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A B S T R A C T

Anterior open bite (AOB) is considered one of the most difficult malocclusions to correct and achieve successful
and stable results. Various treatment approaches have been proposed for the treatment of AOB in adults. Intrusion
of the entire maxillary dentition is necessary for AOB patients with severe incisor exposure. In previous reports, a
labial appliance with temporary anchorage devices (TADs) implanted in various positions has been used to
achieve total intrusion of the maxillary dentition. This article describes the design and biomechanics of an antero-
posterior lingual retractor (APLR) to attempt retraction of anterior teeth and total intrusion of maxillary dentition
after premolar extraction in patients with both lip protrusion and AOB and the functions of each component of
APLR is considered. When force is applied between the anterior lever arm of the APLR and a TAD in the midpala-
tal area, the anterior teeth are intruded and retracted with torque control. Because the direction of the APLR force
and the guide bar are not parallel, intrusive force is generated in the posterior teeth. Due to this total intrusion of
the maxillary dentition, the mandible is rotated counterclockwise, improving AOB with severe incisor exposure.
Various cases are presented in which APLR was applied to AOB patients, and the clinical considerations behind
the treatment are explained in detail.
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ed, including those for text and data mining, AI training, and similar technologies.
Introduction

Anterior open bite (AOB) is considered one of the most difficult mal-
occlusions to correct and achieve successful and stable results because it
is caused by various factors such as genetics, dental discrepancies, skele-
tal discrepancies, functional and soft tissue problems, and habits.1-3 Var-
ious treatment approaches have been proposed for treating AOB in
adults, including orthognathic surgery, orthodontic treatment involving
extrusion of incisors, or intrusion of molars, depending on the cause.4-7

Extrusion of the anterior teeth is applicable in patients with AOB
who have a normovergent pattern but insufficient incisal exposure when
smiling.8,9 However, extrusion is less stable than intrusion, and extru-
sion of incisors can ruin the smile esthetics and rotate the mandible
clockwise (CW), making the mandible appear more retruded.10-12 There-
fore, intrusion of the molars using TADs has been attempted for the non-
surgical correction of patients with Class II AOB with a hyperdivergent
pattern.11,13-15 However, in open bite patients with severe incisor
exposure, maxillary whole dentition intrusion may be required. In previ-
ous studies,16-18 various temporary anchorage device (TAD) locations
were applied for total intrusion of the maxillary dentition, and most of
these studies used labial appliances. Although some studies have used
lingual brackets to intrude the maxillary whole dentition recently, a few
studies have attempted simultaneous retraction of the anterior teeth and
total intrusion of the maxillary dentition using a lingual retractor in
patients with lip protrusion and AOB.19-26 No papers have detailed the
use of a lingual retractor to simultaneously achieve retraction of the
anterior teeth and total intrusion of the maxillary dentition in patients
with lip protrusion and AOB.

Therefore, this article demonstrates biomechanical considerations
for applying a lingual retractor with TADs to attempt retraction of the
anterior teeth and total intrusion of the maxillary dentition after premo-
lar extraction in patients with lip protrusion and AOB. Additionally, we
aim to provide in-depth insight into the effects and clinical considera-
tions of lingual retractors with TADs through various case reports.
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Biomechanical consideration for total intrusion of maxillary dentition

In general, intrusion of the maxillary molars is often attempted as a
nonsurgical treatment plan for patients who only have an AOB; however,
for the treatment of patients who have both a gummy smile and an AOB,
it is recommended to attempt intrusion of the entire maxillary dentition.
This will also produce a total impaction-like effect on the maxilla, which
may improve the profile because of the counterclockwise rotation of the
mandible. This approach can achieve a similar effect to orthognathic sur-
gery involving total impaction of the maxilla, and the counterclockwise
rotation of the mandible may make the mandible appear more pro-
truded.16 The amount of counterclockwise rotation of the mandible accom-
panying the maxillary dentition intrusion varies among individuals.27,28

Previous studies have described several methods and biomechanical
considerations for the intrusion of the entire maxillary dentition using
labial appliances. Baek et al.16 and Tavares et al.18 proposed a bio-
mechanical approach to achieve intrusion of the entire maxillary denti-
tion along with distalization of the maxillary dentition by applying two
TADs on each buccal side (Fig. 1A). In a report by Baek et al.,16 two lines
of force are created by applying force to the TAD between the second
premolar and first molar from the hook between the canine and first pre-
molar and additionally applying force to the TAD between the first pre-
molar and second premolar from the hook between the canine and
lateral incisor. Distalization and intrusion of the entire dentition occur
when the appliance is designed so that the center of resistance (CR) of
the maxillary dentition is located between the two lines of force.16,29

Tavares et al.18 placed TADs between the maxillary canines and first pre-
molars on both sides, placed TADs between the maxillary first and sec-
ond molars, and applied force from these TADs to the maxillary
archwire. Additionally, a transpalatal arch (TPA) was placed to prevent
the crown buccal tipping toward the TAD.18,30

If a patient requires intrusion of the entire maxillary dentition accom-
panied by severe crowding or lip protrusion, orthodontic treatment, includ-
ing extraction of the maxillary premolars, is required. Some previous
reports have described methods to intrude the entire maxillary dentition
and simultaneously retract the maxillary anterior teeth.17,20 Wang et al.20

and Paik et al.17 used a maxillary archwire with an accentuated Spee curve
to apply an intrusive force to the maxillary incisors and molars and an
extrusive force to the premolars in orthodontic treatment, including premo-
lar extractions (Fig. 1B). To eliminate the extrusive force in this premolar
region, Wang et al.20 applied an intrusive force between the TADs placed
in the buccal alveolar bone between the second premolars and first molars
on both sides and the maxillary archwire, while Paik et al.17 applied intru-
sive force to the posterior teeth using TADs placed in the midpalatal area
and the TPA. In both reports, retraction force was applied from the hook
of the archwire between the maxillary lateral incisor and canine to the
hook in the molar tube or the TADs around the molars. In this way, the
entire maxillary dentition was intruded, and the maxillary incisors were
retracted. However, it was non-aesthetic using labial appliances to intrude
the entire maxillary dentition and retract the maxillary incisors because
the appliances were highly visible, and it was disadvantageous to control
the vertical position of the TADs and the length of the lever arms due to
anatomical limitations.

Lingual retractor with TADs for patients with lip protrusion

In a lingual retractor, the anterior lingual arch is soldered to the
attachment pads located on the lingual surface of the anterior teeth to
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form an anterior splint. Two lever arms of various lengths can be sol-
dered to the attachment pads or anterior lingual arch to apply retraction
force in various directions. When absolute anchorage is required, TADs
are placed in the midpalatal area or palatal slope, and the anterior teeth
are retracted as much as possible by activating a coil spring or power
chain between the lever arm and the TADs.21,31-34

Retracting the anterior teeth using a lingual retractor in patients with
lip protrusion has several advantages besides being less visible during
treatment. First, using a lingual retractor enables the initial retraction of
the anterior teeth, thereby addressing most patients’ complaints about
lip protrusion early on; this method minimizes round tripping by avoid-
ing the conventional sequences of alignment and leveling followed by
retraction, which often causes the anterior teeth to move into labiover-
sion before moving posteriorly. Second, the lingual retractor encounters
very little friction except for the contact between the posterior tube and
the guide bar. This results in minimal resistance during the closure of
extraction spaces. In conventional sliding mechanics, there is resistance
to sliding between the posterior brackets, tubes, and archwire, making
the closure of extraction spaces inefficient and sometimes causing
unwanted movement of the posterior teeth. In this regard, using a lin-
gual retractor can minimize the reaction in the molar region and make
the closure of extraction spaces more efficient. Third, with the lingual
retractor, the distance and direction between the line of force and the
center of resistance can be adjusted by changing the length of the lever
arm and the position of the TADs.21,31

The C-lingual retractor (CLR) has long lever arms (Fig. 2A), but if the
line of action passes below the CR of the anterior teeth, the anterior seg-
ment may rotate clockwise (Fig. 2B), causing side effects such as anterior
torque loss and canine open bite. (Figs. 2C, D).34,35 To reduce these dis-
advantages, the Double J retractor with additional torque springs on the
lever arms was designed.33,36,37 These conventional lingual retractors
enable torque control or vertical control of the anterior teeth by chang-
ing the length of the lever arm or the vertical position of the TADs or
activating the torque spring. However, since the appliance is not
attached to the posterior teeth, it is ineffective in cases where the total
intrusion of the maxillary dentition is required, such as open bite
patients with a gummy smile.
Design and biomechanics of antero-posterior lingual retractor for maxillary
total intrusion

The APLR was designed to improve lip protrusion through anterior
retraction with the total intrusion of the maxillary dentition in Class II
patients with a hyperdivergent pattern.21-26,38

The main difference between APLR and conventional lingual retrac-
tors is that APLRs have a device attached to the posterior teeth to control
them.21-26,31 Figure 3A shows the schematic diagram of an APLR. The
anterior segment of the APLR is similar to that of the conventional lin-
gual retractor. Additionally, 0.036-in stainless steel guide bars soldered
to the lever arm or front attachment pad extend posteriorly and pass
through the posterior segment’s posterior tube (path hole). To reinforce
the anchorage, a posterior splint is generally placed on the lingual sur-
face of the second premolar, first molar, and second molar, and a poste-
rior tube through which the guide bars will pass is soldered to the first
molar area. If needed, two tubes can be soldered on each side of a TPA.
Additionally, if intrusion or torque control of the posterior teeth is
required, a hook can be soldered to the TPA.21-24,26,31
Fig. 1. Biomechanics for total intrusion of maxillary dentition using buc-
cal appliances. A: Application of two miniscrews on each buccal side for
total intrusion and distalization of the maxillary dentition in a non-extrac-
tion case, B: Application of a TAD on each buccal side and a maxillary
archwire with an accentuated curve of Spee for total intrusion of the maxil-
lary dentition and retraction of the anterior teeth in a premolar extraction
case.



Fig. 2. A: Schematic photo of C-lingual retractor (CLR), B to D:
Side effects such as anterior torque loss and canine open bite
that can occur during anterior retraction using CLR. B: Sche-
matic photo in which the line of action passes below the CR of
the anterior teeth, C: Before retraction, D: After retraction.

Fig. 3. A: Schematic photo of an antero-posterior lingual retractor (APLR), B: Biomechanics of the APLR.
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As shown in Fig. 3B, when force is applied between the lever arm and
the TADs in the midpalatal area, the anterior teeth are intruded and
retracted through torque control. If the direction of the APLR force and
the guide bar is not parallel, intrusive force is generated in the posterior
teeth. This total intrusion of the maxillary dentition causes the mandible
to rotate counterclockwise.25,26

As with other lingual retractors, torque and vertical movement of
anterior teeth can be controlled by changing the length of the anterior
lever arm of the APLR and the vertical position of the TAD.21,22,24 In
hyperdivergent Class II patients with an open bite and gummy smile,
TADs should be placed higher than the hook of the anterior lever arm to
achieve total intrusion of the maxillary dentition.7,18,19 If the patients’
maxillary anterior teeth require retraction with tipping movement, the
line of action connecting the hook of the anterior lever arm and the
TADs is designed so that it passes under their CR. However, if they
require retraction with bodily movement, the line of action should be
set to pass through the CR. Therefore, when anterior teeth are retracted
with bodily movement, longer lever arms are needed, and TADs should
be placed higher than when retracting with a tipping movement.36,39,40

The guide bar that is soldered to the anterior splint and passes
through the posterior tube effectively controls the retraction vector to
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prevent anterior torque loss.25,29 Additionally, changes in the angulation
of the posterior tube control the amount of intrusion of the anterior
teeth. When the posterior tube is parallel to the maxillary occlusal plane,
the anterior teeth show bodily movement, but when the tube angle is
distally tipped, the amount of intrusion of the maxillary anterior teeth
increases. Therefore, the maxillary anterior teeth in patients with open
bites and gummy smiles can be effectively controlled by changing the
angulation of the tube.25,29

Suppose the posterior dentition is not connected as one unit when
retraction and intrusion force are applied from the anterior lever arm of
the APLR to the TADs. In that case, the intrusion force is applied only to
the first molar to which the posterior tube is bonded (Fig. 4). Therefore,
the APLR is effective when the posterior dentition is connected as one
unit, so it should be designed this way. Connect the dentition as one unit
by bonding buccal brackets or tubes from the canine to the posterior
teeth and engage a heavy rectangular segmental archwire or by bonding
a posterior splint to the buccal surface or palatal surface of the posterior
teeth (Fig. 5).

Because the intrusion forces applied to posterior dentitions via an APLR
are applied only to their palatal surfaces, the forces may cause some palatal
tipping movements. Therefore, it is best to use a TPA to reduce tipping.20
Fig. 4. A: APLR design without a posterior splint, B: Before
retraction, C: After retraction.



Fig. 5. The method of connecting the posterior dentition as one
unit. A: bonding buccal brackets or tubes from the canine to the
posterior teeth and engaging a heavy segmental rectangular arch-
wire, B: bonding a posterior splint to the buccal surface, C: bonding
a posterior splint to the palatal surface of them.
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Compensatory extrusion of mandibular molars during intrusion of maxillary
dentition

Previous studies11,14 have reported that compensatory extrusion of
the mandibular molars may occur during intrusion of the maxillary den-
tition, including the maxillary molars, which may reduce the mandible’s
expected amount of counterclockwise rotation. In particular, when the
occlusal plane is steep or the mandibular plane angle is high, mandibular
molars are prone to compensatory extrusion. Therefore, if such extrusion
is expected, it is reasonable to establish a strategy to prevent it, such as
implanting TADs near the mandibular posterior teeth. This should also
be considered when performing total intrusion of the maxillary dentition
using APLR.

Case 1. Application of APLR with long lever arms in an AOB patient
with a gummy smile and a deep palatal vault

The patient was a 25-year-old woman with a chief complaint of lip
protrusion and AOB. Pretreatment lateral profile photographs showed a
convex profile with a retrusive chin. Smile photographs showed a
gummy smile and a flat smile arc (Fig. 6A). Pretreatment intraoral pho-
tographs showed AOB and mandibular anterior crowding. The lateral
cephalometric analysis showed a skeletal Class II hyperdivergent facial
pattern (ANB = 7.2°, SN-GoMe = 42.9°) with a protrusive maxilla and
a retrusive mandible. The maxillary incisors had a normal inclination
(U1-FH = 114.1°), while the mandibular incisors were proclined
(IMPA = 104.1°) (Fig. 6B). In the panoramic radiograph, it could be
seen that partial endodontic treatment (pulpotomy) had been performed
on both mandibular first molars, and there was a supernumerary tooth
(SNT) between the mandibular right first and second premolars. The
right condyle was flattened, and the left condyle had a thin bird beak
pattern (Fig. 6C), but there were no TMJ symptoms.

She requested early improvement of her lip protrusion and treatment
with a less visible orthodontic appliance. To improve lip protrusion, it
was decided to extract first premolars from the maxilla and extract poor
condition first molars and SNT from the mandible. Retraction of the
anterior teeth with bodily movement and total intrusion of the maxillary
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dentition using APLR was planned to improve the AOB and gummy
smile.

Relieving the crowding of the mandibular anterior teeth was per-
formed by bonding brackets to the mandibular dentition, and then an
APLR was bonded to the maxillary dentition 5 months later. For retrac-
tion accompanied by bodily movement of the maxillary anterior teeth,
lever arms that were approximately 15 mm long were soldered to the
attachment pads of both canines and guide bars were soldered to both
lever arms. Palatal posterior splints were placed on the second premo-
lars, and the first and second molars were on both sides. Two posterior
tubes were soldered to each side’s first molar attachment pads (Fig. 6D).
The posterior tube was tipped distally at the point where the guide bar
was to be inserted to increase intrusion of anterior teeth. A TPA was
inserted in another posterior tube to prevent palatal tipping during pos-
terior intrusion. TADs were placed around the midpalatal suture. The
posterosuperior force applied from the lever arms to the TADs in her
deep palatal vault increased the intrusion force in the maxillary denti-
tion, and the line of force was designed to pass through the CR of the
anterior teeth (Fig. 6E). Twelve months after APLR delivery, space clo-
sure was almost completed, and the finishing and detailing of both
arches were carried out.

The total treatment duration was 28 months. The patient’s lip protru-
sion, open bite, and gummy smile were completely resolved, and her
smile arc was consonant (Fig. 7). Superimposition of the before and after
lateral cephalograms demonstrated relatively bodily retraction (U1-
FH = 112°) and intrusion of the maxillary anterior teeth (1.0 mm),
intrusion of the maxillary molars (2.5 mm), controlled tipping of the
mandibular anterior teeth (IMPA = 90.6°) and compensatory extrusion
of the mandibular molars (1.5 mm). Despite the total intrusion of the
maxillary dentition, the mandibular molars showed compensatory extru-
sion, so the counterclockwise rotation of the mandible was less than
expected (SN-GoMe = 42.1°), and there was little change in the ANB
(ANB= 6.8°) (Fig. 8).

Case 2. Application of APLR with short lever arms in an AOB patient
with a gummy smile.
Fig. 6. Case 1. Pretreatment data. A: Facial and intraoral pho-
tographs, B: Lateral cephalogram, C: Panoramic radiography,
D: Occlusal photo showing the design of the APLR, E: Biome-
chanics of the APLR.



Fig. 7. Case 1. Posttreatment data. A: Facial and intraoral photo-
graphs, B: Lateral cephalogram, C: Panoramic radiograph.
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A 24-year-old male patient presented with chief complaints of lip
protrusion and AOB. He had a history of treatment for degenerative
arthritis that was diagnosed five years earlier, but his symptoms have
significantly improved over time. Pretreatment facial photographs
showed a retrognathic mandible, gummy smile, flat smile arc, lip protru-
sion, and lip incompetency. Intraoral findings included moderate crowd-
ing in both arches with an AOB. Hiscanines and molars showed Class I
relationships bilaterally (Fig. 9A).

Lateral cephalometric radiograph measurements indicated a skeletal
Class II hyperdivergent pattern (ANB = 6.3°, SN-GoMe = 52.7°) with a
retrusive mandible. The patient’s maxillary incisors were proclined (U1-
FH = 123.1°), and his mandibular incisors were also proclined
(IMPA = 100.3°) (Fig. 9B). Panoramic radiographs characteristically
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showed condylar resorption on both sides, and the left maxillary second
premolar had received endodontic treatment. The third molars were
fully erupted and in occlusion (Fig. 9C).

Considering the patient’s skeletal features, orthodontic treatment
with surgery was proposed as the primary option to achieve an aesthetic
result, but the patient declined surgery. Considering the amount of
crowding and dentoalveolar protrusion, it was decided to extract the
premolars, the maxillary second premolars on both sides—due to end-
odontic treatment of the left one—and the first premolars in the mandi-
ble to relieve the crowding and retraction of the incisors. Retraction of
anterior teeth with controlled tipping movement and total intrusion of
the maxillary dentition using APLR was planned to improve the lip pro-
trusion, AOB, and gummy smile.
Fig. 8. Case 1. Superimposition of the lateral cephalograms before
and after treatment.



Fig. 9. Case 2. Pretreatment data. A: Facial and intraoral pho-
tographs, B: Lateral cephalogram, C: Panoramic radiograph, D:
Occlusal photo showing the design of the APLR, E: Biomechan-
ics of the APLR.
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After extraction of the second premolars, an APLR was placed in the
maxillary dentition. Short lever arms were soldered to the attachment
pads on both canines for retraction of the maxillary anterior teeth with
controlled tipping, and guide bars were soldered to the anterior splint.
Buccal and palatal posterior splints were placed on the first and second
molars on both sides, and the posterior tubes for the guide bars were
tipped distally to increase the intrusion of the anterior teeth. A TPA was
inserted in another posterior tube to prevent palatal tipping during
molar intrusion, and TADs were placed in the midpalatal suture area
(Fig. 9D). The posterosuperior force from the lever arms to the TADs
was set so the line of force passed below the CR of the anterior teeth
(Fig. 9E). Meanwhile, TADs were placed between the first and second
molars in the mandible to facilitate the retraction of the mandibular inci-
sors and to prevent compensatory extrusion of the mandibular molars.
For AOB correction, which became difficult due to the large amount of
intrusion of the maxillary anterior teeth, the power chain was activated
between the TADs in the midpalatal suture area and the TPA to intrude
the maxillary molars additionally. At 18 months into treatment, all the
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extraction spaces in both dentitions were almost completely closed, and
finishing and detailing of both arches were completed.

The total treatment duration was 29 months, and posttreatment data
showed significant improvement in lip protrusion, gummy smile, lip
incompetency, and the correction of the AOB (Fig. 10A, B). His-smile arc
became consonant. Fortunately, no further condylar resorption occurred
in this patient despite the history of degenerative arthritis (Fig. 10C).
Superimposition of the before and after lateral cephalograms demon-
strated retraction with controlled tipping (U1-FH = 107.1°), intrusion
of the maxillary anterior teeth (1.5 mm), intrusion of the maxillary
molars (2.5 mm), controlled tipping (IMPA = 87.2°) of the mandibular
anterior teeth, and no compensatory extrusion of mandibular molars.
Despite the total intrusion of the maxillary dentition, there was no com-
pensatory extrusion of the mandibular molars, so the mandible was
rotated significantly counterclockwise (SN-GoMe = 50.1°), and ANB
was reduced (ANB = 5.0°) (Fig. 11).

Case 3. Application of APLR with long lever arms in an AOB patient
with a shallow palatal vault
Fig. 10. Case 2. Posttreatment data. A: Facial and intraoral photo-
graphs, B: Lateral cephalogram, C: Panoramic radiograph.



Fig. 11. Case 2. Superimposition of the lateral cephalograms before and after
treatment.
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A female patient presented with chief complaints of lip protrusion
and AOB. She has a convex profile with a retrusive chin and lip incompe-
tency. A slightly increased incisal exposure was observed when smiling.
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Intraoral photographs showed an AOB and Class II canine and molar
relationships. The lateral cephalometric analysis showed a skeletal Class
II hyperdivergent facial pattern (ANB = 7.0°, SN-GoMe = 43.3°) with a
protrusive maxilla and retrusive mandible. The upper and lower lips
showed a 4−5 mm protrusion relative to the E-line. The inclination of
the maxillary incisors was normal (U1-FH = 118.0°), and the mandibu-
lar incisors were proclined (IMPA = 97.8°). Unerupted maxillary third
molars and short rami were observed on the radiographs (Fig. 12A-C).

The treatment plan was to extract the premolars and address the lip
protrusion through retraction of the anterior teeth. The maxillary first
premolars, third molars, and mandibular second premolars were
extracted to achieve a Class I molar relationship. Because she wanted
early improvement of the right maxillary high canine, APLR was bonded
after the alignment of the six maxillary anterior teeth. Because the
patient’s maxillary incisors required retraction with bodily movement,
long lever arms about 17 mm were soldered between the central and lat-
eral incisors of the anterior splint so the force would pass close to the CR
of the incisors. A guide bar extending from the anterior splint was
inserted into the posterior tube on the maxillary first molar. Because less
intrusion of the maxillary anterior teeth was required, the posterior tube
was designed parallel to the occlusal plane. One TAD was placed in the
Fig. 12. Case 3. Pretreatment data. A: Facial and intraoral photo-
graphs, B: Lateral cephalogram, C: Panoramic radiograph, D: Occlusal
photo showing the design of the APLR, E: Biomechanics of the APLR.

Fig. 13. Case 3. Posttreatment data. A: Facial and intraoral photographs, B:
Lateral cephalogram, C: Panoramic radiograph.



Fig. 14. Case 3. Superimposition of the lateral cephalograms before and
after treatment.
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midpalatal area, and the maxillary anterior teeth were retracted by acti-
vating elastomeric chains from the lever arms to the TAD (Fig. 12D).
The line of force passed close to the CR of the incisors, and because the
patient had a shallow palatal vault, the intrusive force in the maxillary
dentition was relatively small (Fig. 12E).

After 27 months of treatment, her lip protrusion and AOB were
completely resolved, and her dental relationship has improved. Her
maxillary midline was in harmony with her facial midline, and the lat-
eral profile and smile aesthetics were improved. Additionally, mentalis
strain was improved (Fig. 13A-C).

Superimposition of the before and after lateral cephalograms demon-
strated relatively bodily retraction (U1-FH = 113.0°) and mild intrusion
of the maxillary anterior teeth (0.5 mm), intrusion of the maxillary
molars (1.5 mm), controlled tipping (IMPA = 87.3°) of the mandibular
anterior teeth, distal tipping and mild compensatory extrusion of man-
dibular molars (0.5 mm). The intrusion of the maxillary molars caused a
slight counterclockwise rotation of the mandible (SN-GoMe = 42.5°),
resulting in an anteriosuperior shift of the menton, a slight reduction in
the lower anterior facial height with little change in the ANB
(ANB = 6.3°) (Fig. 14). To achieve a greater amount of mandibular
autorotation, active control of mandibular first molars extrusion was
necessary.

Conclusions

For AOB patients with severe incisor exposure, intrusion of the entire
maxillary dentition is necessary. APLR has the advantage of being more
aesthetically pleasing than conventional labial appliances for this pur-
pose because lip protrusion is corrected quickly. APLR minimizes round-
tripping of the dentition, and the distance and direction between the
line of force and center of resistance can be controlled. When applying
APLR, the length of the lever arm, the vertical position of the TADs,
angulation of the posterior tube, posterior splint method, use of TPA,
depth of the palatal vault, and compensatory extrusion of the mandibu-
lar molars must be taken into consideration.
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Funding

No funding or grant support received.
630
Author contributions

All authors attest that they meet the current ICMJE criteria for
authorship.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

The author (JP), serving as an editorial board member was not
involved in the peer review or final decision-making process for the
manuscript.

References

1. Baek MS, Choi YJ, Yu HS, Lee KJ, Kwak J, Park YC. Long-term stability of anterior
open-bite treatment by intrusion of maxillary posterior teeth. Am J Orthod Dentofacial
Orthop. 2010;138. 396.e391-396.e399.

2. Remmers D, Van’t Hullenaar RW, Bronkhorst EM, Berg�e SJ, Katsaros C. Treatment
results and long-term stability of anterior open bite malocclusion. Orthod Craniofac
Res. 2008;11:32–42.

3. Ghafari JG, Haddad RV. Open bite: spectrum of treatment potentials and limitations.
Semin Orthod. 2013;19:239–252.

4. Park HS, Kwon OW, Sung JH. Nonextraction treatment of an open bite with micro-
screw implant anchorage. Am J Orthod Dentofacial Orthop. 2006;130:391–402.

5. 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.

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

7. Erverdi N, Usumez S, Solak A. New generation open-bite treatment with zygomatic
anchorage. Angle Orthod. 2006;76:519–526.

8. Kim YH, Han UK, Lim DD, Serraon ML. Stability of anterior openbite correction with
multiloop edgewise archwire therapy: a cephalometric follow-up study. Am J Orthod
Dentofacial Orthop. 2000;118:43–54.

9. Heo S, Park JH, Lee M-Y, Kim J-S, Jung SP, Chae J-M. Maxillary incisor position-based
orthodontic treatment with miniscrews. Semin Orthod. 2022;28:123–135.

10. Pikdoken L, Erkan M, Usumez S. Gingival response to mandibular incisor extrusion.
Am J Orthod Dentofacial Orthop. 2009;135:432–433. 432.e431-436; discussion.

11. Alsafadi AS, Alabdullah MM, Saltaji H, Abdo A, Youssef M. Effect of molar intrusion
with temporary anchorage devices in patients with anterior open bite: a systematic
review. Prog Orthod. 2016;17:9.

12. Yamaguchi K, Nanda RS. The effects of extraction and nonextraction treatment on the
mandibular position. Am J Orthod Dentofacial Orthop. 1991;100:443–452.

13. Hart TR, Cousley RR, Fishman LS, Tallents RH. Dentoskeletal changes following mini-
implant molar intrusion in anterior open bite patients. Angle Orthod. 2015;85:941–
948.

14. Scheffler NR, Proffit WR, Phillips C. Outcomes and stability in patients with anterior
open bite and long anterior face height treated with temporary anchorage devices and
a maxillary intrusion splint. Am J Orthod Dentofacial Orthop. 2014;146:594–602.

http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0001
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0001
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0001
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0002
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0002
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0002
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0002
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0003
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0003
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0004
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0004
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0005
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0005
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0005
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0006
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0006
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0007
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0007
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0008
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0008
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0008
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0009
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0009
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0010
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0010
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0011
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0011
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0011
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0012
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0012
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0013
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0013
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0013
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0014
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0014
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0014


J.J. Park et al. Seminars in Orthodontics 30 (2024) 623−631
15. Kassem HE, Marzouk ES. Prediction of changes due to mandibular autorotation fol-
lowing miniplate-anchored intrusion of maxillary posterior teeth in open bite cases.
Prog Orthod. 2018;19:13.

16. Baek ES, Hwang S, Kim KH, Chung CJ. Total intrusion and distalization of the maxil-
lary arch to improve smile esthetics. Korean J Orthod. 2017;47:59–73.

17. Paik CH, Park HS, Ahn HW. Treatment of vertical maxillary excess without open bite
in a skeletal Class II hyperdivergent patient. Angle Orthod. 2017;87:625–633.

18. Tavares CA, Allgayer S, Dinato J. Mini-implants for the management of a gummy
smile. J World Fed Orthod. 2013;2:e99–e106.

19. Hong RK, Lim SM, Heo JM, Baek SH. Orthodontic treatment of gummy smile by maxil-
lary total intrusion with a midpalatal absolute anchorage system. Korean J Orthod.
2013;43:147–158.

20. Wang P, Chen J, Wang X, Bai D, Guo Y. Orthodontic correction of a skeletal Class II
malocclusion with severe gummy smile by total intrusion of the maxillary dentition.
Am J Orthod Dentofacial Orthop. 2022;162:777–792.

21. Park K.H., Ahn H.W., Kang Y.G. TAD-assisted Lingual Retractors. in Title: Temporary
Anchorage Devices in Clinical Orthodontics, Ed. Park JH. Hoboken, NJ, USA: Wiley
Blackwell; 2020; pp. 527−540.

22. Kwon SY, Ahn HW, Kim SH, et al. Antero-posterior lingual sliding retraction system
for orthodontic correction of hyperdivergent Class II protrusion. Head Face Med.
2014;10:22.

23. Nahm KY, Shin SY, Ahn HW, Kim SH, Nelson G. Gummy smile correction using lingual
orthodontics and augmented corticotomy in extremely thin alveolar housing. J Cranio-
fac Surg. 2017;28:e599–e603.

24. Kwon SY, Kim Y, Ahn HW, Kim KB, Chung KR, Kim Sunny SH. Computer-aided design-
ing and manufacturing of lingual fixed orthodontic appliance using 2D/3D registration
software and rapid prototyping. Int J Dent. 2014;2014: 164164.

25. Seo KW, Kwon SY, Kim KA, et al. Displacement pattern of the anterior segment using
antero-posterior lingual retractor combined with a palatal plate. Korean J Orthod.
2015;45:289–298.

26. Hwang M, Ahn HW, Kwon SY, Choi JH, Kim SH, Nelson G. Control of anterior segment
using an antero-posterior lingual sliding retraction system: a preliminary cone-beam
CT study. Prog Orthod. 2018;19:2.

27. Deguchi T, Kurosaka H, Oikawa H, et al. Comparison of orthodontic treatment out-
comes in adults with skeletal open bite between conventional edgewise treatment and
implant-anchored orthodontics. Am J Orthod Dentofacial Orthop. 2011;139:S60–S68.
631
28. Kim K, Choy K, Park YC, Han SY, Jung H, Choi YJ. Prediction of mandibular move-
ment and its center of rotation for nonsurgical correction of anterior open bite via
maxillary molar intrusion. Angle Orthod. 2018;88:538–544.

29. Bechtold TE, Kim JW, Choi TH, Park YC, Lee KJ. Distalization pattern of the maxillary
arch depending on the number of orthodontic miniscrews. Angle Orthod.
2013;83:266–273.

30. Lin JC, Yeh CL, Liou EJ, Bowman SJ. Treatment of skeletal-origin gummy smiles with
miniscrew anchorage. J Clin Orthod. 2008;42:285–296.

31. Choi J-Y, Kim K-A, Lee J, Lee Y-S, Chung K-R, Park K-H. Clinical application and bio-
mechanics of various lingual retractors with temporary skeletal anchorage devices: a
narrative review. Appl Sci. 2022;12:11075.

32. Park YC, Choi YJ, Choi NC, Lee JS. Esthetic segmental retraction of maxillary anterior
teeth with a palatal appliance and orthodontic mini-implants. Am J Orthod Dentofacial
Orthop. 2007;131:537–544.

33. Jang HJ, Roh WJ, Joo BH, Park KH, Kim SJ, Park YG. Locating the center of resistance
of maxillary anterior teeth retracted by Double J Retractor with palatal miniscrews.
Angle Orthod. 2010;80:1023–1028.

34. Chung KR, Kook YA, Kim SH, Mo SS, Jung JA. Class II malocclusion treated by com-
bining a lingual retractor and a palatal plate. Am J Orthod Dentofacial Orthop.
2008;133:112–123.

35. Chung KR, Kim SH, Lee BS. Speedy surgical-orthodontic treatment with temporary
anchorage devices as an alternative to orthognathic surgery. Am J Orthod Dentofacial
Orthop. 2009;135:787–798.

36. Park JH, Tai K, Takagi M, Miyajima K, Kojima Y, Joo BH. Esthetic orthodontic treat-
ment with a double J retractor and temporary anchorage devices. Am J Orthod Dento-
facial Orthop. 2012;141:796–805.

37. Joo B-H. A new treatment method to retract anterior teeth with the Double J Retractor
System in Class III malocclusions. Semin Orthod. 2011;17:149–167.

38. Lee GH, Park JH, Park YG, Moon D, Lee SM. Orthodontic treatment of an open bite
after splint therapy for a patient with idiopathic condylar resorption. J World Fed
Orthod. 2024;13:38–47.

39. Choi J-Y, Park JJ, Park K-H, Park Y-G, Park JH. Torque and vertical control of maxil-
lary incisors for an esthetic smile using TSADs implanted in various areas: biomechani-
cal considerations. Semin Orthod. 2022;28:136–148.

40. Hong RK, Heo JM, Ha YK. Lever-arm and mini-implant system for anterior torque control
during retraction in lingual orthodontic treatment. Angle Orthod. 2005;75:129–141.

http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0015
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0015
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0015
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0016
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0016
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0017
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0017
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0018
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0018
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0019
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0019
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0019
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0020
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0020
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0020
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0022
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0022
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0022
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0023
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0023
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0023
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0024
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0024
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0024
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0025
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0025
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0025
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0026
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0026
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0026
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0027
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0027
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0027
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0028
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0028
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0028
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0029
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0029
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0029
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0030
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0030
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0031
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0031
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0031
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0032
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0032
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0032
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0033
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0033
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0033
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0034
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0034
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0034
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0035
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0035
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0035
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0036
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0036
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0036
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0037
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0037
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0038
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0038
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0038
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0039
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0039
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0039
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0040
http://refhub.elsevier.com/S1073-8746(24)00066-5/sbref0040

	Clinical application of a lingual retractor with temporary anchorage devices (TADs) for patients with lip protrusion and anterior open bite
	Introduction
	Biomechanical consideration for total intrusion of maxillary dentition
	Lingual retractor with TADs for patients with lip protrusion
	Design and biomechanics of antero-posterior lingual retractor for maxillary total intrusion
	Compensatory extrusion of mandibular molars during intrusion of maxillary dentition

	Conclusions
	Patient consent
	Funding
	Author contributions
	Declaration of competing interest
	References


