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			ABSTRACT: Addressing anterior crowding in adult patients has become increasingly reliant on clear aligner therapy, driven by growing aesthetic demands. However, the challenge of creating sufficient space for proper alignment often requires additional methods. One such method is molar distalization, which can be particularly effective when enhanced by a custom 3D-printed distalization jig combined with mini-screws. This combination not only facilitates bodily molar movement but also helps prevent undesirable tipping, ensuring more controlled results. This case reported the management of severe anterior crowding in an adult patient using clear aligner treatment assisted by a custom 3D-printed distalization jig and mini-screw. In the case presented, a 26-year-old male patient with severe anterior crowding was treated with clear aligners, augmented by a custom-designed 3D-printed jig and mini-screw anchorage. The patient had a Class II canine malocclusion, palatoversion of the maxillary lateral incisor, and a noticeable 2.3 mm maxillary midline shift to the right. Elastic chains attached to mini-screws were used to activate the jig, generating the required counteracting moment for bodily molar movement. Upon review of the post-treatment records, the results showed significant improvement: crowding was resolved, and the midline was successfully corrected. The inclination of the maxillary central incisors (U1-SN) increased to 104.98°, while the IMPA remained within the normal range at 93.22°. Superimposition analysis confirmed that molars had undergone bodily distalization, as opposed to mere tipping. The patient was highly satisfied with both the aesthetic improvements and the overall facial profile transformation.
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			RESUMEN: Abordar la aglomeración anterior en pacientes adultos se ha vuelto cada vez más dependiente de la terapia con alineadores transparentes, impulsado por una creciente demanda estética. Sin embargo, el desafío de crear suficiente espacio para una alineación adecuada a menudo requiere métodos adicionales. Uno de esos métodos es la distalización de molares, que puede ser particularmente efectiva cuando se mejora con una plantilla de distalización personalizada impresa en 3D combinada con mini-tornillos. Esta combinación no solo facilita el movimiento corporal de los molares, sino que también ayuda a prevenir la inclinación no deseada, asegurando resultados más controlados. Este caso informó sobre el manejo de la aglomeración anterior severa en un paciente adulto utilizando tratamiento con alineadores transparentes asistido por una plantilla de distalización personalizada impresa en 3D y mini-tornillo. En el caso presentado, un paciente masculino de 26 años con aglomeración anterior severa fue tratado con alineadores transparentes, aumentados por una plantilla personalizada impresa en 3D y anclaje con mini-tornillo. El paciente tenía una maloclusión canina de Clase II, palatoversión del incisivo lateral maxilar y un desplazamiento notable de 2.3 mm de la línea media maxilar hacia la derecha. Se usaron cadenas elásticas adheridas a mini-tornillos para activar la plantilla, generando el momento de contrarresto necesario para el movimiento corporal del molar. Al revisar los registros posteriores al tratamiento, los resultados mostraron una mejora significativa: la aglomeración se resolvió y la línea media se corrigió exitosamente. La inclinación de los incisivos centrales maxilares (U1-SN) aumentó a 104.98°, mientras que el IMPA se mantuvo dentro del rango normal en 93.22°. El análisis de superposición confirmó que los molares se distalizaron corporalmente, en lugar de solo inclinarse. El paciente estuvo muy satisfecho tanto con las mejoras estéticas como con la transformación general del perfil facial.

			PALABRAS CLAVE: Alineador transparente; Odontología digital; Palatoversión; Satisfacción del paciente expresada; Plantilla de distalización impresa en 3D.

			Introduction

			In recent times, patients have exhibited a significant level of engagement in the process of choosing orthodontic treatments. They have demonstrated a proactive interest, raised their expectations, and placed a strong emphasis on the aspects of treatment that contribute to their overall quality of life. Modern orthodontics aims to provide patients with a treatment experience that is both pleasant and comfortable (1). Orthodontic treatment using clear aligner treatment (CAT) provides numerous advantages in treating malocclusion, including hygienic, less painful, need fewer and shorter consultations, improved oral functionality, and a general improvement in individuals' self-esteem, self-confidence, and work productivity (2,3). CAT introduced to the market in the late 1990s, has become a significant component of orthodontics. The comfort of CAT has led to its increased appeal among orthodontists and patients. Unlike conventional fixed orthodontic braces, clear aligners are both removable and transparent, allowing patients to choose them for aesthetically pleasing reasons (4,5). As a result of advancements in three-dimensional (3D) software technology, aligner materials, and attachment design, aligners have become a comfortable option for a growing number of patients; consequently, the demand for CAT has increased dramatically (6). Enhanced patient acceptance and a high quality of life constitute the principal advantages of CAT. CAT is more effective than conventional fixed braces at enhancing periodontal tissue health and reducing the risk of microbial contamination, apical resorptions, and dental trauma (7). In recent years, the precision of movements has increased exponentially, reaching 70-80 percent, as a result of Align Technology's ongoing research and the incorporation of attachments and auxiliaries into treatment protocols (8). Furthermore, recent research has demonstrated that crowding resolve with aligners is highly predictable (9).

			 

			Treatment options for crowding include expanding the teeth (with distalization), moving the front teeth forward, interproximal stripping, extraction, or orthognathic surgery. The selection of treatment options is typically determined by the degree of malocclusion and the individual's facial profile (10). The evaluation of extraction treatment should be done with caution to avoid aggravating the patient's condition. If extraction is not deemed appropriate for treating the overcrowding and forwardly positioned incisors, additional methods such as arch expansion or arch distalization might be considered (12). Distalization is a conservative orthodontic method for creating space that involves moving the back teeth backwards. It can be used alongside other techniques of getting space, such as expansion, or on its own (12). Molar distalization is a procedure that involves relocating the back teeth, namely the buccal segment teeth, to the rear in order to lengthen the dental arch (13) Maxillary molar distalization has proven to be a useful treatment strategy in orthodontics for a variety of cases. Several intraoral devices, including push-coils, pendulums, magnets, distal jets, superelastic nickel-titanium (NiTi) wires, and molar sliders, have been created with the purpose of distalizing maxillary molars (14). While these devices are highly beneficial for distalization purposes, they come with some possible drawbacks, such as molar extrusion and rotation, loss of anchoring with anterior teeth, and tipping (13).

			Based on the studies conducted by Simon et al.(15) and Ravera et al.(16), it has been found that by implementing a sequential approach with a 50% protocol, an average distalization of 2.5 mm can be attained. Consequently, each tooth will initiate its movement once the preceding tooth has accomplished half of its distal displacement. By implementing this technique, a maximum of two teeth will undergo distal movement per aligner. This can be accomplished through the utilization of a customized distalization jig. The integration of 3D-printing technology allows for the fabrication of a device that is both highly rigid and perfectly customized to the patient's anatomy (17,18). Unlike conventional prefabricated appliances, a 3D-printed jig can be digitally designed to apply precise force vectors from the mini-screw to the molar's center of resistance (CRes). On another note, mini screw can be a valuable technique as both an indirect posterior anchorage source and a direct anchorage source, facilitating the simplification and acceleration of distalization of lateral and anterior teeth (16). This case report describes a possible approach to treating an adult with anterior crowding using clear aligner treatment assisted by a novel 3D-printed distalization jig and mini screw.

			Case report

			Case presentation

			The patient provided written informed consent for the publication of this case report and the associated photographs. This case report was prepared in accordance with the CARE (CAse REport) guidelines. A 26-year-old male patient complained of unattractive smile due to his front teeth being out of alignment. The study model identified class I molars and class II canines, overjet of 2.47 mm), and 2.65 mm overbite. Additionally, there was a 2.3-mm shift to the right in the maxillary midline, as well as crowding in the upper anterior teeth with 12 palatoversions and in the lower anterior teeth (Figure 1). Oral hygiene is good, and there are no TMJ issues. The panoramic radiography shows no cavities; the periodontal tissue was in acceptable condition; nonetheless, supernumerary teeth emerged in the lower left premolar region, also the presence of maxillary and mandibular third molars were observed (Figure 2). Digital tracing and pre-treatment cephalometric analysis were performed using OrthoCeph software (Indonesia). The cephalometry study revealed a class I skeletal relationship (ANB=1.180), which included a hypodivergen facial pattern (FMA=93.640), incisor mandibular proclination (IMPA=93.640; L1-NB=19.430). The patient selected the treatment with CAT with MS and distalization jig (Figure 2, Table 1). An impacted supernumerary tooth 35 is situated in close proximity to the inferior alveolar canal, rendering its removal impracticable. The rationale for employing CAT is that there are 35 supernumerary teeth that have been impacted (Figure 1 & Figure 2). Given that the teeth in region 3 must remain immobile while the surrounding teeth need to move, bracket-based orthodontic treatment is not a viable option.
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			Figure 1. Pre-treatment extra and intra oral photographs.
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			Figure 2. Pre-treatment cephalometry and panoramic radiographs.

			

			Table 1. Cephalometric measurements.

			
				
					
					
					
					
				
				
					
							
							Variable

						
							
							Mean±SD

						
							
							Pre treatment

						
							
							Post treatment

						
					

					
							
							SNA (0)

						
							
							81.77±6.0

						
							
							80.98

						
							
							81.20

						
					

					
							
							SNB (0)

						
							
							80.42±5.3

						
							
							80.80

						
							
							80.42

						
					

					
							
							ANB (0)

						
							
							2.05±1.8

						
							
							1.18

						
							
							0.58

						
					

					
							
							Gonial angle (0)

						
							
							122.38 ± 4.9

						
							
							114.61*

						
							
							115.80*

						
					

					
							
							U1-SN (0)

						
							
							109.31±6.0

						
							
							102.83*

						
							
							104.98

						
					

					
							
							Interincisal angle (0)

						
							
							128±5.3

						
							
							137.54*

						
							
							135.97

						
					

					
							
							U1-NA (0) 

						
							
							22±5.0

						
							
							21.85

						
							
							23.78

						
					

					
							
							U1-NA (mm)

						
							
							4±3

						
							
							6.20

						
							
							6.80

						
					

					
							
							L1-NB (0) 

						
							
							25±5

						
							
							19.43*

						
							
							19.66

						
					

					
							
							L1-NB (mm)

						
							
							4±2

						
							
							5.42

						
							
							5.11

						
					

					
							
							FMA (0)

						
							
							25±4

						
							
							16.02*

						
							
							16.94*

						
					

					
							
							IMPA (0)

						
							
							90±3.5

						
							
							93.64*

						
							
							93.22

						
					

					
							
							Overbite (mm)

						
							
							2±2.0

						
							
							2.65

						
							
							2.81

						
					

					
							
							Overjet (mm)

						
							
							2±2.0

						
							
							2.47

						
							
							2.46

						
					

					
							
							UL-E line plane (mm)

						
							
							0±2.0

						
							
							-3.41*

						
							
							-3.19*

						
					

					
							
							LL- E line plane (mm)

						
							
							0±2.0

						
							
							0.32

						
							
							-0.03

						
					

					
							
							Nasolabial angle (0)

						
							
							95±5

						
							
							80.76*

						
							
							81.62*

						
					

				
			

			SD: standard deviation, SNA: Sella-nasion-A point angle; SNB: Sella-nasion-B point angle; ANB: A point-nasion-B point angle; U1-SN: Sella-Nasion plane-maxillary central incisor axis angle; U1-NA (0): angle between maxillary central incisor to nasion-A; U1-NA (mm): distance from the maxillary central incisor to nasion-A; L1-NB (8): angle between mandibular central incisor to Nasion-B; L1-NB (mm): distance from the mandibular central incisor to Nasion-B; FMA: Frankfort-mandibular plane angle; IMPA: Incisor Mandibular Plane Angle; UL-E line Plane: distance from upper lip to E-Plane; LL-E line Plane: distance from lower lip to E-Plane.

			*, a positive improvement indicator

			Treatment objectives

			The treatment objectives for this patient's dental and facial appearance were as follows: (1) to relieve crowding and correct the midline in the upper arch through molar distalization; (2) to achieve the correct angle of the front teeth in both the upper and lower jaws; (3) to establish a functional bite; and (4) to create a balanced profile and harmonious relationship between the nose, lips, and chin.

			Treatment plan and progress

			The patient declined to wear the bracket due to aesthetic issues. After the patients agreed to undertake the therapy, all of their records were sent to Pramita Lab, an in-office aligner laboratory in Surabaya, Indonesia. The laboratory then calculated the appropriate tooth movements for therapy. A comprehensive digital workflow was employed to establish a precise diagnosis and treatment plan. Intraoral digital impressions were obtained using an intraoral scanner to generate high-fidelity digital study models of the maxillary and mandibular arches. These digital models were integrated with the patient's radiographic records (panoramic and lateral cephalometric images) to assess root angulation and bone availability. Subsequently, the digital data was imported into the orthodontic planning software to create a virtual 3D setup. This simulation allowed for the precise staging of tooth movements, visualization of the final occlusion, and the digital design of the custom 3D-printed distalization jig prior to appliance fabrication. The distalization jig is a 3D printing jig that may adjust its length and size (Figure 3). Instead of using prefabricated metal appliances, the distalization jig was custom-designed based on the patient's initial digital scan. The design featured a rigid arm extending anteriorly from the maxillary first molar. The designed jig was fabricated using a 3D printer with biocompatible dental resin. This manufacturing method ensured the appliance had high rigidity to withstand traction forces without deformation, a common issue in wire-based appliances. Crucially, the hook for elastic attachment was positioned gingivally, calculated digitally to align the force vector as close as possible to the molar’s CRes. The 3D-printed jig was bonded directly to the buccal surface of the maxillary second molar and second premolar. The patient wore clear aligners simultaneously. The aligners were trimmed or designed to accommodate the jig without interference. An elastic chain was attached from the mini-screw to the hook of the 3D-printed jig. Because the jig’s hook extends gingivally (upwards), the line of force passes near the molar's CRes. This generates a translatory (bodily) distalization force rather than a tipping force. This specific mechanical setup prevents the molar crown from tipping distally while the root stays stationary—a major limitation in standard aligner distalization.

			Figure 4 displays the distalization jig's biomechanical illustrations. An elastic chain was used to connect a device for sliding the teeth backward in the premolar area to the temporary anchorage devices, thereby providing spaces for aligning the upper front teeth. In addition, a rectangular attachment box was created along the axis of tooth 13 to ensure its angulation remains straight up.

			After treatment, the crowding issue was resolved, the arches were straightened, the incisors and molars were more in contact, the upper and lower teeth were aligned, the IMPA (93.220) measurement remained within the normal range, and the upper central incisor was found to be inclined normally toward the Sella-Nasion incisor mandibular (104.980) (Figure 5). This provided the patient with an aesthetically pleasing face profile (Figure 6). The treatment concluded in 11 months, and the patient expressed satisfaction with the outcome. An Essix retainer was used after treatment, and the outcomes remained stable following a one-year follow-up.
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			Figure 3. (A, B) 3D print distalization jig; (C, D). after activation 3D print distalization jig.
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			Figure 4. (A.) This figure illustrates the force (F), moment of force (MF), and counteracting moment (MC) during the distalization movement of molar teeth using a 3D-printed distalization jig and a mini screw. (B.) The cephalometric superimposition illustrates the distalization of posterior teeth. The posterior teeth appear to move bodily.
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			 Figure 5. Post-treatment extra oral photographs and intra oral photographs.
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			Figure 6. Post-treatment cephalometry and panoramic radiographs.

			

			Discussion

			Molar distalization is a fundamental non-extraction strategy for resolving anterior crowding and correcting Class II malocclusions. However, achieving pure bodily movement remains a biomechanical challenge in CAT. Literature indicates that conventional sequential distalization with aligners often leads to 'tipping' outcomes, where the molar crowns move distally while the roots lag behind, creating a 'bowing effect' due to the flexibility of the thermoplastic material (19). By positioning the point of force application gingivally—closer to the molar’s CRes—the jig generated a counter-moment that neutralized the tipping tendency. Furthermore, combining this setup with mini-screw anchorage provided absolute stability, eliminating the reactive forces (Newton’s third law) that typically cause proclination of the anterior teeth in tooth-borne appliances. Mini screw allow aligners to reposition teeth in relation to the bone's apical base (20). Mini screw are becoming increasingly popular among orthodontists because of their ability to balance the active and anchorage units and provide therapeutic advantages (21). Mini screw anchorage provides both direct and indirect absolute anchorage options. The direct anchorage approach applies force from the mini screw anchorage straight to the active unit's teeth (22). In indirect absolute anchoring, the anchorage unit consists of teeth that transfer orthodontic force to the active unit. A mini screw reinforces and immobilizes the anchorage teeth (23). Indirect anchorage mitigates the likelihood of root trauma by positioning the mini screw anchorage in a variety of locations. Orthodontic force can be applied using conventional orthodontic techniques to ensure consistent control over tooth movement (24). The indirect absolute anchorage approach involves fixing anchorage unit teeth with either rigid (SS wires) or nonrigid (SS ligatures) components. The operator can place the mini screw anchorage in any location, regardless of the force direction, thanks to rigid components like SS wires. This allows the operator to focus on selecting the best anatomical location for the miniscrew. In indirect anchor systems, we typically use rigid rectangular wire, to attach a tooth to a mini screw anchorage. There has been no research on the effects of the stiffness of the wire connecting the tooth to the implant on the mini screw anchorage stress, anchoring loss, and root resorption risk, all of which can occur when teeth move during orthodontics (21, 25). The premolar and molar displacements on the X-axis (buccolingual) in the rigid indirect anchorage have the lowest values. Rigid indirect anchorage has the lowest risk of anchorage loss (21). Increasing the stiffness of the connecting wire in the flexible indirect anchorage approach may speed up the movement of the second molar towards the front while reducing the likelihood of anchorage loss. The stiff indirect anchoring models had the highest compressive stresses, whereas the tensile stresses were equivalent (22).

			Various permanent and intraoral devices have been proposed as a means to move the maxillary molars distally, with the aim of minimizing the reliance on patient cooperation. The majority of these devices consist of an anchorage unit, typically an acrylic Nance button, and an active unit. The active components include repelling magnets, superelastic NiTi archwires, coil springs on continuous or sectional archwires, springs made of beta titanium alloy, and vestibular screws with palatal NiTi coil springs. In this case, we used a novel 3D-printed distalization jig with a miniscrew and aligner as an anchorage unit. We adjusted the 3D-printed distalization jig's size, length, and placement location to simulate a bodily molar distalization movement (26).  An application of force to the 3D-printed distalization jig of the upper right premolar and molar produces a moment of force, which can cause tipping and rotation of the teeth in the specified direction. The application of a high enough counteracting moment can eliminate the moment due to force. Distal jig placement activated with elastic to miniscrew and the use of clear aligners will produce counteracting moment that optimizes molar distalization. By adding attachments and clear aligners to the anchorage system, we can enhance control over tooth movement and maximize the distal movement of molar teeth. Jedliński argues that clear aligners offer superior control over the anchorage system by immobilizing the teeth used as anchors (27). Yaosen et al. added that attachments can increase retention, provide control, and improve tooth movement (28).

			The lateral cephalometric superimposition of the teeth before and after treatment shows that the molar teeth moved distal bodily (Figure 4.B). In Figure 5, the patient's profile appears to have improved. A photo of the patient's smile, taken from the frontal direction, reveals an aesthetic smile with a straight median line, a normal overjet, and an overbite. During the retention period, we plan to remove 48 impacted and supernumerary teeth.

			A significant limitation in treating this case was the presence of an impacted supernumerary tooth in the lower left premolar region (specifically near tooth 35). Radiographic evaluation revealed its close proximity to the inferior alveolar canal, rendering immediate surgical removal impracticable and high-risk.

			Conclusion

			Due to advancements in technology, clear aligner systems have become more effective in treating mild to severe orthodontic issues, particularly in adults. A novel 3D-printed distalization jig, aligner, and mini screw effectively produce bodily movement for distalization of posterior teeth (molars) to correct anterior crowding. Nevertheless, further research is required to establish techniques that can consistently yield predictable results.
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CASE REPORT:

Management of Severe Anterior Crowding in an Adult Using Novel 3D-Printed Distalization Jig

and Clear Aligners: A Case Report
Manejo de la aglomeracion anterior severa en un adulto utilizando una plantilla de distorsién impresa en 3D y
alineadores transparentes: un informe de caso
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ABSTRACT: Addressing anterior crowding in adult patients has become increasingly reliant on clear
aligner therapy, driven by growing aesthetic demands. However, the challenge of creating sufficient
space for proper alignment often requires additional methods. One such method is molar distalization,
which can be particularly effective when enhanced by a custom 3D-printed distalization jig combined
with mini-screws. This combination not only facilitates bodily molar movement but also helps prevent
undesirable tipping, ensuring more controlled results. This case reported the management of severe
anterior crowding in an adult patient using clear aligner treatment assisted by a custom 3D-printed
distalization jig and mini-screw. In the case presented, a 26-year-old male patient with severe anterior
crowding was treated with clear aligners, augmented by a custom-designed 3D-printed jig and mini-
screw anchorage. The patient had a Class Il canine malocclusion, palatoversion of the maxillary lateral
incisor, and a noticeable 2.3 mm maxillary midline shift to the right. Elastic chains attached to mini-
screws were used to activate the jig, generating the required counteracting moment for bodily molar
movement. Upon review of the post-treatment records, the results showed significant improvement:
crowding was resolved, and the midline was successfully corrected. The inclination of the maxillary
central incisors (U1-SN) increased to 104.98°, while the IMPA remained within the normal range at
93.22°. Superimposition analysis confirmed that molars had undergone bodily distalization, as opposed
to mere tipping. The patient was highly satisfied with both the aesthetic improvements and the overall
facial profile transformation.

KEYWORDS: Clear aligner; Digital dentistry; Palatoversion; Patient expressed satisfaction; 3D-printed
distalization jig.
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