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SYNOPSIS

————— — - —_—

This study was designed to identify predictors of response to early treatment in mixed-dentition cases with ante-

rior crossbite, a major indication for orthodontic treatment in growing children, treated with an acrylic splint-type

rapid maxillary expansion (ASRME) and maxillary protraction (facemask) appliances. 18 months after crossbite

correction, 27 patients were divided into groups with and without relapse of anterior crossbite for comparison of

cephalometric parameters. This study indicated useful parameters for determining if patients have a skeletal man-

dibular prognathisms and if skeletal Classlll problem in the early mixed dentition is likely to respond to early treat-

ment (occlusal guidance). These parameters appear to serve a useful purpose by helping to identify children who are

likely to benefit from early treatment of anterior crossbite, thereby reducing the amount of treatment needed in later

life, particularly once the children have passed the peak of their growth and development.
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INTRODUCTION

Children undergo active skeletal growth and neu-
romuscular development from the time of primary
tooth eruption to the completion of the permanent
dentition, which is also a period of growth and
development often associated with the manifesta-
tion of malocclusions. It has been shown that there
is a greater chance for normal development of not
only occlusal function but of temporomandibular
morphology if a good balance between form and
function is maintained during the period of occlusal
development, highlighting the importance of treat-
ment concepts and systems that facilitate early cor-
rection of occlusal problems and restoration of occlu-
sal harmony.

Objectives for early treatment of anterior cross-
bite during the period of growth and development
include the normalization of the anterior overbite
and overjet, as well as the improvement of alveolar
status, function, and skeletal maxillo-mandibular
relationship. However, it is difficult to fully correct
anterior crossbite in some cases even if treatment
Is started early. There are patients who, after suc-

cessful correction in the primary dentition, experi-
ence relapse in the mixed dentition. In other cases,
orthognathic surgery may be required due to exces-
sive mandibular growth in the permanent dentition.
Clinicians also witness spontaneous correction of
anterior crossbite during the primary dentition or
early mixed dentition,

Before the start of treatment, or even early In
the course of treatment, it is extremely difficult to
predict how each case will progress. This study
was therefore designed to identify predictors of
response to early treatment in mixed-dentition
cases with anterior crossbite, a major indication for
orthodontic treatment in growing children, treated
with an acrylic splint-type rapid maxillary expan-
sion (ASRME) and maxillary protraction (facemask)
appliances. 18 months after crossbite correction, 27
patients were divided into groups with and without
relapse of anterior crossbite for comparison of ceph-
alometric parameters.

STupYy MATERIALS
The study included 27 boys and girls with early
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mixed dentition who were treated by the same
orthodontist from 1989. Their orthodontic records
were used with permission from the patients and
their parents or guardians. Selection criteria for the
study subjects were as follows; initial orthodontic
records (T1) were taken before treatment.

After 20-24 days of ASRME appliance active
wear, approximately 6 months of protractor wear
immediately following ASRME, then removing these
appliances and a second sets of records (T2) were
taken.

The third sets of records (T3) were taken an
average of 1.5 vears after removal of ASRME and
protraction appliances, respectively.

The model and cephalometric analysis data col-
lected at these three time points were used as study
materials. The subjects were divided into two
groups by the amount of overjet at T3 (Table 1). Of
27 subjects, 19 maintained normal overjet (Group N),
while 8 showed negative overjet due to a relapse of
anterior crossbite (Group R).

METHODS
The two groups were compared at T1, TZ and T3

Aichi-Gakuin Dent Seci 2009

for the following items based on the collected data:
1. Status of appliance wear
2. Results of model analysis
3. Cephalometric measurements
The statistical software Stat View 5.0 (Abacus
Concepts, Piscataway, NJ USA) was used
for statistical analysis, and Students t-test
was performed to test the level of signifi-
cance between the two independent groups.
The level of significance was set at 0.05%
(p<0.0005) for this study.
The orthodontic treatment appliances and proto-
col used with the study subjects were as follows:
The expansion appliance was ASRME with a bite
plane effect covering the entire crowns of the teeth
in the buccal segments in the early mixed dentition
period (Fig. 1A, 1B). Immediately following expan-
sion, the expansion screw was immobilized with
brass wire or acrylic resin before starting maxillary
protraction. The facemask used with every subject
in this study was a Face Crib, commercially avail-
able from Rocky Mountain Morita (Tokyvo, Japan)
(Fig. 2).
approximately 250 g per side was applied with a rub-

Forward and downward traction force of

Table 1 Sample number and initial age of subjects

Group N Group R
(Normal Overjet at T3) (Reverse Overjet at T3)
Sample Number 19 8
Minimum Age 6y7m 6yllm
Maximum Age 10y2m 10yl1lm
Average Age Jyllm+l1lm 9y0Om=+1y4m
(meanxSD)

Fig. 1A, 1B ASRME appliance
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ber band. A Frinkel functional appliance (Typelll)
was used as a retainer from the time of appliance
removal to the end of the observation period, during
which time each case was followed periodically at an
interval of one to two months (Fig. 3).

RESULTS
1. There was no significant difference in the initial
age between Group N and Group R. (Table 1).
2. Duration of appliance use and model analvsis

1) The average duration of the facemask use
was d.7 months.

2) The average time of facemask use per day
was 10.5 hours.

3) Model analysis showed an average lateral
expansion of 3.1 mm achieved with the
appliance during a period of 20-24 days.

None of the time of the appliance use and model
analysis showed a significant difference between
Group N and Group R at all of the time points
(Table 2).

3. Cephalometric comparisons between the

groups at 3 time points

1) Linear measurements

Fig. 2 Facemask
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None of the linear cephalometric measurements
showed a significant difference between Group N
and Group R at T1 or T2, while there were signifi-
cant differences in Wits and overjet measurements
between the groups at T3 (Table 3).

2) Angular measurements

Significant differences were found in FMIA,
IMPA, Gonial angle, AB to Mandibular. and L1 to
NB between the groups at T1. FMIA, IMPA and
L1 to NB were not significantly different between
the groups at TZ2. While ANB, Convexity and AB
plane showed significant differences only at T3,
Gonial angle and AB to Mand. significantly differed
between the groups at all three time points (Table
4A, B, C)

3) Comparison of indices between the groups
at 3 time points

There was a significant difference in APDI at T3.
ODI shows significant differences at all time points
(Table 4D).

Discussion

Anterior crosshite accounts for a large portion
of malocclusions in Japanese patients. Maxillary
underdevelopment, constriction and retrusion are
reported to be frequent causes of anterior crossbite .
ASRME appliances have been shown to split not
only the midpalatal suture but also the zvgomaxillary

Fig. 3 Typell Frinkel appliance

Table 2 Duratioin of facemask use and model analysis of expansion

i Average duration of facemask use 1mumh]! Average daily time of facemask use (hour)| Average amount of lateral expansion with ASRME (mm)
Group N (19) 5515 | 10,4219 3.240.3
Group R (8) | 6.4x1 .4 [ 10.9+0.4 | - 3.010.2
Total 5721 6 | 105£1.7 3.120.3

(mean+sD)
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Table 3 Inter-group comparison of linear measurements at 3 time points with t-test (* p<0.0003)

Tl T2 T3

Measurements (mm) Grmup N | Significant difference | Group R Group N !Si;.-:u:iﬁn:.-m:diffﬁcl'rm: Group R Group N | Significamt differcnce | Group R
N-Me 111.1+4.2 113.1+£2.5 116.2+4 8| 117.5+2.5 119.8+6.8 123.5£3.2
N-ANS|  50.2:2.2 S1.4x1.6]  S51.5+2.4) 525+12|  54.1+34 56.1£1.5
ANS-Me|  61.9+3.4 62.6£1.4]  66.3+3.9] | 66.2+1.6]  67.124.8 68.142.6
~ N-§ 63.5ELS 65.3+2.5 66.0+£2.2 - 66.0£2.3 67.2+2.3 67.6+2.8
ANS-Ptm’ 47.5+2.1 46.8+2 .4 43_?_;"54_- 48.1£2.6 50.3£3.3 49.6x2.7
It A'-Ptm’ 43 8+2.1 42442 .6 45.5+3.2) 44 242 8 46.8+2.9 45.7x2.6
S'-Ptm’ 20.1+2.2 19.5¢1.7] 19.8+1 9| 19.1+£1.3 20,021 19.6+1.6
Gn-Cd 104.2+3.6 105.944.5 107.1£5.2 109.5+4.6 112.0+6.1 118.8+6.2
Cd-Go 49 8+2 8 49,3441 31.0x3.3 51.2+4.3 54.2+4.0 57.2+4.9
Poe-Go 70.0+3.1 69.7+3 .8 12.2+3.6 12.2+3.6 TaE3D 76.6+4.8
Over jet -2.3+).9 i -2.120.7 3.1+1.1 0.7+£2.4 3.1+0.9 * -2.3+1.8
Over bite 2.2+23 | 23+19 0.6+1.4 0.8+1.8 | .4+1.2 1.8+2.4
WITS|  -6.122.0 92:26] 36226 67£33]  39:2.1 ; 92+2.8
Ul to NA 2.5+2.3 42419  49+]8 4.7+1.2 3.0+1.1 5.0+1.8
L.l to NB 5.8+1.1 4.4+0 8 5214 4.2+1.1 3.3+1.8 315
(meanz5D)

Table 4A Inter-group comparison of angular measurements at 3 time points with t-test (*p<0.0005) — Steiner analysis —

T T2 T3

Measurements { . i {__';n)up N Significant difference 'GI"DHP R G[‘ﬂu]} N Significant difference G]‘ULI[J R GI’{_‘IUP N Significant difference G[‘ﬁljp K
SNA 79.3+3.2 771723 B0.5+2.9 o T8.6+2.0 80.7+£3.2 79129
SNB|  78.8+23 793£24] 78025 78.6£2.1  79.122.5 80.7+2.5
ANB 0.5+1.8 1.7:16]  24x17] 0.0+1.7 |.8+1.1 . 16423
Ul to NA 22.5+6.1 26.2+6.7 26.245.2 B 26.5+4 4 27.8+34 26.7+4.1
LltoNB| 28629 * 239:24]  254+39] 24.1+4.1| _ 24.8+4.5 24.5+3.9
Ul to L1 128.3+7.1 131.5£7.6 125.945.5 ) 1294454  125.6+6.1 130.4+3.8
“Occlto S| 20.9+35 21346.1] 212452 20.7+42]  18.8+3.2 19243 3
GoGn to S 34 8+£3.6 37.0+4 .0 36.8+3.6 J8.6x4.4 35.4+4.1 36.6+4.5
(mean+50)

Table 4B Inter-group comparison of angular measurements at 3 time points with t-test (*p<0.0005) — Downs and Tweed analysis —

Tl T2 T3

Measurements ( ° )| Group N | Significam difference Gmup R {_]rnup N | Significant difference | Group R Group N | Significant difference (-]rmlp R
FMA 29.6+3 .4 31.3+4.1 31.7£3.6 32147 30,1441 30.7+£5.2
IMPA 94.0+4.3 * 86.1+4 4 89.5+3 .4 85.846.1 89.3+6.1 835464
FMIA 56.313.2 * 62.6£2.5 38.8+3.7 62.1+£3.0 60.5+4.2 63.8+3.6
Facial A 84.2+1.9 85.8+£2.6 83720 85.7£2.3 84.9+1.7 37.9+£2.7
Y-AXis 62.9+2.7 62.1+2.8 64.6+2.5 63.2+2.9 63.8+2.7 62.0+£29
Conv.]  2.6+43 -2.2+3.7 6.1+3.7 1.0£3.4 4.6+2.6 * -2.6+3.5
~ A-Bplane 0.0+£2.4 -3.1£2.5 27322 -0.5+£2.7 2.1x1.5 ¥ -29+3.1
Occl A 14.7+3.4 14.2+59 14.0£2.6 13.244.5 12.5£3.] 11.6+3.7
Gionial 126.2+£3.5 * 133.4+3.3 125.9+3.3 " 131.7£3.6] 125.1£4.0 ¥ 132.1+4.6
(meant5D)

Table 4C Inter-group comparison of angular measurements at 3 time points with t-test (*p<0.0005) — Other analysis —

T1 T2 T3
Measurements ( * )| Group N | Ssignificant difference | Group R Group N | Significant difference IIE-Burt:mp- R Grﬂup N | Significant difference Gmup R
| ~ UI-NF| 112.0£6.1 113.8+7.8] 116.6x54 114.7£5.2] 1184438 115.5+4.1
| Ul-SN| 101.8+6.5 1039469 106.7+49 105.0+4.6] 108.7+4.0 105.9+3.2
| A-B to Mand. 66.1+£2.9 s 59.7+2.6 67.3£3.2 % 61.8+£2.8 67.1+£3.6 " 58.6+4.2
FH.NF 4.0+2.3 2.7+1.2 3.7+2.3 2.1£1.2 3.4+£24 2.1+1.1
CF.] 158.4+3.2 1542+56] 155.7+5.1 152.245.3 156.6+4.6 153.4+69

[mean+5D)
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Table 4D Inter-group comparison of indices at 3 time points with t-test (* p<0.0005)
T T2 T3
Indices {_;r{‘.lt_lp | Significant dilference GI’{]UP ﬁ Ul‘{'lup N Sigmitisann mu..-r-.-mr! Grﬂup R GI‘[’}UF N Sigmificont dafference G[‘ﬂup =4
ODI| _ 70.1£2.8 ; 620%3.1] 710226 z 63.9%35] 705433 | 606545
APDI 88.2+3.4 91.7+5.1 8d.7+4.6 | 88.3+4 .3 86.2+2.9 * | 92.8+6.0
imeanz50)

and zygotemporalis sutures. Facemasks have been
shown to exert their action on the maxillary com-
plex around the maxillary sutures®®. Some authors
have suggested that a combined use of ASRME and
facemask appliances are effective in treating skeletal
mandibular prognathism in growing children through
growth ﬁtin‘!ulatinn at these sutures, while others
have failed to show the effectiveness of the combina-
tion therapy“®. There has been a lack of consensus
to date.

In the present study, some patients experienced
relapse of anterior crossbite following overjet nor-
malization with the combination therapy. The sub-
jects were therefore divided into a group with sta-
ble results and a group with relapse. The present
study thus aimed to analyze differences between
the groups and identify predictors of treatment out-
come.

1) Effect of ASRME / facemask treatment

Ngan and coworkers reported that Point A came
forward 2mm with 6 months usage of an ASRME
appliance and a maxillary protraction appliance
(MPA).
type MPA and experienced a decrease in SNA of

Takahashi and associates used a horn-

0.6 despite 14.4 months of MPA wear in a non-
responder group and an increase in SNA of 1.1°in 8
months in a responder group? ', Also, in the pres-
ent study SNA increased 0.9” in Group R despite a
combined use of ASRME and facemask for an aver-
age duration of 5.7 months, while Group N showed
stable results with an SNA increase of 1.4°, indicat-
ing that this increase in SNA contributed to the
ANB improvement observed long after treatment in
Group N.

SONB, on the other hand, decreased only 0.8 in
Group N and as much as 0.7° in Group R. However,
Group R showed a marked increase in SNB of 2.1°

during the follow-up period. These findings are in
agreement with the changes in Point B reported
by Takahashi and associates. These changes seem
to have contributed to the significant differences in
ANB, AB plane, Wits index, AB to Mand., APDI and
ODI observed during the long follow-up period. In
other words, the patients who had small changes
in Point A and large changes in Point B during
ASRME / facemask treatment may have been more
prone to relapse. While no differences were found
in horizontal parameters such as Point A and Point
B at TI, the two groups showed large differences
in horizontal parameters at T3. None of the param-
eters thus seemed to reliably predict stability of out-
come in the treatment of mandibular protrusion.
2) Predictability of ASRME /facemask treatment

effect

The present study showed significant differ-
ences in the three dental measurements, L1 to NB,
IMPA and FMIA at TI, indicating that patients
with retroclined lower anterior teeth before treat-
ment are more likely to experience relapse after
ASRME /facemask treatment. In contrast, ANB,
Conv., Wits, and APDI showed significant differ-
ences in the follow-up period, though no differences
were noted before treatment. These measurements
represent horizontal discrepancies between the
maxilla and mandible and are extremely useful as
parameters of the severity of anterior crosshite!* 19,
It 1s no surprise that both groups shared similar
values for these measurements before correction of
anterior crossbite and that Group R, which experi-
enced the relapse of anterior crossbite, showed sig-
nificantly larger values post-treatment. These mea-
surements thus would not qualify as useful predic-
tors of treatment outcome. In contrast, Gonial angle,

AB to Mand., and ODI significantly differed between
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the two groups at all three time points. These mea-
surements are vertical parameters of the facial skel-
eton!®, Although anterior crosshite is by definition a
malocclusion with a horizontal jaw discrepancy, the
results indicate that the vertical parameters have a
greater bearing on the stability of anterior crossbite
treatment than horizontal parameters. That 1s, ante-
rior crosshite cases with a larger Gonial angle, and
smaller AB to Mand. and ODI values before treat-
ment may be more prone to relapse of anterior cross-
bite long after treatment and obtain stable results
may be more challenging.

3) Significance of early treatment in anterior cross-

bite cases

The impni’tance of occlusal guidance during
growth and development has been emphasized.
McNamara has stated that the objective of early
treatment 1s to create an oral environment condu-
cive to sound jaw growth by correcting any skel-
etal, dental and muscular disharmonies that may
exist prior to the completion of the permanent den-
tition !, Particularly in anterior crossbite cases, it
seems more desirable to initiate treatment early in
order to encourage the maxilla to grow forward to
its full potential by moving the anterior teeth out
of crossbhite. Thus, the goals for early treatment of
anterior crosshite are twofold; firstly, improvement
in overjet relationship of the permanent anterior
teeth through dentoalveolar movements, which is
aimed at correcting tooth alignment, muscle func-
tion, chewing cycle and oral habits; preventing
anterior crossbhite from worsening; promoting devel-
opment of good oral function. Secondly, improving
skeletal jaw relationship by stimulating maxillary
development while controlling mandibular growth.
Early treatment also provides support for patients
suffering from any functional impairment, psycho-
logical stress or social handicap.

Early treatment has the following advantages: (1)
Normal skeletal growth can be expected and skeletal
improvement can be facilitated; (2) Treatment can
be simplified; (3) The maxilla can be expanded later-
ally: (4) Early normalization of oral function can lead
to early functional improvement: (5) Worsening of
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anterior crosshite can be avoided: and (6) Early reso-
lution of chief cnmplaiﬁts can offer reassurance to
parents and improve compliance in young children.

The disadvantages of early treatment include the
following: (1) Treatment time 1s often prolonged
because patient management until the end of
growth is needed (although this may be solved with
proper treatment timing and a combination of regu-
lar follow-ups and check-ups); (2) Early treatment
would be futile in the event of relapse (however, it
might at least eliminate growth disturbances caused
by persistent malocclusion); (3) The patient and the
family may burn out, making patient and practice
management less efficient. It is important to fully
consider all the pros and cons when performing
early treatment.

CONCLUSION

This study has indicated the usefulness of the
aforementioned parameters in determining if the
patient has a skeletal mandibular prognathism and
if the skeletal ClassIll problem in the early mixed
dentition is likely to respond to early treatment
(occlusal guidance). These parameters (Gonial angle,
AB to Mandibular and ODI) serve a useful purpose
as they help to identify children who are likely to
benefit from early treatment of anterior crossbite
by reducing the amount of treatment needed in
later life past the peak of growth and development.
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