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This case report illustrates the successful treatment of a patient with skeletal
(Class 11 malocclusion and an unesthetic smile involving excessive gingival display
and large buccal corridors. By applying dual buccal interradicular miniscrews,
total intrusion of the maxillary dentition along with distalization was induced to
improve both the occlusion and smile esthetics. In addition to the conventional
cephalometric superimposition, three-dimensional superimposition was
performed and evaluated to validate the treatment outcome.
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INTRODUCTION

The improvement of smile esthetics is a top priority in
contemporary adult orthodontic treatment. In addition
to ideal occlusion, adequate gingival display with a
harmonious gingival line, balanced smile arc, and ideal
buccal corridor are key factors for an esthetic smile and
facial attractiveness."”

Excessive gingival display, also known as “gummy
smile,” is characterized by excessive exposure of the
maxillary gingiva while smiling. Gingival display of
more than 2 mm while smiling is considered excessive
and unattractive.” Gummy smile is caused by skeletal
disharmony, such as vertical and horizontal excess of the
maxilla or the maxillary dentition, which, in many cases,
accompanies a functional imbalance of soft tissues,
such as the upper lip or elevating muscles.”® Thus, in
general, various intrusion or surgical mechanics are
applied to reduce the vertical dimension of the maxillary
arch or maxilla based on the etiology and severity of the
malocclusion.” However, changes in the vertical exposure
of the maxillary anterior teeth may also influence the
smile arc esthetics in the transverse dimension. From a
clinical perspective, excessive intrusion of the maxillary

anterior teeth produces a flat or reverse smile arc, which
is considered unattractive and less esthetic than is a
consonant smile arc.’

Among the various intrusion mechanics applied during
orthodontic treatment, the application of temporary
anchorage devices (TADs) is well known for its
effectiveness in the intrusion of the anterior or posterior
teeth.”'” In addition to selective regional intrusion, a
biomechanical approach has been proposed in order to
achieve full-arch intrusion along with distalization in
the maxillary dentition by applying multiple interdental
miniscrews (i.e., 2 miniscrews on each side). Dual force
vectors allow the line of action to pass through the
center of resistance (CR) of the entire maxillary arch
and facilitate the retraction and intrusion of the entire
dentition without changes in the occlusal plane."”

Herein, we report the treatment outcome with follow-
up results of an adult patient with skeletal Class 11
malocclusion who was concerned about her unesthetic
smile. After a thorough evaluation of smile esthetics,
we applied total maxillary intrusion combined with
distalization to establish ideal occlusion and to improve
the smile esthetics as well as soft-tissue profile.
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Figure 1. Pretreatment facial
and intraoral photographs.
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Figure 2. Pretreatment dental casts.

DIAGNOSIS AND ETIOLOGY

A 25-year-old woman visited the clinic with the chief
complaint of an unattractive and awkward smile and lip
protrusion. The pretreatment frontal facial photographs
indicated a symmetric face with relatively harmonious
facial proportions. However, excessive gingival display,
crowding, and relatively large buccal corridors were
noted at full smile. She also had a retrognathic
mandible with protrusive upper and lower lips. An
intraoral examination indicated deep overbite (4 mm)
and Class 11 canine and molar relationship. The arch
length discrepancy was —1.5 mm in both the arches.
The maxillary arch form was narrow and tapered with
a decreased intercanine width of 31.4 mm compared to
the normal width of 33.7 mm.'* The mandibular arch
showed a deep curve of Spee (Figures 1 and 2).

The initial radiographic evaluation indicated mild
flattening of both the condyles with relatively short
ramal height. However, no dental or skeletal midline
deviation was observed. The cephalometric analysis
showed a skeletal Class 11 relationship with a retrognathic
mandible (sella-nasion-A point [SNA], 77.2°; sella-
nasion-B point [SNB], 70.6°; A point-nasion-B point
[ANB], 6.6°) and a hyperdivergent profile (mandibular
plane angle, 49.0°). Because of the retrusive mandible,
the upper and lower lips protruded 3.9 and 4.2 mm,
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respectively, to the E-line. The maxillary incisors were
retroclined (U1 to SN, 93.5°) and the mandibular incisors
were proclined (IMPA, 100.9°) (Figure 3).

Since the patient’s chief complaint was focused on
the unattractive smile, we additionally evaluated the
smile esthetics. At full smile, she had excessive gingival
display (> 3.5 mm), but the smile arc was consonant
to the lower lip. The overall vertical proportion of the
middle 1/3 of the face (G-Sn/Sn-Me’) and the maxilla
(N-ANS/ANS-Me) were within normal boundaries at
1.2 and 0.8, respectively, whereas the distance from the
maxillary incisor tip to the nasal floor (U1 to nasal floor)
and maxillary incisor show (U1 to STMs) were high at
34.4 and 5.0 mm, respectively. These findings indicated
that the main cause of excessive gingival display was
the overeruption of the maxillary incisors rather than
the vertical growth of the maxilla.”” Periodontal analysis
revealed no specific sign of gingival hyperplasia, and
the probing depth was within normal range (< 3 mm).
The patient displayed a thick flat biotype, with a crown
width/length ratio of 1.0, indicating a shorter crown
height than crown width.

The buccal corridor ratio (calculated as the difference
between the visible maxillary dentition width and the
inner commissure width divided by the inner commissure
width) was 25%, which was relatively large compared
to the esthetic normal ratio of 10-15%.'® Along with
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the tapered arch form, the lingual crown torque of the
maxillary canines and premolars was excessive at —9°
and —12°% respectively, when compared to the normal
torque of —-0.8° and —6.3°, respectively, for Koreans."
The excessive lingual crown torque of the canines and
premolars negatively affects smile esthetics.'

On the basis of these findings, the patient was
diagnosed with a hyperdivergent skeletal Class 11
malocclusion and an unesthetic smile.

TREATMENT OBJECTIVES

The treatment objectives were (1) to improve the
smile esthetics by reducing excessive gingival display
and buccal corridors while maintaining an ideal smile
arc; (2) to improve facial esthetics; and (3) to establish
functional occlusion.
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Figure 3. Pretreatment radio-
graphs and cephalometric
tracing.

TREATMENT ALTERNATIVES

Since the malocclusion and associated lip protrusion
were mainly caused by the retrusive mandible/chin
with a steep mandibular plane angle, the first treat-
ment option was to combine orthognathic surgery
for advancing the mandible with the extraction of
the mandibular premolars. Along with mandibular
advancement, maxillary impaction can be considered
to reduce the excessive gingival display and to ensure
stability. These surgical approaches may improve the
overall facial profile and the gummy smile per se."”
However, the main cause of the unesthetic smile had a
dentoalveolar origin rather than a skeletal origin, and
the expected final occlusion after surgery would be a
Class 111 molar relationship.

The main objective of the camouflage treatment would
be to reduce lip protrusion (sagittal) and to improve the
smile esthetics (vertical and transverse). According to the
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Table 1. Cephalometric summary

Measurement Norm (SD) Pretreatment Posttreatment
Skeletal
SNA () 81.6 (3.2) 77.2 76.9
SNB () 79.1(3.0) 70.6 70.9
ANB (°) 2.4(1.8) 6.6 6.0
Wits (mm) —2.7(2.4) -0.1 -13
SN to MP (°) 33.0 (5.0) 49.0 48.3
Bjork sum (°) 393.3(5.1) 409.0 408.4
Gonial angle (°) 118.6 (5.8) 129.3 129.4
Mandibular body length (mm) 78.0 (4.3) 75.0 75.0
Anterior facial height (mm) 127.4 (5.6) 130.0 128.5
Posterior facial height (mm) 66.8 (5.5) 73.3 73.0
Dental
U1 to SN (°) 106.0 (6.0) 93.5 93.5
IMPA (°) 95.9 (6.3) 100.9 92.8
Ul to A-Pog (mm) 7.9(2.3) 11.5 6.1
L1 to A-Pog (mm) 4.6 (2.1) 7.3 2.6
U1-NF (mm) 27.5(1.7) 34.4 31.4
U1 to STMs (incisor show) (mm) 2.0 (2.0) 5.0 2.0
Soft tissue
Upper lip to E-line (mm) -0.8(2.1) 3.9 1.6
Lower lip to E-line (mm) 0.5(2.3) 4.2 0.5

SNA, Sella-nasion-A point; SNB, sella-nasion-B point; ANB, A point-nasion-B point; SN, sella-nasion; MP, mandibular plane;
U1, upper incisor; IMPA, lower incisor mandibular plane angle; Pog, pogonion; STMs, stomion superius; NF, nasal floor; L1,

lower incisor; E-line, esthetic line.

visualized treatment objective, an approximately 3-mm
retraction of the incisors was needed to ensure an ideal
incisor position against the A-Pog line and facial plane
(Table 1). Conventionally, the extraction of 4 premolars
has been an effective option to control the sagittal and
vertical problems. However, considering the small arch
length discrepancy, over 4 mm of anchorage loss was
expected after premolar extractions. In addition, in the
transverse dimension, it was necessary to upright the
canines and premolars which showed excessive lingual
crown torque in order to increase the width of the smile
and to decrease the buccal corridors.'® However, if this
treatment option were selected, the changes in the arch
form would eventually have resulted in more residual
space.

The third option was to distalize both the arches to
improve lip protrusion along with vertical control by
using skeletal anchorage.” The anatomic space available
at the maxillary tuberosity distal to the maxillary second
molars (3.6 mm on the right, and 8.9 mm on the left) as
well as the distance to the anterior border of the ramus
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(4.3 mm on the right, and 7.2 mm on the left) and that
to the inner lingual cortex from the mandibular second
molars (3.0 mm on the right, and 1.7 mm on the left)
were sufficient to withhold the amount of necessary
distalization with the extraction of the third molars
(Figure 4).”' In addition, the use of buccal interradicular
miniscrews during distalization biomechanically results
in buccal uprighting of the canines and premolars with
mild arch expansion.'® Since the patient’s smile arc was
consonant to the mandibular lip line, maxillary anterior
intrusion alone may flatten the smile arc, which would
make the patient look older and drastically reduce
the smile attractiveness ratings.® Thus, to specifically
maintain the consonant smile arc, total intrusion of
the maxillary dentition without changing the occlusal
plane was planned with the use of multiple miniscrews."”
This plan would improve the lip protrusion and smile
esthetics without affecting the ideal smile arc. 1t would
also produce a total impaction-like effect on the maxilla,
which may be advantageous to the profile because of
the counterclockwise rotation of the mandible.
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Figure 4. Posterior anatomic
limit for total distalization. A
and B, The available space at
the maxillary tuberosity distal
to the second molars, and the

The three treatment options were discussed with
the patient. Since the frontal smile esthetics and lip
protrusion were the main concerns of the patient,
option 3 was selected as the final orthodontic treatment
option.

TREATMENT PROGRESS

After the extraction of the third molars, 0.018-slot self-
ligation brackets (Clippy C; Tomy Inc., Tokyo, Japan)
were bonded on both the arches, and sequential nickel-
titanium wires were used for leveling and alignment.

In the maxilla, distalization and intrusion of the
complete maxillary dentition was necessary. The
distalizing force applied from a single miniscrew inserted
at the level of the mucogingival junction between the
first molar and second premolar to the retraction hook
of a rigid maxillary archwire results in total distalization
of the dentition. However, it may also result in mild
clockwise rotation of the occlusal plane.” Thus, to
overcome this biomechanical issue and to induce a “total
impaction-like effect” without changes in the occlusal
plane, additional miniscrews were inserted between the
premolars to create a line of force that passes near the
CR of the maxillary arch (Figure 5A)."

The interradicular space between the premolars and
the molar were 2.5 and 2.6 mm (right side), respectively,
and 2.3 and 1.7 mm (left side), respectively, at the
mucogingival junction, approximately 4 mm above the
cementoenamel junction. Considering the possibility
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available space between the
mandibular second molar and
the anterior border of the
ramus in the sagittal plane;
C and D, the available space
between the second molar
crown to the anterior border
of the ramus and between
the root to the inner lingual
cortex of the mandible in the
axial plane.

of root contact along with total arch distalization,
the miniscrews were inserted at the midpoint between
adjacent teeth at 45° angulation relative to the occlusal
plane at the level of the mucogingival junction, as
described in previous studies.”” Four tapered miniscrews
7.0 mm in length and 1.6 mm in coronal diameter (Orlus;
Ortholution, Seoul, Korea) were inserted with two screws
on each side. A 0.016 x 0.022-inch stainless-steel flat
arch wire was engaged using crimpable hooks located
between the maxillary lateral incisor and canine and
between the canine and first premolar. A distal driving
force of 200 g was applied using elastomeric chains
from each miniscrew to the hook in order to deliver
the intrusive and distalizing force vector passing near
the estimated CR (Figure 5B and 5C)."”” At 9 months,
a mild curve of Spee was added to the main archwire
to compensate for the mild torque changes over the
following 3 months. In the mandible, a one-piece
intrusion arch was applied to relieve the curve of Spee
after initial alignment.

After 12 months of treatment, an interim evaluation
of gingival display and lip protrusion was performed.
Despite a great reduction in gingival display while
smiling, without any changes in the ideal consonant
smile arc, sagittal correction was necessary to improve
lip protrusion. The miniscrews (Orlus) were also inserted
between the mandibular second premolar and first
molar with a 45° angulation relative to the occlusal
plane. Full-arch distalization was continued for another
6 months in both the arches (Figure 5D and 5E).
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Figure 5. Biomechanical diagram and intraoral photographs. A, Line of force passing through the center of resistance (CR);
B and C, dual miniscrews used for total intrusion and distalization of the maxillary arch; D and E, additional miniscrews
inserted in the mandible for total distalization of the mandibular arch. F and G, Intraoral photographs before and after
gingivoplasty.

The appliances were removed after 19 months of active
treatment. Although her oral hygiene was ideal and the
probing depth did not exceed 3 mm throughout the
treatment period, the gingival margin of the maxillary
incisors became uneven, and the crown width/length
ratio slightly increased from 1.0 to 1.03 possibly due to
the large amount of intrusion in the maxillary dentition.
Therefore, gingivoplasty was performed on the maxillary
incisors to recontour the gingival margins (Figures 5F
and 5G). Fixed lingual retainers were bonded to the
lingual surfaces of both the arches, and circumferential
retainers were used full time for the first 6 months.

RESULTS

The facial and smile esthetics along with the lateral
profile were improved with the treatment. An ideal
gingival display while smiling was achieved and the
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consonant smile arc was maintained after treatment.
The buccal corridor ratio was reduced to 15%. The
occlusion was completed with a Class 1 canine and molar
relationship along with ideal overjet and overbite. The
height of the gingival margins was even, and the crown
width/length ratio was reduced to 0.8. The patient was
fully satisfied with the treatment outcome (Figures 6-8).

The cephalometric superimposition revealed significant
total intrusion and distalization of the maxillary arch
without changes in the occlusal plane. Counterclockwise
rotation of the mandible could be induced, and it
resulted in mild advancement of the pogonion and
soft-tissue pogonion, as well as slight reduction of the
anterior facial height. Lip prominence was reduced by
2.3 and 3.5 mm in the upper and lower lips, respectively,
after full-arch distalization (Figure 9).

Cone-beam computed tomography (CBCT) images
taken before and after treatment were superimposed
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Figure 6. Posttreatment facial
and intraoral photographs.

Figure 7. Posttreatment dental casts.
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on the cranial base. It indicated total impaction of the
maxillary dentition along with counterclockwise rotation
of the mandible. Specifically, the maxillary incisors were
intruded 2.0 mm and distalized 3.0 mm from the initial
position while maintaining the incisor torque, whereas
the maxillary molars were intruded 2 mm and distalized
2.5 mm on the right side and 3.5 mm on the left side.
In the mandible, the incisors were intruded 2.0 mm and
uprighted 2.0 mm, whereas the molars were distalized
and uprighted by 2.0 mm along with the distal tip of
the mandibular second molars (Figrue 10). Along with
tooth movement, changes in the arch form, including
flattening of the anterior arch, were noted in both the
arches (Figure 11). The position of both the condyles
was maintained throughout the treatment (Figure 12).
Mild root blunting was observed at the incisors after
treatment. However, the overall position of the incisors
was within the biological boundaries, and the torque
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Figure 8. Posttreatment radio-
graphs and cephalometric
tracing.

was maintained (Figure 13).

The patient did not comply with the directions regard-
ing the use of the removable retainers. Nevertheless, the
occlusion and smile esthetics were stably maintained
throughout the follow-up period. She maintained
excellent oral hygiene, and her periodontal condition
was ideal (Figure 14). Superimposition analyses
performed at debonding and after 15 months of follow-
up did not indicate any clinical significance (Figure 15).

DISCUSSION

When the intraoral aspects of the occlusion per se
are evaluated, the patient in the present case may
be considered as having a simple Class 11 deepbite
malocclusion. However, the diagnosis based on the smile
esthetics revealed problems in the vertical (excessive
gingival display, but with a consonant smile arc) and
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2 N EI ig)
Figure 9. Cephalometric su-
perimposition. Black, initial;
red, final.

Figure 10. Three-dimensional cone-beam computed tomography superimposition to the cranial base. A, Sagittal cut near
the midsagittal plane showing the mesial margins of the maxillary right central incisors. Incisal intrusion and distalization
along with the changes in the lips are noted. Black, initial; white, final. B and C, Sagittal cut along the posterior arch
form connecting the midroot portion of each tooth showing the movement of the maxillary and mandibular posterior
teeth. Translation of the maxillary molars and the distal tip of the mandibular molars are noted. Black solid line, initial;

white dotted line, final.

68 https://doi.org/10.4041/kjod.2017.47.1.59 www.e-kjo.org



Baek et al ® Total intrusion for smile esthetics

Kjo-

Initial

Maxilla
crown level

Maxilla
root level

Mandible
crown level

Mandible
root level

Superimposition

Figure 11. Changes in the arch form and tooth position following treatment. Axial cuts were made at the mid-crown
level and midroot level before and after treatment. Black, initial; white, final.

transverse planes (large buccal corridors) in addition
to the sagittal (lip protrusion and Class 11 relationship)
plane. Therefore, three-dimensional (3D) tooth move-
ment was planned to improve both the static and func-
tional smile esthetics.

Simple biomechanics like TADs can be applied to
achieve 3D movement of the whole dentition without
concerns regarding anchorage or patient compliance.
The CR of the whole maxillary dentition is suggested to
be near the middle area of the premolar roots.”’ From a
biomechanical perspective, a line of distalization force
applied from the TADs to the maxillary arch by using
hooks between the canine and lateral incisor passes
below the CR point, because the TADs are frequently
inserted in the attached gingival zone between the
maxillary first and second premolars. This may steepen
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the occlusal plane and clinically aggravate the gummy
smile.'®* Thus, we applied two additional miniscrews,
one on each side between the premolars, and applied
individual forces to the 2 hooks on each side to ensure
that the line of action passes close to the CR (Figure
5)."” As a result, simultaneous total distalization and
intrusion of the maxillary dentition was effectively
achieved, thereby improving both the smile esthetics as
well as the occlusion.

Traditionally, orthodontists have focused more heavily
on the views of the face from the lateral aspect than
do most other viewers. However, facial attractiveness
correlates more highly to smiling photographs than
to profile photographs.”” Considering the patient’s
needs and esthetic concerns, the smile esthetics were
monitored throughout the treatment period, and the
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Initial Final

Superimposition

Figure 12. Three-dimensional cone-beam computed
tomography superimposition of the temporomandibular
joint. No distinct changes in condylar position are noted.

treatment outcome was evaluated in the transverse,
vertical, and sagittal planes.

In the transverse plane, the use of dual buccal
interradicular miniscrews broadened the arch form,
as has been suggested in previous reports.”® Thus, the
buccal corridor ratio at smile improved from 25% to
15%, which was close to the ideal ratio of 10-15%."
Initially, the patient had a narrow tapered arch form
with excessive lingual crown torque in the maxillary
canine and premolars. In such cases, buccal uprighting
of the canines and premolars is recommended to
widen the smile and reduce the buccal corridors.'
Buccal uprighting of the canine and premolars results
in arch expansion. However, unlike the conventional
arch expansion in adults, which is well known for
its instability, buccal uprighting shows high long-
term stability.” From a biomechanical perspective, we
utilized buccal miniscrews, which eventually result
in buccal tipping throughout the treatment process.
Accordingly, the excessive lingual crown torque was
normalized, and the change in the arch form was
beneficial. Posttreatment photographs revealed a full
and natural smile. However, for patients with a broad
arch form or narrow buccal corridors, careful monitoring
is recommended to prevent unwanted changes in arch
width as the treatment progresses.

In the vertical plane, excessive gingival display at
smile and incisor show at rest were reduced to the ideal
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Initial Final

Right

Left

Figure 13. Changes in the central incisors and the
surrounding alveolar housing. Mild root blunting is noted,
but the incisors are within their biological boundaries
after treatment.

norms,” whereas the ideal smile arc was maintained
through total intrusion of the maxillary arch. However,
following the large amounts of intrusion, the clinical
crown height was also reduced by an average of 0.4 mm
per tooth. This decrease in clinical crown height may
have been due to the inability of the gingival complex to
keep up with the speed of apical tooth movement.”® The
response of the periodontal tissue following intrusion
is highly related to the standard of oral hygiene.”
Experimental studies have shown that the clinical crown
height may decrease because of gingival accumulation
after intrusion without visual and histologic signs of
inflammation.”® The patient maintained excellent oral
hygiene; however, gingivoplasty was recommended after
orthodontic treatment to improve the microesthetics of
the maxillary incisors. The unevenness of the gingival
margins became symmetric and the crown width and
height ratio improved after gingivoplasty. From a
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Figure 14. Postretention facial
and intraoral photographs.

Figure 15. Cephalometric su-
perimposition at debonding
and after 15 months of follow-
up. Black, final; red, retention.

biological perspective, large amounts of intrusion may after a 2-mm anterior and molar intrusion.
also be associated with apical root resorption.”®*' In this In the sagittal plane, the patient’s retrognathic
patient, relatively mild apical root resorption occurred mandible caused major concerns. Although the large
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skeletal discrepancies remained unchanged and resulted
in limited outcome of the camouflage treatment,
we tried to improve lip protrusion and the Class 11
relationship through full-arch distalization and intrusion.
Since the patient had a third molar space available distal
to the second molars and approximately 3 mm from the
roots to the lingual cortical plate, which is considered
an anatomic limit for mandibular distalization,”*** tooth
movement per se was effectively achieved through
the application of a distal force from the miniscrews.
In our case, a total intrusion of 2 mm induced minor
counterclockwise rotation of the mandible and advance-
ment of the pogonion. Although the amount of coun-
terclockwise rotation in response to the amount of
maxillary intrusion is difficult to predict precisely, it is
without doubt advantageous in terms of the profile
esthetics and vertical control in cases of Class 11 high-
angle malocclusions.'" However, although the patient
showed a significantly high mandibular plane angle in
the sagittal view, she may well be categorized as having
a brachyfacial type in the frontal view because of the
relatively high facial width and interzygoma distance.
In addition, the proportion of the lower 1/3 to the total
facial height or to the midface was harmonious initially.
Thus, an excessive decrease of lower facial height
through counterclockwise rotation should always be
monitored in the frontal plane because it may negatively
affect the facial proportions.

CBCT superimposition to the cranial base was used
to validate the treatment outcome in all 3 dimensions.
Not only did it enable the observation of changes in
the sagittal plane similar to the conventional superim-
position, but it also enabled the measurement of the
extent of individual tooth movement, as well as the
changes in the transverse arch dimension and soft-
tissue profile.”” Precise anatomical evaluation, such as
that of the condylar position following counterclockwise
rotation, the presence of root resorption, and the
surrounding alveolar housing, as well as follow-up
evaluation confirmed that the treatment results were
satisfactory and stable.

CONCLUSION

To improve smile esthetics, smile was monitored
in the transverse, vertical, and sagittal planes. The
findings of this case study show that total intrusion and
distalization of the maxillary dentition by using multiple
TADs is a viable option for the treatment of skeletal
Class 11 malocclusion associated with excessive gingival
display and large buccal corridors.
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