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SUMMARY The purpose of this study was to investigate the outcome of early interceptive treatment
of primary anterior crossbites with posterior occlusal acrylic resin blocks in combination with a 2 x 4
appliance, and to examine the differences in craniofacial morphology between the stable and relapse
groups. Lateral cephalograms of 46 subjects (17 males and 29 females; average mean age 4 years 2
months + 5 months) with a primary anterior crossbite were obtained before (T0) and immediately after
(T1) treatment and at a 6 year follow-up (T2). The patients were assigned to either a stable (n = 35; 13
males and 22 females) or a relapse (n = 11; 4 males and 7 females) group according to the amount of
overjet when the permanent incisors had erupted. The differences in craniofacial morphology between
the groups were compared using a two-tailed t-test.

The results revealed that the relapse subjects had a more forward position of the mandible relative to
the cranial base and maxilla, a longer mandible and an increased gonial angle at TO. At T1, both groups
had a positive overjet, but the treatment changes were different. Between T1 and T2, the maxillary length
(A'-Ptm’) increased less in the relapse group, the angle between the posterior border of the mandibular
ramus and SN plane (Ram-SN) decreased and gonial angle increased and vice versa in the stable
group.

When posterior bite raising and 2 x 4 appliance therapy are used to correct primary anterior crossbites,
all patients showed an immediate positive treatment response, whereas approximately one-quarter of
subjects relapsed into a reverse overjet when the permanent incisors had erupted, mainly because of a

more severe Class lll craniofacial morphology at T1 and unfavourable growth during T1-T2.

Introduction

In the Chinese population, the prevalence of a Class III
malocclusion is comparatively high, ranging from 8.3 to 13
per cent (Yao, 1984; Hua and Shi, 2000; Huang et al., 2005).
An anterior crossbite may be regarded as an aesthetic
problem. Parents, upon noticing such abnormalities in the
primary dentition of their children, often enquire as to
whether or not treatment is required (Saadia and Torres,
2000).

Without treatment, the skeletal malocclusion may be
aggravated as the patient grows (Graber, 1977; Takeuchi
et al., 1979). However, some primary anterior crossbites
can spontaneously correct during either the primary or the
transitional dentition (Nagahara et al., 1997, 2001; Wang
et al., 1999). Timing of orthodontic treatment, early or late,
is a dilemma for orthodontists. The deciduous indicator
(DI) developed by Nagahara ef al. (2001) is a useful method
to evaluate the necessity of early treatment for primary
anterior crossbites.

Various appliances have been devised for early
interceptive treatment of a crossbite, such as reverse
headgears, chin-cups, functional appliances, removable
plates with springs, and simple fixed appliances (Thilander,

1965; Graber, 1977; Deguchi ef al., 1999; Gu et al., 2000;
Onodera et al., 2006). Patient compliance is essential for
successful treatment, especially in the young child. Several
authors have reported that posterior bite raising is a patient-
friendly treatment method in the primary dentition as
minimal cooperation is required (Miyajima et al., 1995;
al-Sehaibany and White, 1996; Tzatzakis and Gidarakou,
2008). However, there is no information in the literature
concerning the long-term effects of posterior bite raising in
patients with a primary anterior crossbite.

The aim of this study was to evaluate both active
treatment and post-treatment outcomes of posterior bite
raising in combination with a 2 X 4 appliance in children
with a primary anterior crossbites, and to examine the
differences in craniofacial morphology between the stable
and relapse group.

Subjects and methods

Forty-six consecutive Chinese patients (17 males and 29
females; average mean age 4 years 2 months + 5 months)
from a total of 69 subjects with primary anterior crossbites
were included in this study. Inclusion was based on the
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following criteria: 1. Hellman’s developmental stage IIA of
the primary dentition, at which time the second primary
molars had erupted while the permanent incisors had not
begun to erupt (Hellman, 1932); 2. a crossbite involving all
eight primary incisors and both mandibular primary canines;
3. no tooth loss, no history of caries, or previous crown
restoration; 4. DI greater than 0 (Nagahara et al., 2001).
DI = —0.58 (anterior cranial length) +1.31 (posterior face
height) —0.76 (porion location) —2.02 (Wits appraisal)
—70.18. The lower the DI value (negative), the higher the
probability that a crossbite will self-correct during the
transitional dentition. On the other hand, a high (positive)
value strongly suggests that the subject requires treatment
in the primary dentition.

Posterior occlusal acrylic resin blocks were bonded to the
mandibular primary molars (TO; Figure 1a). This removed
incisal interferences while the anterior crossbite was
corrected with a 2 X 4 appliance (Figure 1b), comprising
buccal tubes on the second primary maxillary molars,
brackets on the maxillary incisors, and a wire with advancing
loops (Major and Glover, 1992). At the end of treatment
(T1), after a mean treatment time of 6 months, all subjects
attained a positive overjet. At the 6 year follow-up (T2), the
permanent maxillary and mandibular incisors had erupted.
According to the amount of overjet, the patients were

Figure 1
appliance.

(a) Posterior occlusal acrylic resin blocks and (b) 2 x 4
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divided into two groups. Those with a positive overjet were
defined as stable (n = 35; 13 males and 22 females) and
those with a negative overjet or an edge-to-edge incisor
relationship as relapse (n = 11; 4 males and 7 females). The
mean ages at the various time periods in both groups and the
duration of treatment and observation are shown in Table 1.

Lateral cephalograms were obtained at TO, T1, and T2.
Therefore, TO-T1 represented the treatment changes,
T1-T2 the changes during the follow-up period, and T0O-T2
the total changes during treatment and follow-up. Lateral
cephalograms were analysed using the method of lizuka
(1953) and Sakamoto et al. (1963). The 11 angular
measurements are shown in Figure 2a and the 17 linear
measurements in Figure 2b. The following landmarks were
used: is (the edge of the upper central incisors), ii (the edge
of the lower central incisor), ms (the midpoint on the
occlusal surface of the upper second primary molar), and mi
(the midpoint on the occlusal surface of the lower second
primary molar); S’, ptm’, A’, is’, and ms’ are perpendicular
to the nasal line (NL) from S, ptm, A, is, and ms; Pog’, ii’,
and mi’ are perpendicular to the mandibular plane (MP)
from Pog, ii, and mi.

Measurement error

The lateral cephalograms were traced by one author (YSG)
and checked by another (JL). To evaluate tracing and
measurement errors, 60 lateral cephalograms of 20 patients
were randomly selected and remeasured by the same
investigator 1 month later. The estimate of random errors
was made using Dahlberg’s formula (Houston, 1983). No
systematic errors were found. The mean errors for angular
and linear measurements were from 0.4 to 1.4 degrees and
from 0.1 to 1.2 mm, respectively.

Statistical analysis

For cephalometric analysis, comparison of treatment
changes between the stable and relapse groups was
undertaken using a two-tailed z-test. All statistical analyses
were performed with the Statistical Package for Social
Sciences version 12.0 (SPSS Inc; Chicago, Illinois, USA).

Table 1 Ages at the start of treatment (T0), end of treatment
(T1), and at the 6 year follow-up (T2).SD, standard deviation.

Relapse group (n=11) Stable group (n = 35)

Mean (SD; years/months) Mean (SD; years/months)

TO 4.1 (0.6) 43(0.5)
Tl 4.8(0.6) 4.9 (0.6)
T2 10.4 (1.3) 10.7 (1.1)
TO-T1 0.6 (0.1) 0.6 (0.2)
TO-T2 63 (1.1) 6.4(1.2)

Duration of treatment (TO-T1)/observation period (T0-T2).
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Figure 2 (a) Angular measurements: 1, SNA; 2, SNB; 3, ANB; 4, SNP;
5, SN-OP; 6, SN-MP; 7, SN-Gn; 8, ram(SN); 9, gonial angle; 10, UA-SN;
11, LA-MP and (b) linear measurements: 1, N=S; 2, N-Me; 3, N—Ans; 4,
Ans—Me; 5, S"—ptm'; 6, A'—ptm’; 7, Ptm'—ms’; 8, A'-ms’; 9, is—is’; 10, ms—
ms'; 11, is—ms; 12, Gn—-Cd; 13, Pog'-Go; 14, Cd-Go; 15, ii-ii’; 16,
mi-mi’; 17, ii-mi.

Results

Dentofacial morphology

At TO, the antero-posterior position of the mandible
relative to the cranial base and maxilla, as indicated by
s—n—pog (SNP), s—n—gn (SN-Gn), and n—ss—sm (ANB)
angles, was more forward in the relapse group (Table 2).
Mandibular length (Cd—Gn), gonial angle, and the angle
between the tooth axis of the maxillary incisor and
anterior cranial base (UA—SN) were significantly greater
in the relapse than in the stable group. Mandibular body
length (Pog'—~Go) and ramus height (Cd—Go) showed
similar mean values.

No statistically significant differences in dentofacial
morphology were found between the groups at T1 (Table 2).
The only exceptions were a smaller value for ANB and a
larger value for Pog'—Go in the relapse group.
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At T2, among the variables representing the antero-posterior
position of the mandible relative to the cranial base and maxilla,
s—n—sm angle (SNB), SNP, and SN-Gn were significantly
greater and ANB was significantly smaller in the relapse group
(Table 2). The mean gonial angle was approximately 10.7
degrees greater, and the angle between the posterior border
of the mandibular ramus and SN plane (Ram—SN) was 9.8
degrees less in the relapse than in the stable group.

Maxillary length (A'-Ptm’) was significantly smaller in
the relapse group. In the mandible, Pog'-Go and Gn-Cd
were greater in the relapse group, but the difference was not
significant. Cd—Go showed similar mean values. The angle
between the tooth axis of the mandibular incisor and
mandibular plane (LA-MP) showed significant mandibular
incisor retroclination in the relapse group.

Treatment changes

ANB increased in both groups during T0-T1, but this was
only significant in the relapse group (Table 3). For the dental
variables, there was a statistically significant protrusion of
the maxillary incisors and retrusion of the mandibular
incisors but only in the stable group. UA—SN and upper
arch length (is—ms) increased and LA-MP and lower arch
length (ii-mi) decreased in the stable group.

Anterior cranial base length (N-S), total face height
(N—Me), anterior upper face height (Ans—Me), Pog'—Go,
Gn—Cd, and Cd-Go increased significantly in both groups
during T1-T2, but there was no difference between the
groups (Table 3). SNB and SNP increased more in the
relapse group. A'~Ptm' increased in the stable group, but
showed no significant change in the relapse group. During
T1-T2, the changes of Ram—SN and gonial angle were
statistically different between the groups. In the relapse
group, Ram—SN increased and gonial angle decreased,
whereas Ram—SN decreased and gonial angle increased in
the stable group.

UA-SN and LA-MP increased in both groups, but the
increase of LA-MP in the relapse group was not significant.
Following eruption of the first permanent molars and
permanent incisors, maxillary (ms—ms’) and mandibular
(mi—mi’) molar height, and maxillary (is—is") and mandibular
(1i-i1") incisor height increased in both group.

Total changes

During T0-T2, the maxilla grew less in the relapse group
than in the stable group (Table 3). The mandible grew more
in the relapse group, but the differences were not statistically
significant. The changes of Ram—SN and gonial angle were
especially marked. Ram—SN increased in the stable group
but decreased in the relapse group. Gonial angle decreased
in the stable group but increased in the relapse group. The
maxillary and mandibular incisors protruded significantly
in the stable group. In the relapse group, the increase of
LA-MP was not significant.
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Discussion

Some primary anterior crossbites can spontaneously correct
during either the primary or the transitional dentition, but
others persist or even deteriorate (Nagahara et al., 1997,
2001; Wang et al., 1999). Therefore, evaluating the
possibility of self-correction of an anterior crossbite at an
early stage may enable clinicians to distinguish between
subjects who require early treatment from those who do not.
The DI is a solution to the dilemma of whether or not to
attempt early interception of Class III malocclusions
(Nagahara et al, 2001). In that study, DI successfully
identified 95.46 per cent of patients in the sample from
which it was derived. Extrapolating this information to the
46 patients in the present study, theoretically, the anterior
crossbites of 44 subjects would persist during the transitional
dentition without treatment all patients in the present study
achieved a positive overjet during, on average, 6 months of
active treatment. Only 11 of the 46 patients had a negative
overjet or edge-to-edge incisor relationship at T2. At T2, as
most of the treated subjects were at the beginning of the
pubertal growth spurt, it was not possible not predict the
degree of treatment stability (Bjork, 1963, 1972; Thilander
et al., 2005). However, treatment was considered effective
because the number of subjects whose anterior crossbite
would be assumed to persist in the transitional dentition
reduced from 44 to 11. Treatment of primary anterior
crossbites in this study fulfilled the expected objectives
of interceptive treatment by preventing the existing
problem from deteriorating, providing a more favourable
environment for normal growth and improving facial
aesthetics for more normal psychosocial development
(Campbell, 1983).

An increasing number of clinicians believe in the
advantages of early intervention. The alternative treatments
for this type of malocclusion, which have been shown to be
effective include the use of facemasks, chin-cups, and
functional appliances (Thilander, 1965; Deguchi et al.,
1999; Onodera et al., 2006). In the current study, a simple
patient-friendly therapy was used (Miyajima et al., 1995;
Tzatzakis and Gidarakou, 2008). Compared with a control
group, Chang et al. (1992) observed that the Class III
primary dentition group showed significant maxillary
incisor retrusion. Retroclined upper incisors may cause
dental interference during the path of closure of the
mandible, leading to mandibular displacement in a forward
and upward direction to achieve function. The 2 x 4
appliance is effective in proclining retroclined upper
incisors while removing incisal interferences with posterior
occlusal acrylic resin blocks. After active treatment, the
upper incisors were proclined on average by 16.5 degrees in
the stable group and 12.5 degrees in the relapse group.

Early signs of Class III skeletal disharmony in anterior
crossbite subjects are present during the primary dentition
(Tollaro ef al., 1994; Tsai, 2001). The results of the present
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study showed that the relapse group had a more severe Class
III pattern than the stable group at TO, which is in accordance
with the findings of Baccetti et al. (2004) and Ghiz et al.
(2005). Baccetti et al. (2004) indicated that an acute cranial
base angle, which would project the mandible forward,
greater mandibular length and ramus height of relapse
subjects, favoured eventual treatment failure. Ghiz et al.
(2005) reported that the relapse patients had a more forward
position of the mandible relative to the cranial base, a longer
mandible and shorter ramus, and an increased gonial angle.

The maxillary incisors in Class III adults have been found
to be more proclined (Jacobson et al., 1974; Miyajima
et al., 1997), while the maxillary incisors of primary Class
IIT subjects are tipped lingually (Chang et al., 1992; Tsai,
2001). The maxillary incisors in Class III adults may be
tipped labially by the tongue while the maxillary incisors in
primary Class III subjects are tipped lingually by the
retroclined mandibular incisors (Miyajima et al., 1997). In
the present study, the maxillary incisors were more labially
tipped and the mandibular incisors more lingually tipped in
the relapse group than in the stable group, indicating dental
compensation in the relapse group.

There was a statistical difference in treatment changes in
ANB and UA-SN between the groups. Comparison showed
that ANB significantly increased in the relapse group, while
UA-SN and is—mo significantly increased, and LA—MP and
ii-mo significantly decreased in the stable group. These
indicate that correction of the anterior corssbite was mainly
due to protrusion of the maxillary incisors and retrusion of
the mandibular incisors in the stable group. However, in the
relapse group, this was mainly due to the increase of ANB.

Condylar growth during adolescence is a fairly even
and approximately 3 mm annually (Bjork, 1963), with no
pronounced maximum and with a slight decrease to a well-
defined prepuberal minimum at 11 years 9 months of age. At
amean age of 14 years 6 months, there is a pubertal maximum,
with average growth of about 5 mm (Bjork, 1963). Thilander
et al. (2005) also observed growth acceleration of the
mandible between the 13 and 16 year recordings. At T2, the
subjects in the present study were only 9-11 years old and
pubertal growth had not begun. The magnitude of mandibular
growth seemed to be similar in the two groups during T1-T2
but with a difference in the position of the mandible. Ram—
SN decreased and gonial angle increased in the relapse group,
whereas Ram—SN increased and gonial angle decreased in
the stable group. This indicates that the mandible was in a
more forward position in the relapse group.

Conclusions

1. Posterior bite raising and 2 x 4 appliance therapy is
an effective interceptive treatment of primary anterior
crossbites, which are predicted to persist during the
transitional dentition using DI.
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2. Compared with the stable group, the relapse group showed
a more severe Class III craniofacial morphology at TO and
had a more unfavourable growth pattern during T1-T2.

3. Subjects relapsed into reverse overjet mainly due to a
shorter maxilla, an increased gonial angle, and a more
forward position of the mandible relative to the cranial
base.

4. At T2, pubertal growth had not started for most of the
treated subjects, so it was not possible to predict the
degree of stability of treatment. However, treatment of
primary anterior crossbites in this sample fulfilled the
expected objectives of interceptive treatment.
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