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ompared with a typical skel-

etal Class Ill mandibular pro-

trusion, an asymmetrical
skeletal Class Ill is a more complex
three-dimensional craniomaxillary
deformity, involving unilateral ex-
cessive mandibular growth or de-
ficient maxillary growth in the sag-
ittal dimension, bilateral
inconsistency of maxillary and

mandibular height in the vertical
dimension, and inconsistency of
the maxillary and mandibular
widths in the transverse dimen-
sion.2 Comprehensive treatment
including presurgical orthodontics,
orthognathic surgery, and post-
surgical orthodontics is required
for these defects to be completely
resolved.3
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The long-term stability of conventional sur-
gical-orthodontic treatment for a severely asym-
metrical skeletal Class III dentofacial deformity
has been considered problematic because of the
possible inadequacy of dental decompensation be-
fore surgery, along with complications due to con-
dylar changes, airway conditions, and muscle pull
and function.* Considering these factors, it is im-
portant to carefully evaluate such a skeletal defor-
mity and the dental compensation mechanisms to
plan presurgical orthodontics that can achieve the
desired goals and ensure stability. The magnitude
and amount of surgical correction will largely de-
pend on the efficacy of the presurgical orthodontic
decompensation, which should be planned in all
three planes of space.>¢ In the sagittal dimension,
the proclined upper incisors and retroclined lower
incisors must be decompensated to place them in
ideal positions with respect to the jaw; in the trans-
verse dimension, the arches must be coordinated
while controlling the torque of the posterior seg-
ments; in the vertical dimension, the overerupted
teeth must be intruded to establish an appropriate
vertical anterior tooth display after surgery.>’

This case report demonstrates comprehensive
surgical-orthodontic treatment of a patient with
severe skeletal discrepancies in all three planes:
sagittal (Class III malocclusion), transverse (facial
asymmetry), and vertical (long face and open bite).

Diagnosis and Treatment Plan

A 27-year-old male presented with an asym-
metrical face, with the chin shifted to the left, a
concave profile, and excessive lower facial height
(Fig. 1). He reported that a mild mandibular trauma
had occurred a month earlier. Intraoral examina-
tion found a more-than-full-cusp Class III molar
relationship, anterior and posterior crossbites, and
an open bite. The patient also exhibited gingival
swelling with bleeding and recession.

Analysis of the study casts showed an overjet
of —4.4mm to —8.07mm and generalized spacing
in the upper and lower anterior segments (Table
1). The upper right first premolar was congenital-
ly missing, and the upper left second molar was
abnormal.
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The panoramic radiograph indicated general-
ized horizontal bone loss in both arches, with the
root of the upper left premolar shorter than normal.
Cephalometric analysis (Table 2) confirmed a skel-
etal Class III relationship (ANB = —4.2°, Wits ap-
praisal = —13.5mm, APDI = 96.4°), a hyperdiver-
gent pattern (SN-MP = 44.9°, FMA = 29.1°,
S-Go/N-Me = 58.3%, y-axis = 74.7°, ODI = 46.7°),
and a skeletal open-bite tendency (ALFH/PLFH =
1.9). The Ricketts frontal cephalometric analysis
indicated skeletal asymmetry of the mandible and
dental asymmetry of the mandibular arch (Table 3).

Cone-beam computed tomography (CBCT)
showed inconsistency in the morphology of the
TMJ and widening of the anterior space on the left
(Fig. 2). Functional examination found no signs of
TMD, although the mandible deflected to the right
when opening.

The diagnosis was a skeletal Class III dento-
facial deformity with facial asymmetry, attribut-
able to abnormal development of the maxilla and
mandible in three dimensions; a congenitally miss-
ing upper right first premolar; an abnormality in
the upper left second molar; and chronic general-
ized periodontitis.

Treatment objectives were to correct the
asymmetrical skeletal Class III deformity, thus
achieving a harmonious facial appearance; align
the dental midlines with each other and with the
facial midline; establish ideal overjet and overbite
with proper interdigitation of the posterior teeth;
improve the periodontal condition; and facilitate
good oral hygiene.

Combined surgical-orthodontic treatment
was the only viable approach to achieve these ob-
jectives. Presurgical orthodontics would decom-
pensate the dentition to achieve a maximum skel-
etal correction and stable postsurgical occlusion. A
Le Fort I osteotomy was planned to advance, slight-
ly rotate, and center the maxilla, with the advance-
ment more pronounced on the left and the impac-
tion on the right and in the posterior regions. In
addition, a bilateral sagittal split ramus osteotomy
would set back and rotate the entire mandible
counterclockwise, with more movement on the right
to level the mandible with the maxilla. Postsurgical
orthodontics would finish and detail the occlusion.
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The presurgical orthodontic decompensation
was carefully planned to coordinate with the
planned surgical movements (Table 4). Maxillary
premolars are commonly extracted to help decom-
pensate proclined upper incisors and coordinate
the midline between the upper dentition and the
maxilla. In this patient, because of the missing
maxillary right first premolar, the upper dental
midline was deviated to the right compared with
the maxillary midline. This was a challenging sit-
uation, since the upper dental midline and facial
midline typically deviate to the same side. We de-
cided to extract the upper left first premolar and to
retract the upper left incisors with strong anchor-
age from a miniscrew in the left maxilla. The pa-
tient agreed to this plan and to extraction of the
lower left and right third molars, followed by two-
jaw surgery to correct his skeletal deformity.

Treatment Progress

Before orthodontic treatment, the patient un-
derwent periodontal therapy, including scaling and
root planing, to control plaque and eliminate in-
flammation. Periodic periodontal maintenance
visits were scheduled during orthodontic treat-
ment.

Presurgical orthodontics began with direct
bonding of .022" x .028" Victory Series brackets*
in both arches; the lower anterior brackets were
rotated 180° to effectively procline the retroclined
lower incisors. A customized orthodontic band was
used to control the abnormal upper left second
molar.

After leveling and alignment of both arches,
the diastema was closed with sliding mechanics on
019" x .025" stainless steel archwires. Self-tapping
miniscrews** were placed buccally between the
roots of the upper first and second molars to pro-
vide strong anchorage for retraction of the upper
left incisors and midline alignment. To expand the
upper arch and coordinate it with the lower arch,
irrespective of the occlusal plane inclination, the
inclinations of the upper posterior teeth (especial-
ly on the left side) were corrected by individual
lingual root-torquing bends in the stainless steel
archwires, and the inclinations of the lower poste-
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rior teeth were corrected by buccal root-torquing
bends. Occlusal interferences were removed by
grinding the lingual marginal ridges of the upper
canines.

After 24 months of presurgical preparation,
the teeth were properly positioned relative to the
jaws, and the upper arch was coordinated with the
lower arch (Fig. 3).

A visual treatment objective and model sur-
gery were used to plan a Le Fort I osteotomy, bi-
lateral sagittal split ramus osteotomy, and genio-
plasty (Fig. 4). The maxilla was advanced by Smm
and drifted to the right by 2.5mm, with a .5mm
impaction on the right side and 4mm extrusion on
the left, as well as a slight clockwise rotation to
correct the open bite. The mandible was set back
by 2mm on the left and 9mm on the right, and
pogonion was advanced by 4mm. Rigid fixation
was used in both the maxilla and the mandible,
with no intermaxillary fixation.

The patient was closely monitored for two
months after surgery. Postsurgical orthodontic
treatment was then initiated, using .019" x .025"
stainless steel archwires to finish and detail the
occlusion.

After a total 31 months of treatment, all ap-
pliances were removed. Considering the typical
bilateral discrepancy in masticatory muscle tension
in a patient with asymmetrical skeletal Class III
dentofacial deformity, we designed special remov-
able acrylic retainers for nighttime wear to help
prevent relapse (Fig. 5).

Treatment Results

Post-treatment records confirmed good es-
thetic and occlusal results (Fig. 6). Cephalometric
analysis (Tables 2,3) and superimpositions showed
significant improvement in the soft and hard tis-
sues. The interdigitation in the left molar area was
still unsatisfactory because of the abnormal upper
left second molar (Fig. 7).

*Trademark of 3M, Monrovia, CA; www.3M.com.

**Ningbo Cibei Medical Treatment Appliance Co. Ltd., Zhejiang,
China.

***Trademark of 3Shape, Copenhagen, Denmark; www.3shape.
com.
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The panoramic radiograph indicated parallel
root positioning, minor root resorption in the an-
terior region, and more significant root resorption
of the upper left premolar, perhaps related to the
patient’s previous occlusal trauma or periodontitis.
CBCT evaluation of facial asymmetry showed that
both the source and magnitude of the deviations
were corrected (Fig. 8, Table 5). Measurements of
airway volume before and after surgery demon-
strated a substantial improvement (Fig. 9, Table 6).
The CBCT image of the TMJ showed slight growth
of the right condyle during treatment (Fig. 10).

Discussion

Asymmetrical skeletal Class III dentofacial
conditions with complex craniomaxillary deformi-
ties and dental compensation mechanisms in three
dimensions are inevitably complex, usually requir-
ing combined surgical-orthodontic treatment to
achieve the best results in terms of occlusal func-
tion, facial esthetics, and long-term stability. An
accurate evaluation of the facial soft tissues and
skeleton, dental compensation mechanisms, TMJ
function, and airway conditions is important in
determining the appropriate treatment plan and
achieving stable long-term results.??

Presurgical orthodontic mechanics should
intentionally avoid any movements that might con-
tribute to relapse. Kim and Baek maintained that
adequate decompensation of the incisors is man-
datory, so that mandibular setback surgery can
retrude the mandible into a more ideal position
with a more esthetic profile.!° In the case shown
here, we used U1-PP rather than U1-SN to deter-
mine the inclination of the maxillary incisors for
presurgical decompensation, since a proper U1-PP
angle means the incisors are in normal positions
with respect to the maxilla. Therefore, because the
dentition and the maxilla are moved as a whole
during surgery, the incisors will be in the right
place when the maxilla is moved into the desired
position, and a proper upper incisor display will be
obtained. Presurgical objectives should also in-
clude decompensation of the extrusive teeth in an
open bite; this promotes mandibular rotation in
surgery while avoiding an increase in posterior
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facial height, thus contributing to stability.? With-
out proper vertical control, especially in cases with
intermaxillary occlusal interferences, the bite clo-
sure during postsurgical orthodontics would create
a more forward chin projection.

Because patients with high-angle Class 111
malocclusions tend to have thin alveolar bone la-
bial and lingual to the lower incisor apices,'' ex-
cessive labial proclination of the lower incisors can
increase the risk of gingival recession. Troy and
colleagues advised caution when decompensating
the incisors in patients with severe skeletodental
dysplasias.’ In our patient, considering the severe
periodontal condition of his lower anterior teeth
and his thin gingival biotype, it was crucial to pro-
tect the anterior teeth from tongue pressure during
labial proclination of the lower incisors. In addi-
tion, thin alveolar bone brings the roots closer to
cortical bone, with a consequent risk of orthodon-
tically induced inflammatory root resorption
(OIIRR) of the anterior teeth. Other potential con-
tributors to OIIRR include treatment duration,
magnitude of applied force, amount of tooth move-
ment, and severity and type of malocclusion.'? De-
spite these risk factors, the post-treatment root
resorption in our patient was minor to moderate
except for the upper left second premolar. One
study showed that a hypofunctionally nonocclud-
ing tooth can accelerate the root destruction result-
ing from the mechanical stress of orthodontic
force.® Our patient’s pretreatment occlusal trauma
and poor periodontal condition could also have
contributed to the root resorption of the upper left
second premolar.!4

In recent years, several authors have ex-
pressed concern about the negative effects of a
significant mandibular setback on the posterior
airway space.!> This may result from the hyoid
bone following the direction of the surgical move-
ment as the mandible is displaced downward and
backward.'® Studies have also demonstrated the
constrictive effect of an insufficient maxilla on
the upper airway in patients with skeletal Class
III deformities.>!” Hyperdivergent patients have
a narrower anteroposterior pharyngeal dimension,
and patients with long faces tend to have extreme-
ly narrow airways, both anteroposteriorly and
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coronally.!® Considering the risk of upper airway
obstruction, it is essential to evaluate the upper
airway morphology when formulating a treatment
plan for an asymmetrical skeletal Class III dento-
facial deformity. In our patient, to avoid deleteri-
ous positioning of the hyoid bone after the man-
dibular setback, we performed a genioplasty to
advance pogonion by 4mm—not only for esthet-
ic reasons, but to bring the genioglossal muscle
forward, pulling the tongue away to avoid upper
airway obstruction in the hypopharynx.'” Our 3D
airway volume analysis demonstrated enlarge-
ment of the palatopharynx. Advancement of the
maxilla and counterclockwise rotation of the
maxillomandibular complex may also have helped
reduce airway obstruction.?’ Total airway volume
did not change after surgery, and the patient
showed no symptoms of obstructive sleep apnea.
Considering his hypertrophy and low tongue po-
sition, however, we advised the patient to perform
tongue exercises throughout treatment to promote
adaptation to a reduced capacity of the oral cav-
ity after surgery.

Asymmetrical growth of the condyle may
continue in some cases after stabilization of a de-
velopmental mandibular deformity, leading to
postsurgical relapse of mandibular asymmetry.”!
In our patient, post-treatment CBCT imaging of
the TMJ showed slight growth of the right condyle,
which could have resulted either from asymmetri-
cal growth of the condyle or from hyperplasia
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caused by the mild mandibular trauma before
treatment. Technetium *m-methyl diphosphonate
(®mTc-MDP) is generally used to evaluate devel-
opmental characteristics of an asymmetrical man-
dibular condyle and to provide diagnostic guidance
for treatment of these patients.?? Our patient de-
clined a “mTc-MDP examination because of the
expense and inconvenience. To prevent a relapse
of the mandibular asymmetry, we built in some
overcorrection and designed special retainers that
would adapt to the postsurgical jaw position.

Conclusion

In comprehensive surgical-orthodontic treat-
ment of a patient with severely asymmetrical skel-
etal Class III discrepancies, accurate presurgical
decompensation in all three dimensions is the key
to success. Careful analysis and planning will de-
termine the magnitude and type of surgical cor-
rection. U1-PP should be used rather than U1-SN
to define the inclination of the maxillary incisors
and ensure ideal positions after surgery. Periodon-
tal and airway conditions and TMJ function are
other important factors to consider in establishing
an overall treatment plan.
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TABLE 1
STUDY CAST ANALYSIS
Anterior Bolton Analysis Overall Bolton Analysis

Upper 3-3 width 41.98mm Upper 6-6 width 80.90mm

Lower 3-3 width 35.48mm Lower 6-6 width 83.17mm
Ratio .85 Ratio 1.03

Pretreatment Presurgery Post-Treatment

Overjet

Upper left central incisor -7.16mm -14.06mm 2.18mm

Upper right central incisor -4.40mm -12.00mm 2.69mm

Upper right lateral incisor -5.93mm -9.87mm 2.67mm

Upper left lateral incisor -8.07mm -8.95mm 2.16mm
Arch-width analysis

Upper 3-3 36.11Tmm 35.18mm 35.37mm

Lower 3-3 28.55mm 26.57mm 26.30mm

Upper 6-6 57.03mm 51.83mm 51.27mm

Lower 6-6 53.47mm 48.32mm 48.57mm
JCO/JULY 2021 210706
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TABLE 2
LATERAL CEPHALOMETRIC ANALYSIS
Norm = S.D. Pretreatment Presurgery Post-Treatment
Skeletal
SNA 82.0°+3.5° 73.7° 74.0° 78.9°
SNB 80.9° +3.4° 77.9° 78.7° 76.9°
ANB 1.6°+1.5° -4.2° -4.8° 2.0°
Pog-NB 3.0mm = 1.7mm 1.4mm 1.3mm 4.7mm
FMA 22.9°+4.5° 29.1° 28.3° 27.4°
Wits appraisal =1.0mm + 1.0mm -13.5mm -13.6mm -1.8mm
S-Go/N-Me 61.0% + 2.0% 58.3% 58.7% 61.5%
Y-axis 67.0+5.5° 74.7° 73.7° 73.1°
Overbite depth indicator 74.5°+5.0° 46.7° 44.7° 57.7°
Anteroposterior dysplasia indicator 81.4°+5.0° 96.4° 98.9° 83.1°
SN-MP 33.0°+6.0° 44.9° 43.8° 41.6°
ALFH/PLFH 1.510.1 1.9 1.8 1.8
Dental

UT1-NA 4.3mm t 2.7mm 9.4mm 5.3mm 5.0mm
U1-NA 22.8°+5.7° 41.5° 30.7° 30.2°
L1-NB 4.0mm £ 1.8mm 7.8mm 6.5mm 6.6mm
L1-NB 25.3°16.0° 29.0° 32.0° 26.9°
U1-SN 103.1° £5.5° 115.3° 104.6° 109.1°
U1-PP 110.0° £ 5.0° 127.2° 116.0° 116.0°
IMPA 95.0°+7.0° 86.2° 89.4° 88.5°
FMIA 65.7° + 8.5° 64.7° 62.3° 64.1°
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TREATMENT OF A PATIENT WITH SEVERELY ASYMMETRICAL SKELETAL CLASS 1l

Norm = S.D. Pretreatment Presurgery Post-Treatment

Dental relationships

Lower intermolar width 54.5mm  2.0mm 58.0mm 54.Tmm 49.9mm

Lower intercanine width 27.5mm £ 1.5mm 40.5mm 25.0mm 24.9mm

Dental midline discrepancy 0.0mm t 1.5mm -4.5mm 2.6mm 0.9mm
Maxillomandibular relationships

Left frontal convexity 13.4mm t 2.5mm 16.2mm 15.4mm 11.8mm

Right frontal convexity 13.4mm + 2.5mm 12.9mm 12.5mm 7.3mm

Maxillomandibular midline 0.0mm + 2.0mm 7.0mm 7.5mm 0.9mm
Skeletal/dental

Occlusal plane tilt 0.0°+2.0° -4.0° -5.3° -1.0°

Left molar to jaw 13.Tmm  1.7mm 4.9mm 7.3mm 11.7mm

Right molar to jaw 13.Tmm + 1.7mm 15.3mm 15.4mm 16.3mm

Dentition to jaw midline 0.0mm + 1.5mm -1.2mm 3.5mm 1.5mm
Deep skeletal structure

Maxillary width 66.0mm + 3.0mm 61.3mm 62.4mm 69.2mm

Mandibular width 85.7mm t 3.0mm 92.4mm 92.3mm 87.3mm

Facial width 132.2mm + 3.0mm 144.9mm 142.3mm 143.0mm
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TABLE 4
MECHANISM OF SKELETAL DISCREPANCY AND
SURGICAL-ORTHODONTIC TREATMENT DESIGN

Skeletal Dental Orthodontic Planned Movement
Discrepancy Compensation Decompensation of Both Jaws
Sagittal
Retrognathic maxilla Proclined upper incisors Extract upper left first Advance maxilla by 5mm;
(more evident on left) premolar to retract incisors  drift right by 2.5mm
with strong anchorage
Prognathic mandible Retroclined lower incisors  Labially procline lower Set back mandible
with asymmetry incisors
Transverse
Both jaws rotated left Upper dental midline Extract upper left first Center maxilla and
deviated to right; lower premolar to coordinate coordinate upper midline
dental midline deviated to  upper midline with maxilla  with facial midline
left
Upper and lower dental Use proper bracket
midline tilted right positioning to restore tip of
anterior teeth
Narrow maxilla Upper left molars buccally  Expand upper arch and

inclined; upper right molars  control negative torque of
slightly lingually inclined upper posterior segments,
especially upper left molars

Wide mandible Lower molars (especially Adjust lower arch and
lower left) lingually inclined control positive torque of
lower posterior segments,
especially lower left molars

Vertical
Skeletal open bite Overerupted incisors Intrude overerupted anterior Rotate maxilla slightly
teeth, especially left incisors clockwise
Maxillary plane tilted right Overerupted upper left Intrude upper left posterior  Impact maxilla .5mm on right
molars segment with miniscrew side; extrude it 4mm on left
anchorage side
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TABLE 5
FACIAL ASYMMETRY ANALYSIS*
Presurgery Post-Treatment

Right Left Difference Right Left Difference
Maxillary height 30.9mm 27.9mm 3.0mm 29.7mm 30.8mm 1.1Tmm
Ramal length 63.8mm 60.0mm 3.8mm 64.2mm 59.6mm 4.6mm
Mandibular body length 91.0mm 82.8mm 8.2mm 82.6mm 81.4mm 1.2mm
Mandibular body height 41.0mm 36.Tmm 4.9mm 40.0mm 40.7mm 0.7mm
Frontal ramal inclination 60.0° 76.0° 16.0° 70.0° 75.8° 5.8°
Lateral ramal inclination 70.0° 84.6° 14.6° 69.5° 79.8° 10.3°

*From three-dimensional images in Anatomage Invivo Dental 5.4.5, Anatomage, Santa Clara, CA; www.anatomage.com.

TABLE 6
AIRWAY MEASUREMENTS*
Presurgery Post-Treatment

Lateral cephalometric

SPP-SPPW 5.3mm 7.2mm

U-MPW 7.4mm 7.7mm

TB-TPPW 9.5mm 8.5mm

V-LPW 5.6mm 7.0mm

C3-RGn 49.7mm 68.5mm
Cone-beam computed tomography

Palatopharynx** 5.46¢cc 10.91cc

Glossopharynx*** 8.59cc 6.49cc

Hypopharynxt 3.13cc 2.19cc

Total airway 16.81cc 18.87cc

*From Dolphin Imaging 11.0, Dolphin Imaging and Management Solutions, Chatsworth, CA;
www.dolphinimaging.com.

**Area between posterior nasal spine (PNS) and posterior plane (PPA) to soft palate area
plane (SPA).

***Area between soft palate area plane (SPA) to posterior tongue base plane.

tArea between posterior tongue base plane to plane of C4s (most anterosuperior point of
fourth cervical vertebra), parallel to SN.

JCO/JULY 2021 210710



TREATMENT OF A PATIENT WITH SEVERELY ASYMMETRICAL SKELETAL CLASS 1l

Fig. 1 27-year-old male patient with
severe skeletal Class Il dentofacial
deformity, asymmetrical face, and
concave profile before treatment
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Fig. 1 (cont.) 27-year-old male patient with severe skeletal Class Ill dentofacial deformity, asymmetrical face, and
concave profile before treatment.

Fig. 2 Cone-beam computed tomography (CBCT) images of TMJs before
treatment.
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Fig. 3 After 24 months of presurgical orthodontic treatment (continued on
next page).
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Fig. 4 Model surgery.

Fig. 5 Special retainers designed for nighttime wear.
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Fig. 6 A. Patient after 31 months of
surgical-orthodontic treatment (con-
tinued on next page).
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,‘ Fig. 6 (cont.) A. Patient after 31
months of surgical-orthodontic treat-
ment. B. Superimposition of lateral
cephalometric tracings before treat-
ment (black), before surgery (red),
and after treatment (blue). C. Super-
imposition of posteroanterior cepha-
lometric tracings before treatment
(black), before surgery (red), and af-
ter treatment (blue).
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Fig. 7 Occlusal contacts (from Ortho-
Analyzer*** 2017 x64). A. Before
treatment. B. After 12 months of pre-
surgical orthodontic treatment.
C. Before surgery. D. After model
surgery. E. After treatment.

***Trademark of 3Shape, Copenhagen, Denmark; www.3shape.com.
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Maxillary height (mm)

Ramal length (mm)

Mandible body length (mm)

Mandible body length (mm)

Lateral ramal inclination (°) ¢} 12,10 8 ¢ 2.2,

Frontal ramal inclination (°) ¢, 2% 12,10 & © ¢ 2

Fig. 8 A. Three-dimensional images of facial asymmetry generated from CBCT. B. Facial asymmetry analysis
before surgery (red) and after treatment (blue).
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Fig. 10 CBCT images of TMJ after treatment.
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