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Abstract

:

Canine disimpaction is always a challenging orthodontic treatment overall, even when the impacted permanent canine is in a high position, especially when in tight relation with the upper incisors’ roots. Conventional treatment methods are usually not capable of performing the correct force direction, consisting of the contemporary movement in the distal and vestibular directions of the canine crown, often provoking, as side effects, the presence of decubitus on the mucous of the lips and cheeks or a poor final appearance of the periodontal support of the disimpacted canine. Among the different approaches, the vertical incision subperiosteal tunnel access (VISTA) technique shows good performance with regard to the direction of the forces and the canine’s periodontal conditions when erupted; it is usually realized through an elastic chain connected to a temporary anchorage device (TAD) in the posterior area. In this paper, a different protocol for the VISTA method is also presented, to be resorted to in cases of difficult miniscrew positioning due to the anatomic conditions or stage of dentitions. The new protocol also considers the use of nickel–titanium coil springs in order to avoid the need of frequent reactivation of the device and consequent patient discomfort, highlighting its advantages and indications with respect to the traditional approach.
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1. Introduction


The orthodontic treatment of an impacted canine is still considered a difficult challenge for clinicians and requires a multidisciplinary therapeutic approach. The therapeutic process often involves the surgical exposure of the impacted tooth, followed by orthodontic traction to guide and align the tooth in the arch.



Surrounding bone loss, root resorption, and gingival recession around treated teeth are some of the most common complications [1,2].



Vestibular or palatal canine impactions recognize different possible etiologies or different relative powers of the same genetic and environmental factors [3,4,5].



A canine position close to the roots of the incisors could lead, during the disimpaction path, to a collision of the tooth crown with them, increasing the risk of root resorption; moreover, the resulting direction of the resultant orthodontic force system could be incorrect and, therefore, unable to carry the canine toward the correct position, sometimes stopping in the orthodontic movement pathway.



Furthermore, if the position of the canine is in a high position, meaning there is a considerable distance between the tooth crown and the occlusal plane [5], the kind of surgical access and the eruption position could result in a poor final appearance of the periodontal support of the disimpacted canine, meaning a negative outcome for its long-term prognosis [2].



To overcome this problem, various techniques have been proposed to recover an impacted canine toward the desired position, which is capable of exerting a traction in the occlusal and posterior directions, contemporarily adding a vestibular traction. The complexity of the mechanical system has often been the source of side effects, due to the need for high vestibular power arms, which are visible in the painful decubitus on the mucous of the lips and cheeks [6].



Various surgical approaches and orthodontic traction techniques have been described in the literature for maxillary canines impacted in the vestibular area [2].



A recent approach to orthodontic traction of impacted teeth involves the use of the vertical incision subperiosteal tunnel access (VISTA) technique [7,8]. The VISTA technique is a periodontal surgery technique that is generally used for the treatment of single or multiple recessions; it is associated with the insertion of graft material, especially in the anterior sector. It consists of a vertical incision, slightly distant from the area to be treated, followed by a sub-periosteal tunnel by means of a periosteum scraper in which grafting material is to be inserted [9].



The VISTA technique and the use of temporary anchorage devices (TADs) has been suggested for the treatment of impacted teeth including cases of mesio-angled crowns and in tight relation with the root of the lateral incisor. These cases always present a risk of root damage and/or canine eruption in the free gingiva, resulting in a weak appearance of the canine gingiva when erupted [2,7,8,10,11].



In the proposed technique, after the surgical exposure of the canine crown through a vertical incision, an orthodontic button is positioned on the crown connected with an elastic chain to a TAD inserted in the zygomatic ridge or in the interradicular space mesial to the first molar.



Several aspects of this technique are sometimes prone to contraindication to the use or to side effects during the traction.



The placement of the TADs in a position mesial to the first molar is not always feasible when the approach to the canine disimpaction is made during the late mixed dentition phase due to the possible presence of a second premolar bud; likewise, the insertion of the same device in the zygomatic arch is sometimes impossible because of the presence of its lateral extension [12,13,14].



The aim of our work was to present the protocol for the use of this technique in the treatment of impacted teeth but also a modified method for canine disimpaction using the VISTA approach, which is useful for ensuring its application also in the mentioned cases of anatomical hitch, highlighting its advantages and indications compared to the traditional approach, in order to facilitate subsequent canine positioning in its physiological position.




2. Experimental Design


The diagnostic procedure, the description of the correct candidate for the clinical approach using the VISTA technique for the impacted canine, and the steps of the clinical procedure are defined. The presentation of two clinical cases in Appendix A help to analyze the phases of the treatment.



2.1. Patient Selection


The candidate subjects should be selected, after the first evaluation, based on the absence of at least one permanent canine after standard eruption time or non-coordinated time with the contralateral canine. Each patient must undergo the following diagnostic procedure:




	
Anamnesis;



	
Inspection;



	
Palpation of the vestibular fornix overlying the lateral incisor to eventually highlight the presence of the bulge of the impacted canine;



	
Intra- and extra-oral photos;



	
Plaster models;



	
X-ray prescription:




	○

	
In the first step, a panoramic radiograph and a teleradiography of the skull in latero-lateral projection is required. The observation of the panoramic radiography should show the position of the impacted canine, evaluating the relationships of the canine crown with the roots of the adjacent teeth, the alpha angle, and the distance of the impacted tooth from the occlusal plane. The cephalometric study of the teleradiography should provide information about the eventually present malocclusion and treatment needed;














	○

	
A cone beam CT, eventually limited to the sector of the impacted tooth, is mandatory to evaluate the three-dimensional relationships of the teeth with the adjacent structures and all of the conditions eventually limiting the correct insertion of temporary anchoring devices (TADs) such as anatomical variation of the lateral extension of the maxillary sinus, the availability of correct inter-root space, or the presence of the premolars buds in mixed dentition. The use of a tridimensional imaging is justified from the need of an accurate assessment of the position of the impacted canine and of its relation with the adjacent structures, due to the higher spatial resolution obtained with lower radiation dose [15].















2.2. Needed Equipment


In cases where TADs are used, a miniscrew of the correct diameter and length is chosen in relation to the selected position, which is usually 1.8 mm in diameter and 8 mm in length for the interradicular position or 2 mm in diameter and 12 mm in length for the infrazygomatic crest. A complete correct surgical kit for miniscrew positioning is necessary; the set is usually composed of 1 screwdriver handle, 1 screwdriver for the contra-angle, 1 manual screwdriver, and 1 drill for site preparation (1.20 mm in diameter, 7 mm in length). In the clinical cases presented, the Firma system (Sweden & Martina, Padua, Italy) was used for the miniscrew selection and surgical kit.



An orthodontic anchorage needs to be bonded on the exposed surface of the impacted canine. Usually, the shape is the orthodontic button, preferably with a curved base, but, depending on the available amount of surface, a small bracket (lower incisor, for instance) or a double cleat can also be chosen.



The force is delivered from an elastic chain, as in the original protocol suggested by Zadeh and Chang [7,8], or from an NiTi closed coil spring with 100 gr of force. The advantage of using an NiTi coil is that it avoids the need to reactivate the chain, but in this case, to prevent the possible incorporation of the coil’s loops into the overlying soft tissues, it is better to insert it into a soft sleeve of a correct diameter (Figure 1).




2.3. Needed Equipment 2


The application of the VISTA technique can be chosen for the recovery of impacted vestibular canines also in cases where the positioning of a miniscrew is impossible due to the above-cited anatomical limitations. The force in these cases can be applied distally on a vestibular arm soldered onto the first molar band of a conventionally designed anchorage device. The anchorage appliance can be a transpalatal bar with stabilizing arms extended to the occlusal surface of the first premolars (Figure 2) or to an expansion fixed device if an upper arch expansion is required for a specific patient such as a quad helix (QH) or a rapid palatal expander (RPE).



In this eventuality, a preliminary step of choosing the correct band sizes for the first molars, mouth impressions, and the laboratory’s construction of the device is needed. A further appointment is also recommended to check the appliance’s adaptation before the surgical phase.




2.4. Needed Equipment 3


Surgical Kit


A few instruments are necessary for surgical canine exposure, sub-periosteal tunnel execution, insertion of the chain or spring inside the tunnel, and the suture: 1 blade-holder with a surgical blade no. 15 c, 1 pair of curved Klemmer forceps, 1 n. 021 multi-blade conical burr, 1 needle holder, 1 pair of scissors, 2 Pritchard-type periosteal elevators, and 1 Vicryk 4-0 suture thread with short tapercut needle. To obtain the hemostasis necessary for the adhesion of the anchoring medium to the canine crown, only a few small pellets of cotton, wet in tranexamic acid or 12% hydrogen peroxide, are necessary.






3. Procedure


3.1. Orthodontic Surgical Protocol


After all the diagnostic records have been collected, the procedure is fully explained to the patients and the parents in order to obtain their informed consent. The surgical procedure is a modified version of the orthodontic surgical technique proposed by Chang C. to distalize the crown of impacted canines, moving it toward the correct position, which involves the following operative steps:




	
Local infiltrative anesthesia with vasoconstrictor is performed both in the miniscrew insertion site and at the level of the impacted canine crown;



	
A first vertical incision, at the level of the impacted tooth crown, and its exposure, with a periosteal elevator, are then performed. If a bony cortex is present overlying the crown, a small bony cavity is made using the multi-blade conical burr with a low-speed right-angle handpiece to expose all of the canine’s crown surface (Figure 3). In any case, a thin groove must be present peripherally to the canine’s crown to guarantee a good isolation from bleeding. Moreover, a further ostectomy is performed on the tooth side toward which the orthodontic traction will be performed (traction route);



	
A second vertical incision is made between the first and second premolar, and the sub-periosteal tunnel is created with a periosteal elevator to connect the two incisions from front to back (Figure 4);



	
After a good hemostasis is reached, the button is attached to the buccal canine crown’s surface, following all necessary steps including enamel etching with 37% orthophosphoric acid for 30 s and applying adhesive. Therefore, the button is connected by means of a metal ligature to a 150 gr closed coil spring (NiTi). At the distal end of the NiTi coil, another metal ligature is inserted to facilitate the passage of the traction system under the subperiosteal tunnel (Figure 5);



	
Then, the second metallic ligature is inserted in the subperiosteal tunnel to leak out from the posterior vertical incision. Alternatively, the Klemmer forceps can be inserted through the posterior vertical incision and pushed forward inside the tunnel until its end is visible from the anterior incision, to take the spring end and train it posteriorly until it exits from the rear end of the tunnel;








Optional step 1 for anchorage provision: miniscrew positioning




	
The correct site of miniscrew insertion is previously established by means of cone beam CT images, and it is usually planned in the inter-radicular area between the second premolar and the first molar;



	
The miniscrew chosen for the present protocol (Firma, Sweden & Martina, Padua, Italy) is 1.8 mm in diameter, 8 mm in length, and it is characterized by a standard head and of a double cross-slot, dimensions 0.022 × 0.022 (Figure A1). It is placed on the impacted canine’s side, at approximately 5 mm from the alveolar ridge, according to the indications of Kocsis [15];



	
The miniscrew is inserted, using a special screwer, with a direction forming an angle between 30° and 45° with respect to the occlusal plane;



	
After checking the primary stability, the miniscrew is connected to the NiTi spring.













	6.

	
Then, the suture of the surgical wounds is performed with an absorbable Vicryl 4-0 thread;




	7.

	
The at-home use of 2% chlorhexidine spray is prescribed.









Optional step 2 for anchorage provision: intraoral appliance




	
After steps 1–5 for canine preparation, the previously prepared intraoral anchorage devices are banded to the first molars with glass–ionomeric cement








The first control is carried out 7 days after the surgical procedure, for wound cleaning and suture removal, and then every month for a routine orthodontic check. After 3 months, the first peri-apical radiography is taken to appreciate the coronal displacement; further radiographic checks with periapical radiography are scheduled every 3 months until the disimpaction is carried out.



Once the impacted canine distalization is obtained, the miniscrew is removed using the special screwdriver, and the closed coil spring is eliminated through a small incision at the crown of the impacted tooth to disconnect it from the orthodontic button.




3.2. Time for Completion


The surgical procedure usually takes 45–60 min to perform.



The time needed for the following control visits is usually short, it being only necessary to check the condition of all system components (metallic ligature, miniscrew, or intraoral device), since traction reactivation is not needed due to the shape memory of the NiTi coil spring.



The overall treatment to achieve peri-apical X-ray detectable canine crown distal movement usually takes 3–6 months, while during this period, a monitoring of the eventually present movement of the adjacent teeth can be performed with digital techniques [16].



The achievement of the distal movement of the canine crown subsequently allows the uncovering of the canine crown, and a simple extrusion movement toward the occlusal plane can take place.



Checklist for the Periodical Control


	■

	
Check the gingival condition around the miniscrew and at the emergence point of the traction metallic ligature. In case of necessity, antiseptic rinses or gel applications are sufficient for inflammation control;




	■

	
Check the miniscrew stability using a tweezer. If necessary, it is possible to screw it again, but a shorter time interval for the next control is appropriate to promptly intercept the possible miniscrew loss;




	■

	
Check the crown position of the contiguous lateral incisor. The displacement of this tooth is related to the pressure exerted on its root by the canine crown during its distal movement. If necessary, a further radiographic control can be performed.










4. Expected Results


The VISTA technique, applied to the disimpaction of the vestibular canines, consists of two vertical incisions connected through a sub-periosteal tunnel, under which a traction device is inserted, extended from an orthodontic button or bracket bonded on the canine crown, to an anchorage point, usually a miniscrew, placed distally [9].



The aim of the traction to the impacted canine is to let the crown move in the distal direction covered from the gingiva, and it is therefore to be considered as a closed eruption technique.



The principal advantages of the technique are related to the possibility of exerting the orthodontic force in a distal direction also in those cases where there exists a tight connection between the canine crown and the incisors’ roots or in a transposed position between the lateral incisor root and impacted canine root. The orthodontic movement is obtained without the need to involve the incisors in the orthodontic appliance, and the force direction is often capable of inducing an uprighting of the canine’s root axis.



In this study, a variant of the orthodontic surgical technique previously proposed [17,18] was performed: the force necessary to induce the orthodontic movement of the canine was delivered from an NiTi closed coil spring, avoiding the need of the traction’s reactivation typical of elastic chain use, and the subperiosteal tunnel was more extended in length in order to cover the NiTi spring in its entirety. This system allows for the elimination of the mesial small incision intended to permit the passage of the traction outside, as it happens in the use of elastic chain. Moreover, the selection of a more mesial position of the anchorage with a miniscrew located between the second premolar and the first molar or the application on the vestibular surface of the first molar, in cases of conventional intraoral appliances, further increases the ease of the methodology.



The use, as a means of traction, of a NiTi closed spring expresses a continuous and constant force, unlike the elastic chain, which would face the risk of deterioration over a short period of time.



Typical cases of the use of this clinical approach in the treatment of impacted teeth can be framed mainly in these categories:




	-

	
Vestibular Canine in High Position: Patients with a canine impacted in the high position—intended as severely distant from the occlusal plane—have an indication to use the modified VISTA technique as the use of other orthodontic traction techniques, such as cantilever or disinclusion arms welded to orthodontic appliances, can often determine the onset of decubitus and periodontal problems, especially in the lower arch. The canines in high inclusion are not covered by adherent gingiva but by alveolar mucosa and can be approached with the excision of a fibro-mucous operculum, with possible removal of a thin layer of bone or with a closed eruption technique with a full-thickness trapezoidal flap [19,20]. Both of these techniques could have periodontal disadvantages of no adherent gingiva on the damage to the marginal periodontium of the adjacent teeth and also related to the initial canine position [20,21,22,23]. In the VISTA protocol technique, no horizontal cuts are provided, avoiding the use of full-thickness flaps that could affect the marginal periodontium of adjacent teeth, since experimental studies on animal models and humans also suggested that the exposure of the alveolar bone that occurs following the execution of a full-thickness flap stimulates the activity of the osteoclasts with a risk of bone resorption [21].




	-

	
Mesioinclinated Canine in Close Relation to The Root of The Lateral Incisor: In cases of vestibular canine impaction, a tight relation between the canine crown and the lateral incisor root is often visible. Every so often, moreover, the lateral incisor presents with a horizontal displacement due to the pressure of the erupting mispositioned canine. This condition frequently correlates with an increased risk of root resorption for the lateral and sometimes also for the central incisor. An orthodontic force applied on the canine crown and directed with a distal and occlusal vector could increase the probability of pressure, due to the fact of this latter component, and could therefore increase the risk of root resorption. Conventional treatment should provide a traction arm in a high position and with a horizontal force direction, thus increasing the patient’s discomfort and the likelihood of eruption in free mucosa. Complex and multidisciplinary cases are particularly prone to this difficult operating condition with wide areas of contact between roots and crowns of impacted teeth [24,25]. In any case, a previous evaluation of the disimpaction prognosis is mandatory (angulation, better if the impacted tooth is mesio-angled, α angle, and sector S of localization of the crown according to the classification of Ericson and Kuroll modified by Baccetti [22]).




	-

	
Adequate/Inadequate Interadicular Space for The Insertion of The Miniscrew: The positioning of TADs requires a careful choice of the insertion site to select a position useful for the traction of the impacted teeth but respectful of the teeth and of other anatomical structures. The right selection of the patient performed through an accurate study of the radiographic images is essential, preferably on a 3D imaging of the interested arch. A correct inter-radicular space between the first molar and the second premolar is necessary and should be selected adding 1 mm of bone width and 0.5 mm of periodontium width on both sides to the screw diameter measurement. If any adequate inter-radicular space is available, as often occurs in the patient with a mixed dentition, the variant of the technique provides an anchorage to the distalizing force by an intraoral device, usually consisting of a palatal bar with rests on the premolars and a vertical vestibular arm to which the closed coil-spring should be fixed by a metal chain. A similar vestibular arm can in the same way be soldered also on palatal expanders devices eventually needed for the orthodontic therapy.









The VISTA approach provides an approach to traction of the canine with a closed surgical exposure. The choice to pursue the open versus closed surgical exposure is influenced by considerations related to the position and the distance from the occlusal plane of the impacted canine, avoiding results of weak periodontal status of the disimpacted tooth that is primarily related to the kind of surgical exposure [26,27,28,29,30]. Moreover, the closed surgical exposure could sometimes be the only option in cases of multiple inclusion or ectopic position of the canine [5,24,31]. Instead, the second surgical phase of the VISTA technique cannot be intended as an open surgical exposure, because it is dedicated to the traction removal, which is usually performed with the same vertical incision as in the initial phase. The possible need of a vertical traction of the canine, already distalized, is realized with the canine crown positioned in the correct position and at the attached gingiva level.



An optimal treatment of impacted teeth should be without risk for the adjacent teeth, with optimal periodontal condition and no alveolar bone resorption, achieving the recovery of the canine in the shorter possible treatment duration in order to reduce the overall extension of the orthodontic therapy. Since these treatments also increase the normal duration of orthodontic therapy, the acceleration of the orthodontic movement should be an option. While the use of regional acceleratory phenomenon (RAP) through corticotomies or conductive alveolectomy is questionable in its long-term effectiveness, moreover, linked to the surgical approach used [32,33,34,35], it could be useful to consider the association of this traction methodology and systems with a biostimulating acceleration effect [36,37], thus speeding up the regaining of the correct axial inclination of the impacted canine, which is essential for the recovery.



Two clinical cases illustrating the results of the proposed protocols for the canine disimpaction with the VISTA technique are reported in Appendix A (Figure A1, Figure A2, Figure A3, Figure A4, Figure A5 and Figure A6).




5. Conclusions


The modified VISTA technique may be proposed as an alternative method for the treatment for the treatment of mesio-angulated vestibular canines, both from a biomechanical point of view and from a biological/periodontal point of view.



This work aimed to describe a surgical orthodontic technique for the distalization and disimpaction of mesio-angled vestibular canines, even if in close relationship with the lateral incisor root, and to provide the right clinical recommendations for its correct application. The technique provides advantages but also some disadvantages as summarized in Table 1.
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Appendix A


Case #1



Patient B.R.—Male—13.4 yrs—Vestibular impaction of 2.3.—VISTA Approach with anchorage provided miniscrew.





[image: Mps 04 00057 g0a1 550] 





Figure A1. Occlusion of patient B.R. 






Figure A1. Occlusion of patient B.R.
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Figure A2. Pretreatment panorex of patient B.R.: vestibular impaction of 2.3, partial superimposition of the canine crown on the lateral incisor root; α angle 26°, sector 3. 






Figure A2. Pretreatment panorex of patient B.R.: vestibular impaction of 2.3, partial superimposition of the canine crown on the lateral incisor root; α angle 26°, sector 3.
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Figure A3. Post-treatment panorex of patient B.R. The distalization of 2.3 was obtained in 6 months. 






Figure A3. Post-treatment panorex of patient B.R. The distalization of 2.3 was obtained in 6 months.
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Case #2



Patient L.C.



Female—11.2 yrs—Vestibular impaction of 2.3—VISTA Approach with anchorage provided by an intraoral device.
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Figure A4. Occlusion of patient L.C. 






Figure A4. Occlusion of patient L.C.
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Figure A5. Pretreatment panorex of patient L.C.: high vestibular impaction of 2.3; α angle 48°, α sector 2–3. 






Figure A5. Pretreatment panorex of patient L.C.: high vestibular impaction of 2.3; α angle 48°, α sector 2–3.
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Figure A6. Post-treatment panorex of patient L.C. The distalization was obtained in 4 months. 






Figure A6. Post-treatment panorex of patient L.C. The distalization was obtained in 4 months.
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Figure 1. NiTi coil spring 100 gr (a) covered with a soft sleeve (b) to avoid the insertion of soft tissue in the coils’ loops. 
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Figure 2. Anchorage through a transpalatal bar (a) and a vestibular arm (b). 
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Figure 3. Exposure of the canine crown through a vertical incision. 
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Figure 4. A second vertical incision is made between the first and second premolar (a) and connected to the first one through a sub-periosteal tunnel (b). 
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Figure 5. The button is bonded on the canine crown (a) and the NiTi coil spring is therefore guided in the subperiosteal tunnel to the posterior anchorage with the aid of a metallic ligature wire (b). 
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Table 1. Summary of advantages and disadvantages of the VISTA approach to canine disinclusion.
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	Advantages
	Disadvantages





	Maximum Anchoring: The use of a miniscrew, when possible, allows for a maximum anchoring, minimizing side effects.

Compliance: The use of TADs and closed NiTi springs requests only a minimum compliance from the patient.

Periodontal Advantages: Distant incision reduces the possibility of traumatizing the gingiva of treated teeth; a critical point is the careful subperiosteal dissection, which reduces gingival margin tension during coronal advancement while maintaining integrity and anatomy of the interdental papillae. The placement of the initial incision and the periosteal tunnel causes almost no visible scarring, helping to maximize the aesthetic outcome in this delicate area.

Comfort for the Patient: As it is a flapless technique, it is minimally invasive. The patient is also placed in conditions of maintaining proper oral hygiene, given the absence of vestibular orthodontic equipment
	Complications Related to the Use of TADS: Disadvantages can be related to failure with the loss of the miniscrew, inflammation of the soft tissue, ulceration, root injury, fracture of the miniscrew, pain, and insensitivity.

Second Surgical Phase: Once the impacted tooth has been distalized, a second surgical phase is required to remove the traction devices (closed NiTi spring and miniscrew).
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