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Cephalometric comparison of adult anterior open bite treatment using clear

aligners and fixed appliances

Bella Shen Garnetta; Kimberly Mahoodb; Mai Nguyenc; Aliaa Al-Khateebd; Siqi Liue; Robert Boydf;
Heesoo Ohg

ABSTRACT
Objectives: To compare fixed appliances and clear aligner therapy in correcting anterior open bite
and in controlling the vertical dimension in adult patients with hyperdivergent skeletal patterns.
Materials and Methods: In this retrospective study, two treatment groups of adult (�18 years old)
hyperdivergent patients (mandibular plane angles of �388) with anterior open bites were included:
17 fixed appliance patients and 36 clear aligner patients. Thirteen cephalometric measurements
representing the vertical dimension were reported for each group. A two-sample t-test was used to
assess differences in changes in mandibular plane angle and overbite between the two treatment
groups.
Results: There were no statistical differences found in the magnitude of overbite correction and the
changes in any of the cephalometric measurements for vertical control. The clear aligner group
showed a slightly greater amount of lower incisor extrusion (P ¼ .009). The main mechanism of
open bite correction was similar between the two treatment groups and was accomplished through
retroclination of the upper and lower incisors while maintaining the vertical position of the upper and
lower molars.
Conclusions: Cephalometric comparison of anterior open bite correction and changes in the
mandibular plane angle associated with use of clear aligners and fixed appliances did not
demonstrate statistically significant differences in adult hyperdivergent patients. (Angle Orthod.
2019;89:3–9.)
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INTRODUCTION

Vertical control during comprehensive orthodontic
treatment has been a challenging problem in ortho-
dontics.1,2 It is known that fixed appliance therapy tends
to extrude teeth and increase the mandibular plane
angle during treatment.3,4 This phenomenon has more
significant adverse effects on nongrowing patients with
hyperdivergent facial patterns (high mandibular plane
angle) with or without the presence of an open bite,
since it can lead to backward rotation of the mandible
and reduction in chin projection.3,4 Therefore, it is
important to control the vertical dimension by prevent-
ing extrusion of the posterior teeth when selecting
appliances and treatment mechanics in patients with
high mandibular plane angles. Appliances that have
been used in conjunction with fixed appliances in
hyperdivergent patients for vertical control include
posterior bite blocks,5 vertical chin-cups,6 high-pull
headgears,7 lingual holding arches,8 posterior mag-
nets,9 temporary anchorage devices (TADS),10,11 and
surgical plates.12
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More recently, some clinicians have introduced the
use of clear aligners to control the vertical dimension,
citing the development of posterior open bites at the
end of clear aligner treatment.13,14 Since its inception by
Align Technology (Santa Clara, Calif) in 1999, the clear
aligner system has become a popular treatment choice
for adult patients. This is largely due to the superior
esthetics and comfort that removable clear aligners
provide over traditional full bonded fixed appliances.15

Earlier studies16,17 showed the significant limitations of
Invisalignt treatment in treating complex malocclu-
sions. However, with a series of improvements (G
series) introduced over the past few years, several
clinical case reports using clear aligners have shown
good vertical control. Some clinicians claim that the
clear aligner system can effectively treat open bites
with high mandibular plane angles without extruding
posterior teeth by incorporating intrusive forces and
utilizing the plastic material thickness between the
teeth.12,18 In a recent systematic review analyzing the
effectiveness of clear aligner therapy, Rossini et al.19

reported that clear aligner therapy is effective in
controlling anterior intrusion, but not anterior extrusion.
However, no rigorous studies have been done to
measure the magnitude of vertical control in patients
with anterior open bites treated with clear aligners.

The purpose of this study was to examine the
effectiveness of clear aligners in controlling the vertical
dimension and in correcting anterior open bites by
comparing the outcomes of clear aligner therapy to
those of fixed appliance therapy in adult patients with
hyperdivergent skeletal patterns (mandibular plane
angles of �388). This was accomplished by testing
the following two null hypotheses: (1) There is no
difference in the magnitude of the anterior open bite
correction in hyperdivergent patients with anterior open
bites between the fixed and clear aligner groups; and
(2) There is no difference in changes in the mandibular
plane angle between the fixed and clear aligner
groups.

MATERIALS AND METHODS

The sample was drawn retrospectively from the
practice of a single clinician who is considered an
expert in both fixed appliance therapy and clear aligner
therapy. The clinician is American Board of Orthodon-
tics board-certified and is also a top 1% Invisalign-
certified orthodontist. This study was approved by the
institutional review board of the University of the Pacific
(#16-104).

The study analysis was performed on adult patients
over the age of 18 who were treated with either fixed
appliance therapy between 2008 and 2014 (fixed
appliance group) or clear aligner therapy between

2011 and 2014 (clear aligner group). This treatment
time period for the clear aligner group was chosen
because algorithms for intrusion of posterior teeth were
introduced in 2011.

Hyperdivergent skeletal type was defined as having
a mandibular plane–SN angle (MPA) of greater than or
equal to 388 (normal ¼ 338 6 68), regardless of
malocclusion type, and adult was defined as an
individual older than 18 years at the start of treatment.
A list of patients who started and completed their
treatment within a selected time period (2008–2014 for
fixed appliance and 2011–2014 for clear aligner) was
generated using the clinician’s practice management
software program. The total number of adult patients
eligible for screening was 597 (Table 1). To identify
hyperdivergent patients, two research associates
examined initial lateral cephalometric radiographs of
all eligible adult patients in Dolphine imaging (version
11.8; Dolphin Imaging, Chatsworth, Calif) and used a
388 transparent plastic template to select patients with
MPAs that exceeded 388 by visual inspection. Two
hundred and ten patients were ‘‘collected’’ for further
cephalometric tracing. Cephalometric landmarks were
located by two calibrated tracers, and MPA was
calculated to identify patients with MPAs of �388. After
all exclusion criteria were applied (Table 2), a total of
98 patients (36 patients for the fixed appliance group
and 62 patients for the clear aligner group) remained in
the hyperdivergent patient sample. For the present
study, consecutively treated hyperdivergent patients
with anterior open bites (less than 0 mm of overbite)
were selected.

Sample size calculations were performed. In each
group, a sample size of 16 subjects was estimated at a
power of 80% and a .05 level of significance, which
enabled the detection of significance between the two
treatment groups in overbite changes of 1.5 mm and
MPA changes of 1.58 with a standard deviation of 1.5.

The final anterior open bite sample consisted of 17
patients in the fixed appliance group and 36 patients in
the clear aligner group (Figure 1). The clear aligner
group had a higher proportion of anterior open bites
(58%, 36/62) than did the fixed appliance group (47%,
17/36) in the hyperdivergent sample. More female
patients were included in the clear aligner group (Table
3). The mean age for this adult open bite sample at the
initial period (T1) was 34.5 6 9.0 years (ranging from
18.9 to 66.99 years). The final sample size for the clear
aligner group was almost twice that of the fixed
appliance group. However, the percentage of anterior
open bite patients in the hyper-divergent sample was
similar for the fixed and clear aligner groups.

With the introduction of the molar intrusion protocol
for clear aligners in 2011, the clinician began to
exclusively use clear aligners over fixed appliances in
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correcting anterior open bites in adult patients. Figure 2
shows the pattern of appliance use prior to and after
2011.

Treatment Modality

In the fixed appliance group, various auxiliaries were
utilized to control the vertical dimension. TADs were
utilized in four patients (24%, 4/17) for molar intrusion.
Transpalatal arches and lower lingual holding arches
were also used to help minimize molar extrusion. In
one patient, a lower bite block was utilized to control
the vertical dimension and to help intrude the posterior
teeth for 1 year prior to the placement of fixed
appliances. Seven out of 17 patients (41%, 7/17)
received bicuspid extraction therapy to resolve crowd-
ing and to protract the posterior teeth to help prevent
the vertical dimension from increasing (wedging
effect)20 (Table 3).

Unlike the fixed appliance group, no TADs or
extractions were utilized in the clear aligner group.
Crowding was resolved by interproximal reduction
(IPR) and arch expansion. Clear aligner therapy
purportedly exerts intrusive forces on the posterior
teeth and extrusive forces on the anterior teeth by
utilizing optimized attachments; the anterior teeth are
extruded as a unit by leveraging the posterior teeth as
anchorage to close the open bite (Invisalign’s G4
protocol).

Prior to treatment, myofunctional therapy that incor-
porated 10 minutes of exercises was also discussed
with all patients who presented with anterior tongue
thrusts. Two patients in the fixed appliance group and
seven patients in the clear aligner group used
myofunctional therapy (Table 3).

Lateral Cephalometric Analysis

Lateral cephalometric landmarks were digitized
independently by two calibrated judges. Outliers were
excluded based on the landmark-specific envelopes of
error.21 The average values were recorded in a
numerical database, and cephalometric measurements
were calculated by computer operations. Anterior
cranial base superimpositions were performed using
the anterior wall of sella turcica, cribriform plate, and
greater wing of the sphenoid bone. The T1 Frankfort

horizontal and Downs’ occlusal planes were trans-
ferred as reference planes to the final (T2) tracings
(Figure 3).

Statistical Analysis

Descriptive statistics were generated to report the
mean, standard deviation, and range of the demo-
graphic information for each of the three groups.
Unpaired t-tests were used to compare mean differ-
ences, and chi-square tests were used to compare
proportions. P-values of less than .05 were considered
statistically significant. Statistical values were comput-
ed using the SAS statistical package (version 9.1;
SAS, Cary, NC).

RESULTS

The mean age at T1 for the fixed appliance and clear
aligner groups was 32.8 6 11.9 years and 35.3 6 7.3
years, respectively. Treatment times were similar
between the fixed appliance (1.6 6 0.7 years) and
clear aligner (1.6 6 0.6 years) groups.

Table 1. Practice Demographic Information

Appliance Group

Younger Than

18 y, n (%)

Older Than

18 y, n (%) Total, n

Fixed appliance group

(2008–2014)

339 (60) 217 (40) 546

Clear aligner group

(2011–2014)

40 (9) 380 (91) 420

Total 379 597 966

Table 2. Reasons for Exclusiona

Reasons

Fixed

Appliance

Group, n

Clear

Aligner

Group, n Total, n

No final cephalometric

radiographs

8 21 29

Orthognathic surgery 10 2 12

Phase 1 and 2 treatment 2 0 2

Use of TAD NA 2 2

Total 20 25 45

a TAD indicates temporary anchorage device; NA, not applicable;
TAD was considered one of the various auxiliary appliances used in
fixed appliance therapy.

Figure 1. Sampling process.
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Table 4 shows the pretreatment (T1) and posttreat-

ment (T2) cephalometric measurements for both

groups. At T1, the means of the mandibular plane

angle (43.28 vs 44.48) and overbite (�1.3 mm vs �1.6

mm) were similar between the fixed and clear aligner

groups. Figure 4 shows the distribution for open bite

severity. The proportion of the moderate to severe

open bites (less than �2 mm) was almost identical.

Similarly, no differences were found in two outcome

variables, MPA and OB, between the two groups at T2.

In addition, there were no statistically significant

differences found for any of the cephalometric mea-

surements, including vertical position of the upper and

lower molars and incisor inclinations at T1 and T2

(Table 4).

For changes during treatment (T1–T2), overbite

correction was slightly greater in the clear aligner

group (2.3 mm) than in the fixed appliance group (1.6

mm), but no statistical significance was found (Table

5). The mandibular plane angle changes showed a

slightly greater increase in the clear aligner group (0.7

mm) than in the fixed appliance group (0.1 mm), but the

difference was also not statistically significant. There

were no statistical differences found in any of the

cephalometric measurements for vertical control, such

as palato-mandibular plane angle and anterior lower

face height.

The only statistical difference found between the two

groups was the vertical dental linear measurement

from the mandibular plane (MP) to the lower incisor tip.

This may indicate that the lower incisors were extruded

Figure 2. Sample distribution for fixed appliance and clear aligner

groups during sampling period (2008–2014).

Figure 3. Cephalometric analysis.

Table 3. Sample Characteristics for Anterior Open Bite Patients

With Hyperdivergent Patterna

Variables

Fixed

Appliance

Group

(n ¼ 17)

Clear

Aligner

Group

(n ¼ 36)

P*n % n %

Sex (female) 8 47 27 75 .05

Preorthodontic treatment

history

4 24 7 20 NS

Myofunctional therapy 2 11.8 7 19.4 NS

Extraction 7 41 0 0 ,.0001

TAD 4 24 NA NA NA

a TAD indicates temporary anchorage device; NS, not significant;
NA, not applicable.

* Chi-square/Fisher Exact Test.
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slightly more in the clear aligner group (0.8 mm) than in
the fixed appliance group (�0.1 mm). The upper
incisors were extruded in both groups. Significant
treatment changes were found in the upper and lower
incisor inclinations for both treatment groups. The
magnitudes of change in the incisor inclination were
very similar in both treatment groups; about 58 of upper
and lower incisor retroclination and about 108 of total
reduction in interincisal angle were observed (Table 5).

Therefore, there was a failure to reject the null
hypotheses that there is no difference in controlling the
vertical dimension (changes in MPA) and in the
magnitude of anterior open bite correction between
the fixed and clear aligner groups in hyperdivergent
patients with anterior open bites.

DISCUSSION

Vertical control is critical in correcting anterior open
bites in adult patients with hyperdivergent skeletal
patterns. Anterior bite opening caused by extrusion of
the posterior teeth would require more extrusion of the
anterior teeth to correct the open bite, which has been
shown to be unstable in the long term.22,23 Contrary to
the conventional belief that fixed appliance therapy
tends to extrude molars and open the mandibular plane
angle in hyperdivergent patients, the present study
showed no statistically significant changes in the
mandibular plane angle in both the fixed appliance
and clear aligner groups. In both treatment groups of

hyperdivergent patients who had anterior open bites,
the vertical dimension was well controlled. It seems
that when experienced clinicians carefully plan and
execute their mechanics in treating adult patients with
anterior open bites and high MPAs, good vertical
control can be achieved using either appliance. If the
vertical dimension is not controlled with fixed applianc-
es, the molars would extrude with initial leveling and
aligning, when using intermaxillary elastics, or after
bonding the second molars. Previous literature10–12

supports the effectiveness of using TADs in controlling
the vertical dimension by intruding the posterior teeth.
In the present study, various auxiliaries, such as TADs,
occlusal bite blocks, and extractions, were utilized to
maintain the vertical dimension and to close anterior

Table 4. Comparison of Age and Cephalometric Measurements Between Fixed Appliance and Clear Aligner Groups at T1 and T2a

Variables

T1 T2

Fixed Appliance

Group (n ¼ 17)

Clear Aligner

Group (n ¼ 36) Mean

Difference P

Fixed Appliance

Group (n ¼ 17)

Clear Aligner

Group (n ¼ 36) Mean

Difference PMean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

Age (year) 32.79 6 12 35.29 6 7.29 2.5 NS 34.37 6 11.96 36.89 6 7.28 2.52 NS

Skeletal-vertical dimension

Mandibular plane angle, 8 43.15 6 3.83 44.43 6 5.14 1.28 NS 43.26 6 4.62 45.15 6 5.31 1.89 NS

Palato-mandibular plane angle, 8 33.53 6 4.27 34.93 6 5.5 1.45 NS 33.7 6 4.17 35.13 6 5.59 0.52 NS

Anterior lower facial height, mm 70.23 6 5.09 68.84 6 6.4 1.4 NS 70.04 6 5.21 69.01 6 6.23 1.43 NS

Dental-AP

Over jet, mm 2.98 6 2.09 3.32 6 1.48 0.34 NS 2.69 6 1.23 2.6 6 0.64 0.09 NS

Dental–vertical measurements

Overbite, mm �1.3 6 1.22 �1.57 6 1.24 0.27 NS 0.46 6 0.93 0.71 6 0.94 0.25 NS

Occlusal plane angle, 8 20.58 6 3.76 21.49 6 4.65 0.7 NS 22.24 6 4.06 22.62 6 4.62 0.37 NS

U6 to palatal plane distance, mm 25.24 6 1.84 24.83 6 2.71 0.41 NS 24.99 6 2.2 24.85 6 2.73 0.14 NS

U1 to palatal plane distance, mm 30.95 6 2.32 31.07 6 3.27 0.12 NS 31.48 6 2.69 32.04 6 3.08 0.56 NS

L6 to mandibular plane

distance, mm

32.38 6 3.55 31.47 6 3.55 0.91 NS 32.55 6 4.03 31.38 6 3.64 1.17 NS

L1 to mandibular plane

distance, mm

41.59 6 3.66 40.7 6 3.76 0.89 NS 41.46 6 3.63 41.52 6 3.63 0.06 NS

Dental-incisor inclination

L1 to mandibular plane (IMPA), 8 91.02 6 8.5 93.39 6 7.7 2.37 NS 85.29 6 11.47 88.46 6 7.24 3.17 NS

U1 to palatal plane angle, 8 110.59 6 5.26 107.96 6 7.65 2.63 NS 105.84 6 7.15 102.21 6 7.44 3.63 NS

Interincisal angle, 8 124.86 6 10.2 123.72 6 9.9 1.14 NS 135.18 6 10.19 134.19 6 8.83 0.99 NS

a NS indicates not significant; T1, pretreatment; T2, posttreatment; SD, standard deviation.

Figure 4. Sample distribution by severity of anterior open bite at T1.
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open bites in the fixed appliance group. Unlike the fixed
appliance group, no TADs or extractions were utilized
in the clear aligner group. It appears that posterior
coverage of all the teeth helps to provide vertical
control by acting as a posterior bite block to prevent
extrusion of the posterior teeth, even when Class II and
Class III elastics are used.

There was no difference in the magnitude of overbite
correction between the two groups. The mean overbite
change at the end of treatment was 2.3 mm for the
clear aligner group and 1.8 mm for the fixed appliance
group. Though these changes were slightly greater in
the clear aligner group than in the fixed appliance
group, the difference was not statisically significant.
Five degrees of retroclination of both the upper and
lower incisors appeared to contribute to open bite
correction. Extrusion of the upper and lower incisors
was less than 1 mm for both treatment groups, but the
clear aligner group showed slightly greater lower
incisor extrusion (P ¼ .009) that contributed to slightly
greater overbite correction. Both treatment groups
showed similar magnitudes of interincisal angle reduc-
tion at 10.38 6 12.18 and 10.58 6 7.98 for the fixed
appliance and clear aligner groups, respectively.

In the clear aligner group, all patients were treated
without extractions, so IPR was utilized to help
decrease protrusion. Tongue thrust habits, which can
cause infraeruption of the lower incisors, are frequently
observed in patients with reverse Curve of Spee. With
Invisalign’s G4 protocol, extrusion attachments can be
placed on the lower incisors to help extrude them in
leveling the occlusal plane to help obain a flat Curve of

Spee in the lower arch. This can be done without

posteiror extrusion and opening the vertical dimension.

The present study showed that clear aligners can be

effective in controlling the vertical dimension and

correcting even severe anterior open bites in adult

hyperdivergent patients without utilizing TADs or other

auxiliaries. Therefore, clear aligners can be a useful

treatment modality when successful TAD placement is

not readily achievable.

Most recent studies24,25 that evaluated the effective-

ness and efficiency of clear aligner therapy compared

to fixed appliances have shown statistically significant

shorter treatment times for the clear aligner group.

However, there was no difference found in the present

study.

Long-term stability of open bite correction has long

been a problem. Relapse has been reported in 20–

44% of conventionally treated patients.22,23 Stability of

anterior open bite correction using clear aligners has

not been reported. Therefore, further research needs to

be done to follow these patients during retention.

This study had some limitations. For instance,

retrospective studies are particularly subject to incom-

plete records. In the present study, the rate of

incomplete records was relatively low, and the study’s

deficiencies were documented in Table 2 and Figure 2.

In addition, the present study sample was derived from

a single clinician’s practice, and the treatment modal-

ities used in fixed appliance and clear aligner therapy

may be unique to the clinician’s skill and expertise.

Therefore, generalization of the results of this study

Table 5. Comparison of Treatment Time and Cephalometric Changes During Treatment (T1–T2) Between Fixed Appliance and Clear Aligner

Groupsa

Variables

Changes (T1–T2)

Fixed Appliance Group (n ¼ 17) Clear Aligner Group (n ¼ 36)

Mean Difference PMean 6 SD Mean 6 SD

Treatment time (year) 1.58 6 0.73 1.6 6 0.61 0.02 NS

Skeletal-vertical dimension

Mandibular plane angle, 8 0.11 6 1.82 0.71 6 1.29 0.6 NS

Palato-mandibular plane angle, 8 0.17 6 1.57 0.2 6 1.82 0.94 NS

Anterior lower facial height, mm �0.19 6 0.97 0.17 6 1.6 0.03 NS

Dental-AP

Overjet, mm �0.39 6 2.53 �0.72 6 1.63 0.33 NS

Dental-vertical

Overbite, mm 1.75 6 1.54 2.28 6 1.55 0.53 NS

Occlusal plane angle, 8 1.66 6 2.48 1.13 6 2.25 1.01 NS

U6 to palatal plane distance, mm �0.25 6 0.85 0.01 6 1.3 0.26 NS

U1 to palatal plane distance, mm 0.53 6 1.26 0.97 6 1.31 0.44 NS

L6 to mandibular plane distance, mm 0.16 6 1.07 �0.09 6 1.16 0.25 NS

L1 to mandibular plane distance, mm �0.13 6 1.37 0.82 6 1.07 0.95 .009

Dental-incisor inclination

L1 to mandibular plane (IMPA), 8 �5.73 6 7.42 �4.92 6 6.08 0.81 NS

U1 to palatal plane angle, 8 �4.76 6 7.19 �5.75 6 5.25 0.99 NS

Interincisal angle, 8 10.31 6 12.09 10.47 6 7.88 0.16 NS

a NS indicates not significant; T1, pretreatment; T2, posttreatment; SD, standard deviation.
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may be limited, and the study should be carefully
interpreted.

CONCLUSIONS

� The magnitude of anterior open bite correction
obtained using clear aligners and fixed appliances
did not demonstrate a statistically significant differ-
ence in adult hyperdivergent patients. The vertical
dimension was maintained, and changes in MPA
were small in both treatment groups, with no
statistical difference between the two groups. There-
fore, there was a need to reject the two null
hypotheses.

� Significant retroclination of the upper and lower
incisors, good vertical control, and no significant
extrusion of the posterior teeth appear to be the main
mechanisms for open bite correction.
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