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Abstract
Objectives: Vertical skeletal facial asymmetries caused by 
hemimandibular overgrowth often result in compensatory 
dentoalveolar elongation on the affected side. Surgical leveling of 
dental arches during orthognathic surgery results in incomplete 
correction of the lower jaw asymmetry and necessitates 
further simultaneous surgical procedures, such as lower border 
ostectomy, inferior alveolar nerve lateralization, and grafting.

Materials and methods: We present a novel technique for the 
vertical decompensation of dentoalveolar processes to improve 
orthognathic surgery outcomes. The technique consists of 
installing skeletal anchorage into the upper and lower jaws, 
corticotomies of the alveolar processes, and skeletally-anchored 
orthodontic molar intrusion by means of custom-made intrusion 
frameworks. The resultant unilateral posterior open bite enables 
larger rotation in the frontal plane during surgical repositioning 
of the lower jaw.

Results: A 27-year-old woman with hemimandibular hyperplasia 
and compensatory elongation of the dentoalveolar processes was 
scheduled for orthodontic-orthognathic treatment. Four months 
of surgically-assisted intrusion resulted in a 7 mm unilateral 
posterior open bite. Two-piece Le Fort I osteotomy, bilateral 
sagittal split osteotomy (BSSO), condylectomy, genioplasty, 
and minimal lower border contouring were performed during a 
single-stage surgery.

Conclusions: Surgically-assisted implant-anchored intrusion 
of the molars is a feasible technique for vertical pre-surgical 
decompensation in vertical skeletal asymmetries. The degree of 
unilateral posterior open bite achieved is essential for surgical 
planning since rotation of the mandible in the frontal plane 
reduces the degree of lower border ostectomy.
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INTRODUCTION
As suggested by Obwegeser, 
condylar growth hyperactivity has 
several clinical manifestations: Type I 
or hemimandibular hyperplasia (HH), 
Type II or hemimandibular elongation 
(HE), and Type III or a hybrid form of 
HH and HE1.
Type I is characterized by three-
dimensional increase of mandibular 
volume on the affected side in 
all sections up to the symphysis. 
However there is neither deviation of 
the symphysis to the contralateral side 
nor cross-bite. Type II is characterized 
by elongation of all sections of the 
affected side of the mandible which 
results in chin displacement to the 
contralateral side and occurrence 
of cross-bite. There is no increase in 
volume of the affected side. Type III is 
characterized by a more voluminous 
and elongated affected side of the 
mandible with chin displacement to 
the contralateral side. It is a mixed 
form of HH and HE1. 
Condylar hyperplasia can be 
produced by HH and hybrid forms 
but not by HE, however condylar 

tumour-like enlargement may appear 
without manifestation of HH or HE 
features. Once condylar hyperplasia 
appears as a result of HH, it results in 
an increased volume of all segments 
of half of the mandible which is not 
typical of condylar hyperplasia of any 
other origin. Typical clinical features 
of HH are: 
- increased height and medial 

shift of the affected side of the 
mandible;

- shortened and laterally shifted 
contralateral side of the mandible,

- elongation of the maxillary and 
mandibular alveolar processes on 
the affected side; 

- tilting of occlusal plane and lip 
commissure; 

- compensatory downward growth 
of maxilla and sinus on the 
affected side;  

- bowing down of the lower border 
with low running mandibular 
canal, and affected gonial angle 
rounded off  and in a more caudal 
position;

- rotation of the occlusion  in the 
vertical and axial planes; 

- rare occurrence of cross-bite 
unlike in HE. 

The surgical-orthodontic treatment 
of patients with HH usually includes 
maxillomandibular osteotomies, 
lower border reshaping, genioplasty 
and condylectomy. In growing 
patients a high condylectomy may 
be sufficient to control the abnormal 
growth pattern and normalize the 
development between the two 
sides of the mandible once the 
hypervascularized layer of the 
hyperplastic condyle is removed. 
In adult patients however, low 
condylectomy may be needed if the 
pathologic growth has expanded to 
the entire condylar volume. In mild 
HH cases a conservative approach, 
such as “wait and see”, may be 
used. However, care must be taken 
if the patient has consented to 
orthognathic surgery, since the slow 
growing condyle may gradually affect 
the final facial and occlusal features 
after orthognathic surgery.
Although the clinical signs of the 
three types of condylar hyperactivity 
are different, abnormal elongation of 

Figure 1: A 27-yr-old female patient presenting 
with hemimandibular hyperplasia, canted occlusal 
plane, and Class II occlusion.
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the affected ramus is common to all 
three1.

The effect of hemimandibular 
hyperactivity on the morphology of 
alveolar process
Elongation of the ramus during 
abnormal hemimandibular 
overgrowth results in vertical 
asymmetry of the gonial angles and 
canting of the skeletal base of the 
mandible (Fig. 1). Subsequently, the 
alveolar process, which is a part of 
the lower jaw, often also becomes 
canted. However, due to abnormally 
slow skeletal growth, compensatory 
changes usually take place in the 
upper and lower dentoalveolar 
processes, such as elongation and 
supra-eruption of teeth on the 
affected side. The upper occlusal 
plane becomes canted, and the 
lower occlusal plane cant decreases. 
As a result of this compensatory 
action, the occlusal plane inclination 
in the frontal plane differs from the 
inclination of the skeletal bases of the 
maxilla and the mandible (Fig. 2)2.

The implication of vertical 
compensations on surgical planning
Planned orthognathic surgery should 
be considered for compensatory 
growth in the alveolar process 
because the occlusal plane is not 
parallel to the skeletal bases of the 
jaws. The decision to level the skeletal 
base of the lower jaw can lead to a 
severe cant in the lower occlusal 
plane, requiring a more aggressive 
surgical leveling of the upper occlusal 
plane and resulting in a canted smile 
that is not aesthetically acceptable.
One of the main goals of surgical 
treatment is to level the lower and 
upper occlusal planes. This requires 
impaction of the upper jaw on the 
elongated side as well as rotation 
of the lower jaw in the frontal plane 
to reduce the lower cant. However, 
such surgical repositioning can  lead 
to skeletal asymmetry of the upper 
jaw, which was symmetrical before 
surgery (Fig. 3a). To prevent this, some 
reports recommend using mini-screw 
anchorage for orthodontic leveling of 
the upper occlusal plane by unilateral 
intrusion of the upper molars, and 
limiting surgical intervention to the 
lower jaw3,4. Moreover, the skeletal 

Figure 2: The relationship between the occlusal plane and skeletal bases of the maxilla and mandible.

Figure 3: Virtual simulation of surgery by use of SimPlant 13.0 software: a) Simulation of a single-
stage orthognathic surgery with maxillomandibular rotation in the frontal plane, highlighting the risk 
of resulting midfacial skeletal asymmetry. b) Extensive ostectomy at the lower border would be required 
to correct lower facial asymmetry.

Figure 4: The impact of the amount of lower border ostectomy on the morphology of the mandibular body. 
A higher osteotomy line results in a thinner mandibular body.

a
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base of the lower jaw is under-
corrected in the frontal plane since 
elongation of the alveolar process 
does not allow a sufficiently large 
rotation of the skeletal base. Therefore, 
the skeletal vertical asymmetry of the 
teeth-bearing fragment would remain 
under-corrected unless a lower 
border resection is performed on the 
affected side (Fig. 3b)5,6. Resection and 
reshaping of the lower border is a safe 
and simple procedure; however, if a 
large fragment needs to be resected, 
the cutting line can run into the 
mandibular canal, requiring inferior 
alveolar nerve (IAN) lateralization 
prior to resection7. Moreover, the 
higher the cutting line, the thinner the 
remaining mandibular body, resulting 
in asymmetry in the axial plane (Fig. 4).

Rationale for molar intrusion on the 
elongated side
Taken together, the abovementioned 
considerations suggest that the 
surgical treatment plan can be 
simplified if the upper occlusal plane 
is leveled to the maxillary skeletal 
base, and if the lower occlusal 
plane is subsequently leveled to the 
mandibular skeletal base. This can be 
achieved by regulating the heights 
of the dentoalveolar processes and 
by parallelizing the occlusal planes 
to the skeletal bases, i.e. intrusion 
of teeth on the elongated side and 
extrusion of teeth on the short side. 
The resulting posterior open bite 
is then used for surgical leveling of 
the lower dental arch in the frontal 
plane, thus correcting both the 
occlusal plane and the skeletal base. 
Equilibration of the height of the 
lower alveolar processes between 
both sides reduces the need or 
amount of contourplasty on the 
affected side of the mandible. 
Compared to extrusion, intrusion 
of teeth has been reported to 
cause about four times more root 
resorption8. According to different 
sources, intrusive movement during 
orthodontic treatment is the primary 
predictive factor for external apical 
root resorption9,10. In addition, some 
studies revealed that the extent 
of root resorption varies with the 
magnitude of the applied intrusive 
force11,12.
To maximize the size and speed 

of intrusion, corticotomies can be 
incorporated as a valuable addition 
to orthodontic mechanics. 

Anchorage for intrusion
One of the most challenging 
problems in orthodontics is to find 
sufficient anchorage to permit the 
expected teeth movements. To avoid 
buccal-lingual tilting of the posterior 
teeth, anchorage units need to be 
constructed from both sides. In the 
upper jaw, buccal anchorage can be 
created by placement of a “Bollard 
with Hook’” plate (Tita-Link, 2, av. de 
Hinnisdael, 1150 Brussels, Belgium; 
www.tita-link.com) in a standardized 
way as previously described13. 
Bollard miniplates appear to be 
reliable anchorage, with a reported 
overall success rate of 97% in terms 
of stability14. Miniplates present an 
advantage because the fixation 
screws are generally placed apically  
to the roots and, therefore, do not 
interfere with tooth movement 
because the roots can easily slide 
past the anchorage device15-17. In 
the present case, two miniscrews 
were incorporated into the 
paramedian anterior palate to create 
palatal anchorage in the maxilla. 
Karagkiolidou et al. examined the 
overall success of miniscrews inserted 
into the paramedian palatal region 
for the support of various appliances 
during orthodontic treatment, and 
showed excellent overall survival of 
the miniscrews (97.9%)18. In the lower 
jaw, a conventional dental implant 
(BioHorizons, 2300 Riverchase 
Center, Birmingham, AL 35244, USA)  
was placed into the retromolar area, 
which supported a custom-made 
casted construction for both lingual 
and buccal anchorage two months 
after implant placement.
Our proposed combined orthodontic-
surgical treatment protocol for the 
correction of the cant of the occlusal 
planes and the skeletal and esthetic 
features of this particular case of 
Type I condylar hyperactivity (HH) 
consists of:
- installation of skeletal anchorage 

devices: miniscrews, bollard 
plates, and dental implants;

- corticotomy-assisted implant-
anchored intrusion of the posterior 
teeth on the affected side;

- orthodontic decompensation 
of upper incisor inclinations to 
enable Class I occlusion;

- orthognathic surgery, 
contourplasty, and soft tissue 
suspension;

- orthodontic treatment and 
retention.

MATERIALS AND METHODS
The sequence of clinical steps:
Step 1. Place dental implant in the 
area of the wisdom tooth. If the 
wisdom tooth has not been removed, 
remove it and allow at least three 
months for the bone to heal before 
placing the dental implant.
Step 2 (two-three months after Step 1). 
If the implant has been submerged, 
place a healing abutment at this 
stage. 
Step 3 (one-two weeks after Step 2). 
Place palatal miniscrews and take 
pickup impressions of the lower and 
upper dental arches. Custom-made 
intrusion frameworks and splint for 
upper posterior teeth on the affected 
side should be ordered from the 
laboratory.
Step 4 (can be performed immediately 
following the previous step). Perform 
corticotomies and insert a bollard 
plate in the posterior maxilla. The 
bollard plate can also be inserted 
during Step 1.
Step 5 (two weeks after Step 4). 
Fix the intrusion frameworks for 
the implants and insert the splint. 
The intrusion process can then be 
initiated.

Preparing units for anchorage
Upper jaw vestibular anchorage. The 
surgical protocol for the installation 
of bollard plates has been described 
by Cornelis et al. (www.tita-link.
com/publications-and-events) 19. 
The miniplate is inserted under 
local anesthesia during corticotomy 
surgery. 
Upper jaw palatal anchorage. Two 
Ortho Easy miniscrews 1.7 mm x 10 mm 
(Forestadent, 2315 Weldon Parkway, 
St. Louis, MO 63146, USA; www.
forestadent.com) were placed in the 
anterior palate, approximately 8 mm 
behind the papilla incisive, two weeks 
before loading. A pickup impression of 
the maxillary arch together and of the 
abutments secured on the implants was 
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AL 35244, USA; www.biohorizons.
com) was placed in the area of the 
wisdom tooth. Two months later, an 
impression of the lower arch was 
taken to produce a casted framework 
for intrusion of the lateral segment. 
Construction was fixed on the 
implant by a prosthodontist two days 
before loading (Fig. 6). An additional 
mini-screw was placed between the 
premolars.
Anchorage on the upper and lower 
posterior teeth. One week before 
corticotomy surgery, an alginate 
impression of the upper jaw was taken 
to produce the partial splint. The 
splint was cemented with Ketac-Cem 
glass-ionomer cement (3M Oral Care 
, 2501 Hudson Rd, St Paul, MN 55144, 
United States; www.3m.com/3M/
en_US/dental-us) onto the upper 
posterior teeth subject to intrusion. 
Special eyelets were constructed in 
the splint to attach the chain to both 
the buccal and palatal anchorage 
(Fig. 7). In the lower arch, the chain 
outstretched  through the interdental 
spaces. To support the chain, a wire 
Bond-A-Braid® (Reliance Orthodontic 
Products, 1S440 W Thorndale Ave, 
Itasca, IL 60143, United States; www.
relianceorthodontics.com) was 
bonded on the occlusal surfaces of 
the teeth undergoing intrusion.

Corticotomies
Vestibular and palatal/lingual 
corticotomies in the upper and lower 
alveolar processes were performed 
on the same day two weeks before 
the start of intrusion. 
Upper jaw: full thickness vestibular 
and palatal flaps were raised and a 
piezoelectric saw was used to cut 
through the cortical bone between 
the teeth from the vestibular and 
palatal sides. Horizontal cuts through 
the entire cortex were made 5 mm 
away from the teeth apices (Fig. 
8a). A bollard plate was fixed above 
the horizontal corticotomies, and 
vestibular miniscrews, which had 
been used during a failed attempt 
to intrude the molars without 
corticotomies, were removed. Thin 
alveolar bone areas were covered 
with bovine derived particulate 
bone Bio-Oss ( Geistlich Pharma AG, 
Bahnhofstrasse 40 6110 Wolhusen, 
Switzerland; www.geistlich-pharma.

com), and flaps were sutured back to 
the initial position. 
Lower jaw: intrasulcular incisions 
were made and full thickness flaps 
were raised to expose the alveolar 
process on both sides. Corticotomy 
cuts were made according to the 
same protocol used for the upper 
jaw (Fig. 8b). The horizontal cuts were 
made with caution since the bone 
below the apices was thick. The 
location of corticotomies as well as 
the position of the bollard plate and 
the dental implant are indicated with 
arrows on the postoperative cone-
beam computed tomography (CBCT) 
scan (Fig. 9). Stitches were removed 
seven days after surgery.
Hygiene and pharmaceuticals. The 
patient was instructed to brush the 
anchorage devices at least twice a 
day. Chlorhexidine mouth rinses were 
recommended during the first week 
after placement. No antibiotics were 
prescribed.
Loading. Anchorage constructions 
were loaded approximately two 
weeks after corticotomy surgery and 
two and a half months after placement 
of the dental implant. Force was 
delivered via elastic chain traction 
(Rocky Mountain Orthodontics, 650 
W Colfax Ave, Denver, CO 80204, 
United States; www.rmortho.com). 
The chain was changed every two 
weeks until the desired intrusion 
was achieved. Furthermore, occlusal 
forces were utilized to achieve 
increased intrusion since the bite was 
raised on the 2 mm thickness splint. 
Occlusal forces resulted in additional 
intrusive mechanics on the working 
side. Spontaneous extrusion of the 
teeth on the contralateral side was 
enabled simultaneously due to the 
resultant open bite (Fig. 10).
Follow-up and minimal pre-surgical 
orthodontics. Four months after 
surgery, the average intrusion of 
the molars in the upper and lower 
dental arch was 3 mm and 4 mm, 
respectively. The resultant unilateral 
posterior open bite was 7 mm (Fig. 
11). Intrusion was therefore deemed 
satisfactory. A removable splint was 
placed to maintain the acquired space 
(Fig. 12). Diagnostic casts were used 
to predict the fit of dental arches at 
surgery. Upper fixed appliances were 
bonded to align the upper dental arch 

Figure 5: Intrusion anchorage skeletally fixed by 
two palatal implants and a bollard plate.

Figure 6: Intrusion anchorage skeletally supported 
by a conventional implant in the retromolar 
region.

Figure 7: Intrusion splint for the upper molars. 
The eyelets were designed to facilitate intrusion by 
attached elastics.

taken immediately after placement. 
The anchorage bar was bent in the 
laboratory out of a stainless steel wire 
(diameter 1.1 mm) and welded to both 
the abutments. The construction was 
snapped over the palatal miniscrews, 
and secured with the Fuji plus luting 
cement, one week after implants were 
placed (Fig. 5).
Lower jaw anchorage. A short 
conventional dental implant of 3.5 
mm × 9 mm (BioHorizons, 2300 
Riverchase Center,  Birmingham, 
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and procline the upper front teeth. 
Victory Low Profile 022 slot brackets 
(3M Unitek Orthodontic Products, 
2724 South Peck Road, Monrovia, 
CA 91016, USA; solutions.3m.com) 
were bonded on the upper dental 
arch. The wire sequence was as 
follows: initial alignment - 016 Niti 
Sentalloy wire (Dentsply GAC, 355 
Knickerbocker Ave, Bohemia, NY 
11716, USA; www.dentsply.com), 
progressed with 16/22 Niti and 18/25 
NiTi wire. Spaces approximately 
1.5 mm wide were opened on 18/25 
stainless steel wire using closed 
coil NiTi spring (Dentsply GAC) 
between the lateral incisors and 
canines in order to further increase 
the anterior tooth mass (Fig. 14). The 
opened spaces enabled placement 
of dental arches in Class I occlusion 
at the time of orthognathic surgery. 
The retention splint was worn 24/7 
before surgery to retain the intrusion 
outcome. Lower Victory Low profile 
braces were bonded just before 
surgery, but no wire was inserted. 
Facial appearance and occlusal setup 
are presented in Fig. 14.

Surgery
Virtual surgical simulation was 
performed with SimPlant 13.0 software 
(Materialise,  Technologielaan 15, 3001 
Leuven, Belgium; www.materialise.
com). The single-stage surgery 
consisted of the following steps (Fig. 
15):
1) two-piece Le Fort I osteotomy. 

Segmentation behind the right 
lateral incisor was performed 
to correct the break in the 
occlusal plane. Left cheekbone 
augmentation was then 
performed;

2) bilateral sagittal split osteotomy 
(BSSO) of the mandible;

3) left condylectomy (removing 20 
mm of the condyle); 

4) left lower border resection of 5 mm;
5) BSSO osteosynthesis.
6) soft tissue suspension on the left;
7) downgrafting genioplasty.

Postsurgical follow-up. The 
immediate postoperative occlusion is 
presented in Fig. 16. Alignment of the 
lower dental arch was initiated three 
weeks after surgery by inserting a 016 

Figure 8: Corticotomy cuts in the upper jaw (a) and in the lower jaw (b) were performed in the area of the premolars and molars on both sides.

Figure 11: Occlusion after the end of the intrusion 
process demonstrating a 7 mm unilateral posterior 
open bite.

Figure 12: A retention splint was used to retain 
the space while minimal pre-surgical orthodontics 
was conducted.

Figure 9: Postoperative CBCT scan. Arrows indicate the location of the bollard plate and 
the dental implant.

Figure 10: Upper and lower intrusion devices were functional 
four months post-implantation. Additional acrylics were 
gradually added to the intrusion splint to maintain the occlusion 
raised on the left side.

a b
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Figure 13: Facial photographs before orthognathic surgery showing the 
relationship between the upper and lower occlusal planes and the skeletal 
bases.

Figure 14: The upper front teeth were proclined, and additional spaces were opened behind the lateral incisors for correction of tooth-size discrepancy and for 
placement of the dental arches into Class I at the time of surgery.

Figure 15: Three-dimensional simulation of the surgical plan. 
The magnitude of anticipated lower border resection was 
minimized to 5 mm.

Niti Sentalloy wire (Dentsply GAC). 
Postoperative occlusion was Class 
I with good transversal dimension 
of the dental arches. Follow-up 
orthodontic treatment included 
alignment of the lower dental arch, 
closing the spaces in the upper dental 
arch and settling occlusion (Fig. 
16). Conventional orthodontics was 
completed in twelve months after 
surgery. Fixed upper/lower retainers 
were bonded and removable Hawley 
type plates were fitted to achieve 
the final result. Final treatment 
outcomes one year after surgery are 

shown in Fig. 17. CBCT scans before 
treatment and at ten months after 
surgery are presented in Fig. 18. 
Ortopantomograms before molar 
intrusion, during molar intrusion, 
before and at ten months after 
orthognathic surgery are presented 
in Fig. 19.
Due to low condylectomy, the patient 
experienced a significant lower jaw 
deviation to the left upon mouth 
opening during the first months after 
surgery. She started jaw excercises 
at three weeks after surgery and 
continued with physical therapy 

throughout the entire postoperative 
period. One year after surgery, there 
is a minimal deviation upon mouth 
opening. This is not noticed by the 
patient and does not cause functional 
problems that need to be addressed.

CONCLUSIONS
Surgically-assisted implant-anchored
intrusion of the molars is a 
feasible technique for vertical 
decompensation of vertical dento-
skeletal asymmetries and leveling 
of canted occlusal planes to the 
skeletal bases. The amount of open 
bite achieved during intrusion is 
essential for surgical planning, since 
a larger unilateral posterior open 
bite on the affected side allows 
surgical repositioning of the lower 
jaw with rotation in the frontal plane 
and reduces the need or amount of 
lower border ostectomy. Further 
investigations are needed in more 
patients to draw stronger conclusions.
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Figure 16: a) Immediate postoperative occlusion; b) orthodontic treatment restarted three months after surgery with 16/22 Niti upper arch and 014 Niti lower 
arch; c) management of the central line, sagittal discrepancy, and vertical control with 18/25 stainless steel upper arch and 18/25 Niti 240 grams lower arch; 
and d) bite settling elastics.

Figure 17: Final treatment outcome one year after surgery.

a

b

c

d
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Figure 18: CBCT scans before treatment and ten months after surgery.

Figure 19: Ortopantomograms:
a) before molar intrusion;
b) during molar intrusion;
c) before orthognathic surgery;
d) ten months after orthognathic surgery.

REFERENCE LIST

1. Obwegeser HL. Condylar Hyperactivity, 
in Mandibular Growth Anomalies, 1st ed. 
Springer-Verlag Berlin Heidelberg 2001, 
pp. 139–144. 

2. Obwegeser HL. Hemimandibular 
Hyperplasia (H.H.), in Mandibular Growth 
Anomalies, 1st ed. Springer-Verlag Berlin 
Heidelberg 2001, pp.145–150.

3. Takano-Yamamoto T, Kuroda S. Titanium 
screw anchorage for correction of canted 
occlusal plane in patients with facial 
asymmetry. Am J Orthod Dentofacial 
Orthop 2007;132:237–242.

4. Jeon YJ, Kim YH, Son WS, Hans MG. 
Correction of a canted occlusal plane 
with miniscrews in a patient with facial 
asymmetry. Am J Orthod Dentofacial 
Orthop 2006;130:244–252.

5. Ferguson JW. Definitive surgical 
correction of the deformity resulting 
from hemimandibular hyperplasia. J 
Craniomaxillofac Surg 2005;33:150–157.

6. Pelo S, Correra P, Gasparini G, Marianetti 
TM, Cervelli D, Grippaudo C, et al. Three-
dimensional analysis and treatment 
planning of hemimandibular hyperplasia. 
J Craniofac Surg 2011;22:2227–2234.

7. Rahpeyma A, Khajehahmadi S. Inferior 
alveolar nerve repositioning and 
orthognathic surgery. J Craniofac Surg 
2014;25:435–438.

8. Han G, Huang S, Von den Hoff JW, 
Zeng X, Kuijpers-Jagtman AM. Root 
Resorption after Orthodontic Intrusion 
and Extrusion: An Intraindividual Study. 
Angle Orthod 2005;75:912–918.

9. Xu T, Baumrind S. The relationship 
between apical root resorption and 
orthodontic tooth movement in growing 
subjects. Chin J Stomat 2002;37:265–
268.

10. Baumrind S, Korn EL, Boyd RL. Apical 
root resorption in orthodontically 
treated adults. Am J Orthod Dentofacial 
Orthop 1996;110:311–320.

11. Casa MA, Faltin RM, Faltin K, Sander F, 
Arana-Chavez VE. Root resorption in 
upper first premolars after application 
of continuous torque moment. Intra-
individual study. J Orofac Orthop 
2001;62:285–295.

12. Faltin RM, Arana-Chavez VE, Faltin 
K, Sander FG, Wichelhaus A. Root 
resorptions in upper first premolars 
after application of continuous intrusive 
forces. Intra-individual study. J Orofac 
Orthop 1998;59:208–219.

13. Cornelis MA, Scheffler NR, Mahy P, 
Siciliano S, De Clerck HJ, Tulloch JF. 
Modified miniplates for temporary 
skeletal anchorage in orthodontics: 
placement and removal surgeries. J Oral 
Maxillofac Surg 2008;66:1439–1445.

14. Eline EB, De Clerck H; Swennen GR. 
Success rate of miniplate anchorage for 
bone anchored maxillary protraction. 
Angle Orthod 2011;81:1010–1013.

15. Jenner JD, Fitzpatrick BN. Skeletal 
anchorage utilising bone plates. Aust 
Orthod J 1985;9:231.

16. De Clerck H, Geerinckx V, Siciliano S. 
The Zygoma Anchorage System. J Clin 
Orthod 2002;36:455.

17. De Clerck H, Cornelis MA. Biomechanics 
of skeletal anchorage. Part 2: Class II 
nonextraction treatment. J Clin Orthod 
2006;40:290.

18. Karagkiolidou A, Ludwig B, Pazera 
P, Gkantidis N, Pandis N, Katsaros C. 
Survival of palatal miniscrews used for 
orthodontic appliance anchorage: a 
retrospective cohort study. Am J Orthod 
Dentofacial Orthop. 2013;143:767–772.

19. Cornelis MA, Scheffler NR, Mahy P, 
Siciliano S, De Clerck HJ, Tulloch JF. 
Modified miniplates for temporary 
skeletal anchorage in orthodontics: 
placement and removal surgeries. J Oral 
Maxillofac Surg 2008;66:1439-45.


