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The purpose of this investigation was to determine whether the placement of a mandibular lingual 
arch maintained arch perimeter in the transition from the mixed to the permanent dentition, and if 
so, whether it was effective at preventing mesial migration of first permanent molars, or whether this 
migration still occurred en masse, by increased lower incisor proclination. Thirty patients were 
randomly assigned to either a treatment group (N = 14, mean age = 11.5 years) or a control group 
(N = 16, mean age = 11.3 years). Study models, cephalograms, and tomograms of the patients, 
taken at the beginning and at the end of the study period, were examined. Statistically significant 
differences between groups were found for positional changes of mandibular first molars and 
incisors, and changes in arch dimensions. The results indicate that the lingual arch can help reduce 
arch perimeter loss, but at the expense of slight mandibular incisor proclination. (Am J Orthod 
Dentofac Orthop 1997;112:449-56.) 

D e n t a l  crowding is the most common 
reason that patients seek orthodontic treatment. It 
occurs when the dental arch perimeter between the 
first permanent molars is insufficient to permit align- 
ment of the erupting permanent teeth. Spontaneous 
increases in arch perimeter are not expected after 
the eruption of the first permanent molars. De- 
creases in arch perimeter from the mixed to the 
permanent dentition may occur because of mesial 
migration of the first permanent molars or lingual 
movement of the incisors. 

An arch perimeter holding device, placed before 
normal exfoliation of the deciduous second molars, 
could potentially prevent mesial migration of the first 
permanent molars. ~-3 This might be indicated when 
crowding is present anteriorly and sufficient leeway 
space exists in the arch for alignment of the permanent 
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teeth. Theoretically, arch perimeter is preserved and 
the leeway space is available to decrease the severity of 
the crowding problem present. The lingual arch is a 
commonly used space maintenance appliance, thought 
to maintain arch perimeter by preventing mesial tip- 
ping or drift of mandibular molars. The molar posi- 
tions are stabilized against the mandibular incisors by 
the appliance, which also prevents the incisors from 
tipping lingually. 3 

Previous studies have shown that, without space 
maintenance, arch perimeter is reduced after decid- 
uous tooth loss and transition from the mixed to the 
permanent dentition. 412 It has been suggested that a 
lingual arch maintains arch perimeter, but that this 
occurs by labial movement of lower incisors as the 
molars migrate mesially. 13,14 If this occurs, all man- 
dibular teeth would migrate anteriorly as a unit 
while maintaining the same arch perimeter. If the 
lingual arch maintains arch perimeter by this mech- 
anism, the benefit as an early treatment appliance is 
questionable. 

The purpose of this investigation was to determine 
whether placement of a lingual arch could: (1) reduce 
dental crowding during the normal transition from the 
mixed to the permanent dentition, and (2) prevent the 
expected mesial migration of first permanent molars, 
or whether this migration still occurs en masse, by 
increased lower incisor proclination. 

MATERIALS AND METHODS 

Thirty patients were selected to participate in this 
prospective study, according to the following criteria: 
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(1) Both mandibular  second deciduous molars were 
p r e s e n t w i t h  some clinical mobility, (2) mandibular  
crowding was 3 mm or more, (3) permanent  molar 
relationships were end-on to Class I (end-on molars 
would have flush mesial planes and Class I mandibular  
molars were up to 4 mm mesial of flush mesial plane15), 
(4) overbite was 1 mm or greater,  (5) mandibular  plane 
inclination was average (MP-SN) of 32 ° + 6 °, and (6) 
the lower lip was less than 4 mm ahead of Rickett 's  E 
line. 16 Informed consent was obtained from all parents 
or legal guardians. 

Patients were excluded from the study if they had 
any congenitally or prematurely missing teeth. Only 
European American patients were selected, because 
ethnic differences in mean skeletal patterns 17,1s and 
mean differences in arch length and tooth sizes between 
European Americans and African Americans a9 have 
been reported.  

Subjects were randomly assigned to two groups. The 
treatment group contained 14 patients (mean age = 11.5 
years; mean follow-up period = 10.5 months) and had 
only mandibular lingual arch appliances placed. The lin- 
gual arch appliance used in the treatment group was a 
passive 0.032-inch stainless steel wire, which contacted the 
cingulae of the lower incisors. The control group con- 
tained 16 patients (mean age = 11.3 years; mean fol- 
low-up period = 12.5 months) who received no treatment 
and served as controls. All patients were observed at least 
monthly. 

Records for this study consisted of one baseline 
cephalometric radiograph, one tomographic radiograph 
of the randomly selected left or right buccal segment, 
and study models. One trained technician exposed all 
radiographs on a Quint Sectograph Cephalometer  (De- 
nar Corporation, Anaheim, Calif.). Patients were 
shielded with lead aprons and thyroid collars. All  films 
were obtained with rare earth screens and collimation 
where appropriate.  

Records were repeated after both mandibular premo- 
lars were at least 90% erupted. The 90% eruption was 
defined as the distal marginal ridge of the premolar being 

within 1 mm of the mesial marginal ridge of the first 
permanent molar. In this time, eruption of the premolars 
and most of space loss were expected to have oc- 
curred.S,9,20, 21 

Mandibular  structures in both the cephalometric 
and tomographic films were superimposed by using 
BjOrk's structural superimposit ion m e t h o d .  22-24 

Changes in tooth position were measured at the center 
of resistance (CRo~) of the incisors and molars, at the 
incisal edge of the mandibular  central incisors, and at 
the cusp tip of the molar in one quadrant  of the 
mandibular  arch. The cusp tip of the molar was defined 
at the mesiobuccal cusp of the mandibular  first molars. 
The Cacs was placed arbitrarily at the bifurcation of 

molar roots and a point a third of the root  length apical 
to the alveolus in the incisor t e e thY  

The CR~s, incisal edge, and cusp tip were identified 
on the original films and transferred to the follow-up 
films by superimposing a tooth on itself. Changes in 
tooth position between the initial and follow-up films 
were measured relative to the functional occlusal plane 
(FOP). The FOP was also transferred forward, based on 
superimposit ion of the mandible on itself. The FOP was 
drawn as a line bisecting the occlusal contacts of the 
maxillary and mandibular  teeth with the teeth in occlu- 
sion. Mesial or extrusive movements of the incisal edge, 
cusp tip, or Caes points were recorded as positive 
values; distal or intrusive movements were negative 
values. 

Rotat ional  tooth movements were measured by 
using a best fit long axis drawn through the CRe s of the 
incisors and molars. Angular  changes in the long axes 
from initial to follow-up films were recorded in degrees 
relative to the FOP. The long axis of each tooth was 
transferred forward by superimposing on the tooth 
itself. Crown-mesial/root-distal  rotations of the molars 
and crown-facial/root-lingual rotations of the incisors 
were recorded as positive values. 

Changes in intermolar width, arch depth, and total 
arch length were measured on study models. Mesial 
migration of molars or lingual tipping of incisors would 
result in a decrease in arch depth and total arch length. 
Total arch length was measured as the sum of the 
distances between the mesial contacts of the first perma- 
nent molars to the contact between the central incisors on 
both the left and right sides of the arch. 13 Distances were 
measured to the nearest 0.02 mm. Intermolar width was 
measured as the shortest distance between the mesiobuc- 
cal cusp tips of contralateral molars. 26,27 Arch depth was 
the distance from a point bisecting the mesial anatomic 
contact points of the first permanent molars to the contact 
point of the central incisors. 2s 

All measurements were performed at the completion 
of the study to ensure uniformity of the measurement 
technique. The presence of the lingual arches prevented 
totally blind measurements, so a technician unfamiliar 
with the study made the measurements. 

Measurements of changes in total arch length, arch 
depth, arch width, and molar and incisor positions were 
compared between the t reatment  and control groups. 
Multivariate Analysis of Variance (MANOVA) was 
used to test the null hypothesis that there were no 
differences in changes between the two groups. The null 
hypothesis would be rejected at a level of significance 
of -< 0.05. 

RESULTS 

Fig. 1 shows the m e a n  changes  in the  m a n d i b u l a r  
mo la r  pos i t ion  dur ing  the  s tudy per iod ,  as m e a s u r e d  
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Lower Molar Mean Changes During Study Period 
(Tornographic Radiographs) 
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Fig. 1. Angular, vertical, and anteroposterior changes in lower molar position during study 
period as measured from tomograms (mean values _+ standard deviations). 

Lower Incisor Mean Changes During Study Period 
(Cephalometric Radiographs) 
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Fig. 2. Angular, vertical, and anteroposterior changes in lower incisor position during study 
period as measured from cephalometric radiographs (mean values _ standard deviations). 
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Fig. 3. Summary of positional changes of mandibular molars and incisors in control group 
that were significantly different (p < 0.05) from treatment group. 

Treatment Group 

- 0.54 ° 

~ 0 . 2 9 m m  E _ _ ~  

+~.33 mm E~_~ 

+ 0.73 ° 

/ 
+ 0.44 mm 

+ 0.32 mm 

[ ]  Pre-Observation 

[ ]  Post-Observation 

Fig. 4. Summary of positional changes of mandibular molars and incisors in treatment 
group that were significantly different (p < 0.05) from control group. 
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Control & Treatment Group 
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Fig. 5. Comparison of incisor and molar movements in both control and 
groups, relative to preobservation tooth positions. 
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Fig. 6. Changes in arch dimensions during study period as measured from study models 
(mean values + standard deviations). 
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from the tomographs. In the control group, the 
molar tipped forward 2.19 °, the CRe s c a m e  forward 
1.44 mm, and the cusp tip came forward 1.73 ram. 
The measurements for the treatment group were 
-0.54 ° (backward tip), 0.33 mm, and 0.29 mm, re- 
spectively. The differences were all found to be 
statistically significant (p < 0.001). No significant 
differences were found in the vertical movements of 
either the CRes or the cusp tip of the molars between 
the groups. 

Fig. 2 shows the mean changes in the mandibular 
incisor positions during the study period, as mea- 
sured from the cephalometric radiographs. In the 
control group, the incisor angulation change was 
-2.28 ° (backward tip), the CRes came back 0.34 mm, 
and the incisal edge came back 0.65 mm. The data 
for the treatment group indicated 0.73 ° of forward 
tip of the incisor, 0.32 mm advancement of the CRes, 
and 0.44 mm advancement of the incisal edge. These 
differences were all found to be statistically signifi- 
cant (p < 0.0001). No significant differences were 
found in the vertical movement of either the CRes or 
the incisal edge of the central incisors between the 
groups. 

Figs. 3 and 4 summarize the statistically signifi- 
cant differences between the treatment and control 
groups, as measured from the radiographs. Fig. 5 is 
a visual comparison of the incisor and molar move- 
ments in both the control and treatment groups, 
relative to the preobservation tooth positions. 

Fig. 6 shows mean dimensional arch changes 
during the study period, as measured  from the 
study models. All differences between the treat- 
ment  group and the control  group were found to 
be statistically significant (p < 0.01). Intermolar  
width increased by 1.15 mm in the t rea tment  
group, as compared  with only 0.14 mm in the 
control  group. Arch depth decreased by a lesser 
amount  in the t rea tment  group (0.37 mm) than in 
the control  group (1.46 mm). A decrease in total 
arch length of 2.54 mm in the control  group was 
found, whereas the t rea tment  group actually had a 
slight increase of 0.07 ram. 

DISCUSSION 

Changes in arch dimension and tooth position 
were measured from study models and radiographs. 
Study model measurements can show intraarch 
space gain or loss, but are inadequate at detecting 
anterior or posterior movement of teeth relative to 
the mandible itself. Cephalometric radiographs 

were used to record the sagittal movements of the 
central incisors relative to the mandible. Bj6rk's 
natural reference structures were used as markers 
for superimposition. 22-24 The tomographic cephalo- 
grams that recorded molar movements were also 
superimposed by using this technique, but had ad- 
ditional accuracy due to the increased detail visible, 
when overlapping anatomic structures are not 
present. 

The purpose of this study was to determine 
whether the placement of a lingual arch before the 
loss of the deciduous second molars could prevent 
loss of arch perimeter during the transition to the 
permanent dentition. Conclusions regarding arch 
perimeter changes could be drawn from the data 
collected on movement of molars and incisors, and 
changes in intermolar width, arch depth, and total 
arch length. Arch perimeter was not measured 
directly because no technique has yet been de- 
scribed to obtain this measurement in an accurate 
and objective fashion. 

The manner  in which molar  and incisor move- 
ments affect arch per imeter  merits some discus- 
sion. Movement  of the molar  crowns in a mesio- 
distal direction can be easily conceptualized as 
affecting arch per imeter  in a ratio of 1:1, i.e., a 1 
mm mesial movement  of a molar crown can lead 
to an arch per imeter  decrease of 1 mm. If both 
molars are taken into account, a 2 mm decrease in 
arch per imeter  could be anticipated. However,  
this in terpreta t ion does not necessarily apply to 
incisor movements.  Germane  et al. 29 used a math- 
ematical model  to demonstra te  how a 1 mm facial 
movement  of the incisors does not necessarily 
translate into a 1 mm gain per side for a net 
increase of 2 mm in arch perimeter .  In fact, it was 
found that a 1 mm advancement  of the incisors 
tended to result in an approximate total gain of 1 
mm in arch perimeter .  They also showed that a 1 
mm increase in intermolar  width only contr ibuted 
approximately 0.27 mm to arch perimeter .  In an 
individual patient,  of  course, arch per imeter  is 
defined by a complex, three-dimensional  interac- 
tion between location of interproximal contact 
points, tooth angulations, arch width and length, 
and curve of Spee. 

If symmetrical movements  are assumed to 
occur at contralateral  molars, the data shown in 
Fig. 3 suggest that approximately 4 mm of total 
lower arch per imeter  are lost during the exchange 
of deciduous second molars for second permanent  
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premolars. The loss appears to occur primarily by 
mesial movement of the first permanent molar 
into the leeway space. If the placement of a 
lingual arch prevents this event, the possibility 
exists that crowding could be reduced or elimi- 
nated with this procedure. 

On the basis of the mean values shown in Figs. 3 
and 4, the data support the idea that the lingual arch 
exerts its greatest effect by preventing the mesial 
migration of the first permanent molars after the 
second deciduous molar is exfoliated. It is clear, 
however, that this comes at the expense of slight 
mandibular incisor proclination. The long-term sta- 
bility of this treatment outcome after the lingual 
arch is removed remains unsolved because rarely 
will a lingual arch be all the treatment that is needed 
in most cases. 

Addressing the associated problem of inter- 
arch relations is also important. Does the mesial 
movement of the first permanent molar really 
allow a mixed dentition, flush terminal plane to 
become an Angle Class I occlusion? According to 
the findings of Bishara, 8 this outcome is not as 
prevalent as is often believed. Only about half the 
flush terminal planes in his sample spontaneously 
became Class I with the loss of the second decid- 
uous molar. The work of Bj6rk and Skieller 3° with 
implants clearly shows that the upper dentition 
can migrate mesially with the lower dentition, 
leaving the interarch dental relationships virtually 
unchanged. 

Thus the problem of alleviating crowding in the 
mixed dentition by placement of a lingual arch may 
only alter the form that the malocclusion manifests. 
Some lingual arch patients could conceivably stay 
Class II with reduced crowding. Left untreated, they 
may have been more crowded, but they may also 
have become Class I. There has been little reported 
on the interactive component of interarch relations 
concurrent with leeway space management for 
crowding. Flush terminal plane dentitions therefore 
might benefit from some form of orthodontic treat- 
ment, in addition to the placement of a lingual arch. 
The lingual arch would be used to alleviate crowding 
while other concurrent, or subsequent, treatment 
would be instituted to achieve a Class I relationship. 

Results from this study show that mandibular 
lingual arches can help to reduce the arch perimeter 
loss that occurs during the transition from the mixed 
to the permanent dentition. However, it does come 
at the expense of slight mandibular incisor proclina- 

tion and anterior movement of the CRes of the lower 
incisors. If these are not favorable side effects, other 
treatment modalities may need to be used to achieve 
the desired results. 

CONCLUSION 

This study was designed to examine the effects of 
mechanical intervention on mandibular first permanent 
molar mesial migration during the development of the 
late mixed and early permanent dentition. The results 
of the study suggest that passive lower lingual arches 
are effective at reducing the mesial molar migration and 
subsequent loss of arch length occurring in the transi- 
tion from the late mixed dentition to the early perma- 
nent dentition. This comes at the expense of slight 
mandibular incisor advancement and tipping, which 
may or may not be desirable, depending on ultimate 
treatment goals. 
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