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Stability of anterior crossbite correction:
A randomized controlled trial with a 2-year follow-up
Anna-Paulina Wiedela; Lars Bondemarkb
ABSTRACT
Objective: To compare and evaluate the stability of correction of anterior crossbite in the mixed
dentition by fixed or removable appliance therapy.
Material and Methods: The subjects were 64 consecutive patients who met the following inclusion
criteria: early to late mixed dentition, anterior crossbite affecting one or more incisors, no inherent
skeletal Class III discrepancy, moderate space deficiency, a nonextraction treatment plan, and no
previous orthodontic treatment. The study was designed as a randomized controlled trial with two
parallel arms. The patients were randomized for treatment with a removable appliance with
protruding springs or with a fixed appliance with multibrackets. The outcome measures were
success rates for crossbite correction, overjet, overbite, and arch length. Measurements were
made on study casts before treatment (T0), at the end of the retention period (T1), and 2 years
after retention (T2).
Results: At T1 the anterior crossbite had been corrected in all patients in the fixed appliance group
and all except one in the removable appliance group. At T2, almost all treatment results remained
stable and equal in both groups. From T0 to T1, minor differences were observed between the
fixed and removable appliance groups with respect to changes in overjet, overbite, and arch length
measurements. These changes had no clinical implications and remained unaltered at T2.
Conclusions: In the mixed dentition, anterior crossbite affecting one or more incisors can be
successfully corrected by either fixed or removable appliances with similar long-term stability; thus,
either type of appliance can be recommended. (Angle Orthod. 2015;85:189–195.)
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INTRODUCTION

Class III malocclusion with no inherent skeletal Class
III discrepancy.5
Anterior crossbite is established in the mixed
dentition. Early intervention is therefore recommended
to prevent adverse effects on growth and development
of the jaws and disturbance of temporal and masseter
muscle activity, which would increase the risk of craniomandibular disorders during adolescence.2,4,6–8
Moreover, early treatment improves maxillary lip posture and facial appearance.9
A recent systematic review10 disclosed a wide
variety of treatment modalities, more than 12 methods,
in use for anterior crossbite correction. However,
strong evidence in support of any one technique
was lacking. Thus, the review highlighted the need
for high-quality clinical trials to identify the most
effective intervention for correcting anterior crossbites.
The fundamental goal of orthodontic treatment is to
achieve a normal occlusion that is morphologically
stable in the long term and functionally and esthetically
acceptable. As early correction of anterior crossbite is

The reported prevalence of anterior crossbites
varies between 2.2% and 12%, depending on the
age of the subjects, whether an edge-to-edge relationship is included in the data, and the ethnicity of the
children studied.1–5 It has also been reported that 36%
of subjects with anterior crossbite exhibit functional
shift; that is, interincisal contact is possible when the
mandible is in centric relationship, implying a pseudo
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undertaken in the growing child, it is also important
to evaluate posttreatment changes in a long-term
perspective. Very few studies, however, have analyzed the posttreatment effects of anterior crossbite
correction and most are retrospective in design.11,12
Also lacking are prospective studies comparing the
long-term effects of fixed or removable appliance
therapy for correcting anterior crossbite in the mixed
dentition.10
The aim of the present study, in the form of a
randomized controlled trial (RCT), was to compare and
evaluate the stability of outcome in patients who had
undergone fixed or removable appliance therapy at the
mixed dentition stage to correct crossbites affecting
one or more incisors. The null hypothesis was that the
two treatment methods achieve similar long-term
outcomes.
MATERIALS AND METHODS
The original study sample comprised 62 subjects (25
girls and 37 boys) with one or more incisors in anterior
crossbite with functional shift. The study was approved
by the Ethics Committee of Lund University, Lund,
Sweden (Dnr: 334/2004). All patients and parents were
informed of the purpose of the trial. Written, informed
consent was required before enrolment.
The patients were consecutively recruited between
2004 and 2009 from the Department of Orthodontics,
Faculty of Odontology, Malmö University, Malmö,
Sweden, and from one public dental health service
clinic in Malmö, Skåne County Council, Sweden. All
patients met the following inclusion criteria: early to
late mixed dentition; anterior crossbite affecting one
or more incisors; anterior crossbite with functional
shift, that is, interincisal contact is possible when
the mandibular is in the centric relation (1 to 3 mm
sliding from centric relation to centric occlusion),
no inherent skeletal Class III discrepancy (ANB angle
. 0u), moderate space deficiency in the maxilla (up
to 4 mm), a nonextraction treatment plan, and no
previous orthodontic treatment.
Half of the subjects were randomly allocated to
removable therapy and half to fixed appliance therapy.
Two orthodontists and one postgraduate student
undergoing specialist training in orthodontics and
under the supervision of an orthodontist then treated
the patients according to a pre-set concept. Study
casts were made at pretreatment, that is, at baseline
(T0); at postretention, that is, after treatment, including
the retention period (T1); and at follow-up, that is,
2 years postretention (T2).
One subject in the removable appliance group
withdrew from the study after noncompliance between
T0 and T1. Another subject in the removable appliance
Angle Orthodontist, Vol 85, No 2, 2015

Figure 1. Flow chart of the patients in the study.

group had a relapse between T1 and T2 and was
retreated with a fixed appliance. Moreover, four
subjects, two from each group, were excluded because they could not be contacted for the two-year
follow-up. Thus, the study comprised 57 subjects, 28
treated with removable appliances and 29 with fixed
appliances. The patient flow is illustrated in Figure 1.
Table 1 presents the sample size, gender, and age
distribution of the subjects at pretreatment/baseline
(T0), at postretention (T1), and at follow-up 2 years
postretention (T2).
The following outcome measures were assessed:
N Success rate of anterior crossbite correction (yes or
no);
N Treatment duration in months, from insertion to date
of appliance removal;
N Overjet and overbite in millimeters;
N Arch length incisal: distance in millimeters from the
incisal edge of the maxillary incisor in anterior
crossbite to tangents of the mesiobuccal cusp tips
of the maxillary first molar (Figure 2);
N Arch length gingival: distance in millimeters from the
gingival margin of the maxillary incisor in anterior
crossbite to tangents of the mesiobuccal cusp tips of
the maxillary first molar (Figure 2);
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Table 1. Gender, Mean Ages, and Standard Deviations (SDs) at Baseline (T0), at Posttreatment, Including the Retention Period (T1), and at
the 2-Year Follow-up (T2)
Removable Appliance

Fixed Appliance

Analysis

n

Gender

Mean Age

SD

n

Gender

Mean Age

SD

T0
T1
T2

31
31
28

13 girls, 18 boys
13 girls, 17 boys
11 girls, 17 boys

9.1
9.7
11.7

1.19
1.09
1.02

31
31
29

12 girls, 19 boys
12 girls, 19 boys
11 girls, 18 boys

10.4
10.8
12.9

1.52
1.50
1.54

N Maxillary dental arch length total: distance in millimeters at the alveolar crest between the mesial
surface of the left and right maxillary first molars
(Figure 2);
N Transverse maxillary molar distance: transverse
distance in millimeters between the mesiobuccal
cusp tips of the maxillary first molars (Figure 2).
Successful treatment was defined as positive overjet
(normal interincisal relationship) for all incisors at T1
and T2.
The overjet, overbite, arch length, and transverse
maxillary molar distance were measured with a digital
sliding caliper (Digital 6, 8M007906, Mauser-Messzeug GmbH, Oberndorf/Neckar, Germany). All measurements were made to the nearest 0.1 mm by an
orthodontist (Dr Wiedel). Changes in the different
measures were calculated as the difference between
T1 and T0, T2 and T1, and T2 and T0. All study cast
measurements were blinded, that is, the examiner was
unaware of the group to which the patient belonged.
Furthermore, the T0, T1, and T2 casts were randomized for measurements. Finally, the duration of treatment was registered from the patient files.
The removable appliance (Figure 3A) comprised an
acrylic plate with protrusion springs for the incisors in
anterior crossbite, bilateral occlusal coverage of the
posterior teeth, an expansion screw, stainless steel
clasps on either the first deciduous molars or the first

premolars (if erupted) and the permanent molars. The
protrusion springs were activated once a month until
normal incisor overjet was achieved. Lateral occlusal
coverage (1 to 2 mm of thickness) was used to avoid
vertical interlock between the incisors in crossbite
and the mandibular incisors and also to increase
the retention of the appliance. The occlusal coverage
was removed as soon as the anterior crossbite was
corrected. An inactive expansion screw was inserted
into the appliance. The screw was activated during the
treatment period only if it was judged to comply with
the natural transverse growth of the jaw.
The dentist instructed the patient firmly to wear the
appliance day and night, except for meals and toothbrushing, that is, the appliance was to be worn at
least 22 hours a day. Progress was evaluated every
4 weeks. The same appliance then served as a
passive retainer for a retention period of 3 months.
The fixed appliance (Figure 3B) consisted of stainless steel brackets (Victory, slot 0.0220, 3M Unitek,
Monrovia, Calif). Usually, eight brackets were bonded
to the maxillary incisors, the deciduous canines, and
either the first deciduous molars or the first premolars,
if erupted. All patients were treated according to a
standard straight-wire concept designed for light
forces.13 The archwire sequence was: 0.016 heatactivated nickel-titanium, 0.019 3 0.0250 heatactivated nickel-titanium, and finally 0.019 3 0.0250
stainless steel wire. To raise the bite, composite
(Point Four, 3M Unitek) was bonded to the occlusal
surfaces of both the mandibular second deciduous
molars. This prevented vertical interlock between
the incisors in crossbite and the mandibular incisors.
The composite was removed as soon as the anterior
crossbite was corrected. Progress was evaluated
every 4weeks. The same fixed appliance then served
as a passive retainer for a retention period of
3 months.
Statistical Analysis

Figure 2. Sagittal and transverse measurements made on the
maxillary study casts. For definitions of the different variables, see
the list of outcome measures in the Materials and Methods section.

SPSS software (version 21.0, SPSS Statistics,
Chicago, IL) was used for statistical analysis of the
data. For categorical variables, the x2 test was used.
Arithmetic means and standard deviations were
calculated for numerical variables. To compare active
treatment time and treatment effects between the
Angle Orthodontist, Vol 85, No 2, 2015
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Figure 3. Occlusal view of (A) the removable orthodontic appliance and (B) the fixed orthodontic appliance. The lateral occlusal coverage of the
removable appliance has just been removed because the maxillary incisors were the in correct position and the anterior crossbite was corrected.
Also, the expansion screw has been activated during the treatment because it was judged to comply with the natural transverse growth of the jaw.

groups, an independent sample t-test was used for
analysis of means. Differences with probabilities of
less than 5% (P , .05) were considered statistically
significant.
Ten randomly selected study casts were measured
on two occasions, at an interval of at least 1 month.
RESULTS
The baseline measurement variables before treatment are summarized in Table 2. No significant
differences were found between the groups, except
for age (P , .05) (Table 1). There was no significant
intergroup difference in the number of maxillary
incisors in anterior crossbite before treatment. No
significant gender differences were found for any of the
study variables; hence, the data for boys and girls
were pooled for analysis. Paired t-tests disclosed no
significant mean differences between the two series of
records. The error of the method did not exceed
0.13 mm for any study variable.
The crossbites of all patients in the fixed appliance
group, and all except one in the removable appliance
group, were successfully corrected during the treatment period (T0–T1). Treatment duration was significantly shorter (mean, 1.4 months; P , .05) in the fixed
appliance group (mean, 5.5 months; SD, 1.41) than in
the removable group (mean, 6.9 months; SD, 2.8).

Overjet and incisal arch length increased significantly in both groups between T0 and T1 (Table 3). The
fixed appliance group also showed a significant
increase in gingival arch length (Table 3). The
increase in overjet after treatment was significantly
greater in the fixed appliance group (P , .05). This
group also exhibited significantly greater increases in
incisal and gingival arch lengths after treatment, as
shown in Table 3. There were no intergroup differences with respect to overbite, total maxillary dental
arch length and transverse maxillary molar distance
(Table 3).
At the 2-year follow-up, relapses had occurred in
three subjects. Thus, 27 of 29 patients in the fixed
apliance group and 27 of 28 patients in the removable
appliance group had maintained normal interincisal
relationships. It was also noted that, at follow-up,
transition to the permanent dentition had occurred in
most of the subjects in both groups.
During the follow-up period (T1–T2), a small but
significant increase in overbite occurred in the removable appliance group and a small, albeit significant,
intergroup difference was found with respect to overjet.
There were no other significant changes in the outcome variables (Table 4).
The overall changes during the study period (T0–T2)
are shown in Table 5. Significant increases in overjet

Table 2. Baseline Measurements (T0) (in Millimeters)a
Group A (N 5 31)

Group B (N 5 31)

95% CI for Mean

Overjet
Overbite
Arch length to incisal edge
Arch length gingival
Arch length total
Transverse molar distance

95% CI for Mean

P

Mean

SD

Lower

Upper

Mean

SD

Lower

Upper

A Versus B

21.4
2.2
26.3
22.8
75.5
50.9

0.47
0.84
2.95
2.60
3.79
2.98

21.6
1.9
25.2
21.8
74.1
49.8

21.3
2.5
27.4
23.7
76.9
52.0

21.4
2.0
25.1
21.6
75.4
50.4

0.63
1.07
2.74
2.51
3.76
2.39

21.6
1.7
24.1
20.7
74.0
49.3

21.2
2.4
26.1
22.5
76.8
51.1

NS
NS
NS
NS
NS
NS

a
Group A indicates removable appliance group; group B, fixed appliance group; CI, confidence interval; SD, standard deviation; NS, not
significant.
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Table 3. Changes in different Measures (in Millimeters) Within and Between Groups Calculated as the Difference Between T1 (Posttreatment,
Including the Retention Period) and T0 (Pretreatment)a
Group A (N 5 31)

Group B (N 5 31)

95% CI for Mean

Overjet
Overbite
Arch length to incisal edge
Arch length gingival
Arch length total
Transverse molar distance

95% CI for Mean

P

Mean

SD

Lower

Upper

Mean

SD

Lower

Upper

A Versus B

3.5***
20.1
2.5**
0.9
1.1
0.6

1.15
0.75
1.04
0.85
1.10
0.87

3.1
20.4
2.0
0.6
0.7
0.3

3.9
0.2
2.8
1.2
1.5
1.0

4.2***
0.0
3.7***
1.7**
1.8
0.7

1.26
1.07
2.06
1.20
1.90
0.76

3.8
20.4
2.9
1.2
1.1
0.4

4.7
0.4
4.4
2.1
2.5
1.0

*
NS
**
**
NS
NS

a
Group A indicates removable appliance group; group B, fixed appliance group; CI, confidence interval; SD, standard deviation; NS, not
significant.
* P , .05; ** P , .01; *** P , .001.

and incisal arch length were found in both groups. In
the fixed appliance group, incisal arch length and
gingival arch length increased significantly more than
in the removable appliance group. No other significant
intragroup or intergroup differences were observed.
DISCUSSION
The results of this RCT confirm the initial hypothesis
that at follow-up the outcomes in the two treatment
groups were comparable: in the mixed dentition,
anterior crossbite affecting one or more incisors can
be successfully corrected by either fixed or removable
appliances with similar stability and equally favorable
prognoses. Thus, either type of appliance can be
recommended to correct anterior crossbite affecting
one or more incisors in the mixed dentition.
The success rate of both treatment methods was
high at completion of treatment and at the 2-year
follow-up. In the removable appliance group there was
a significant increase in overbite during the follow-up
period, which could also have contributed to the stable
treatment results. In both groups there were minor
decreases in arch length at the 2-year follow-up. These
changes had no clinical implications. In all, three

patients relapsed over the entire trial period, one in the
removable appliance group and two in the fixed
appliance group. Because of ethical regulations, lateral
head radiographs was not assessed 2 years after
retention, and therefore, we have no data to show
whether unfavorable growth of the mandible may have
occurred in these patients. Ideally, the study should
have included an untreated control group of patients
with anterior crossbite to evaluate the potential impact
of the condition on long-term growth. However,
postponement of a needed intervention for 3 years
was regarded as ethically unacceptable. Nevertheless,
the RCT design permits the reduction of the risk of
normal growth bias between the groups.
In general, stability after orthodontic treatment is
reported to vary, though most relapses occurring
during the first 2 years after retention.14 Consequently,
the follow-up period of 2 years used in this study was
adequate for long-term conclusions, and at T2,
transition to the permanent dentition had occurred in
most of the subjects in both groups. Ideally, an even
longer follow-up period than 2 years would have been
preferable, but as it was found that at 2 years after
retention almost all subjects had good Class I
occlusion with normal overjet and overbite, the

Table 4. Changes in Measures (in Millimeters) Within and Between Groups Calculated as the Difference Between T2 (2-Year Follow-up) and
T1 (Posttreatment, Including Retention Period)a
Group A (N 5 27)

Group B (N 5 29)

95% CI for Mean

Overjet
Overbite
Arch length to incisal edge
Arch length gingival
Arch length total
Transverse molar distance

95% CI for Mean

P

Mean

SD

Lower

Upper

Mean

SD

Lower

Upper

A Versus B

0.2
0.7*
20.3
20.8
0.3
0.3

0.51
0.85
0.83
0.86
1.15
0.85

0.0
0.4
20.7
21.1
20.1
20.1

0.4
1.0
0.0
20.5
0.8
0.6

20.4
0.4
20.4
20.8
20.4
0.2

1.39
1.18
0.81
1.01
1.82
0.74

21.0
20.1
20.7
21.2
21.1
20.1

0.1
0.8
20.1
20.4
0.3
0.5

*
NS
NS
NS
NS
NS

a
Group A indicates removable appliance group; group B, fixed appliance group; CI, confidence interval; SD, standard deviation; NS, not
significant.
* P , .05.
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Table 5. Overall Changes in Measures (in Millimeters) Within and Between Groups Calculated as the Difference Between T2 (2-Year Followup) and T0 (Pretreatment)a
Group A (N 5 27)

Group B (N 5 29)

95% CI for Mean

Overjet
Overbite
Arch length to incisal edge
Arch length gingival
Arch length total
Transverse molar distance

95% CI for Mean

Mean

SD

Lower

Upper

Mean

SD

Lower

Upper

3.7***
0.6*
2.0*
0.1
1.4
0.9

1.12
0.98
1.73
0.89
1.71
0.86

3.3
0.2
1.4
20.2
0.7
0.5

4.2
1.0
2.7
0.5
2.0
1.2

3.9***
0.6
3.5***
0.9
1.2
0.9

1.93
1.38
1.73
1.13
1.86
1.12

3.1
0.0
2.8
0.5
0.5
0.5

4.6
1.1
4.1
1.3
1.9
1.3

P
A Versus B
NS
NS
**
**
NS
NS

a
Group A indicates removable appliance group; group B, fixed appliance group; CI, confidence interval; SD, standard deviation; NS, not
significant.
* P , .05; *** P , .001.

prognosis was favorable for the treatment and postretention results to be stable in the future. Moreover,
analyses of retrospective data on patients with anterior
crossbite and functional shift treated with 2 3 4 fixed
appliances have disclosed stable results 511 and
10 years after treatment.12 These studies support a
favorable long-term prognosis for correcting anterior
crossbite affecting one or more incisors in the mixed
dentition.
A recent systematic review disclosed the lack of
RCTs comparing the effectiveness of fixed and
removable appliances in correcting anterior crossbite
and the lack of long-term evaluations.10 Thus, no
comparison can be made with previous studies.
Although not directly comparable, a multicenter
RCT15 of early Class III orthopedic treatment with a
protraction facemask versus untreated controls reported successful outcomes in 70% of the subjects. An
RCT studying correction of unilateral posterior crossbite in the mixed dentition16 reported and confirmed
that fixed appliance (Quad-helix) therapy was superior
to removable appliance (expansion plate) therapy:
one-third of the failures in the removable appliance
group were attributed to poor patient compliance. This
is in contrast to the high success rate in the present
study. It is likely that patients with anterior crossbite
are more aware of their malocclusion: unlike posterior
crossbite, it is a very obvious and esthetically disturbing condition. Hence, our patients were obviously
highly motivated and keen to comply with treatment.
The rationale for selecting an RCT design was to
reduce the risk of error from such factors as selection
bias, the clinician’s preferred treatment method, and
the differences in the skills of the operators with
respect to the two treatment methods. Furthermore,
random allocation of subjects reduces bias and
confounding variables by ensuring that both known
and unknown determinants of outcome are evenly
distributed among the subjects. The prospective
design also ensures that the baseline characteristics,
Angle Orthodontist, Vol 85, No 2, 2015

treatment progression, and side effects can be strictly
controlled and accurately observed. A drawback was
that a significant mean difference in age was found
between the groups; the explanation for this is unclear,
even though the randomization should have avoided
the age difference. In any event, the age difference
was regarded to be of minor importance because all
subjects followed all the inclusion criteria, and thus, for
example, were in the same dental age, that is, early to
late mixed dentition.
Moreover, to reduce the risk of bias, measurement
of the study casts was blinded; the examiner was
unaware of the patients’ groups. Thus, the design and
methodology ensured good external validity of the
results.
In a long-term study, the effect on outcomes of
subject dropout during the trial must be considered.
However, in the present study the attrition rate was
small, ensuring that the outcomes were not biased by
loss of data.
The present study evaluated a relatively limited
number of outcome measures. The primary aim was to
compare long-term success rates of fixed and removable appliance therapy, but a further aim was to
assess changes in overjet and maxillary arch length as
well as tipping effects on the maxillary incisors. These
outcome measures are highly relevant to the clinician.
Having established that the two treatment strategies
are equally effective with respect to clinical outcomes,
other aspects now warrant investigation. A comparative study of the cost-effectiveness of the two methods
is currently in progress. Another important aspect of
treatment that warrants investigation is that of patient
perceptions of treatment by fixed or removable
appliances.
CONCLUSIONS
N In the mixed dentition, anterior crossbite affecting
one or more incisors can be successfully corrected
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by either fixed or removable appliances with similar
stability and equally favorable prognoses.
N Either type of appliance can be recommended.
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