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ABSTRACT 

Ankylosis is defined as pathological fusion of root cementum or dentin to the surrounding alveolar bone. Dental trauma is the 

mainetiology of ankylosis. The ankylosed teeth do not erupt during facial vertical growth and often remain submerged. Herein, we 

present management of an ankylosed maxillary central incisor. The tooth did not respond to orthodontic mechanics alone. We 

performed single-tooth dento-osseous osteotomy to allow inferior movement of the tooth. In conclusion, distraction osteogenesis 

of the alveolar bone can be performed in conjunction with orthodontic treatment to correct both the bony and gingival margins.  

 

Keywords: Ankylosis; Osteotomy; Distraction osteogenesis 

 

 

 

1. INTRODUCTION 

Dental trauma is common in children and around 25% of children suffer dental trauma during their developmental years (Graber et 

al., 2016). Trauma to the anterior maxilla is common during childhood (Schwartz-Arad et al., 2004). Ankylosis is a serious 

complication that often occurs following severe damage to the periodontal ligament (Schwartz-Arad et al., 2004). Ankylosed teeth 

fail to erupt during facial vertical growth and often remain submerged. In cases with ankylosed maxillary central incisors, both 

gingival and incisal discrepancies may occur following growth and development of the alveolar process (Chang et al., 2010). The 

degree of arrested eruption is positively correlated with vertical facial growth after ankylosis (Schwartz-Arad et al., 2004). Ankylosed 

teeth often require several reconstructive procedures to correct local alveolar deficiency (Kofod et al., 2005). Single-tooth osteotomy 

and distraction osteogenesis in conjunction with orthodontics is one treatment option for infraoccluded ankylosed teeth to correct 

both the osseous defect and gingival margins (Mayne et al., 2017). Distraction osteogenesis refers to a process that leads to new 

bone formation between the bone segments, causing their gradual separation following incremental traction. It can be applied to 

correct gingival and alveolar deformities with high level of predictability and efficiency (Chang et al., 2010). A study in 1997 

performed an osteotomy involving the dento-osseous segment in one surgical stage to allow its inferior displacement of an 

ankylosed upper central incisor successfully (Medeiros and Bezerra, 1997). Also, several authors have reported treatment of 

ankylosed teeth by use of osteotomy and distraction osteogenesis (Susami et al., 2006). This technique has shown favorable 

outcomes in a recent study and an interdisciplinary approach is often required for an ideal dental outcome (Day et al., 2008). 

Therefore, we present management of an ankylosed maxillary central incisor with single-tooth dento-osseous osteotomy in a case. 

 

2. CASE PRESENTATION 

Our patient was a 15-year-old female just starting orthodontic treatment (Figure 1). Her past medical history was unremarkable. Her 

dental history revealed that she had skeletal Class I relationship and bimaxillary dentoalveolar protrusion (Figure 2). The patient has 

a mild open bite, but her chief complaint was crowding and misalignment of her upper incisors and she did not accept 

comprehensive orthodontic treatment for two jaws. Her maxillary left central incisor was partially erupted and had about 3 mm 

discrepancy at the gingival line and incisal edge compared to her maxillary right central incisor. She recalled a history of trauma to 

this tooth at 9 years of age; the tooth appeared to be ankylosed. 

Diagnosis of ankylosis depends on clinical signs and interpretation of radiographic findings. The clinical diagnosis of ankylosis is 

made following evaluation of mobility and the percussion test (Isaacson et al., 2011; Alruwaithi et al., 2017). Observation of the 

progressive infra-occlusion during adolescence is also a late indicator of ankylosis (Mayne et al., 2017). Theoretically, ankylosis 

should be visible on radiographs characterized by an interruption in the periodontal ligament space (Isaacson et al., 2011); however, 

radiographic images often have limited value in diagnosis of ankylosis because of their 2D nature (Isaacson et al., 2011). Ankylosis 

often occurs on the labial and lingual root surfaces, which complicates its detection on radiographs (Alruwaithi et al., 2017). When 

the ankylosis involves the proximal root surfaces, it may be visualized and detected on periapical radiographs (Medeiros et al., 1997). 

Development of 3-dimensional imaging modalities such as computed tomography enabled the detection of small areas of 

cementum and root fusion (Isaacson et al., 2011). 

An infraoccluded tooth shows no mobility and has a dull sound on percussion (Chang et al., 2010; Kofod et al., 2005; Mayne et al. 

2017; Isaacson et al., 2011; Alruwaithi et al., 2017; Ohkubo et al., 2011). The diagnosis of ankylosis is made based on the lack of tooth 

movement and the dull sound heard upon percussion (Kofod et al., 2005; Isaacson et al., 2011).  
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Figure 1 Pre-treatment photographs 

 

 

 

Figure 2 Pre-treatment radiographs: (A): cephalogram (B): panoramic 

 

 

Treatment Objectives 

The diagnosis of ankylosis of the maxillary left central incisor was confirmed by the orthodontist based on clinical and radiographic 

examinations (Figure 3). The treatment objectives were as follows: (1) to obtain a normal incisor relationship, (2) improve smile and 

esthetic appearance of the anterior region, and (3) correct the bony and gingival margins around the ankylosed maxillary left central 

incisor. 
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Figure 3 pre-treatment periapical radiograph; Radiographs have limited value in the diagnosis of ankylosis because of their two-

dimensional nature 

 

Treatment Options 

There are a few treatment options available for ankylosed permanent maxillary central incisors in young adults: extraction of tooth 

after completion of facial vertical growth and replacement of the lost tooth with a dental implant or a prosthetic restoration, or 

preserving the tooth and reshaping it by use of coronal restorations to level and align it (Chang et al., 2010; Mayne et al., 2017; 

Isaacson et al., 2001). However, these options have limited indications. Also, bone augmentation may be required before dental 

implantation and therefore is not recommended. Thus, we adopted another treatment modality. As we know, orthodontic tooth 

movement is impossible for ankylosed teeth. Therefore, we decided to do segmental osteotomy to cause gradual inferior movement 

of the tooth while supporting the alveolar bone. 

 

Treatment 

Multi-bracket appliances were placed for all maxillary teeth except for the ankylosed tooth (due to the patient's request, only 

orthodontic treatment of the maxilla was performed). Aligning and leveling phases were accomplished and then 17 x 25 rectangular 

stainless steel wires and an appropriate size open coil spring were placed to provide adequate mesio-distal space for the 

osteotomies at the surgical site to avoid periodontal ligament damage. Next, segmental alveolar osteotomy was carried out under 

local anesthesia. Single-tooth dento-osseous osteotomy was carried out followed by distraction of alveolar bone. The anterior 

maxilla was exposed by elevating a mucoperiosteal flap extending from the right to the left lateral incisors. Vertical osteotomy of the 

alveolar crest was then carried out 2 mm above the root apex. Horizontal osteotomy was then performed after tapering the vertical 

osteotomies (Ohkubo et al., 2011). After completing the osteotomies, the segment was mobilized. Figure 4 shows the outline of 

horizontal and vertical osteotomy lines. Then, a 16 x 10 mini screws from Jalle Company was inserted between the lower left central 
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and lateral incisors. The ankylosed tooth was bonded at the palatal surface, since greater root movement was possible towards the 

lingual side due to retro-inclination of the affected tooth. Three days after osteotomy, full-time 3/16-inch heavy elastic was placed 

between the palatal surface of ankylosed tooth and the mini-screw. The patient replaced the elastic every day. To prevent 

lingualization of lower anterior teeth due to the action of elastic, the lower anterior teeth were splinted. This was continued until the 

ankylosed maxillary left central incisor achieved a suitable vertical position and 1 mm over-correction was done. Then, the aligning 

and leveling phases of treatment were completed in the upper arch and upper incisors were fixed using 18 steel wires with ligature 

wires for 3 months. Duration of orthodontic treatment was about 2 years. A palatal 3-3 fixed retainer was also bonded to the upper 

arch (Figures 5 and 6). This study was approved by the Ethics Committee of Kermanshah University of Medical Sciences, 

Kermanshah, Iran. 

 

 

Figure 4 Outline of horizontal and vertical osteotomies 

 

3. DISCUSSION 

Ankylosis is the result of healing process of damaged periodontal ligament and dental trauma is a common etiologic factor for 

ankylosis. Ankylosed teeth fail to erupt during facial vertical growth and often remain submerged. Ankylosis is often identified by the 

metallic sound upon percussion test of the affected tooth, its lack of movement, and absence of periodontal space on radiographic 

examination (Chang et al., 2010; Kofod et al., 2005; Mayne et al. 2017; Isaacson et al., 2011, Alruwaithi et al., 2017). This article 

presents management of an ankylosed maxillary central incisor. The tooth did not respond to orthodontic mechanics alone. 

Management of an ankylosed tooth is not possible by conventional orthodontics. However, several treatment options are available 

for this condition. Surgical extraction of the affected tooth and its replacement with fixed orremovable partial denture and/or 

orthodontic space closure is the most commonly practiced management for ankylosed teeth. Prosthetic build-up is an alternative 

modality for such teeth.  

Distraction osteogenesis is another method for management of ankylosed teeth. Distraction osteogenesis is a contemporary 

treatment, which attempts to bring the affected tooth into occlusion without the need for bone grafting (Susami et al., 2006; 

Alruwaithi et al., 2017; Proffit et al., 2003). This paper described a method for management of an ankylosed maxillary central incisor 

by distraction osteogenesis and single-tooth dento-osseous osteotomy in combination with fixed orthodontic appliances. McCarthy 

et al. (2001) reported its application in the maxillofacial region in 1992. Distraction osteogenesis is an optimal treatment modality to 

correct alveolar defects and reconstruct skeletal deformities. It can simultaneously manage the hard and soft tissue volume vertically 

and horizontally. Distraction osteogenesis has three phases of latency, distraction, and consolidation. Latency refers to the time 

period between bone division and the traction onset. It is the time allocated for the formation of callus. During this period, 

distraction is gradually applied allowing the new bone to form. After discontinuation of the traction force, the consolidation period 

would allow maturation of the newly formed bone (Proffit et al., 2003; McCarthy et al., 2001; Chin and Toth, 1996). 
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Figure 5 Post-treatment photograph 

 

 

Figure 6 Post-treatment radiographs: (A): cephalogram (B): panoramic 

 

There are some concerns and disadvantages related to this treatment method such as early treatment and additional vertical 

growth of the alveolar process after completion of treatment, traumatization of the adjacent teeth, impaired blood supply of the 

tooth and the small alveolar segment. However, the osteotomy lines require sufficient space in order not to traumatize the adjacent 

teeth, and it is the responsibility of an orthodontist to provide such a space before the surgical procedure. To move the segment 

into the desirable position, the osteotomy lines must be trapezoidal and the occlusal width of the segment must be broader than its 

apical width. Adequate blood supply is imperative to preserve the viability of the single-tooth block segment. Smaller blocks of teeth 

have more limited blood supply. Since blood supply in the maxilla is better than in the mandible, disruption of blood supply occurs 

less frequently in the maxilla while segmental osteotomy of the mandible has a high risk of impairing the blood supply. Preservation 
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of the palatal periosteum of the bone segment is important to maintain the blood supply to the segment (Susami et al., 2006; 

Isaacson et al., 2001; Ohkubo et al., 2011). 

Ohkubo et al. (2011) performed single-tooth dento-osseous osteotomy and alveolar bone distraction using orthodontic multi 

bracket appliances successfully for ankylosed maxillary central incisor. They used a rectangular orthodontic wire with 2 T. loops is 

applied to the brackets placed before surgery (Ohkubo et al., 2011). Also, Chang et al. (2010) used a rectangular orthodontic wire 

with step bend to bring the ankylosed tooth into the arch. But in this ways, it seems that the forces are not completely predictable 

and uncontrolled and applied at a moment, and their reaction affects other teeth and the prevention of intrusion of other teeth 

depends on patient cooperation for elastic therapy. Mayne et al. (2017) performed single tooth osteotomy and distraction in the 

treatment of an ankylosed central incisor. But their method needs a large screw as distractor, which may be somewhat difficult for 

the patient. 

This report highlights the optimal efficacy of combined surgical-orthodontic treatment by use of single-tooth dento-osseous 

osteotomy and segmental alveolar bone distraction for management of an ankylosed maxillary central incisor. In our patient, after 

completing the osteotomies, a mini screw was inserted between the mandibular left central and lateral incisors. Four days after 

osteotomy, full-time 3/16 inch heavy intermaxillary elastic was placed between the segment and the mini-screw. The patient 

replaced the elastic every day. This was continued until the ankylosed maxillary left central incisor achieved a suitable vertical 

position. This method does not need a large distractor, and ordinary orthodontic multi-bracket appliances can be used for this 

purpose, which have advantages such as low cost, easy oral hygiene maintenance, and comfort of patient. Rectangular orthodontic 

archwires were used for stabilization in the consolidation period. The tooth showed no symptoms of vitality loss or periapical 

involvement. Several clinical trials have recently discussed the management of ankylosed incisors using the distraction technique 

with successful results (Kofod et al., 2005; Mayne et al., 2017; Isaacson et al., 2001; Kinzinger et al., 2003; Hidding et al., 1999; Gaggl 

et al., 1999). However, large distraction devices were used in most cases, requiring an extensive surgical intervention and highly 

favorable oral hygiene care after surgery.  

 

4. CONCLUSIONS 

Distraction osteogenesis of the alveolar bone can be performed in conjunction with orthodontic treatment to correct both the bony 

and gingival margins. An interdisciplinary approach is required to achieve an ideal dental outcome for ankylosed teeth. 

 

Informed consent 

The treatment process was thoroughly explained to the patient and her parents, and their written informed consents were obtained 

prior to the onset of treatment. Moreover, the patient and her parents were informed about reporting the case and consented to the 

publication of photographs and radiographs. 
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