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regions is considered the most important factor in 
successfully treating patients with skeletal open bite 
and hyperdivergency.[5‑10] For the correction of anterior 
open bite with a steep mandible and excessive molar 
height, intrusion of the posterior teeth is generally the 
best option.[11] However, intrusion of the molar teeth 
is quite difficult to obtain with traditional mechanics.

In recent years, temporary anchorage devices (TADs) 
have been increasingly used for skeletal open bite 
patients because they provide absolute molar 

INTRODUCTION

Open bite is considered as a deviation in the vertical 
relationship of the maxillary and mandibular dental 
arches, characterized by a lack of contact between 
opposing segments of teeth.[1‑3] Open bite develops 
because of interaction of many etiologic factors, both 
hereditary and environmental in nature.[4]

Treatment of skeletal open bite is regarded as one 
of the most complicated and challenging treatments 
in the orthodontic specialty. Control of the vertical 
dimension and the height of the posterior dentoalveolar 
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intrusion, which used to be impossible with traditional 
orthodontic mechanics combined with intra‑  or 
extra‑oral anchorage.[12‑17] Moreover, with the use 
of TADs, the vertical correction of the posterior 
dentoalveolar region without unfavorable side 
effects has become possible.[18] The infrazygomatic 
crest has been used successfully to provide skeletal 
anchorage for the intrusion of the maxillary posterior 
teeth.[13,14,18‑21]

On this subject, several case reports have already been 
published.[14,15,20,22] However, leading research articles 
have lacked sufficient sample sizes,[12,13,17,21,23,24] some of 
them have lacked matched untreated controls,[13,21,25,26] 
and some of them were retrospective, observational 
studies[26] and not randomized clinical trials. To the best 
of our knowledge, there have been no randomized, 
controlled trials evaluating the efficiency of TADs in 
the treatment of skeletal anterior open bites.

Therefore, the aims of the current study were to 
evaluate the effects of TADs in the treatment of 
skeletal open bites and to compare the results with 
untreated controls.

MATERIALS AND METHODS

This study was approved by the ethics committee 
of the Faculty of Medicine of Suleyman Demirel 
University. Written informed consent was provided 
by the patients and their parents before evaluation.

Required sample size for 0.90 power of the study was 
calculated with G*Power version 3.1.9.2.[27] Three most 
affected variables (SN/GoGn, N‑Me, and ANS‑Me) 
were selected, and minimum required sample sizes 
were 12, 22, and 24. We decided to begin the study 
with forty patients, and the achieved power was 0.99.

Subjects meeting the following criteria were included 
in the study:
•	 No systemic disease
•	 No previous orthodontic treatment
•	 Permanent dentition stage
•	 Minimum of 2 mm of anterior open bite.

A total of forty patients were randomly assigned to 
two groups of twenty each. Each case is matched 
individually with a control according to age and 
gender. The mean chronological age for the treatment 
group (14 female, 6 male) was 16.68 ± 2.80 years old, 
compared to 16.63  ±  2.83  years old for the control 
group (11 female, 9 male) [Table 1]. The materials of 
this study consisted of eighty lateral cephalometric 

films and eighty dental casts obtained before  (T1) 
and at the end of the treatment or of the observation 
period  (T2). The mean observation period for the 
treatment group was 1.00 ± 0.31 years, compared to 
0.95 ± 0.14 years for the control group [Table 1].

Appliance design
A rigid hyrax appliance was used to avoid unintentional 
buccal tipping of the posterior teeth by the intrusive 
forces. The bilateral arms of the appliance were 
soldered to the upper molar bands. The appliance was 
adapted at least 3 mm away from the palate [Figure 1].

A local anesthetic was infiltrated bilaterally at the 
zygomatic process areas. The surgical method, as 
previously described by Erverdi et al.,[13,28] was used. 
A 1 cm horizontal incision was made along the zygomatic 
buttress and ending at the mucogingival junction. By 
means of blunt dissection, the zygomatic process of 
the maxilla was totally exposed. Three‑hole titanium 
miniplates (Trimed, Ankara, Turkey) were adjusted to 
fit the contour of the infrazygomatic crest, and they were 

Table 1: Baseline characteristics and statistical 
comparison of the groups

Mean±SD P
Treatment (n=20) Control (n=20)

Chronological 
age (years)

16.68±2.80 16.63±2.83 0.758

Observation 
period (years)

1.00±0.31 0.95±0.14 0.565

Ax 85.72±6.02 88.70±5.15 0.538
Ay 67.36±3.38 66.13±3.15 0.549
Bx 68.03±9.06 72.73±8.25 0.566
By 109.62±5.59 110.27±6.14 0.876
SN/GoGn 43.95±6.68 40.59±4.76 0.281
Ax-Bx 17.69±5.69 15.98±5.14 0.498
U1x 53.05±3.78 54.77±3.34 0.576
U1y 31.30±3.23 31.71±3.89 0.347
U6x 20.08±3.15 21.24±2.95 0.941
U6y 27.18±3.15 28.00±3.26 0.953
L1x 65.62±4.72 68.50±4.46 0.885
L1y 40.30±3.06 41.71±3.68 0.232
L6x 41.38±3.16 43.39±3.47 0.745
L6y 31.80±2.88 33.41±3.39 0.543
Overjet 5.04±2.99 4.93±2.76 0.568
Overbite −4.34±1.71 −4.63±1.42 0.249
SN/OccP 19.69±4.67 17.95±3.72 0.640
N‑Me 136.05±8.23 137.09±8.87 0.371
Ans‑Me 79.35±6.16 81.01±7.91 0.104
S‑Go/N‑Me 57.05±4.04 58.78±3.14 0.314
Ls‑E −3.45±3.24 −3.16±2.07 0.256
Li‑E 0.04±3.61 0.65±2.48 0.154
Interpremolar width 37.54±2.71 38.34±3.26 0.259
Intermolar width 49.24±2.39 50.80±3.64 0.078
SD: Standard deviation
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fixed with 7 and 9 mm screws (Trimed, Ankara, Turkey) 
[Figure 2]. The patients were advised and instructed how 
to brush and to rinse with 0.2% chlorhexidine.

Orthodontic brackets with 0.018‑inch slot size were 
bonded on the upper first and second premolar 
teeth and attached to the transpalatal arch (TPA) by 
0.016 × 0.022‑inch stainless steel partial arch wires. 
Nickel‑titanium closed coil springs were used to 
deliver approximately 200 g of intrusive force from 
the miniplates to the posterior teeth.

Cephalometric evaluation
A total of 19 landmarks were identified on each 
cephalogram, and the treatment and normal growth 
changes between T1 and T2 were evaluated by 2 
angular and 20 linear measurements, for a total of 22 
measurements [Table 2]. All of the measurements were 
performed with Dolphin Imaging System (Dolphin 
Imaging and Management Solutions, Chatsworth, 
CA, USA).

The total and local structural superimposition method 
of Björk and Skieller[29] was used to assess changes 
during the study period. A  sella‑nasion line was 
used as a horizontal reference line  (X) in the total 
structural superimposition. A  perpendicular line 
passing through the sella was drawn to the horizontal 
axis. This perpendicular line was extended parallel 
28 mm to the left, and all of the horizontal dimensional 
measurements were ensured to be positive values. 
This extended vertical line was used as a vertical 
reference line (Y) [Figure 3].

The ANS‑PNS line was used to evaluate the maxillary 
dentoalveolar changes according to their basal 
structures. The maxillary local superimposition was 
assessed at the PNS point. The ANS‑PNS line was used 
as a horizontal reference line, and a perpendicular 
line passing through the PNS was drawn to the 
horizontal axis, which was used as a vertical reference 
line [Figure 4].

The Go‑Gn line was used as a horizontal reference 
line in the mandibular local superimposition. 
A  vertical reference line was drawn from the 
gonion perpendicular to the horizontal reference 
line [Figure 4].

The coordinate systems constructed on the first 
cephalogram  (T1) were transferred to the second 
cephalogram (T2), and measurements were performed 
accordingly.

Dental cast analysis
Interpremolar and intermolar widths [Table 2] were 
measured on plaster models with digital calipers to 
the nearest 0.01 mm.

Statistical analysis
All of the statistical analyses were performed using 
SPSS software, version  15.0 for Windows  (SPSS 
Inc., Chicago, IL, USA). Intergroup comparisons 
were performed with independent samples of t‑test. 
Statistical significance was determined at the P < 0.05 
level.

RESULTS

To calculate the method error of the study, twenty of 
the eighty lateral cephalometric films were selected 

Figure 1: The transpalatal arch with hyrax screws used in the study

Figure 2: The steps of the surgical procedure
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randomly, and both the tracings and measurements 
were repeated. Repeatability coefficients were 
calculated with analysis of variance. The coefficients 
were found to be very close to 1.00.

Statistical comparisons of the groups at T1 revealed 
no statistically significant differences in any of the 
measurements (P > 0.05). These results showed that 
the treatment and control groups were fully matched 
and almost identical [Table 1].

The statistical intergroup comparison of the 
differences of the measurements (T2‑T1) is shown in 
Table 3. Statistically significant differences were found 
between the groups in Bx, By, Sn/GoGn, Ax‑Bx, U6x, 
U6y, Overjet, Overbite, SN/OccP, N‑Me, Ans‑Me, 
S‑Go/N‑Me, Interpremolar width, and Intermolar 
width (P < 0.05).

In the treatment group, statistically significant upper 
molar intrusion  (mean  ±  standard deviation  [SD], 
3.59 ± 1.34; 95% confidence interval [CI], 2.96–4.22), 
posterior rotation of the occlusal plane (mean ± SD, 
3.42 ± 2.17; 95% CI, 2.39–4.43), anterior rotation of the 
mandible (mean ± SD, 2.25 ± 1.91; 95% CI, 1.36–3.14). 
and resultant overbite improvement  (mean  ±  SD, 
4.82 ± 1.53; 95% CI, 4.10–5.53) were found (P < 0.05). 
Significant reductions in total anterior  (mean ± SD, 

Figure 3: The total superimposition measurements

Figure  4: The maxillary and mandibular local superimposition 
measurements

Table 2: Description of the linear and angular 
measurements
Measurements Description
Ax Perpendicular distance of the point 

A to vertical reference plane
Ay Perpendicular distance of the point 

A to horizontal reference plane
Bx Perpendicular distance of the point 

B to vertical reference plane
By Perpendicular distance of the point 

B to horizontal reference plane
SN/GoGn Mandibular plane angle
Ax‑Bx The horizontal difference 

between A and B points
U1x Perpendicular distance of the upper incisor 

to maxillary vertical reference plane
U1y Perpendicular distance of the upper incisor 

to maxillary horizontal reference plane
U6x Perpendicular distance of the upper molar 

to maxillary vertical reference plane
U6y Perpendicular distance of the upper molar 

to maxillary horizontal reference plane
L1x Perpendicular distance of the lower incisor 

to mandibular vertical reference plane
L1y Perpendicular distance of the lower incisor 

to mandibular horizontal reference plane
L6x Perpendicular distance of the lower molar 

to mandibular vertical reference plane
L6y Perpendicular distance of the lower molar 

to mandibular horizontal reference plane
Overjet Horizontal overlap of the upper incisors
Overbite Vertical overlap of the upper incisors
SN/OccP The angle between cranial 

base and occlusal plane
N‑Me Total anterior face height
Ans‑Me Lower anterior face height
S‑Go/N‑Me: Posterior/anterior face height ratio
Ls‑E Perpendicular distance of upper lip to E plane
Li‑E Perpendicular distance of lower lip to E plane
Interpremolar width The distance between buccal cusp 

tips of the upper first premolars
Intermolar width The distance between mesiobuccal cusp tips 

of the upper first molars
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2.38 ± 2.60; 95% CI, 1.16–3.60) and lower anterior face 
heights  (mean ± SD, 3.30 ± 1.68; 95% CI, 2.51–4.09) 
were determined (P < 0.05).

DISCUSSION

TADs have opened up a new era in the management of 
severe dentofacial deformities, in which surgery had 
been the only option. With the successful intrusion 
of the maxillary molars, the mandible automatically 
rotates anteriorly, resulting in open‑bite closure. 
A  study by Umemori et  al.[18] first demonstrated 
the effective intrusion of mandibular molars when 
titanium miniplates were used for anchorage in 
humans. Later, Erverdi et al.[13,28] suggested that the 
zygomatic buttress area was an ideal anchorage site 
for maxillary molar intrusion, and they reported the 
successful closure of anterior open bites.

In our study, the appliance and the mechanics 
successfully intruded the upper molars. We attained 
3.59  mm of true molar intrusion. This amount of 
intrusion, to a large extent, was obtained by buccal 
intrusive forces. However, to a lesser extent, the 
TPAs might have contributed additional intermittent 

Table 3: Statistical comparison of the differences (T2-T1) between the groups
Mean±SD P

Treatment (n=20) Control (n=20)
T1 T2 T2-T1 T1 T2 T2-T1

Ax 85.72±6.02 86.03±4.69 0.31±0.78 88.70±5.15 88.99±4.71 0.29±1.54 0.946
Ay 67.36±3.38 68.16±2.30 0.81±0.82 66.13±3.15 67.16±2.19 1.03±0.77 0.383
Bx 68.03±9.06 71.07±7.01 3.04±1.87 72.73±8.25 71.34±6.73 −1.39±3.51 0.000
By 109.62±5.59 106.52±4.22 −3.10±1.81 110.27±6.14 111.63±5.16 1.37±0.88 0.000
SN/GoGn 43.95±6.68 41.70±5.42 −2.25±1.91 40.59±4.76 41.05±3.93 0.46±1.20 0.000
Ax–Bx 17.69±5.69 14.96±4.10 −2.73±1.95 15.98±5.14 17.65±3.00 1.67±3.96 0.000
U1x 53.05±3.78 53.30±2.72 0.25±0.48 54.77±3.34 55.06±2.49 0.29±0.50 0.763
U1y 31.30±3.23 31.60±2.30 0.30±0.48 31.71±3.89 32.08±3.10 0.37±0.37 0.581
U6x 20.08±3.15 21.60±1.66 1.52±1.28 21.24±2.95 21.27±1.93 0.03±0.50 0.000
U6y 27.18±3.15 23.59±1.73 −3.59±1.34 28.00±3.26 28.51±2.33 0.51±0.44 0.000
L1x 65.62±4.72 65.64±3.76 0.30±0.48 68.50±4.46 68.45±3.48 0.37±0.37 0.452
L1y 40.30±3.06 40.67±2.11 0.03±0.36 41.71±3.68 42.14±2.84 −0.06±0.33 0.597
L6x 41.38±3.16 41.61±2.22 0.23±0.42 43.39±3.47 43.35±2.57 −0.04±0.47 0.060
L6y 31.80±2.88 32.34±1.80 0.54±0.37 33.41±3.39 33.75±2.46 0.34±0.44 0.087
Overjet 5.04±2.99 3.91±1.85 −0.19±1.21 4.93±2.76 4.66±1.72 0.77±1.44 0.029
Overbite −4.34±1.71 0.48±0.86 4.82±1.53 −4.63±1.42 −4.54±12.50 0.09±1.08 0.000
SN/OccP 19.69±4.67 22.11±3.75 3.42±2.17 17.95±3.72 17.48±2.56 −0.47±1.32 0.000
N‑Me 136.05±8.23 133.67±7.66 −2.38±2.60 137.09±8.87 137.76±7.76 0.67±1.41 0.000
Ans‑Me 79.35±6.16 76.05±4.58 −3.30±1.68 81.01±7.91 81.62±6.73 0.61±1.19 0.000
S‑Go/N‑Me 57.05±4.04 58.27±3.24 1.22±1.36 58.78±3.14 58.34±2.50 −0.44±1.27 0.000
Ls‑E −3.45±3.24 −4.20±2.85 −0.75±1.87 −3.16±2.07 −2.96±1.04 0.20±1.46 0.082
Li‑E 0.04±3.61 −0.65±3.27 −0.69±1.90 0.65±2.48 0.58±1.80 −0.08±1.56 0.270
Interpremolar width 37.54±2.71 40.10±1.50 2.56±1.93 38.34±3.26 38.60±2.22 0.26±0.33 0.000
Intermolar width 49.24±2.39 49.63±1.51 0.39±0.6 50.80±3.64 50.82±2.46 0.02±0.26 0.015
SD: Standard deviation

intrusive force of the tongue onto the molars.[30] Similar 
amounts of molar intrusion have been reported in 
previous studies.[12‑14,20,21,26]

Mesial movement of the molars by 1.52 mm was found 
in treatment group. As reported by Furst et  al.,[31] 
infrazygomatic crest areas could be located in different 
mesiodistal positions in each individual. The location 
can cause some mesially directed forces acting on the 
molars, as well as mesial migration. Moreover, the 
location of the most proximal loop of the plate could 
also cause unfavorable mesiodistal angulation during 
the intrusion.[30]

After intrusion of the molars, autorotation of 
the mandible has been reported by several 
authors.[12‑14,16‑18,21,25,26] This result was also true for 
our study because intrusion of the maxillary molars 
caused a significant anterior rotation of the mandible. 
The mandibular plane closed by an average of 2.25°, 
resulting in 3 mm of upward and forward movement 
of the chin. This distance is the desired movement 
because significant mandibular posterior rotation and 
accompanying increases in anterior face heights are 
common characteristics of skeletal open bites. Our 
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results showed that a significant amount of reduction 
occurred in the lower anterior face height, resulting 
in a more balanced facial profile.

The significant amount of decrease in the Ax‑Bx 
measurement revealed that the maxillary‑mandibular 
skeletal base discrepancy was also treated with molar 
intrusion. This result was in agreement with the 
findings of previous studies.[13,14,16,17,21] When molars 
are intruded, the mandible rotates anteriorly, and the 
chin prominence increases. Therefore, we suggest that 
molar intrusion using TADs could be very useful in 
treating Class II open bite cases with chin deficiency.

In the treatment of skeletal open bite, the most 
important treatment goal is to obtain a positive 
overbite. In our study, the net gain in overbite was 
4.8  mm, and this amount of correction was only 
attained by the intrusion of the maxillary molars. No 
extrusive forces were applied to the anterior teeth, 
which is very important because elongation of the 
anterior teeth provides unaesthetic results and leaves 
the skeletal component of the deformity unchanged. 
Moreover, the final overbite is not stable, even in the 
short term. Our results were in accordance with those 
of previous studies.[12‑14,16,17,21,26]

When we evaluated transversal changes in maxillary 
arches, we noted small increases in the interpremolar 
and intermolar widths. The amount of expansion in 
the molar region was only 0.5 mm, which is clinically 
insignificant. Çifter[32] suggested using TPAs with 
two rigid arches to prevent vestibule inclination of 
the molar teeth during intrusion. Our appliance, 
strengthened with hyrax screws, maintained the 
transverse dimensions. Moreover, using hyrax screws 
provided the advantage that the orthodontist could 
counteract the buccal forces by reversely activating 
the screw if undesirable expansion occurred.

A limitation of the present study was the presenting 
of short‑term results immediately after the intrusion 
stage. Posttreatment, postretention, and long‑term 
follow‑up are needed to determine clearly whether 
the results and obtained overbite were stable or not.

CONCLUSIONS

•	 Mild to moderate skeletal anterior open bites can 
be easily treated with TADs without orthognathic 
surgery

•	 With the rigid anchorage of miniplates, true molar 
intrusion of up to 4 mm was achieved

•	 With molar intrusion, anterior rotation of the 
mandible and significant reduction in anterior face 
heights were determined

•	 Rigid TPA with hyrax screws maintained the 
transverse dimension in the molar area.
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