
Sequential traction of a labio-palatal horizontally 
impacted maxillary canine with a custom three-
directional force device in the space of a missing 
ipsilateral first premolar 

Orthodontic treatment is more complicated when both soft and hard tissues 
must be considered because an impacted maxillary canine has important effects 
on function and esthetics. Compared with extraction of impacted maxillary 
canines, exposure followed by orthodontic traction can improve esthetics and 
better protect the patient's teeth and alveolar bone. Therefore, in order to 
achieve desirable tooth movement with minimal unexpected complications, a 
precise diagnosis is indispensable to establish an effective and efficient force 
system. In this report, we describe the case of a 31-year-old patient who had a 
labio-palatal horizontally impacted maxillary left canine with a severe occlusal 
alveolar bone defect and a missing maxillary left first premolar. Herein, with 
the aid of three-dimensional imaging, sequential traction was performed with 
a three-directional force device that finally achieved acceptable occlusion by 
bringing the horizontally impacted maxillary left canine into alignment. The 
maxillary left canine had normal gingival contours and was surrounded by a 
substantial amount of regenerated alveolar bone. The 1-year follow-up stability 
assessment demonstrated that the esthetic and functional outcomes were 
successful. 
[Korean J Orthod 2019;49(2):124-136]
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INTRODUCTION

The maxillary canines are important for function and 
esthetics. Except for the third molars, the most frequent-
ly impacted teeth are the maxillary permanent canines, 
with an incidence ranging from 0.8% to 2.8%.1,2 Among 
these canine impactions, 85% are palatal and 15% are 
buccal.3 In the present case, the horizontally impacted 

maxillary canine crown and root were palatal and buc-
cal, respectively, which has been rarely reported. More-
over, only gingival tissue was present without alveolar 
bone occlusal to the impacted canine, which might be 
due to the lack of long-term occlusal force stimulation. 

In general, there are five options to manage impacted 
canines: (1) no active treatment, (2) interceptive treat-
ment, (3) surgical exposure and orthodontic alignment, 

Figure 2. Pretreatment dental 
casts.

Figure 1. Pretreatment ex-
traoral and intraoral photo-
graphs. A removable partial 
denture is in the left maxillary 
edentulous region.
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(4) extraction, and (5) surgical repositioning.4 In this 
case, extraction was thought to be the simplest treat-
ment. However, extraction of the impacted canine 
would have worsened the depression of the left angulus 
oris. The maxillary ipsilateral first premolar was absent. 
Hence, surgical exposure with orthodontic traction was 
the only remaining choice. Nevertheless, traction was 
extremely likely to cause resorption of the adjacent teeth 
roots and could fail because of its complicated location. 
Hence, consideration of both the custom design and se-
quential traction with the help of three-dimensional (3D) 
treatment planning was critical to determine the most 
optimal traction path, which is important for effective 
and efficient traction.

The purpose of this report is to describe the treatment 
and management of an adult with a horizontally im-
pacted maxillary left canine and an absent maxillary left 
first premolar using a three-directional force approach. 
Written informed consent was obtained from the patient 
for publication of this report and the accompanying im-
ages.

DIAGNOSIS AND ETIOLOGY

A 31-year-old man visited our hospital with a chief 
complaint of dental crowding and an inappropriate re-
movable partial denture in his left maxillary edentulous 
region. His maxillary left canine was impacted and the 

A B

Figure 5. A pretreatment cephalometric radiograph (A) 
and cephalometric tracing (B).

Figure 3. A pretreatment panoramic radiograph.

Figure 4. A, Pretreatment axial computed tomography images of the impacted left maxillary canine. B and C, Pretreat-
ment three-dimensional reconstructed computed tomography images of the impacted left maxillary canine are shown in 
yellow.

A B C

Table 1. Cephalometric analyses before and after treatment

Measurement Norm Pretreatment Posttreatment

SNA (°) 82.8 ± 4.1 82.5 81.6

SNB (°) 80.1 ± 3.9 75.2 74.8

ANB (°) 2.7 ± 2.0 7.3 6.8

FMIA (°) 55.0 ± 2.0 54.9 55.0

MP-FH (°) 27.3 ± 6.1 32.5 31.5

UI-SN (°) 105.7 ± 6.3 92.7 95.1

L1-MP (°) 96.7 ± 6.4 93.7 92.3

U1-L1 (°) 124.0 ± 8.2 134.8 132.3

Overjet (mm) 2.0 ± 1.0 4.5 3.3

Overbite (mm) 3.0 ± 2.0 4.4 2.5

SNA, Sella-nasion-A point ; SNB, sella-nasion-B point ; 
ANB, A point-nasion-B point; FMIA, long axis  of lower 
incisor-Frankfort horizontal plane; MP-FH, mandibular 
plane-Frankfort horizontal plane; UI-SN, long axis of upper 
inclsor-sella-nasion plane; L1-MP, long axis of lower incisor-
mandibular plane; U1-L1, long axis of upper incisor-long 
axis of lower incisor.
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ipsilateral first premolar had been extracted because of 
severe dental caries.

The initial extraoral photographs show a slight con-
vex profile with depression of the left angulus oris and 
a relatively symmetrical face (Figure 1). The intraoral 
examination indicated a bilateral Angle Class II molar 
relationship with an impacted maxillary left canine and 
an absent maxillary left first premolar. The upper mid-
line was deviated 2 mm to the patient’s left and the 
lower midline was deviated 1 mm to the patient’s left. 
The overjet was 4.4 mm, and the overbite was 1.3 mm. 
Both the maxillary and mandibular arches showed severe 
crowding. Crossbite of the maxillary right lateral incisor 
was observed and the maxillary left second molar dem-
onstrated a scissor bite with the mandibular left second 
molar (Figures 1 and 2). The left maxillary edentulous 
region had been restored with a removable partial den-
ture; inflammation of the mucous membrane was still 
visible in the edentulous region.

A panoramic radiograph analysis displayed a horizon-

tally impacted left maxillary canine and mesioangular 
impacted mandibular third molars (Figure 3). Further-
more, there was no alveolar bone occlusal to the im-
pacted maxillary left canine. 

To locate the impacted left maxillary canine precisely, 
a 3D computed tomography rendering was analyzed, 
which simplifies observation through visualization of the 
relationship between the canine and adjacent teeth (Fig-
ure 4). According to the 3D image, the canine’s crown 
was palatally close to the root apex of the left maxillary 
lateral incisor and the canine’s root apex was buccally 
close to the root apex of the left maxillary second pre-
molar. 

The cephalometric analysis exhibits a slight skeletal 
Class II malocclusion with mild mandibular hypoplasia, 
slight retroclination of the maxillary incisors, and normal 
inclination of the mandibular incisors (Figures 3 and 5, 
Table 1).

Figure 6. The proposed treatment procedure for the impacted maxillary canine in this case.
Ao, Occlusal arm; Fo, occlusal force; Ad, distal arm; Fd, distal force; Ab, buccal arm; Fb, buccal force.

Traction of the impacted maxillary canine in this case

Individual
device

Coronal occlusal
movement of the canine,

departing the canine's
crown from the root of the
maxillary left lateral incisor

Intrusion of the
canine's root into

alveolar bone

Occlusal direction
traction

1

Ao Fo

Distal direction
traction

2

Ad Fd

Buccal direction
traction

3

Ab Fb

Pull the canine's
crown distally

Pull the canine's
crown buccally

Traction successful?

Extraction of the mandibular right first
premolar and the mandibular left
second premolar firstly, then the

maxillary right first premolar

Extraction of the canine,
restoration with a

bridge or implants later

Invert the canine bracket to apply
additional torque from 7 to +7

No Yes

Extraction of
teeth at different
times

Fine adjustment
at straight wire
stage
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TREATMENT OBJECTIVES

The treatment objectives for the present patient were 
as follows: (1) relocate the impacted maxillary left ca-
nine and bring it into alignment, (2) relieve the crowd-
ing in the maxillary and mandibular arches, (3) correct 
the maxillary right lateral incisor crossbite, (4) correct 
the maxillary left second molar and mandibular left sec-
ond molar scissor bite, (5) achieve bilateral Class I molar 
and canine relationships, (6) align the midlines, and (7) 
improve the facial esthetics, especially the depression of 
the left angulus oris.

TREATMENT ALTERNATIVES

There were four treatment alternatives as follows.
1. Extraction of the maxillary right first premolar, 

mandibular right first premolar, and mandibular left sec-
ond premolar while retaining the submerged maxillary 
left canine. Extraction would be followed by restoration 
with a porcelain bridge or removable partial denture 
after completing the orthodontic treatment. There are 
several potential sequelae of an impacted canine such 
as internal resorption of the impacted tooth, external 
resorption of adjacent or impacted teeth, infection and 
migration of adjacent teeth, cyst formation, and ankylo-

sis.5

2. Extraction of the impacted canine, maxillary right 
first premolar, mandibular right first premolar, and 
mandibular left second premolar. However, after the 
impacted maxillary left canine is extracted, the potential 
results might include tooth loosening or an increased 
likelihood of maxillary left lateral incisor extraction due 
to a lack of support from the alveolar bone. Therefore, 
restoration with a porcelain bridge or implants would be 
possible after orthodontic treatment. However, alveolar 
bone resorption would hinder the subsequent implant 
restoration.

3. Relocation of the impacted canine through extrac-
tion followed by autotransplantation. Next, the maxillary 
right first premolar, mandibular right first premolar, and 
mandibular left second premolar would be extracted. 
However, the autotransplantation of teeth might lead to 
ankylosis, progressive root resorption, and failed devel-
opment of the surrounding alveolar bone.6 

In this patient, the insufficient alveolar bone increased 
the difficulty of autotransplantation of the horizontally 
impacted canine. Moreover, autotransplantation would 
increase the risk of damage to the periodontal ligament 
and root during removal.6,7

4. An attempt to perform traction on the impacted 
maxillary left canine while maintaining the maxillary 

Ab
Ao

Ad

Ad

Ab

Ao

Figure 7. The custom-de-
signed device with three arms 
(Ao, Ad, and Ab) was imple-
mented on the cast model. 
Ao, Occlusal arm; Ad, distal 
arm; Ab, buccal arm.

Figure 8. Biomechanics of the custom traction device. A, Occlusal direction; B, distal direction; C, buccal direction. 
Cres, Center of resistance; Fo, occlusal force; Fd, distal force; Fb, buccal force.

A B C

Cres

Fo

Cres

Fd

Cres

Fb
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right first premolar, mandibular right first premolar, and 
mandibular left second premolar without initial extrac-
tion. However, if the impacted canine displays a favor-
able response to the treatment, extraction of the premo-
lars would be performed. 

According to the above analysis, orthodontic reloca-
tion of the impacted maxillary left canine was the pre-
ferred option. 

Treatment plan 
The treatment plan consisted of three stages (Figure 

6). First, a custom device was designed for traction of 
the impacted maxillary left canine. Second, sequential 
extraction of the maxillary and mandibular premolars 
was planned (at different times). Third, fine adjustment 
with a straight archwire technique would be performed 
to achieve an optimal occlusal relationship.

In the first phase, a custom device with three arms was 
fabricated to perform traction on the impacted maxillary 
left canine. These arms were designed to produce forces 
in the occlusal, distal, and buccal directions (Figure 7). 
Moreover, the closed-eruption technique was used to 
bond a bracket to the impacted maxillary left canine. 
First, the occlusal arm (Ao) applied an occlusal force (Fo) 
to cause coronal occlusal movement of the maxillary left 
canine, moving the crown of the canine away from the 
root of the maxillary left lateral incisor and intruding the 
canine’s root into the alveolar bone (Figure 8A). Next, 
the distal arm (Ad) applied a distal force (Fd) to rotate 
the impacted maxillary left canine counterclockwise in 
the horizontal plane and make its crown distal (Figure 

8B). Finally, the buccal arm (Ab) applied a buccal force 
(Fb) to create counterclockwise rotation in the sagittal 
plane to upright the impacted maxillary left canine (Fig-
ure 8C).

In the second phase, the mandibular right first pre-
molar and contralateral second premolar were extracted. 
Then, the maxillary right first premolar would be ex-
tracted if the impacted canine responded favorably to 
treatment. Otherwise, extraction of the impacted maxil-

Figure 10. Traction of the 
maxillary left canine in the 
occlusal direction. The occlusal 
arm (Ao) applies an occlusal 
force (Fo). A, Before activa-
tion; B, activation procedure 
using weingart plier; C, acti-
vation by connecting the Ao 
and the impacted tooth.

A B C

Ao
Ao Ao

Fo

Figure 11. Traction of the maxillary canine in the distal direction. The distal arm (Ad) applies a distal force (Fd).

Ad

Fd Fd

Ad

Fd

Ad

Figure 9. The bracket was inverted and bonded to the 
maxillary left canine to apply additional torque.

Torque = 7 Torque = +7
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lary left canine and a corresponding restoration would 
be considered.

In the third phase, an inverted maxillary canine 
bracket was bonded to the maxillary left canine, which 
changed the torque from −7o to +7o to produce extra 
torque for fine adjustment (Figure 9). 

TREATMENT PROGRESS

Treatment began using a closed-eruption technique 
to bond a bracket to the maxillary left canine, in which 
the depth of impaction, anatomy of the edentulous site, 
direction of the teeth, and type of orthodontic force 
were crucial considerations in deciding the exposure 
method.8,9 A custom device with three arms was fabri-
cated to provide traction in different directions (Figure 7). 
According to the figure, Ao applies an Fo, which leads to 
coronal occlusal movement of the maxillary left canine 
(Figure 10). Two months later, a Fd applied by Ad was 
designed to pull the canine’s crown distally (Figure 11). 
A Fb applied by Ab was designed to pull the impacted 
canine’s crown buccally at 13 months (Figure 12). 

At 10 months, after extraction of the mandibular right 
first premolar and left second premolar, brackets were 
placed on all mandibular teeth for primary alignment 
and leveling (Figure 13).

At 16 months, a helix was added to correct the scissor 

bite of the maxillary and mandibular left second molars 
(Figure 14). Then, the maxillary left third molar was ex-
tracted.

At 22 months, the traction device was removed af-
ter the maxillary left canine appeared in the arch. The 
brackets were bonded to all maxillary teeth after the 
maxillary right first premolar was extracted (Figure 15). 
In addition, an inverted maxillary canine bracket was 

Figure 12. Traction of the maxillary canine in the buccal direction. The buccal arm (Ab) applies a buccal force (Fb).

Ab

Fb

Fb

Ab

F
b

Ab

Figure 13. Intraoral photo-
graphs obtained at 10 months. 
The alignment and leveling 
on the mandibualr arch have 
com menced.

Figure 14. A helix was added to correct the scissor bite 
of the maxillary left second molar and mandibular left 
second molar.
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bonded to the maxillary left canine to achieve extra 
torque.

Throughout the treatment, alignment and leveling 
were performed by using 0.014-inches (in) and 0.016-
in nickel-titanium archwires sequentially, followed by 
rectangular nickel-titanium archwires (0.016 × 0.022 in, 
0.017 × 0.025 in, and 0.019 × 0.025 in). Finally, 0.019-
in × 0.025-in stainless steel archwires were used for fine 
adjustment.

The patient’s treatment was interrupted for about 2 
years because of a car accident. At 56 months, all brack-

ets were removed and vacuum-formed retainers were 
delivered to maintain the tooth positions. After treat-
ment, dental casts, photographs, and cephalometric and 
panoramic radiographs were collected.

RESULTS

The impacted canine was in the proper position in 
the maxillary arch with proper support from periodon-
tal tissue, while the normal gingival contours had an 
adequate width of keratinized attached gingiva (Figure 

Figure 16. Post-treatment 
extraoral and intraoral photo-
graphs.

Figure 15. Intraoral photo-
graphs obtained at 22 mon-
ths. The alignment and level-
ing on the maxillary arch have 
commenced.
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16). The facial esthetics were also improved, especially 
the depression of the left angulus oris was less evident 
(Figure 17). The anterior crossbite and posterior scis-
sor bite had been corrected. A bilateral Class I occlusion 
with improved overjet and overbite was achieved and 
the midlines matched the facial midline (Figures 16 and 
18). A panoramic radiograph exhibited favorable root 
alignment; the root of the maxillary left canine was 
surrounded by substantially regenerated alveolar bone, 
while the roots of the maxillary right lateral and center 
incisors had some resorption, which may be due to the 
extended duration of orthodontic treatment, intrusion 
and bodily movement of the teeth, and genetic fac-
tors (Figures 19–21).10-14 The maxillary left third molar 
was extracted for correction of the scissor bite of the 
maxillary and mandibular left second molar. The patient 
refused maxillary right third molar and mandibular third 
molar extractions despite our recommendation. A lateral 
cephalometric radiograph superimposition indicates the 
maintained profile (Figures 22–24).

The post-treatment cephalometric analysis showed 
that the Class II skeletal relationship was maintained and 
the overjet and overbite relationships were improved. 
After removal of the fixed appliances, vacuum-formed 
retainers were applied to the maxillary and mandibular 
teeth to maintain their positions. After 1 year of treat-

ment, the esthetics and dental occlusion of the patient 
were stable without additional morphological changes 
to the apical root (Figure 25).

DISCUSSION

An impacted maxillary canine is a common challenge 
in orthodontics treatment, as the development of the 
maxillary canines from formation to final full occlusion 
is the longest and most flexural.15 Moreover, the maxil-
lary canine is an excellent abutment for fixed and re-
movable prostheses and is crucial for esthetics. For these 

Figure 18. Post-treatment 
dental casts.

Figure 19. A post-treatment panoramic radiograph.

Figure 17. Pretreatment and 
post-treatment smile photo-
graphs.
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reasons, the maxillary canine is also called the “corner-
stone of the maxillary arch,” and its removal should be 
strictly avoided.

Orthodontic treatment for horizontally impacted ca-

nines is likely to have a poor prognosis because of the 
difficulty of orthodontic traction and unexpected effects 
on periodontal health.16 It is important to ensure that 
the patient understands the risks of the recommended 

Figure 21.  Pretreatment 
(white) and post-treatment 
(red) superimposed three-
dimensional images of the 
dentition. The impacted left 
maxillary canine is shown in 
yellow.

Figure 22. A post-treatment cephalometric radiograph. Figure 23. A post-treatment cephalometric tracing.

Figure 20. Three-dimensional 
cone-beam computed tomog-
raphy images.
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treatment, such as a loss of periodontal support, resorp-
tion of the apical roots of the canine and adjacent teeth, 
loss of tooth vitality, ankylosis, and a long treatment 

duration.
In this patient, the canine was impacted labio-pala-

tally and horizontally and in close proximity to adjacent 
tooth roots; thus, it was almost impossible to replace 
the maxillary left canine with the maxillary left second 
premolar, as the maxillary left first premolar was absent 
and extraction of the canine might cause undesirable 
alveolar bone loss. Given this rare and complicated situ-
ation, a custom-designed device was fabricated that ap-
plied Fo, Fd, and Fb for sequential traction to determine 
the most optimal traction path for the impacted canine. 
Moreover, the 3D force system applied by the custom 
force device changed the axis of the tooth in a stepwise 
manner and prevented the tooth from moving toward 
adjacent tooth roots during displacement. These suc-
cessful results were attributed to the adequate custom 
design of the 3D force system and proper sequential 
traction. We used the closed-eruption technique. This 
technique resulted in the left maxillary canine with a 
good periodontal attachment level, which was similar to 
that of the contralateral right maxillary canine (Table 2).

Orthodontic traction was chosen as the optimal treat-
ment for the patient as opposed to extraction, which 
greatly increases the risk of periodontal breakdown 
and infrabony defects. Although infrabony defects af-
ter extraction of the impacted canine might be treated 

Figure 24. A superimposition of pretreatment (black 
lines) and post-treatment (red lines) cephalometric trac-
ings.

Figure 25. One-year reten-
tion is shown in extraoral and 
intraoral photographs.
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through vertical bone augmentation techniques such 
as distraction osteogenesis, onlay bone grafting, and 
guided bone regeneration, regaining the alveolar bone 
height, which is in the range of millimeters, the amount 
might be undetectable.17 Through orthodontic traction, 
the tooth movement induced bone formation from peri-
odontal cells, which was an efficient way to regenerate 
bone at the defect.18 In this patient, satisfactory peri-
odontal tissue was achieved and an appropriate alveolar 
bone height was maintained.

In addition to the difficulties of orthodontic traction, 
torque correction of impacted canines remain chal-
lenging. In this case, we inverted the maxillary canine 
bracket to produce additional torque when bringing 
the maxillary left canine into alignment. Although the 
palatal tissue coverage of the maxillary left canine was 
sufficient, when viewing the canine buccally, the clinical 
crown appeared slightly longer because of a lack of buc-
cal bone support. 

Overall, a precise diagnosis, appropriate force system 
with the aid of 3D rendering, and a comprehensive and 
detailed treatment plan contributed to a satisfactory 
clinical outcome for this patient.

CONCLUSION

Treatment of a labio-palatal horizontally impacted 
maxillary canine was a clinical challenge, especially since 
it was very close to adjacent teeth with insufficient sur-
rounding alveolar bone. In this case, the closed-eruption 
technique and sequential traction with custom-designed 

three-directional orthodontic forces were critical to 
bringing the tooth into occlusion successfully.
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