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Abstract: The lingual retractor is an appliance with esthetic advantages and biomechanical superiority
in the retraction of anterior teeth, when used in combination with temporary skeletal anchorage
devices (TSADs). These appliances can address the patients’ chief complaint during the early stages
of bialveolar protrusion treatment. This narrative review presents the clinical applications and
biomechanics of various lingual retractors with TSADs.This review includes all research and case
reports related to various lingual retractors such as the C-lingual retractor (CLR), double ] retractor
(DJR), and antero-posterior lingual retractor (APLR). Anterior torque and vertical control can be
achieved with all three types of lingual retractors by changing the length of the lever arms and the
position of the TSADs. Torquing springs in DJR are designed to slide along palatal mini-implants or
to apply intermaxillary elastics to counteract retroclination of the incisors during space closure. APLR
allows three-dimensional control of the anterior tooth movement with anterior lever arms, guide
bars, posterior tubes, and position of TSADs. Various lingual retractors with TSADs are effectively
proper anterior torque and vertical control.

Keywords: temporary skeletal anchorage device; C-lingual retractor; double ] retractor;
antero-posterior lingual retractor

1. Introduction

For the successful treatment of bialveolar protrusion, proper lingual retraction of the
anterior teeth following premolar extraction is necessary. To overcome the visibility of
buccal (labial) conventional appliances widely used for orthodontic treatment, the use of
more esthetic lingual appliances has been gradually increasing in the past 20 years.

The lingual retractor, a type of lingual appliance, splints the anterior teeth on the
lingual aspect with bonded attachment pads connected by an anterior lingual arch (con-
necting wire), and two lever arms are soldered to a connecting wire. The proposed method
has several advantages. First, because it is located on the lingual surface of the maxillary
anterior teeth, it is invisible; therefore, there is no concern about compromised esthetics
during the retraction of the anterior teeth [1-3]. Second, compared to the conventional
bracket, which requires aligning and leveling before the retraction of the anterior teeth,
the lingual retractor can address a patient’s chief complaint of an anterior protrusion at
an early stage because it retracts the anterior teeth from the beginning [1,3-5]. Third, it
can avoid round tripping of the anterior teeth and distal tipping of the posterior teeth due
to the friction between the archwire and bracket in the conventional lingual orthodontic
system [5]. Fourth, it has biomechanical superiority in the retraction of the anterior teeth.
The center of resistance (CR) of the maxillary anterior dentition is located apically compared
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to the bracket, and the point of application of the orthodontic force is far from the CR of
the anterior teeth toward the occlusal surface, rendering the control of tooth movement
difficult. A lingual retractor can alter the direction and position of the retraction force to
the anterior CR by adjusting the length of the lever arm [4,6-9].

Early lingual retractors used the transpalatal arch (TPA) with soldered hooks con-
nected to the first and second molars for intra-arch anchorage [10-12]; however, since 2005,
temporary skeletal anchorage devices (TSADs) such as mini-implants or palatal plates,
have gained wide usage for intra-arch anchorage. TSADs allow more precise torque and
vertical control [2,4,6,13,14]. TSADs placed in the palatal bone have a high success rate
owing to the excellent bone quality of the palate [15-17].

The design of the lingual retractor has continuously evolved over the past 20 years.
Consequently, the C-lingual retractor (CLR) [2,3,9-13], lingual lever arm4, double J retractor
(DJR) [7,14], and anterior-posterior lingual retractor (APLR) [5,13], have been devised and
presented. Although many articles on lingual retractors have been published, most studies
have discussed the clinical applications and treatment results of only one type of lingual
retractor. This narrative review aimed to first discuss and present the clinical applications
and biomechanics of various lingual retractors with TSADs introduced to date.

2. History of Various Lingual Retractors with a TSADs

The lingual retractor is an alternative method for obtaining a direct controlled retrac-
tion force on the maxillary anterior teeth using lingual lever arm mechanics [18-21].

The C-lingual retractor (CLR) was introduced by Chung et al. [1,10,18]. Kim et al.
treated Class II severe anterior openbite malocclusion using CLR and TPAs in the upper
dentition and horseshoe mechanics in the lower dentition [11], and there was a decrease
in lip protrusion and facial convexity due to the retraction of the anterior teeth. Kim et al.
also reported a case of severe Class II malocclusion with anterior deep bite where CLR,
TPAs with auxiliary hooks for intrusion force, and a high-pull headgear for anchorage
reinforcement, were used [12]. The maxillary anterior teeth were retracted and intrude
simultaneously to obtain an ideal overjet and overbite [12]. Chung et al. reported for the
first time a case in which a C-palatal plate was placed without using TPA for a CLR in a Class
II patient [2]. In addition, they introduced speedy orthodontic-surgical treatment using
CLR with TSADs after corticotomy, which could be an excellent alternative to orthognathic
surgery in patients with anterior protrusion [3].

Although the CLR has long lever arms, it still has some disadvantages, such as torque
loss of the anterior teeth and vertical bowing of the occlusal plane [7]. To overcome these
clinical limitations, the double ] Retractor (DJR) was introduced by Jang et al. [7] and
Joo [22]. The main difference between the two retractors is that DJR has additional torquing
springs in the retraction lever arms. A torquing spring with a helix helps control the torque
when retracting the anterior teeth [23].

The CLR and DJR facilitate anterior torque and vertical control by changing the length
of the lever arm and the position of the TSADs or by adding a torquing spring. However,
the intrusion of the posterior teeth is difficult in CLR and DJR because the appliance is
bonded only to the anterior teeth. To overcome these limitations of CLR and DJR, an
antero-posterior lingual retractor (APLR) was introduced by Kwon et al. [5,24] and this
appliance was named KILBON (kinematics of lingual bar on non-paralleling technique) [5].
The anterior components of the APLR include an anterior splint and lever arms similar to
the CLR. The posterior components include a posterior splint, a guide bar connected to the
anterior splint or lever arm, and a posterior tube as a sliding path of the guide bar.

3. Design of Various Lingual Retractors with TSADs
3.1. Design of a CLR
An anterior lingual arch (connecting wire) is fabricated along the lingual surface of the

six anterior teeth with a 0.032-inch or 0.036-inch stainless steel (SS) wire and soldered to
the anterior attachment pad. The two lever arms are placed on both canines [10-12,25,26]
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or between the central and lateral incisor [2,9,27-30], such that the force passes close to the
CR of the anterior teeth and the fabricated retractor is bonded to the lingual surface of the
anterior teeth. (Figure 1) To reinforce intra-arch anchorage, a transpalatal arch (TPA) with
soldered hooks is fabricated with a 0.032-inch or 0.036-inch SS wire on both the first and sec-
ond molars (Figure 2a) [1,11,12,25]. When absolute anchorage is required during retraction
of the anterior teeth, TSADs, such as miniscrews (Figure 2b) or C-palatal plates (Figure 2c,
Jin Biomed, Bucheon, South Korea) are inserted in the palatal area [1-3,9,27,29,30]. Since
the appliances are not bonded to the posterior dentition when using the CLR with TSADs,
the CLR is useful when the occlusion of the posterior dentition is normal and movement of
the posterior teeth is desired to be minimal.

Lingual attachment pad

C-palatal plate

Figure 1. Schematic representation of C-lingual retractor (CLR).

Figure 2. Modifications of the C-lingual retractor (CLR): (a) lever arms positioned between both
central and lateral incisors, and TPA between both first molars; (b) lever arms on both canines, and
miniscrews on palatal slope; (c) lever arms positioned between both central and lateral incisor, and
C-palatal plate.

3.2. Design of the DJR with TSADs

DJR comprises three main components: (1) a lingual attachment part, (2) an activating
part, and (3) a mini-implant part [22].

The lingual connecting arch made of a 0.036-inch SS wire is soldered to the attachment
pads and bonded to the lingual surfaces of the anterior teeth. The lingual arch is bent to
extend the helical spring from the canine to the first molar area. To prevent anterior torque
loss during retraction, helical torquing springs are positioned to contact the mini-implants
on the posterior palatal slope or allow the application of intermaxillary elastics. The lever
arms are fabricated close to the height of the estimated CR of the maxillary anterior teeth
and soldered to the lingual connecting arch (Figure 3) [1,2].
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Figure 3. Double ] retractor (DJR).

In published journals, three different designs with varied helical torquing springs have
been reported: (1) to activate the spring by contacting the mini-implant on the palatal slope
(Figure 4); (2) to apply Class Il elastics to the torquing spring on the palatal side (Figure 5);
and (3) to apply elastics with extended spring to the buccal side (Figure 6).

Lingual attachment pad

onnecting wire

Elastics

Mini-implant

Figure 4. Schematic representation of the Double | retractor (DJR) in which the torquing spring is
activated by contacting the mini-implant on the palatal slope. Redrawn with permission from Am J
Orthod Dentofacial Orthop [23].

Figure 5. Schematic representation of a Double ] retractor (DJR) designed to apply Class II elastics
to torquing springs on a palatal slope. Redrawn with permission from Am J Orthod Dentofacial
Orthop [14].
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Figure 6. Schematic representation of the Double ] retractor (DJR) designed to apply Class II elastics
to the extended spring to the buccal side. Redrawn with permission from Semin Orthod [22].

Jang et al. used the following design in a finite element analysis (Figure 4) [7]. The
torquing spring was placed approximately 8 mm from the gingival line along the palatal
mini-implant between the second premolar and first molar. Additionally, Liaw et al.
reported a case using this design [23,31]. Park et al. [14] and Joo [22] reported designs
made with elastics (Figure 5). In addition, DJR by Joo allows the application of elastics to
the buccal side by extending the helical spring to the extraction space (Figure 6) [22]. The
intermaxillary elastics for torque control support the helical torquing spring. A midpalatal
mini-implant and two mini-implants on the palatal slopes of the first molars are used as
anchors to retract the anterior teeth.

3.3. Design of the APLR with TSADs

The APLR basically consists of a C-lingual retractor bonded to the lingual surfaces
of the six anterior teeth, lever arms, posterior splints, and posterior tubes, which act as
pathways for the guide bar. The lever arms are soldered to the anterior splint, and the
posterior tubes are soldered to the posterior splint. A guide bar with a diameter of 0.036-in
extending from the lever arm passes and slides through the posterior tube (Figure 7) [1,5].
Friction in the APLR is minimized compared to conventional lingual brackets as the friction
in the APLR occurs only between the guide bar and the posterior tube during retraction.

" 74
4 Anteriorsp‘|i|1'l

Leverarm .

‘Posterior_; .
flbe —
! o -

Figure 7. Antero-posterior Lingual Retractor (APLR) appliance.
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(1) Anterior Segment

The anterior part of the APLR was similar to that of the CLR. In addition, the 0.036-in
stainless steel guide bar, soldered to the lever arm or attachment pad extends posteriorly
into the posterior tube [1,5].

(2) Posterior Segments

The posterior connecting wire is soldered to the posterior attachment pad to be posi-
tioned on the second premolar, first and second molar to form a posterior splint. A posterior
tube 1 mm in diameter, typically parallel to the occlusal plane is soldered to the first molar
area of the posterior splint and acts as a sliding path. The guide bar soldered to the anterior
segment passes through the posterior tube and the clearance between the guide bar and
posterior tube is approximately 0.1 mm [1,5].

(8) Accessory Parts

The transverse dimension is controlled by adding a TPA. It is soldered to the extended
arm which is connected to the first molar pad. In some cases, additional hooks are added
to the TPA for posterior intrusion or torque control [1].

(4) TSADs

Generally, miniscrews or C-palatal plate are placed in the midpalatal area for torque
and vertical control of anterior teeth [5].

4. Biomechanics of Various Lingual Retractors with TSADs
4.1. CR of Six Maxillary Anterior Teeth

The results of various studies on the CRs of six maxillary anterior teeth are as follows.
In Lee et al.’s study, the vertical position of the CR during lingual retraction of six maxillary
anterior teeth, it was located at a distance of 6.76mm and 44.32% from the CEJ toward the
apical [32]. Jang et al. evaluated the CR of six maxillary anterior teeth is located 12.2 mm
apical to the incisal edge of the central incisor [7]. Jeong et al. said that the CR of six
maxillary anterior teeth was 13.5 mm apical and 14.0 mm posterior to the incisal edge of
the central incisor [33].

4.2. Biomechanics of the CLR with TSADs

The lever arm and TSADs system for anterior torque and vertical control during
retraction in conventional lingual orthodontic treatment introduced by Hong et al. can
also be applied to treatment using a CLR (Figure 8) [1,6]. Mo et al. analyzed the factors
that affect torque and vertical control during anterior retraction by using a C-retractor and
a palatal miniplate [28], and Park et al. evaluated the mechanism of tooth movement in
en-masse retraction of maxillary anterior teeth using a palatal appliance with TSADs and
lever arms [26].

When the line of action of the force connecting the hook of the lever arm and TSADs
passes through the CR of the anterior teeth, the maxillary anterior teeth are retracted with
bodily movement. When it passes above the CR, the maxillary anterior teeth are retracted
with lingual movement or root. However, when it passes below the CR, the maxillary
anterior teeth are retracted with controlled tipping. Additionally, if the TSADs in the
midpalatal area are positioned vertically above the hook of the lever arm, the maxillary
anterior teeth are intruded. If the TSADs on the palatal slope are located at the same height
as the hook of the lever arm, the maxillary anterior teeth are retracted in parallel, without
vertical movement [1,6,26,28].

Moreover, Mo et al. reported that the effectiveness of torque control was improved
when the lever arms were positioned between the central and lateral incisors compared to
when they were placed between the lateral incisors and canines [28].
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Figure 8. Schematic diagram of the maxillary anterior movement pattern during anterior retraction
according to the center of resistance (CR) position of the anterior teeth, the length of the lever arm
and the height of the TSAD. Redrawn figure in Angle Orthod [6].

4.3. Biomechanics of the DJR with TSADs

Lingual lever arm mechanics is effective in controlling the anterior torque during
retraction. Jang et al. evaluated the CR of six maxillary anterior teeth and found that it is
located 12.2 mm apical to the incisal edge of the central incisor [7]. Therefore, they stated
that during anterior retraction using DJR, the optimal position of the mini-implants should
be 8 mm from the cervical level of the first molar [7]. Torquing springs are activated either
directly by mini-implants or by applying intermaxillary elastics to counteract the lingual
tipping movement of the anterior teeth during retraction (Figure 9) [23].

() (b)

Figure 9. Comparison of different force systems generated with different designs of double J Retrac-
tors (DJRs): (a) direction of force that passing above and below the center of resistance (CR) of the
anterior teeth and application of intermaxillary elastics; (b) direction of the force that passes through
the CR of the anterior teeth and activation of helical torquing spring. Redrawn with permission from
Am ] Orthod Dentofacial Orthop [22].

Figure 9a shows that the direction of the force passing above and below the CR
of the anterior teeth is equal to the direction of force passing through the CR. Class II
intermaxillary elastics generates the forward rotation moment of the anterior teeth [23,31].
Figure 9b shows the direction of force that passes through the CR of the anterior teeth,
allowing bodily movement of the anterior teeth. During retraction, a downward force can
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be generated by contacting the mini-implants with a torquing spring. Therefore, it creates
the forward rotation moment in the anterior teeth [23,31].

4.4. Biomechanics of the APLR with TSADs

APLR can adjust the three-dimensional control of anterior teeth with the anterior lever
arm, guide bar, posterior tube, and position of TSADs. As shown in Figure 10, when force
is applied from the lever arm to the TSADs in the midpalatal area, the anterior teeth are
intruded and retracted with torque control. The posterior teeth are intruded by the kinetic
energy generated when the force direction and the guide bar are not parallel. Resultantly,
the mandible is autorotated counterclockwise, and the occlusal plane is maintained or
flattened [34,35]. Therefore, APLR is effective when applied to hyperdivergent Class II
patients with a gummy smile or uprighted maxillary incisors [1,5,24,34,35].

<Posterior part>
+ Intrusion(kinetic energy)
— Autorotation on Mn.

<Anterior part>
* Intrusive retraction
» Torque control

Figure 10. Biomechanics of the antero-posterior lingual retractor (APLR).

Based on the combination of the length of the extended arms and the location of
TSADs, the effective vertical movement of the anterior teeth is possible with adequate
torque control [1,5,24]. A heavy guide bar connected to the posterior segments effectively
controls the retraction vector to prevent anterior torque loss [34,35]. The posterior tube
also controls the amount of intrusion of the anterior teeth. A previous study suggested
that the angular change of the posterior tube of the APLR resulted in a difference in the
intrusion amount of the anterior teeth [35]. If the angulation of the posterior tube was
parallel to the maxillary occlusal plane, the anterior segment showed bodily movement
without angulation change (Figure 11B) [34,35]. When the tube angulation was tipped
disto-occlusally, the intrusion amount of the maxillary anterior teeth increased (Figure 11C).
Therefore, the maxillary anterior teeth in patients with an excessive gingival display can be

effectively controlled by changing the angulation of the tube [35].
gstefior tul Guifle bar gstefior tu Guile bar
(@) &) «
Figure 11. Schematic diagrams of the C-lingual retractor (CLR) and antero-posterior lingual retractor

Posterior splint (C) Posterior splint
(APLR): (a) CLR group; (b) APLR group with parallel posterior tubes; (¢) APLR group with distally
angulated posterior tube.

@) (b)

5. Treatment Results and Discussion

Kim et al. analyzed the treatment results of 35 patients who underwent maxillary
anterior retraction by applying a CLR with a C-palatal plate [9]. In patients requiring bodily
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tooth movement (SN-U1 < 105°), a long lever arm approximately 10 mm from the facial
axis point (FA point) of the lingual side of the six anterior teeth was applied. Conversely,
in patients requiring controlled tipping (SN-U1 > 105°), a short lever arm approximately
7 mm from the FA point on the lingual side of the six maxillary anterior teeth was used.
The lever arms of all patients were located between the central and lateral incisors [9,36].
In the long lever arm group, SN-U1 decreased by 7.8°, and in the short lever arm group,
SN-U1 decreased by 12.0°. In both groups, the maxillary incisors were intruded by 1.1 mm.
The authors concluded that reasonable torque control and effective intrusion of the anterior
teeth were possible using CLR with TSADs [9].

To our knowledge, no study has analyzed the treatment results for improving anterior
protrusion using DJR; therefore, all case reports related to DJR have been reviewed, includ-
ing three Class II cases [14,30,34]. Liaw et al. reported two extraction cases in skeletal Class
II patients with anterior protrusion using DJR [23,31]. In the first case, a DJR designed to
allow a helical torquing spring to be activated directly on the mini-implant was fabricated
by placing two miniscrews on the palatal slope [31]. The maxillary incisors were retracted
5.0 mm and intruded 2.8 mm, with adequate maxillary incisor torque control (SN-U1, from
102.58° to 103.88°), thus, effectively reducing the anterior protrusion [31]. In the second
case, treatment results showed 7 mm retraction and 1.5 mm intrusion of maxillary incisors.
The maxillary first molars were extruded by 1 mm [23]. Incisal torque control during space
closure was adequate. Moreover, the maxillary incisors showed a retroclination of 4.1°
(SN-U1, from 100.2° to 96.1°) [23]. These suggest generating torque-controlled retraction
and intrusion force by activating the helical spring during anterior retraction. Furthermore,
Park et al. reported a case of skeletal Class II patients with an anterior protrusion in which
the helical spring was activated using elastics [14]. Only the maxillary first premolars were
extracted, and bodily translation of the anterior teeth was planned using DJR. Class II
elastics were applied to the palatal side of the helical spring and mandibular first molar
to control maxillary incisal torque. To minimize the extrusive force, elastics were worn
only at night. The upper incisal torque was well-controlled (SN to U1, from 96.2° to 90.7°).
When reviewing the above three cases using DJR with TSADs [2,14,31], the torque loss of
the maxillary incisors was smaller than that in cases using CLR with a C-palatal plate [9].
However, additional studies with larger sample sizes are needed to confirm these results.

Unlike CLR and DJR, APLR allows not only intrusion of the maxillary incisors but also
intrusion of the maxillary molars. Therefore, APLR with TSADs is effective in hyperdiver-
gent patients with lip protrusion, a gummy smile, or uprighted maxillary incisors [1,5,24].
In a case report by Park et al., a skeletal Class I patient with anterior protrusion was treated
using APLR with TSADs. The maxillary incisors were retracted by 4.5 mm and intruded by
5 mm simultaneously without loss of anterior torque. Meanwhile, the maxillary molars
also showed an intrusion by 2 mm without significant mesial movement resulting in a
flattened occlusal plane [1]. The maxillary total arch intrusion resulted in rotation of the
mandible, which induced comfortable lip closure and a favorable profile. Nahm et al. [13]
also reported a case in which APLR with TSADs was applied in a skeletal Class II patient
with a hyperdivergent pattern showing a gummy smile. As a result of treatment, bodily
retraction and intrusion of the incisors, total intrusion of the maxillary dentition, and
mandibular autorotation were achieved. The gummy smile was resolved by extensive
anterior retraction and intrusion with proper torque control [13].

Kwon et al. reported two cases in which APLR was applied to a skeletal Class II
patient with a hyperdivergent pattern, but autorotation occurred differently. In the first
case, the maxillary incisors showed bodily retraction and intrusion, and the molars were
intruded by 1.5 mm, which resulted in mandibular counterclockwise autorotation and the
anterior positioning of Pogonion by 1.6 mm [5]. In the second case, the maxillary incisors
showed controlled tipping, with intrusion by 4 mm and retraction by 7 mm. The maxillary
molar intrusion was 1.5 mm. However, no autorotation was observed, contrary to other
cases [5]. This may result from mandibular repositioning after resolving of the CO-CR
discrepancy [5].
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Next, considering the effect of APLR on periodontal tissue, despite the significant
amount of retraction, the alveolar bone around the incisors did not show vertical bone
loss [5]. APLR showed similar results to the conventional appliances for alveolar bone loss
in the palate; however, significantly smaller vertical alveolar bone loss was found when
APLR was used. This is because, regardless of the type of lingual retractor, the anterior
teeth are splinted together [34,37,38].

Finally, there have been no reports on the long-term stability of APLR with TSADs.
However, in a case report by Nahm et al., stable occlusion and periodontal health were
shown after a retention period of one year [13]. The treatment stability using APLR is
expected to deliver results similar to the long-term stability of intrusion and en-mass
retraction. This necessitates future studies on the long-term stability of lingual retractors.

6. Future Perspectives

Kwon et al. showed that APLR (KILBON) can be designed using CAD/CAM soft-
ware including 3Txer (ver. 2.5, Orapix, Seoul, Korea) and Rhinoceros 3D (ver 5.0, Rob-ert
McNeel & Associates, Seattle, WA, USA) (Figure 12) [24]. Because 3D digital technology is
rapidly developing, it is judged that these technologies will be applied to lingual retractors
in various ways, and accordingly, lingual retractors are expected to become more popular.

Figure 12. Virtual design of antero-posterior lingual retractor with software program.

7. Conclusions

- All lingual retractors can control the torque and vertical movement of maxillary
incisors by changing the length of the lever arm and position of the TSADs.

- InDJR, the torquing spring plays an additional role in anterior torque control.

- In APLR, changes in the guide bar and posterior tube play an additional role in
anterior torque and vertical control.
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