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INTRODUCTION                                                                 

Skeletal anterior open bite is one of the most difficult 
cases in orthodontics not only to treat, but also to retain 
due to its multifactorial nature. In adult patients, treatment 
of severe skeletal anterior open bite consists mainly of 
surgically repositioning both maxilla and mandible. This 
is true regarding the adult because they have little growth 
potential and open bites are often combined with a long face 
tendency[1 - 3]. Many treatment modalities proposed for such 
cases, such as high pull head gear, vertical pull chin cup, 
intraoral functional appliances like Harvold activator, open 
bite bionator, posterior bite blocks, as intrusive modalities 
whereby successful molar intrusion was achieved in an 
attempt to correct SOB. Unfortunately, these techniques 
have a number of other demerits[4 - 9]. Noteworthy, surgical 
treatment of SOB malocclusion by conventional Le Fort 
1 surgery was considered as the typical treatment or the 
first option for SAOB malocclusion[10]. Unfortunately, 
patient acceptance for this treatment modality was almost 
negative and not accepted by most of the current research 
patients. The second treatment option was intrusion of the 
posterior teeth to correct the anterior open bite. Therefore, 
molar intrusion considered to be the best treatment choice 
because it leads to an autorotation of the mandible in 
the counterclockwise direction, thus improving the long 

anterior facial height[11, 12]. However, there might be other, 
less-invasive treatment options not requiring orthognathic 
surgery. If it is possible to orthodontically intrude posterior 
teeth, the accompanying changes in occlusal plane, 
mandibular plane, lower anterior face height, and anterior 
dental overbite would close the patient’s open bite.

However, intrusion of posterior or anterior dentition 
is always difficult to achieve without extrusion of the 
anchorage teeth as a side effect[10 - 17]. The TADs, such 
as dental implants[14, 18 - 20] miniplates[15, 21 - 25] and mini-
screws[16, 23, 26 - 28] have been developed in a trial to provide 
the solution for the extrusion of anchorage teeth problem. 
Based on the mentioned reports, the present study aimed to 
treat SAOB malocclusion by posterior maxillary intrusion 
via two designs of buccal miniplates and palatal mini-
screws[13, 21, 22, 29 - 31]. Cone beam computed tomography 
(CBCT) was used for evaluation of the intrusion due to the 
proposed limitations of the two dimensional radiographic 
assessments[29 - 31].

SUBJECTS AND METHODS                                                                  

The present clinical study was conducted initially on 22 
patients with age range[14 - 22] years old with skeletal anterior 
open bite due to increased posterior maxillary dento-
alveolar height. All patients had a full set of permanent 
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dentition not including the third molar. All participants 
had negative history of serious systemic illness, blood 
diseases, bleeding disorders and bone diseases. The 
patients and/or guardians were fully informed about the 
procedures, and informed written consents were obtained 
before commencing the study and approved by the Ethical 
Committee of Faculty of Dental Medicine for Girls, Al-
Azhar University, Cairo, Egypt.

The following routine orthodontic records were 
obtained for each patient before treatment:

•	 Extra-oral photographs (frontal at rest, frontal 
during smile, right and left profile views).

•	 Intra-oral photographs (frontal, right and left side 
views, upper and lower occlusal views).

•	 Orthodontic study models.

•	 Cone beam computed tomography CBCT for 
whole skull.

Segmental fixed orthodontic appliance* was used 
in the posterior maxillary segment including molars and 
premolars teeth to be aligned. Sequential orthodontic 
arch wires were used starting from 0.012” Ni-Ti up to 
0.017×0.025” St.St. arch wire (Figure 1).

A newly designed custom made miniplates were used 
and mounted to a 3D model of maxilla for every patient. 

Zygomatic buttresses is bilaterally printed out and used 
for mounting of skeletal anchorage miniplates buccally in 
a trial to direct the intrusive force vertically with anterior 
and posterior components starting from the first maxillary 
premolar anteriorly to the second maxillary molar 
posteriorly. While, miniscrews were used for the same 
purpose palatally. 

Cone beam computed tomography (CBCT) for the 
maxilla was obtained before starting the procedure used as 
a pretreatment record and for construction of 3D model of 
maxilla. The DICOM (Digital Imaging and Communication 
in Medicine) file format imported into Materlialize 
software (Mimics 10.01, Materlialize, Belgium). Then, 
after segmentation was done, the maxilla separated from 
the skull to the level of orbital floor. The right and left 
maxillary segments had been splited. After virtual planning 
was completed, the CBCT dataset was converted from the 
initial DICOM format to a Stereolithography (STL) format 
to input the CBCT dataset into a 3-D printer and create a 
stereo-lithographic working model of the maxilla. These 
models in turn, used for pre-operative bending of the 
miniplates to be adapted on the corresponding area of the 
maxilla. It was contoured and bent to conform the shape of 
the zygomatic bone using miniplates’ benders. Finally, the 
miniplate underwent sterilization procedures to be ready 
for intraoperative use (Figure 2 a and b).

		

		

							     

Figure 1: Banding and bonding of the maxillary posterior segment, right and left side.

	 	

										        

Figure 2: Custom-made miniplate A) Adaptation on 3D model for the maxilla, B) The miniplate after bending. C) Intraoral after fixation within the 
zygomatic buttress.
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The surgical procedures were performed under local 
anesthesia. Disinfection of the maxillary buccal sulcus and 
alveolar mucosa with Betadine solution. A horizontal a     
2.5 cm buccal incision was done above the attached gingiva 
from the first maxillary premolars towards the posterior 
segment of the maxilla. Full-thickness mucoperiosteal 
flaps were elevated, taking care not to expose the buccal 
fat pad. Flap reflection extended vertically to the level 
of zygomatic buttress. Subsequently, the custom made 
pre-adapted titanium miniplates were mounted on the 
zygomatic buttresses bone and the last loop of the miniplate 
allowed to project through the vestibular wound adjacent 
to the teeth to be intruded. Five self-tapping screws,                                
2.3 mm diameter and 9 mm length each, were placed to 
secure the plate to the bone. The mucosal incision was 
sutured and allowed to heal around the exposed miniplate 
loops. The procedure took about 15 minutes per plate, and 
there was minimal patient complications at the time of 
surgery or postoperatively (Figure 2 c).

Additionally, palatal mini-screws were used as 
temporary anchorage device (TAD) to provide palatal 
intrusive force in both right and left maxillary posterior 
segment. Vector temporary anchorage system (TAS) mini-
screws (1.6 mm in diameter and 11 mm in length) made 

of biocompatible pure titanium were introduced for all 
patients bilaterally between maxillary second premolar 
and maxillary first molar in the palatal side using the 
appropriate screw driver. Disinfection of the implantation 
site with Betadine solution was done after its determination. 
Then, few drops of 4 % Articaine hydrochloride local 
anesthesia with 1200.000/ epinephrine were injected and 
the pre-determined point of insertion was punched with 
a periodontal probe to induce a bleeding point. The mini-
screw thereafter was mounted onto its screw driver and 
was self-drilled into the bone (Figure 3).

Buccal and palatal intrusive forces were applied 
immediately on the posterior maxillary segment using 
elastic modules for three months with reactivation weekly 
in an attempt to produce, constant amount of force         
(150 gm) measured using tension gauge. The force was 
applied from the miniplate to the upper first and second 
molar buccal tubes and from the palatal mini-screws to the 
first and second premolars buttons and the palatal cleats 
of the first and second molars bands. After completion of 
the intrusion period, the intruded region was retained by 
ligating it to the miniplates (Figure 4). Comprehensive 
fixed orthodontic appliance was used to start leveling and 
alignments until settling of occlusion (Figure 5).

					   

			   Figure 3: Palatal intrusive mechanics to maxillary premolars and molars using palatal miniscrews.

		

			   Figure 4: After intrusion completion and commence of comprehensive orthodontic treatment.
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			   Figure 5: Pretreatment and post intrusion intra-oral photos.

changes in the previous measurements were performed 
using student's t-test, paired t-test for parametric measures, 
and Mann-Whitney U test for non-parametric measures.

RESULTS                                                                          

The results of the study showed that the dento-
alveolar height of right and left first maxillary molars had 
statistically significant decreases of 1.55 (0.71) mm and 
1.11 (0.71) mm, respectively (Figure 6).

On the other hand, the bucco-palatal angulations 
of first maxillary molars showed significant increases                      
of 1.79 (0.74)0 and 1.89 (0.64)0 in right and left sides, 
respectively (Figure 7).

Regarding the height of buccal crestal alveolar bone, it 
was reduced by means of 0.83 (0.12) mm and 0.23 (0.10) 
mm in right and left sides, respectively (Figure 8).

In addition to pre-intrusion CBCT, post-intrusion CBCT 
images were obtained too after an average observation 
period of 3 months. The following CBCT measurements 
were evaluated before intrusion (T1) and after intrusion 
(T2):

1.	 Dento-alveolar height (mm) of right and left 
maxillary first molars.

2.	 Bucco-palatal angulation (0) of right and left 
maxillary first molars.

3.	 Buccal crestal alveolar bone height (mm) of right 
and left maxillary first molars.

The collected data were tabulated and statistically 
analyzed for each variable using Statistical Package for 
Social Science (SPSS) Version 20. Comparison of the 

     		
Figure 6: Bar chart representing means of 
dento-alveolar heights (mm) of UR6 and UL6 
before (T1) and after (T2) intrusion.

Figure 7: Bar chart representing means of M-D 
crown angulation of UR6 and UL6 before (T1) 
and after (T2) intrusion.

Figure 8: Bar chart representing means of 
buccal crestal alveolar bone height (mm) of UR6 
and UL6 before (T1) and after (T2) intrusion.
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DISCUSSION                                                                    
SAOB has been considered one of the most difficult 

and challenging malocclusions, where combinations of 
skeletal, dental, and sometimes functional factors interact. 
Molar intrusion is considered to be the best treatment 
because it leads to an autorotation (counterclockwise) 
of the mandible[11, 12]. However, intrusion of posterior 
dentition is always difficult to achieve without the side 
effect of extrusion of the anchorage teeth[12 - 16]. Temporary 
anchorage devices (TADs) were used to overcome this 
problem[22 - 28].

A preoperative CBCT image allows the clinician to 
evaluate the bone around the insertion site thoroughly in 
all three dimensions[32]. 3D diagnostic imaging has been 
previously suggested to improve the outcome of implant 
placement by eliminating distortion errors associated with 
two-dimensional images and by reducing the risk of injury 
of adjacent structures[33]. Moreover, virtual placement 
of the mini-plate on the CBCT image, using dedicated 
software, allows the clinician to precisely determine the 
final position of the plate during the surgery[32]. Several 
studies have used virtual treatment planning as a means 
for achieving higher surgical success rates by reducing 
intra-operative decision-making[32 - 34]. In the current study 
the duration of surgery was shorter, this was inaccordance 
to previous study[32]. Longer surgeries are associated to 
larger edemas and more post-operative pain. Pre-operative 
adaptation of the mini-plates on the model surface is 
the main advantage of the present method. It allows for 
maximum contact between the plate and the bony surface 
during the surgery and therefore significantly reduces the 
risk for infection and the possibility of miniplate failure[35].

The design of the miniplates used in the current study 
was supposed to offer a vertical intrusive force as much as 
possible. According to several reports and clinical studies, 
an extra-alveolar buccal site for miniplate mounting was 
selected in the current study, which was the infrazygomatic 
crest (zygomatic buttress). This is considered as an optimal 
position for insertion because of being at a high vertical 
position that allowed for a wide range of activation for 
molar intrusion. In addition, being far away from the 
alveolar ridge and risks of injuring the teeth roots were                                                                                                            
minimal[10, 15, 17, 22, 24, 28]. Moreover, the current palatal                
mini-screws were placed directly apical to the first 
maxillary molar and at the junction between the vertical and 
the horizontal slopes of the palate without predrilling[12]. 
However, a previous systematic review claimed that 
cortical notching increased the success rate of the mini-
screws as it provided a purchase point from which a more 
stable placement angle could be achieved[25].

A high-mandibular plane angle was found to be a 
potential risk factor for the failure of screw-type anchors 
and the use of miniplates were suggested[36]. In a clinical 
study of adults with SAOB, Akay et al., used titanium 
screws of 2.3 mm diameter and 7, 9, 13 mm lengths and 

concluded that miniplates placed at zygomatic buttresses 
and buccal bone above the roots of premolars remained 
stable following application of intrusive forces[22]. In that 
study and other reports, no signs of mobility of titanium 
screws placed in the palatal bone were observed which was 
similar to the present findings[15, 22, 25].

The intrusive force applied in this study was 150 gm 
on each side, according to previous clinical reports[27, 34]. 
Others suggested that, an initial force for molar intrusion 
was of 50gm for each molar[37]. However, an intrusive 
force of 200-300 gm for maxillary posterior teeth                               
with 3 roots was also used[26, 33].

The results of this study revealed that both miniplates 
and palatal mini-screws can be successfully used for 
maxillary molar intrusion. These results agree with several 
studies which showed comparable amounts of successful 
molar intrusion using TADs[13, 14, 21]. On the other hand, 
other studies obtained different amounts of intrusion using 
TADs supported intrusive mechanics[15, 33 - 35]. Sherwood 
et al.,[15] and Erverdi et al.,[38] used titanium miniplates 
at the lower face of the zygomatic process of maxilla to 
assist in the correction of SAOB. Sherwood et al.,[15] 
demonstrated a mean upper molar intrusion of 1.99 mm 
with intrusive forces continued for 5.5 months in 4 patients 
whereas Erverdi et al.,[38] reported a mean maxillary 
molar intrusion of 2.6 mm in 10 patients after a mean                                                                                                                
of 5.1 months. Interestingly, Yao et al.,[39] used a combination 
of buccal miniplates and palatal mini-screws in 18 patients 
and buccal and palatal mini-screws in 4 patients who had 
overerupted maxillary molars. They reported that the mean 
intrusion of maxillary first molars was 3 to 4 mm in a mean 
of 7.6 months. 

Unfortunately, buccal tipping was unavoidable due to 
lack of the trans-palatal arch (TPA). In addition, the study 
design involved the application of palatal intrusive force 
via palatal mini-screws that made the use of TPA very 
difficult[12, 39, 40]. Sherwood et al.,[15] avoided the use of TPA 
to eliminate the added variable of intrusive forces from 
the tongue being applied to a TPA. However, several case 
reports have utilized TPA to counteract the buccal intrusive 
force[21, 24, 27].

The height of the crestal alveolar bone, measured in the 
current study, showed a significant decrease after intrusion. 
These findings could be attributed to the buccal tipping that 
was previously mentioned. The crestal alveolar bone height 
was rarely evaluated in previous studies concerning open 
bite correction. However, it was found to be decreased 
by 1.89 (0.59) mm after rapid maxillary expansion                                                               
procedures [41].

CONCLUSION                                                                    
On the basis of the current results and with the 

limitations of the present study, the following conclusions 
could be drawn:
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1.	 The current miniplates’ designs were effective for 
assistance of maxillary molar intrusion in cases of 
SAOB.

2.	 The posterior maxillary dento-alveolar heights 
as well as, the crestal alveolar bone heights 
diminished significantly.

3.	 The bucco-palatal angulations of maxillary 
first permanent molar crown revealed no major 
changes.

4.	 Virtual planning for the miniplates and 3D 
adaptation is highly recommended to provide 
accurate placement and to diminish the intra-
operative time.
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