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Ab s t r Ac t
Aim: To present a case of skeletal mandibular protrusion with multiple impacted ankylosed teeth, which were treated with conventional 
orthognathic surgery and alveolar corticotomy, respectively.
Background: Tooth ankylosis is characterized by the fusion of a root surface with the surrounding alveolar bone. Various treatment modalities 
for tooth ankylosis have been developed and are used commonly in the clinic. Corticotomy is defined as the application of intentional surgical 
injury to the cortical bone to mobilize a tooth with the adjacent bone and soft tissues. The corticotomy technique has been improved in recent 
years to avoid possible risks such as periodontal damage, tooth devitalization, and osseous necrosis due to an inadequate blood supply.
Case description: A female patient aged 16 years and 3 months was diagnosed with anterior crossbite and the impaction and ankylosis of 
multiple canines. After the confirmation of ankylosis, alveolar corticotomy was performed on the maxillary left and mandibular right canines. 
After 6 months of traction (patient age, 19 years and 7 months), both canines had extruded successfully. After the completion of preoperative 
treatment, bilateral intraoral vertical ramus osteotomy was performed to correct the anterior crossbite involving a skeletal mandibular protrusion. 
The amounts of mandibular setback on the right and left sides were approximately 7 and 5 mm, respectively. The total treatment period was 
55 months. Acceptable occlusion with a balanced profile was maintained over a 5-year retention period, indicating the long-term stability and 
success of the treatment.
Conclusion: Our results indicate that alveolar corticotomy should be considered to facilitate the treatment of multiple impacted ankylosed teeth.
Clinical significance: This report proposes an efficacy of alveolar corticotomy for extrusion of impacted ankylosed teeth.
Keywords: Alveolar corticotomy, Multiple ankylosed teeth, Orthognathic surgery, Tooth impaction.
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In t r o d u c t I o n
The most prevalent dental anomaly is tooth impaction, with 
approximately 14% of orthodontic patients affected by this 
condition.1 The maxillary canine is most often affected, followed by 
the mandibular canine.2,3 The etiology of tooth impaction consists 
of local and systemic factors.4–6 Adverse effects of the systemic 
factors can impact treatment time and outcome.7 Factors reported 
to extend treatment time include the patient age at the time of 
treatment initiation, severity of root dilaceration, root formation 
stage, tooth position and direction, and the distance of the tooth 
from the occlusal plane.8–10 Thus, the success of impacted tooth 
traction depends on these factors. Orthodontists often hesitate to 
treat impacted teeth, as ankylosis, and root resorption during and/
or after tooth traction can increase the potential for failure.7,11,12

Tooth ankylosis is characterized by the fusion of a root 
surface with the surrounding alveolar bone. This condition 
affects occlusion and esthetics. The majority of proven ankylosis 
events occur in deciduous molars.13 Ankylosis of the permanent 
teeth frequently involves the permanent maxillary incisors after 
periodontal ligament damage due to local trauma.14,15 Ankylosis 
of the permanent canines, premolars, and molars is likely to occur 
without a traumatic history and appears to be a multifactorial 
phenomenon, usually of unidentified cause. Regardless of its cause, 
the treatment of tooth ankylosis is complicated; various treatment 
modalities have been developed and are used commonly in the 
clinic.16–18 In the absence of external root resorption and root 

dilaceration, subluxation and traction of the ankylosed tooth may 
be suitable. Possible side effects include the loss of vitality and 
root fracture. In addition, ankylosis may reoccur as the luxation is 
repaired. Compared with surgical osteotomy and osteodistraction, 
corticotomy-facilitated orthodontic treatment is less invasive and 
associated with fewer adverse effects and shorter treatment time.19 
Corticotomy is defined as the application of intentional surgical 
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injury to the cortical bone to mobilize a tooth with the adjacent 
bone and soft tissues.18 The corticotomy technique has been 
improved in recent years to avoid possible risks such as periodontal 
damage, tooth devitalization, and osseous necrosis due to an 
inadequate blood supply. However, to our knowledge, no report 
of a case in which multiple impacted ankylosed permanent teeth 
were treated with alveolar corticotomy has been published. Here, 
we present a case of skeletal mandibular protrusion with multiple 
impacted ankylosed teeth, which were treated with conventional 
orthognathic surgery and alveolar corticotomy, respectively.

cA s e de s c r I p t I o n
A female patient (aged 16  years and 3  months) presented with 
discomfort due to an anterior crossbite, prolonged retention of 
deciduous teeth, and delayed eruption of multiple permanent 
teeth. The patient’s medical and dental history included no 
traumatic injury to the head, neck, or jaw, and no family history of 
skeletal mandibular protrusion.

The patient’s facial profile was concave, and the frontal view was 
nearly symmetrical (Fig. 1A). The bilateral molar relationships were 
angle class III (Fig. 1B). The interincisal relationship was characterized 
by overjet of −4.0 mm and overbite of 2.0 mm. The maxillary dental 
arch form was square. Prolonged retention of the mandibular right 
first and second deciduous molars and left second deciduous molar 
was noted. The permanent maxillary left canine, mandibular right 
canine and first and second premolars, and mandibular left canine 
and second premolar were unerupted. The maxillary dental midline 
matched the facial midline, whereas the mandibular dental midline 
was shifted 2 mm to the left of the midline. A panoramic radiograph 
showed that all of the patient’s permanent teeth had short roots 
and that the alveolar bone level was reduced slightly (Fig. 1D). The 
maxillary left canine was impacted horizontally. The mandibular 
right canine and first and second premolars, and left canine and 
second premolar were also impacted (Fig. 1D). The mandibular right 
second molar was inclined mesially. Although temporomandibular 
joint disorders were absent, gingival recession with gingivitis was 
present in the anterior teeth. 

Cephalometric analysis indicated that the patient’s skeletal jaw-
base relationship was class III (A-point-nasion-B-point angle (ANB), 
−4.2°) relative to the Japanese female norm20 (Fig. 1C and Table 1). 
The mandibular plane was acute (Frankfort mandibular plane angle 
(FMA), 19.9°). The inclination of maxillary central incisors was within 
the normal range (U1-SN, 101.5°), whereas the mandibular central 
incisors were inclined lingually (L1-Mand. Pl., 80.9°), indicating 
dental compensation.

Treatment Objectives
The patient was diagnosed with an anterior crossbite, impaction of 
multiple permanent teeth, a skeletal class III jaw-base relationship, 
and a low mandibular plane angle. The cause of impaction of six 
permanent teeth could not be identified; all of these impacted 
teeth required orthodontic traction to diagnose ankylosis. Thus, 
the following treatment objectives were established: (1) exposure 
of the six impacted permanent teeth, (2) correction of the anterior 
crossbite, and (3) achievement of an adequate overjet and overbite 
for an acceptable and functional class I occlusion. As the etiology of 
the anterior crossbite possibly involved the patient’s large mandible, 
we additionally planned to perform bilateral conventional 
osteotomy. Traction of the six impacted teeth was required to 
achieve functional class I occlusion; if it failed, alveolar corticotomy 
was planned upon confirmation of the suspected ankyloses.

Treatment Alternatives
Several surgical procedures for ankylosed teeth, including single 
tooth osteotomy, surgical luxation, and distraction osteogenesis, 
were explored. Single tooth osteotomy enables rapid tooth 
movement with a bony block and is feasible for ankylosed 
mandibular molars. In performing this procedure, maintenance of 
the soft tissue pedicle attached to the cortices is essential.21 When 
greater movement of the bony block is required, the surgeon should 
be carefully to avoid stretching of the limited soft tissue, which 
could lead to gingival recession. Surgical luxation is attempted to 
break the fusion between the tooth-root surface and the alveolar 
bone. It is minimally invasive, resulting in less postoperative pain 
and discomfort but may cause loss of vitality and root fracture. 
In addition, ankylosis may recur after tooth luxation, resulting 
in insufficient extrusion of the ankylosed tooth. Distraction 
osteogenesis may be feasible for the extrusion of the ankylosed 
tooth. It can induce new bone formation without bone grafting. 
Moreover, as the tooth in the bony block is distracted gradually, 
the attached soft tissue can regenerate along with the transported 
bony segment. However, distraction osteogenesis requires broad 
flap surgery, associated with a longer healing period and more pain 
and discomfort than is individual corticotomy. Other disadvantages 
include the difficulty of placing a large distractor in the mouth and 
the possibility of nerve and tooth injury, and bone nonunion or 
poor union.16,18 In addition, in a split-mouth study of distraction 
osteogenesis after corticotomy and osteotomy, Hu et al.22 reported 
more bone formation and earlier mineralization on the corticotomy 
side than on the osteotomy side.

Thus, alveolar corticotomy should be attempted before the 
application of distraction osteogenesis. Alveolar corticotomy is 
likely to maintain the integrity of the endosteum, bone marrow, 
and capillary networks. For these reasons, we decided to use 
individual alveolar corticotomy for the traction of the ankylosed 
teeth in this case. The patient provided informed consent to 
this procedure, indicating that she understood that alveolar 
corticotomy of some of the impacted teeth might be necessary if 
ankylosis was detected.

To treat skeletal class III malocclusion with severe dentoskeletal 
discrepancies, surgical orthodontic treatment is recommended. 
Especially, two-jaw surgery with posterior impaction of the 
maxilla and setback of the mandible is suitable to correct the 
labially inclined maxillary incisors, protrusive upper lip, and flat 
occlusal plane in patients with skeletal class III.23 When the flat 
occlusal plane is corrected by posterior impaction of the maxilla, 
an amount of the mandibular setback increases compared to 
only setback of the mandible. Taken these into consideration, we 
recommended the patient to receive two-jaw surgery; however, 
the patient selected surgical approach to only mandible, intraoral 
vertical ramus osteotomy (IVRO), to avoid postoperative risks such 
as neurosensory disturbances and extreme complications such as 
bleeding, swelling, and infection.

Treatment Progress
To gain space for traction of the maxillary left canine, a rapid 
expansion appliance was applied to the maxillary dentition. Lateral 
expansion of the maxilla was initiated at a rate of 0.5 mm/day; the 
total amount of maxillary expansion achieved was 6.0 mm. After 
a 6-month healing period, the rapid expansion appliance was 
repositioned on the lingual arch (Fig.  2A) and the four retained 
deciduous teeth were extracted. Thereafter, natural eruption of 
the impacted mandibular permanent teeth was observed. Three 
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Fig. 1A to D: Pretreatment facial (A) and intraoral photographs (B), frontal and lateral cephalograms, cephalometric tracing (C), and panoramic 
radiograph (D) (patient age, 16 years and 3 months).
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Table 1: Summary of cephalometric analyses

Variable Japanese norm* SD
Pretreatment Posttreatment Postretention

16 years 3 months 21 years 3 months 26 years 3 months
Angular items (°)

A-point-nasion-B-point angle (ANB) 2.8 2.4 −4.2 0.1 0.1
Sella-nasion-A-point angle (SNA) 80.8 3.6 79.7 79.7 79.6
Sella-nasion-B-point angle (SNB) 77.9 4.5 83.9 79.6 79.5
Mandibular plane/ Frankfort horizontal plane (FH) 30.5 3.6 19.9 22.4 21.3
Gonial angle 122.1 5.3 127.3 129.3 128.2
U1-SN 105.9 8.8 101.5 107.1 107.4
L1-mandibular plane 93.4 6.8 80.9 82.2 83.4
Interincisal angle 123.6 10.6 142.2 132.8 134.4
Occlusal plane 16.9 4.4 5.2 2.0 1.0

Linear items (mm)
S-N 67.9 3.7 66.4 66.0 66.8
N-Me 125.8 5.0 59.9 53.9 56.2
Ar-Go 47.3 3.3 59.9 53.9 56.2
Ar-Me 106.6 5.7 116.4 114.2 114.6
Go-Me 71.4 4.1 73.0 75.7 77.2
Overjet 3.1 1.1 −4.0 2.5 3.0

Overbite 3.3 1.9 2.0 2.0 2.0
*Wada et al.20

Fig. 2A to D: Intraoral photographs and panoramic radiographs taken during treatment. (A) Six months after maxillary lateral expansion (patient 
age, 17 years). (B) One year after traction of the maxillary left canine (patient age, 18 years and 2 months). (C) Three months after corticotomy 
(patient age, 19 years and 4 months). (D) Six months after corticotomy (patient age, 19 years and 7 months).

months later, the maxillary left canine was surgically exposed, and 
orthodontic traction of this tooth was initiated with an elastic chain. 
However, it showed little or no movement even after 1-year of 

traction, when the patient was aged 18 years and 2 months (Fig. 2B). 
The mandibular second premolars, left canine, and first premolar 
had erupted naturally to some extent. In contrast, the mandibular 
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After a total of 21  months of preoperative orthodontic 
treatment, including traction of the ankylosed teeth, bilateral IVRO 
was performed to correct the anterior crossbite involving skeletal 
mandibular protrusion (Figs 4A–4C). The mandibular setback on the 
right and left sides were approximately 7 and 5 mm, respectively. 
Four orthodontic miniscrews were implanted in the maxillary and 
mandibular interradicular areas between the central and lateral 
incisors to avoid extrusion of the anterior teeth during intermaxillary 
skeletal fixation. This fixation was performed over 1  week, and 
mouth-opening training was initiated thereafter. After 10 months 
of postoperative orthodontic treatment, acceptable and functional 
occlusion had been achieved and the multibracket appliances were 
removed. Immediately thereafter, lingually bonded retainers were 
set on both dental arches; at night, the patient wore wraparound 
retainers on the maxillary and mandibular dentition. The total 
treatment time, including traction of the multiple ankylosed teeth, 
was 55 months.

Treatment Results
Posttreatment facial photographs showed improvement of the 
patient’s overall facial balance, with straightening of the facial 
profile (Fig. 5A). Her anterior crossbite had improved, and adequate 
intercuspation of the teeth was achieved, with class I canine and 
molar relationships (Fig. 5B). The patient’s overjet was increased to 
+2.5 mm and her overbite was maintained at +2.0 mm, resulting in 
an adequate interincisal relationship. Finally, the formerly ankylosed 
maxillary left and mandibular right canines had extruded to the 
occlusal plane, with the achievement of occlusal contact with the 
opposing teeth.

A panoramic radiograph showed that root parallelism was 
almost completely achieved (Fig. 5D). Posttreatment cephalometric 
analysis revealed a skeletal class I jaw-base relationship (ANB, +0.1°; 
Figs 5C and 5E, Table 1). The mandibular plane angle had increased 
by 2.5° but remained smaller than Japanese female norm (FMA, 
22.4°). The maxillary central incisors were inclined labially (U1-SN, 
107.1°), and the inclination of the mandibular central incisors was 
almost completely maintained.

Five years after the retention period, the patient maintained a 
good facial profile and an acceptable occlusion, with no recurrence 
of the anterior crossbite (Figs 6A and 6B). Thus, long-term occlusal 
stability had been achieved. The maxillary left and mandibular 
right canines were still vital, indicating little or no side effects 
of alveolar corticotomy. A panoramic radiograph revealed little 
or no change in the alveolar bone level and root parallelism 
(Fig. 6D). Postretention cephalometric evaluation showed little or 
no change, with no substantial skeletal or dental relapse (Figs 5E 
and 6C, Table 1).

dI s c u s s I o n
Systemic and local factors identified as contributors to the 
failure of tooth eruption include physical and functional 
interference, ankylosis, and disturbance of the mechanism 
underlying eruption.24 In the patient described here, failure 
of eruption was observed for the maxillary left canine and the 
mandibular left canine and second premolar and right canine 
and the first and second premolars. The mandibular second 
premolars and right first premolar did not undergo eruption due 
to physical interference involving the prolonged retention of 
the deciduous molars. CT revealed the partial loss of periodontal 
space around the maxillary left and mandibular right canines, 

right canine exhibited none or very minimal eruption. According 
to the computed tomography (CT) images, the maxillary left and 
mandibular right canines were suspected as partial ankylosis 
although the images of partial loss of periodontal space were not 
obvious (Fig. 3A). Based on these findings, ankylosis of these two 
teeth was preliminarily diagnosed.

When the patient was aged 18 years and 6 months, 0.018” slot 
standard edgewise appliances were placed on her maxillary and 
mandibular dentition. Initial leveling was performed. At the age of 
19 years and 1 month, the patient underwent outpatient alveolar 
corticotomy under local anesthesia (Fig.  3B). Full-thickness flaps 
were raised in the buccal regions of the maxillary left canine and 
mandibular right canine to first premolar, exposing the alveolus 
surrounding the ankylosed teeth. Cortical bone was removed with a 
surgical bur under continuous irrigation with sterile saline solution. 
For the mandibular right canine and first premolar, vertical cuts 
were made in the mesial and distal interproximal areas, starting at 
the alveolar crest and extending 2 to 3 mm beyond the root apices. 
For the maxillary left canine, a horizontal cut was made along the 
impaction axis in the mesial and distal interproximal areas. Several 
small round perforations (approximate diameter, 1 mm) were also 
made in the areas circumscribed by those cuts to accelerate bone 
healing. Immediately after the alveolar corticotomy, traction of 
the maxillary left canine with the surrounding alveolar bone was 
initiated via an elastomeric chain from the archwire (0.016″ × 0.022″ 
titanium–niobium alloy wire). Similarly, the mandibular right 
canine was extruded by attaching an elastomeric chain from the 
archwire (0.016″ nickel–titanium alloy wire; Fig. 2C). After 6 months 
of traction, when the patient was aged 19  years and 7  months, 
the maxillary left and mandibular right canines had extruded 
successfully (Fig. 2D).

Fig. 3A and B: Computed tomography taken before alveolar corticotomy 
(A) and schematic illustration of alveolar corticotomy (B). Red 
arrowheads indicate partial ankyloses suspected. Black lines indicate 
cutting line of alveolar corticotomy.
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extrusion of multiple ankylosed canines within 6 months, with 
no postoperative complication (e.g., tooth devitalization or 
discoloration due to nerve injury, root resorption, or toothache). 
The patient exhibited no relapse at 5 years postoperatively. Thus, 
this approach may be useful for other patients with infraocclusion 
involving tooth ankyloses.

The present report describes combined orthodontic and 
orthognathic surgical treatment of skeletal mandibular protrusion, 
involving IVRO. Generally, sagittal split-ramus osteotomy (SSRO) 
is recognized to provide greater postoperative stability than that 
achieved with IVRO. Other disadvantages of IVRO include slow 

implying ankyloses, although only one-third of patients with 
ankylosed teeth exhibit such loss of periodontal space on CT 
images.25 In such cases, an absolute diagnosis of tooth ankylosis 
is obtained with the application of orthodontic force. In the 
present case, orthodontic force was applied to the impacted 
canine for 1  year. And the immobility of this tooth confirmed 
that it was ankylosed. Although permanent maxillary incisors 
frequently become ankylosed after periodontal ligament damage 
due to local trauma,26 ankylosed canines, especially multiple 
instances, are rare. In this case, the performance of alveolar 
corticotomy to improve the infraocclusion achieved sufficient 

Fig. 4A to C: Facial (A) and intraoral photographs (B), lateral and frontal cephalograms, and cephalometric tracing (C) taken before orthognathic 
surgery (patient age, 20 years and 3 months).
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Fig. 5A to E: Posttreatment facial (A) and intraoral photographs (B), frontal and lateral cephalograms, cephalometric tracing (C), panoramic radiograph 
(D) (patient age, 21 years and 2 months), and superimposition of cephalometric tracings at pretreatment (black line), posttreatment (red line), and 5 years 
postretention (green line) on the sella-nasion plane at sella, on the palatal plane at anterior nasal spine, and on the mandibular plane at menton (E).
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Fig. 6A to D: Postretention facial (A) and intraoral photographs (B), frontal and lateral cephalograms, cephalometric tracing (C), and panoramic 
radiograph (D) (patient age, 26 years and 3 months).
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postoperative osseous healing and projection of the antegonial 
notch. However, a recent study showed that IVRO was equivalent 
to SSRO in terms of bone healing and morphological recovery 
of the mandible.27 In addition, Kung and Leung28 reported no 
significant difference in relapse after IVRO and other mandibular 
orthognathic surgeries. Taken together, these observations indicate 
that the performance of IVRO to treat mandibular setback yields 
stable long-term results, as observed in the present case. Al Yami 
et al.29 reported that approximately half of all relapses occur within 
the first 2  years after retention. Moreover, most postoperative 
skeletal changes following IVRO for orthognathic mandibular 
setback are likely to appear within the first year after surgery.28 
Our patient showed little or no relapse at 5 years. Thus, the present 
case demonstrates that the orthognathic surgical treatment of 
mandibular prognathism with IVRO can provide predictable and 
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co n c lu s I o n
In the present case, skeletal mandibular protrusion with multiple 
impacted ankylosed teeth was treated successfully with 
conventional osteotomy and alveolar corticotomy. Thus, alveolar 
corticotomy may facilitate the treatment of multiple impacted 
ankylosed teeth in patients with infraocclusion. After orthodontic-
orthognathic treatment, an acceptable occlusion with class I canine 
and molar relationships was accomplished. During 5-year retention 
period, no relapse toward mandibular protrusion was found. Since 
the alveolar support of the ankylosed teeth is likely to be lowered 
due to continuous replacement resorption of the root, our case 
report indicates the necessity of long-term observation of a patient 
with ankylosed teeth after active treatment.
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