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Abstract

:

Clinicians and researchers have used various methods to reproduce the maxillomandibular relationship and mandibular movement of individual patients using an articulator, with efforts being made to reduce errors associated with the conventional technique. When a change to a vertical dimension is required during the conventional prosthesis construction process, the maxillary and mandibular casts are mounted on the mechanical articulator using a facebow and bite registration and the elevation of the anterior guide pin of the articulator is used. However, this can inevitably cause errors due to differences between the articulator hinge movement and the actual trajectory of the patient. There has recently been increasing interest in tracking the trajectory of jaw motion of a patient, and this paper presents a new technique for altering the vertical dimension based on the measured trajectory. Target materials for performing tracking are attached to the maxillary and mandibular anterior teeth to record opening and closing movements of the patient’s mouth in real time and align the patient’s scanned intraoral data or cast data. The movements of the targets are replaced with the movement of the patient’s oral scan data. Additionally, then the occlusal vertical dimension is set to a new position based on the obtained trajectory. After determining the optimal vertical dimension with consideration of the space required for restoration, maxillary and mandibular STL files are exported and the designed cast is created using a 3D printer. The printed cast is mounted on an articulator for subsequent procedures. This approach maintains the patient’s actual maxillomandibular relationship at various vertical heights and can also reduce the chair time required when adjusting for errors.
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1. Introduction


The loss of posterior teeth loss results in the occlusal plane collapsing due to the extraction of the antagonist teeth and the lack of posterior support results in severe wearing of the remaining teeth. When there is insufficient space for a prosthesis due to excessive tooth wear, prosthetic restoration is necessary at the position where the original vertical dimension needs to be restored. The interventions in such cases require consideration of various of factors, including accurate assessment and diagnosis of the vertical dimension, the status of the remaining teeth, and the history of temporomandibular joint disease [1,2]. Determination of vertical dimension is important for fabrication of all restorations. Many techniques have been used for the measurement of the vertical dimension of occlusion such as facial landmarks, swallowing, phonetics, oscilloscope, freeway space, and cephalometric radiographs. There has been much debate in the dental literature concerning whether or not it is permissible to alter the occlusal vertical dimension (OVD). Physiologic OVD can better be described as a range instead of a fixed point or position for most subjects and the width of that comfort zone may vary among individuals according to their adaptive capacity [3]. From the clinical perspective, it is advantageous to consider altering the vertical dimension for restorative material, enhancing the esthetic tooth display and allowing for re-establishment of physiologic occlusion [4]. When the orthodontic force is applied to the teeth, periodontal ligament and alveolar bone change occurs abruptly due to the biochemical adaptive response [5,6]. Therefore, it is important to alter the vertical dimension as little as necessary after obtaining an accurate maxillomandibular relationship so that the residual teeth are not affected. Additionally, it is of paramount to mount the study casts in centric relation.



In the traditional method, an impression acquisition process is used to create a plaster cast that reproduces the patient’s oral condition, which records the maxillary position based on the patient’s cranial base. A facebow and the check-bite in centric relation position are used to transfer the cast to the articulator. A temporary dental prosthesis is then fabricated based on the newly set vertical dimension by raising the incisal guide pin of the articulator [4]. However, for convenience, facebows are not based on the patient’s true hinge axis points. In addition, since the patient may have a centric relation–maximum intercuspation (CR–MI) discrepancy, the difference in the positions of the maxilla and mandible may occur when the gypsum model is mounted on the articulator. Therefore, the position and the maxilla-to-mandible vertical dimension of the cast may differ from the patient’s actual dimensions [7], and errors may accumulate in the prosthesis being constructed based on this position.



Recent technological advances in digital dentistry have led to various methods for tracking jaw movement being proposed. A target-based method for tracking the movement of a specific reference point using an optical scanner is simpler than other tracking methods that involve mounting bulky and inconvenient equipment on the head, and has the additional advantage of recording the natural movements of patients [8,9,10].



This article proposes a process for transferring the gypsum cast or three-dimensional (3D) printed cast to the articulator that includes alteration of the vertical dimension. This alteration is determined using a target tracking method that can record the actual jaw motion in patients exhibiting a reduced vertical dimension due to the loss of posterior tooth support and overall wearing of the remaining teeth.




2. Materials and Methods


2.1. Attaching Target Materials to the Anterior Tooth and Tracking Jaw Movements


Before performing the target tracking process, a patient’s remaining teeth, the presence of temporomandibular joint(TMJ) disease, the muscular system, and the current occlusal vertical dimension were evaluated. In the present example, a patient with extreme worn dentition due to the loss of posterior tooth support needed treatment for rehabilitation and did not have any TMJ disease selected. Four 3-mm-diameter non-reflective double circle targets (Target Sticker; Medit Corporation, Seoul, Korea) were attached to the maxillary and mandibular anterior teeth of the patient (Figure 1). Targets were attached after retracting the patient’s cheeks using a mouth retractor and drying teeth surface sufficiently. The temporary filling material (Quicks Blue; Denkist, Gyeonggi, Korea) was additionally applied to enhance the adhesive force of the targets.



The anterior dentition is scanned using an intraoral scanner (i500; Medit Corporation, Seoul, Korea) to record the relationship between the targets and the teeth. Casts of the maxillary and mandibular arches using alginate impressions are each scanned and in the maximum intercuspal relationship using a 3D tabletop scanner (Identica Blue; Medit Corporation, Seoul, Korea). An optical scanner (Rexcan CS2; Medit Corporation, Seoul, Korea) is then positioned with its focal length at the patient’s anterior dentition to detect the positions of the targets for tracking. The trajectories of the target movements are then tracked continuously with the optical scanner while the patient opens and closes their mouth repeated. After scanning the patient’s mouth and cast of the full arch and completing the alignment using the scanned data of the target, the movements of the targets are replaced with the movement of the patient’s oral scan data (Figure 2).



The procedure of oral scanning after attaching the targets, target tracking of the anterior teeth using an optical scanner, and replacement of the entire arch data were performed in this case by aligning with referenced target stickers and the same position in the cast [11].




2.2. Confirmation of CR–MI Discrepancy


When the patient closes his mouth to the tooth contact position, it is possible to check whether a sliding motion occurs at the first contact position and the presence of CR–MI discrepancy can be checked (Figure 3A). If such a discrepancy is present, a horizontal trajectory (between two green dots) appears and its size can be measured by tracking software (Ezscan8; Medit Corporation, Seoul, Korea). Additionally, then it can be exported by specifying the positions of the maxilla and mandible in the centric relation position (Figure 3B). The centric relation recording followed the chin-point guidance method among the traditional methods and the target tracking method was used instead of the bite registration material in the step of recording the relationship between the maxilla and the mandible at the CR position.




2.3. Vertical Dimension Alteration


When adjustment of the occlusal vertical dimension is necessary during prosthetic restoration, the STL file produced based on the opening and closing movements of the patient’s mouth can be exported after determining the optimal vertical dimension from consideration of the space required for restoration (Figure 4). Considering the patient’s facial height and freeway space, alteration should be the minimum necessary to harmonize dento-facial esthetics and improve the occlusal relationship. Clinicians can select the optimal vertical dimension on a point of the trajectories of jaw motion. Maxillary and mandibular STL files were imported into 3D CAD software (Exocad dentalCAD; Exocad GmbH, Darmstadt, Germany) to reproduce the positional relationship in the digital model with the altered vertical dimension (Figure 5).




2.4. Fabrication and Mounting of a 3D Printed Cast


A 3D printed cast was created using the obtained data. In order to physically relocate the position of the cast with the altered vertical dimension, a cast base and mounting pin should be designed using software (Model Creator; Exocad GmbH, Darmstadt, Germany) (Figure 6A). The designed cast was produced using a 3D printer (Form2; Formlabs, Somerville, MA, USA) and 3D printing resin (Grey Resin; Formlabs, Somerville, MA, USA) (Figure 6B).



The printed cast with the optimal vertical dimension was mounted on a mechanical articulator while taking into account the positional relationships of the mounting pins (Figure 6C). Diagnostic wax modeling can be put on the cast or the case can be virtually waxed-up before printing the cast and the required prosthesis was then constructed.




2.5. Mounting Process of the Existing Plaster Cast


If the existing gypsum cast mounting is required for the laboratory process, a jig for mounting the gypsum cast can be fabricated using the data associated with the optimal vertical dimension (Figure 7A). After designing the jig using the bite splint module of the CAD software (Exocad dentalCAD; Exocad GmbH, Darmstadt, Germany), the jig was printed using the 3D printer (Form2; Formlabs, Somerville, MA, USA) and flexible 3D printing resin (Flexible Resin; Formlabs, Somerville, MA, USA) (Figure 7B).



The plaster cast was mounted on the articulator using the printed jig (Figure 7C). Wax was added to the cast for a diagnostic purpose and the required prosthesis was constructed.




2.6. Preliminary Study for Evaluating Tracking Accuracy


Preliminary study data for evaluating tracking accuracy according to the arrangement of targets were presented. The static model mounted on the articulator was recorded using the optical scanner while closed position and 4 mm (distance of tip of upper and lower central incisors) opened position. Targets were attached to the maxillary and mandibular central incisors and canines. The accuracy of target tracking was evaluated at maxillary and mandibular anteriors and the mesio-buccal cusp of the 2nd molars (Figure 8). Tracking data for 7 s at 50 frames per second was acquired and a total of 350 frames of data were recorded and compared with reference coordinates.





3. Results


The jaw movements of a patient were successfully tracked. Even a small CR–MI discrepancy within 1 mm could be detected and the optimal occlusal vertical dimension could be determined based on the opening and closing movements of the patient’s mouth. A 3D printed model or an existing plaster model consistent with the newly set occlusal vertical dimension within jaw motion trajectories could be used to mount the model on the articulator and subsequent procedures.



The mean deviation at the closing state was smaller than that of the 4 mm opening state. The mean deviation of maxillary and mandibular anterior points were smaller than that of the maxillary and mandibular 2nd molar. The accuracy of the tracking data was within 10 μm in the anterior target region and within 30 μm in the cusp of the second molar, confirming that it showed very high accuracy in all environments (Figure 9).




4. Discussion


The new technique presented here was able to reproduce the actual opening and closing movements of the patient’s mouth, since the positions of the targets attached to the teeth were tracked using an optical scanner. A method was also proposed for confirming the CR–MI discrepancy and transferring the altered vertical dimension to the mechanical articulator. This can be used to fabricate the patient’s prosthesis based on the observed trajectory, which allowed the actual maxillomandibular relationship to be maintained despite changes in the vertical dimension even when the patient had a CR–MI discrepancy. In the conventional technique, the facebow and semiadjustable articulator were manufactured based on the assumption that the patient’s face and mandibular movements are symmetrical, and so errors can occur when the patient exhibits asymmetry. The occurrence of horizontal displacement during opening and closing trajectories is difficult to reproduce on the articulator. Our novel technique can overcome these limitations of the traditional method since it reproduces the detailed mandibular movements of the patient using digital software.



Another disadvantage of the conventional method is that converting between the digital cast and the physical cast is difficult on the digital articulator embedded in the CAD software. However, in the proposed technique, a 3D printed jig can be used to mount the patient’s actual plaster cast in addition to the 3D printed cast. This approach can be very useful in cases that require an existing gypsum cast for the production of different kinds of prosthesis, such as a removable dental or implant prosthesis.



However, our technique also has some limitations. While it is only necessary to attach targets on the anterior teeth for target tracking, which is performed using an optical scanner, the retractor required to keep the targets exposed can interfere with the patient’s natural jaw movement. It is important that the targets are in the same position without falling out even during jaw movement. If the position of the targets changes while tracking jaw motion, errors are generated and clinicians have to start over again. There are also limitations associated with the need to have access to optical scanner equipment. In order to fit exactly into the existing plaster casts without any damages, the bite jig needs to be flexible. However, there is a possibility that errors may occur due to the flexibility of the bite jig at the same time. It is necessary to confirm that the bite jig should be in the correct position when mounting the casts. Additionally, when flexible materials become too thick, occlusal errors may occur due to the elasticity of the material.



Future studies should assess the accuracy and reproducibility of our new method for altering the vertical dimension and the associated mounting procedure, and consider its compatibility with existing CAD software. The results obtained could lead to this technique having wide clinical applications.




5. Conclusions


The present dental technique records the actual mandibular movement of the patient in real time using targets attached to the maxillary and mandibular anterior teeth in patients with reduced vertical occlusion resulting from the loss of posterior teeth and wearing of the remaining teeth. The 3D printed maxillary and mandible casts can be mounted or a flexible bite jig can be constructed with increased vertical dimension to enable mounting of the existing gypsum cast.
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Figure 1. (A) Target tracking materials are attached to the labial surface of the upper and lower anterior teeth. (B) The restoration space is insufficient on the lateral side after losing the antagonist teeth. 






Figure 1. (A) Target tracking materials are attached to the labial surface of the upper and lower anterior teeth. (B) The restoration space is insufficient on the lateral side after losing the antagonist teeth.
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Figure 2. The mandibular movement is recorded in real time and replaced with data of the entire arch model. 
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Figure 3. (A) Closing the mouth so that the teeth are in contact can reveal lateral sliding and the presence of a CR–MI discrepancy. (B) Prototype software confirmed that the difference was about 0.6 mm in this case. 
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Figure 4. (A) Relationship between maxillary and mandibular arches in the state of maximum intercuspation. (B) An image showing the attempted alteration of the occlusal vertical dimension using digital software. 
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Figure 5. Images loaded from CAD software after exporting data and the relationship between the two arches with the desired occlusal vertical dimension. 
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Figure 6. (A) A 3D printed model constructed using the exported data. Three mounting pins were designed to maintain the altered vertical dimension. (B) The 3D printed cast with altered vertical dimension. (C) The 3D printed cast is mounted on the mechanical articulator. 
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Figure 7. (A) Designing a flexible bite jig consistent with the altered vertical dimension for mounting the plaster cast. (B) The 3D printed bite jig for the gypsum cast mounting process constructed from flexible resin. (C) Mounting the plaster model on the mechanical articulator using the flexible bite jig. 






Figure 7. (A) Designing a flexible bite jig consistent with the altered vertical dimension for mounting the plaster cast. (B) The 3D printed bite jig for the gypsum cast mounting process constructed from flexible resin. (C) Mounting the plaster model on the mechanical articulator using the flexible bite jig.
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Figure 8. The accuracy of target tracking was evaluated at maxillary and mandibular anterior targets and the mesio-buccal cusp of the 2nd molars. 
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Figure 9. Mean deviation at the closing state was smaller than that of the 4 mm opening state (mean + standard deviation). 
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