The Passive Lingual Arch
in

First Bicuspid Extraction

Francesca Miotti

The effects of a passive lingual arch on lower incisor and molar
positions after extraction of first bicuspids are analyzed. Results
indicate that a lingual arch can be effective in maintaining arch
length, while still allowing normal changes in incisor, cuspid and
second bicuspid positions.
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four teeth, frequently the first bicuspids. This may be followed by a period

of active treatment in the upper arch, while treatment is delayed in the
lower arch in order to allow for any spontaneous improvement that may occur in
the positions of malposed teeth.

When the space available for alignment is considered to be critical, a passive
lingual arch may be employed as a lower space maintainer.

Efficiency of a lingual arch in this application has often been questioned (FOSTER
1951, NORMAN 1965), but almost no attempt has been made to assess it. However,
several authors do seem to suggest that it may be employed in critical cases
(NANCE 1947, HARVOLD 1974, DALE 1976). It has also been suggested (SINGER
1974) that a lingual arch may have some active influence on the positions of teeth
even when used as a passive appliance.

T reatment of crowding in the dental arches often involves the extraction of
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This investigation assesses some of the
effects of a passive lingual arch on the
lower dentition following extraction of
the first bicuspids.

Review of the Literature

The first description of the construc-
tion and use of a lingual arch is attributed
to J. V. MERSHON (1917), who used it as
an expansion device and as a support for
auxiliary springs.

As a passive appliance such as Nance’s
preventive lingual arch (SALZMANN 1957),
it has been used to maintain the distance
between the anchor molars and the labial
segment after premature exfoliation of
deciduous teeth. One effect attributed to
it is the prevention of tipping of the first
permanent molars and lower incisors.

Even though it does not restore func-
tion as a prosthetic space maintainer
(BROWN 1961), its use would seem to pro-
vide a physiological appliance that does
not interfere with growth and function.

According to MILLs AND VIG (1974),
when excessive crowding is present in the
permanent dentition and extractions are

rpq"wpd the or\r\hnonr\n of a lincual arch

Paataaill (2 SRCIR S 1404

can allow spontaneous alignment of the
labial segment while preventing the me-
sial movement of the distal teeth. Active
treatment time can be considerably re-
duced in some of these cases.

Opinions of various authors on the
changes occurring in the labial segment
after extraction of the first bicuspids seem
to differ. JacoBs (1965) and RONNER-
MANN (1965) suggest that the lack of buc-
cal support to the lower incisors would
cause their retroclination. On the other
hand, MILLS (1964, 1968), CAMPBELL-
WILSON (1975) AND RABINE (1978) ob-
served only a very limited effect of bicus-
pid extractions on the position of the la-
bial segment.

Space closure seems to occur mainly by
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mesial movement of the buccal segments
as they tilt toward the extraction spaces
(COOKSON 1971).

Material

This investigation is based on a study
of serial lateral head radiographs from the
files of the Eastman Dental Hospital in
London.

Thirty-three lingual arch patients were
studied, 12 male and 21 female. Average
age at the beginning of the observation
period was 12.0 years and the average
observation period was 9.1 months.

Similar criteria were used for selection
of the control group of 11 males and 19
females. The average age at the beginning
of the observation period was 11.8 years,
and the observation period was 14.7
months.

The control and experimental groups
were statistically similar in age, length of
the observation period, sex and skeletal
pattern.

Children in both groups had four first
bicuspids extracted at the beginning of
the observation period.

A lower lingual arch, adapted as a pas-
sive space maintainer, was placed in all

natients in the exnerimental oroun im-
pauents n tne experimentd: group im

mediately after the extraction of the four
first bicuspids. It was left in place for
three months or more, with no other
treatment in the lower arch during the
period of observation. In some of these
lingual arch cases a removable appliance
with an anterior bite plane was used in
the upper arch, and extraoral traction was
applied to the upper first permanent mo-
lars in others.

There was no treatment in the control
group after the extractions.

Lateral cephalometric radiographs were
exposed immediately before the extrac-
tion of the first bicuspids, and again at
the removal of the lingual arch in the
experimental group or at the end of the
observation period in the controls.
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Method

Tracings were made of the lateral radi-
ographs, and templates of the incisors and
molars were then constructed for each
individual in order to reduce the effects
of error in locating the long axes of these
teeth. The landmarks and measurements
are illustrated in Fig. 1.

Vertical changes in the lower incisor
and molar positions were measured from
the mandibular plane. It has been shown
that compensatory remodeling occurs in
the lower border of the mandible in
growth rotation (ENLOW AND HARRIS
1964, BJORK 1969). According to BjORK
AND SKIELLER (1972), an analysis of the
eruption of the mandibular dentition
should not be based on the lower border
of the mandible; however, the changes
attributable to this factor during the rela-
tively short period of observation were
not considered sufficient to significantly
affect the measurements in this study.

Moreover, any mesial movement of the
molars in the wedge-shaped intermaxil-
lary space is considered to require a ver-
tical adjustment to maintain the teeth in
occlusion. Therefore, an increase would
be expected in the distance from the
molars to the mandible plane as a conse-
quence of any mesial drifting (PARKER
1964). Such extrusion would be reflected
in the measurements of vertical changes.

In order to correct for this factor, the
height of the molars was measured from
a point which was established on the
functional occlusal plane at the same dis-
tance from the reference line in both trac-
ings. Thus the molars on the first tracing
were corrected forward to account for the
mesial drifting occurring during the ob-
servation period, and this was considered
to be the initial vertical position. The net
change in molar height was calculated as
the difference between the final value and
the forward- corrected initial value (JAMES

1978).

April 1984
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Error of the method
The error of the method on double deter-

mination was calculated according to Dahl-
berg (1940) (Table 1).

Table 1

Error of the method
AFTER DAHLBERG 1940

LI/MP 1.02
L6/MP I.14
I-R line 0.41
L-R line 0.57
L6C-R line 0.54
L6R-R line 0.43
1-L6C 0.53
L1CEJ-L6CE] 0.25
L1 height 0.27
L6 height 0.35
Results

Conventional statistical formulae were
used to analyze the distribution charac-
teristics of the data from the tracings.
The differences between the experimen-
tal and control groups were tested with
Student’s t test and Snedecor’s F test (Ta-
bles 2-4).

When a significant difference was found
between the variances of the two samples,
this was tested further by calculating the
standard error of the difference between
the means (Table 4).

No changes were found in the skeletal
variables, so these are not reported here.

Changes were observed in all variables
related to the positions and antero-poste-
rior relationships of the lower incisors
and lower first molars.

The mean values for these linear and
angular measurements at the beginning
and at the end of the observation period
are shown in Table 2. The mean values
of each dimension were used to construct
a composite tracing for each group to
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Fig. 1 Landmarks and measurements

Landmarks

LICE) » The anterior
cemento-enamel junction
of the lower incisor

L6CE) » The distal ce-
mento-enamel junction of
the lower first molar (Mills
etal 1978)

1» The point where
the long axis of the most
prominent mandibular in-
cisor intersects the incisal
edge (Mills 1966)

L » The point where
the long axis of the most
prominent mandibular in-
cisor intersects the root
apex (Mills 1966)

L6C » Mesial cusp tip
of the lower first perma-
nent molar (point C)

L6R » Apex of the me-
sial root of the lower first
permanent molar (point
R)

166

Planes

MP » Mandibular
plane, the line joining
mention and gonion
FOP » Functional oc-
clusal plane, the iine
passing through the oc-
clusal contacts of molars
and bicuspids

Constructed lines

L6 axis » The mesial
long axis of the lower first
molar, passing through
the mesial cusp and root.
extended to the mandi-
bular plane

Rline » Reference

line, the perpendicular
from sella to the initial
functional occlusal plane.
The reference line in the
second tracing was lo-
cated by superimposing
on the first tracing with
S—N registered at S.

Linear measurements

LICE)-L6CE] » The

distance between the an-
terior cemento-enamel
junction of the lower inci-

sor and the distal ce-

mento-enamel junction of
the first molar

I-L6C » The distance
between the incisal edge
of the lower incisor and
the mesial cusp of the
lower molar

L1 height » The per-
pendicular distance from
the incisal edge of the
lower incisor to the man-
dibular plane

L6 height » The per-
pendicular distance from
the tip of the mesial cusp
of the lower first molar to
the mandibular plane

The Angle Orthodontust

Measurements from the
reference line

I-R » The perpendicu-
lar distance from the in-
cisor edge to the refer-
ence line

L-R » The perpendic-
ular distance from the
apex of the incisor to the
reference line

L6C-R » The perpen-
dicular distance from the
lower molar mesial cusp
to the reference line
L6R-R » The perpen-
dicular distance from the
lower molar mesial root
apex to the reference line

Angular measurements

L1/MP » Angle sub-
tended by the long axis
of the mandibular incisor
and the mandibular plane
L6/MP » The distal an-
gle subtended by the long
axis of the lower first mo-
lar and the mandibular
plane

Vol. 54 No. 2
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Table 2

Mean values at the beginning and at the end
of the observation period

Control Group n=30

Experimental Group n=33

Variable Mean S SD SE Mean S SD SE
L1/Mp B 93.7 33.8 5.8 1.1 91.7 46.2 6.8 1.2
E 89.4 34.6 5.9 1.1 90.1 40.9 6.4 I.1
L6/Mp B 86.4 30.0 5.5 1.0 86.6 30.7 5.5 1.0
E 88.0 25.3 5.0 0.9 84.3 31.5 5.6 1.0
I-R line B 76.9 32.6 5.7 1.1 77.9 21.4 4.6 0.8
E 77.3 30.8 5.5 1.0 79.1 249 5.0 0.9
L-R line B 68.3 35.6 6.0 1.1 70.9 17.1 4.1 0.7
E 70.1 37.1 6.1 1.1 72.6 23.4 4.8 0.8
L6C-R line B 51.0 224 4.7 0.9 52.6 18.8 4.3 0.8
E 54.4 28.4 5.3 1.0 55.6 20.1 4.5 0.8
L6R-R line B 46.2 34.8 6.0 1.1 47.8 24.7 5.0 0.9
E 48.5 36.7 6.1 .1 51.8 27.4 5.2 0.9
[-L6C B 26.2 6.5 2.6 0.5 25.8 8.6 29 0.5
E 23.2 6.0 2.5 0.4 24.4 10.5 3.2 0.6
L1CEJ-L6CE} B 35.7 5.7 2.4 0.4 35.7 6.4 2.5 0.4
E 33.8 5.5 2.3 0.4 34.8 24.3 4.9 0.9
L1 height B 39.6 15.4 33 0.7 38.3 7.8 2.8 Q.5
E 40.5 17.4 4.2 0.8 39.5 9.5 3.1 0.5
L6 height B 29.1 9.1 3.0 0.6 28.8 5.7 2.4 0.4
C 30.2 10.2 3.2 0.6 29.7 5.7 2.4 0.4
E 30.5 12.6 3.6 0.6 30.2 6.0 2.5 0.4
B = beginning S = variance
C = forward correction SD = standard deviation
E = end SE = standard error

visualize the mean changes occurring
during the observation period (Fig. 2).

The mean values of the changes in each
dimension were used for the comparisons
shown in Table 3. The significance of the
differences in mean changes between the
experimental and control groups were
then subjected to statistical analysis, with
the results presented in Table 4.

Discussion
Position of the lower incisors
The behavior of the two groups showed
definitely different trends.

April 1984

The angle subtended by the long axis
of the lower incisor and the mandibular
plane decreased much more in the control
group than in the experimental group.
The differences between the mean
changes in the two groups during the
observation period would seem to con-
firm a trend in both groups toward a
decrease in the LL1/MP angle, but this
lingual movement was greater in the con-
trol group (Fig. 3).

The obviously different trend in the
behavior of the inclination of the lower
incisor in the two groups could be due to

The Angle Orthodontust 167
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Table 3

Mean changes during the observation period

Control Group n=30

Experimental Group n=33

Variable Mean S SD SE Mean S sD SE
L1/MP —-4.3 102 3.2 0.6 1.6 189 44 0.8
L6/MP 1.2 14.1 3.8 0.7 -23 303 5.5 1.0
I-R line 0.6 3.0 1.7 0.3 1.2 3.0 1.7 0.3
L-R line 1.8 3.5 1.9 0.3 1.7 6.1 2.5 0.4
L6C-R line 3.8 5.5 2.4 0.4 3.0 5.1 2.3 0.4
L6R-R line 2.2 90 3.0 05 4.0 52 2.3 0.4
[-L6C -3.0 23 1.5 0.3 -1.2 2.9 1.7 0.3
L1CEJ-L6CE] -1.9 1.6 [.3 0.2 —-1.6 1.9 1.4 0.2
L1 height 0.9 5.0 2.2 0.4 0.9 1.9 1.4 0.2
L6 height 03 1.0 1.0 0.2 0.6 09 09 0.2
Table 4
Results of the statistical tests
NE = 33 NC = 30
SE
Variable F t P Mean
diff.
Li/Mp 1.85 2.84 xex xxx
L6/Mp 2|5 293 LR * k¥
L1-R line 1.00 1.32
L-R line 1.71 0.16
L6C-R line 1.09 1.41
L6R-R line 1.72 2.66 xex e
I-L6C 1.22 4.34 FHE
LI CEJ-L6CE] 1.24 1.08
LI height .64 0.04
L6 height 1.12 1.24
5% 1%
F ratios S32 > 529 1.64 2.03
S29 > S$32 1.62 2.01
2-tail t test total d.f. 61 <0.01 2.66 B
<0.001 3.46 i
168 The Angle Orthodontist Vol. 54 No. 2
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Lingual Arch

CONTROL GROUP

EXPERIMENTAL GROUP

before

Fig. 2 Composite tracings constructed with the mean values of the two groups

for each dimension

either the root apex of the incisor moving
labially or the edge moving lingually, or
to some combination of both. The posi-
tions of the apex and the incisal edge
were analyzed to determine their relative
contributions to the change in inclination
of the tooth.

The linear measurements from the ref-
erence line to both the incisal edge and
root apex increased during the observa-
tion period, as would be expected with
the forward development of the jaws rel-
ative to the cranial base. This was quite
similar for the apex in the two groups.

The incisal edge, however, showed a
relatively smaller mean change in the
control group than in the experimental

April 1984

group, which would confirm Mills’ find-
ings (1964) on the effect of the loss of first
bicuspids on incisor support. FOSTER
(1951), JacoBs (1965) AND SINGER (1974)
seem to agree that the use of a lingual
arch does not prevent the slight retrocli-
nation of the labial segment due to the
loss of buccal arch continuity.

The present investigation did not seem
to confirm those reports. The effect of the
lingual arch on the position of the inci-
sors appeared to be almost comparable to
the presence of an intact dental arch, as
it would counteract the muscular imbal-
ance at the tip of the incisors when the
lower dental arch is brought forward by
mandibular growth. Therefore, the slight

The Angle Orthodontist 169
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Fig. 3 Angle of the lower incisor to mandibular plane

retroclination of the lower incisors occur-
ring with growth (SCHAEFFER 1949,
BjORrK AND PALLING 1954, RICKETTS 1960)
does not seem to be prevented, but nei-
ther is it enhanced by the lack of support
from the buccal segments.

Furthermore, no evidence was found in
this study to support a common clinical
opinion that the proclination of the lower
labial segment is a frequent consequence
of the use of a lingual arch (ISAACSON AND
WiLLiaMS 1978). Some of these differ-
ences may be due to subtle differences in
lingual arch management in different
studies.

The height of the lower incisors was
also analyzed, as it has been suggested
(SINGER 1974) that a lingual arch would
reduce the vertical development of the
lower labial segment. No significant dif-
ference was found in the mean changes
in the height of the incisors between the
two groups, so the lingual arch did not
appear to inhibit the vertical develop-
ment of the lower incisors.

170 The Angle Orthodontist

Consideration should also be given to
the rotation of the jaws, as it can also
influence the paths of eruption of the
teeth in the course of occlusal develop-
ment. BJORK (1969) AND BJORK AND
SKIELLER (1972) suggested that compen-
satory changes occur in the inclination of
the lower incisors, according to the direc-
tion of growth rotation of the jaws as
their functional positions are maintained.
The labial segment would be expected to
tip forward on the mandibular base in a
forward rotator, while it would become
retroclined in a backward rotator.

However, BJORK AND SKIELLER (1972)
also noted that the inclination of the an-
terior teeth is affected to a greater extent
by functional factors, so that incisor po-
sition in the face and in relation to oppos-
ing teeth tends to be stable, regardless of
the direction of any rotation. By super-
imposing the tracings on Bjérk’s mandi-
bular structures (BJORK 1955, 1969), no
indication of extreme rotation was found
in the sample examined in the present

Vol. 54 No. 2

$S9008 981] BIA G|-G0-GZ0Z 18 /woo Aiojoeignd-poid-swid-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



Lingual Arch

Fig. 4 Case M.K,, superimposed on $-N at sella (A) and on Bjork’s structures (B)
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Fig. 5 Angle of lower molar to mandibular plane.

study. Most were mild forward rotators,
and the eight backward rotators did not
exhibit any different type of adaptive be-

haviar in tha laurar jnAicAr cacmant
A1 Y AVL 111 LAV AV VY LL ALaviOUL O\rslll\-llk

It would seem valid to assess changes
in the position of the lower labial segment
relative to the mandibular plane and to
the reference line, as the trends seen by
this method were the same as those seen
with superimposition on Bjérk’s mandi-
bular structures (Fig. 4).

Position of lower molars

The inclination of the lower molars to
the mandibular plane showed similar ini-
tial values in the two groups, but trends
were different during the observation pe-
riod. The distal angle subtended by the
long axis of the lower molar and the man-
dibular plane tended to increase in the
control group, while a decrease was ob-
served in the experimental group.

172 The Angle Orthodontist

The frequency distribution curve of the
angle L6/MP seemed to be reasonably
symmetrical at the begirming of the ob

3arn marind e A
scrvation PLrica in U\JLu BAuuya \1 15 J’

At the end of the period the curve for the
controls showed a definite skewing, with
more movement of the mode toward
higher values than in the experimental
group.

The change in inclination of the lower
molars could be due to changes in posi-
tion of the'crown or of the root, or a
combination of the two, so the mesial
cusp tip and root apex positions were also
analyzed.

The linear measurement from the me-
sial cusp to the reference line increased
in both groups due to growth, mesial drift
and forward movement of the teeth to-
ward the extraction space.

The linear measurement from the root
apex of the molar to the reference line

Vol. 54 No. 2
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also increased in both groups, as would
be expected to occur with growth and
occlusal development (BjOrK 1969, Moss
1973). The mean increase in the distance
from molar apex to reference line was
significantly different in the two groups,
with the apex moving much farther me-
sially in the experimental group than in
the controls.

There is wide agreement on the for-
ward drifting of the lower dental arch,
including the molars, even though the
exact path of such movement has not yet
been established. According to BONNOT
AND GABET (1972), the direction of drift-
ing would be a “curve with an anterior
concavity”. However, THILLOY ET AL.
(1973) stated that the lower permanent
teeth show a relative independence from
the direction of the mandibular curve,
and that their forward movement would
be achieved more by apical drifting than
by coronal movement. BJO6RK AND
SKIELLER (1972) suggested that this molar
movement is unrelated to the rotation of
the mandible.

The extraction of teeth mesial to the
molars seems to enhance the natural ten-
dency for mesial drift, with the extraction
space closing more by mesial drift and
tipping in the buccal segments than by
reduction of anterior crowding (COOKSON
1971, MILLS AND VIG 1973).

The significantly different behavior of
molar inclination in the experimental
group suggests that the lingual arch holds
the crown of the molar, preventing its
tilting toward the extraction space, while
the root does drift mesially as would be
expected with growth. In contrast to
Singer’s findings (1974), no “distal repo-
sitioning” of the crown seems to occur,
but rather a definite mesial movement of
the root with little change in crown posi-
tion. Thus the lingual arch appears to
only prevent the tipping into the extrac-
tion space without inhibiting the normal
development of occlusion.

April 1984
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Nevertheless, it seems that the hypoth-
esis of a distal repositioning of the crown
of the molar cannot be absolutely rejected
in all cases. The tongue sometimes acts
under the archwire behind the surfaces of
the incisors, and this force transmitted
through the wire to the crowns of the
molars can tip them distally. Slight
changes in inclination of the incisors can
also occur, as the altered position of the
lingual arch shortens its effective length
in the dental arch.

Changes in height of the lower molars
were assessed by measuring the perpen-
dicular line from the tip of the mesial
cusp to the mandibular plane, which is
approximately the line of eruption (HAR-
VOLD 1974). The increase in height of the
molars was similar in the two groups,
whether measured in the actual position
on the first tracing or at the forward-
corrected position. This does not support
SINGER’S (1974) suggestion that a lingual
arch inhibits the vertical movement of the
molars with growth.

Arch length changes

Shortening of the dental arch in the
transition from mixed to permanent den-
tition is well established, and it is also
maintained that further reduction occurs
in this dimension in the following years.
Extraction of teeth in the buccal seg-
ments enhances any shortening of the
space between the molars and the labial
segment.

Arch length changes were measured at
the cemento-enamel junction level of the
incisors and molars, and from the incisal
edge to the mesial molar cusp. The rea-
son for this double assessment was to
distinguish between shortening of the
arch because of the tilting of the teeth
and those changes due to bodily
movement.

The reduction in sagittal distance be-
tween the cemento-enamel junctions of
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the incisors and molars was not found to
be statistically different between the con-
trol and experimental groups.

The sagittal distance between the inci-
sor edge and the mesial cusp of the molar
was found to decrease more in the control
group, confirming that arch length does
decrease significantly after the extraction
of teeth in the buccal segments.

The tipping of teeth toward the extrac-
tion space, as observed to a great extent
in the control group, did not seem to play
a significant role in arch length changes
when a lingual arch was employed. In the
experimental group, the slight uprighting
of the mesially moving molars also ap-
peared to aid in preventing the proclina-
tion of the labial segment which would
be expected as a consequence of the arch
wire moving forward with the anchor
teeth. At the same time, the lower inci-
sors could still follow their natural course
during occlusal development.

The slight mesial movement of the mo-
lars and uprighting of the incisors would
account for the decrease in arch length
observed in both groups, but this might
be regarded more as a feature of develop-

ment than a consequence of the
evtractiong

It might be reasonably concluded that
a lingual arch can be effectively applied
to maintain arch length after extractions
in the buccal segments.

Conclusions

e A lingual arch seems to be effective in
maintaining arch length without inhib-
iting normal developmental changes in
the labial and buccal segments.

® Lower incisor position following ex-
traction of the first bicuspids appears to
be influenced by the presence of a pas-
sive lingual arch, with an effect some-
what comparable to that found with an
intact dental arch.

e The slight retroclination of incisors
with growth does not seem to be pre-
vented, but neither is it increased by
the loss of support from the buccal
segments.

® Vertical development of the incisors and
molars does not seem to be inhibited by
the presence of a passive lingual arch.

® A lingual arch can prevent the tipping
of molars toward the extraction space
after removal of first bicuspids, but it
does not absolutely prevent the mesial
drift expected with growth.

o A firthar accacement ava
fourtner assessment ¢va

long-term presence of a lingual arch
would be helpful, as some of its effects
on incisors and molars could be only
temporary.

liintine +tha
dudciLiLl L

The Author thanks Professor §. R. E. Mills
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vice during this research.

174 The Angle Orthodontist

Vol. 54 No. 2

$S9008 9811 BIA G|-G0-GZ0Z 18 /woo Aiojoeignd-poid-swid-yewlsiem-jpd-swiid//:sdny wol) papeojumoq



Lingual Arch

REFERENCES

Bjork, A.

1955 Facial growth in man studied with the aid
of metallic implant. Acta Odontol. Scand. 13:9-
34.

1969 Prediction of mandibular growth rotation.
Am. J. Orthod. 55:585-599.

Bjork, A., and Palling, M. 1954. Adolescent age
changes in sagittal jaw relation, alveolar prog-
nathy and incisal inclination. Acta Odontal.
Scand. 12:201-232.

Bjérk, A., and Skieller, V. 1972. Facial develop-
ment and tooth eruption. An implant study at the
age of puberty. Am. J. Orthod. 62:339-383.

Bonnot, M., and Gabet, M. 1872, Incidence de
I'evolution dentaire sur la longuer d’ arcade
inferieure: etude teleradio-graphique. Tans. of
the Eur. Orthod Soc. pp. 97-111.

Brown W. E. 1961. The diagnosis, supervision and
treatment of minor malocclusions and arch
irregularities. Dent. Clin. North Am. 723-738.

Campbell-Wilson, N. 1975. Preliminary investiga-
tion into the movement of the lower labial seg-
ment following loss of first premolars. Br. J.
Orthod. 2:25-28.

Cookson, A. 1971. Space closure following loss of
lower first premolars. Dental Practitioner and
Dental Record 21:411-416.

Dahiberg, G. 1940. Statistical methods for medical
and biological students. New York:Interscience
Publishers.

Dale, J.G. 1976. On serial extractions. J. Clin.
Orthod. 44- 60, 116-136, 196-217.

Enlow, D. H., and Harris, D.B. 1964. A study of the
post-natal growth of the human mandible. Am.
J. Orthod. 50:25-50.

Foster, H. R. 1951. An analysis of the developing
dentition. J. Am. Dent. Assoc. 42:376-387.

Harvold, E. 1974. The activator in interceptive
orthodontics. St. Louis: Mosby.

Isaacson, K. G., and Williams, J.K. 1978. An intro-
duction to fixed appliances. Bristol.J. Wright and
Sons.

Jacobs, J. 1965. Cephalometric and clinical eval-

uation of Class | discrepancy cases treated by
serial extraction. Am. J. Orthod. 51:401- 411.

James, S. J. 1978. Overbite control during treat-
ment of Class Il Division 1 malocclusion. M.Sc.
Thesis, University of London.

April 1984

The Angle Orthodontist

Mershon, J. V. 1917. Band and lingual arch tech-
nic. Int. J. Orthod. 3:195-203.

Mills, C., Holman, R., and Graber, T. 1978. Heavy
intermittent cervical traction in Class Il treat-
ment: a longitudinal cephalometric assesment.
Am. J. Orthod. 74:361-379.

Mills, J. R. E.

1964 Effect on the lower incisors of uncontrolled
extractions of lower premolars. Trans. of the Eur.
Orthod. Soc. pp. 357-370.

1966 The long term results of the proclination of
the lower incisors. Br. Dent. J. 120:335-363.

1968 The stability of the lower labial segment.
Dent. Practitioner. 18:293-305.

Mills, J. R. E., and Vig, K. W. L. 1973-1974. An
approach to appliance therapy. Br. J. Orthod.
1:191-198.

Moss, J. P. 1973. The dynamic occlusion. Apex.
7:69-74.

Nance, H. N. 1947, The limitations of orthodontics
treatment. Am. J. Orthod. and Oral Surg. 33:177-
233, 253-301.

Norman, F. 1965. Serial extraction. Angle Orthod.
35:149-157.

Parker, C. D. 1964. A comparative study of inter-
maxillary spaces with treated and untreated
occlusions. Trans. of the Brit. Soc. for the Study
of Orthod. pp. 16-34.

Rabine, M. 1978. The role of uninhibited occlusal
development. Am. J. Orthod. 74:51-61.

Ricketts, R. M. 1960. The influence of orthodontic
treatment on facial growth and development.
Angle Orthod. 30:103-131.

Ronnermann, A. 1965, Early extractions of deci-
duous molars and canines. Trans. of the Eur.
Orthod. Soc. pp. 153-167.

Salzmann, J. A. 1957. Orthodontic principles and
prevention. Philadelphia:Lippincott.

Schaeffer, A. 1949, Behaviour of the axis of human
incisor teeth during growth. Angle Orthod.
19:254-275.

Singer, J. 1974. The effect of the passive lingual
archwire on the lower denture. Angle Orthod.
44:146-155.

Thilloy, G., Vanbesien, Y., Delachapelle, C., and
Bloquel, H. 1973. Croissance faciale et mouve-
ments des dents: Trans. of the Eur. Orthod. Soc.
pp. 119-126

175



