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ABSTRACT

Occlusal cant is an important factor affecting smile esthetics.The dynamic display zone includes lateral, vertical, and
anteroposterior aspects, as well as the cant of the occlusal plane. Smile design and mechanotherapy must take into account an
esthetic plane of occlusion. The purpose of this review is to describe occlusal cant, examine its diagnosis, and explain the
treatment alternatives for this condition. (Turkish J Orthod. 2014;27:174-180)
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INTRODUCTION

The most important esthetic goal in orthodontics is
to achieve a “balanced” smile,” which can be best
described as an appropriate positioning of the teeth
and gingival scaffold within the dynamic display
zone. The display zone are affected by the size,
shape, position, and color of the displayed teeth as
well as the gingival contour, buccal corridor, and
framing of the lips.>® Smile design and mechano-
therapy must take into account an esthetic plane of
occlusion, which is often different from the natural
plane of occlusion.* In this review, occlusal cant
(OC) in the frontal plane is examined.

Occlusal Plane

The occlusal plane (OP) is an imaginary surface
that is anatomically related to the cranium. Theoret-
ically, it touches the incisal edges of the incisors and
the tips of the occluding surfaces of the posterior
teeth. The OP is not, in fact, a plane, but rather
represents the mean curvature of this surface.
Therefore, the OP is the plane that would be
established if a line were drawn through all the
buccal cusp tips and incisal edges of the mandibular
teeth and then broadened into a plane to include the
lingual cusp tips, continuing across the arch to
include the buccal and lingual cusp tips of the
opposite side.>® The OP of the dental arches is
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curved in a manner that permits maximal utilization
of the tooth contacts during chewing.” This curvature
of the dental arches has been referred to as the
curve of Spee.8 A second curve associated with the
OP can be observed from a frontal view and is called
the curve of Wilson.” In cephalometric radiographs
(in the sagittal plane), the OP is defined as a line that
joins the midpoint of the overlap of the mesiobuccal
cusp of the first molar and the incisal edges of the
incisors. In posteroanterior (PA) radiographs (in the
vertical plane), the OP is defined as a line that joins
the buccal cusps of the right and left upper first
molars in a transversal direction.

The OP adapts to the alterations that occur with
age, vertebral maturation, and changes in dental
position.® Lateral cephalometric studies evaluating
the OP in a sagittal direction indicated that the
inclination of the OP alters according to changes in
craniofacial structures during craniofacial growth
and development.® Schudy'® stated that condylar
growth (as related to vertical growth) is the key to
changes in the OP.

In the frontal plane, changes in the OP result from
posterior rotation and relocation of the maxilla and
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mandible in a vertical direction. The inclination of the
OP increases in a clockwise direction during
growth.”" Symmetric growth and development en-
ables the conservation of the angles between the
cranial planes and OP during an increase in vertical
dimensions.'?

Although changes in the inclination of the OP in
the sagittal plane are associated with growth and
development, changes in the inclination of the OP in
the vertical plane result from asymmetric growth of
the craniofacial structures and lead to an asymmet-
ric OP; this is defined as OC."®

Occlusal Cant

Occlusal plane canting in the vertical plane is one
of the parameters affecting smile esthetics and
originates from facial asymmetry and/or vertical
position asymmetry of the right and/or left quadrants
of the dental arches without facial asymmetry.

Occlusal cant is frequently associated with facial
asymmetry; the reported frequency of facial asym-
metry in cases involving this condition varies
between 21% and 80%.'*'® This wide range may
result from differences between reports in charac-
teristics of facial deformity, types of skeletal maloc-
clusion, age, or ethnicity. In addition, observed
differences in the proportion of facial asymmetry in
OC may be due to variations in methods, symmetry
criteria, or measurement sensitivity between stud-
ies.14'16’18‘21

Good et al”” indicated that the incidence of
asymmetry increases in patients with skeletal class
Il malocclusion and increased lower facial height.
According to Severt and Proffit,’® OC is found in
41% of patients with class Ill malocclusion.

|20

Symmetry and Asymmetry Perception

It has been demonstrated that symmetric faces
are more attractive but not more so than less
symmetric faces.?> However, preferences for sym-
metry cannot solely explain the attractiveness of
average faces.?®> Usually, symmetric faces are
preferred by individuals; however, a person’s pref-
erence for symmetry was not correlated with their
ability to detect it.** Different perceptual mecha-
nisms play a part in symmetry preference and
detection.?* Hénn and G6z*° demonstrated that
women'’s preferences for attractive male faces are
greatly influenced by their menstrual cycles and
environment. The ideal of beauty is subject to certain
fluctuations.?® The perception of OC varies between
lay persons, general dentists, and orthodontists.

Oliveres et al®® concluded that an OC of 2° was
acceptable to lay persons, general dentists, and
orthodontists. In addition, lay persons and general
dentists found OC more acceptable than orthodon-
tists. Lay persons failed to detect the existence of an
OC reaching 3—4°. Padwa et al*’ concluded that 4°
is the threshold for detection of OC.

Etiologic Factors in Asymmetry and Occlusal
Cant

Determination of asymmetries and classification of
cases is complicated by the multifactorial nature of
asymmetry. The etiology of asymmetry can be
classified as consisting of hereditary and environ-
mental factors.?® Cleft lip and palate,?® hemifacial
microsomia,®° juvenile idiopathic arthritis,®' Treach-
er Collins syndrome,®? Albright syndrome,?® Apert
syndrome, Crouzon syndrome,** and craniosynos-
tosis®® are the common hereditary factors that lead
to facial asymmetry and OC. Environmental factors
affecting facial asymmetry and OC include facial
trauma and fractures (prenatal and postnatal),3® jaw
cysts, and facial tumors as well as their surgical
treatment,®’ teratogens,®® hormonal disorders (such
as gigantism or acromegaly),® Romberg syn-
drome,*° posture,*' temporomandibular joint (TMJ)
ankylosis,*? muscular disorders,**> abnormal mouth
breathing, habits such as finger or lip sucking, long-
term bottle or pacifier use, pencil biting and nail
biting,** tooth extraction and carries,*® and incorrect
use of force during orthodontic treatment or when
using midline elastics.*®

Evaluation of Occlusal Cant

Occlusal cant is related to the pattern of skeletal
and/or dentoalveolar development and can be
classified with or without facial asymmetry due to
asymmetric development of the mandible, unilateral
extruded molars, or asymmetric dentoalveolar de-
velopment.*” Patients with OC are evaluated by
clinical assessment, frontal photographs, cephalom-
etry, and 3-dimensional imaging methods.

During clinical assessment, a tongue blade is
placed across both first molars to evaluate the
existence and degree of inclination of OC.*®
Recently, the number of patients referred to ortho-
dontic clinics as a result of TMJ disorders has been
increasing. In patients with unilateral TMJ disorder,
facial asymmetry is less associated with oclusal
discrepancy; however, canting of the OP in these
patients is increased because of mandibular hypo-
plasia on the affected side.*® Detailed clinical
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examination and radiological evaluation of the TMJ
are essential in such patients.

Posteroanterior radiography is also necessary in
the evaluation and objective measurement of OC.
Analysis of PA radiographs allows easy visual
comparison of asymmetry.?” The most commonly
used asymmetry analyses are Grummons frontal
analysis and Sassouni analysis.>® These analyses
demonstrate the parallelism and asymmetry of facial
points and planes according to predetermined
planes.®’ The horizontal distance from the menton
to the midsagittal plane on PA radiographs is
measured as deviation.®® The angle of the OP to
the true horizontal plane is measured as the angle of
OC.?" It has been demonstrated that the degree of
OC relative to the true horizontal plane as measured
cephalometrically in the frontal plane is equal to the
linear millimeter difference between the right and left
medial canthus and the right and left canine tips.>*
However, the effectiveness of PA radiographs may
be reduced by head rotation or improper landmark
identification.

In the presence of asymmetry, basilar/submento-
vertex (SMV) radiographs are also useful. The SMV
radiographs can be used to diagnose dental arch
deviations resulting from midline shifts, craniofacial
asymmetry, condylar position in functional mandib-
ular deviation, mandible asymmetry, and, in partic-
ular, maxillary asymmetry in cleft lip and palate
patients.”® The SMV radiographs allow the assess-
ment of asymmetry within each component part of
the craniofacial complex as well as the relative
relationship of these parts to one another.®* In
addition, SMV radiographs are less vulnerable to
head rotation.®®

Orthopantomograms provide information about
mandibular asymmetry. Habets et al®® described
condylar height symmetry calculated by condylar
and ramus heights on orthopantomograms.

Three-dimensional computed tomography (CT)
can provide information for use in diagnosis and
treatment planning.®” Because of the complex three-
dimensional nature of facial asymmetry, CT scans
have become routine in the evaluation of asymmetry
cases that cannot be assessed using conventional
methods.

The evaluation of frontal facial photographs is a
diagnostic tool used to evaluate soft-tissue asym-
metry and lip cants.®® It was concluded that an OP
angle of 2.15-2.90° on a digital photograph is
acceptable.®® The incidence of a cant greater than
1° between the bilateral mouth corners was found to
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be 28.6% when the face was measured on
standardized frontal facial photographs.®®

OC Management: Treatment Alternatives

Orthognathic surgery, orthodontic therapy, or a
combination of orthognathic surgery and orthodontic
therapy are used as treatment alternatives in the
compensation of OC.

Orthognathic surgery. Although procedures in-
volving single or double jaw surgery are invasive and
expensive,®! conservative orthodontic treatment
methods also have limitations as they require patient
cooperation and can produce unsatisfactory results
for subjects.®? Therefore, surgical procedures are
effective and valid in patients with OC and/or facial
asymmetry.

In the treatment of facial asymmetry, the choice of
surgical intervention depends on the patient’s self-
awareness of the esthetic problem as well as the
severity of the OC and jaw discrepancy in sagittal and
vertical directions. Leveling of the OP is generally
required before surgery.®® Double jaw surgery may be
required in patients with dramatic OC. In the
treatment of patients with facial asymmetry, the main
purposes of orthognathic surgery are to correct facial
and maxillary midline deviation, level the oral
commissure, obtain symmetric display of the canine
teeth, and correct chin deviation according to the
normal facial midline. In double jaw surgery patients,
a combination of Le Fort | osteotomy and mandibular
bilateral sagittal split osteotomy or internal vertical
ramus osteotomy is used.

Surgical correction of maxillary OC is based on
extrusion of the short side and intrusion of the long
side of the maxillary complex. The selection of the
side for vertical movement depends on maxillary
incisor display, OP angle in the sagittal direction, and
anterior vertical facial height. However, it is consid-
ered that surgical intrusion of the maxillary complex
is a more stable process than maxillary vertical
elongation.®* In patients with hemifacial microsomia,
craniofacial asymmetry, and cleft lip and palate, soft-
tissue defects and decreased vertical height may be
present on the affected side. Surgical intervention in
these patients can involve maxillary vertical elonga-
tion. Distraction osteogenesis and alloplastic bone
graft reconstruction are additional surgical alterna-
tives for patients with craniofacial asymmetry.®®

Most patients with skeletal OC also have soft-
tissue cant.®® Lip cant is a major complaint in such
patients and is evident when observing facial
configuration.?® Lip cant is also referred to as lip



asymmetry and is characterized by a height differ-
ence between the corners of the mouth, with
distorted vermilion borders of the upper and lower
lips, and deviation of the mouth midline from the
facial midline.®” The vermilion area is increased on
the deviated side when compared with the contra-
lateral side.?' Musculus orbicularis oris is the major
muscle of the lips and consists of fibers that
completely encircle the mouth. This muscle is closely
related to the other mimetic muscles.®® Therefore,
deviation of the mandible affects these muscles and
pulls the orbicularis oris to the deviated side;
consequently, asymmetric lips arise. Orthognathic
surgery results in significant improvements not only
in the facial skeleton but also in the upper and lower
lips.%® Asymmetry of the lips caused by deviation of
the mandible can be almost completely corrected by
movement of the mentalis muscle to the midline of
the facial skeleton with orthognathic treatment.>®
Orthognathic surgery, especially surgical split ramus
osteotomy, is an effective treatment modality for
recovery of the lip from a frontal view.”%="2

Orthodontic camouflage treatment. Compensa-
tion of OC with orthodontic therapy involves arch
intrusion/extrusion and use of skeletal anchorage.

Intrusion and extrusion of the arches. In the
anterior region, conventional treatment of OC caused
by intruded teeth is based on extrusion of the
intruded segment with intermaxillary elastics. Appli-
cation of intermaxillary elastics causes extrusive
forces to both the maxillary and mandibular arches.
Therefore, this technique is limited in cases where
OC is caused by both extruded teeth on one side and
intruded teeth on the other side. Usually, OC is
localized in the upper and lower arch or anterior or
posterior segment. A combination of deep bite and
OC treatment is needed in patients with anterior OC
and deep bite malocclusion.” Application of a 0.017
X 0.025 titanium molybdenum alloy intrusion arch to
the anterior segment of the side with extruded teeth
allows improvement of both OC and the deep bite.
Unilateral extrusion can be obtained with a cantilever
extrusion arch in the anterior segment during the
treatment of OC patients without a deep bite.”®
Posterior OC can be eliminated using a palatal arch
in the maxilla and a lingual arch in the mandible.”
For the treatment of mandibular OC, tip back
activation on the side of OC and tip forward activation
on the contralateral side is successful.”

Kang et al’® developed a biomechanical system
known as rhythmic wire to correct canted OP. This
system consists of 2 miniscrews (on the maxillary

and mandibular teeth), intrusion wire, extrusion wire,
and a transpalatal lingual arch to maintain the third-
order torque of the posterior teeth.”® If a reduction in
the strength of intrusion force is desired, the length
of the wire can be shortened or helices may be
added to the wires. Intrusion and extrusion arches
should be used simultaneously to ensure the
integrity of occlusal contact.”®

Undesired movements such as buccal or lingual
tipping of the molars can occur with extrusion or
intrusion. To reduce the side effects of intrusion and
extrusion, transpalatal or lingual arches can be
used.”®

Skeletal anchorage. The treatment of OC is
based on intrusion of extruded molars and extrusion
of intruded molars. Extrusion of molars can increase
the posterior rotation tendency of the mandible as
well as the anterior vertical height. Intrusion of
molars is more stable and decreases the anterior
vertical height.”” In the treatment of intruded molars,
the use of alternative devices such as occipital
headgear, removable appliances with elastics, mod-
ified palatal appliances, elastomeric chain, and
magnets has been suggested.®"”® Use of conven-
tional anchorage during extrusion of molars leads to
undesired side effects, a decrease in patient
cooperation, and increased duration of therapy.”®
Therefore, the use of miniscrews and miniplates as
skeletal anchorage devices has been introduced for
the intrusion of molars.®’ Although the optimum
intrusion force needed for molar intrusion with
miniscrews has not yet been reported, increased
force levels can be used with miniscrews and
miniplates.®"8° It has been demonstrated that
genuine intrusion of molars was obtained with forces
of 500 g,%° 200-300 g,°" and 150-250 g’ without
root resorption. To prevent flaring and rotation during
intrusion, intrusion forces should be applied both
bucally and lingually.®'

Molar intrusion can also be achieved using
miniplates.89#283 Use of miniplates has become
widespread in orthodontics for skeletal anchorage
and fixation of osteotomy segments during surgical
procedures.®? Several studies have revealed that
the zygomatic buttress area is an efficient anchor-
age area for managing intrusion movement of the
posterior maxillary segment.828485 Following 4-7
days of anchor plate insertion, an intrusion force of
up to 400 g can be applied with nickel-titanium
closed coil springs.®® Prevention of potential molar
tipping during intrusion can be achieved with a
transpalatal arch.®® Sherwood et al.®2 achieved
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molar intrusion of 1.99 mm in 5.5 months,®? while
Erverdi et al.%® demonstrated molar intrusion of 2.6
mm in 5.1 months.®® In addition, the duration of
corticotomy-enhanced intrusion of the posterior
maxillary segment with miniplate anchorage is
shorter.” A shorter intrusion duration is advanta-
geous in terms of the risk of devitalization and root
resorption.8¢ Hwang and Lee® suggested that after
corticotomy-enhanced intrusion, 90 g of force
application is sufficient to prevent the relapse of
molar intrusion.

Orthodontic camouflage and orthognathic surgery
combination therapy. This type of therapy includes
OC treatment with skeletal anchorage (miniscrews
or miniplates) in the maxilla and orthognathic
surgery in the mandible to provide facial symmetry.
In patients with OC and facial asymmetry, OC
caused by unilateral overerupted posterior maxillary
teeth can be treated with miniscrews. Therefore, the
requirement for Le Fort | osteotomy can be
eliminated.®® After OC treatment with miniscrews,
the alternative surgical intervention techniques for
facial asymmetry include sagittal split ramus osteot-
omy and genioplasty®’ and/or intraoral vertical
ramus osteotomy.®?

CONCLUSION

Occlusal plane canting in the vertical plane is one
of the parameters affecting smile esthetics and
originates from facial asymmetry and/or vertical
position asymmetry of the right and/or left quadrants
of the dental arches without facial asymmetry. The
number of individuals with OC is rising, and people
are becoming more aware of this issue. To obtain
satisfactory treatment results in individuals with OC,
the etiologic factors of OC should be examined, the
classification of OC should be considered, and the
benefits of alternative treatment choices should be
discussed.

REFERENCES

1. Janzen E. A balanced smile: a most important treatment
objective, Am J Orthod. 1977;72:359-372.

2. Garber DA, Salama MA. The aesthetic smile: diagnosis and
treatment. Periodontology. 2000;11:18-28.

3. Ackerman MB, Ackerman JL. Smile analysis and design in
the digital era. J Clin Orthod. 2002;36:221-236.

4. Burstone CJ, Marcotte MR. The treatment occlusal plane.
In: Problem Solving in Orthodontics: Goal-Oriented Treat-
ment Strategies. Chicago, lll: Quintessence; 2000:31-50.

5. Kasrovi PM, Meyer M, Nelson GD. Occlusion: an orthodon-

Turkish J Orthod Vol 27, No 4, 2014

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

tic perspective. J Calif Dent Assoc. 2000;28:780-790.
Review.

. Davies SJ, Gray RM, Sandler PJ, O’'Brien KD. Orthodontics

and occlusion. Br Dent J. 2001;191:539-542, 545-549.

. Okeson JP. Management of Temporomandibular Disorders

and Occlusion. 7th ed. St Louis, MO: Mosby; 2013.

. Spee FG. The gliding path of the mandible along the skull. J

Am Dent Assoc. 1980;100:670-675. In Kumar KP, Tamiz-
harasi S. Significance of curve of Spee: an orthodontic
review. J Pharm Bioallied Sci. 2012;4(suppl 2):323-328.

. Vukusi¢ N, Lapter M, Mureti¢ Z. Change in the inclination of

the occlusal plane during craniofacial growth and develop-
ment. Coll Antropol. 2000;24:145-150.

Schudy FF. The rotation of the mandible resulting from
growth: its implications in orthodontic treatment. Angle
Orthod. 1965;35:36-50.

Tanaka EM, Sato S. Longitudinal alteration of the occlusal
plane and development of different dentoskeletal frames
during growth. Am J Orthod Dentofacial Orthop. 2008;134:
602.e1-602.e11.

Dixon AD, Hoyte DAN, Ronning O. Fundamentals of
Craniofacial Growth. Boca Raton, FL: CRC Press; 1997.

Cheong YW, Lo LJ. Facial asymmetry: etiology, evaluation,
and management. Chang Gung Med J. 2011;34:341-351.
Review.

Samman N, Tong AC, Cheung DL, Tideman H. Analysis of
300 dentofacial deformities in Hong Kong. Int J Adult
Orthodon Orthognath Surg. 1992;7:181-185.

Severt TR, Proffit WR. The prevalence of facial asymmetry
in the dentofacial deformities population at the University of
North Carolina. Int J Adult Orthodon Orthognath Surg. 1997;
12:171-176.

Haraguchi S, Takada K, Yasuda Y., Facial asymmetry in
subjects with skeletal class Il deformity. Angle Orthod.
2002;72:28-35.

Maeda M, Katsumata A, Ariji Y, Muramatsu A, Yoshida K, et
al. 3D-CT evaluation of facial asymmetry in patients with
maxillofacial deformities. Oral Surg Oral Med Oral Pathol
Oral Radial Endod. 2006;102:382—-390.

Chew MT. Spectrum and management of dentofacial
deformities in a multiethnic Asian population. Angle Orthod.
2006;76:806—-809.

Celikoglu M, Akpinar S, Yavuz |. The pattern of malocclusion
in a sample of orthodontic patients from Turkey. Med Oral
Patol Oral Cir Bucal. 2010;15:791-e796.

Good S, Edler R, Wertheim D, Greenhill D. A computerized
photographic assessment of the relationship between
skeletal discrepancy and mandibular outline asymmetry.
Eur J Orthod. 2006;28:97—-102.

Proffit WR, Phillips C, Dann C IV. Who seeks surgical-
orthodontic treatment? Int J Adult Orthodon Orthognath
Surg. 1990;5:153—-160.

Penton-Voak IS, Jones BC, Little AC, Baker S, Tiddeman B,
et al. Symmetry, sexual dimorphism in facial proportions and
male facial attractiveness. Proc Biol Sci. 2001;268:1617—
1623.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jones BC, DeBruine LM, Little AC. The role of symmetry in
attraction to average faces. Percept Psychophys. 2007;69:
1273-1277.

Little AC, Jones BC. Attraction independent of detection
suggests special mechanisms for symmetry preferences in
human face perception. Proc Biol Sci. 2006;273:3093—
3099.

Honn M, G6z G. The ideal of facial beauty: a review [in
German)]. J Orofac Orthop. 2007;68:6—16.

Olivares A, Vicente A, Jacobo C, Molina SM, Rodriguez A,
Bravo LA. Canting of the occlusal plane: perceptions of
dental professionals and laypersons. Med Oral Patol Oral
Cir Bucal. 2013;18:e516—e520.

Padwa BL, Kaiser MO, Kaban LB. Occlusal cant in the
frontal plane as a reflection of facial asymmetry. J Oral
Maxillofac Surg. 1997;55:811-816.

Bishara SE, Burkey PS, Kharouf JG. Dental and facial
asymmetries: a review. Angle Orthod. 1994,64:89-98.

Mah JK, Danforth RA, Bumann A, Hatcher D. Radiation
absorbed in maxillofacial imaging with a new dental
computed tomography device. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2003;96:508-513.

Maruko E, Hayes C, Evans CA, Padwa B, Mulliken JB.
Hypodontia in hemifacial microsomia. Cleft Palate Craniofac
J. 2001;38:15-19.

Huntjens E, Kiss G, Wouters C, Carels C. Condylar
asymmetry in children with juvenile idiopathic arthritis
assessed by cone-beam computed tomography. Eur J
Orthod. 2008;30:545-551.

Pirttiniemi P, Peltomaki T, Muller L, Luder HU. Abnormal
mandibular growth and the condylar cartilage. Eur J Orthod.
2009;31:1-11.

Xavier SP, Ribeiro MC, Sicchieri LG, Brentegani LG,
Lacerda SA. Clinical, microscopic and imaging findings
associated to McCune-Albright syndrome: report of two
cases. Braz Dent J. 2008;19:165-170.

Boutros S, Shetye PR, Ghali S, Carter CR, McCarthy JG,
Grayson BH. Morphology and growth of the mandible in
Crouzon, Apert, and Pfeiffer syndromes. J Craniofac Surg.
2007;18:146-150.

Rogers GF, Greene AK, Oh AK, Robson C, Mulliken JB.
Zygomaticotemporal synostosis: a rare cause of progres-
sive facial asymmetry. Cleft Palate Craniofac J. 2007;44:
106-111.

Peitsch WK, Keefer CH, LaBrie RA, Mulliken JB. Incidence
of cranial asymmetry in healthy newborns. Pediatrics. 2002;
110(6):e72.

Hegtvedt AK. Diagnosis and management of facial asym-
metry. In: L.J. Peterson, A.T. Indressano, R.D. Marciani,
S.M. Roser (Eds.) Oral and Maxillofacial Surgery. Vol 3.
Lippincott, Philadelphia, PA; 1993:1400-1414.

Sarici D, Akin MA, Kurtoglu S, Uzum K, Kiraz A. Asymmetric
crying face in a newborn with isotretinoin embryopathy.
Pediatr Dermatol. 2013 Nov—Dec;30(6):e289—-e290.

Delforge A, Raoul G, Wiss A, Kerbrat JB, Ferri J. [A
classification of cranio-facial syndromes]. Orthod Fr. 2011
Jun;82(2):223-232.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Stone J. Parry-Romberg syndrome clinical characteristics of
205 respondents. Neurology. 2003;61:674—676.

Kovero O, Kéndnen M, Pirinen S. The effect of violin playing
on the bony facial structures in adolescents. Eur J Orthod.
1997;19:369-375.

Das UM, Keerthi R, Ashwin DP, VenkataSubramanian R,
Reddy D, Shiggaon N. Ankylosis of temporomandibular joint
in children. J Indian Soc Pedod Prev Dent. 2009;27:116—
120.

Van Vlimmeren LA, Helders PJ, van Adrichem LN,
Engelbert RH. Diagnostic strategies for the evaluation of
asymmetry in infancy-a review. Eur J Pediatr. 2004;163:
185—-191.

Lagana G, Masucci C, Fabi F, Bollero P, Cozza P.
Prevalence of malocclusions, oral habits and orthodontic
treatment need in a 7- to 15-year-old school children
population in Tirana. Prog Orthod. 2013;14:12.

Caglaroglu M, Kilic N, Erdem A. Effects of early unilateral
first molar extraction on skeletal asymmetry. Am J Orthod
Dentofacial Orthop. 2008;134:270-275.

Burstone CJ. Diagnosis and treatment planing of patients
with asymmetries. Semin Orthod. 1998;4:153-164.

Cheong YW, Lo LG. Facial asymmetry: etiology, evaluation,
and management. Chang Gung Med J. 2011;34:341-351.
Review.

Cho JH, Kim EJ, Kim BC, Cho KH, Lee KH, Hwang HS.
Correlations of frontal lip-line canting with craniofacial
morphology and muscular activity. Am J Orthod Dentofacial
Orthop. 2007;132:278.e7-278.e14.

Perrott DH, Umeda H, Kaban LB. Costochondral graft
construction/reconstruction of the ramus/condyle unit: long-
term follow-up. Int J Oral Maxillofac Surg. 1994;23(6 pt 1):
321-328.

Uzel |, Enacar A. Ortodontide Sefalometri, Cukurova.
Adana, Turkey: Universitesi Basimevi; 2000.

Ghom AG. Textbook of Oral Radiology. Noide, UP, India:
Elsevier; 2008.

Ko EW, Huang CS, Chen YR. Characteristics and corrective
outcome of face asymmetry by orthognathic surgery. J Oral
Maxillofac Surg. 2009;67:2201-2209.

Susarla SM, Dodson TB, Kaban LB. Measurement and
interpretation of a maxillary occlusal cant in the frontal
plane. J Oral Maxillofac Surg. 2008;66:2498-2502.

Forsberg CT, Burstone CJ, Hanley KJ. Diagnosis and
treatment planning of skeletal asymmetry with the submen-
tal-vertical radiograph. Am J Orthod. 1984;85:224-237.

Malkoc S, Sari Z, Usumez S, Koyuturk AE. The effect of
head rotation on cephalometric radiographs. Eur J Orthod.
2005;27:315-321.

Habets LL, Bezuur JN, Naeiji M, Hansson TL. The
orthopantomogram, an aid in diagnosis of temporomandib-
ular joint problems. II. The vertical symmetry. J Oral Rehabil.
1988;15:465-471.

Park SH, Yu HS, Kim KD, Lee KJ, Baik HS. A proposal for a
new analysis of craniofacial morphology by 3-dimensional
computed tomography. Am J Orthod Dentofacial Orthop.
2006;129:600.e23-600.e34.

Turkish J Orthod Vol 27, No 4, 2014



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Yamashita Y, Nakamura Y, Shimada T, Nomura Y, Hirashita
A. Asymmetry of the lips of orthognathic surgery patients.
Am J Orthod Dentofacial Orthop. 2009;136:559-563.

Ferrario VF, Sforza C, Poggio CE, Tartaglia G. Distance
from symmetry: a three-dimensional evaluation of facial
asymmetry. J Oral Maxillofac Surg. 1994;52:1126—-1132.

Song WC, Koh KS, Kim SH, Hu KS, Kim HJ, et al.
Horizontal angular asymmetry of the face in Korean young
adults with reference to the eye and mouth. J Oral Maxillofac
Surg. 2007;65:2164—2168.

Park YC, Lee SY, Kim DH, Jee SH. Intrusion of posterior
teeth using mini-screw implants. Am J Orthod Dentofacial
Orthop. 2003;123:690-694.

Hanson PR, Melugin MB. Surgical/Orthodontic Treatment of
Mandibular Asymmetries. Seminars in Orthodontics. 2009;
15:268-278.

Polley JW, Figueroa A, Cohen M. Leveling of the occlusal
plane during model surgery. J Craniofac Surg. 1993;4:266—
267.

Ko EW, Huang CS, Chen YR. Characteristics and corrective
outcome of face asymmetry by orthognathic surgery. J Oral
Maxillofac Surg. 2009;67:2201-2209.

Ko EW, Hung KF, Huang CS, Chen PK. Correction of facial
asymmetry with multiplanar mandible distraction: a one-year
follow-up study. Cleft Palate Craniofac J. 2004;41:5—-12.

Laufer D, Glick D, Gutman D, Sharon A. Patient motivation
and response to surgical correction of prognathism. Oral
Surg Oral Med Oral Pathol. 1976;41:309-313.

Benson KJ, Laskin DM. Upper lip asymmetry in adults
during smiling. J Oral Maxillofac Surg. 2001;59:396—-398.

D’Andrea E, Barbaix E. Anatomic research on the perioral
muscles, functional matrix of the maxillary and mandibular
bones. Surg Radiol Anat. 2006;28:261-266.

Kim YH, Jeon J, Rhee JT, Hong J. Change of lip cant after
bimaxillary orthognathic surgery. J Oral Maxillofac Surg.
2010 May;68:1106—1111.

Dal Pont G. Retromolar osteotomy for the correction of
prognathism. J Oral Surg Anesth Hosp Dent Serv. 1961;19:
42-47.

Obwegeser H. The indications for surgical correction of
mandibular deformity by the sagittal splitting technique. Br J
Oral Surg. 1964;1:157-171.

Hwang HS, Min YS, Lee SC, Sun MK, Lim HS. Change of
lip-line cant after 1-jaw orthognathic surgery in patients with
mandibular asymmetry. Am J Orthod Dentofacial Orthop.
2009;136:564-569.

Burstone CJ. The segmental arch approach to space
closure. Am J Orthod. 1982:82;361-378.

Burstone CJ. Precision lingual arches, active applications. J
Clin Orthod. 1989;22:101-109.

Kang YG, Nam JH, Park YG. Use of rhythmic wire system
with miniscrews to correct occlusal-plane canting. Am J
Orthod Dentofacial Orthop. 2010;137:540-547.

Kanzaki R, Daimaruya T, Takahashi |, Mitani H, Sugawara J.
Remodeling of alveolar bone crest after molar intrusion with

Turkish J Orthod Vol 27, No 4, 2014

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

skeletal anchorage system in dogs. Am J Orthod Dentofa-
cial Orthop. 2007;131:343-351.

Paik CH, Woo YJ, Boyd RL. Treatment of an adult patient
with vertical maxillary excess using miniscrew fixation. J Clin
Orthod. 2003;37:423-428.

Yao CC, Wu CB, Wu HY, Kok SH, Chang HF, Chen YJ.
Intrusion of the overerupted upper left first and second
molars by mini-implants with partial-fixed orthodontic appli-
ances: a case report. Angle Orthod. 2004;74:550-557.

Mostafa YA, Tawfik KM, El-Mangoury NH. Surgical-ortho-
dontic treatment for overerupted maxillary molars. J Clin
Orthod. 1985;19:350-351.

Umemori M, Sugawara J, Mitani H, Nagasaka H, Kawamura
H. Skeletal anchorage system for open-bite correction. Am J
Orthod Dentofacial Orthop. 1999;115:166—174.

Chang YJ, Lee HS, Chun YS. Microscrew anchorage for
molar intrusion. J Clin Orthod. 2004;38:325-330.

Sherwood KH, Burch JG, Thompson WJ. Closing anterior
open bites by intruding molars with titanium miniplate
anchorage. Am J Orthod Dentofacial Orthop. 2002;122:
593-600.

Sherwood KH, Burch J, Thompson W. Intrusion of super-
erupted molars with titanium miniplate anchorage. Angle
Orthod. 2003;73:597-601.

Melsen B, Petersen JK, Costa A. Zygoma ligatures: an
alternative form of maxillary anchorage. J Clin Orthod. 1998;
32:154-158.

De Clerck H, Geerinckx V, Siciliano S. The zygoma
anchorage system. J Clin Orthod. 2002;36:455-459.

Erverdi N, Tosun T, Keles A. A new anchorage site for the
treatment of anterior open bite: zygomatic anchorage case
report. World J Orthod. 2002;43:147-153.

Erverdi N, Keles A, Nanda R. The use of skeletal anchorage
in open bite treatment: a cephalometric evaluation. Angle
Orthod. 2004;74:381-390.

Kole H. Surgical operations on the alveolar ridge to correct
occlusal abnormalities. Oral Surg Oral Med Oral Pathol.
1959;12:515-529.

Hwang HS, Lee KH. Intrusion of overerupted molars by
corticotomy and magnets. Am J Orthod Dentofacial Orthop.
2001;120:209-216.

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.

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.

Hashimoto T, Fukunaga T, Kuroda S, Sakai Y, Yamashiro T,
Takano-Yamamoto T. Mandibular deviation and canted
maxillary occlusal plane treated with miniscrews and
intraoral vertical ramus osteotomy: functional and morpho-
logic changes. Am J Orthod Dentofacial Orthop. 2009;136:
868-877.





