Behavior of the Maxillary First Molar in
Three Planes with Emphasis on its Role
of Providing Room for the Second and
Third Molars during Growth
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INTRODUCTION

Dental occlusion is not static. It
changes with the growth of the jaws
and during the transition from the de-
ciduous to the permanent dentitions
as well as with the wear of the teeth
in later years. Since remarkable growth
occurs in the jaws during puberty and
because there are wide variations of
this growth in amount, timing, rate and
direction, puberty is a critical period in
the development of the permanent
dentition.

Earlier studies have shown that the
maxilla and the mandible are carried
in a downward and forward direction
during growth and that mandibular
growth generally exceeds maxillary.
However, there is considerable range
of opinion about the development of
the dental arch and its basal bone in
the third plane of space.*** Early stud-
ies on the lateral development of the
apical base were usually confined to the
measurement of the alveolar process
of the plaster model at its bounda-
ries.’®1122 More recently, several stud-
ies were undertaken to determine
growth and treatment changes of the
apical base by projections between
complementary frontal and lateral
cephalometric roentgenograms and the
plaster model.’*%® The findings of these
later investigations suggest that the
crowns and roots of the teeth are under
the influence of different body systems,
that is, the crowns under the influence
of the digestive system (tongue, lips
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and cheeks), while the apices are un-
der the influence of the skeletal sys-
tem.!22?  Viewed in this manner,
changes of the dental arch may not re-
flect only the changes of lateral develop-
ment in the jaw skeleton. Furthermore,
it would seem to indicate that the
crowns of the teeth might show inde-
pendent mesiodistal as well as buccolin-
gual movements at the occlusal level to
maintain existing occlusal relationships
during growth.

Few studies have been directed to
the three-dimensional investigation of
the behavior of the teeth during
growth. This has been due to lack of a
method for determining their positions
in three planes. The present study was
undertaken to gain further insight into
the behavior of the teeth during growth
by studying the maxillary first molar
serially in three planes of space.

MATERIAL

The investigation was based on the
same material used in a previous
study.'* They were serial frontal (pos-
teroanterior) and complementary later-
al cephalometric roentgenograms and
occlusal x-rays derived from plaster
models. Four cases were eliminated
from the previous group due to incom-
pletion of occlusion of the first molars.
Total number in the sample was twen-
ty-six, fourteen males and twelve fe-
males, none of whom received either
orthodontic or major dental treatment.
Each series consisted of two sets of
cephalometric roentgenograms of the
head and x-rays of the plaster models
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of the dental arches. The first series
was taken at the age of 8, = 1 year and
the second series at 16, = 1 year. All ex-
hibited excellent occlusions or mild
Class I malocclusion and were taken
from the files of the Orthodontic De-
partment, University of Illinois.

MEeTHOD

The purpose of this investigation re-
quired absolute values of measure-
ments at the level of both the crown
and the apex of the tooth. The x-ray
image of the model of the dental arch
was obtained by placing the model,
teeth down, on a film and directing the
x-ray beam at the center of the base of
the model from a distance of five feet.
This yields an image of the dental arch
without measurable enlargement and
with satisfactory detail of the outlines
of the individual teeth. Bilateral as well
as midsagittal structures significant to
this study, revealed by both lateral and
frontal cephalometric head films, were
traced. Since frontal and lateral cepha-
lometric films do not yield absolute val-
ues due to enlargement, it was neces-
sary to coordinate the enlarged images
of the head films, which showed the
positions of the apices of the teeth, with
the absolute image of the dental arch.
The method used to do this was the
same as that used in the previous
study.* Briefly, the technique is based
on Wylie’s compensating method?® as
extended by Vogel.'” The basic re-
quirement for the use of this technique
is the correct positioning of the head
in the cephalometer and its mainte-
nance while the frontal and lateral ex-
posures are made. Then, either sym-
metrical or asymmetrical head struc-
tures can be measured in three planes
as has been described. All measure-
ments were obtained by this technique,
mesiodistally as well as buccolingually,
except the first molar intercrown dis-
tance (dental arch width) which was
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Fig. 1 Measurements in the horizontal
plane derived from x-rays of models po-
sitioned by compensated projections from
complementary frontal and lateral ceph-
alometric x-ray films.

taken directly from the occlusal x-ray
films.

The following measurements were
obtained (Fig. 1}:
A. Mesiodistal measurements

1. Ptm-DC: Pterygomaxillary fis-
sure (Ptm) to the most distal
point of the crown of the maxil-
lary first permanent molar (DC).
Right and left measured. (Ptm-
Crown)

2. Ptm-R: Pterygomaxillary fissure
to the apex of the distobuccal
root of the maxillary first perma-
nent molar (R). Right and left
measured. (Ptm-Root)

3. R-Pt. A: Apex of the distobuc-
cal root of the maxillary first
permanent molar to the most an-
terior point of the maxillary api-
cal base (Point A), read on the
midline. Tentatively accepted as
representing the depth of ante-
rior apical base in this study.

4. Ptm-Pt. A: Pterygomaxillary fis-
sure to Point A, read on the mid-
line. (Depth of total apical base)

B. Buccolingual measurements

1. Intercrown distance: Distance

between the most lateral points
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TABLE 1
Total measurements (mm)

Measurements 8 =+ 1year 16 + 1year
Ptm-Crown (L) 6.3 = 1.6 13.5 £ 2.1
Ptm-Crown (R) 6.2 +£1.5 13.2 + 2.3
Ptm-Root (L) 13.0+1.9 181 +1.9
Ptm-Root (R) 12.9+1.9 1756 = 1.6
Root-Pt. A 29.7+1.8 294 +1.9
Ptm-Pt. A 42.8 + 1.3 473 =22
Intercrown 52,9 + 4.2 54.7 + 4.1
Inter-root 47.8 = 2.8 50.7 + 3.7

TABLE II

Total increment over the eight to sixteen
year age span. All but Root-Pt. A are
significant at less than 1% level. Root-
Pt. A insignficant at less than 5% level.

Measure- Mean
ments & S.D. Ime. Dec. N.C.

Ptm-Crown (L) 7.0+ 2.2 26 0 0
Ptm-Crown (R) 6.9 =23 26 0 0
Ptm-Root (L) 5.0+18 26 0 0
Ptm-Root (R) 4.6 £1.5 26 0 0
Root-Pt. A 02=+11 10 12 4
Ptm-Pt. A 46+13 26 0 0
Intercrown 1.7+18 19 6 1
Inter-root 28+23 23 2 1

of the crowns of the maxillary
first permanent molars. (Dental
arch width)

2. Interroot distance: Distance be-
tween the apices of the distobuc-
cal roots of the maxillary first
permanent molars,

FinbpINGs

Means and standard deviations of
the total depths and widths and the
increment of each component from
ages eight to sixteen years were tabu-
lated in absolute values. Table I shows
the means and standard deviations of
the total depths and widths at the age
of eight and sixteen years. Table II
shows the total increment of each com-
ponent over the eight to sixteen year
age span; the “t’-test was applied to
the means to determine the significance
of the differences between two stages.

Discussion
The purpose of this investigation
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was to outline the behavior of the max-
illary first molar in normal occlusion
in three planes of space during growth.
The nature of the study made it nec-
essary to deal with small degrees of
change. No such irregularly shaped ob-
ject as the human dentition can be
evaluated by viewing it from only one
side. The almost universal procedure
of comparing serial stages by super-
imposing tracings of lateral films re-
duces the findings to those of a quali-
tative nature and may not be applica-
ble for use to study the small changes
occurring during growth and/or ortho-
dontic therapy. Complementary frontal
and lateral cephalometric x-ray films
do not yield absolute dimensional val-
ues of widths of structures even if both
are compensated. Changes in size and
form of bilateral structures lying in the
horizontal plane cannot be estimated,
much less measured. The plaster model
of the dentition offers an accurate
source of measurement of changes oc-
curring at the level of the crowns of
the teeth. The occlusal x-ray of the
model, when oriented to the frontal
and lateral cephalograms, reveals any
change at the level of apices of the
teeth or any change in relation of the
denture to the facial skeleton.

To investigate the changes that oc-
curred simultaneously at the level of
the crown and the root of the tooth in
relation to the facial skeleton, it was
necessary to coordinate the enlarged
measurements derived from frontal
and lateral cephalograms with the ab-
solute value derived from the model on
each individual case. The method was
developed and discussed previously.?*

In the present study the apex of the
distobuccal root of the first molar was
used to measure changes which oc-
curred at the apical level of the teeth.
It may raise questions regarding the
propriety of the use of this root for
certainty of measurements of growth
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Fig. 2 Room behind the maxillary first
molar of the estimated age of 11-13
years old dry skull. Notice the position
of the developing third molar and distal
inclination of the second. Space is avail-
able for the second but not the third mo-
lar at the crown level. (Occlusion: minor
Class I malocclusion)

changes of maxillary width. It is not
the distobuccal but the mesiobuccal root
that is closer to the outer surface of the
maxilla. Hence it is more likely to re-
flect change in the lateral development
of the maxilla. However, because the
study was undertaken to investigate the
postural changes of the tooth during
growth and since it was possible to ac-
curately trace the distobuccal root on
both the frontal and lateral cephalo-
grams, this root was used to determine
the changes which occurred at the api-
cal level of the teeth.

The anteroposterior distance from
Ptm to the most distal point on the
crown of the maxillary first molar,
measured parallel to FH plane, showed
the same significant increases as that of
the other study.?® This increase serves
to accommodate the second and third
molars in the dental arch in later years
as well as to maintain the existing oc-
clusal relationship to the mandibular
teeth. The mean increase was approxi-
mately 7 mm making the total average
distance of Ptm-Crown about 13.5 mm
at the age of sixteen. The average
mesiodistal diameters of the crowns of
the maxillary second and third molars
are 9.0 and 8.5 mm, respectively, or a
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total of 17.5 mm.'* The Ptm-Crown
distance at sixteen years is not ade-
quate to accommodate the third molar
in the dental arch, although the crown
of the tooth is usually completed at a
higher level by this time.

The anteroposterior distance from
Ptm to the apex of the distobuccal root
of the maxillary first molar was meas-
ured paralle] to the FH plane. It also
showed significant increase, but less
than that of Ptm-Crown. The crowns
of the second and third molars are
completed at the age of 7-8 years and
12-16 years, respectively.’® The erup-
tion of the second molar usually takes
place at the age of 12-13 years, but that
of the third molar at the age of 17-21
years. Adequate room must be provided
at-the apical level by the age of 7-8
years to accommodate the developing
germ of the second molar and at the
crown level by the age of 12-13 years
to allow its eruption into occlusion.
Likewise, adequate room must be pro-
vided for the third molar at the apical
level by the age of 12-16 years to ac-
commodate the developing tooth germ
and at the crown level by the age of
17-21 vyears to allow its eruption
(Fig. 2).

To summarize: At the age of eight
years, adequate room is provided at the
apical level behind the first molar for
the development of the second molar
but it is not yet provided at the crown
level for its eruption. Sufficient room
is not available behind the developing
second molar for the third molar de-
velopment (Fig. 3).

At sixteen years of age the distance
from Ptm to the apex of the distobuc-
cal root of the first molar averages 18
mm. The average mesiodistal diameter
of the cervix of the second molar is
7.0 mm which leaves approximately
10-11 mm behind the second molar at
the apical level. Therefore, adequate
room is provided for the development
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Fig. 3 Typical pattern of the maxillary
molars at the age of 7-8 years. Room is
provided at the apical level behind the
first molar for the development of the
second molar, but is not available at the
crown level. Space is not available distal
to the second molar for the development
of the third.
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Fig. 4 Typical pattern of the maxillary
molars at the age of 15-16 years. Space
is provided at the apical level behind
the second molar for the development of
the third, but is not available at the
crown level for its eruption.

of the third molar tooth germ at the
apical level behind the second molar,
but it is not yet sufficient at the crown
level for its eruption (Fig. 4). The
total increase of Ptm-Root was about
2-2.5 mm less than that of the Ptm-
Crown during growth.
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A “t”-test was applied to determine
the statistical significance between the
two mean values. It showed significant
difference at the 1% level of probabil-
ity (left, “t” = 3.35; right, “t” = 3.78).
This indicates that the crown of the
tooth comes farther forward than the
root, ie., the tooth rotates downward
and mesially during growth. This in-
creases the room posteriorly at the
crown level.

It is well-known in the eruption of
the human molars that the teeth un-
dergo a downward and mesial rotation
in the vertical plane. Weinmann and
Sicher mentioned the rotary move-
ments of the upper and lower molars
when discussing the importance of the
correlation of anteroposterior growth of
the jaws and eruption of the teeth.*
Brash stated that these rotary move-
ments are normally completed before
the teeth have come in contact with
one another,”® while Brodie said they
will continue for sometime after.?®
Mason studied the behavior of the
axes of the human molar teeth dur-
ing growth and eruption.?” He found
that the rotation of the molars
during eruption has been shown to
be necessary for the development of
normal occlusion and that the maxil-
lary permanent first molar continued
to decrease its distal inclination in oc-
clusion. The present study also found
the downward and mesial rotation of
the maxillary first molar to continue
after it has come into occlusion. There
is controversy as to the cause of this
rotation; Brodie indicated the possible
influence of the buccinator muscle on
the crowns of these teeth after erup-
tion.'> Thus, the original position of
the maxillary first molar in basal bone,
its downward and mesial rotation dur-
ing and after eruption, and the growth
of the maxilla during the period stud-
ied combine to provide room for the
development and eruption of the sec-
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Fig. 5 Class II, Division 1 malocclusion, treated by cervical traction and edgewise
appliance. A: Before treatment, B: Only cervical traction applied for A-P correction
of molars, C: Retained, D: Displacement of the third molars at retention. (Courtesy
of Dr. 8. J. Kloehn)
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Fig. 6 Tracing of the case of Fig. 5,
superimposed on Ptm, with parallel FH
planes. No room was available behind
the second molars at the crown level and
the third molars were removed. (Cour-
tesy of Dr. S. J. Kloehn)

ond and the third molars. Any failure
of these would result in a critical in-
adequacy of room for the third molars.

Although it has been shown that jaw
growth and tooth eruption are not
strictly correlated in time,* it might
seem that the current use of cervical
traction in orthodontic therapy would
act to reduce space behind the first
molar and would cause inhibition or
delay of eruption of the third molar or
its displacement from its normal path
of eruption. Any of these can and do
result from excessive or too prolonged
force if intervals of rest are not pro-
vided for recovery. Figure 5 shows a
case representing the displacement of
the third molars from their normal
paths of eruption and Figure 6 depicts
the tracings of the lateral cephalomet-
ric x-ray films superimposed before and
after treatment. The case was treated
by cervical traction and resulted in ex-
cellent correction of malocclusion and

Maxillary First Molars
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its subsequent stability. All third molars
were removed at the time of retention.
It may be a mistake to attribute the
cause of displacement to the cervical
traction for Kloehn gives his clinical
observations as to the use of cervical
traction as follows: “I have never
found a displaced maxillary third mo-
lar after cervical anchorage treatment
when there was adequate space for the
eruption of the mandibular third molar.
In other words, there is apparently a
correlation between maxillary and
mandibular growth except in severe
dysplasias such as severe Class I1I mal-
occlusion and cleft palatal abnormali-
ties. I have never found it necessary to
remove maxillary third molars in any
Class II malocclusion if the mandibu-
lar third molars erupted into a good
functioning relationship.”2®

The anteroposterior distance from
the apex of the distobuccal root of the
first molar to the most anterior point
of the maxillary apical base (Point A),
measured parallel to the FH plane,
showed both increases and decreases,
but both were of small degree over the
eight year interval covered. Ten cases
showed increases, twelve showed de-
creases, four remained the same and
the mean values remained unchanged.
A “t”-test was applied and showed in-
significant differences of the mean val-
ues; there was no tendency for either
increase or decrease during growth. This
distance was tentatively accepted as
representing the depth of the anterior
part of the maxillary apical base. Rich-
ardson and Brodie measured the depth
of the anterior apical base and con-
cluded that the apical base of the max-
illa, anterior to the first molars, be-
comes shorter.? The differing result of
the present study lies in different
methods employed in two studies.
Theirs was based on outlines of apical
base perimeters superposed on a trans-
verse line connecting the mesial contact
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points of the first molars. This demon-
strated the effect of the form of the
perimeter on the size of the area being
measured.

The Ptm-Pt. A distance showed in-
creases of 4.5 = 1.3 mm which was al-
most the same as that of the Ptm-Root
increase, seeming to indicate that for-
ward positioning of the entire maxilla
occurs mainly as a result of the increase
of the Ptm-Root increase. Coben made
measurements of the Ptm-Pt. A dis-
tance of forty-seven individuals at eight
and sixteen years and showed 5.5 = 1.5
mm increases in males and 4.1 *.1.4
mm increases in females.?* This dis-
tance was tentatively accepted as rep-
resenting the depth of the total maxil-
lary apical base. Previous studies indi-
cated that the forward growth of the
mandible is much greater than that of
the maxilla.?*2? Although the synchro-
nization of their growth in timing and
velocity are essential to maintain exist-
ing occlusal relationship, a compensa-
tory adjustment may be needed at the
occlusal level to correct the anteropos-
terior discrepancy of growth between
the two jaws. Individual teeth as well
as the total arches must change pos-
ture, angulation, and/or their relation
to the facial skeleton with age. Mesial
inclination of the crown of the molar
might be an essential adjustment of
the maxillary teeth at the occlusal level
(Fig. 7).

The transverse distances between the
apices of the right and left distobuccal
roots and between the right and left
most lateral points on the crowns of
the first molars were measured. Inter-
root distance showed 2.8 = 2.3 mm in-
crease while intercrown distance showed
1.7 = 1.8 mm increases. The interroot
distance seems to indicate a greater
tendency to increase during growth. As
Brodie has pointed out, the apices of
the roots of the teeth are under the in-
fluence of the skeletal system. Thus, the
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Fig. 7 Summary of the mesiodistal be-
havor of the maxillary first permanent
molar during growth. Solid arrows indi-
cate a definite tendency, blank arrow in-
dicates an insignificant tendency.

increase of the interroot distance seems
to indicate a definite lateral develop-
ment of the maxilla in the first molar
regions during growth. The intercrown
distance (arch width) also showed a
tendency to increase during growth al-
though it is less than that of the inter-
root distance. A “‘t”-test was applied to
the two mean values to determine the
significance of the difference and was
found to be insignificant at 5% level
(t = 1.78). Thus, there was no evi-
dence to indicate a tendency toward
either intercrown increases or decreases
in the sample. When studied individu-
ally, sixteen cases showed more increase
in width at the apical level than at the
crown level, nine showed less increase,
and one remained unchanged. Thus,
there was no tendency to indicate a
definite pattern of changing the lateral
behavior of the first molar crown and
the root during growth. Buccolingual
changes seem to behave as individual
variables with differences of direction
and amounts between crowns and roots.
This seems to indicate that the size of
the apical base would not necessarily
be the dominant factor in determining
its adequacy in relation to any dental
arch (Fig. 8).

In. normal occlusion, lines of the oc-



Vol. 45, No. 3

Fig. 8 Summary of the buccolingual be-
havor of the maxillary first permanent
molar during growth. Behavior of the
root and the crown are not the same in
direction or amount.

clusal force brought to bear upon the
maxillary teeth by the mandibular teeth
are equalized and absorbed by the mu-
tual aid of the teeth.'®* However, the
maxilla is fixed to the cranium and is
thus immobilized, whereas the mandible
is independent and movable in masti-
cation. Therefore, the maxillary and
mandibular teeth must be arranged to
obtain the proper occlusal contact and
intercusp relations of all the teeth dur-
ing the various functional mandibular
movements. The proper mesiodistal and
buccolingual inclinations of the upper
and lower teeth would be essential to
establish the proper occlusal relation-
ship between them. A study of the ar-
rangement of the roots of the teeth
revealed a common pattern of inclina-
tion of roots, mesiodistally as well as
buccolingually, in both the maxillary
and the mandibular dental arches.
Variability in the direction of inclina-
tion tended to increase from tooth to
tooth through the second molar.® The
present study revealed that the differ-
ing behavior of the crown and root of
the first molar occurs mesiodistally as
well as buccolingually during growth
and within the limit of this common
pattern of inclination,
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