upon a card, along straight lines from a common midline. The dimensions can
then be determined from the use of a finely caiibrated millimeter ruler.

Fig. 10 shows a simple analysis sheet devised to eliminate the need. for
computing the mathematical ratios. The figures are arranged in two columns, the
first showing a gi'i'en maxillary read.ing and the seconcl showing the ideal man-
dibular counterpart. comparisons can be made rapidiy, and the operator with
only minimal experience can soon Learn to predict accurately the occlusal out-
come of the case uniler investigation.

From the excellent occlusion shown in Fig. 2, the following ratio deter-
minations rvere made '

R1
; x 100 : 91.1 (over-all)
dv

35.5

+*rS 
" 100 : 77.6 (anterior)

If this dentition were in a state of malocclusion so that the final occlusal
result could not be visualized but could be corrected on a nonextraction basis,
one would assume from the excellent ratio readings that a nearly ideal inter-
maxillary articulation could be achieved. The excellence of the occlusion lends
validity to the ratio results, since the values in this case are so very near the
means derived from the sample of fifty-five excellent occlusions.

If the dentition is in a state of malocclusion with shortened arch length
which necessitates the removal of four premolars, an elaboration on the ratio
method becomes necessary. There are several fundamentals which become ap-
parent as one's experience in the field. of tooth size and occlusal harmony in-
creases.
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ANA],YSIS OF TOOTH-SIZE DISCR,EPANCIES

Sum mandibular 12

Sum maxillary 12_mm.

Maxillary 12 Manrlibular 12 Maxillary 12 Mandibular 12 Maxillary 12 Mandibular 12

Over-all Ratio

: - x 1 o o - - %
Over-all

ratio

Mean 91.3 - 0.26
s.D, (o) 1.91
R,ange 87.5-94.8

94.0
95.0
95.9
96,8
97.8
98.6
99.5

100.4

86
86
87
88
89
90
91
ot

93

,  , . o

78.5
79.4
80.3
81.3
82.1
83.1
84.0
84.9

a4

O K

96
97
98
99

100
101
L02

85.8
86.7
87.6
88.6
89.5
90.4
91.3
o o 0

93.1

103
104
105
106
107
108
109
110

Patiedt Analysis

If the over-all ratio exceeds 91,3 the d.iscrepancy is in excessive mandibular arch length.
In above chart locate the Batient's maxillary 12 measurement, and. opposite it is the
correct mand.ibular measuxement, The ctifierence between the actual and correct man-
dibular measurement is the a,mount of excessive mandibular arch length.

Actual manttibular 12 Correct mandibular 12

If over-all ratio is less tban 91.3:

Excess mandibular 12

Actual maxillary 12

Sum maudibular 6

If anterior ratio e.xceeds 77.2:

Correct maxillary 12

Antexior Ratio

: - x 1 0 0 :

Patient Analysis

Excess maxillary 12

l}'feau 77,2 - 0,22

% S.D. (o) 1.65
Bange 74.5-80.4Sum maxillary 6_mm.

Maxillary 6 Mand.ibular 6 Maxillary 6

40.0 30.9 45.5
40.5 31.3 46.0
41.0 37.7 46,5
41,5 32.0 47.0
42.0 32,4 47.5
42.5 32.8 48.0
43.0 33.2 48.5
43,5 33.6 49.0
44.0 34.0 49.5
44.5 , 34.4 50.0
45.0 34.7

Anteriox
ratio

MantLibular 6 Maxillary 6 Mandibular 6

35.1 50.5 39.0
35.5 51.0 39.4
35.9 51.5 39,8
36.3 52.O 40.1
36.7 52.5 40.5
37,7 53.0 40.9
37,4 53.5 41.3
37.8 54.0 41.7
38.2 54.5 42.!
38.6 55.0 42,5

Actual mandibular 6 Correct mandibular 6

ff anterior ratio is less than 77.2:

Excess mand.ibular 6

Actual maxillary 6

Fig. 10. An analysis sheet ilevised
anterior ratios,

Oorrect maxillary 6

to eiiminate the neecl for

Excess maxillary 6

computing the over-all and
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The d.ental arches must be thought of as consisting of two components, the
anterior and the posterior. The ratio of. 77.2 t 1.6b for the anterior segment,

mandibular 6
maxillary 6

x 100, is very specific; it should be considered as a completely

independent unit and given our frrst attention. Much of denture stability ancl
and proper esthetics depends upon a normal overbite-overjet relationship with
proper intercuspation in the canine regions, and this is r,vhat a ratio of 77.2 t
1.65 should give if angulation of incisors is proper and labiolinEual thickness
is not excessive.

Fig:. 11. Fis. 12.
Fig. 11. A setup of the ideal occlusion casts after the removal of the first premolars of
equal size.

Fig. 12. A setup of the ideal occlusion casts after ilre remova,l of a larEer manclibular secoucl
premolar.

The proflle view of the diagnostic setups shorn'n in Figs. 11 and 12 portrays
an excellent anterior ratio and brings us to the point of considering what might
be expected from the over-all ratio when premolar units are extracted. Since the
dental arches are arcs of different lengths, an unusual mathematical situation is
enccuntered if equal-sized premolars are removed. from each quadrant.

For example, if a hypothetical ratio is established, such as a maxillary mea-
surement of 100.0 mm. and. a mandibutar measurement of g1.0 mm., we would

have an excellent occlusal prognosis on the basis of our ratio, 
rOOg
91 mandibular 12

maxillary 72
x 100 : 91.0 per cent. rf we now subtract 14 mm. (an acceptable determin-
ation for two premolars) from both of the futl arch measurements, the following
ratio is established:

( 91-1a) 77 ryandibutar 12 .
(100-14t86;ffifr 12 x 100 : 89'5 per cent'

conversely, if the same amount (14 mm.) is added to our arbitrary sums,
the following result is obtained:

( 91+ 14) 105 mandibular 12 _ ^o r
@ : v z ' r P e r c e n t '
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0.96

0.50

u.b /

0.61

Tlie readings 89.5 per cent ancl 92.1 per cent are very satisfactory, both
lying within one standard deviation of the mean, but the numerical value
obtained from our arbitrary ratios is not the important factor in this instance.
The important thing is that one und.erstand how a ratio set up between arcs
of unequal length (such as dental arches) will not remain constant when seg-
ments (premolars) of equal width are removed from each arc.

The practical example of this is the dentition which presents an ideal over-
ali ratio but is in need of premolar extraction. If the maxillary and mandibular
premolars are of equal mesiodistal wid.th, it will be found in the average case
that the over-all ratio value will decrease by approximately two percentage
points, usually from 91.0+ to 89.0 per cent. In order for the ratio to remain
constant, it becomes necessary to temove more tooth structure in the maxillary
arch, by approximately 1 mm. per premolar. The information on premolar sizes
set forth in Table IV shows that, according to the mean witlths, it would be

Table IV

Ieetk cornpareil,

1. Maxillary first premolar

Manilibular first premolar

2. Maxillary seconil premolar

Mandibular seconcl premolar

3. Maxillary frst premolar
Manilibular seconcl premolar

4. Maxillary seconcl premolar
Manclibular frst premolar

the exception rather than the rule for the ratio to be maintainecl. This statistical
evidence points out the tendency for the mandibular premolars to have a greater
mesiodistal dimension than their maxillary counterparts; therefore, the over-all
ratio should not be used as a specific guide to the predicted. occlusion after the
removal of four premolars. Rather, clinical observation and experience cause
the following recommendaticn to be made in the premolar-extraction case. The
individual tooth measurements are macle and. record.ed, and the ratios are
established. Under id-eal circumstances, the anterior reading will be 77.0 per cent
and the over-all read.ing wiII be 91.0 per cent. 

'With 
these results and the elimina-

tion of the four premolar measurements, the 77.0 per cent anterior reading, of
course, remains unchanged while the 91.0 per cent over-ali reading will be re-
duced to approximately 89.0 per cent if both the maxillary and mandibular
premolars are of equal size. If the mandibular premolars are of greater mesio-
distal dimension, as is often the case, the ratio reading may even be red.uced.
to as little as 87.0 per cent. This is thought to be d.esirable in the case in which
the anterior relationships are excellent (77.0 per cent). The additional tooth
strueture removed from the mandibular posterior segments causes a shortening
of the manclibular arc which disrupts the over-all ratio (reduces it from an
expected 89.0 per cent to approximately 87.0 per cent), but clinically we see an

7.04
7.75

6,84
7 r 7

7.04
7 9 7

6.84
7.t5
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improvement in the posterior occlusion as the mandibular molars are allowed
more mesial morrement. The mesial positioning of these molars permits a slight
super class r rehtionship to be obtained r,vhich, in turn, will allow the distal
cusps of the maxillary first molars to dip more securely into the sulcus between
the mandibular first and, second molars. Many clinical orthodontists believe that
the type of maxillary first molar positioning just described is one of the im-
portant keys in orthodontic stability.

Fig' 11 d.emonstrates a setup of the id.eal occlusion casts following the re-
moval of first premolars of equal size. The occlusal result is a-satisfactory one,
but careful examination of the casts shorrn in Fig. 12 where a larger (l-mm.)
mandibuiar second premolar was removed shows an improvement in the degree
of occlusal excellence. This statement should not be interpreted as a broad
recommenclation for extraction of mandibular second premolars, but this tooth
is often the largest of the premolars; therefore, this fact bears consid"eration in
the over-all analysis and treatment plan.

fn the 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 consid.er steps to give a finished product
which will be in occlusal balance. The steps may range from the siiipping of
teeth to recluce mesiodistal width to the unusual extraction which will puithe
tooth-size discrepancy case in harmony. A combination of the two steps is often
recommeniled. 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.

Fig. 13 portrays a severe class rr, Division 1 malocclusion in whieh it was
deemed necessary to remove dental units. The full arch readings are 91.1 per
cent for the over-all ratio ( 91.3 per cent mean) and. 77 .B per cent (77 .2 per cint
mean) for the anterior ratio. one would expect, on a nonextraction basis, an
ideal occlusal relationship. This practical case is an excellent example of the
previous discussion.

The anterior ratio was computecl by substitution in the formula mandibular 6
maxillary 6

x 100 or 
ffi" 

100 : 77.3 per cent,'and the over-all ratio was also solved,

mandibular 12
maxillary 12

x 100 or gq - 100 : 91.1per cent. The extraction of four first95.5
premolars, whose widths arc 7.0 mm. each, would change the over-all ratio to
73.0
g1j r 10tJ by subtracting 14.0 mm. from each arch. The ratio result wiII change

from 91.1 to 89.6 per cent with this choice of extractions. The posterior occlusion
prognosis would be very satisfactory, harmonizing well with the nearly ideal
anterior ratio of 77.3 per cent.

In this instance the mandibular second premolars were wider mesiodistaily
by 1 mm. each. They were chosen for extraction. This change from the previous
decision to extract first premolars changed the ratio by arr additionai 2 mm.
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Fig : .  13 .

Fis.  14.

Fig. 13. A malocclusion requiring extraction 'lvhich has excellen.t tooth-size ratio readings.

Fig. 14. The finished treatment result of the case shorvn in Fig. 13. The maxillary first pre-

molars and the ma,ndibular second premolars have been extracted.

being removed from the mandibular arch " " 73'0
, Tho ratio of 

ffi 
x 100 for first

premolars rvas changed t" 
H 

x 100 lvhen mandibular second premolars rvere

extracted, and the lesult was changed from 89.6 to 87.1. The ratio changes
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Fig. 15. A malocclusion rvith shortened arch length and absence of one mandibular incisor.
Fig. 16. The treatment result of the case shorvn in Fig. 15 following extraction of flre
maxillary canines antl the mandibular first premolars.

noted here are very t;pical of those found in extraction eases in whieh the tooth-
size ratios are in agreement rvith the recommended means prior to the extraction
procedure.

Fig. 14 shorvs the finished treatrnent result. Rernoval of tlie larger mandib-
ular second premolars allor,ecl additional mesial movement of the first molar
l'hich, in turn, improved its relationship rvith the maxillary first molar.



Volunxe 18
Nul|xber 7

Tooth-size analysis 523

The malocclusion shown in Fig. 15 is a Class I type with maxillary canines
impacted and the mandibular left lateral incisor missing. Arch length is inade-
quate to the point where extraction must be considered. The maxillary right
deciduous eanine is still in place.

From a purely mechanical standpoint, it was felt that the logical extraction
ehoices would be the maxillary canines, because of their.very poor positions, and
the mandibular first premolars, because of the degree of shortened arch length.
This combination was consid.ered logical also because it appeared. that the maxil-
lary lateral incisors were undersized. and the mandibular incisors large. The
application of the tooth-size analysis with its two basic ratios demonstratecl,
from the standpoint of a full complement of teeth (aside from the missing man-
dibular incisor), that good occlusal relationships were possible. The anterior
percentage was 75.5, while the over-all ratio was 90.6 per cent.

If the maxillary canines were eliminated and the first premolars were of
the same mesiodistal width, to complete the maxillary anterior segment, the

anterior ratio would not be disturbed. The ratio was
mandibular 6 (34)

x 100
maxillary 6 (45)

: 75.5 per cent;this showed a 0.7 mm. maxillary excess. The decrease in total
length of arches by extraction of the maxillary canines and the mandibular first

premolars (plus the missing incisor) gave the following ratio:
mandibular 12
maxillary 72

( 7r. n\
# x 100 : 88.4 per cent. For the dental arches which have undergone a(uz.u )
marked. decrease in length because of the extraction of teeth, this is a very
satisfactory relationship.

Fig. 16 shows the case at the time appliances were removed. It was felt that
the matheinatical sums derived from the two basic ratios gave us a simple and
rapidiy developed key to our final esthetic and functional result without the
use of a diagnostic setup. It is reasoned that the best retaining device in a case
of this type, with its rather unusual extraction choices and slight open-bite tend-
ency, is a silicone rubber positioner. It is usecl for a short period, (from three to
six weeks) prior to the placement of rigid, mcre long-term appliances.

Fig. 17 shows a Class If, Division 1, Subclivision malocclusion complicated
by the presence of grossly und.ersized maxillary lateral incisors and the con-
genital absence of the mandibular left lateral incisor. For this particular facial
pattern, the extraction of teeth was considered to be illogical. The case was
analyzed. from a tooth-size stand.point. The over-all ratio indicated a 1.6 mm.
maxillary excess, and. the anterior ratio showed. a 2.7 mm. maxillary excess.

The relationship of the ratio percentages indicated that the disharmony lies
mainly in the anterior segments. It was reasonecl that if 2.0 mm. of tooth ma-
terial could be removed" from the mesial and distal surfaces of the maxillary
central incisors ancl canines harmony would result. The teeth were strippecl in
the heavy enamel areas, the appliance was constructed and placed, and the
treatment was carried out according to the original plan.
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F ig .  16 .

Fig. 17. A malocclusion complicateci by maxillary peg lateral incisors and the absence of one
mandibular incisor.

Fig. 18. The treatment result of case sirown in Fig. 17, at the time of appliance removal.
This case was treatecl on a nonextraction basis,

The casts shown in Fig. 18 r,vere made at the time of appliance lemoval.
Again, it was felt that the disharmony analysis gave us an immediate insight
into the possible approaches to treatrnent as indicating the area ancl degree of
size discrepancy.
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Fig.  20.
Fig. 19. A malocclusion u4rich presents shortened arch length, maxillary peg lateral incisors,
and a transposition of the maxillary right lateral incisor and canine.

fig. 20. The treatment result follorving extraction of maxillary lateral incisors ancl mandibu-
lar first premolars,

The case presented in Fig. 19 is a Class I malocclusion r,vith tr,vo unqslal
situations present in the maxillary arch. Both oddities are related to the lateral
incisors. They are not only peg-shaped, but on the right side the canine and
the lateral incisor have become transposed. The mandibular arch presented
moderate crowding, chiefly confinecl to the alea of the left seconcl premolar"
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I . ie .  22.

Fig. 21. A malocclusion rvith the congenital absence of maxillary ancl manclibula.r lateral
incisors.

Fig. 22. A setup of tire case sirown in Fig. 21 after removal of 1.5 mm. of tooth structure
from the manclibular anterior segment,

ft was found. that, from the full complement standpoint, the over-all ratio
indicated a 4.0 mm. mandibular excess while the anterior ratio showed a 3.1 mm.
mandibular excess. This particular relationship of ratio values would indicate
that the main discrepancy in size was confined. to the anterior segments.

Fis.  21.
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It was considered feasible, on the basis of aII other diagnostic data, to cor-
rect this malocclusion by the extraction of the maxillary lateral incisors anil
the mandibular first premolars. By establishing ne'lv ratios, with the substitutiou
in the maxillary arch of canines for lateral incisors and f.rst premolars for
canines, a result was obtained which indicated only a 0.9 mm. maxillary excess
in the anterior segment. The new over-all ratio established after the removal of
the mandibular first premolars demonstrated a 0.4 mm. mand.ibular exeess.
Both results .were so near the mean figures (79.0 per cent anterior and 90.8 per
cent over-all) that it was decided. to treat the malocclusion and to do any neces-
sary size adjusting in the retention stage of treatment. Fig. 20 shows the rssult
several months out of retention.

The last practical case to be demonstrated is an unusuatr and difficult oue
from the tooth-articulation stand.point (Fig. 21). The patient presented. a Class
r malocclusion complicated by the congenital absence of both the maxiliary and
mandibular lateral incisors and a severd tongue-thrusting habit. fn this situation
the over-all ratio took on real significance, with a reading ot 92.2 per cent, com-
pared to the mean of 91.3 per cent, which indicated a mandibular excess of only
1 mm.

When six teeth were placed. in eaeh anterior segment, substituting lateraf
incisors for canines and canines for premolars, and the ratio was computed, it
was found that a 3.5 mm. mandibular excess resulted.. This finding was not com-
patible with the over-alL ratio. The ratio was then d.eveloped using only the four
anterior teeth-the central ineisors and canines. An 80.0 per cent value was,
derived, which also indicated a 1.0 mm. mandibular excess. This was considered
to be the valid. and d.esirable approach.

The diagnostic setup shown in Fig. 22 demonstrated, the occlusal result
obtained by removing approximateiy 1.5 mm. of tooth structure from the
mand.ibular incisors ancl canines. The reason for the much greater disharrnony
when six ivere included in the anterior ratio is not clearly und.erstood., unless
there was an abnormality of tooth morphology which was peculiar to this case_

When the treatment problem calls for extraction of two maxillary premolars
only the tooth-size ratios as outlined can also be utilized to advantage. The ratios
are established. in the same manner as in a nonextraction case. If the values are
in agreement with the recommended means, and if the wiclth of the maxillary
premolar to be extracted is the same as the distance from the mesial surface of
the maxillary first molar to the height of its distai cusp, the occlusion should be
satisfactory, even though a Class If molar relationship is the result.

As a finale to this review of cases, it should be pointed out that there are
two distinct situations which can alter the anterior relationships and ratios.

In the natural denture where the mandibular incisors are upright but the
maxillary incisors are in extreme labial inclination, the size relationship will be
disturbed. An excess amount of tooth structure in the maxillary anterior seg-
ment is need.ed if all spaees are to remain closed.. In general, one must guard
against the extreme bimaxillary protnxion with its small interincisal angle, not
only from the standpoint of esthetics and stability but also with respect to dis-
ruption of the tooth-size ratio. In the case involving a small interincisal angle
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a good ratio result does not necessarily mean a good relationship of anterior
teeth, rrith proper interdigitation in the canine regions, unless an edge-to-edge
bite is the result or the mand.ibular anterior segment is reduced. in size.

Rarely a dentition may be found. in which extreme labiolingual thickness is
noted or in which the marginal ridges of the incisors are extremely pronouneed.
in the maxillary arch. Under these circumstances, an excess in the maxillary
anterior segment may also be necessary to bring about what is considered a
normal overbite-overjet reiationship with stable space closure. It is believed
that there are indications for removing portions of extremely oversized marginal
ridges of the maxillary incisors in order to establish the proper overjet rela-
tionship.

SUMMAR,Y AND CONCLUSIONS

For the sake of continuity in the presentation of tooth-size ratios and. their
clinicai application, it was cleemed necessary to review the portion of the original
study dealing with the over-all and anterior ratios and their development. From
the original presentation, it has been found that the clata concerning the over-all
and anterior ratios have clinical significance. 

'When 
the twelve maxillary teeth

were compared with the twelve mandibular teeth in a ratio, as
summafidibular 12
sum maxillary !2

x 100 : over-all ratio, a statistically significant mean, standard deviation, and
coefficient of variation were found to exist. They were 91.3 t 0.26, 1.91, and 2.09
per cent, respectively.

The anterior ratio is produced in a similar manner, involving the six maxil-

lary anterior teeth and the six mandibular anterior teeth as
sum mandibular 6
sum maxillary 6

x 100 : anterior ratio. Equally significant findings were obtained. For a mean
of.77.2x0.22, the standard deviation was l-.65 and the coefficient of variation
was 2.14 per cent.

The main bcdy of the work presented here is concerned with the clinical
application of the ratios. Treatment problems of various t;pes were selected.
The technique, the actual measurementS, and interpretation were demonstrated
for several different types of malocclusion.

1. Hypothetiqal ratios were developed to demonstrate changes in result as
arch length is increased or decreased.

2. The consideration of mesiodistal width in making the proper premolar-
extraetion choices was brought forth. The excellence of occlusion in the extrac-
tion case may often be improved by the removal of a mandibular premolar that
is larger than the maxillary premolar.

3. The extraction cases presented, along with their respective tooth-size
analyses, were varied to demonstrate the application of size ratios to as many
different situations as possible. The combinations were as follows:

a. Four premolars
b. Maxillary canines, mandibular premolars, and one mandibular

incisor
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c. One mandibular incisor
d; Maxillary lateral incisors and mandibular first premolars
e. Maxillary and manclibular lateral incisors

4. The case requiring extraction of two maxillary premolars was discussed
in terms of the application of tooth-size ratios.

5. The two main clinical features which may dismpt the anterior toot}.-size
ratio were presented. They are (1) extreme labial inclination of incisor teeth
with the resultant small interincisal angle and (2) the situation in which the
incisors have extreme labiolingual thickness.

The clinical application of the ratios devised has been presented. After eight
years of applying these ratios to practical eases, f believe that there is rarely a
need for the diagnostic setup. A knowledge of the mathematic,al approach to
occlusion plus an observant eye can localize many a d.isharmony which even a
setup may not demonstrate elearly. Of- clinical significance is the fact that the
measurements are easily and quickly made, making the analysis a practical
diagnostic tool.

REX'ERENCES

1. Baliarcl, M. L.: Asymmetry ia Tooth Size: A Factor in the Etiology, Diagnosis, anil
Treatment of Malocclusion, Angle Orthodontist LAz 67-71, 7944.

2. Blaek, G. Y.: Descriptive Anatomy of the lluman Teeth, ed. 4, Philaclelphia, 1902, S. S.
White Dental Mfg. Co.

3. Bolton, W. A.: Thesis for Masterts Degree, University of 
'Washington, 

1952.
4. Bolton, W. A.: Disharmony in Tooth $ize ancl Its Relation to the Analysis and. Treatment

of Maloec,lusion, Angle Orthoclontist 28: 113-130, 1958.
5. Cooper, W, S.: Thesis for Master's Degree, University of Washington, L960.
6. Lunclstrom, A.: Intermaxiliary Tooth Wiclth R.atio antl Tooth Alignment ancl Occlusion,

Acta oclont. scantlinav, 1:2t 265-292, 7954.
7. Neff, C. W.: Tailorecl Occlusion With the Anterior Coefficient, Am. J. Orthodonties 35:

309-314, 1949.
8. Steadman, S. F,.: Precletermining the Overbite antl Overjet, Angle Orthoclontist 19: 101-

105, 1949.
9. Stifter, J,: A Stucly of Pont's, Howes', Rees', Neff's ancl Boltonts Analyses on Class

I Adult Dentitions, A:rgle Orthoclontist 28: 2751 7958.
10. Wheeler, R. C.: Textbook of Dental Aratomy antl Physiology, ed. 4, Philatlelphia, 1940,

W. B. Sauntiers Compa.ny.'
11. Principles of Selection and Articulation, New York, 1939, The Dentists' Supply Company

of New York.

4th S Pi,ke Bld,g.


