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INTRODUCTION

Tm 1929 Brash® stated: "My own studies of the growth
of the alveolar processes of the jaws, convincing me of the
constant changes teking place 1in that remarkable bone and
leading to the general conclusion that at least throughout
the growth period the teeth 'erupted' and terupting' alike
are consténtiy moving in the bone and thet, shall we s&j, |
occlusion is but the expression of the relative position of
teeth which are slowly but surely moving in the growing bone
in three related directions -- these studies must have their
bearing upon setiology, if they in any way throw light on
the mechanism of the production of what we consider to be
malocelusion." Later, in the same discourse he stated:

"iay we perhaps look forward to the time when the ortho-
dontist will possess exact knowledge of the direction and
extent of the normal growth-movement of each individual
teoth ok any agé period during which he may be applying
treatment.,"”

This investigation was designed to study some pos-
sible growth-movements of maxillary pérmanént teeth.

As wlll be observed from a review of literature, it
has been the generally held opinion of dentists that the
maxillary permanent first molars rotate, mesial toward the

midline, if glven the opvortunity to drift mesial by such
A
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circumstances as eafly loss of mexillary primary molars, loss
or absence of maxillary blcuspids or loss of restraining lip
pressure as in maxillary dental protrusion maloccluslons
{Class I, div. 1).

It is an observed fact that, on thé average, the sum
of the mesio-distal diameters et the contacts of the maxil-
lary permanent cuspids and first and second bicuspids is
smaller by about 1 to 1.5 mm, than the same diametérs of the
maxillary primary cuspids and primary first and second molars
which they replace. This difference in this dimension is |
called leeway space. This slighﬁ temporary excess of space
in the latter stages of the mixed dentition and early stages
of the permasnent dentition results, usually, in a slight de-
crease in arch length by eventual closure of the space by
mesial drift of the maxillary permanent first molers or by
distal movemehts of the maxillary anterior teeth or by a
combination of both. |

In particular then, the purpose of this investigation
was to: (1) Measure the change of the torsiversion (rota-
tion around the long sxis) of the maxillary vermanent first
molar teeth in a longitudinal series of Clsss I (molar),
uﬁtreéted, occlusions; and (2) Correlate such change with
maxillary 1éeway space;.change in maxillary arch length from
mixed to permasnent dentitions; change in inclination of
maxilliary bermanent central incisors from mixed to'perma-
nent dentitions, (as an indication‘of whether maxillary

L}
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arch length change and closure of leeway space resulted pre-
dominately from distal movements of maxillary enterior teeth

or from mesial drift of maxillary pefmanent first molars).
REVIEW OF LITERATURE

Variation of position of the maxillary first perma-
nent molar in the three planes of space (antero-posteriorly,
medio~laterally, and superio-inferiorly), in normal occlu-
sion and malocclusion, has been investigated by meny. Rota-
tion of the ﬁaxillary first permanent molar on its exis,
torsiversion (Lischer),12 18 a positional variation that has
not recelved equal attention,

The presence of torsiversion of maxillary first perma-
nent molars has been noted by many authors. Angle,l in 1900,
mentioned "torsal position"” of a maxillary first permanent
molar and its treatment in a discussion of Clsss I malocclu~
sion. In 1912, Lischerli? suggested the suffix "version" as
applied to tooth position. In a discussion of torsiversion,
he stated that in rare instances, the molars will require
rotation in treatment. Hellm_an,6 in 1920, wrote that 5n the
examinetion of 800 cases of malocclusion, it was found that
in a very high percentage of instances, the upper molars
were rotated. The fotation seemed %o affeét the position of
thé mesio-lingual cusp in such a manner as to influence its
occlusion mesio-distally in a very slight degree, this cusp
being the center of rotation,.}hile the buccal cusp may at

the same time appear in a decided malpositign.
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Smythl5 wrote on the etiology and treatment of abnor-
mally rotated molars in 1931. She selected this subject for
two reasons. First, departure from the normal position and
occlusion which is described as sbnormel rotation is so small
in terms of millimeters, that it is an irregularity which 1s
often overlooked. >Second, sbnormal rotation of molers has =
definitely harmful effect on occlusion of each case. In 100
unselected cases, boys ages 9 and 10 yeers, "about 60" showed
rotations of the maxillary first permanent molar. The great
majority of these were associated with premature loss of
deciduous molars. This study was based on gross viéual deter-
mination of the rotations.

Seipellllr considered free rotstion (a positional varia-
tion of the teeth where there has not been any rotating
contact influence through crowding either coronally or apilcal-
1y) as part of a larger study in 1946. He counted rotations
of 1/l right angle or more. In a total of [36 thirteen yeer
old patients without extractions, he found one free rotated
mexillary first permanent molar. In & group of 6l thirteen
year old patients with one or more extractions, he found one
free rotated mexillary first permenent molar. This study
was also based on gross visual determination of the rotatlon.

Atkinson2 found that in many instances 1n which the
'anterior_teeth were lapped or crowdgd, there was forward
rotation of the mexillary first permanent molar.

'D‘ev-rellL expressed the opinion that a diagnostic aid in

analyzing mesisl movement of maxillary posterior teeth, was
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the characteristic rotation of the maxillary first moler wﬁich
usually accompanied its forward displacement.

Hemley7 and Strang16 stressed the importande of noting
rotated maxillery first permanént molars as & guide in the
classification and treatment of malocclusion.

Stoller!’ observed that the maxillary first permanent
molar showed a definite orilentation of this tooth to arch
form in normal occlusion when viewed from the occlusal surfeace,

Henry,B in 1956, presented the first quantative inves=-
tigation of rotation of maxillary first permanent molars
utilizing a measurement technic., He studied dental casts of

individuals with normal occlusion and different classes of

malocclusion., He concluded that the maxillary first perma-~

nent molars in the malocclusions studied were rotated in
approximately 83 percent of the cases.

Friel,S in 1959, reported a study of the angle of rota-
tion of the maxillary first pérmanenﬁ molar to the median
raphe of the palate in different classes of maloceclusion and
in normal occlusion., The study included 3l. cases of normal

occlusion in the premolar-moler area, 30 cases of distoclu-

~sion (post-normal) with labioversion of maxillary incisors,

and 30 cases in which the maxillary second deciduous molar

had been prematurely extrescted. He found a significant dif-
ference between the left and rlight first molar anguls tion in
the normal and distoclusion sample, the left first molar beilng
rotated mofeo There was 2 significent difference between the

normal and distoclusion sample when both le¥t and right first



molars were considered together. The extraction cases were
rotated far more than the other two ssmple groups. No attempt
wes made to explain the difference in rotation between the
left and right first molars in this study. In regard to the
shape of the arch, Friel5 stated that if there was a V-shaped
arch, the first moler would be rotated naturally and that was
why the distoclusion sample was rotated more than the normal
sample .

Linder-Aronson,tl in 1960, studied the effect of pre-
mature loss of deciduous teeth (mostly first or second molars)
in 1) and 15-year olds. Plaster models from L1 children with
unilateral premeture extractions were used in this study (25
upper jaw and 16 lower jaw). Measurements were made in both
jaws of the tooth width and perimeter of the dental arch,
and in the upper jew of displacement of the midline, the
saggittal relation between right and left first molars and
rotation of the right and left first molars.

The mean value of the differences between the perimeter
of the dental arch on the side of extraction and that on the
control indicated a significant though small (O0.74 £ 0.3 mm)
decrease in arch perimeter of the extraction side to that of
the control side. No evidence was found that premature ex-
traction of maxillary deciduous teeth results in displacement
of the midline or in mesio-lingual rotation of the maxillary
permenent first molar.

On the other hand, the first moler on the side of

extraction was found to have a more mesial Rosition then
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on.the control side; the mean value being 1,01 /A 0.28 mm.
This difference 1is significant.

Keso,9 in 1961, measured torsiversion of thé maxillary
permanent first molar in good oCclgsion (33 white children)
end in distoclusion (23 white children)(meén age both groups
13.2 years) to determine whether a relatlonship existed be-
tween first-molar torsiversion and maxillary arch form, and
to compare torsiversion of the maxillary permanent first
molar in good occlusion and in distoclusion. From his find-
ings, he concluded that: (1) There is no significant dif-
ference between the torsiversion of the left and right maxil-
lary permanent first molars in good occlusion or in distoclusion;
(2) There is no significant relationship betWeen torsiversion
of the maxillary permanent first molar and arch form in good
ooclﬁsion or in distoclusion. Greater than mean mesio-lingual
torsiversion of the maxillary permansnt first molar is found
associated with ovoid or sguare srch form es frequently as it
is found associated with tapering arch form; and (3) Maxillary
permanent first molars exhibit significantly greater mesio-
lingual torsiversion in distoclusion than in good occcluslon.

Lamons and Holm.es,lO in 1961, measured maxillary
permanent first molar rotation in 10 and ES-year old persons

with good occlusions and ll-year old persons with malocclu-

_sions seeking orthodontic treatment. They stated what they

believed to be & norm velue useful for diagnostic purposes
since their malocclusion group, especially Class II, div. 1

¥
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(gongs percept), had more molar rotation than thé good occlu-
sicn groupss.

Apparently no one has reported a study of the change in
torsiversion of the maxillary permanent first molars from a

longitudinal series of dental recordse.

MATERIAL AND METAODS

In esccordence with the purpose of this study, the records
of all children with untreated Class 1 occlusion who had been
enrolled in the Child Study Clinic of the University of Oregon
Dental School, were examined and 28 children were selected for
study. Basis of selection was that they be Caucasian children
on whom dental models and standardized lateral head roentgeno-
grams were made from nmiddle mixed to early permenent dentition.
A1l measurements were made on two sets of records for each child.
The first set inclgded the last dental models and standardized
lateral head roentgehograms made before loss of any maxillary
primary cusplds or molars and‘ﬁandibular primary molars. The
second set of records was meade approximately one year after
eruption of maxillery and mandibular Eermanegg cuspids gnd first
and second bicuspids into occlusion. The mean age of the child-
ren at the first set of records selected was elght years, Sl x
months (standard deviation 9.6 months), The mean age at the
second set of records wsas 13 years, four months (standard devia-
tion 15 months). No siblings were included in the sample.
Twenty were girls and eight were boys.

The change of the torsiversion of the maxillary perma-
nent first molars was measured by first projecting the maxil-

lary dental models, enlarged 10 times, 1in an opague projector,
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(Ernst Leitz Vietzlar, type VH)., Both buccal cusp tips of
thevright and left maxillary permanenﬁ first molars were marked
on the projected image on $ndividuel paper "screens,” The
sngle between right and left side lines drawn through mesial
and distal cusp tios (Figure 1) was meesured with a drafting
snstrument and the difference between mixed and permanent
dentitions was recorded as the change in torsiverslion occur-
ring during this perlod of time.

Maxillary leeway space was measured as the difference
between the sum of the mesio-distal diameters of ths maxdll ey
primary cuspid, first and second molars and the sum of the
mesio-distal diameters of the maxillary permanent cuspid, first
and second bicuspidse. Measurements were made on the best teeth
available (right or left side determined by examination of
models) on the 10 x enlarged pfojected image and on one side
only.

Chenge in afch length wes measured on 10 x enlarged
images of the dental models os the shortest distance between
a line tangent to the labisl surfaces of the mexillery perma-
nent central incisors and a line connecting the mesiel con-
tacts of the right and left maxillary permanent first molars
(Figure 1). The difference in this measurement between mixed
and permanent dentitions was recorded as the change ocecurring
during this time period.

The change in inclination of the maxillary permanent
central incisors from mixed to pernanent dentitions was

measured since it is a possible indication df whether
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maxillary leeway space was closed from distal tipping of
maxillary incisors and disﬁal drift of cuspids or by mesial
drift of maxillary molarse

The inside angular measurements of the long axis of
the saggittal image of the méxillary permanent central incisor
(the most lebial) to the anterior nasal spine-posterior nasal
soine (ANS-PNS) and sella-nasion (S-N) planes were made on
standardized lateral head roentgenograms of the two ages
(Figure'2). The difference in fhese angles between mixed and
perménent dentitions was recorded as the change occurring
during this time period.

Although not included in the originsl design of the
study, arch width change was measured to investigate a pos-
sible relationship to torsiversion of the maxillary permanent
first molers. Arch width was measured on the 10 x enlarged
imoages, as the right-left distance between the mid points of
therlines‘connecting mesial and distal buccal cusp tips of the
maxillary permanent first molars. The differencé in this
dimension between mixed and permanent dentitions was recorded
as the change occurring durlng this time period.

All measurement procedures were repeated one week later
to deterﬁine the error of measurement of the methods. All
linesr measurements made on enlarged images were reduced by a
factor of 10 before computations were done.

Correlation scattergrams were plobted between torsi-
version change and leeway space (Figure 3), arch length change

(Figure 1), change in maxillary central incisor inclination
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(Figures 5 and 6), and change in arch width (Figure 7). The
changes occurring in the various dimensions measured are sum-

merized in Table 1.
PTINDINGS

As can be observed from Table 1, the mefhod for deten=
mining the torsiversion change exhibited a rather large measure-
ment error and the method should be revised. Marking cusp tips
before ?rojection and better focusing (discussed under leeway
space neasurement error) would probably improve measurement
error of this change. However, the variation of this change
was greater than measuremenﬁ variation. Seven children oub
of 28 changed more than two standard errors of measurement
(four rotating mesio-buccal end three rotating mesio-lingual).

Measurement error for leeway space calculatedvfrom
measurements made on the projected image could possibly\be
reduced by focusing on the contact "level"” of the models
but one "compromise™ focus was uéed so that cusp tips, arch
length and tooth sizes could be determined on the same projec-—
tion without adjusﬁment. If different levels of the dentezl
models are focused on, the projector must be moved backward
of forward, as the case may be, to maintaln the same enlarge-
ment factors This "compromise” focus necessitated the
acceptance of some blurring of the image.

The two different planes that were used to relate the
inelination of the maxillary permaﬁent central incisor proved

equally relisbleé. The average angular change was different
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in these measurements indicating that these two planes behave
differently, as would be expected, with growth.

The changé in torsiversion of the maxillary permanent
first molars exhibited a wide range of veriation around a
mean of essentially no rotatlion., In 1l children, the molars
rotated inward and in 1l they rotated outward. |

Maxillafy leeway space 1s approximately 1l.24 mmo in
this sample. The sum of the mesio-distal diameters of the
maxlllary primary cuspid, first and second molars is, on the
average, this much larger than thelir successors.

Leeway space was also calculated from measurements
made directly on the models of ten children and compared to
the leeway épace calculated from measurements made on the
mrojected image of models of the same ten children. The mean
of the differences of the paired leeway spaces obtained by
the two methods did not differ significantly from zero at
the 0.95 confidence level., There is, therefore, no consistent
error between the two methods of measurement.

Arch length decreased on the average, 1,37 mm. Maxil-
lery permanent central incisors tipped lingually on the
everage indicating that part of the arch length decrease
and part of the leeway space loss 1s probsbly s result of
this tipping. This cannot be an altogether positive state-
ment because the change in this angular measurement may be
due solely to growth changes in theltwo vlanes to which the

central incisor was related.
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Arch width on the average increased from mixed to
permanent dentitions by 1.36 mm. Tnhe changes occurring in
arch length and arch width-were very close to those observed
By Moorrees.,l2

The exlstence or absence of spacing distal to the maxil-
lary cuspids in the permanent deﬁtion was observed to show no
consistent relationship to change in torsiversion of the maxil-
lery permanent first molars.

The scatbtergrams of the various measurements with
torsiversion change indicated very little, if any; eerrele-
tion; certainly none of predictive value., Correlation

coefficients were, therefore, not calculated,
SUMMARY

Change in torsiversion of the maxillary permanent
dentitions of 28 Caucasian children was me asured. An attempt
was made to relate this change with other changes oceurring
in the dentition during this time. Although a wide range of
change in torsiversion was observed for this group of children,

there appeared to be no consistent relationship for the

‘individual between this and the amount of leeway space,

change over the same period of time in maxillary central
inclination, in arch length, in arch width or oresence or
sbsence of spacing distal to the maxillary cuspids in the

permanent dentition.
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Figure 1 - Linear and Angular measurcments on Dental Models

Angular measurement of torsiversion of maxillary
permanent first molars

Bz Oy B Tooth diameters for computation of leeway space

E
F

Arch length

Arch width



Figure 2 - Angular measurements on Roentgenograms
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PNS
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Maxillary vermanent central 1nc1sor
Center of sella tur51ca
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Anterior nasal spilne

Posterior nasal spine

Anpular measurement between _I_/ANS-PNS
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